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DETERMINATION OF AMINO ACIDS IN LUPINE BY 
NEAR INFRARED REFLECTANCE SPECTROSCOPY 

K . J . K A F F K A 

Central Food Research Ins t i tu te , H-1022 Budapest, He rman Ottó út 15. 
Hungary 

(Received: 16 J a n u a r y 1986, revision received: 13 October 19S6; accepted: 17 October 
1986) 

Preliminary studies were carried o u t to determine if NIR spectroscopy 
could be used to estimate the concentrations of amino acids in lupine. 

Seventeen amino acids were analyzed in the lupine calibration samples. 
The chemical analyses were performed with an ion exchange amino acid analyzer 
type OE 914 Aminochrom I I . The log (1/R) spectra of the ground lupine samples 
were obtained and recorded in the 1100—2500 nm wavelength range on the 
NEOTEC (Pacific Scientific) Research Composition Analyzer, Model 6450. 

The relationship between concentration data and values of the second 
derivative spectra measured a t different wavelengths was determined by multiple 
linear regression analysis using two different equation forms (two mathematical 
models). 

Results as characteristic wavelengths, multiple correlation coefficients, 
standard errors of calibration and coefficients of variability for seventeen amino 
acids in lupine are summarized in Tables 2 and 3. For lysine, isoleucine and 
threonine (limiting acids) t h e correlation coefficients were around 0.85, t he SEC 
values around 0.08 and the CV values around 5.5. The higher CV value for methio-
nine determination may be related to t h e inherent higher error of methionine 
analysis by ion exchange chromatography due to hydrolysis losses. 

These results prove t h a t NIR technique can be used as a rapid, non-
destructive method for determining the amino acid concentrations in lupine. 

Keywords: amino acid analysis, near infrared spectroscopy, lupine, 
nutrition 

T h e d e t e r m i n a t i o n of a m i n o acid c o n c e n t r a t i o n s of a n i m a l a n d p l a n t 
m a t e r i a l s is of m a j o r i n t e r e s t t o t h o s e i n v o l v e d in t h e f o o d a n d feed i n d u s t r y . 
F r o m t h e p o i n t of v iew of n u t r i t i o n a l p h y s i o l o g y t h e m o s t i m p o r t a n t a m i n o 
a c i d s a r e c o n s i d e r e d t o h e t h e t e n e s sen t i a l o n e s . These i n c l u d e : lys ine , m e t h i o -
n i n e , t h r e o n i n e , t r y p t o p h a n , i so leuc ine , a r g i n i n e , leucine, p h e n y l a l a n i n e , v a l i n e 
a n d h i s t i d ine . T h e f i r s t f i v e a m i n o ac ids l i s t e d a r e l imi t ing o n e s . I n m a n y p l a n t 
m a t e r i a l s o n e o r m o r e of t h e m a r e p r e s e n t i n a m i n o r c o n c e n t r a t i o n l i m i t i n g 
t h e n u t r i t i v e v a l u e of t h e p r o t e i n . 

T h e s t a n d a r d c h e m i c a l d e t e r m i n a t i o n of a m i n o a c i d c o n c e n t r a t i o n 
i n v o l v e s h y d r o l y s i s of t h e p r o t e i n s fo l lowed b y p u r i f i c a t i o n a n d ion e x c h a n g e 
c h r o m a t o g r a p h y . T h i s is a f a i r l y c o m p l i c a t e d a n d t i m e c o n s u m i n g p r o c e s s , 
h i n d e r i n g t h e e f f i c i e n c y of t h e r e s e a r c h p r o g r a m s in f o o d a n d feed i n d u s t r y . 

T h e p r o m i s i n g r e s u l t s o f t h e N I R t e c h n i q u e in t h e d i f f e r e n t f i e l d s of 
a g r i c u l t u r e a n d f o o d i n d u s t r y h a v e e n c o u r a g e d u s t o e x t e n d our r e s e a r c h 
w o r k t o d e t e r m i n e t h e a m i n o a c i d c o n c e n t r a t i o n b y t h i s t e c h n i q u e . P r o v i d e d 
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4 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

this research act ivi ty is succesful, the introduction of th is rapid and non-
destruct ive analytical method might give great impetus t o research programs 
mentioned above. 

At the t ime of s tar t ing our research work R U B E N T H A L E R and B R U I N S M A 

( 1 9 7 8 ) a l ready published successes in lysine estimation in cereals by near 
infrared reflectance. In 1 9 7 9 G I L L and co-workers gave account of lysine and 
nitrogen measurement by infrared ref lectance analysis as an aid to bar ley 
breeding. I n 1981 at an Internat ional Symposium (held in Sorrento, I t a ly , 
1 9 - 2 2 October) B I S T O N and co-workers ( 1 9 8 3 ) presented a paper on the deter-
mination of protein in lupine seeds and of amino acids a n d protein in Vicia 
faba seeds. La te r W I L L I A M S and co-workers ( 1 9 8 4 ) published a paper describing 
the application of N I R for the rapid analysis of four l imiting amino acids in 
wheat and up to fourteen amino acids in barley. 

We carried out the research work for determining t he amino acid con-
centrations by N I R technique in lupine samples from dif ferent parts of H u n -
gary harvested in different years. So far, such measurements on up to seventeen 
amino acids in lupine have not been reported in the scientific literature. 

The present s tudy aims a t finding t he possibility for applying the N I R 
technique for the rapid determinat ion of amino acid concentrations in lupine; 
and a t the same time, to predict accuracy for the d i f fe rent amino acids, to 
choose the most suitable form of the regression equations, determine the pa ram-
eters (characteristic wavelength, coefficients, constants, smoothing segments, 
gaps a t producing derivatives). 

The results of these studies will hopeful ly enable us to develop a single-
-purpose ins t rument or to ex tend the use of one already existing to be able to 
perform such measurements. 

1. Materials and methods 

Seventeen amino acids were analyzed and we received concentration 
da t a in mass %. All these analyses were performed wi th an ion exchange 
amino acid analyzer (type OE 914 Aminochrom II . m a d e by Labor MIM, 
Hungary) . 

The concentration d a t a of the n = 30 lupine calibrat ion samples charac-
terized by m i n i m u m - m a x i m u m values, means and s t anda rd deviations are 
summarized in Table 1. 

Since the N I R technique is strictly correlative, the accuracy of the analy-
tical d a t a of the calibration samples are of critical importance. In order to 
determine the relationship between optical properties a n d concentrations we 
needed a set of calibration samples in which amino acid concentrations var ied 
between minimum and max imum values of samples found in every d a y prac-

Acta Aliment-aria 17, 1988 



5 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

Table 1 

The concentration data of the n — 30 lupine calibration samples 
characterized by minimum-maximum values, mean values 

and standard deviations 

Amino acids Min. Max. Mean SD 

Lysine 1.28 2.08 1.57 0.19 
Methionine 0.17 0.44 0.24 0.06 
Isoleucine 1.22 1.69 1.48 0.14 
Threonine 0.97 1.42 1.16 0.12 
Arginine 2.24 4.23 3.07 0.50 
Histidine 0.62 1.68 0.95 0.26 
Leucine 1.78 2.84 2.37 0.33 
Phenylalanine 1.08 1.70 1.38 0.17 
Valine 1.10 1.77 1.43 0.16 
Cisteine 0.17 0.78 0.34 0.18 
Alanine 1.00 1.53 1.27 0.15 
Asparagine 2.77 3.83 3.32 0.30 
Glutamine 6.21 8.68 6.52 0.96 
Glycine 1.14 1.58 1.36 0.11 
Proline 0.91 1.93 1.38 0.18 
Serine 1.45 2.29 1.75 0.22 
Tyrosine 0.76 1.23 1.02 0.18 

tice. Consequently these lupine samples for calibrations were carefully selected, 
prepared and analyzed a t Labor MIM, D e p a r t m e n t of Chemistry. 

The log (1/R) spectra of t he ground lupine samples were obtained and 
recorded in the 1Д00-2500 n m wavelength range on the NEOTEC (Pacific 
Scienfific) Research Composition Analyzer, Model 6450. The log (1/R) spec t ra 
were transposed to the second derivat ive for analysis. The relationship between 
concentrat ion d a t a and values of the second derivatives measured a t d i f -
ferent wavelengths was determined by mult iple linear regression analysis f i r s t 
using a two t e rm homogeneous linear equat ion form and thereaf te r a single 
t e rm ratio equat ion form where the value of the second derivative a t t he 
f i rs t characteristic wavelength was divided b y the value of t he second deriva-
t ive a t the second characteristic wavelength. The log (1/R) spectra were 
smoothed by a running average of 16 nm segments using t r iangular weighting 
funct ion. The gap used at forming the second derivatives was 12 nm. 

2. Results 

Prel iminary studies were carried out t o determine if N I R spectroscopy 
could be used to est imate the concentrat ions of amino acids in lupine. 

Firs t log (1/R) spectra of pure powdered amino acid samples were 
recorded in order to see the differences. W e selected the log (1/R) spectra of 
pure methionine, cisteine and alanine samples which are shown in Fig. 1. 

Acta Aliment-aria 17, 1988 



6 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

The figure i l lustrates t h a t log ( f /R) spectra of pure amino acids show grea t and 
characteristic differences. 

We investigated t he correlation between the amino acid concentrations 
and the values of the second derivative spectra at d i f ferent wavelengths of 
lupine samples. The correlation spectra (correlation plot) for lysine a n d iso-
leucine are shown in Fig. 2. and Fig. 3. The figures i l lust ra te that no t only 

Wavelength (nm) 

Fig. 1. The log (1/R) spectra of pure methionine, cisteine and alanine samples in the 
1100-2500 nm wavelength range. Measuring geometry: 0°/45°. Diameter of t he illumi-
nation beam: 0 25 mm. Spectral bandpass: 12 nm. Spectra were recorded in 2 n m steps. 

Triangular smoothing, segment 16 nm. Cisteine: , methionine: — — —, 
alanine: — 

pure amino acids but also the amino acids built in protein molecules show 
differences in their spectra. 

We investigated t he effect of change in amino acid concentrations by 
comparing the second derivat ive spectra of samples wi th maximum and 
minimum concentrations for each amino acid. Figure 4. shows the second deri-
vative spectrum of the lupine sample No. 3. with minimum lysine concentrat ion 
and the second derivative spectrum of the lupine sample No. 23. with m a x i m u m 
lysine concentration. 

The relationship between spectral values and amino acid concentrations 
of the 30 lupine samples was determined b y use of an i tera t ive procedure with 
the multiple regression analysis. The computer program determined t h e char-

Acta Aliment-aria 17, 1988 



7 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

-9 99E-1 
1300 1900 2100 2300 2500 

W a v e l e n g t h (nm) 

Fig. 2. Correlation spectra for lysine. The values of the correlation coefficients between 
lysine concentrations and values of t he second derivatives a t different wavelength as 

funct ion of the wavelength 

Wavelength (nm) 

Fig. 3. Correlation spectra for isoleucine. The values of the correlation coefficients between 
isoleucine concentrations and values of the second derivatives a t different wavelengths 

as funct ion of the wavelength 

Acta Aliment-aria 17, 1988 



8 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

Wavelength (nm) 

Fig. 4. Second derivative spectra of lupine samples No. 3 and No. 23 containing maximum 
and minimum lysine. Triangular smoothing, segment 16 nm, gap 12 nm. Second derivative 
spectrum of lupine sample No. 3: , second derivative spectrum of lupine sample 

No. 23: 

acteristic wavelength, coefficients and constants t h a t gave the best f i t to 
the following equation for each amino acid: 

Qi = Koi -'- Кц F"1(- + K2i ~V"k2l 

where Qt s t ands for the amino acid concentrations (in mass %); Koi, Kv, K2i 

constants and coefficients, resp.; A1(- and Я2/ are characteristic wavelengths; 
V"Ui and V"X2j are the values of the second derivatives a t these characteristic 
wavelengths. 

We used only two te rm equations because of t he limited quan t i t y of 
calibration samples in order to avoid overf i t t ing. 

The results are summarized for seventeen amino acids in Table 2 con-
taining the characteristic wavelengths, multifile correlation coefficients, 
s tandard errors of calibration and coefficients of var iabi l i ty (relative errors). 

We tr ied to f ind the relationships between spectral values and amino 
acid concentrations a t other absorption bands using the same equat ion form. 
The results in multiple correlation coefficients and s t andard errors of calibra-
tion were almost as good as those shown in Table 2. 

The relationship between spectral values and amino acid concentrations 
were also studied in the following form of equation: 

у» 
Qi = Koi + Kli „„'-

' ioi 

Acta Aliment-aria 17, 1988 



9 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

Table 2 

Summary of linear regression analyses relating concentration data from 
chemical analyses and values of the second derivative of log (1/R) curves at two 

characteristic wavelengths for 30 lupine samples, searching 1000 to 2500 nm 
Equation form: Q = 1c0 íqFjq + fcjFJ, 

Amino acids AJFNIN) Я,(тп) R SEC 
(mass %) 

OV 
(%) 

Lysine 1 3 1 2 1684 0 .878 0 . 0 9 2 5 . 4 8 
Methionine 1166 2 0 0 0 0 .778 0 . 0 4 2 14 .00 
Isoleucine 1926 2 1 4 0 0 . 8 3 1 0 . 0 7 9 5 . 4 1 
Threonine 2 0 4 2 2 1 4 0 0 .816 0 . 0 7 1 5 . 9 2 
Arginine 1690 1694 0 . 8 6 3 0 . 2 6 1 8 .06 
Histidine 1420 1692 0 .856 0 . 1 3 9 12 .09 
Leucine 1210 1950 0 .910 0 . 1 4 2 6 .16 
Phenylalanine 2 1 4 0 2 4 4 4 0 .862 0 . 0 9 2 6 . 6 2 
Valine 1220 2 2 6 8 0 .759 0 .107 7 .43 
Cisteine 2 0 7 2 2 3 9 2 0 .875 0 . 0 9 0 18 .75 
Alanine 1700 2 4 5 2 0 .787 0 . 0 9 8 7 . 7 2 
Asparagine 1338 1692 0 .804 0 . 1 8 5 5 . 6 0 
Glutamine 1168 1416 0 . 8 1 3 0 . 5 8 3 8 .39 
Glycine 1636 2 3 2 6 0 .784 0 . 0 7 1 5 . 2 2 
Proline 2 3 1 2 2 4 2 4 0 . 7 8 3 0 . 1 2 0 8 . 4 5 
Serine 1362 2 2 7 2 0 . 8 0 3 0 . 1 3 4 7 . 1 3 
Tyrosine 1232 2 0 2 4 0 .730 0 . 1 2 8 12 .80 

The marks are the same as in the above equation. 
Characteristic wavelengths, multiple correlation coefficients, s tandard 

errors of calibration and coefficients of variabil i ty for the seventeen amino 
acids are summarized in Table 3. 

3. Conslusions 

The pure amino acid spectra — from which some have been demonstra ted 
in Fig. 1 as an example — show very different and characteristic shapes. 
Consequently i t has been assumed on this basis tha t amino acids buil t in 
protein molecules also show di f ferent spectra. 

Plot t ing the correlation between the amino acid concentrations and the 
values of the second derivative spectra a t different wavelengths of lupine 
samples as a funct ion of the wavelength, these correlation spectra were dif-
ferent and characteristic for each amino acid f rom which two can be seen in 
Fig. 2 and Fig. 3. These results proved our assumption t h a t amino acids incor-
pora ted into protein molecules also have different spectra. The fact t h a t 
peaks of the correlation spectra are a t dif ferent wavelengths for each amino 
acid refer to t he possibility of determining t he amino acid concentrations f rom 
the spectral d a t a measured a t d i f ferent wavelengths. 

The correlation spectra for lysine in lupine samples show peaks in the 
1650-1750 nm and the 1950-2020 nm wavelengths ranges. Here also the 

Acta Aliment-aria 17, 1988 



10 KAFFKA: AMINO ACID DETERMINATION BY NIB, 

Table 3 

Summary of linear regression analyses relating concentration data from chemical 
analyses and values of the second derivative of log ( l f R ) curves at two 

characteristic wavelengths for 30 lupine samples, searching 1000 to 2500 nm 
Equat ion form: Q = k0 + k^V^/V^J 

Amino acids Л/пт) la(nm) R SEC 
(mass %) CV (%) 

Lysine 1984 2424 0.871 0.093 5.54 
Methionine 2120 2424 0.764 0.042 14.00 
Isoleucine 2344 1640 0.826 0.079 5.41 
Threonine 1644 1594 0.762 0.078 6.50 
Arginine 2120 1624 0.858 0.260 8.02 
Histidine 2154 1616 0.838 0.143 12.43 
Leucine 1710 1372 0.898 0.148 6.40 
Phenylalanine 1180 1686 0.864 0.089 6.40 
Valine 1472 1156 0.714 0.113 7.85 
Cisteine 2394 1444 0.882 0.086 17.83 
Alanine 1640 1778 0.757 0.102 8.03 
Asparagine 1592 1338 0.790 0.186 5.63 
Glutamine 2186 1594 0.803 0.618 8.89 
Glycine 2326 1454 0.784 0.070 5.14 
Proline 2424 1684 0.762 0.122 8.59 
Serine 1338 1592 0.781 0.137 7.40 
Tyrosine 2408 1352 0.727 0.126 12.70 

second derivative spectra of the lupine samples containing the lowest and 
highest lysine concentrat ion — as seen in Fig. 4. — show great differences. 
Thus i t is not by chance t h a t in the two mathemat ica l models one of the wave-
lengths f rom the pair found most suitable for lysine by regression analysis 
was chosen from these wavelength ranges. 

The results published in Table 2 and Table 3 — provided we observe the 
SEC and CV values — show tha t they are similar to the results received for 
the amino acid concentrat ion d a t a of wheat and barley referred to in the 
quoted paper. Here also higher value was obtained for methionine determi-
nation. This higher value may be related to the inherent higher error of methio-
nine analysis by ion-exchange chromatography due to hydrolysis losses. The 
relatively smaller R values received for lupine can be a t t r ibu ted to the amino 
acid concentration d a t a for lupine being of a narrower range than in the case 
of wheat and barley samples as cited in the l i terature. 

In our studies, none of the samples were omit ted for the calculations, 
al though the results could have been improved by omit t ing samples with a 
large deviation. 

If we compare the two mathemat ica l models and the respective d a t a 
contained in Table 2 and Table 3 we can conclude t h a t the results are pract i-
cally of the same value. 

These results prove t ha t N I R technique can be used as a rapid, non-
-destructive method for determining the amino acid concentrations in lupine. 

Acta Aliment-aria 17, 1988 
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T h e s e r e su l t s m i g h t be i m p r o v e d b y u s i n g m a t h e m a t i c a l m o d e l s w i t h m o r e 
t e r m s r e q u i r i n g , h o w e v e r , a g r e a t e r n u m b e r of c a l i b r a t i o n s a m p l e s a n d h i g h e r 
c o m p u t a t i o n a l c a p a c i t y , f u r t h e r i m p r o v e m e n t s c a n b e a c h i e v e d b y o p t i m i z i n g 
f o r s e g m e n t s a n d g a p s , a n d u s i n g r e p l i c a t e s . 

* 

Thanks are due to Ms Magda NÁDASI for her conscientious technical assistance 
in performing measurements and d a t a processing. I am most grateful to Labor MIM, 
Budapest for providing me with specially prepared and analysed lupine samples. 
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THE EFFECT OF PACKAGING AND STORAGE 
CONDITIONS ON THE KEEPING QUALITY OF 

WALNUTS TREATED WITH DISINFESTATION DOSES 
OF GAMMA RAYS 

M . J A N A , C , D . I s . L A N G E R A K L T H . G . W O L T E R S 1 5 , 

J . F A R K A S 3 ' d , H . J . V . D . К А М Р ъ a n d B . G . M U U S E 1 5 

»Internat ional Fac i l i ty for Food I r rad ia t ion Technology, P .O. Box 230, 6700 A E 
Wageningen. The Nether lands. 

b Sta te Ins t i tu te for Qual i ty Control of Agricul tural Produc ts (RIKILT) , P .O. B o x 230, 
6700 A E Wageningen. The Nether lands 

(Received: 17 April 1986; revision received: 29 September 1986; accepted: 9 October 1986) 

Shelled walnuts were packed in polyethylene and laminated foil (PVDC-poly-
ethylene) pouches as well as cans, under nitrogen or air a tmospheres . The 
packaged samples were i r radia ted with a dose of 0, 0.5 and 1.0 kGy, resp. , and 
stored up t o 4 months a t 5 °C, 20 °C or 40 °C. Peroxide and p-anis idine values 
and free f a t t y acid content were followed dur ing storage to record changes in the 
lipids of t h e n u t s . Retent ion of tocopherols was est imated directly a f t e r i rradiat ion 
and af ter 8 weeks of post- irradiat ion storage. Also the nu t s were scored by a panel 
for colour, odour , tas te and t ex tu re . Rad ia t ion t r ea tmen t did not af fec t t h e sensory 
qualities or t h e indices of lipid oxidat ion. No significant differences were found 
in the con ten t of tocopherols between un t r ea t ed and i r radiated samples. A t 40 °C, 
t h e sensory qua l i ty decreased f a s t and t h e n u t s became inedible within 2 months . 
A t 5 °C, t h e n u t s could be s tored for more t h a n four months . Nu t s packed under 
nitrogen k e p t their organoleptic qual i ty be t te r t h a n n u t s packed unde r normal 
air , par t icu lar ly a t 5 °C. Polyethylene was no t a sat isfactory packaging mater ia l 
for shelled walnuts . Packaging in cans gives a much bet te r result, l amina ted foil 
c an also be used. The peroxide and p-anisidine values as well as t h e f ree f a t t y 
acid content increased fas ter for nu t s s tored a t 40 °C, compared t o n u t s stored 
a t 5 °C and 20 °C. Also n u t s s tored wi th ni trogen had lower peroxide and p-anisi-
dine values a n d free f a t t y acid content . 

Keywords : keeping qual i ty , walnut , i rradiat ion disinfestat ion, packaging 
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the re is a growing concern abou t occupational health hazard and residue 
problems associated with the use of chemical pesticides. These are the reasons 
for a widespread interest in disinfestation by ionizing radiation. 

Numerous s tudies on the sensitivity of s tored product insects t o the 
ef fects of ionizing radiation summarized by T I I . T O N and B U R D I T T ( 1 9 8 3 ) 

show tha t 0.5 kGy could control even the most resistant beetle species. The 
reproduction of mo ths and development of mite populat ions could be controlled 
by 1 kGy although the mites present would not be killed ( B R O W E R & T I I . T O N , 

1 9 7 0 ) . Radiat ion disinfestation s tudies of shelled pecans, almonds and walnuts 
by B R O W E R and T I L T O N ( 1 9 7 2 ) have shown t h a t about 0 . 4 kGy dose would 
be sufficient to prevent insect development in consumer packages and to 
el iminate feeding damage to t h e product. However, proper packaging is 
essential to prevent re-infestation. 

Neither chemical pesticides nor i rradiat ion can prevent oxidative 
deterioration. Because of a high content of unsa tu ra ted f a t t y acids, walnuts 
are particularly susceptible to oxidat ive rancidi ty ( L A B U Z A , 1 9 7 1 ) . The rancid 
wa lnu t s may be considered as inedible. Oxidative deterioration is faci l i tated 
a t high storage tempera ture and b y exposure to light ( W A H I D et al., 1 9 8 5 ) . 

To minimize storage losses, the present studies were under taken to 
investigate the e f fec t of packaging and storage conditions on the degree of 
l ipid oxidation and sensory qual i ty of shelled walnu ts untreated or i r radiated 
wi th disinfestation doses of gamma rays. 

1. Materials and methods 

1.1. Packaging and irradiation treatment 

The shelled walnuts , in car tons imported f r o m India, were obtained f rom 
a local company in Amsterdam, the Netherlands. For the experiments the 
unsor ted walnuts were packed in bags of polyethylene, low density, 0.022 mm 
thickness, ICI p roduc t and laminated foil Combi then-XXB/13 к 1530 
(components: polyvinylalcohol (PVOH) 15 цт + polyethylene (PE) 30 pm 
a product of Wolffs , Walsorde, Germany, and cans. Each package, containing 
150-160 g nuts, was filled with normal air or evacuated and filled with nitrogen 
gas. For each t r e a t m e n t and packaging condition three replicates were used. 
The batches were gamma i r radia ted at the 60Co source of the Pi lot P l an t 
for Food Irradiat ion in Wageningen, The Nether lands, using doses of 0, 0.5 and 
1.0 kGy, respectively, with a dose rate of 1.0 kGy h - 1 . The samples were 
s tored at 5 °C, 8 5 % R. H.; 20 °C, 50% R. H . or 40 °C, 30% R. H . for a period 
of 4 months. (Relat ive humidities refer to the R . H . of the storage space out-
side the packages.) 
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1.2. Sample preparation 

The following sample preparation was carried out in 3 replicates. Approxi-
mately 30 g nuts were randomly taken f rom the bags or cans. These n u t s were 
ground in a pestle and mor ta r in order to get a well-mixed and pulverized 
sample. The ground sample was ex t rac ted in a Soxhlet extraction a p p a r a t u s 
for 4 hours with petrolether (boiling point 40-60 °C) as solvent. The ex t rac ted 
oil was recovered in a ro ta t ing vacuum evaporator a f t e r evaporating the solvent. 
The oil was kept under nitrogen a t 4 °C unti l the analyses could be done. 

1.3. Analytical methods 

The samples were periodically tes ted for chemical and sensory propert ies. 
Also the moisture content and water ac t iv i ty were tes ted in the beginning 
and a t the end of the storage to check the possibility of microbial growth . 
In order to follow the ra te of oxidation the following analyses were car-
ried out : 

— Peroxide value, which gives an indication about the first s tep of the 
oxidation, peroxide format ion. 

— p-Anisidine va lue which gives an indication about the a m o u n t of 
oxidation products, namely carbonyl compounds. 

— Free f a t t y acid content which gives information about lipolysis by 
micro-organisms and enzymes or fu r the r oxydation of secondary products . 

I r radia t ion can have some effect on the vitamin content of some prod-
ucts therefore the tocopherol composition and content were studied. 

1.3.1. Peroxide value. The peroxide value was es t imated according to 
a method described by L E A ( 1 9 5 2 ) . Approximately 5 g of oil to the neares t 
0.01 g, were weighed into stoppered Erlenmeyer flask and dissolved in 10 cm3 

chloroform. Fi f teen cm3 glacial acetic acid were added and the solution was 
deaerated by flushing wi th nitrogen gas for 5 min. Two cm3 of s a tu r a t ed 
potassium iodide solution were added and a f t e r mixing the sample was kep t 
in dark for 1 h. Then t he sample was di luted with 30 cm3 water a n d the 
liberated iodine was t i t r a t ed by 0.01 N sodium thiosulphate solution using 
1% starch solution as indicator. The peroxide value was calculated according 
to the following equat ion: 

[0.01 N Na2S,03 [ c m 3 [ x 2 ] 
PO-value [meq kg per oil] = 

mass of sample ' fg] 

1.3.2. p-Anisidine value. The p-anisidine value was est imated according 
to the method described in the А. О. A. C. (1975). 

Approximately 1 g oil, to the nearest 0.01 g, was weighed into a 25 cm 3 

volumetric f lask , dissolved and diluted to volume with iso-octane. The opt ical 
density of this solution (ODl) was es t imated a t 350 nm using iso-octane as 
blank. Ten cm3 of the oil solution were p ipet ted into s toppered test tubes and 
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2 cm3 of p-anisidine reagent (0.25 g p-anisidine in 100 cm3 glacial acetic acid) 
were added to each tube. Af te r shaking and keeping at room temperature for 
exact ly 10 min, t he optical densi ty of the react ion mixture (OD2) was esti-
mated at 350 n m using iso-octane p-anisidine mixture as blank. The p-anisidine 
value was calculated according to the following equation: 

1.3.3. Free fatty acid content. The free f a t t y acid content was determined 
according to t h e method described in the Nederlandse N o r m 6332 (ANON., 
1980). Approximate ly 5 g oil, to the nearest 0.01 g, were weighed into an 
Erlenmeyer f l a sk and dissolved with 30 cm3 neutralized e thanol-e ther mixture 
( 1 : 1 ) and a few drops of phenolphtalein indicator (1%). The solution was 
t i t ra ted with potassium hydroxide solution (0.01 N) unt i l the pink colour 
was stable for a t least 20 sec. The free f a t t y acid content (as % oleic acid) 
was calculated according to t h e following equat ion: 

1.3.4. Tocopherol determination. The tocopherols were determined accord-
ing to the following modified I U P A C method ( A N O N . , 1982). 

To a 100 cm3 ground-necked round bo t tom flask 1 cm 3 of a squalane 
solution (50 m g per 100 cm3 hexane) was added . The solvent was evaporated 
using vacuum. Approximately 1 g of the oil, t o the nearest 0.01 g, was weighed 
into the f lask and 4 cm3 of ethanolic pyrogallol (5 g per 100 cm3) solution were 
added. An air condenser was at tached and t he mixture was brought to boil. 
When the boiling started, 1 cm3 of potass ium hydroxide solution (1.6 g per 
cm3) was added . After boiling for 3 min, t he heating was stopped, the f l a sk 
was cooled b y running water and 25 cm3 of distilled water were added. The 
content of t h e f lask was transferred quant i ta t ive ly to a separating funnel . 
The flask was rinsed with 40 cm3 diethyl e ther , transferring t he rinsings to t he 
separating funne l . Two f u r t h e r extractions were made of the aqueous layer 
with 25 cm3 of diethyl e ther each time, combining the three extracts in a 
second separa t ing funnel. Dur ing each extract ion, the separat ing funnel was 
shaken and t h e emulsion was broken with a few drops of ethanol. 

The layers were allowed to separate, t h e n the water layer was taken off. 
The combined extracts were washed with 20 cm 3 portions of water with vigorous 
shaking un t i l t he washing liquids did no t t u r n pink a f t e r addition of a few 
drops phenolphtalein solution (1 g per 100 cm3 ethanol). The extracts were 
dried by f i l ter ing over sodium sulphate. The ethereal layer was t ransferred 
into a 100 cm 3 f lask and the diethyl e ther was evaporated by using a ro ta t ing 
vacuum evapora tor . 

PA-value 
25 X (1.2 X (OD2) — (OID)) 

mass of sample [g] 

FEA-value [ % oil] = 
0.01 ÍV K O H [cm3] X 0.282 

mass of sample [g] 
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The residue was dissolved in 5 cm 3 of diethyl e ther and t ransferred 
quant i ta t ive ly to a 15 cm3 t es t t ube using a minimum of diethyl ether rinsing. 
The diethyl e ther was evaporated completely using vacuum. To the tes t tube 
0.2 cm3 N-methyl-N-trimethylsi lyl tr if luoroacetamid was added, the tube was 
closed and allowed to s tand for 15 min a t 70 °C. One pi of the silylethers was 
injected to a gas Chromatograph equipped with a f l ame ionization detector 
and a 25 m x 0 . 2 2 mm i.d. fused silica CP Sil 5 CB (similar to SE 30) capillary 
column. Oven temperature was 280 °C. 

The content of tocopherol (i) was calculated according to the following 
equat ion: 

Tocopherol (i) content [mg per kg oil] = A ( i ) x m 2 x 1000/A(s) X 
where: 

m 1 = the mass [g] of the tes t port ion, 
т. , = the mass [mg] of the squalane added to the round bot tom flask, 
A(i) = t he area under the peak corresponding to tocopherol (i), 
A (s) = t he area under the peak corresponding to squalane. 

1.3.5. Head space oxygen content. The oxygen content in the packaging 
was es t imated using a Teledyne model 320B oxygen analyser. 

Por t he bags, 2 injection needles were used to circulate the gas through 
the analyser. For the cans a self made adap te r was used. 

1.3.6. Moisture content. The moisture content was es t imated according 
to the me thod described in an EC-publication (ANON., 1968). 

Approximately 5 g nuts , broken in pieces, were weighed into an alu-
minium dish and placed into an oven a t 102 ± 2 °C. The samples were kept 
a t t ha t t empera ture for 4 h. Af t e r this period the dish was cooled to room 
tempera ture using a desiccator and again weighed. The moisture content was 
calculated f r o m the weight loss of the sample under described conditions. 

1.3.7. Water activity. The water ac t iv i ty was es t imated according the 
method of N O R T H O L T and H E U V E L M A N (1982). 

A sample flask of 100 cm3 was half filled with nuts . The f lask was lef t 
closed for stabilizing for 3 h a t room temperature . A microscopic slide, divided 
into 4 areas wi th a marker, was coated wi th a layer of vaseline. On the vaseline 
layer were placed, within the areas, crystals of known water activities: 15, 30, 
45 and 60% A w , respectively. The slide was placed into the f lask and le f t for 
stabilizing for 20 h. Af terwards the crystal-liquifaction was est imated. 

1.4. Sensory testing 

For t he sensory testing the quick rank test for mult iple comparison of 
K R A M E R (1956) was used. The samples of different t r ea tmen t s were tes ted 
month ly for t he properties colour, odour, tas te and tex ture using 9 to 11 non-
tra ined panel members. The possible scores were: 1 = poor; 2 = unacceptable; 
3 = acceptable; 4 = good; 5 = excellent. 
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The results were calculated using an error level of 5 % single tailed. 
Because of the impossibility of comparing all t rea tments a t the same t ime t he 
following effects were s tudied: 

— Effec t of i rradiat ion and gas condition in cans wi th the 5 °C storage 
tempera ture : 0 kGy, 0.5 kGy, 1.0 kGy, normal air and nitrogen. 

— Effec t of packaging and gas condition on unirradiated samples 
(0 kGy) with the 5 °C storage temperature: can, laminated foil, polyethylene, 
normal air and nitrogen. 

— Effec t of storage temperature and gas condition on unirradiated 
samples (0 kGy) in cans: 5 °C, 85% R. H. ; 20 °C, 50% R. H . ; 40 °C, 30% R. H. , 
normal air and nitrogen. 

2. Results and discussion 

2.1. Moisture and water activity 

The average moisture content and approximate water activity of three 
samples of walnuts i r radiated and non-irradiated, packed in different packages 
and stored at different tempera tures are shown in Table 1. 

Init ial moisture contents were similar to those repor ted by S E D L A C E K 

(1985) and Souc i and F A C H M A N N (1981/82). As shown in Table 1, the walnut 
samples packed in polyethylene and laminated foil and stored a t higher 
temperature and low relative humidity, were clearly dried out within 8 weeks. 
Samples packed in polyethylene and laminated foil and stored a t high outer 
relative humidi ty, had slightly increased moisture content af ter 8 weeks of 
storage, however still suff iciently low to prevent mould growth ( B E I J C H A T , 

1978). 

2.2. Head space oxygen content of samples packed under nitrogen 

The average oxygen contents in head spaces of 9 samples of walnuts 
irradiated and non-irradiated, packed with nitrogen gas, are given in Table 2. 

The d a t a of the table revealed clearly t h a t the oxygen penetrated very 
easily into the polyethylene bags. Under this circumstance the nitrogen filling 
of the polyethylene bags had only an initial protection against oxidation and 
not during storage. Also the oxygen contents were higher in the laminated 
foil bags than in the tins. 

2.3. Lack of radiation effects on chemical properties of lipids in walnuts 

To tes t f irst the effect of irradiation on the chemical properties, an 
analysis of variance carried ou t for all t r ea tmen t s showed no significant dif-
ference, with a probabi l i ty of error of 5% single tailed; neither directly a f t e r 
irradiation, nor during storage. 
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Table 1 

Moisture content and approximate water activity of shelled walnut, packed in 
different packages, stored under different conditions at different temperature 
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Storage Polyethylene Laminated foil Can 

Temperature 
CO 

Relative 
humidity 

(%> 
Gas 

Time 
(week) 

Moisture content 
_ (%> 
X ^ s 

Aw 
Moisture content 
_ (%) 
X ¿ 8 

Aw 
Moisture content 
_ (%) 
X ¿ 8 

Aw 

5 
Air 

0 
15 

4.4 
4.7 

0.1 
0.1 

0.45 
0.45 

4.4 
4.9 

0.1 
0.1 

0.45 
0.45 

4.4 
4.8 

0.1 
0.1 

0.45 
0.45 

5 

Nitrogen 
0 

15 
4.4 
4.9 

0.1 
0.1 

0.45 
0.45 

4.4 
5.3 

0.1 
0.1 

0.45 
0.45 

4.4 
5.1 

0.1 
0.2 

0.45 
0.45 

20 
Air 

0 
13 

4.4 
4.3 

0.1 
0.3 

0.45 
0.45 

4.4 
3.7 

0.1 
0.4 

0.45 
0.45 

4.4 
4.6 

0.1 
0.2 

0.45 
0.45 

20 

Nitrogen 
0 

13 
4.4 
3.7 

0.1 
0.2 

0.45 
0.45 

4.4 
4.3 

0.1 
0.3 

0.45 
0.45 

4.4 
4.4 

0.1 
0.3 

0.45 
0.45 

40 

Air 0 
8 

4.4 
2.0 

0.1 
0.1 

0.45 
0.3 

4.4 
2.0 

0.1 
0.2 

0.45 
0.3 

4.4 
4.0 

0.1 
0.4 

0.45 
0.45 

40 
Nitrogen 0 

8 
4.4 
1.7 

0.1 
0.1 

0.45 
0.3 

4.4 
1.7 

0.1 
0.1 

0.45 
0.3 

4.4 
3.7 

0.1 
0.8 

0.45 
0.45 

x = average of 3 measurements 
± = s tandard error 
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Table 2 

Oxygen content walnut irradiated, and non-irradiated, packed with nitrogen gas 

Storage Oxygen content of walnut packed in 

Temperature Time Polyethylene Laminated foil Can 
(°C) (week) 

X ± s X ± » X ± s 

0 _ _ 4 . 1 0 . 4 
3 20.0 0 .1 8 .0 1.6 3 . 4 0 . 2 

5 7 20.8 0 . 0 6 .9 1.7 3 .7 0 . 2 
11 20.7 0 . 1 6 .0 1.8 3 . 9 0 . 7 
15 20.7 0 . 0 5 . 3 1.6 4 . 4 0 .7 

0 _ 4 . 1 0 . 4 
2 20 .6 0 . 0 9 . 2 2.6 3 . 0 0 .1 

20 5 20.8 0 . 0 5 . 4 1.3 1 .9 0 . 2 
9 20.3 0 . 0 4 . 4 1.7 0 . 6 0 . 2 

13 19.9 0 . 3 5 . 0 2.1 0 . 3 0 .1 

0 4 .1 0 . 4 
1 20.3 0 .1 4 . 2 0.6 0 . 9 0 . 2 

40 4 20.6 0 . 0 2 .1 0.8 0 . 4 0 . 3 
6 20.5 0 .1 2 . 9 1.7 0 . 2 0 .1 
8 20 .5 0 .1 2 .7 1.9 0 . 2 0 .1 

— = not measured 
x = average value of 9 measurements 
i s = standard error 

This is in agreement w i th the d a t a publ ished so far in the l i tera ture on 
the effects of g a m m a i r radia t ion on lipids of nu tmea t s . Very sl ight , insignificant 
changes in t h e lipid composit ion of walnu ts were observed b y B A N C H E R and 
co-workers (1972a,b,c) a t 5 kGy, i.e. a t a dose 5- to 10-t imes higher t h a n 
the disinfesting dose. K A S H A N I and V A L A D O N (1984) found t h a t 0 . 5 kGy did 
not affect t he lipids of pis tachio kernels, a n d even 10 k G y had very l i t t le 
effect , only a slight increase of the peroxide value, on t h e lipids of pis tachio 
kernels. 

For th is reason, our ana ly t ica l d a t a for both u n t r e a t e d and i r rad ia ted 
samples were pooled as repl icates a t each par t icular packaging and s torage 
condition for evaluat ing ef fec ts of packaging and storage on chemical p a r a m -
eters of l ipids in walnuts. 

2.4. Effects of packaging and storage conditions on chemical properties of lipids 
in walnuts 

2.4.1. Peroxide value. T h e average peroxide values of 9 samples of 
walnuts i r rad ia ted and non-irradiated are shown in Fig. la,b,c. 

Resu l t s indicated t h a t t h e peroxide va lue passed t h r o u g h a m a x i m u m 
and was very much influenced b y the t e m p e r a t u r e of storage. A ten- to f i f t e e n -
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Time ( w e e k s ) 

Fig. la . Peroxide value of oil f rom shelled walnuts, irradiated and non-irradiated, packed 
in different packages and stored a t 5 °C, 85% R . H. 

• • : Polyethylene, air; 0~~ O : laminate, air; Д Д: can, air; 
• — • : polyethylene, nitrogen; О О : laminate, nitrogen д д : 

can, nitrogen 

Time ( w e e k s ) 
Fig. lb. Peroxide value of oil f rom shelled walnuts, irradiated and non-irradiated, packed 

in different packages and stored a t 20 °C, 50% l t . H. For symbols see Fig. l a 
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Time (weeks) 
Fig. lc. Peroxide value of oil f r o m shelled walnuts, irradiated and non-irradiated packed 

in different packades and stored a t 40 °C, 30% R . H. For symbols see Fig. l a 

fold increase in peroxide value was observed in all packages and both gas con-
ditions a f te r 6 weeks of storage a t 40 °C. Peroxide value increased as the storage 
t ime advanced also in the samples kept a t 5 °C and 20 °C in all the packages 
under both gas conditions. Measurements revealed, however, t h a t the residual 
oxygen level (Table 2) in t he nitrogen-gas-filled bags was sufficient to allow 
development of rancidity. 

The resul ts indicate t h a t peroxidation was lowest in laminated foil and 
cans under ni trogen gas dur ing storage a t 5 °C and 20 °C. 

2.4.2. y-Anisidine value. The average p-anisidine values of 9 samples 
of walnuts i r radiated and non-irradiated are shown in Fig. 2a, b, c. 

The highest value was found in polyethylene at 40 °C as compared to 
laminated foil and cans. The effect of cans and laminated foil under nitrogen 
gas on the formation of carbonyl compounds was not significantly different 
a t 5 °C and 20 °C. 

2.4.3. Free fatty acid content. The average free f a t t y acid contents of 
9 samples of walnuts irradiated and non-irradiated are shown in Fig. 3a, b, c. 

There was some increase in the free f a t t y acid content in all the walnu t 
samples dur ing the storage period. 

H A R D R O N and co-workers (1981) repor ted tha t the f ree f a t t y acids in 
walnuts were initially low and increased to 2.6% at 12-14 °C, 70-80% R. H . 
during a s torage period of 12 months. In our experiments, samples stored a t 
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Fig. 2a. Anisidine value of oil f rom shelled walnuts, irradiated and non-irradiated, packed 
in different packages and stored a t б °C, 86% R . H. For symbols see Fig. l a 
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10 

Time ( w e e k s ) 

Fig. 2b. Anisidine value of oil f rom shelled walnuts, irradiated and non-irradiated, packed 
in different packages and stored a t 20 °C, 50% R . H. For symbols see Fig. l a 
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Time ( w e e k s ) 

Fig. 2c. Anisidine value of oil f rom shelled walnuts, irradiated and non-irradiated, packed 
in different packages and stored a t 40° C, 30% R. H. For symbols see Fig. l a 

Time ( w e e k s ) 

Fig. 3a. Free fa t ty acid content of oil from shelled walnuts, irradiated and non-irradiated, 
packed in different packages, stored a t 5 °C, 85% R. H. For symbols see Fig. l a 
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Time ( w e e k s ) 

Fig. 3b. Free fa t ty acid content of oil f rom shelled walnuts , irradiated and non-irradiated, 
packed in different packages, stored a t 20 °C, 50% R . H . For symbols see Fig. l a 

Time ( w e e k s ) 

Fig. 3c. Free fa t ty acid content of oil f rom shelled walnuts , irradiated and non-irradiated, 
packed in different packages, stored a t 40 °C, 30% R . H. For symbols see Fig. l a 
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5 °C showed much less increase t h a n samples stored a t 20 °C or 40 °C. The 
composition of gas atmosphere had no significant effect on these lipolytic 
changes. A t 40 °C, the f ree fa t ty acid content was lower in the polyethylene-
packaged t h a n in the laminated pouch-packed samples, and even much less 
than in t he canned samples. This seems to indicate t h a t desiccation during 
storage (see Table 1) inhibits lipolysis. 

2.4.4. Tocopherol content. The resul t s of tocopherol determinat ions are 
given in Tables 3 and 4. 

There seemed to be no s ignif icant difference between t he different 
t r ea tmen t s and storage conditions. 

Table 3 
The effect of packaging conditions on the retention of tocopherols (mg per kg oil) 

in untreated walnuts stored at 5 °C 

Tocopherol Storage Polyethylene Laminate Can 
Tocopherol (week) air N, air N, air N, 

Alfa 0 9 _ 12 11 
8 10 10 11 12 9 14 

Beta -{- gamma 0 
8 

307 
337 3 6 1 328 370 

3 4 2 
2 8 6 

384 
374 

Delta 0 34 3 6 4 2 
8 40 4 2 42 4 2 4 6 51 

— = not investigated 

Table 4 
The effect of irradiation and storage temperature on retention of tocopherols 

(mg per kg oil) in walnuts packed in cans under air or nitrogen 

Storage Radiation Alfa Beta + Gamma Delta 
temperature time dose 

N, N, N, °C (week) (kGy) air N, air N, air N, 

0 0 12 11 342 3 8 4 36 42 
8 9 1 4 286 374 4 6 51 

0 0 . 5 8 12 281 353 46 46 
5 8 9 9 295 2 4 2 47 44 

0 1 .0 10 8 305 288 4 3 48 
8 10 11 248 296 36 43 

2 0 0 0 11 12 369 368 51 46 2 0 8 11 12 361 354 4 2 40 

4 0 
0 0 14 11 375 346 4 6 40 4 0 8 11 1 2 342 336 4 5 48 
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Table 5 

Results of sensory test of irradiated and non-irradiated walnuts, stored at 5 °C and packed in cans under nitrogen or air 

0 kOy 0.5 kGy 1.0 kGy 
Storage 

time 
Sensoric 
aspect 

Sensory 
test Nitrogen Nitrogen Nitrogen 

^ W ССЛ J AS RS AS RS AS RS AS RS AS RS AS RS 

0 с 3.6 39 3.7 36 3.6 34.5 3.7 38.5 3.8 36 3.2 47 
3 b 3.4 36 3.8 25.5 3.2 42.5 3.5 33.5 3.3 39 3.5 33.5 
7 Colour b 3.4 36 3.4 34 3.4 36 3.4 35.5 3.4 36.5 3.6 32 

11 с 3.3 44.5 3.7 32.5 3.5 39 3.3 43 3.6 34 3.6 38 
16 a 3.6 29.5 3.4 32.5 3.4 30.5 3.6 27.5 3.1 40.5 3.6 28.5 

0 с 3.6 39 3.6 39 3.6 37.5 3.8 32.5 3.5 42.5 3.4 40.5 
3 b 3.5 36.5 3.3 32.5 3.4 39 3.7 31.5 3.4 38.5 3.7 32 
7 Odour b 3.6 39 3.5 33 3.9 30 3.8 33 3.6 39 3.7 36 

11 e 3.2 44.5 3.4 27 3.4 40.5 3.3 12.5 3.5 37 3.4 39.5 
15 a 3.6 29.5 3.4 35.5 3.4 32.5 3.4 32.5 3.3 35.5 3.8 23.5 

0 с 3.8 31.5 3.7 35 3.5 43 3.9 32.5 3.1 51.5 3.6 37.5 
3 b 3.1 43 4.3 18.5 3.1 45 3.5 34.5 3.4 38 3.7 31 
7 Taste b 3.3 41.5 3.4 38.5 3.8 27 3.6 32.5 3.2 41.5 3.7 29 

11 с 3.0 44 3.6 32.5 3.7 31.5 3.1 42.5 3.6 36 3.2 44.5 
15 a 3.6 28.5 3.2 38.5 3.0 41 3.9 21.5 2.9 40.5 4.0 19 

0 с 3.7 40.5 3.9 37 3.9 36.5 3.9 38 3.9 36 3.6 43 
3 b 3.5 39.5 4.3 21.5 3.3 44 3.7 33.5 3.9 29 3.4 42.5 
7 Texture b 3.7 35 3.7 35 3.9 30.5 3.8 32.5 3.4 41.5 3.7 35.5 

11 с 3.2 47 3.9 28 3.8 31 3.4 43.5 3.6 38.5 3.4 43 
16 a 3.7 26.5 3.2 36.5 3.6 29.5 3.7 26 3.3 35.5 3.3 35 

«и > 
И 

Я И н 
'S 

о 
£> С! > 

О ч 

я > 
о > 
и и о 

> ч 
а н 

AS: average score 
RS: rank sum 
a: 9 panel members, rank sum borders 19-44 at P=0 .05 probability level 
b: 10 panel members, rank sum borders 22-48 a t P=0 .05 probability level 
c: 11 panel members, rank sum borders 25-52 at P=0 .05 probability level 

— : significantly differ (better) to 



Table 6 
Results oj sensory test oj non-irradiated walnuts packed in different packages and conditions, stored ai 5 °C and 90°/o R. H. 

St 
Storage 

time 
(week) 

Sensoric 
aspect 

Polyethylene Laminated foil Can 

Sensory 
test nitrogen nitrogen nitrogen 

RS AS 

0 с 3.6 39 3.7 36 3.6 39 3.7 36 3.6 39 3.7 36 4 > 
3 b 3.7 35 3.5 41 3.6 38 3.8 32 3.4 35 3.8 29 •A 
7 Colour b 3.7 37 3.7 37 3.7 37 4.0 31 3.4 34 3.4 34 о 

11 с 3.6 45 3.7 39 3.8 36 3.7 39 3.3 30.5 3.7 41.5 
15 a 3.6 36.5 3.6 36 3.7 33.5 3.9 28.5 3.6 26 3.4 28.5 W и 
0 с 3.6 39 3.6 39 3.6 39 3.6 39 3.6 39 3.6 39 
3 b 3.1 43.5 3.7 31 3.4 39 3.3 39 3.5 33.5 3.3 24 
7 Odour b 3.5 36 3.6 35 3.7 32 3.5 37 3.6 36 3.5 34 

л с 3.6 37 3.6 39 3.4 44.5 3.2 50 3.2 22 3.4 38.5 
15 a 3.9 27 3.9 27 3.6 33.5 3.3 36 3.6 36.5 3.4 29 

0 с 3.8 31.5 3.7 35 3.8 31.5 3.7 35 3.8 31.5 3.7 35 
3 b 3.7 33 3.4 39.5 3.4 42.5 3.7 33 3.1 32.5 4.3 29.5 
7 Taste b 3.2 42.5 3.8 29.5 3.7 33 3.6 33 3.3 35 3.4 37 

11 с 2.8 56 3.6 36 3.7 33 3.6 37.5 3.0 26 3.6 42.5 
15 a 3.0 39.5 3.7 26 3.6 29 3.3 30.5 3.6 31.5 3.2 32.5 

0 с 3.7 40.5 3.9 37 3.7 40.5 3.9 37 3.7 40.5 3.9 37 
3 b 3.8 34 3.3 43.5 3.6 39.5 3.9 31 3.5 34 4.3 28 
7 Texture b 3.6 34.5 3.6 36.5 3.6 35.5 3.8 29.5 3.7 37.5 3.7 36.5 

11 с 3.7 40 3.8 31 3.6 46 3.8 37 3.2 37 3.9 40 
15 a 3.8 28 3.7 30 3.8 27.5 3.6 32.5 3.7 29.5 3.2 41.5 

H 4 
о 
<o CI > 

H к 
о ч 

я > 
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Н Я 
О 
> 
f 
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AS: average score 
RS: rank sum 
a: 9 panel members, rank sum borders 
b: 10 panel members, rank sum borders 
e: 11 panel members, rank sum borders 
—: significantly differ (better) 
- - - : significantly differ (worse) 

19-44 a t P = 0.05 probability level 
22-48 a t P = 0.05 probability level 
25-52 a t P = 0.05 probability level 



Table 7 
Results oj sensory test oj non-irradiated, walnuts packed in cans under nitrogen 
or air, stored at different temperatures (°C) and relative humidities (% R. H.) 

Storage 
time 

Sensorio 
aspect 

5 °C - 90% К. H. 20 °C - 50% R. H. 40 °C - 30% R. H. 
Sensory 

test nitrogen nitrogen nitrogen 

AS RS AS RS AS RS AS RS AS RS AS RS 

0 с 3.6 39 3.7 36 3.6 39 3.7 36 3.6 39 3.7 36 
3 b 3.4 33.5 3.8 36.5 3.3 36.5 3.6 28.5 3.0 38.5 3.3 36.5 
i Colour b 3.4 27.5 3.4 29.5 3.5 29.5 3.8 22 1.6 56.5 2.5 45 

11 с 3.3 24.5 3.7 32.5 3.5 29.5 3.8 23.5 1.1 62.5 1.5 58.5 
15 a 3.6 21 3.4 25 3.7 23 3.6 21 1.1 51 1.4 48 

0 с 3.6 39 3.6 39 3.6 39 3.7 39 3.6 39 3.6 39 
3 b 3.5 38 3.3 31.5 3.2 34 3.3 31.5 2.9 40.5 3.2 34.5 
7 Odour b 3.6 21.5 3.5 27.5 3.6 26.5 3.6 26 1.6 53.5 1.6 55 

11 с 3.2 17 3.4 30 3.3 31.5 3.3 31.5 1.1 61 1.2 60 
15 a 3.6 20 3.4 25. 3.8 20 3.2 25 1.2 50 1.3 49 

0 с 3.8 31.5 3.7 35 3.8 31.5 3.7 35 3.8 31.5 3.7 35 
3 b 3.1 42.5 4.3 25 3.0 34.5 3.5 26 2.9 26.5 2.4 45.5 
7 Taste b 3.3 23.5 3.4 29.5 3.4 28.5 3.6 25 1.4 55.5 1.5 54 

11 с 3.0 17 3.6 32 2.6 37 3.4 25 1.0 60 1.0 60 
15 a 3.6 21 3.2 20 3.1 25 3.2 24 1.0 49.5 1.0 49.5 

0 с 3.7 40.5 3.9 37 3.7 40.5 3.9 37 3.7 40.5 3.9 37 
3 b 3.5 31.5 4.3 29.5 3.7 29.5 3.8 26.5 2.8 49 3.1 44 
7 Texture b 3.7 21.5 3.7 30.5 3.4 32.5 3.7 25 2.2 51.5 2.6 49 

11 с 3.2 25.5 3.9 34 3.3 28.5 3.6 23.5 1.4 60.5 1.5 59 
15 a 3.7 23.5 3.2 20 3.3 23.5 3.4 23 1.1 49.5 1.1 49.5 
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AS: average score 
RS: rank sum 
a: 9 panel members, rank sum borders 19-44 a t P = 0.05 probability level 
b: 10 panel members, rank sum borders 22-48 a t P = 0.06 probability level 
c: 11 panel members, rank sum borders 25-52 a t P = 0.05 probability level 
- - - : significantly differ (worse) 
—: significantly differ (better) 

8 
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2.5. Sensory evaluation 

The results of sensory evaluat ion of walnu ts , irradiated and non-irra-
dia ted , packed in different packages and stored under different conditions are 
given in Tables 5, 6 and 7. 

All walnut samples stored a t 5 °C and 20 °C were within the range of 
acceptabil i ty scores a t all aspects up to 15 weeks storage, investigated. N o 
significant differences could be observed be tween irradiated and non-irra-
d ia t ed samples. T h e packaging also did not ef fec t the sensory quali ty of the 
walnuts . However, high tempera ture storage (40 °C) drast ically reduced the 
acceptabil i ty period. 

The colour of the walnuts, which was qu i te at t ract ive a t the beginning 
of the experiment, changed f rom light to dark shades during storage at 40 °C. 
This dark colour increased considerably with t h e storage period. The tex ture 
also changed to become less b r i t t l e and softer and some objectionable odour 
and tas te was observed in wa lnu t s stored a t 40 °C for 7 weeks or longer. 
These results can be explained by the fact t h a t t he high tempera ture storage 
faci l i tated lipid decomposition in nuts, causing objectionable changes in all 
sensory parameters. 

In conclusion then, our resu l t s — in agreement with d a t a reported on 
similar products — showed t h a t radiation disinfestation doses do not cause 
off - f lavour or ranc id i ty of walnuts . 

* 

Special recognition and thanks are due to Mr. J . LABRIJN and Mrs. D. van MAZIJK 
a n d all the members of the Central Laboratory and t h e Department of .Sensory Evalua-
t ions of the R I K 1 L T for providing assistance and some of the necessary research facilities 
and equipments dur ing completion of this study. 
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CAROTENOID COMPOSITION AND VITAMIN A 
VALUE OF RAMI (BOH EM EBI A N I Y E A ) LEAVES 

M . C . S A N T O S , P . A . B O B B I O AND D . B . R O D R I G U E Z - A M A Y A 

Departamento de Ciéneia de Alimentos, Faculdade de Engenharia de Alimentos, Univer-
sidade Estadual de Campinas, 13100 Campinas — SP. Brasil 

(Received: 20 December 1985; revision received: 
3 December 1986; accepted: 12 December 1986) 

The carotenoids of the fresh and dried leaves of Bohemeria nivea were 
extracted and identified. Lutein as well as a- and ^-carotene were found in fresh 
leaves but only /S-carotene and lutein were present in the dried leaves. The high 
vitamin A value, 10 666 and 16 933 LU per 100 g for the fresh and dried leaves, 
respectively, is due to the ^-carotene content. 

Keywords: rami, carotenoids, vitamin A, chromatography 

Rami , the source of an excellent textile fiber, is an impor tan t crop in 
Brasil and several other tropical countries. A considerable amoun t of unused 
leaves is a by-product of the fiber production (from the stem) and has not yet 
found any practical use. 

The dried and milled leaves, due to their high content of protein and 
calcium, might become a valuable feed for catt le and preliminary experiments 
indicated the presence of considerable amounts of carotenoids, t he extraction, 
separat ion and quantif icat ion of which we are reporting in the present paper. 

1. Material and methods 

Three samples each of the fresh and dried leaves were analyzed sepa-
rately. For the fresh leaves, each sample was prepared from about 30 leaves. 
The dried sample was prepared by air drying about 8 kg of leaves. Twenty-
two g ram samples were taken for analysis. The dried sample was stored at 
— 20 °C in tightly sealed plastic bags, unti l the analysis could be init iated. 

The water content of sample was determined by drying in a vacuum oven 
at 65-70 °C for 24 h. 

Carotenoids were extracted with cold acetone ( R O D R I G U E Z e t al., 1976), 
t ransferred to hexane, saponified with 10% KOH-MeOH, washed, concen-
t ra t ed and separated on a MgO : Hyflo-Supercel (1 : 2)column, using as devel-
oper, 2% EtoO/hexane, 5% Et 2 0/hexane followed by pure acetone. Two zones 

3 Akadémiai Kiadó, Budapest 
Kluwer Academic, Publishers, Dordrecht 



34 SANTOS et al.: COMPOSITION OF KAMI LEAVES 

were separated f rom the extract of dried leaves and three, f rom the fresh 
leaves. 

The material e luted with acetone, suspected to be a hydroxyl-carotenoid, 
was methylated with acidified MeOH (DAVJES, 1976). 

Pur i ty of each fract ion was checked by rechromatography on silica gel 
plates and A1,03 column. 

Spectra of each purif ied fract ion were taken with a Pye Unicam 8000 
recording spectrophotometer (England) using hexane as solvent. 

The vi tamin A values were calculated assuming t ha t 0.6 g of /3-carotene 
is equivalent to 1 I U per vi tamin A (NAS-NRC, 1980). 

2. Results 

Table 1 summarized the results of the quant i ta t ion and spectra charac-
teristic of each carotenoid isolated f rom rami leaves. 

Table l 

Carotenoid. composition of fresh and dried rami leaves 

Concentration 
(ßg Per g) 

Carotenoid Dried leaves Fresh leaves 
(9% H.O) (73% H50) 

i ±s X ± s 

a-Carotene — 2.30 0.01 
/?-Carotene 101.63 0.06 64.03 0.06 
Lutein 34.67 0.46 14.22 0.10 

x: mean value of 3 separate analysis 
+ S: standard deviation 

Chromatographic behaviour (zone sequence and elution characteristics) 
were indicative of ot- and ^-carotene and lutein like structure. 

The visible spectra in petroleum ether were consistent with a-carotene 
for fraction 1 ( / m a x a t 420, 442, 471 nm), ß-carotane for f ract ion 2 ( / m a x at 
424, 447, 474 nm) and lutein for fraction 3 ( / m a x at 422, 444, 471 nm) 
(DAVIES, 1976). The la t ter pigment was also characterized by its positive 
response to methyla t ion producing a compound with an R f equivalent to 
a monohydroxy-carotenoid. This is consistent with the presence of 2 hydroxyl 
groups, one of which is in an allylic position. The absence of subst i tuents in 
the f i rs t two pigments, already indicated by the facile elution from the column, 
was confirmed on a silica gel plates developed with 3% methanol in benzene, 
where they ran with the solvent f ron t . 
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The vi tamin A values, from the /З-carotene content only, is 16 933 IU 
per 100 g dried leaves or 10 666 IU jier 100 g of fresh leaves. These values are 
higher than those obtained in eleven common Brasilian leafy vegetables, the 
highest value being that of parsley (9 800 ± 4 027). 

The results of this s tudy provide another justification for the utilization 
of rami leaves as animal feed. Aside from its high protein and calcium contents, 
it is also very rich in provitamin A. 

* 

We gratefully acknowledge the kindness of MR. R. BENATTI JR., ( Ins t i tu to 
Agronomico, Campinas) of put t ing a t cur disposal the fresh and dried leaves. 
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APPLICATION OF OVERPRESSURE LAYER 
CHROMATOGRAPHY IN RED PEPPER ANALYSIS 

S T U D Y O F T H E C A R O T E N O I D S G I V I N G 
T H E R E D C O L O U R T O G R O U N D R E D Г U P P E R 

A . A C Z É L 

Szeged Papr ika Processing Plant , H-6701, Szeged, Szövetkezeti 
ú t 1. Hungary 

(Received: 21 April 1986; revision received: 5 November 1986; accepted: 31 January 1987) 

An overpressure layer chromatography appara tus made on the basis of a 
Hungarian pa ten t was used to examine the carotenoid composition of red pepper 
and of the millings prepared f rom it. Overpressure layer chromatography was 
found to ensure a more selective separation of the carotenoids and a possibility 
of their more exact evaluation than traditional layer chromatography. Quantitative 
determination was carried out photometrically after scraping off and extracting 
the spots. About 92 to 98% of the carotenoids examined was recovered by the 
method used. In the case of the paprika variety cultivated on the largest scale it 
was possible to follow tip the change of chloroplast pigments into chromoplast 
pigments during ripening. I t was established tha t during ripening the amount of 
capsanthin and capsorubin decisively affecting the colour of red pepper contin-
uously increased. In the ripe stage the red pigments form about 60% of the total 
colouring substance content and of these about 54% is provided by capsanthin. 

Keywords: ground red pepper, overpressure layer chromatography (OPLC), 
carotenoids 

Ground red pepper from Hungary , and especially from Szeged, is a popu-
lar and generally used seasoning in many countries of the world. Apar t from 
the features relating to the soil, the climate and the cultivation technology, the 
fame of this ground pepper is based to a considerable extent on the individual 
preparat ion and milling technology, and on the extremely strict, wide-ranging 
qual i ty control. Up- to-date qual i ty control is performed by means of organo-
leptic, physical, chemical and microbiological examinations. As regards chem-
ical control, any type of chromatography can be used in testing of the col-
ouring material, the capsaicin content , pesticide residues and the browning 
number . The results of our studies connected with the capsaicin content were 
earlier reported a t a conference ( A C Z É L , 1 9 8 4 ) . I n the present paper we deal 
with overpressure layer chromatographic investigations of the carotenoids 
in red pepper. We had two main aims in this: to determine how exactly the 
characteristic carotenoids of papr ika can be measured photometrically af ter 
chromatography and elution, and to establish the change in the amounts of 
these carotenoids during the ripening process. 

Overpressure layer chromatography was developed on the basis of a 
H u n g a r i a n p a t e n t (TYIHAK et al . , 1981a). I t is A closed-system, p l a n a r l iquid 
chromatographic technique where the sorbent layer is completely sealed off 

Akadémiai Kiadó, Budapest 
Kluieer Academic, Publishers, Dordrecht 



38 ACZÉL: PAPRIKA ANALYSIS BY OPLC 38 

by the cushioning system under external pressure and the solvent is forced 
a t overpressure onto the layer through the cushioning system. Development 
can be performed in one direction, in two directions, concentrically, by over-
running or in two dimensions. 

The method was introduced in the laboratory practice by the inventors 
( T Y I H A K et al., 1979, 1981b) and was first for analysis of foodstuffs by S E L -

M E C I and co-workers (1983) and of ground pepper A C Z É L and co-workers 
(1983) and A C Z É L (1985, 1986), respectively. 

For the separation of the carotenoids f rom ground pepper the method 
introduced bv V I N K L E R and K I S Z E L - R I C H T E R ( 1 9 7 2 ) was adapted. The results 
were compared to those obtained by the reduction method of B A R A N Y A I and 
S Z A B O L C S ( 1 9 7 6 ) . Total colouring ma t t e r was determined as specified in H U N -

G A R I A N S T A N D A R D ( 1 9 7 6 ) . 

1. Materials and methods 

7.7. Preparation of the sample 

Red paprika variety Sz-20 was cut up evenly, dried carefully a t 65 °C, 
ground and the ground product passed through a mesh 0.50 sieve. Analyses 
were carried out in the par t falling through the sieve. 

1.2. Extraction 

One g of ground red pepper was shaken for L h in 100 cm3 benzene. 
The extract was fil tered and the solvent was evaporated a t 50 °C in an atmos-
phere of N2 in a rotary evaporator . The residue was dissolved in 1 cm3 benzene 
and the solution was stored in ampoulles at —10 °C for about 2 weeks. 

1.3. Chromatography 

Chromatography was carried out on a Chrompres (Labor MIM, Hungary) 
appa ra tus using silicagel 60 F254 (Merck) layer and petroleum ether-benzene-
acetone-acetic acid (40 : 1.0 : 2 : 2.5) running reagent. Parameters of the ap-
para tus : 1.2 MPa cushion pressure; 0.3 cm3 jier min running rate; 25 min run-
ning period. 

The 100 /d extract was t ransferred to the plate in stripes in diffuse light 
with a Hamilton syringe. 

1.4. Quantitative determination 

Subsequent to running the plates were dried in diffuse light in nitro-
gen atmosphere. The spots were sucked into a microcolumn and carotenoids 
were eluted f rom the absorbent in benzene. Uniformly 5 cm3 of the solution 
was used to determine the extinction on the Unicam SP-6550 type photometer. 
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Fig. 1. Separation by overpressure layer chromatography of the red pigments of ground 
red pepper, i : capsanthin; 2: capsorubin 

2. Results and discussion 

Recovery values of the red carotenoid components of ground papr ika 
are summed up in Table 1. 

Capsanthin was found to be recovered a t 95.2% 2.99%) and capso-
rubin a t 91.8% ( ± 3.88%) level on the average. 

The carotenoid content of Sz-20 paprika variety during ripening is shown 
in Table 2. 

In the unr ipe frui t carotenoid content could not he detected. In the ha l f -
ripe fruit both capsanthin and capsorubin are present. Of the to ta l pigment 
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Table 1 
Quantitative determination of the recovered red carotenoid pigments by photometry 

Solvent Recovery (%) 
Pigment (benzene  

per cm3) x ± s 

Capsanthin 5 95.2 3.02 13 
Capsorubin 5 91.8 3.90 9 

x: mean value 
i s : standard deviation 
n: number of measurements 

Table 2 
Carotenoid contenta of paprika variety Sz-20 in different phases of ripening 

Carotenoid content (g per kg) 
Colour Pigment  

half-ripe 

Red Capsanthin - — 0.82 0.90 3.32 3.40 
±2.124 ±1.617 ±0.980 ±1.724 

Red Capsorubin — — 0.17 0.28 0.57 0.62 
±0.991 ±1.223 ±2.190 ±3.216 

Total colouring matter 0.48 0.61 2.14 2.35 6.22 6.24 
(MSz 9681/5—76) ±0.961 ±0.842 ±1.090 ±1.118 ±0.097 ±1.240 

* number of measurements (n) = 4 

Table 3 
lied pigment content in the total colouring matter of ground red pepper of different quality 

(variety: Sz-20) in g per kg unit 

Hungarian OPLC method Reduction method 
standard 

Quality method , Total 
Total colouring femanthin (,„„..,,,„ T 1 t a l r e d colouring T o t a l r e d 

matter Capsanthin Capsorubin p i g m e n t matter pigment 

Special X 5.19 2.80 0.48 3.28 5.27 3.46 Special 
± s 0.112 0.062 0.018 0.252 0.096 0.128 

V 2.72 3.17 4.21 2.68 2.11 1.89 
Dessert X 3.82 2.14 0.16 2.30 4.06 2.57 

± s 0.171 0.121 0.219 0.399 0.861 0.412 
V 3.00 2.19 3.11 3.31 1.67 2.01 

Sweet-noble x 3.29 1.71 0.10 1.81 3.51 2.02 
± s 0.285 0.098 0.062 0.179 0.013 0.122 

V 3.79 3.29 3.99 2.17 3.43 2.94 
Gulyás X 2.67 1.31 0.31 1.62 2.69 1.70 Gulyás 

± 8 0.098 0.281 0.107 0.217 0.101 0.098 
V 3.22 4.02 3.17 3.11 2.19 3.27 

Rose X 2.16 1.14 0.13 1.27 2.32 1.36 
s 0.198 0.081 0.044 0.321 0.376 0.299 
V 2.97 2.71 1.98 1.97 2.86 2.12 

x: mean value of 5 measurements; ± s : standard deviation; v: variation coefficient (%) 
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c o n t e n t of t h e r i p e f r u i t c a p s a n t h i n f o r m s o n t h e a v e r a g e 5 4 % w h i l e c a p s o r u b i n 
9 . 5 % . 

T h e t o t a l a n d r e d p i g m e n t c o n t e n t o f g r o u n d r e d p e p p e r g a i n e d f r o m t h e 
s a m e p a p r i k a v a r i e t y of d i f f e r e n t q u a l i t y i s s h o w n i n T a b l e 3 . 

I n c o m p a r i n g t h e r e s u l t s of d e t e r m i n a t i o n b y o v e r p r e s s u r e l a y e r c h r o -
m a t o g r a p h y a n d t h e r e d u c t i o n m e t h o d i t c a n b e s e e n t h a t t h e r e s u l t s o b t a i n e d 
b y t h e r e d u c t i o n m e t h o d s h o w a 5 - 1 1 % h i g h e r t o t a l r e d p i g m e n t c o n t e n t t h e n 
t h o s e o b t a i n e d b y c h r o m a t o g r a p h y . O n c o m p a r i n g t h e t o t a l p i g m e n t c o n t e n t 
a s d e t e r m i n e d b y t h e s t a n d a r d m e t h o d a n d t h e r e d u c t i o n m e t h o d a g a i n t h e 
r e s u l t s of t h e r e d u c t i o n m e t h o d a r e h i g h e r . T h e p r o p o r t i o n o f c a p s a n t h i n i n t h e 
t o t a l c o l o u r i n g m a t t e r of d i f f e r e n t q u a l i t y s a m p l e s a m o u n t s f r o m 4 9 % t o 5 6 % 
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A synthetic diet inducing derangement of fa t metabolism was formulated 
of an adequate amoun t of protein, fibre and vi tamins and in addition 20% far, 
1% cholesterol and 0.5% sodium eholate. The ra t io of mineral salts was also 
changed toward a pathologic direction. 

After feeding Wistar (OÉTI — National Ins t i t u t e of Food Hygiene and 
Nutrition, Budapest) sexually mature male rats for 6 weeks on this lipogenic diet 
the serum and liver lipid indices increased significantly in comparison with samples 
of control animals fed on normal diet (5% fat) or a synthet ic normal diet of 20% 
sunflower seed oil content . 

The effects of the following fats were investigated: sunflower seed oil 
(P/S = 5.2), lard (P/S = 0.24), coconut oil (used for dietetic purposes) (P/S = 0.03) 
and a mixture of fa t s characteristic of Hungarian dietary habits (P/S = 0.6). 
Sunflower seed oil applied in the lipogenic diet caused reduction of total serum 
cholesterol, while the hepatic total lipid and total cholesterol content was signifi-
cantly higher than in ra ts fed on other fats. 

Upon consumption of coconut oil the increase in hepatic lipids was less 
high than with the other fats. 

The model experiments causing derangement of fa t metabolism proved to 
be suitable to detect the fat metabolism influencing effect of different changes 
in the diet. 

Keywords: lipogenic diet, fa t s of different P/S, serum lipids, liver lipids 

D i s e a s e s r e l a t e d t o d e r a n g e m e n t of f a t m e t a b o l i s m (obes i ty , d i a b e t e s , 
b l o o d vesse l d iseases) s h o w in s e v e r a l coun t r i e s , a m o n g t h e m in H u n g a r y , a 
t r e n d t o increase . I n t h i s p h e n o m e n o n a n u m b e r of f a c t o r s of i n a d e q u a t e nu-
t r i t i o n p l a y a role. M a n y e x p e r i m e n t s a n d s t a t i s t i c a l d a t a p r o v e t h e e f f e c t of 
exces s ive e n e r g y i n t a k e , of t h e o n e - s i d e d c o n s u m p t i o n of n u t r i e n t s , v i t a m i n s , 
m a c r o - a n d mic ro e l e m e n t s . T h e s e f i n d i n g s g a v e a n i m p e t u s t o r e s e a r c h in to 
t h e q u a n t i t y a n d q u a l i t y of ed ib l e f a t s , i n t o t h e r a t i o of v a r i o u s f a t t y acids 
a n d t h e i r r e l a t i o n t o o t h e r c o m p o n e n t s . 

I n ear l ie r r a t e x p e r i m e n t s t h e e f f e c t s of v a r i o u s k i n d s of f a t m o s t gener-
a l l y u s e d in H u n g a r y w e r e s t u d i e d . I t w a s f o u n d t h a t t h e one-s ided a n d exces-
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Ottó ú t 15. Hungary 
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sive consumption of sunflower seed oil, rich in unsaturated f a t t y acids, in a diet 
otherwise of satisfactory composition, had an advantageous effect on the serum 
lipid indices of rats . Simultaneously, however, i t increased substantially cer-
t a in lipids of the liver in comparison with lard, rich in sa tura ted fat ty acids, 
a n d with a diet containing sunflower seed oil of the same qual i ty but forming 
only 5 % of the diet (J. N . Z S I N K A e t al., 1987a, b). 

The present s tudy was a imed at clarifying the effect of an inadequate 
change in the proportions of the other dietary components with t he summation 
of their deletarious effects on the lipid indices and to see whether in conse-
quence fat metabolism is deranged. 

1. Materials and methods 

In the course of the experiments groups of 20 20 Wistar (OÉTI) (228 ± 9 g) 
sexually mature male rats were fed near isoenergetically for 6 weeks on 
lipogenic diet, developed by t h e authors. (Groups were fed according to the 
group with the lowest energy intake, pair fed.) The composition of the diet is 
shown in Table 1. 

Table 1 
Composition of the diets 

Diet 

Component« Synthetic Synthetic 
normal lipogenic 

(%) (%) 

Casein 20 20 
Starch 40 23 
Sugar — 15.5 
Cholesterol 1.0 
Na-cholate 0.5 
Salt mixture 

(normal)8 (normal vitamins) 5 5 (lipogenic) -(-
(vitamins)b 

Sawdust 15 15 
Fa t 20 20 

Total 100 100 

Energy content: 
Joule per 100 g 1775 1737 
Cal per 100 g 424 415 

Lipogenic salt mixture (g) 

KCl 81.0 Fe-citrate 5.0 
NaCl 166.0 MnCl2 2.0 
MgS04 52.0 ZnCl2 1.5 
к н 2 г о 4 261.0 CuS04 0.3 
CaCOg 431.0 K J 0.2 

" SÓS and SZELÉNYI (1974) 
ь Vitamins A and E cut by half 
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The diet contained t he highest level a n adequate a m o u n t of protein (but 
i t is casein only), fibre and a moderate a m o u n t of v i tamins . The amoun t of 
the other components was changed. A p a r t of the starch con ten t was replaced 
by beet sugar. Taking into consideration t h e so-callcd atherogenic diets (where 
2% or more cholesterol is added) a diet was composed to achieve a modera te 
effect without destruction of the animals and therefore 1 % cholesterol and 
0.5% Na cholate were added. The proportions of the mineral sal t mixture were 
changed also towards a pathogenic composition. 

In this lipogenic diet 20% of different kinds of f a t were added. These 
diets are shown in Table 2. 

The composition of f a t in group V I was calculated on t he basis of " H u n -
garian Household Statistics, 1983", reflecting the proportions of fats generally 
consumed in Hungary. Two control groups were used, one of them was fed on 
normal ra t chow (LATI — Laboratory Animals Inst i tute, Gödöllő), contain-
ing about 5 % fa t . The second group was given synthetic n o r m a l diet contain-
ing 20% sunflower seed oil. (Earlier experiments have shown this l a t t e r , 
otherwise normal diet to increase the lipid content of t h e liver.) The o ther 

Table 2 

Type of diet and the fat composition 

Experimental groups 

I II III rv V VI 

Diet LATI normal synthetic synthetic lipogenic diet 
(powdered) normal 

Fat content 
(%) б 20 20 20 20 20 

Type of fat — sunflower sunflower lard coconut mixed fats 
oil oil oil 

69% lard 
22% sunflower 

oil 
9% butter 

Fa t ty acid composition of fats 

Medium-chain 
fatty acids P ' S (0,0,,0,0 

(%) 

Sunflower seed oil 4.6 — 
Lard 0.24 trace 
Coconut-oil 0.03 57.8 
Mixed fats 0.6 — 

P/S = poly-unsaturated/saturated fatty acids 
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groups were fed on synthet ic lipogenic d ie t , containing 2 0 % fat of different 
kind. The f a t t y acid composition of the f a t s was de termined by gas chroma-
tography. 

Body mass and diet consumption of the rats were measured and t h e 
average diet and the energy consumptions were calculated. T h e 6 weeks feeding 
was followed by 18 hours s ta rv ing and a f t e r this, under e the r narcosis, blood 
was taken f rom the abdominal aorta. In samples of t he serum and from t h e 
liver extracted according to F O L C H and co-workers ( 1 9 5 7 ) , t h e total lipid con-
ten t was determined by t h e method of Z Ö L L N E R and K R I S C H ( 1 9 6 2 ) . The 
triglyceride content of the serum was determined hv Boehringer 's enzymat ic 
test method, t h a t of the liver by the REANAL- (extraction) tes t . The enzymatic 
test of Gödecke was used to determine t he cholesterol con ten t and D O L E and 
M E I N E R T Z ' S method ( 1 9 6 0 ) to determine t h e free fa t ty acid content. The weight 
of the organs (liver, hear t , kidneys, spleen) was measured and their re la t ive 
weights were calculated. Group averages a n d standard deviat ions were calcu-
lated and the significance of differences was established b y analysis of var iance 
( S A C H S , 1 9 8 4 ) . Histological examinations were made of t h e organs. 

2. Results 

The diet and energy consumption of t h e rats is shown in Table 3. 
The control groups fed normal diets (I, II) consumed slightly more t h a n 

the other groups. The energy consumption of the other groups did not d i f fer 
substantially. 

D a t a of body mass a re given in Table 4. 
As a result of consuming lipogenic d ie t the body m a s s lagged behind t he 

normal growth (I, II) by abou t 10-20%. I n six weeks (except of group Vх) 
there were no significant differences in t he feed efficiency (cal per 1 g b. m. : 
22.1, 22.2, 21.8, 20Д, 24.Iх , 22.0). Differences were only in the relative liver 
mass, these are shown in Tab le 5. 

Table 3 

Average diet and energy consumption 

Groups 

I П I I I IV V VI 

Diet (g/day/rat) 16.2 13.5 12.6 12 13 13.1 
Energy 
(J/day/rat) 263 240 217 216 223 225 
(Cal/day/rat) 62.7 67.2 61.8 60 63.2 53.4 
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Table 4 
Change in body mass 
(after 6 weeks per rat) 

Groups 

I и III rv V VI 

Change X 

± 8 
119 

17 
108 
16 

100 
14 

105 
17 

92 
17 

102 
13 

x = mean value: ± s == standard deviation 

Table 5 
Change in relative liver mass 

(g per 100 g body mass) 

Groups 

Change 

I u III IV V VI 

X 3.0» 3.1» 5.93b 6.1b 5.4 4.6 
± 8 0.26 0.21 0.42 0.4 0.48 0.61 

ъ I, II—III, IV, V, VI P < 0 . 0 6 
»I I I , IV—V, VI P < 0 . 0 6 

Table 6 
Lipids in the serum 

Groups 

I I I Ш IV V VI 

Total lipids 
(g per dm3) 

Triglyceride 
(mmol per dm3) 

Total cholesterol 
(mmol per dm3) 

Free fatty acids 
(mmol per dm3) 

X 3.2 2.31» 3.47d 3.9 3.54 4.4 
± 8 0.5 0.93 0.4 0.3 0.75 0.4 

X 0.59 0.49» 0.7 0.65 0.76 0.55" 
± 8 0.04 0 . 1 1 0.1 0.1 0.2 0.032 

X 1.7 1.92» 3.4bd 4.15 3.17 5.44е 

± 8 0.4 0.18 0.9 0.6 0.65 0.61 
X 0.75» 0.58 0.25 0.58 0.30 

± 8 0.18 0.16 0.05 0.06 0.03 

Significant differences: 
» I I—I , III , IV, V,VI P < 0.05 
ь III—I, II , VI P < 0 . 0 6 
0 VI—I, II, I II , IV, V P < 0.06 
d III—IV, VI P < 0.06 
• VI—III, IV, V P < 0.06 

I n r e l a t i o n t o t h e g r o u p f ed on n o r m a l d i e t t h e l i v e r m a s s of t h e g r o u p 
f e d o n l i p o g e n i c d i e t i n c r e a s e d s i g n i f i c a n t l y . L ive r m a s s re la t ive t o b o d y 
w e i g h t i n c r e a s e d less in t h e g r o u p s g i v e n c o c o n u t oil o r f a t m i x t u r e t h a n u p o n 
t h e c o n s u m p t i o n of t h e s a m e a m o u n t o f s u n f l o w e r s e e d oi l or l a rd . T a b l e 6 
shows t h e s e r u m l ip id v a l u e s . 
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As an effect of lipogenic diet, in comparison with t he normal diet, t h e 
increase in t o t a l lipid and t o t a l cholesterol (d) level in the serum was higher 
when the fa t was provided in t he form of lard or mixed fat instead of sunflower 
seed oil. The mixed fat caused a lower triglyceride level (e) b u t a higher t o t a l 
cholesterol level (c) than the other fats. 

Liver lipid content are summed up in Table 7. 

Table 7 

Lipids in the liver 

Groups 

I Ы II I IV V VI 

Total lipids X 67a 170d 355b 287 264 271 
(mg per g) ± 8 0.14 31 68 83 74 52 

Triglyceride X 17.6" 30.4d 64" 52 40 47.9 
(mg per g) ± 8 7.0 6.2 13 9.1 11 12 

Total cholesterol X 6.5a 22.3d 107b 81 32° 92 
(mmol per g) ± 8 1.2 5 12 11 7.5 13 

Free fatty acid X 14.8a 22d 8.5 11.5 9.8 10 
(mmol per g) ± 8 1.8 4.8 1.6 4.2 3.6 1.1 

Significant differences: 
a I, II—III, IV, V, VI P < 0.06 
b III—IV, V, VI P < 0.05 
c V—III, IV, VI P < 0.05 
d II—I, III , IV, V, VI P < 0.05 

The major i ty of the liver lipid indices was significantly increased by t h e 
consumption of lipogenic diet , while the f ree f a t ty acid content was reduced. 
The total lipid and triglyceride content was lower upon consumption of coconut 
oil and mixed f a t than upon consumption of t h e other fats (b). Total cholesterol 
content, on t he other hand, was lower upon t h e consumption of lard and coco-
nu t oil (c). All results were higher upon the consumption of normal synthetic 
diet containing 20% sunflower seed oil than these obtained wi th normal (LATI) 
chow but significantly lower t h a n the results of feeding on lipogenic diet w i th 
the same (20%) sunflower seed oil content (d). The histological findings were 
"accumulat ion of tiny doplets of fa t" and "nutr i t ive steatose" of the liver. 

3. Conclusion 

The aim of our experiments was to develop in rats a lipid metabolism 
disturbance provoked by d ie tary means which can be defined by the changes of 
lipid-indices, bo th in the serum and the liver. In such a way the role of f a t s 
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and o ther dietary fac tors (or medicaments) influencing lipid metabol ism can 
be well documented. The advantage of our method is reflected b y t h e facts 
tha t i t results in pronounced lipid disturbance, wi thou t the death of the ani-
mals, by much smaller investments of material and in a less t ime-consuming 
way t h a n it was used with t radi t ional feeding experiments. I n s t e a d of the 
usual 2 % cholesterol content of a therogen diets, our diet contains 1 % choles-
terol; i t s protein content corresponds t o the upper l imit of the a d e q u a t e level, 
a t ta in ing this level b y adding only casein to it wi thou t vegetable protein. We 
changed t he proportions of mineral sa l t s in it towards a pathologic direction. 
I t has a diminished A and E v i t a m i n content. I t s carbohydrate content is 
composed par t ly by sugar. At the same time, in order to avoid digestive disor-
ders i t also contains f ibers (sawdust). 

As an effect of isoenergetical feeding of the synthet ic lipogenic diet (for-
mula ted b y the authors) for 6 weeks developed the known metabolic disorders: 
all the serum and liver indices s tudied and the relat ive liver weights increased 
as compared to the effect of normal r a t chow and synthetic normal diet con-
taining 20% sunflower-seed oil. The t o t a l lipid and to t a l cholesterol levels in 
the serum of rats consuming sunflower oil were significantly lower t h a n on 
the other fats . This result supports t h e known serum cholesterol reducing ef-
fect of vegetable oils r ich in unsa tura ted fa t ty acids. 

The liver lipids were generally higher, the t o t a l cholesterol con ten t sig-
nif icantly higher in t he group fed wi th a diet rich in sunflower oil in comparison 
to the groups fed on o ther fats. I t was found in earlier experiments t h a t 20% 
sunflower oil consumed in synthetic normal diet substantially decreased the 
to ta l cholesterol level in the serum while increasing about two-fold t he liver 
lipid indices in comparison to the s a m e amount of lard or coconut oil. This 
phenomenon was a t t r ibu ted to the triglyceride and cholesterol accumulat ing 
effect of a large amoun t of mono- a n d mainly di-unsaturated f a t t y acids pres-
ent in sunflower oil (J. N. Z S I N K A e t al., 1987a) and excessive cholesterol 
intake. Similar observations were m a d e by C A S T E R (1977) who observed the 
increase of the cholesterol pool as an effect of monounsaturated oleic acid or 
linoleic acid as compared to results obtained wi th saturated f a t t y acids. 
S T E W A R D (1978) found a high cholesterol depot in calves fed on soya oil in 
comparison to those fed on animal f a t s or medium chain triglyceride (MCT) 
oil. The unadvantageous dietary fac tors of our diets increased the t o t a l lipid 
content of the liver abou t five-fold a n d the total cholesterol nearly twenty-
fold. U p o n the consumption of lard t h e increase in t o t a l liver cholesterol was 
less high, while upon t h e consumption of MCT-oil i t was significantly lower, 
only about five-fold of t he control. 

The correlation between unsa tu ra ted fa t ty acid- and cholesterol metab-
olism is not completely clarified, a l though the serum cholesterol reducing 
effect of unsa tura ted f a t t y acids is well kown. B O C H E N E K ( 1 9 7 8 ) f o u n d that 
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cholesterol synthesis in the liver was decreased b y the feed-back inhibition of 
cholesterol consumpt ion par t icular ly if cholesterol was accompanied by linolic 
acid consumption. H U A N G and co-workers ( 1 9 8 4 ) found tha t t h e introduct ion 
of 1% cholesterol inhibited the t ransformat ion of linoleic acid i n to arachidic 
acid in the liver a n d s t imulated t h e cholesterol t ransport f r o m the serum 
in to the liver. A n excessive cholesterol and f a t i n t a k e reduce t h e low density 
l ipoprotein (LDL)-receptors of t h e liver ( G O L D S T E I N et al., 1 9 8 3 ) . These re-
ceptors are known to el iminate cholesterol of t h e liver. In consequence, t h e 
cholesterol conten t of the liver increases and t h i s inhibits t he unsa tura t ion-
reactions e.g. t h e t ransformat ion of linoleic acid i n t o arachidic acid. 

I n the present experiments sunflower oil in lipogenic die t increased t h e 
t o t a l serum cholesterol level sl ightly, while the t o t a l liver cholesterol level was 
higher than a f t e r t h e consumption of other f a t s . I t is a sign of t h e lipogenic 
effect t h a t the f r ee f a t t y acid con ten t of the l iver decreased. T h e fa t ty acid 
oxidat ion d i s tu rbance also led t o t h e accumulat ion of the tr iglyceride content 
in t h e liver. Beside t h e above-mentioned factors changes in f a t absorption, in 
t h e entero-hepat ic circulation a n d in the voiding of fa ts accompanied the ob-
served results a n d f u r t h e r exper iments are needed t o clarify the role of different 
f a t s in the in v ivo lipid peroxidat ion, too. 

Our d a t a on f a t s rich in med ium chain f a t t y acids correspond to t h e 
f indings of L E V E I L L E (1967) who observed t h a t upon the s imultaneous con-
sumpt ion of oils r ich in MCT a n d cholesterol, t h e cholesterol content of t h e 
liver was lower t h a n upon consuming corn oil. I n t h e present case as discussed 
earlier ( J . N . Z S I N K A e t al., 1987a) in consequence of the rap id oxidation of 
med ium chain f a t t y acids (GELIEBTER, 1980) t h e lipid accumulat ion in t h e 
liver is substant ia l ly lower t h a n w i th longer cha in f a t t y acids. MCT-fa t ty acids 
break down to acetyl-coenzyme A and the l ipid accumulation decreases (LE-
V A C E V et al., 1982). 

The f a t s -mix tu re representing the general Hungar ian fa t -consumpt ion 
was not advantageous , the t o t a l serum cholesterol and the lipids of the liver 
were substant ia l ly higher than t h e control values . I t seems t h a t these propor-
t ional dis t r ibut ion of the consumed fa ts is not wholesome and i t is highly indi-
ca ted to reexamine the quan t i t a t i ve and qua l i t a t i ve factors a n d formulate a 
more adequate r a t e of fa t consumption. 

As shown b y t h e results, u n d e r the present experimental conditions, upon 
feeding rats on our lipogenic d ie t a higher se rum lipid level a n d a f a t t y liver, 
characterist ic of f a t metabolism disturbance, developed in six weeks. This le-
sion of the liver histologically demons t ra ted as a "nutr i t ive s teatos is" . Our r a t 
experimental mode l proved sui table for the de tec t ion of the effect of different 
d ie ta ry factors including fats. 
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Lipoxygenase (E. С. I . 13. I I . 12) was extracted f rom tomato frui ts (Ly-
copersicon esculentum var. Ventura) by a modified procedure. The enzyme activity 
increased proportionally with the progress of ripening at the last stages. The crude 
and partially purified enzyme was found to be stable at 40 °C and pH 7 for a 
week without any measurable loss in activity. The enzyme resisted heat t rea tment 
a t 60 °C for 2 min. Kinetic properties, effects of EDTA and reaction products of 
the enzyme conf i rm that a t rue lipoxygenase exist in tomato extract , and no other 
lipid oxidizing agents. The enzyme activity had an optimum a t p H 4.0-4.5 and 
K m = 0.37 X 10" * inol with linoleic acid substrate. The enzyme activity in the super-
natant of 0.6 saturation with (NH4 /S04 was 3 t imes higher than that found in the 
crude extract. This indicates the removal of some inhibitor during the fractionation 
process. The fraction of 0.3-0.6 saturation was found to have an inhibitory effect 
on the partially purified enzyme. 

Keywords: lipoxygenase, tomato, enzyme activity 

I t is well known tha t lipoxygenase (E. С. I . 13. II . 12) takes par t in off-
f l avor formation and discoloration in foodstuffs through oxidation of f a t t y 
acids containing a methylene in ter rupted system of double bonds such as li-
noleic, linolenic a n d arachidonic acids. K A Z E N I A C and H A L L ( 1 9 7 0 ) concluded 
t h a t the action of a toma to lipoxygenase is possible in the formation of hexanal 
and hexanals f rom linoleic and linolenic acids. J A D H A V and co-workers ( 1 9 7 2 ) 

observed the biogenesis of hexanal from linoleic and linolenic acid using slices 
of t o m a t o fruit. P I N S K Y and co-workers ( 1 9 7 1 ) investigated lipoxygenase con-
ten t and antioxidant activity of some fruits a n d vegetables including tomato . 
They found tha t t o m a t o fruit ex t rac t contains 320 unit per 10 g and has no 
ant ioxidant act ivi ty. B O N N E T and C R O U Z E T ( 1 9 7 7 ) proved the presence of t rue 
lipoxygenase in t o m a t o fruits of several varieties. They purif ied and studied 
some biochemical properties of th is enzyme f r o m the var ie ty ACE55 Y F in 
which activity was t he most abundan t . 

I t was very interesting to s tudy the different characteristics of lipoxyge-
nase in the economically most impor tan t tomato var ie ty in Hungary (ventura) 
which is used in product ion of t o m a t o paste. W e tried to ex t rac t the enzyme 
by a modified procedure, part ial ly purify it and s tudy its behavior in relation 
to various environmental factors. 

Akadémiai Kiadó, Budapest 
Kluieer Academic, Publishers, Dordrecht 
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1. Materials and methods 

1.1. Materials 

Tomato frui ts (Lycopersicon esculentum var. Ventura) were obtained from 
the Department of Chemistry, Universi ty of Horticulture, Budapest . Pure 
linoleic acid was from Sigma (USA), other chemicals were from Reanal (Buda-
pest). All solutions were prepared using redestilled water. 

1.2. Methods 

1.2.1. Enzyme extraction and purification. The method described by B O N N E T 

and C R O U Z E T (1977) was modified by avoiding the addition of ascorbic acid 
and EDTA to the extracting media (both had an inhibitory effect) and re-
ducing the t ime of extraction by the help of ultrasonication. 

Four frui ts of tomato were cut into small pieces with a knife and mixed 
well. Twenty-five g were randomly taken in duplicate and homogenized with 
quartz sand in a mortar. The macerate was then stirred with 25 cm3 of TRIS-
HC1 buffer p H 7 for 15 min. The mixture was exposed to ultrasonic vibration 
in the ultrasonic bath, Tesla (Czechoslovakia) for 3 min, then strained through 
a double-layer cheese cloth and centrifuged at 15 000 r.p.m. for 20 min at 
2 °C in a Beckman model V-20 refrigerated centrifuge. The supernatant was 
placed in small vials, frozen and stored a t —20 °C unti l use. For (NH4)2S04 

fractionation 75 cm3 of the crude extract in a small beaker were p u t into an 
ice bath and crystalline (NH4)2S04 was gradually added under continuous stir-
ring using a magnetic stirrer at minimum speed. (NH4)2S04 concentration was 
raised from 0-0.3 and 0.3-0.6 saturat ion with centrifugation at 15 000 r.p.m. 
a t 2 °C af ter each step of fractionation. The precipitates were redissolved in 
small volumes of TRIS-HC1 buffer p H 7 and kept at — 20 °C when not in use. 
The supernatant af ter 0.6 saturation with (NH4)2S04 was found to contain 
higher activity than the other fractions. This supernatant was dialyzed over-
night against 2 1 of redestilled water at 4 °C under continuous stirring to remove 
(NH4)205. 

1.2.2 Reaction mixture. One-tenth cm3 of pure linoleic acid was suspend-
ed in 50 cm3 of 0.2 mol sodium te t raborate solution containing 0.1 cm3 Tween 
20 using the Tesla ultrasonic device to dissolve linoleic acid as substrate for 
the enzyme. The reaction mixture consists of 0.1 cm3 of linoleic acid substrate, 
2.9 cm3 of 0.1 mol phosphate buffer p H 4 and 0.1-0.2 cm3 of enzyme extract. 

1.2.3. Enzyme assay. The method of A L - O B A I D Y and S I D D I Q I ( 1 9 8 1 / a ) , which 
involves initiation of the reaction in the spectrophotometer cell, was followed. 
0.1 cm3 of substrate were added to 2.9 cm3 of phosphate buffer p H 4, vigo-
rously shaken and allowed to stand for one minute. The reaction was initiated 
by adding 0.1 cm3 of enzyme extract and the increase in absorbance a t 234 nm 
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was automatically measured and recorded using a Spectrod M-40 (Carl 
Zeiss, Jena) spectrophotometer. The values in the chapter "Resul ts" represent 
the average of at least 3 measurements with negligible variation between repli-
cations. The blank experiment was done by the same method with the exception 
tha t the enzyme extract was previously inactivated by boiling for 2 min in a 
water ba th . A unit of enzyme was defined as tha t amount which produces a 
change in absorbance of 0.001 per min a t 234 nm. 
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Fig. 1. R a t e of tomato f ru i t lipoxygenase-catalyzed linoleicacid oxidation. The reaction 
mixture consists of 0.025 cm3 substrate , 2.9 cm 3 phosphate buffer (pH 4) and 0.3 cm3 

enzyme extrac t 

1.2.4. Protein determination. The spectrophotometric method for protein 
determination was used for puri ty measurements during purification studies 
( K L A C K E R , 1 9 4 7 ) . Three cm3 of enzyme extract were pipet ted into the spectro-
photometer cell and absorbance a t 280 and 260 nm read against a blank con-
taining 0.1 mol phosphate buffer p H 7. The following formula was used to cal-
culate the protein content. 

Protein (mg cm- 3 ) = 1.45 O D ^ — 0 . 7 6 OD260 

2. Results and discussion 

2.1. Rate of the enzyme reaction 

The increase in absorbance a t 234 nm was proportional to t ime for the 
first 4 min of the reaction (Fig. 1). This allowed the determination of reaction 
rates in t he initial phase of the reaction. 

Care must be taken to avoid turbidi ty of the solution as a result of pro-
tein or linoleic acid insolubility a t low p H values. 
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Fig. 2. Effect of various tomato lipoxygenase concentration on the ra te of linoleic acid 
oxidation 
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Fig. 3. Development of lipoxygenase activity during the last stages of ripening. G: mature 
green; Y: m a t u r e yellow; O: m a t u r e orange; R : mature red; 1 uni t = 0.01 increase in 

absorbance at 234 n m per minute 

A linear relationship between the ini t ial ra te of reaction and enzyme 
concentration was maintained over a broad range of enzyme concentrations 
(Fig.2). 

2.2. Enzyme activity during ripening 

We have determined act ivi ty variat ions during the last four stages of 
ripening. The enzyme ac t iv i ty increased proportionally to the progressive 
development in ripening (Fig. 3). Similar observations were reported for t oma to 
lipoxygenase by J A D H A V a n d co-workers ( 1 9 7 2 ) and B O N N E T and CROTTZET 

( 1 9 7 7 ) . The increase in lipoxygenase ac t iv i ty during ripening is of great im-
portance f rom the technological point of view since the enzyme takes pa r t in 
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the formation of e thylene and t h e onset of the climacteric process leading to 
f l avor deterioration and discoloration in the r ipe frui t a t the technologically 
i m p o r t a n t stage of ripening ( E S K I N & P I N S K Y , 1 9 7 7 ) . 

2.3. Partial purification of the enzyme 

Before a t t empt ing purification, studies were made on t he factors affect-
ing t h e extractabil i ty of the enzyme, like effect of EDTA and ascorbic acid, 
effect of Triton X-100 and effect of t ime of the extraction. I t was found t h a t 

Table 1 

Fractionation of tomato lipoxygenase by ammonium sulfate 

Ammonium sulfate 
concentration 

Total 
unit 

Total 
protein 

(mg) 
Yield 
(%) Sp. activity 

Purification 
rate 

Crude extract 6600 460 100 12.2 1 
Pellet 
9-30% 850 43.5 15 19.5 1.6 
30-60% 200 62 3.5 3.2 0.26 
Supernatant 
before dialysis 

9900 181 176 55 4.5 

Supernatant 
after dialysis 4400 132 78.5 34 2.8 

Sp. activity = Unit c m - 3 per nig protein c m - 3 

t he presence of E D T A and ascorbic acid at 1% concentration in the extract ing 
media as reported b y B O N N E T a n d C R O U Z E T ( 1 9 7 7 ) and C A Y R E L and co-work-
ers ( 1 9 8 3 ) was no t convenient a n d no act ivi ty was obtained. Addition of 
0 .25% and 0.5% of Tri ton X-100 in the extract ing media did not cause any 
significant increase in the extractabi l i ty of the enzyme. Stirring the macera te 
for 15 min at 4-6 °C was sufficient t o extract t he enzyme wi thout any loss in 
ac t iv i ty . 

Table 1 gives t he results of (MH4)2S04 fractionation. The f irs t fraction of 
0 -0 .3 saturation contained some of the enzyme activity wi th about 2 fold 
purif icat ion. Because of the higher pectin content of this fract ion, the redis-
solved precipitate gave a viscous solution, therefore some of t he enzyme pro-
tein was entrapped in the jelly-like material of th is fraction during centrifugá-
d o n . The second f ract ion of 0.3-0.6 saturation was a greenish-yellow precipi-
t a t e a f t e r centrifugation, the solution of this precipitate had t he lowest enzyme 
ac t iv i ty . The richest fraction was t h e supernatant of 0.6 saturat ion a f te r remov-
al of the salted-out proteins by centrifugation. The supernatant had no capac-
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i t y to dissolve more than 0.6 saturat ion of ammonium sulfate under the 
experimental conditions. About 5 fold purification wi th 17.6% yield has been 
achieved by this process. The increase in the enzyme act ivi ty in the supernatant 
of 0.6 saturat ion was due to the removal of a na tu ra l inhibitor during the 
fract ionation process as will be confirmed in the following par t of th is paper. 
Lipoxygenase f rom tomato f ru i t (ACE 55 V F variety) was precipi tated be-
tween 0 . 4 5 and 0 . 7 saturat ion by B O N N E T and C R O U Z E T ( 1 9 7 7 ) . A deviation 
was expected since the different varieties of ten show different characteristics, 
morever, the growth conditions (mineral content of soil, environmental con-
ditions, etc.) cause some al terat ion in the biochemical properties of biologically 
act ive compounds like enzymes. 

2.4. Separation of natural inhibitor and activator 

In order t o support our suggestion t ha t a na tu ra l inhibitor has been 
separated f rom the enzyme during fract ionation wi th (NH4)2S04 pellets of 
t h e first and second fraction were dissolved inTRIS-HCl buffer p H 7 and differ-
en t concentrations of these solutions were added to t h e reaction mix tu re con-
ta ining the active supernatant of 0.6 saturat ion with (NH4)2S04. The pellet of 
0 . 3 - 0 . 6 saturat ion had an inhibitory effect on lipoxygenase. This f rac t ion was 
spectrophotometrically detected to contain two majo r components of maxi-
m u m absorbance a t 2 7 3 nm and 3 1 0 - 3 1 5 nm, respectively (Fig. 4 ) . The protein 

Wavelength (nm) 

Fig. 4. Spectrum of redissolved pellet of 0.3-0.6 saturation with ammonium sulfate. A: 
a t extension 2 between 220 and 400 nm; B: a t extension 0.5 between 400 and 510 nm 
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components of the f ract ion were preliminarily separated (not completely) by 
gradual addit ion of aceton until the solution became turbid . The precipi ta ted 
protein was separated ei ther by f i l t ra t ion through f i l te r paper or centrifuga-
tion. Aceton was evapora ted from the clear supernatant in a rotary evaporator 
under vacuum. The protein pellet was spread on f i l ter paper to remove the 
acetone. The greenish-yellow thick liquor remaining a f t e r complete removal of 
acetone and protein pellets were resuspended in a min imum volume of TRIS-

^,-0—0--o A 

< 
1 

f 
/ 

\01 0.2 0.3 0.4 0.5 1 
Concentration (cm1) 

V в 

Fig. 5. Ef fec t of protein f ract ion (A) and colored liquor (B) of 0.3-0.6 saturation with 
ammonium sulfate on the act ivi ty of partially purified tomato lipoxygenase. The fractions 

were separated by gradual addition of acetone to the redissolved pellets 

HCl buf fe r p H 7 and added to the reaction mixture containing active lipoxy-
genase in different concentrations as shown in Fig. 5. The aceton-precipitated 
protein of this fraction caused about 20% increase in enzyme act ivi ty. The 
highly wa te r soluble colored compounds caused 90% inhibition when 1 cm 3 of 
diluted solution was added. The elucidation of the na tu re of these components 
will be t h e aim of our nex t work. 

2.5. Effect of some chemicals on the enzyme activity 

Figure 6 shows t he r a t e of linoleic acid peroxidation with different frac-
tions of par t ia l f ract ionat ion with (NH4)2S04 . The increase in absorbance a t 
234 nm was fast and proport ional to the t ime with t he most active f ract ion 
(supernatant of 0.6 sa tura t ion without dialysis) a t the init ial phase of reaction 
up to 1.5 minute. In t h e second phase the reaction r a t e was lower t h a n in the 
first one b u t still higher t h a n with t he two other fractions. This phenomenon 
was suggested to be due to the presence of some trace element activators. The 
loss of abou t 50% in t he enzyme act iv i ty of the same fraction a f te r dialysis 
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Reaction time (min) 

Fig. 6. Ra te of linoleic acid oxidation with lipoxygenase from different fractions of am-
monium sulfate fractionation. 1: supernatant of 0.6 saturation after dialysis; 2: redissolved 
pellet of 0.3 saturat ion; 3: supernatant of 0.6 saturat ion before dialysis. 0.1 cm3 of each 

fraction was used for enzyme assay 

Volume of 10'mot EOT A ( c m 3 ) 

Fig. 7. Effect of EDTA on the activity of lipoxygenase of the active fractions obtained 
by ammonium sulfate fractionation, x x : redissolved pellet of 0.3 saturation; 

о— o: supernatant of 0.6 saturat ion without dialysis 

against distilled water for one day and the linearity of the progress curve of 
both dialyzed supernatant and 0.3 sa tura t ion for longer t ime supported our 
suggestion. 

E D T A is well known as a metal binding agent. I t s effect on different 
fractions is shown in Fig. 7. I t is noted t h a t fu r ther concentration of E D T A 
caused complete inhibition of the enzyme in the undialyzed supernatant . This 
means t h a t E D T A removed the activating meta l which was supposed to be 
found beside the enzyme in this fraction and the metal of the prosthetic group 
of the original enzyme is strongly bound and could not be removed by E D T A 
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Time (min) 

Fig. 8. Effect of F e 2 + and M n 2 + on linoleic acid oxidation in the presence of partially-
purified tomato lipoxygenase. 1: enzyme + substrate. 2: substra te + 1 0 _ 6 m o l F e 2 ; 

3: enzyme -f subst ra te + 10" 6 mol Fe2 + ; 4: enzyme + substrate + 10" 3 mol Mn2 + 

a t the concentrations used. On the other hand the resistance of the enzyme 
fract ion, precipi tated with 0.3 saturation to high concentrations of EDTA, is 
in favour of a t r u e lipoxygenase and not a hemat in compound. 

These resul ts confirm those obtained wi th the enzyme f rom various p lant 
products such as egg-plant, rice bran, and po ta to tubers ( G R O S S M A N et al., 
1972; S H A S T R Y & R A O , 1975; G A L L I A R D & P H I L I P S , 1971), even though A L -

O B A I D Y and S I D D I Q I (1981b) and K I M and G R O S C H (1982) reported t h a t li-
poxygenases (Lox-es) from b road bean and apple were inhibited by E D T A 

indicating the involvement of meta l ions in the catalysis of f a t t y acid peroxi-
dat ion. 

Figure 8 shows the results obtained f rom reactivation studies with some 
m e t a l ions (Fe 2 + and Mn2 +) on the dialyzed enzyme preparat ion. Fe 2 + a t 
10 _ e mol concentration ac t iva ted the enzyme to a high level indicating the 
essentiality of i ron to lipoxygenase of toma to frui t . This result is in agreement 
w i t h the results reported by P I S T O R I U S and A X E L R O D (1974) and S H A S T R Y 

a n d RAO (1975). In the s a m e experiment M n 2 + ion a t 1X10 ~3 mol and 
2 x 10~3 mol caused remarkable decrease in the reaction r a t e of the enzyme. 
These concentrations of Mn2 + were found to inhibit the enzyme f rom broad 
bean ( A L - O B A I D Y & S I D D I Q I , 1981b). 

2.6. Heat stability, optimum pH and effect of substrate concentration 

Two experiments were designed for s tudying the heat stabili ty of the 
par t ia l ly purif ied enzyme. Ef fec t s of heating the enzyme preparat ion a t several 
temperatures for a given period (2 min) and for several periods are shown in 
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Fig. 9. The enzyme resisted 60 °C for 4 min with about 12% loss of the original 
ac t iv i ty , while i t lost all of the original ac t iv i ty a t 80 °C in 2 minutes. These 
results indicate t h a t t he enzyme is modera te ly resistant to t he heat t r e a tmen t 
under t h e conditions of the exper iment in comparison wi th the same enzyme 
f rom other sources like lipoxygenase-1 of pea seed ( R E Y N O L D S & K L E I N , 1982). 
The enzyme from broad bean a n d t o m a t o f ru i t ACE 55 V F showed similar 
heat s tabi l i ty to our preparat ion ( A L - O B A I D Y & S I D D I Q I , 1981a; B O N N E T & 

C R O U Z E T , 1977). Resul ts with hea ted preparat ions suggest no part icipat ion 
of hema t in compounds since these a re heat stable. 

Fig. 9. Hea t stability of tomato lipoxygenase. A: heating for several periods at various 
temperatures; B: heating for 1 min at various temperatures; 1: 40 °C; 2: 50 °C; 3: 60 °C; 

4: 70 °C; 5: 80 °C 

The crude ex t rac t and t h e par t ia l ly pur i f ied enzyme were very s table 
a t 40 °C for a week. Af te r 10 days t h e crude extract lost 90% of t he original 
ac t iv i ty , while t he par t ia l ly pur i f ied enzyme lost about 50% of i ts act ivi ty . 
At 4 °C the fractions, L1, L2 and L 3 isoenzymes of wheat germ lipoxygenase 
pur i f ied by gel f i l t ra t ion were s tab le u p to 10 days and lost 50% of t he their 
ac t iv i ty a f t e r t h a t ( N I C O L A S e t a h , 1 9 8 2 ) . W A L L A C E and W H E E L E R ( 1 9 7 5 ) 

indicated an act ivi ty loss of 60% for their Ь г enzyme f rom wheat on storage for 
28 days a t 2 °C a t p H 4.8 in phospha te buffer . 

The pH-response curve (Fig. 10.) shows an op t imum a t 4.5 and l i t t le 
ac t iv i ty a t alkaline p H values. The enzyme seems to have t h e lowest p H opti-
m u m in comparison wi th the enzymes f rom other sources. W A L L A C E and W H E E -

L E R ( 1 9 7 5 ) , in their s tudy on the isoenzymes f rom wheat germ, noticed a sh i f t 
to lower pH-values a t lower subs t r a t e concentrations. H S I E H and M C D O N A L D 

( 1 9 8 4 ) indicated an opt imum a t p H 4 . 8 , bu t lower peaks of act ivi ty were ob-
served a t p H 6 and 7 for du rum whea t lipoxygenase. The enzyme f rom the 
expressed juice of a l falfa leaves h a d an op t imum value between p H 6 and 7 

A В 

2 3 4 
Heating time (min) 

40 . 50 60 70 80 
Temperature (°C) 
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Fig. 10. Effect of p H on the activity of tomato lipoxygenase. 1 unit = 0.01 increase in 
absorbance at 234 nm per minute 
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F i g . l l . Effect of linoleic acid substrate on the rate of peroxidation with tomato lipoxi-

genase 

( W H E E L E R & F I N L E Y , 1 9 8 1 ) . Alkal ine pH-op t ima of act iv i ty were found wi th 
t h e enzymes f rom rice bran ( S H A S T R Y & R A O , 1 9 7 5 ) and pea seeds ( R E Y N O L D S & 

K L E I N , 1 9 8 2 ) . 

I t was observed (Fig. 11) t h a t the reaction followed Michaelis kinetics, 
when substra te concentrat ions (S) was plot ted versus velocity (v). The Line-
weaver-Burk plot gave КЩ va lue of 0.37 X 10 ** mol (Fig. 12). This value is 
lower than the va lue reported b y A L - O B A I D Y and S I D D I Q I (1981a) for par t ia l ly 
pu r i f i ed broad bean l ipoxygenase (2.8X 10~3 mol) a n d higher t h a n the value 
of 0.015 mol for pur i f ied l ipoxygenase of t o m a t o f ru i t ACE 55 V F var ie ty 
( B O N N E T & C R O U Z E T , 1977). T h e enzyme f rom pea seeds and rice b r an showed 
a v a l u e of 0 .18 -0 .2 mmol and 0.35 mmol, respectively ( R E Y N O L D S & K L E I N , 

1982; S H A S T R Y & R A O , 1975). 
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1/v 
10 1 

1/S (mo lx lO 5 ) 

Fig. 12. Lineweaver-Burk plot with par t ia l ly purified tomato lipoxygenase. S: substrate 
concentration; v: velocity; у = О.ббх + 1.67; г = 0.99; K m = 0.37X Ю" 5 mol 

Wavelength (nm) 

Fig. 13. Spectrum of reaction product of tomato lipoxygenase. A: crude enzyme extract 
B: part ial ly purified enzyme. 0-8: reaction t ime in minutes 

2.7. Detection of reaction products 

The absorption spectrum of t h e reaction was automatical ly determined 
in Carl Zeiss Jena Spectrod M-40 between 200-300 nm. Figure 13 shows the 
spec t rum of the reaction product for different enzyme preparations. I t is well 
seen t h a t 234 nm is t he maximum absorbance for t he reaction products in the 
case of the partial ly purified enzyme. As the crude extract contains different 

5 Acta Alimentaria 17, 1988 



62 DAOOD 8c ВI ACS: TOMATO LIPOXYGENASE 65 

i m p u r i t i e s t h e p e a k a t 234 n m w a s s m a l l a n d a l o n g t i m e w a s r e q u i r e d f o r i t s 
a p p e a r a n c e . T h i s i n d i c a t e s t h e i n t e r a c t i o n b e t w e e n s o m e i m p u r i t i e s w i t h t h e 
h y d r o p e r o x i d e p r o d u c e d . T h e a p p e a r a n c e o f t h e p e a k a t 2 3 4 n m w i t h i n a 
s h o r t t i m e g i v e s a n i n d e x f o r t h e d e v e l o p m e n t i n t h e p u r i f i c a t i o n p r o c e s s e s . 

I t is w e l l k n o w n t h a t m a x i m u m a b s o r b a n c e a t 2 3 2 - 2 3 4 n m is d u e t o t h e 
f o r m a t i o n of u n s t a b l e c o n j u g a t e d d ienes , w h i c h w e r e t r a n s f o r m e d i n t o m o r e 
s t a b l e h y d r o p e r o x i d e s h a v i n g a b s o r b a n c e m a x i m a a t 235 n m . T h e r e s u l t s a r e 
s i m i l a r t o t h o s e n o t e d f o r l i p o x y g e n a s e f r o m b r o a d b e a n a n d g r a p e s (AL-
O B A I D Y & S I D D I Q I , 1981a; C A Y R E L e t a l . , 1983) . 

L i t e r a t u r e 

AL-OBAIDY, H . M. & SIDDIQI, A. M. (1981a): Proper t ies of broad bean lipoxygenase. 
J. Fd Sei., 46, 622-625, 629. 

AL-OBATDY, H . M. & SIDDIQI, A. M. (1981b): Inhibi t ion of broad bean lipoxygenase. J. Fd 
Sei., 46, 597-600, 605. 

BONNET, J . L. & CROUZET, J . (1977): Lipoxygenase f rom tomato f r u i t : Partial purif ica-
tion and s t u d y of some propert ies. J. Fd Sei., 42, 625-628. 

CAYBEL, A . , CROUZET, J . , CHAN, W . S . & PRICE, K . R . ( 1 9 8 3 ) : E v i d e n c e f o r t h e o c c u r -
rence of lipoxygenase ac t iv i ty in grapes (variety Carignane). Am. J. Enol. Vitic., 
34, 77-82. 

E S K I N , N . A . M . & PINSKY, S . G . A . (1977) : B i o c h e m i s t r y of l i p o x y g e n a s e i n r e l a t i o n t o 
food qual i ty (Review). CRC Crit. Rev. Fd Sei. Nutr. 9, 1-40. 

GALLIARD, T . & PHILIPS, D. R . (1971): Partial purif icat ion and propert ies of an enzyme 
tha t specifically oxygenates the 9-position of linoleic acid. Biochem. J. 124, 431— 
4 3 8 . 

GROSSMAN, S . , T R O P , M . , AUTALION, R . & P I N S K Y , A . (1972) : E g g p l a n t l i p o x y g e n a s e : 
Isolation and partial pur i f icat ion. Lipids, 7, 467-473. 

HSIEH, C. C. & MCDONALD, C. E . (1984): Isolation of lipoxygenase isoenzymes f rom f lour 
of du rum whea t endosperm. Cereal Chem., 61, 392-398. 

JADHAV, S., SINGH, B . & SALUNKHE, D . K . (1972): Me tabo l i sm of u n s a t u r a t e d f a t t y a c i d s 
in tomato f ru i t : linoleic and linolenic acids as precursors of hexanal. PI. Cell 
Physiol., 13, 4 4 9 - 4 5 3 . 

KAZENIAC, S. J . & HALL, R. M. (1970): Flavor chemis t ry of tomato volatiles. J. Fd Sei., 
35, 519-522. 

KIM, I . S. & GROSCH, W. (1979): Part ial purif icat ion of lipoxygenase from apples. J . 
Agric. Fd Chem., 27, 243-246. 

KLACKER, H. M. (1947): Differential spectrophotometry of purine compounds by m e a n s 
of specific enzvme. — P a r t 3: Studies of the enzymes of pur ine metabolism. J. biol. 
Chem., 167, 461-466. 

NICOLAS, J . , ATJTRAN, M. & DRAPRON, R. (1982): Purification and some properties of 
wheat germ lipoxygenase. J. Sei. Fd Agric., 33, 365-372. 

PINSKY, A . , GROSSMAN, S . & T R O P , M . (1971) : L i p o x y g e n a s e c o n t e n t a n d a n t i o x i d a n t 
activity of some frui ts and vegetables. J. Fd Sei., 36, 571-572. 

PISTORIUS, E . K . & AXELROD, B. (1974): Iron an essential component of lipoxygenase. J. 
biol. Chem., 249, 3183-3186. 

REYNOLDS, P . A . & KLEIN, B . P . ( 1 9 8 2 ) : P u r i f i c a t i o n a n d c h a r a c t e r i z a t i o n of a t y p e - 1 
lipoxygenase f rom pea seeds. J. agric. Fd Chem., 30, 1157-1163. 

SHASTRY, B. S. & RAO, M. R . R . (1975): Studies on lipoxygenase f r o m rice bran. Cereal 
Chem., 52, 5 9 7 - 6 0 3 . 

WALLACE, J . M. & WHEELER, E . L . (1975): Lipoxygenase from whea t : An examinat ion 
of its react ion characteristics. J. agric. Fd Chem., 23, 146-150. 

WHEELER, E . L . & FINLEY, J . W . (1981): Lipoxygenase in the expressed juice of a l fulfa 
leaves. J. agric. Fd Chem., 29, 912-914. 

5 Acta Alimentaria 17, 1988 





Acta Alimentaria, Vol. 17 (1), pp. 67—76 (1988) 

HIGH AMYLASE FLOUR 
IN BAKING WITH VERY HIGH FREQUENCY 

(VHF) ENERGY 

H . SALOVAARAa, H . KEROJOKI a c , M. DEMECZKYb and 
L . VÁMOS-VlGYÁZÓb 

•EKT Department of Food Chemistry and Technology, University of Helsinki, SF-00710 
Helsinki. Finland 

bCentral Food Research Insti tute, H-1022 Budapest , Herman Ottó ú t 15. Hungary 

(Received: 16 January 1987; accepted: 15 February 1987) 

Doughs prepared from wheat flour of a moderate and of a high alfa-amylase 
activity (falling numbers 197 and 94, respectively were baked with very high fre-
quency (17.7 MHz) energy in order to s tudy the possibilities of breadmaking from 
sprout-damaged wheat. In a conventional baking procedure, high amylase flour pro-
duced loaves with doughy and sticky bread crumb properties. These defects were 
avoided by a two-phase process of high frequency baking for 6 min followed by 
supplementary high temperature conventional heating (5 min a t 350 °C), which was 
required for crust formation. The positive results were further confirmed and shown 
to be stable by means of a series of experiments in which malt was progressively 
increased in the dough. Excessive mal t additions to flour (falling number 62), 
however, caused doughy and sticky crumb in spite of the high frequency treat-
ment. The two-phase baking procedure (high frequency t reatment followed by 
high temperature treatment) took approximately 10 min compared to the 30 min 
required for the conventional baking procedure. Baking losses due to extensive 
water evaporation, however, were as high as 21%, indicating that problems may 
arise from an improperly controlled two-phase baking procedure. 

Keywords: amylase, huking, electromagnetic energy 

E l e c t r o m a g n e t i c e n e r g y of a p p r o p r i a t e h i g h f r e q u e n c y e f f e c t s m o l e c u l a r 
m o v e m e n t , f r i c t i o n a n d t e m p e r a t u r e r i se i n m a t e r i a l s of s u i t a b l e d i e l ec t r i c 
p r o p e r t i e s . M a n y f o o d m a t e r i a l s a r e c o n s i d e r e d i d e a l f o r h e a t i n g b y m e a n s of 
h i g h f r e q u e n c y o r m i c r o w a v e e n e r g y b e c a u s e of t h e i r p o o r t h e r m a l c o n d u c t i v -
i t y a n d t h e i r h i g h d i e l ec t r i c loss f a c t o r . E l e c t r o m a g n e t i c e n e r g y c a n h e a t 
m a t e r i a l s r a p i d l y a n d u n i f o r m e l y t h r o u g h o u t w i t h s m a l l e r h e a t g r a d i e n t s 
t h a n t h o s e u s e d i n c o n v e n t i o n a l h e a t i n g t e c h n i q u e s (DECAREAU, 1985; DE-
MECZKY, 1985). T h u s , e l e c t r o m a g n e t i c h e a t i n g h a s a p o t e n t i a l u s e i n c o m m e r -
c ia l b a k i n g t e c h n o l o g y fo r a r e d u c t i o n of b a k i n g t i m e . 

P o r t i o n s of b r e a d d o u g h s h o u l d b e v e r y s u i t a b l e f o r h e a t i n g i n a n e lec t ro -
m a g n e t i c f i e ld , s i n c e d o u g h h a s a p o o r i n d i g e n o u s t h e r m a l c o n d u c t i v i t y , a n d 
possesses a s u f f i c i e n t l y h igh d i e l ec t r i c loss f a c t o r d u e t o i t s r e l a t i v e l y h igh 
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water content (approximately 50%). A supplementary conventional baking 
system must be applied, however, for browning and crust formation, since 
these are lacking in loaves baked merely with electromagnetic energy. Thus, 
in spite of its hypothet ical advantages high f requency heating has not so far 
had a breakthrough in commercial breadmaking technology. The subject has 
been studied by var ious workers: e.g., L O R E N Z and co-workers ( 1 9 7 3 ) , R U N -

T Á G a n d D E M E C Z K Y ( 1 9 7 3 ) , R U N T Á G ( 1 9 7 4 ) , S E I L E R ( 1 9 7 8 ) a n d P E I ( 1 9 8 2 ) . 

Recent reviews on microwaves and very high frequency in food technology 
was presented by D E C A R E A U ( 1 9 5 8 ; 1 9 8 6 ) and b y D E M E C Z K Y ( 1 9 8 5 ) . 

One suggested application of electromagnetic heating in which its ad-
vantages are especially favourable is baking f rom sprout damaged wheat . 
This application should be of special interest in areas where sprout damage, 
which produces high amylase ac t iv i ty in wheat , leads to considerable harvest 
losses. Sprout damage is a major defect of domestic wheat in Finland, e.g. 
where sprouting and i ts concomitant high amylase activity makes approxi-
mate ly one f i f t h of a yearly spring wheat crop unsuitable for baking. 

The use of dielectric heating in baking bread from sprouted grain is 
based on the hypothesis tha t the detr imental effects of high enzyme act ivi ty 
manifest themselves mainly in the baking phase. Here the gelatinating s tarch 
is a t tacked by alpha-amylase in t h e critical t empera ture range of 65 to 85 °C 
during a period of a few min prior t o the the rmal inactivation of the enzyme. 
Rap id heating wi th electromagnetic energy should then reduce the critical 
period of amylase a t t a ck on s tarch. 

C H A M B E R L A I N ( 1 9 7 3 ) was t he first to s t udy this hypothesis in practical 
work. H e succesfully used microwave (896 MHz) heating for thermal inacti-
vat ion of alpha-amylase in bread dough made of sprouted wheat. W E S T E R -

M A R C K - R O S E N D A H L ( 1 9 8 1 ) successfully baked bread from sprouted wheat by 
a simultaneous use of microwave (2450 MHz) heat ing and conventional bak-
ing of bread f rom sprouted wheat . These workers used the U H F (ultra high 
frequency) area of electromagnetic energy. 

The purpose of the present s tudy was to collect fur ther evidence on the 
dielectric baking process in the V H F (very high frequency) area using the 
equipment available to the authors at the Central Food Research Ins t i tu te 
( K É K I ) in Budapes t . This appara tus works a t 17.7 MHz. An advantage of a 
lower frequency (VHF) compared to the ones used in microwave, or U H F 
technology is a be t t e r penetrat ion of the energy into the product . A disadvan-
tage of a lower f requency is tha t t he physical shape and position of the material 
to be heated in t he electromagnetic field become more critical. R U N T Á G and 
D E M E C Z K Y ( 1 9 7 3 ) and R U N T Á G ( 1 9 7 4 ) reported on early experiments with an 
appara tus working a t 13.56 MHz. The effects of dielectric heating t rea tments 
on loaves baked f r o m two lots of wheat f lour of Finnish origin, one of mode-
ra t e and the other of high amylase activity, a re reported here. 
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1. Materials and methods 
1.1. Wheat flours 

Two lots of wheat f lour (A and B) differing in enzymatic activity were 
used throughout the study. The flours A and В were milled from commercial 
lots of wheat with falling numbers 140 and 67, respectively. Data of the prop-
erties of the two flour lots are given in Table 1. 

Table 1 

Quality characteristics of the two lots of flours (A and В) used in the study 

Flour 
Quality and dimension  

А В 

Falling number (s) 197 94 
Alpha-amylase activity (arbitrary 

u/g) 200 1500 
Protein content (dmXö.7N) 10.5 11.4 
Ash (dm%) 0.95 0.87 
Moisture (%) 14.3 15.8 
Dough development time (min) 0.5 0.5 
Stability (min) 1.5 1.0 

dm: dry matter 

1.2. Breadmaking procedure 

A simple straight dough breadmaking procedure was used. The baking 
formula included flour, compressed yeast (3%, flour weight basis), salt (1.5%) 
and water (59.4% for flour A and 57.6% for f lour B, on f lour weight basis). 
Vital wheat gluten (Raisio, Finland) was added (3% of f lour weight) in some 
experiments. The total dough weight was approximately 800 g. The scale 
weight was 700 g. The calculated water contents of doughs A and В were 
45.0% and 45.2%, respectively. Dough tempera ture was adjus ted to 30 °C. 
The dough was mixed for 3 min in an electric mixer (AKA, GDR) and fermented 
a t 30 °C (75-80% R.H.) for 60 min. I t was then moulded and rolled by hand . 
The moulded dough was placed in a specially designed pan made of polytetra-
fluoroethylene (Teflon®). The dimensions of the pan were as follows: bo t tom 
69 mm X 238 mm, top opening 91 mm x 259 111111, height 119 mm. The walls 
of the pan were removable. Proof time in the pan before t reatment was 60 
minutes at 30 °C and 75-80 R . H . 

Baking with electromagnetic energy was performed between two elec-
trodes of the dimensions 170 m m X 360 mm. The distance between the elec-
trodes was 92 mm. Very high frequency (VHF) energy (17.7 MHz) was induced 
between the electrodes with a UHF-generator (G.U.G., Czechoslovakia). 
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Trea tmen t times were 4, 5, 6, 7 or 8 min. Immedia te ly a f t e r high 
frequency t r ea tmen t the loaf was removed f rom the pan and the pale loaf was 
baked free-standing for ano ther 4-5 min a t high tempera ture (350 °C). The 
purpose of t h e supplementary baking procedure was to produce a brown bread 
crust. 

The s a m e formula a n d basic procedure prior to t h e baking s tage were 
used to produce loaves for reference. These loaves were baked in a convention-
al oven. Scale weight was 400 g and bak ing time was 30 min a t 220-230 °C. 

The b a k e d loaves were allowed to cool on a rack for 1 h and then were 
weighed a n d wrapped. The volumes of t h e loaves were then measured by a 
rapeseed displacement procedure. 

Malt a d d e d ( ' / . o f flour w e i g h t ) 

Fig. 1. The effect of malt addit ion on loaf volume in conventional baking of bread. Alfa-
amylase activities of f lour -mal t mixtures a re indicated in falling numbers (FN) 

1.2. Crumb compression measurement 

Crumb compressiveness of the variously baked loaves was measured 
with a penetrometer (Labor QB-204, Budapes t ) 4, 24 a n d 48 h a f t e r baking. 
The penet rometer had a 20 m m 0 hemispheric sensor head weighing 200 g. 
Compressing t ime was 7 sec. Ten replicative measurements were made on dif-
ferent sites of a slice. The highest and t he lowest values were rejected, and the 
means of t h e remaining values were given as measures of compressiveness. 

1.3. Sensory evaluation 

The tr iangle test ( A M E R I N E et al., 1 9 6 5 ) was used to detect differences 
caused by various t rea tments . The rank ing method ( A M E R I N E et al., 1 9 6 5 ) 

was used in t h e evaluation of the preference of certain t reatments . Verbal 
comments on the samples were collected during the sensory panels. The sub-
jects were members of the laboratory personnel having experience in sensory 
evaluation. 
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1.4. Analytical procedures 

The falling number (FN) and the moisture content of t h e f lour were 
determined by using s tandard procedures of t he ICC (1978). AACC (1962) 
procedures were used to determine protein content (46—10), ash content 
(08—01), and farinograph characteristics of flour (54—21). Alpha-amylase 
act ivi ty was measured using the procedure described by P Á R K Á N Y - G Y Á R -

F Á S and V Á M O S - V I G Y Á Z Ó (1979). I t was the init ial purpose of t h e s tudy to 
monitor changes in alpha-amylase activities found in the loaves a f t e r various 
t rea tments . Unexpected problems arose affecting the accuracy of measure-

t 1S00 
t 
E 

2 1 6 0 0 § 

° 1400 

Treatment t ime (min) 

Fig. 2. The volumes of loaves baked f rom the two flours, shown as t r ea tmen t times in 
very high frequency (VHF) heating increase. • Flour A ( F N 197) 

о о : Flour В (FN 94) 

ments in this procedure, however, due possibly to an amylase inhibitor assumed 
to be present in t he two flours. Therefore, only a rb i t ra ry values of t h e activities 
present in both f lours are given. These were calculated by a comparison of 
alpha-amylase act ivi ty and F N values obtained in other flour samples. 

2. Results 

2.1. Effects of enzyme activity on loaf volume 

Loaves baked f rom flour A (FN 197) were significantly larger in volume 
t h a n those made f rom the high amylase f lour В (FN 94). The low volume of the 
loaves baked f rom f lour В was probably a consequence of the high enzyme 
act ivi ty of this f lour. This supposition was substant ia ted by means of an ex-
periment in which mal t was progressively added to f lour A in each baking. 
The loaf volume decreased as increasing amounts of ma l t were added (Fig. 1). 
Trea tment t ime in the high energy f ield did not significantly affect loaf volume 
(Fig. 2). 

Acta Alimetitaria 17, 1988 



7 2 SALOV'AARA et al.: BAKING WITH Y H F ENERGY 72 

2.2 Sensory crumb properties vs. baking procedure 

As expected, f l ou r A, which has a moderate amylase activity (FN 197), and 
f lour B, which has a high one (FN 94), produced different bread crumb prop-
erties in the conventional baking procedure. The crumb of t he loaf baked 
conventionally f rom t h e high amylase flour (FN 94) was described as doughy 
and sticky. The difference between t h e two f lours was apparent in the discrim-
inating sensory tes t of the corresponding loaves (P < 0.001). 

A 6 minute t r ea tmen t with V H F energy supplemented wi th a 5 min 
heating a t high t empera tu re had no effect on c rumb properties as judged 
by t he triangle tes t when the f lour with only modera te amylase activity 

Table 2 

Sensory detection of difference in bread crumb properties as affected by the UHF treatment 
compared to a conventional baking procedure 

(Number of correct judgements divided by to ta l in triangle tests) 

Test material" Treatment time (min) 
(EN) 5 6 

Flour A 
FN 197 — 6/10 NS 
FN 111 — 7/10* 

Flour В 
FN 94 21/21*** 9/10*** 
FN 03 — 9/11** 

a: Amylase activity of flour-malt mixtures indicated as falling numbers 
FN: Falling number 
—: test not performed 
NS: non-significant 
*, ** and *** significant at P = 0.05, P = 0.01 and P = 0.001 probability level, re-

spectively 
Significant differences were always in flavour of VHF-treatment 

(FN 197) was used (Table 2). Some of the panelis ts ' comments suggested, 
however, tha t the c rumb of the VHF- t rea ted loaves felt drier t h a n tha t of 
the conventionally baked loaves. T h e test baker also made this observation; 
and it is a logical one, since moisture losses in t he loaves baked wi th the two-
phase procedure were higher t h a n in the conventionally baked ones (Cf., 
below). 

The results above indicate t h a t bread with acceptable c rumb properties 
could be baked wi th t h e V H F procedure. On the other hand t he V H F treat-
ment had no detectable positive effects on bread quali ty when f lour of mod-
erate amylase ac t iv i ty was used. 

When high amylase flour (FN 94) was used, however, c rumb properties 
of t he loaves baked wi th high f requency t r ea tmen t were different from the 
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loaves baked conventionally. While the conventionally baked loaves h a d a 
doughy and sticky crumb, the loaves baked wi th the high frequency t r e a t m e n t 
had an acceptable and drier crumb. 

A very similar positive result from high frequency t rea tment on c rumb 
properties was obtained when the effects of malt addi t ions were s tud ied 
(Tables 2 and 3). Six min of high frequency t reatment followed by a rap id 
high tempera ture baking for crust format ion produced loaves with a drier 
crumb, even though a considerable amylase activi ty was present in the dough. 
Excessive ma l t additions (EN 62 — 63 in f lour -mal t mixture) , however, pro-
duced sticky and doughy crumb properties even when a t rea tment of 5 or 
6 min of high frequency heating was applied (Table 3). 

Addition of 3% of v i ta l wheat gluten (flour weight basis) did no t im-
prove crumb properties of f lour -mal t mixtures; fur thermore, the sensory 
panel detected an odd off- f lavour in V H F t rea ted breads (Table 3). Both of t he 

Table 3 

Preferred treatments in three sets of experiments. Results of rank tests and comments of the 
assessors concerning crumb properties 

Test 
Malt 

added 
(%) 

Treatment 
time in UHF 

baking 
(min) 

Bank sum 
Comments on crumb 

structure, other 
comments 

1. Rank test (n = 10) 
FN 197 (R) 0 5 15* n o r m a l 
FN 111 0.5 5 21 d o u g h y 
FN 104 1.0 5 24 d o u g h y 

2. Rank test (n = 1) 
FN 197 (R) 0 5 7*** n o r m a l 
FN 62 3.0 5 22 d o u g h y , f e r m e n t e d 

f l a v o u r 
FN 62 3.0 5.5 22 d o u g h y , f e r m e n t e d 

f l a v o u r 
FN 62 3.0 6 19 d o u g h y , f e r m e n t e d 

f l a v o u r 

3. Rank test (n = 7) 
FN 94 (R) 0 6 12** n o r m a l 
FN 94" 0 6 24 n o r m a l , 

o d d f l a v o u r 
FN 64a 1.0 6 29 o d d f l a v o u r 
FN 63a 1.0 6 27 o d d f l a v o u r 
FN 62 3.0 6 49** v e r y d o u g h y 

FN: Amylase activity of flour-malt mixtures indicated in failing numbers 
n: number of measurements 
R: reference sample 

a: 3.0% vital wheat gluten added(flour weight basis) 
*, ** and ***: significantat P = 0.05, P = 0.01, and P = 0.001 probability levels, 

respectively 
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above phenomena might be related to proteolyt ic enzyme activities of mal t . 
The proteolytic enzymes migh t degrade p a r t of the f lou r or yeast proteins 
within a short t ime and give rise to an off - f lavour in Maillard-type reactions. 

2.3. Baking losses 

Baking losses by weight varied between 12% t o 21% in the loaves 
baked by t he two-phase bak ing procedure involving high frequency t r ea tmen t 
combined wi th subsequent heat ing at high tempera ture (350 °C). The baking 
loss heavily increased wi th increasing V H F t reatment , whereas conventional 
baking (350 °C) did not p roduce such a m a r k e d relationship between heat and 

LJ I I 

4 24 48 

Time -from baking (h) 
Fig. 3. Example of crumb compression in penetrometer unit (p.u.) of loaves baked with 
increasing ma l t additions. T rea tmen t time in ve ry high frequency (VHF) heating was 
5 minutes. • — - — - • : 0% mal t added, FN 197; о о : 0 .5% mal t added, F N 111; 

• • ; 1.0% malt added , F N 104; • • : 3.0% m a l t added, FN 62 

baking losses. The to ta l bak ing losses exceeded the bak ing loss range of 8 
to 10% observed in the conventional process. Malt addi t ion did not affect 
baking loss in these experiments. 

2.4. Physical crumb properties 

Crumb softness was re la ted to loaf volume. In general , loaves wi th t he 
highest volume proved also t o be the sof tes t ones as measured by a penetro-
meter. Addit ion of malt t o f l ou r A (FN 197) resulted in a significant decrease 
both in loaf volume (see Fig. 1) and in c r u m b softness, as i l lustrated in Fig. 3. 

3. Conclusions 

Application of high frequency wi th a subsequent high tempera ture 
t reatment reduced the t ime needed for bak ing a single loaf f rom about 30 min 
to approximately 10 min. As a result of t h e two-phase bak ing process t he prOp-
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erties of bread c rumb were al tered and the doughy character of the bread 
c rumb made of high amylase f lour was eliminated. This was probably not 
merely a consequence of reduced amylolytic s tarch degradation during rapid 
high frequency heat ing but also a funct ion of reduced moisture content in the 
crumb, which resulted f rom the two-phase baking procedure. Higher than 
normal baking losses in U H F or microwave heat ing t rea tments were also 
repor ted in previous studies ( R U N T Á G & D E M E C Z K Y 1 9 7 3 ; R U N T Á G , 1 9 7 4 ; 

W E S T E R M A R C K - R O S E N D A H L , 1 9 8 1 ) . 

Bread baked f rom a high amylase f lour using the high f requency — high 
tempera ture procedure resulted in a product of acceptable qual i ty whereas 
a s t icky and doughy crumb was obta ined in loaves baked with a conventional 
procedure. These results confirm the studies of C H A M B E R L A I N ( 1 9 7 3 ) and 
W E S T E R M A R C K - R O S E N D A H L ( 1 9 8 1 ) , who reported on favourable effects in 
baking with microwaves f rom high amylase f lour. 

The present s tudy indicates t h a t the application of electromagnetic 
energy has a potent ia l in baking f rom high amylase flours. Much technical 
development is needed, however, t o make the process technologically more 
feasible. Other problems arising f rom a possible use of sprout damaged wheat 
will not be discussed here. 

* 

The work was carried out under a research agreement between the Central Food 
Research Insti tute, Budapest , and the Department of Food Chemistry and Technology 
(EKT), University of Helsinki. 

The paper is based on a M. Sc. thesis (Food Science) carried out a t the Central 
Food Research Inst i tu te , Budapest, and presented by Mr. HEIKKI KEROJOKI in 1983 to 
the Department of Food Chemistry and Technology at the University of Helsinki, Finland. 
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COMPARATIVE ANALYSIS 
OF SPICES DECONTAMINATED BY ETHYLENE 

OXIDE OR GAMMA RADIATION 
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(Received: 11 February 1987; accepted: 17 March 1987) 

A comparison was made between the microbiological efficacy of ethylene 
oxide treatment (800 g T gas per m 3 a t 22 °C for 6 h) and irradiation with 4 or 8 kGy 
g a m m a radiation and between their respective effects on the volatile oil 
content of black pepper , the sensory characteristics of ground black pepper , ground 
papr ika , onion powder and garlic powder and the wa te r uptake of the la t ter two 
seasonings. The analyses were carried out during s torage at room temperature 
within three weeks af te r the cell coun t reducing t rea tment and a second t ime after 
5 - 8 months storage. 

The results of the experiments can be summed u p as follows: 
— 4 kGy was sufficient to achieve reduction of the viable cell coun t equiva-

lent a t least to the effect of ethylene oxide. The residual cell count in t h e samples 
t reated with 8 kGy radiation dose was 1 -3 orders of magnitude lower t h a n that 
of the ethylene oxide treated samples. 

— Gamma radiation reduced sufficiently the cell count in the spices 
wi thout affecting their sensory qua l i ty or other qual i ty characteristics. 

— Ethylene-oxide t rea tment , when carried o u t according to industrial 
practice, caused a substantial reduction of the volatile oils in black pepper . 

— The ethylene oxide-treated black pepper showed in the initial phase of 
af ter - t rea tment s torage a reduced seasoning capacity in comparison to the un-
t reated samples, while in garlic powder the same t r ea tment caused reduction in 
the a roma intensity. 

— Flavour dilution profile analysis showed more change in the tas te com-
ponents of the seasoning after e thylene oxide t r ea tmen t than af te r radiation 
t rea tment . However, the effect of s torage on the f lavor profile was more intense 
than tha t of cell coun t reducing t rea tments . 

— According to the flavor dilution profile analysis the intensi ty of the 
sweet component of onion flavor was increased by bo th storage and radiation 
t rea tment . Radiation treatment significantly increased also the water up take of 
onion powder. 

The study has shown radiation treatment to be competitive with ethylene 
oxide treatment f rom the point of view of microbiological efficacy as well as in 
maintaining the qual i ty characteristics of seasoning. 

Keywords: decontamination by gamma radiat ion, decontamination by 
ethylene oxide, spices 

Most of the spices become thoroughly contaminated with microorgan-
isms, main ly aerobic species, during cultivation, harvest ing and processing 
for util ization. Although the contaminat ion is caused mostly by saprophyt ic 
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Technology, 1118 Budapest, Ménesi út 45. Hunga ry 
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organisms, pa thogens , mostly salmonellae a re detected wi th increasing fre-
q u e n c y in spices ( B O C K E M Ü H L & W O H L E R S , 1 9 8 4 ) . I n the las t 1 5 years in a 
f ew cases, thus , f o r instance i n Canada a n d N o r w a y occurred outbreaks of 
salmonellosis or iginat ing f rom whi t e and b lack pepper as described in t he 
l i t e ra tu re ( L A I D L E Y e t al., 1 9 7 4 ; W H O , 1 9 7 4 , 1 9 8 2 ; C.D.C., 1 9 8 2 ; G U S T A F -

S E N & B R E E N , 1 9 8 4 ) . Bacillus cereus and Clostridium perfringens are also 
f r e q u e n t l y de t ec t ed in spices, a l t hough wi th low cell counts ( P O W E R et ah , 
1 9 7 6 ; N I K O L A E V A , 1 9 7 6 ; B A X T E R & H O L Z A P F E L , 1 9 8 2 ; B O E R & B O O T , 1 9 8 3 ) . 

Since the spores of these microorganisms may s u r v i v e the cooking tempera tures 
of foods, and m a y proliferate in these foods a t t empera tures be tween 20 a n d 
50 °C, spices con ta in ing spores of th is kind m u s t be considered sources of in-
fect ion. Con tamina t ion with mou lds has a lso t o be t a k e n in to account 
(I.C.M.S.P., 1 9 8 0 ) . Generally t h e mould coun t does not cor re la te with t h e 
t o t a l viable aerobic cell count a s determined b y plating (Pro e t ah, 1 9 8 5 ) . 

Toxigenic fungi occur relat ively frequently in spices, so a re af la toxins , too, 
a l t hough t he myco tox in concent ra t ion is m o s t l y low ( S C O T T & K E N N E D Y , 

1 9 7 5 ; F L A N N I G A N & H R N , 1 9 7 6 ) . 

From t h e p o i n t of view of t h e food processing industry, of t h e microflora 
occurr ing in spices, bacterial spores cause m o s t t rouble which a r e known to be 
of high heat res is tance. The t o t a l aerobic cell c o u n t in some spices may reach 
o r surpass t h e o rde r of m a g n i t u d e of one mil l ion per gram a n d t h e proportion 
of bacterial spores in the to ta l cel l count may a m o u n t to 5 0 - 7 0 % ( F Á B R I e t al . , 
1 9 8 5 ; F A R K A S , 1 9 8 7 ) , thus, concerning t h e h e a t tolerant microorganisms, 
spices imply a n impor t an t sou rce of microbial con tamina t ion and thereby 
f o r m a componen t of decisive significance in de termining t h e hea t t r ea tment 
requi rement of m a n y products , even if the a m o u n t of spice i n the produc t 
does not exceed 0 . 1 - 0 . 5 % . 

Because of t h e above in c e r t a i n branches of t he processing industry pre-
ference has been g iven to the u s e of spices of r educed cell count fo r a long t ime. 
T h e most f r e q u e n t l y used m e a n s of reducing cell count has been ethylene oxide 
fumiga t ion . E t h y l e n e oxide of a lkylat ing e f f ec t and certain of its react ion 
p roduc t s m a y f o r m chemical res idues in t he f u m i g a t e d p roduce of which t h e 
pers is tent ha lohydr ins are of specia l impor tance ( W E S L E Y e t a l . , 1 9 6 5 ; S T I J V E 

e t al. , 1 9 7 8 ) . I n t h e last decade t h e suspicion of mutagenic i ty , teratogenici ty 
a n d carcinogenicity of e thy lene oxide, and e thy lene chlorohydr in has been 
p roven and t h e resul ts of c e r t a i n invest igat ions have drawn t h e a t tent ion t o 
t h e hazard f r o m the aspect of occupational h e a l t h ( H O G S T E D T et al., 1 9 7 9 ; 

E H R E N B E R G & H T J S S A I N , 1 9 8 1 ) . T h u s the use of ethylene ox ide is being more 
a n d more res t r ic ted (O.S.M.A., 1984) while t h e necessity of a n o t h e r cell coun t 
reducing m e t h o d arises. Of t h e a l ternat ives t h e t r ea tmen t w i t h ionizing radia-
t ions gains increasing a t ten t ion . G a m m a or e lec t ron radiat ion does not involve 
h e a t effect, p rac t i ca l ly does n o t fo rm chemical residue but i t is very effective 
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in reducing the cell count , thus, it is an ideal process for cell count reduction 
in various heat sensitive, dry ingredients, for instance in spices ( F A R K A S , 1 9 8 5 , 

1 9 8 7 ) . In spite of this few investigations were carried out in order t o compare 
systematically the microbiological efficacy of radiation treatment and ethylene 
oxide t rea tment and their effect on the quality of spices ( V A J D I & P E R E I R A , 

1 9 7 3 ; S Z A B A D & K I S S , 1 9 7 9 ; F A R K A S & A N D R Á S S Y , 1 9 8 3 ; T O O F A N I A N e t a h , 

1 9 8 5 ; B U Y T H I Y E N e t al., 1 9 8 6 ) . As regards the effect of radiation t rea tment 
on the qual i ty of spices the pertinent publications are rathei contradictory 
( F A R K A S & E L - N A W A V Y , 1 9 7 3 ; G A L E T T O e t a l . , 1 9 7 9 ; N E U M A Y R e t a h , 

1 9 8 3 ; U C H M A N e t a h , 1 9 8 3 ; W E B E R , 1 9 8 3 ; F U N K E e t a l . , 1 9 8 4 ; G R Ü N E W A L D , 

1 9 8 4 ; F A R K A S , 1 9 8 7 ) . Therefore, we set ourselves t h e target to carry out 
comparative tests with two important spices (black pepper and ground pap-
rika) and two important seasonings of vegetable origin (onion powder and 
garlic powder) on the microbiological efficacy of radiation t r ea tment and 
ethylene oxide t rea tment and the effect of these t rea tments on t h e volatile 
oil content, on the sensory quality and some other characteristics. T h e micro-
biological tests were carried out three months a f t e r the cell count reducing 
t reatment . The other comparative tes ts were carried out within th ree weeks 
af ter t rea tment and a second time a f t e r 5-8 months storage of t h e spices, 
at room temperature. 

1. Materials and methods 

I.1. Materials tested, their water content and water activity 

Black pepper was obtained f rom COMPACK Commercial Packaging 
Enterprise, Budapest, ground paprika, onion powder and garlic powder from 
the Szeged Paprika Processing Plant , Szeged. 

Prior to cell count reduction the moisture content of the samples was as 
follows: black pepper 10.6%; paprika 7 .3%; garhc powder 7.5%; onion powder 
I I .2%. The moisture content of black pepper was determined by t h e toluene 
distilling method ( H U N G A R I A N S T A N D A R D , 1977b), t h a t of paprika by the 
H U N G A R I A N S T A N D A R D (1977a) method applying a temperature of 95 °C and 
drying for 4.5 h. The moisture content of onion and garlic powder was deter-
mined by the H U N G A R I A N S T A N D A R D (1980) method f rom the loss of mass. 
The samples were weighed in the weighing dish dried with quartz sand and 
afterwards moistened with 5-10 cm3 ethyl-alcohol. Ethyl-alcohol was evaporated 
a t room temperature overnight, than the samples were dried at 103 ± 2 °C till 
constant weight. Water act ivi ty values as measured wi th a Novasina appara-
tus: black pepper 0.58; papr ika 0.38; onion powder 0.38; garlic powder 0.39. 
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1.2. Packaging and storage of the samples 

The spices were packed into enamelled cans, generally used for tea pack-
aging, cube shaped of 10 cm edge l eng th with snapping lid. E igh t samples each 
of t h e seasonings were filled in so a s to fill completely the vo lume of the can. 
A f t e r t reatment t h e samples were stored at room temperature. 

1.3. Ethylene oxide treatment 

The samples were filled i n t o double-layer paper bags for fumigation 
wi th ethylene oxide. After t r e a t m e n t the samples were replaced in to the cans 
according to p a r a . 1.2. Fumiga t ion was carried out according to industrial 
prac t ice in the Szeged Paprika Processing P l a n t in a Degeseh t y p e equipment 
u n d e r vacuum a t 22 °C throughout 6 h. T-gas was used for fumiga t ion (90% 
e t h y l e n e oxide + 10% C0„) a t 800 g per m3 vo lume of the fumiga t ion chamber. 

1.4. Irradiation 

The spice samples were p r e p a r e d for s to rage in the cans (see 1.2.). Af t e r 
closing down t h e cans were exposed to 4 or 8 k G y radiation dose in a 60Co 
rad ia t ion source a t 9.6 kGy dose r a t e at room temperature. 

1.5. Microbiological tests 

The tests served to de t e rmine the mesophile and thermophi le aerobic 
viable cell count , t he Bacillus cereus count, t h e number of bac te r ia belonging 
t o t he Enterobacteriaceae fami ly and of the mou ld propagules. 

Ten g of each spice were suspended in 90 cm 3 diluting solut ion and this 
s tock solution was used to m a k e a decimal d i lu t ion series. One cm 3 or 0.1 cm 3 

of t he stock solut ion and of each dilution were mixed into the layer or spread 
on the surface of the media for plating. The diluent liquid contained 0.1% 
pepton , 0.9% sodium chloride a n d 0.01% Tween 80 in dist i l led water. T h e 
di lut ing liquid used to suspend onion powder and garlic powder contained 
on ly 0.5% NaCl a n d to neutralize t he possible microbicid effect of the powders 
0 . 5 % N a 2 S 2 0 , was added ( W I L S O N & A N D R E W S , 1 9 7 6 ) . 

For the determinat ion of mesophilic aerobic viable cell count (МАСС) 
t h e TSBYA nu t r i en t agar was used. This was prepared by dissolving Oxoid 
T S B (Tryptone soya broth, m a r k e d CM 129) a n d complement i t wi th 3 g yeas t 
ex t rac t and 15 g agar per li tre. T h e pH of t h e nutrient was 7.3. The plates 
inoculated wi th 1 cm3 inoculum were incubated a t 30 °C a n d t he number of 
colonies was established af ter 5 days. 
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To determine the thermophilic aerobic viable cell count (TACC) TSBYA 
nutrient agar plates were used, too. The inoculated Petri dishes were wrapped 
in PVC foil and incubated a t 55 °C for 48 h prior to counting the colonies. 

To determine Enterobacteriaceae (EC) Oxoid CM 485 VRBG agar (violet 
red bile glucose) of pH 7.4 was used. The medium containing 1 cm3 inoculum 
was plated in thin layers. Af te r solidification a second layer was poured . 
Plates were incubated for 24 h at 37 °C a n d then the characteristic colonies 
were counted. 

To determine the mould count (MC/OGY/oxitetracycline-glucose-yeast 
extract) nutrient medium (Oxoid CM) of p H 7.0 was used complemented with 
150 mg per dm3 Bengal red. Mixed with 1 cm3 inoculum thin layers were poured 
and these were evaluated after 5 days incubation period at room temperature. 

To count Bacillus cereus (BCC) 0.1 cm 3 inoculum was streaked on the 
surface of blood agar nutr ient medium (Oxoid CM 55, p H 7.3) plates. The 
plates incubated for 24 h a t 37 °C were evaluated for characteristic colonies 
by a hemolytic zone. 

1.6. Volatile oil determination 

The volatile oil content in black pepper was determined by a s t eam 
distillation method according to the pert inent H U N G A R I A N S T A N D A R D ( 1 9 7 8 ) . 

Twenty g spice were suspended in 500 cm 3 distilled water and this was t h e n 
distilled for 5 h. The volatile oil content was expressed as percentage dry m a t t e r . 
The other three seasonings were not tested for their volatile oil content because 
in preliminary experiments their volatile oil content proved to be very low in 
comparison to t h a t of black pepper. 

1.7. Analysis of the spice extracts by spectrophotometry 

The lipid-soluble extract of ground paprika (to establish probable 
changes in the coloring capacity) was studied by spectrophotometry . Five g of 
the spice were suspended in 50 cm3 sunflower oil and blended in a magnet ic 
blender for half an hour keeping the suspension in continuous motion b u t 
avoiding mixing in air. The oil extract was then filtered through cottonwool 
and the f i l t ra te and its 50-fold oil dilutions analysed in a Perkin-Elmer UV/137 
type spectrophotometer in t he visible wavelength range (d = 1 cm). 

Ground paprika, onion powder and garlic powder were extracted also 
with 10% NaCl solution. One g of the samples were suspended in 50 cm3 

solution and the extraction was carried out as with oil. These suspensions 
were filtered on MN 615 1/4 type folded filterpaper prior to spectrophotometry. 
The extracts and their dilutions were studied in the visible and the UV range. 
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1.8. Waler uptake capacity of onion and garlic powder 

Water up take capaci ty was measured according to H U N G A R I A N S T A N D -

ARD (1971). Two grams of the samples were suspended in distilled wa te r , 
allowed to s t a n d for 24 h t h e n filtered t h rough a MX 615 1/4 folded f i l t e rpaper 
of 15 cm diameter . Judging by the volume of the f i l tered solution and in t h e 
knowledge of the water imbibed by the f i l terpaper dur ing 90 min f i l te r ing 
period t he a m o u n t of wa te r absorbed in 24 h by 10 g onion powder was cal-
culated and given in cm 3 as the character of water u p t a k e capacity. Three 
parallel measurements were carried with each sample. 

1.9. Sensory tests 

The t e s t panel consisted of 10-12 members. To establish the seasoning 
capacity of t h e spices a m o u n t s determined in prel iminary experiments were 
dispersed in whipped cream and used for t as t ing . The spice samples were a d d e d 
to 200 cm3 c ream and whipped to a hard f o a m during app r . 2 min in a Gi rmi 
Z020 type household whipping machine a t maximum speed. The concentra-
tion of the individual spices in the whipped cream was as follows: black peppe r 
0.5%; ground paprika 1 .0%; onion powder 0.5%; garlic powder 0.3%. 

The t e s t papers used t o judge the f l a v o r intensity characteristic of the 
given spice displayed 10 cm long lines. T h e starting po in t marked t o t a l lack 
of flavor, t h e end point t h e maximum f l a v o r intensity. T h e task of t he pane l 
members was to mark on t h e line the point corresponding t o the flavor in tens i ty 
as judged b y them. The l eng th of the line between the s t a r t and the m a r k e d 
point was exact ly measured, the values t h u s obtained were evaluated b y 
variance analysis, taking 20 m m length as u n i t flavor in tensi ty . 

To tes t odour intensi ty the samples t o be tested were filled into 100 cm 3 

glass bott les wi th ground stopper. To p reven t the panel members to be in-
fluenced b y t h e color of t h e samples, the bot t les were wrapped in black paper . 
The panel members were expected to m a r k the intensity of smell as judged 
by them on lines similar t o those used for f lavor intensi ty measurement. The 
line length were statist ically evaluated. 

The f l avor dilution profi les were analyzed by the modified methods of 
T I L G N E R ( 1 9 6 5 ) and of M I H Á L Y I and Z U K Á L ( 1 9 7 2 ) . Twen ty g spice were 
homogenized with 4 0 0 cm 3 t a p water in a Girmi Z 0 2 0 t y p e immersed b lade 
homogenizer for 1 min. This suspension was then f u r t h e r diluted wi th t a p 
water in t h e proportion of 1 : 3. Thus, t h e f i f t h dilution level contained only 
49 mg per d m 3 spice. P a n e l members t e s t e d the samples containing p la in 
water with t h e suspensions in the order of increasing spice concentration. 
The dilution series were k e p t in dark bot t les . Panel members were expected 
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Table 1 

Flavor components as found in flavor profile dilution analyses and determined in preliminary 
experiments 

Black pepper Ground paprika Onion powder Garlic powder 

any black pepper any paprika any onion any garlic 
pungent sweet raw onion raw garlic 
tannic, astringent roasted cooked, roasted cooked, roasted 
hot nauseating sweet sweet 
terpenic, aromatic tannic, astringent pungent pungent 
bitter pungent, harsh tannic, astringent tannic, astringent 

bitter bitter bitter 

t o mark on the tes t paper which of the f l avo r components selected in t h e 
preliminary experiments and l isted in Table 1 could be de tec ted in the indi-
v idual level of dilution. 

2. Results and discussion 

2.1. Microbiological efficacy 

The results of microbiological tests carried out three m o n t h s after t r ea t -
men t on the samples in storage, are summarized in Table 2. 

I t can be seen tha t the mos t contaminated sample of t h e four was b lack 
pepper. This corresponds to t h e results of m a n y other investigations ( I C M S F , 

1 9 8 0 ; F A R K A S , 1 9 8 7 ) . Compared to the current microbiological criteria in 
H u n g a r y ( M I N I S T R Y O F P U B L I C H E A L T H , 1 9 7 8 ) the mesophilic aerobic 
t o t a l viable cell count , the Enterobacter iaceae count and mou ld count of t h e 
un t r ea t ed black pepper was found objectionable, while objection could be 
raised on the basis of the Enterobacter iaceae count and mou ld count against 
t he onion powder. 

According to Table 2 even a t rea tment wi th 4 kGy was more efficient 
in some cases t h a n ethylene oxide t rea tment as carried out according to t h e 
industr ial practice. The residual viable cell count of the samples treated wi th 
8 kGy was lower by 1-3 orders of magni tude tha t of t h e ethylene oxide-
t rea ted samples. 

In the practice of in ternat ional spice t r a d e a 103-104 t o t a l mesophilic 
aerobic viable cell count is a pe rmi t t ed m a x i m u m for spices t rea ted to reduce 
cell count ( G E R H A R D T , 1 9 6 9 ; W E B E R , 1 9 8 0 ) . According to t h e results of our 
experiments to achieve this a t rea tment of 4 kGy would h a v e been necessary 

6* Acta Alimentaria 17, 1988 



8 4 FARKAS & ANDRÁSSY: DECONTAMINATION OF SPICES 

Table 2 

Microbial contamination oj spices as affected by ethylene oxide treatment and gamma radiation 
doses 

Spice Treatment 
Logarithm o£ viable cell counts" 

Spice 
MACO TACO во MO ВСС 

Black 
pepper 

untreated 
4 kGy 
8 kGy 
EtO 

6 . 8 3 ± 0 . 0 6 
4 . 5 3 ± 0 . 0 7 
2 . 4 1 ± 0 . 0 8 
5 . 3 0 ± 0 . 0 2 

5 . 5 4 ± 0 . 0 3 
2 . 3 2 ± 0 . 1 I 
1.18 ± 0 . 5 
3 . 2 0 ± 0 . 0 3 

3 . 2 0 ± 0 . 1 0 
1 . 1 1 ± 0 . 5 5 

< 1 . 0 
< 1 . 0 

4 . 4 5 ± 0 . 0 4 
< 0 . 7 
< 0 . 7 

0.7 

4 . 4 3 ± 0 . 0 8 
3 . 5 2 ± 0 . 0 S 

< 2 . 0 
3 . 3 8 ± 0 . 0 9 

Paprika untreated 
4 kGy 
8 kGy 
EtO 

4 . 7 4 ± 0 . 0 6 
2 . 3 8 ± 0 . 0 9 
1 . 4 0 ± 0 . 3 
2 . 0 4 ± 0 . 0 4 

3 . 2 3 ± 0 . 1 0 
1 . 0 0 ± 0 . 0 2 

< 1 . 0 
1 . 8 8 ± 0 . 1 8 

2 . 7 4 ± 0 . 1 7 
< 1 . 0 
< 1 . 0 
< 1 . 0 

2 . 2 3 ± 0 . 4 2 
1 . 1 8 ± 0 . 3 5 

< 1 . 0 
1 .68 ± 0 . 2 5 

3 . 1 8 ± 0 . 1 2 
< 2 . 0 
< 2 . 0 

2 . 1 8 ± 0 . 4 

Onion 
powder 

untreated 
4 kGy 
8 kGy 
EtO 

5 . 2 0 ± 0 . 0 3 
3 . 6 0 ± 0 . 0 7 
3 . 0 0 ± 0 . 0 5 
4 . 6 0 ± 0 . 0 2 

2 . 8 5 ± 0 . I 7 
< 1 . 0 
< 1 . 0 
< 1 . 0 

3.80 ± 0 . 0 3 
< 1 . 0 
< 1 . 0 

1 . 3 0 < 0 . 3 5 

4 . 2 0 ± 0 . 0 3 
1 . 7 8 ± 0 . 2 0 

< 1 . 0 
2 . 4 0 ± 0 . 1 3 

2 . 6 8 ± 0 . 1 9 
< 2 . 0 
< 2 . 0 

2 . 3 0 ± 0 . 2 

Garlic 
powder 

untreated 
4 kGy 
8 kGy 
EtO 

5 . 8 9 ± 0 . 0 5 
4 . 4 8 ± 0 . 0 3 
2 . 0 8 ± 0 . 1 5 
5 . 3 2 ± 0 . 0 2 

4 . 2 0 ± 0 . 0 3 
3 . 2 6 ± 0 . 1 0 
1 . 3 0 ± 0 . 4 
3.76 ± 0 . 0 6 

< 1 . 0 
< 1 . 0 
< 1 . 0 
< 1 . 0 

2 . 7 8 ± 0 . 1 5 
1 . 4 8 ± 0 . 3 

< 1 . 0 
2 . 2 ± 0 . 1 1 

3 . 4 3 ± 0 . 0 8 
2 . 3 0 ± 0 . 4 

< 2 . 0 
3 . 0 4 ± 0 . 1 2 

a average ± confidence interval (P 0.05) 
МАСС: mesophilic aerobic cell count 
TACC: thermophilic aerobic cell count 
EC: Enterobacteriaceae count 
MC: Mould propagule count 
BCC: Bacillus cereus viable cell count 

for papr ika , and radiation doses between 4 and 8 kGy for black pepper, onion 
powder and garlic powder. Except with papr ika , the e thy lene oxide t r ea tmen t 
did not bring about the desirable effect. 

The results of these microbiological tests correspond to those described 
in related l i terature ( S Z A B A D & K I S S , 1 9 7 9 ; F A R K A S , 1 9 8 7 ) . In earlier experi-
ments i t was found also t h a t the residual microflora of t h e radiation t rea ted 
spices was more sensitive to antimicrobial influences adminis t ra ted during 
fur ther processing of the food products t h a n the microflora of untreated spices 
( F A R K A S , 1 9 7 3 ; F A R K A S e t a b , 1 9 7 3 ; F A R K A S & A N D R Á S S Y , 1 9 8 3 ) . 

2.2 Effect of cell count reducing treatments on the volatile oil content of black pepper 

Volatile oil determinations carried ou t one month a n d six months a f te r 
t r ea tment are summed u p in Table 3. 

One month after radia t ion t r ea tment the volatile oil content of t h e sam-
ples was found to be equal t o that of t h e untreated samples, whereas t h a t of 
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Table 3 

Yield of volatile oil from black pepper in cm3 related to 100 g dry matter 

Treatment 1 month 6 months Treatment after treatment after treatment 

Untreated 2.83 ±0.03 (a) 2.82±0.11 (a) 
4 kGy 2.84±0.07 (a) 2.85±0.10 (a) 
8 kGy 2.83±0.10 (a) 2.60±0.05 (b) 
EtO 1.99±0.07 (c) 2.00±0.07 (c) 

The reported values are averages and ± standard deviations of 4 measurements 
Average values not differing significantly from one another are marked with the same letter 

(LSD0.05 = 0.16 cm3) 

t he ethylene oxide-treated samples was significantly lower, about 70% of 
t h a t of the un t rea ted samples. A f t e r six months storage the significant differ-
ence in the volatile oil content of t he samples given two d i f fe rent t rea tments 
remained unchanged. The volat i le oil content of t he unt rea ted and the 4 kGy-
t r ea t ed samples remained unchanged during t h e whole s torage period, of 
those t reated wi th 8 kGy was slightly reduced, with about 8 % of the initial. 
The results correspond to those published by V A J D I and P E R E I R A ( 1 9 7 3 ) who 
found, too, a significant loss of volatile oil content in black pepper given cell 
coun t reducing ethylene oxide t rea tment , while the radiat ion t reatment d id 
no t cause any change . 

2.3. Effects of cell count reducing treatments and storage upon the absorbancy of 
spice extracts 

To characterize the coloring capacity of ground papr ika samples one 
m o n t h af ter t r ea tmen t , the absorpt ion spectra of their sunf lower seed oil ex-
t r a c t s were compared with t h e variance analyses of their absorbancies as 
measured at 465 n m and 668 n m absorption maxima. Significant differences 
were no t found between the absorpt ion spectra of the oil ex t rac t s of t rea ted 
and untrea ted samples. These resul ts correspond to earlier observation accord-
ing t o which there was no signif icant difference in the benzene or hexane-
soluble pigment content of u n t r e a t e d and radia t ion treated pap r ika samples, 
applying radiation doses of t h e same order of magnitude ( T Ö R Ö K & F A R K A S , 

1 9 6 1 ; F A R K A S e t a l . , 1 9 7 3 ; V A J D I & P E R E I R A , 1 9 7 3 ; N E U M A Y R e t a l . , 1 9 8 3 ) . 

Photometr ie investigation of the sodium chloride ex t rac t of the spice 
samples was carried out in order t o compare t h e amount of color substances 
formed during possible browning. Ground papr ika was studied a f t e r 1 month 
storage, onion powder and garlic powder af ter 2 and 8 months storage, taking 
absorbancies measured at 410 n m as a basis. The absorbancy of ground paprika 
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extract in salt solution t rea ted with 8 kGy was statist ically significantly 
higher t h a n tha t of the un t rea ted sample. On the o ther hand the absorbancy 
of the extract of ethylene oxide-treated paprika was significantly higher than 
t h a t of t he 8 kGy-treated paprika. The onion and garlic powder samples, 
when studied af ter 2 mon ths storage, d id not show significant differences as a 
function of t reatment . I n comparing t h e samples a f t e r 8 months s torage with 
the samples stored for 2 months the advance in browning appeared in a signif-

1cm 
1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

Ground paprika 
Extract 

in oil in salt solution 
2 gdm) 465nm 20gdm3, 410rm 209dm) 410nm 

otter 1 month 2 months 8 months 

Onion pcwder Garlic powder 

Extract in salt solution Extract insalt solution 

LSD=0.11 LSD=005 

04 8 0 

kGy ы 
0 4 8 0 

kGy ш 

LSD=0 05 

0 4 8 0 0 4 8 0 

kGy ш kGy ш 

20gdm? 410 nm 

2 months 8 months 

LSD=0 05 

0 4 8 0 0 4 8 o 
k G y S kGy ш 

Fig. 1. Absorbancy of the spice extracts as affected by cell coun t reducing t rea tments and 
storage. LSD = least significant difference (P 0.05), EtO = sample treated with ethyl-

ene oxide 

icant increase of absorbancy. The ethylene oxide-treated onion samples 
changed significantly in comparison wi th the un t rea ted sample. Resul t s are 
i l lustrated in Fig. 1. 

The results of spectrophotometry are in agreement with those of Josi-
M O V I C (1983) who s tudied the aqueous extract of seven different irradiated 
spices and did not f ind quali tat ive changes in comparison to the unt rea ted 
samples. The observations related to irradiation of onion powder suppor t the 
findings of G A L E T T O and co-workers (1979). 

2.4. Effect of cell count reducing treatments upon the water uptake capacity of 
onion and garlic powder 

The results of water absorption tests, carried ou t 2 and 6 m o n t h s after 
t rea tment are shown in Table 4. 
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Table 4 

Water absorbing capacity of the untreated and cell count reduced onion and garlic powder 
samples 2 months and 6 months after treatment 

Treatment 
Onion powder Garlic powder 

Treatment after 
2 months 

after 
6 months 

after 
2 months 

after 
6 months 

Untreated 
4 kGy 
8 kGy 
EtO 

53.3±5.2 (b) 
68.3±2.9 (a) 
71.7±2.9 (a) 
52.5±2.5 (b) 

55.0 ±2.0 (b) 
71.7±2.4 (a) 
73.3±3.1 (a) 
54.2 ±1.2 (b) 

35.8 ±1.4 (d) 
35.8 ±1.4 (d) 
39.2 ±1.4 (cd) 
35.0 ± 0 (b) 

34.7±0.5 (d) 
40.8±3.1 (c) 
38.3±2.4 (cd) 
37.5 ±2.0 (cd) 

Average values not differing significantly are marked with the same letter 
Onion powder: LSD0 05 = 7.0 cm3; garbc powder: LSD0 05 = 4.8 cm3 

Water absorbing capacity: amount of water absorbed by 10 g sample during 24 h in cin3  

Values in the Table are averages and ± standard deviations of 3 parallel measurements 

I n the case of onion powder bo th radiation doses caused significant in-
crease in water absorpt ion already a f t e r 2 months storage. For garlic powder 
the effect of irradiation was similar, however, the increase of water absorption 
capacity was less extensive. 

This effect of i rradiat ion seems to be connected with the degradat ion 
to some extent of t h e s tructural polysaccharides, part icularly t h a t of pectin 
and is probably analogous to the tenderizing, cooking t ime reducing radiat ion 
effect, t h a t has been earlier described in relation to irradiated dried vegetables 
( S C H R O E D E R , 1 9 6 2 ) and was observed by the author , too. ( F A R K A S et al., 
1 9 7 0 ) . 

2.5. Sensory evaluation 

The results of t h e sensory evaluation of the seasoning capacity (flavor 
intensi ty of the whipped cream suspension) and t h e directly perceptible odour 
intensity are i l lustrated in Figs. 2 and 3. 

The figures show the averages of the arbi t rary uni ts calculated f rom the 
intensity values as marked by the 10-12 panel members and the least signif-
icant difference (LSD) values calculated by variance analysis. Based on the 
latter, t he confidence interval of the average intensi ty values of t he un t rea ted 
samples a f t e r a storage period of 10-20 days, was marked. 

As i t can be seen in Fig. 2. statistically significant differences between 
the un t rea ted samples and the t rea ted black pepper samples became apparent 
only a t t he first analysis, a f ter 10 days storage. The average f lavor intensity, 
expressed in the a rb i t r a ry units, of the 4 kGy-t rea ted samples was signifi-
cantly higher, and t h a t of the ethylene oxide-treated samples significantly 
lower t h a n tha t of t he unt rea ted samples. During a f ive months storage period 
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Fig. 2. Average f lavor intensity values of the whipped creatn suspensions of spices and 
the least significant differences (LSD) expressed in the arbitrary units as described in 
pa ra . 2. Dashed lines mark the confidence intervals belonging to the average values of 
t h e first analyses of the untreated samples. • : 10-20 days storage; I////Í: 5-6 months 

storage For other legends see Fig. 1 

Black p*pp»r Paprika 

LSD 

maximum 5 
4 
3 

2 
1 

zero 0 

OkGy 4kGy 8kGy EtO 

Onion powder 

OkGy 4kGy 8kGy EtO 

Garlic powder 

-LSD 

Г" 
I 

OkGy 4kGy 8kGy EtO OkGy 4kGy 8kGy EtO 

Fig. 3. Odour intensity of spice samples in the arbi t rary units as described in the text as 
a function of cell count reducing t rea tments and storage time. • : 10-20 days storage; 

W\: 5-6 months storage. For legends see Fig. 2 

these differences disappeared, too. The flavoring capacity of the 4 kGy-treated 
onion powder tended to be higher a t the t ime of both control analyses than 
t h a t of the o ther samples. 

The f lavoring capacity of t he samples stored in cans a t room tempera-
tu re , as measured by the given method, remained practically unchanged 
dur ing the about six months s torage period. 

As it is shown in Fig. 3 t h e averages of odour intensity in black pepper 
revealed similar tendency, however, the differences compared to t he unt rea ted 
samples did not reach a stat ist ically significant level. 
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Supposing, t h a t b y analysis of the global f l avor or odour intensi ty slight 
changes cannot be discovered, were t he f lavor prof i le analyses of t he t a p water 
suspensions and of the i r dilutions carried out. Figures 4 and 5 show the profilo-
grams of the 20-fold dilutions. 

I n preparing these Figures t he characteristic flavor components as 
determined in prel iminary experiments, were represented as radii and t he 
center of the circle represented 0, the point on t he circle 100% observation 

Fig. 4. Flavor profilograma of the 20-fold aqueous dilution of black pepper and paprika 
samples. For detailed explanation see para . 2.4. : OkGy;—• — • —: 8 kGy; : EtO; *: 

statistically significant difference compared with the control samples (P <) 0.05) 

frequency. The lengths proportional to the observation frequencies were 
marked on the f l avor component radii and by connecting these points, the 
f lavor profilogram belonging to a given t rea tment , was obtained. To achieve a 
bet ter lucidity of arrangement only the profi lograms belonging to the higher 
radiat ion dose, 8 k G y was presented. The differences in the observation fre-
quencies of the individual flavor components were statistically evaluated b y 
the v.2 tes t as a func t ion of t r ea tments or of s torage periods. Although t he 
flavor profile analyses resulted in more or less differing flavor profilograms, 
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t ak ing into consideration identical s torage periods, gave only rarely observa-
t ion frequencies statistically significantly differing (P = 0.05) f r o m the ob-
servation frequencies as obtained in relation to individual f lavor components 
of t he unt rea ted samples. The ethylene oxide t r ea tmen t tended to dis tor t more 
f requent ly the profi lograms related to the un t rea ted samples t h a n radiation 
t rea tment . The about six months s torage period caused greater change in the 
f l avor profile of the samples than t he coll count reducing t rea tments . 

Fig. 5. Flavor profilograms of the 20-fold aqueous dilutions of onion and garlic powder. 
For detailed explanation see para 2.4. For symbols see Fig. 4 

In the case of those main f l avor components, where the observation 
frequency unambiguously diminished wi th increasing rate of di lut ion a probit 
analysis of observation frequency was carried out. Here, namely, observation 
frequency as function of dilution r a t e could be described with a more or less 
descending sigmoid curve and the connection between the probit of observation 
frequency and the logarithm of di lut ion could be approximated wi th straight 
lines. By means of probi t analysis t h e logari thms of the dilutions belonging 
t o 50% observation frequency were established and these values characteristic 
of the intensi ty of f lavor components, were presented in Pigs. 6 and 7. 
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Fig. 6. Logarithms of the dilutions belonging to the observation frequencies of the main 
f lavor components in the aqueous dilutions of black pepper and ground paprika samples 
as functions of cell count reducing t reatments and storage time. • : 10-20 days storage; 

\M\: 5—6 months storage, x: for explanations see para. 2.5 
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ъ 
E 
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Fig. 7. Logarithms of the dilutions belonging to the 50% observation frequencies of the 
main flavor components of the aqueous onion and garlic powder dilution as a function of 
cell reducing t reatments and storage time. Щ: 20 days storage; \Щ: 6 months storage. 

*: for explanation see para . 2.5 

6 Acta Alimentaria 17, 19S8 



9 2 FARKAS & ANDRÁSSY: DECONTAMINATION OF SPICES 

This analysis has shown, too, t h a t apar t f rom a few exceptions (marked 
wi th "x") , about the same dilution was required to reduce the f lavor compo-
nen t s of the t rea ted samples to the 50% observation frequency as with the 
un t rea ted samples. Taking into account the exeptions it seems t h a t t he inten-
s i ty of some f lavor components weekened mainly upon t rea tment with ethylene 
oxide (the necessary dilution levels were lower t h a n with the un t rea ted sam-
ples). I t is interesting t h a t the intensi ty of "swee t" component of onion sub-
s tant ia l ly increased as an effect of both irradiation and storage. An analogy 
seems to exist between the irradiation affected wa te r absorption capacity 
a n d the intensification of the sweet component in onions. In the experiments 
here described was not observed a slight caramelisation of the onion powder 
u p o n t rea tment with 8 kGy as it was found in earlier experiments carried out 
wi th Egypt ian onions ( F A R K A S & E L - N A W A V Y , 1 9 7 3 ) . The present results are 
in agreement with those obtained in the USA ( S I L B E R S T E I N et al., 1 9 7 9 : 

G A L E T T O et al., 1 9 7 9 ) which did not show any change of tas te in onion upon 
i r radiat ion to reduce cell count . 

3. Conclusions 

The experiences gained in this s tudy support f indings of researchers in 
t h e spice processing indus t ry (e.g. W E B E R , 1 9 8 3 ; E i s s , 1 9 8 4 ) according to 
which it is possible to achieve reduction of cell count by t rea tment with gamma 
radiat ion without impairment of the sensory qual i ty or other qual i ty characters 
of t h e spices. To sum up, i t can be concluded t h a t t o reduce the cell count in 
spices irradiation is competi t ive with ethylene oxide t rea tment f rom the point 
of view of both microbiological eff icacy and maintenance of qual i ty . 
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GAS-LIQUID-CHROMATOGRAPHIC ANALYSIS 
OF THE LIPID COMPOSITION 

OF ELET T A R I A CARDAMOMUM SEEDS 

M . A . E . S H A B A N 3 , K . M . K A N D E E L 1 5 , G . А . У А С О И Т ь a n d S . M E H A S E B ^ 

» Chemistry Depar tment , Facu l ty of Science, Alexandria Universi ty, Alexandria. E g y p t 
ь Biochemistry Depar tment , Facu l ty of Science, Alexandria Universi ty, Alexandria. E g y p t 

(Received: 25 J u n e 1986; revision received: 6 April 1987; accepted : 13 April 1987) 

Lipid fractions of Elettaria cardamomum seeds were obtained by successive 
soaking in petroleum ether , acetone, diethylether and e thanol , respectively. All 
the lipid samples were analysed for f a t t y acids, hydrocarbons, tocopherol and 
sterols. The composition of the lipid fract ions showed significant differences; 
palmitic and oleic were the dominant f a t t y acids, while smaller amounts of other 
f a t t y acids were also detected. The inherent hydrocarbons: C22, C24, C25, C26, C28, 
Cjg, C30 and C33 were detected (or not ) among the ext rac ts with different per-
centages. 

a-Tocopherol was found in all ext racts , with m a x i m u m concentration in 
the e thanol extract . E t h e r ex t rac t h a d slightly higher sterol content t han the 
other fract ions and included campesterol , desmosterol, /(-sitosterol, st igmasterol, 
дs, 7, 22 cholestatrienol and traces of cholesterol. 

Keywords: Lipid composition, Elettaria cardamomum, gas-liquid chroma-
tography 

Elettaria cardamomum s e e d s (PARRY, 1921) a r e w i d e l y u s e d i n f l a v o u r i n g 
of f o o d d u e t o t h e i r h i g h v o l a t i l e oil c o n t e n t . F u r t h e r m o r e , e x t r a c t s of Elett-
aria cardamomum s eeds r e v e a l a n t i m i c r o b i a l a n d a n t i f u n g a l a c t i v i t i e s (MARU-
ZZELLA & F R E U N D L I C H , 1 9 5 9 ; M A R U Z Z E L L A & L I C H T E N S T E I N , 1 9 5 6 ; M A R U -

ZZELLA & L I G U O R I , 1958) a s we l l a s a t h e r a p e u t i c a c t i o n a s R E S s t i m u l a t o r s . 
S e v e r a l s t u d i e s (e.g. J E L L U M , 1 9 7 1 ) o n c o t t o n seed , p e a n u t a n d s o y a b e a n 

o i l s s h o w e d t h a t t h e r a t e , a m o u n t , c o l o r a n d q u a l i t y of t o t a l l i p i d s w e r e 
i n f l u e n c e d b y t h e s o l v e n t u s e d i n t h e e x t r a c t i o n p r o c e d u r e . T S E N a n d co-
w o r k e r s ( 1 9 6 2 ) f o u n d t h a t t h e a m o u n t of l i p i d s e x t r a c t e d f r o m w h e a t p r o d u c t s 
b y a m i x t u r e of e t h y l a l c o h o l - w a t e r - c h l o r o f o r m w a s g r e a t e r t h a n o b t a i n e d 
w i t h p e t r o l e u m e t h e r a l o n e . 

T h e p r e s e n t s t u d y w a s c o n c e n t r a t e d o n t h e c o m p o s i t i o n of t h e l i p i d 
f r a c t i o n s o b t a i n e d b y s u c c e s s i v e s o a k i n g i n d i f f e r e n t s o l v e n t s ( p e t r o l e u m e t h e r , 
a c e t o n e , d i e t h y l e t h e r , e t h a n o l ) . 
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Table 1 
Retention times and, percentage of the separated fatty acid methyl esters 

of Elettaria cardamomuni seeds, using different solvents 
on 15% diethylene glycol succinate packed column 

Fatty acids 
Number of 

C-atoms 
Rt 

(min) 
Petroleum 

ether 
(%) 

Acetone 
(%) 

Ether 
<%) 

Ethanol 
(%) 

Laurie 12 : 0 5.4 — 2.85 — 0.83 
Myristic 14 : 0 8.4 — 0.16 1.05 0.28 
Myristoleie 14 : 1 9.8 — 2.74 — — 

Palmitic 16 : 0 11.6 37.50 33.98 47.12 12.89 
Palmitoleic 16 : 1 12.3 1.95 2.96 5.76 — 

Heptadecanoic 17 : 0 13.2 — 4.79 — — 

Phytanic 17 : 1 15.4 — 0.91 — — 

Stearic 18 : 0 16.4 1.56 6.84 1.57 — 

Oleic 18 : 1 17.6 35.16 32.84 44.50 77.67 
Linoleic 18 : 2 20.4 0.39 9.12 — — 

Linolenic 18 : 3 21.6 23.44 2.85 — 8.32 

Table 2 
Retention times and percentage of the unsaponifiable components 

of Elet taria cardamomum seeds, using different solvents on 5% OV-101 packed column 

Con-
tents Compound Kt 

(mill) 
Petroleum ether 

extract 
(%) 

Acetone 
extract 

(%) 

Diethyl ether 
extract 

(%) 

Ethanol 
extract 

(%) 

с 
22 0.25 — — 45.23 — 

c24 0.60 4.07 — — — 

0.70 — — 10.37 0.58 

Hydrocarbons ^26 
с 

28 

0.75 
0.85 

0.68 
1.02 

6.14 
1.02 

— — 

^29 0.95 18.98 — — 0.58 

^30 1.15 55.59 70.31 19.02 — 

С3з 1.35 4.75 2.05 — — 

Toco-
pherol 

a-Tocopherol 1.7 2.71 5.46 1.44 98.27 

d5''>22Cho-
lestatrienol 1.95 2.71 2.73 0.58 

Desmosterol 2.2 5.42 5.46 0.58 — 

24-Methylene 
cholesterol 2.5 2.03 3.07 0.58 

Sterols Camposterol 2.6 — — 19.60 — 

Cholesterol 2.7 0.68 — — — 

Stigmasterol 2.9 1.36 0.68 1.15 — 

B-Sitosterol 3.2 3.07 1.73 
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1. Materials and methods 

1.1. Extraction procedure 

Approximately 625 g of ground seeds of Elettaria cardamomum, were 
soaked in petroleum ether, acetone, diethylether and ethanol, respectively, 
each for one week a t room tempera ture with occasional shaking. Each ext rac t 
was filtered off and evaporated under reduced pressure till dryness. Yields 
were 0.586%, 0.472%, 0.488% and 0.525%, respectively, in order of the 
solvents above. 

1.2. Saponification and esterification procedures 

A sample f rom each ext rac t was saponified ( J A M I E S O N & R E I D , 1 9 6 5 ) 

with 0.5% alcoholic K O H , under reflux for one hour. The resulting solutions 
were poured into an equal volume of cold water each separately, and t he 
unsaponifiable materials removed by successive extraction with ether. The 
saponifiable materials were separated, acidified releasing the free f a t t y acids 

Fig. 1. Separation of f a t t y acid methyl esters of the lipid extracts on column packed 
with 15% diethylene glycol succinate polymer on Chromosorb W/Aw DMCS. Petroleum 
ether extract . 1: linolenic acid; 2: linoleic acid; 3: oleic acid; 4: stearic acid; 5: palmitoleic 

acid; 6: palmitic acid 
Fig. 2. Separation of f a t t y acid methyl esters of the lipid extracts on column packed 
with 15% diethylene glycol succinate polymer on Chromosorb W/Aw DMCS. Acetone 
extract . 1: linolenic acid; 2: linoleic acid; 3: oleic acid; 4: stearic acid; 5: phytanic acid; 
6: palmitoleic acid; 7: palmitic acid; 8: myristoleic acid; 9: myristic acid; 10: lauric acid 
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Fig. 3. Separation of f a t ty acid methyl esters of the lipid extracts on column packed 
with 15% diethylene glycol succinate polymer on Chromosorb W/Aw DMCS. Diethyl-

ether extract . 1: oleic acid; 2: stearic acid; 3: palmitoleic acid; 4: palmitic acid 
Fig. 4. Separation of f a t ty acid methyl esters of the lipid extracts on column packed 
with 15% diethylene glycol succinate polymer on Chromosorb W/Aw DMCS. Ethanol 

extract. 1: linolenic acid; 2: oleic acid; 3: palmitic acid 

which were extracted with ether and the combined e ther extracts were dried 
over anhydrous sodium sulfate. Af ter f i l t rat ion, the e ther was removed from 
the combined extracts by distillation. The f a t t y acids obtained were con-
verted in to methyl esters by refluxing for five hours in a solution of 10 cm3 

of 3 % sulfuric acid in anhydrous methanol . The resulting solutions were 
poured into an equal volume of water and the methyl esters were extracted 
with petroleum ether. The separated f a t t y acid methyl esters were dried over 
anhydrous sodium sulfate, followed b y f i l t rat ion and distillation till dryness. 

1.3. Ga.s--Идиid-chromatographу 

Gas-liquid-chromatographic analysis of the methyl esters was carried 
out on (3 m long x 4 m m i.d.) a packed column of diethylene glycol succinate 
(15%), on Chromosorb W/Aw DMCS, using N2 gas as t he mobile phase at a 
flow r a t e of 35 cm3 m i n - 1 . The a p p a r a t u s was a Perkin Elmer model 900, 
with f lame ionization detector wi th H 2 flow ra te of 20 cm3 m i n - 1 and air 
(30 BSIG). The column tempera ture was 120/200 °C a t 6 °C m i n - 1 , and the 
injector t empera ture was 250 °C. The obtained f a t t y acid const i tuents were 
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identified by comparing their re tent ion times with those of the methyl esters 
of authent ic specimens of the f a t t y acids. 

The unsaponified compounds ( A C K M A N & S E B E D I O , 1 9 8 1 ) of each lipid 
extract were separated, and analyzed with a gas Chromatograph of Beckman 

4) 1Л с 

§ er 

\ 
Retention time(min) Retention time (min) 

Fig. 5. Separation of unsaponifiable components of the lipid extracts on column packed 
with 5 % OV-lOl. Pet ro leum ether ex t rac t . 1: C^; 2: C30; 3: a-tocopherol; 4: desmosterol; 

5: stigmasterol 
Fig. 6. Separation of unsaponifiable components of the lipid extracts on column packed 
with 5 % OV-lOl. Acetone extract. 1: Сзв; 2: C28; 3: C30; 4: C33; 5: a-tocopherol; 6: des-

mosterol; 7: 24-methylene-cholesterol; 8: stigmasterol; 9: ^-sitosterol 

type equipped with f lame ionization detector a t a H 2 f l o w ra te of 15 cm3 min ~1  

and air of 200 cm 3 m i n - 1 . The S.S. column packed with 5 % OV-101 on 
Chromosorb G - H P (100/120), wi th N2 carrier gas flow rate of 12 cm3 m i n - 1 . 
The column tempera ture was 190-275 °C and injector t empera ture 290 °C. 
The unsaponifiable materials obta ined were characterized in comparison with 
authent ic s tandards as cholesterol, stigmasterol, ^-sitosterol, as well as by 
comparing their retention times wi th d a t a in the l i terature ( P A T T E R S O N , 

1971; E L S H A H A W Y , 1984). The areas under the peaks were obta ined by multi-
plying the peak height by the wid th a t half peak height, and t he percentage 
area obtained by the internal normalisat ion technique. The results obtained 
for t he relative amounts of the f a i t y acids, hydrocarbons, a-tocopherol and 
sterol consti tuents of Elettaria cardamomum seed lipids are shown in Tables 1 
and 2 and Figs. 1 -8 . 
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Retention time(min) Retention t imeimin) 

Fig. 7. Separation of uneaponifiable components of the lipid extracts on column packed 
with 5% OV-lOl. Diethylether extract. 1: C,2; 2: C26; 3: C30; 4: o-tocopherol; 5: desmo-

sterol; 6: campesterol; 7: stigmasterol; 8: ^-sitosterol 
Fig. 8. Separation of unsaponifiable components of the lipid extracts on column packed 
with 5% OV-lOl. Ethanol extract . 1: C„5; 2: C30; 3: a-tocopherol; 4: 24-methylene-

cholesterol 

2. Results 

Gas-liquid-ehromatograpliic analysis of the f a t t y acid content of Életta-
na cardamomum seeds revealed palmitic and oleic acids, which were mainly 
extracted with e ther and ethanol, respectively. 

Linolenic acid was mainly extracted with petroleum ether. Other f a t t y 
acids were found in lower amounts : stearic, linoleic, myristic and lauric. 
Myristoleic, heptadecanoic and phytanic acids were also identified (Table 1). 

In addit ion, i t was concluded from the results of the analysis of the 
unsaponified components obtained from the lipid fractions, tha t hydrocarbon 
C22 was the main component of the ether extract . The C26, C28 and C30 were 
mainly extracted by petroleum ether and acetone. 

a-Tocopherol was the only tocopherol found in the four extracts , and 
represented the main component in ethanol extract . 

On the other hand, the sterol contents of t he four extracts were also 
different, of which ZÍ5'7'22 cholestatrienol, desmosterol, stigmasterol were found 
in petroleum ether, acetone and diethylether extracts . Campesterol was ex-
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t racted only by diethylether, while cholesterol was identified in petroleum 
ether only. Furthermore, /З-sitosterol was found in t he acetone and diethyl-
ether extracts in smaller amounts. 

To sum up Elettaria cardamomum seeds contain only two essential fa t ty 
acids (linoleic and linolenic acids), one tocopherol («-tocopherol) and two main 
sterols (desmosterol and campesterol). 

3. Conclusions 

Extract ion of lipids by successive soaking in petroleum ether , acetone, 
diethylether and ethanol, respectively, showed optional order of solvent ex-
t ract ion sequence. 

GLC studies of Elettaria cardamomum seeds of f a t t y acids content 
revealed palmitic and oleic acids which mainly ex t rac ted by diethylether and 
ethanol, while linolenic acid was mainly extracted b y petroleum ether . 

«-Tocopherol was the only tocopherol found in Elettaria cardamo-
mum seeds. 

Desmosterol, stigmasterol and zl5>7,22 cholestatrienol of Elettaria carda-
momum seeds were completely ex t rac ted by petroleum ether, acetone and 
diethylether. 

/(-Sitosterol was extracted only b y acetone and diethylether f rom Eletta-
ria cardamomum seeds in a small amount . 
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Time elapsed before the chromatic analysis is undertaken lias an out-
s tanding influence on the color of red wines. To examine this influence several 
chromatic systems have been applied to four sets of red and rose Andalusien 
wines. Methods from the O.I.V. (Office Internationale de la Vigne e t du Vin) and 
Color Spaces recommended by the C.I .E. (Commission Internationale de l'Eclai-
rage) were used. Saturation appears to be the most useful chromatic parameter 
to assess the preservation s ta tus of red wines. 

Keywords: Andalusien red wines, chromatic parameters, spoilage 

I t is well-known tha t red wines undergo color changes during aging 
chiefly due to reactions of their polyphenolic constituents ( S O M E R S & E V A N S , 

1 9 7 7 ; M A R E C A , 1 9 8 1 ; R I B E R E A U - G A Y O N e t a l . , 1 9 8 3 ; G L O R I E S , 1 9 8 4 ) . I n t h e 

course of research on the chromatic qualities of Andalusian red wines, the 
influence of the t ime elapsed between taking of samples and chromatic measure-
ments on color quality, was examined. Application of new eolorimetric systems 
including Uniform Color Spaces permit ted the determination of several chro-
matic parameters, by means of which the aging processes were followed. 

1. Materials and methods 

1.1. Materials 

Twenty-four Andalusian red and rose wine samples from Cencibel grape 
variety were studied, all from the same region in Eastern Andalusia and 
1984 vintage. Industrial fermentat ion in 7 m 3 cement tanks and skin-must 
maceration during the fermentation process (approx. 12 days), were carried 
out. The samples were taken during the vinification process directly from 
the fermentation tanks. The wines were allowed to stand during different 
periods of time before analysis of color (from some hours to several weeks). 
Non-hermetic containers and ambient temperatures were utilized. So, wines 
were grouped into four sets each having six samples from a common origin 
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Table 1 

Time elapsed. Characteristics of the absorption spectrum of wines 

Set Sample 
No. Time elapsed 

Maximum 
wavelength 

(nm) 
Absorbancea 

I 1 Less than 24 h 527.4 5.730 
2 Less than 24 h 529.4 5.310 
3 Two days 527.4 5.630 
4 One week 528.2 6.150 
5 Between two and three weeks 520.2 5.490 
6 Three weeks 520.2 5.180 

I I 7 Less than 24 h 529.0 5.370 
8 Less than 24 h 527.4 4.770 
9 Two days 527.4 5.550 

10 Between two and three weeks 522.2 5.420 
и Four weeks 525.8 6.810 
12 Five weeks 524.2 7.020 

III 13 Less than 24 h 525.0 1.940 
14 Less than 24 h 525.0 1.760 
15 One week 524.2 1.922 
I f i Between two and three weeks 527.0 3.050 
17 Four weeks 521.8 2.815 
18 Five weeks 517.8 2.955 

IV 19 Less than 24 h 523.3 0.936 
20 24 h 522.0 0.726 
21 One week 522.2 0.958 
22 Between two and three weeks 517.0 1.220 
23 Four weeks 517.4 1.273 
24 Five weeks 515.0 1.413 

* Absorbance measured in 10 mm glass cells 

as Table 1 shows. The first set (1 to 6) and the second set (7 to 12) were made 
up of similar red wines. The third set (13 to 18) was formed b y red wines 
with a lower color intensi ty. The four th set (19 to 24) consisted of rose wines. 

1.2. Methods 

1.2.1. O.I.V. Methods ( S A M B U C & N A U D E T , 1 9 6 5 ; S T E L L A , 1 9 6 6 ) . These 
methods are based on Hardy ' s selected-ordinate method ( H A R D Y , 1 9 3 6 ) . They 
involve measurements of t ransmit tanees at certain specified wavelengths t h a t 
are then applied to ob ta in the tr is t imulus values and other impor tant param-
eters for the chromatic analysis of wines. The samples of wine are placed into 
glass cells with various pathlengths. Transmit tanees at 445, 495, 550 and 
6 2 5 nm, with reference to distilled water as a blank, are measured (O.I.V. 1 9 7 9 ) . 

The appara tuses used were Bausch & Lomb spectrophotometer "Spec-
tronic 2000", Bausch & Lomb continous X-Y recorder 333508, Hellma pre-
cision glass cells wi th 1, 2, 5, 10 mm pathlength. 
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The so-called Rapid Method ( S U D R A U D , 1 9 5 8 ) is only applied to red and 
rose wines. Color intensity and tonal i ty are determined by th i s method. Color in-
tensi ty is the sum of absorbances a t two characteristic wavelengths (E420 E j 2 0 ) . 

Tonal i ty is expressed by t he arc tangent of the difference between these 
absorbances. 

1.2.2. C.I.E. Colorimetric systems. Usual ly the weighted-ordinate method 
is applied ( B E R G & M A R S H , 1956; B E R G et al., 1964; Y V Y S Z E C K I & S T I L E S , 

1982). Tristimulus values (X, Y, Z) are calculated f rom t ransmit tances (T) 
obtained a t constant wavelength intervals (10 nm) th rough the visible spec-
t r u m (380-770 nm). The following equat ions were applied: 

X = к ZT{X) S(X) x(X) AX 

Y = к XT(X) S(X) y(X) AX 

Z = к XT(X) S(X) i(A) AX 

where S(X) is the spectral concentrat ion of the radiant power of the source 
illuminating the object at wavelength X, and x(X), y(X), z(X) are the s t anda rd 
color-matching functions The S(X) is assumed constant for all wavelengths 
within the wavelength interval of width AX. 

In the C.I.E. 1931-х, у system, dominant wavelength and pu r i t y or 
sa tura t ion are considered. 

The C . I . E . 1 9 6 4 - ( F / * F * L T * ) system ( W Y S Z E C K I , 1 9 6 3 ) includes the U*V*-
chromatici ty indices and the ft '*-lightness index. The newer C . I . E . recom-
mendations, including the uniform spaces C I E L U V and C I E L A B ( C . I . E . , 

1 9 7 8 ) , have been also applied. Likewise t he latter spaces define chromatici ty 
indices (и*, v* and a*, b*) and a common psychometric lightness index, L*. 
The uniform spaces signify several new chromatic parameters , such as chroma 
(CJv. Cab), saturat ion (SJV) and hue angle (huv, йаЬ), which are defined by 
the equations as follows: 

C*v = [(и*Г- + (p*)3]!'3 

С*ь = [(a*)2 + (b*Y-Y12 

/i = arc tan 

Л ab = arc tan 

и 

b* 

a* 
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2. Results and discussion 

A s tudy of the characteristics of t h e visible absorpt ion spectrum of 
wines considered has been done prior to t h e chromatic analysis. Maximum 
wavelengths and absorbances are given in Table 1. In a 8 3 % of all the cases 
t he maximum absorption wavelength of t h e wine samples was observed 
over 520 nm. This observation agreed well wi th observations by some au thors 
relating to young wine samples ( L E M P E R L E & K E E N E R , 1 9 6 8 ) . Only the 
samples of red wines with lower color intensi ty (clear red and rose wines) 
when measured after two t o five weeks showed wavelengths under 520 nm. 

In Table 2, saturation, lightness and dominant wavelength are presented. 
A very strong correlation, above 0.99, was obtained be tween the O.I.V. and 
C.I.E.-x, у systems. Correlation between t ime elapsed a n d saturation is out-
standing (r = 0.93, sn_i = 0.022) where r is the mean va lue of the correlation 
coefficients of each set (n = 4). 

Table 2 

Lightness, saturation and dominant wavelength 
(O.I.V. and C.I.E. 1931-х, у Methods) 

Set Sample Lightness Saturation Dominant wavelength 
Set No. O.I.V. С .I.E. 1931 O.I.V. C.I.E. 1931 O.I.V. C.I.E. 1931 

I 1 1 .026 1 . 0 0 1 97 .566 97.693 6 1 5 . 0 6 3 6 . 0 
2 2 . 0 7 2 1 . 9 8 7 97 .361 97.422 6 1 5 . 0 6 3 6 . 0 
3 1 .911 1 . 7 6 0 97.547 97.551 6 1 5 . 0 6 3 4 . 0 
4 1 .112 1 . 0 7 5 98 .434 98.503 6 1 5 . 0 6 3 6 . 0 
5 0 . 4 4 3 0 . 6 5 0 97 .751 98.473 6 1 5 . 0 6 4 3 . 0 
6 11 .511 1 4 . 1 0 2 99 .125 99.265 6 1 4 . 5 6 4 0 . 0 

I I 7 1 .434 1 . 2 8 8 96.932 96.859 6 1 5 . 5 6 3 4 . 0 
8 2 .897 2 . 5 7 1 95 .915 95.729 6 1 6 . 0 6 3 3 . 0 
9 2 . 0 2 4 1 . 8 0 5 97.157 97.089 6 1 5 . 5 6 3 3 . 0 

10 0 . 6 4 8 0 . 9 7 6 97 .517 98.301 6 1 5 . 0 6 4 5 . 0 
11 0 . 4 3 8 0 . 6 6 2 99 .338 99.556 6 1 4 . 5 0 4 3 . 0 
12 0 . 1 3 5 0 . 2 2 3 99 .329 99.585 6 1 4 . 5 6 4 5 . 0 

I I I 13 7 .947 7 . 8 9 1 64 .622 63.997 6 3 0 . 0 6 2 6 . 0 
14 1 0 . 4 3 3 1 0 . 4 7 1 60 .050 59.614 6 3 6 . 0 6 2 9 . 5 
15 10 .198 1 0 . 2 5 0 62.938 62.507 6 4 0 . 0 6 3 1 . 0 
16 1 . 8 6 3 1 . 7 6 1 86.356 86.160 6 1 7 . 0 6 2 4 . 0 
17 4 . 1 2 8 3 . 8 1 9 85.536 84.701 6 1 9 . 0 6 2 4 . 0 
18 3 .536 3 . 2 6 8 88 .064 87.339 6 1 7 . 0 6 2 2 . 0 

I V 19 2 5 . 5 6 5 2 7 . 6 6 9 25 .445 27.989 493.5 A 429 .5 A 

20 3 9 . 3 9 2 4 3 . 1 8 6 22 .714 25.980 494 .0 A 492 .0 A 

21 2 8 . 7 9 7 3 1 . 6 3 8 29.837 32.852 493 .0 A 6 6 0 . 0 
22 17 .021 1 7 . 2 8 2 40 .668 40.827 6 7 0 . 0 6 3 9 . 0 
23 16 .052 1 6 . 6 5 8 43 .146 43.852 6 4 5 . 0 6 2 8 . 0 
24 11 .469 1 1 . 6 8 2 43.567 43.747 6 3 7 . 0 6 2 9 . 5 

a Complementary wavelength (WISZECKI & STILES, 1982) 
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Table 3 

Color intensity and tonality 
(Rapid Method, O.I.V.) 

Sample 
оси No. intensity tonality 

I 1 8 .930 67.295 
2 8 .110 66.225 
3 8 .520 68.199 
4 9 .490 69.746 
5 8 .960 63.435 
6 7 .560 69.109 

I I 7 8 .340 65.158 
8 7 .300 63.435 
9 8 .390 68.119 

10 8 .640 65.556 
11 10.710 70.017 
12 11.470 68.277 

I I I 13 3 .411 23.419 
14 3 .048 23.419 
16 3 .224 30.491 
16 5 .500 31.383 
17 4 .880 36.502 
18 5 .120 33.024 

IV 19 1.564 16.383 
20 1.153 15.908 
21 1.551 19.341 
22 2 .076 19.965 
23 2 .188 19.762 
24 2 .463 19.356 

Color intensity: sum of absorbances at two characteristic wavelengths (E420 -)- E520) 
Color tonality: the arctangent of the difference of the above absorbances 

Both uniform and non-uniform spaces presented lightness values which 
underwent no time-correlated variations (r = — 0.50, s n - i = 0.723). Very 
spoiled samples showed higher lightness va lues (sample No. 6) t ha t were 
probably due to t he precipitation of coloring mat te r . 

Color intensi ty (f = 0.60, s n - i = 0.611) and tonality ( r=0 .54 , s n _ i = 0.453) 
(Table 3) showed a medium correlation wi th t he time-factor. 

Samples of wines from the same origin and t rea tment were located on 
the U* F*-diagram (Fig. 1) making up couples having in common the evolu-
tion time. In t h e case of the most spoiled wines, abnormally high values for 
the coordinate U* were obtained. Red wines showed an evident linearity in 
Fig. 1. This behaviour indicates t ha t these samples have a similar hue. 

The CIELUV space appeared as a slight modification of the preceeding 
U*V*W* space. As observed f rom Fig. 2, i t leads to the same conclusions 
which have been already s ta ted . 
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The C I E L A B space (Fig. 3) presented some analogies and differences 
with regard to the previous spaces expounded. A larger dispersion of t he color 
points on the -diagram than CIELUV was obtained. This fact suggests 
t h a t a more selective chromatic discrimination of the samples occurs. The 
arrangement by pairs of samples of red wines having in common the same 
evolution remains. Again, the sample no. 6 s tands aloof clearly from the others. 

(«'о 

% " о • 

16 

0 , 0 
10 

В a Í 
, 24° 8 2? 

3 • ° " ' 20 
0 S " 

13 14 '5 
a a a 
21 • 

•12 

0 20 40 60 80 100 
U* 

Fig. 1. Location of the samples in the U*V*-diagram. Points marked О represent sam-
ples in set I (r = 0.999, sr = 0.014, n = 6). Po in ts marked • represent samples in set I I 
(r - 0.997, sr - 0.037, n = 6). Points marked • represent samples in set I I I (r = 0.96, 
s r = 0.134, n = 6). Points marked • represent samples in set I V (r = 0.26, st = 0.482, 

n = 6) 

Fig. 2. Location of the samples in the U*V*-diagram. Points marked О represent samples 
in set I (r - 0.999, s r = 0.016, n = 6). Po in t s marked • represent samples in set II 
(r = 0.997, s r = 0.039, n = 6). Points marked • represent samples in set I I I (r — 0.96, 
sr = 0.144, n - 6). Points marked • represent samples in set IV (r = 0.28, s r = 0.480, 

n = 6) 
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Fig. 3. Location of the samples in the a*b*-diagram. Points marked О represent samples 
in set 1 (r = 0.999, s r = 0.010, n = 6). Points marked • represent samples in set I I 
(r = 0.93, sr = 0.179, n = 6). Points marked • represent samples in set I I I (r = 0.25, 
sr = 0.484, n = 6). Points marked • represent samples in set IV (r = 0.01, s r = 0.500, 

n = 6) 

Table 4 

Lightness, chroma, saturation and hue angle 
(C.I.E. Uniform Color Spaces) 

Set Sample 
No. 

Lightness Chroma Saturation Hue angle 
Set Sample 

No. IT* L' C* <Чъ 
S5v Къ 

I 1 8 . 0 1 2 9 . 0 0 4 42 .862 4 1 . 7 9 0 4.760 8 . 0 7 0 2 1 . 2 1 9 
2 14 .431 15 .420 72.851 5 5 . 0 1 2 4 .724 8 . 1 4 3 2 7 . 8 5 6 
3 13 .183 14 .173 66.611 5 2 . 1 4 1 4.700 8 . 2 6 1 2 7 . 0 3 0 
4 8 . 6 1 2 9 . 6 0 3 46 .113 4 3 . 2 8 6 4 .802 8 . 0 9 6 22 .091 
5 4 .671 5 . 8 8 4 29 .376 3 5 . 7 2 8 4 .993 7 . 4 3 1 16 .201 
6 4 3 . 3 9 9 4 4 . 3 7 8 220 .173 1 2 2 . 7 2 7 4.961 7 . 7 0 4 37 .493 

I I 7 10 .198 11 .188 51 .808 4 5 . 3 4 0 4.631 8 . 3 7 0 2 4 . 2 1 8 
8 17 .249 18.237 83 .032 5 9 . 3 2 3 4 .553 8 . 4 1 6 2 9 . 8 9 9 
9 13 .439 14 .430 66 .920 5 2 . 1 5 0 4.638 8 . 3 9 6 2 7 . 3 8 0 

10 7 .796 8 . 7 8 8 43 .994 4 3 . 1 1 5 5.006 7 . 3 5 0 2 0 . 1 5 7 
11 4 . 7 9 3 5 . 9 8 4 30.277 3 6 . 3 9 8 5.060 7 . 4 3 8 16 .381 
12 — 1 .843 2 . 0 1 3 10.232 1 4 . 6 6 8 5 .083 7 . 3 6 9 13 .621 

I I I 13 3 2 . 7 7 3 3 3 . 7 5 6 91.137 5 5 . 6 3 2 2.700 9 . 5 2 6 2 5 . 5 1 5 
14 3 7 . 6 9 3 3 8 . 6 7 4 98 .728 5 8 . 2 2 7 2.553 9 . 0 0 0 2 3 . 8 3 6 
15 3 7 . 3 0 6 3 8 . 2 8 8 104.550 6 1 . 2 5 3 2.731 8 . 6 8 6 2 3 . 9 8 4 
16 13 .188 14 .178 52 .723 4 3 . 4 8 3 3.719 9 . 9 0 4 2 8 . 1 0 1 
17 2 2 . 0 7 7 2 3 . 0 6 4 84 .048 6 7 . 5 3 7 3 .644 9 . 9 1 6 31 .747 
18 2 0 . 0 9 8 2 1 . 0 8 6 78.045 5 5 . 2 9 6 3.701 1 0 . 3 2 6 3 2 . 4 7 5 

IV 19 5 8 . 6 1 4 5 9 . 5 8 8 76.922 4 5 . 3 7 5 1.291 5 . 6 2 0 16 .640 
2 0 70 .711 71 .681 84 .360 4 8 . 4 1 5 1.177 5 . 9 1 4 1 .177 
21 6 2 . 0 6 9 6 3 . 0 4 2 91.900 5 2 . 4 3 1 1.158 6 . 8 2 3 16 .681 
2 2 4 7 . 6 3 6 4 8 . 6 1 3 86.266 5 0 . 5 9 0 1.775 7 . 7 5 3 18 .939 
2 3 4 6 . 8 4 8 4 7 . 8 2 6 86.449 5 0 . 5 0 0 1.808 9 . 1 9 4 2 1 . 2 7 7 
24 3 9 . 7 2 6 40 .707 74.025 4 5 . 1 3 4 1.818 8 . 9 7 9 2 0 . 9 7 8 
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Among the new chromatic parameters defined by the uniform color 
spaces, chroma, saturat ion and hue angle have been chosen as most repre-
sentative. They are shown in Table 4. Chroma values present a week correla-
tion with the period of t ime for sample damage (r = 0.11, s n _t = 0.612). 
As in previous systems i t was shown, saturation presents a considerable 
increase with regard t o t he time interval from one week onwards (r = 0.94, 
s n _ i = 0.025). This means tha t it is a reliable index to use for the s tudy of 
damage in wine samples due to an inadequate method of preservation. Hue 
angles, although providing a suitable discrimination of the samples, showed a 
poor correlation with their preservation status. 

3. Conclusions 

This paper shows how the chromatic characteristics of wine samples can 
lead to useful knowledge concerning their preservation status. 

Among the several chromatic parameters, sa tura t ion appears as the 
most adequate index for this purpose. From an analysis of variance (2-way 
ANOVA method), t ak ing saturation as representative parameter of color 
evolution, we can conclude (sample F > tabular F, P < 0.05) tha t th is evolu-
tion with t ime elapsed is not independent of the particular set involved. 

In order to discriminate the wines, C.I.E. Uniform Color Spaces are more 
reliable than non-uniform ones. 

* 

The authors are indebted to Bodegas Villagrán (Seville) for supplying the samples. 
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APPLICATION OF NEAR INFRARED 
REFLECTANCE TECHNIQUE IN THE ANALYSIS 

OF SELECTED PIG FEED MIXES 
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Mixed pig feeds produced in Czechoslovakia (beside feeds for piglets) were 
classified into 3 groups according to their composition, purpose and content of 
determined constituents. Seventy-five samples belonging to each group were 
analyzed for moisture, crude protein, fat, ash and crude fibre content by classical 
methods. Fifty-five analyzed samples were used for calibration of InfraAlyzer 400. 
Selection of filters of InfraAlyzer was performed on the basis of testing all possible 
combinations. 

Sets of 6 -9 filters are most suitable for the analysis of mixed pig feeds. 
The optimal combination of filters for a par t icular constituent was selected f rom 
2-4 sets proposed by the computer . Statistical evaluation of the results of analysis 
of 20 "unknown" samples (which were not used for calibration) was utilized for 
this purpose. 

Distribution of constituents was as follows: 8.2-13.5 mass % of moisture; 
12.1-18.2 mass % of crude protein; 1.1-3.1 mass % of fa t ; 3.1-7.2 mass % of 
ash; 2.8-8.1 mass % of crude fibre. Values of s tandard error of calibration (RSD) 
were the following: 0.208-0.371 mass % for moisture; 0.278-0.354 mass % for 
crude protein; 0.087-0.109 mass % for fa t ; 0.187-0.265 mass % for ash; 0.261-
0.377 mass % for crude fibre. Values of s tandard error of prediction (SEP) were 
the range of: 0.220-0.264 mass % for moisture; 0.316-0.454 mass % for crude 
protein; 0.072-0.146 mass % for fat; 0.226-0.350 mass % for ash; 0.188-0.386 
mass % for fibre. 

Influence of some ingredients (wheat bran) distorting results of N I R A is 
discussed. Results of N1RA are satisfactory for all constituents prediction and so 
this technique is able to subst i tu te classical methods of analysis of feed mixes 
for pigs. 

Keywords: near infrared reflectance analysis, pig feed mixes, component 
prediction 

N e a r i n f r a r e d r e f l e c t a n c e ana ly s i s ( N 1 R A ) is a m e t h o d wide ly u s e d 
f o r a n i m a l f e e d i n g - s t u f f s . H i s t o r y a n d a p p l i c a t i o n of N I R A i n ana lys i s of 
f o o d s a n d f eeds w a s r ev i ewed b y P O L E S E L L O a n d G I A N G I A C O M O (1983). F i r s t 
e x p e r i e n c e s of u t i l i z i n g t h i s m e t h o d in m i x e d f e e d ana ly s i s w e r e p u b l i s h e d b y 
W I L L I A M S a n d c o - w o r k e r s (1978) a n d W I L L I A M S a n d S T A R K E Y (1980). 

E v a l u a t i o n of t h e q u a l i t y of f e e d - m i x e s a c c o r d i n g t o t h e i r m o i s t u r e , 
p r o t e i n , f a t , a s h a n d f i b r e c o n t e n t is wide ly u s e d . B u t d e t e r m i n a t i o n of t h e s e 
c o n s t i t u e n t s b y c lass ica l m e t h o d s i s t i m e c o n s u m i n g . So a p p l i c a t i o n of N I R A 
in a n a l y s i s of t h e s e c o m p o n e n t s i s v e r y e c o n o m i c a l , b u t s o m e e x p e r i m e n t a l 
p r o b l e m s m u s t b e so lved . 

Akadémiai Kiadó, Budapest 
Kluicer Academic, Publishers, Dordrecht 
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1. Materials and methods 

Samples of mixed pig feeds were obtained f r o m daily product ion of 
various feed mills of Zemedélské Zásobování Co. in central Bohemia. These 
mixed feeds were classified into three groups according to their composition 
and content of predicted consti tuents, which are l isted in Table 1. Actual 
composition of part icular samples was also known. 

Samples of mixed feeds were ground in a laboratory mill (Zempo VM 7 
type, Czechoslovakia), samples of whea t bran in a Cyclotec Sample Mill 
(Tecator AB, Sweden). 

Seventy-five samples of feed-mixes belonging to one group were analyzed 
by classical methods. Moisture content was determined after 4 h drying at 
103 °C. Prote in content was determined by Kjehldahl ' s method (90 min 
digestion in DS-20 digestor connected wi th programmable tempera ture control 
Autostep 1012 Controller, Tecator AB, Sweden) a t temperatures increasing 
from 300 to 420 °C. Distillation and t i t r a t ion was performed on Kje l t ec Auto 

Table 1 

Composition of analyzed mixed feeds 

Group Components Rate (%) 

1. (for pigs weighing 
17-65 kg) 

wheat 
barley 
soya meal 
protein concentrate 

mineral and vitaminé 
supplement 

oats, peas, wheat bran, 
wheat flour 

30-70 
15-55 
5-12 
0 - 8 

3 

0 - 6 

totally 70-85% 

fish meal, bonemeat 
meal, soya meal 

2. (for pigs weighing 
more than 65 kg) 

3. (for swines) 

wheat 10-75 
barley 15-70 
oats ' 0-10 
soya or groundnut meal 3— 6 
wheat bran 0-10 
mineral and vitaminé 

supplement 3 
rye, dried alfalfa, peas, maize 0 - 0 

wheat 15-30 
barley 15—50 
oats 10 
wheat bran 10-20 
soya or groundnut meal 4-10 
mineral and vitaminé 

supplement 5 
protein concentrate, peas, dried 

potatoes, blood meal, bone-
meat meal 0—7 

totally 75-95% 
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Table 2 

Wavelengths of the fillers used 
in InfraAlyzer 400 

Filter number 
Wavelength 

(nm) 

2 2336 
3 2348 
4 2310 
5 2270 
6 2230 
7 2208 
8 2190 
9 2136 

10 2180 
11 1982 
12 1818 
13 1778 
14 2100 
15 1759 
16 1940 
17 1734 
18 1722 
19 1445 
20 1680 

Analyzer (Teeator AB, Sweden). This procedure with a catalyst containing 
selenium and copper sulphate pen tahydra te gives approx. 98.5% recovery of 
nitrogen (PAZOUREK, 1986). F a t content was determined af ter 30 min hot and 
30 min cold extract ion with diethylether in Soxtec H T (Teeator AB, Sweden). 
The result of this procedure corresponds to 4 h Soxhlet extraction according 
to t he experiments of B E R A N O V Á and P A Z O U R E K (1985). Ash content was 
determined af ter 4 h ashing a t 550 °C. F ibre content was determined af ter 
30 min boiling in 1.25% sulfuric acid and 30 min boiling in 1.25% potassium 
hydroxide solution in Fibertec M (Teeator AB, Sweden). 

Samples of wheat flour, wheat bran and wheat flour complemented with 
wheat bran were analyzed for moisture and protein content by t he above 
mentioned methods. 

Fif ty-f ive samples analyzed, randomly selected from above-mentioned 
set of 75 samples f rom each group of mixed feeds, were used for t he calibra-
tion of InfraAlyzer 400 (Technicon G.m.b.H., Vienna) connected wi th the 
computer HP-85B including All Possible Combination Search Programme for 
selection of sets of filters used in analysis. Wavelengths corresponding to the 
filters of InfraAlyzer 400 are listed in Table 2. 

Mass per cents of a particular consti tuent were calculated according to 
the multiple regression formula 

c(%) = F0C + Flc log A + . . . + Fic l o g - i - + . . . + ^ l o g - A 
Jx ix J A2Q 
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where: 

с (%): mass per cents of predicted const i tuent; 
Eooc , FjC: calibration constants (F-values) for predicting consti tuent c; 
i?i: reflectance value a t each of nineteen wavelengths (filters). 

Twenty analyzed samples not included in the calibration set were used 
for evaluation of accuracy of t h e obtained calibration regression equations. 

The defini t ion of Residual Standard Deviat ion (RSD) of calibration used 
in regression calculation is: 

d\\ difference between the result of the chemical determination of the 
consti tuent and the result of i ts calculation by the regression formula; 

d: average value of d,; 
n: number of samples used for calibration; 
к: number of wavelengths used for calibration. 

The defini t ion of Standard Error of Predict ion (SEP) used in evaluation 
of the accuracy of NIRA results of analysis of "unknown" samples is: 

d-,: difference between the result of chemical determination of the con-
st i tuent and the result of its calculation by the regression formula; 

d: average value of d{\ 
n: number of samples used in evaluation of accuracy of the calibration 

formula by analysis of samples not included in the calibration set. 

Since the results of analyses of samples were established af ter 2 replicated 
determinations b y both methods, the Pooled Standard Deviation of the Clas-
sical Method ( S D L A B ) and N I R A ( S D N I R A ) were utilized for evaluat ion of 
reproducibility of both methods. 

The defini t ion of the Pooled Standard Deviation (SD) is as follows: 

di'. difference between results of 2 parallel determinations of a par t icular 
consti tuent by the t radi t ional method or NIRA; 

n: number of analyzed samples. 

where: 

where: 

where: 
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2. Results 

Number of selected filters, values of correlation coefficients, residual 
s tandard deviations and ranges of values of predicted constituents are sum-
marized in Table 3. Several conclusions can be drawn of this set of da ta . 

Sets of 6-9 (exceptionally 12 filters) are successfully utilized in mixed 
feed analysis. Increased number of filters in InfraAlyzer 400 usually improves 
agreement between the results of InfraAlyzer and traditional methods. But 

Table 3 

Results of calibration of InfraAlyzer 400 

Moisture 
content 

Protein 
content Fat content Ash content Fibre content 

First group of mixed pig feeds 

Filter number ® , 14, 15, 5, 7, 9, 13, 2, © , © , 7, 14, 2, 3, 4, 9, 4, © , 7, 10, 12, 
16, 17, ® 14, © , 17 15, 20 ® , 12, 13, 

© , 1 9 

17, 18, 20 

r 0.989 0.950 0.945 0.878 0.936 

R S D 0.208 0.354 0.087 0.189 0.275 

Cal. range 8.6-13.5 13.3-18.2 1.5-2.7 3.2-5.5 2.8-6.6 

Second group of mixed pig feeds 

Filter number 2, 5, 7, ® , 2, 3, 4, 6, 3, © , © , 11, 3, 5, 6, 9, © , 9, 1 1 , 3 

3 ® 7, © , 17 12, ® 10, ® , 12, 
14, 16, ®, 
19, 20 

14, 15, 17, 
18, 19 

r 0.971 0.962 0.972 0.798 0.935 

R S D 0.359 0.309 0.090 0.187 0.261 

Cal. range 9.2-13.4 12.1-17.7 1.1-3.1 3.1-4.4 3.2-6.4 

Third group of mixed pig feeds 

Filter number 4, 10, @ , 5, 8, 10, © , © , 8 , 9, 2, 8, ® , 3, © , 7, 9, 

13, 14, 16, 13, © , 20 13, © 13, 14, 16, 13, 20 

® , 20 © , 18 
r 0.968 0.980 0.890 0.899 0.944 

R S D 0.371 0.278 0.109 0.265 0.377 

Cal. range 8.2-12.7 12.5-17.2 1.5-2.6 4.6-7.2 3.8-8.1 

Encircled numbers: filters predicting one constituent in all groups 
Underlined numbers: filters predicting one constituent in two groups 
r : correlation coefficient 
f t .3D: residual standard deviation 
Calibration ranges are expressed in mass % 
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th i s law is valid only with l imitat ions as a too high number of filters can cause 
a noise into InfraAlyzer measurements according to the observations of 
M T J L L A R D ( 1 9 8 6 ) . Our experience with a sufficient number of filters is also 
consistent with conclusions published by S H E N K and co-workers ( 1 9 7 8 ) about 
improving of N I R A results in forage analysis. 

Table 4 

Results of analysis of "unknown" samples 

Moisture content Protein content Fat content Ash content Fibre content 

First group of mixed pig feeds 
r 1 .000 0 . 9 9 7 0 . 9 9 3 1 .000 0 . 9 9 6 
S E P 0 . 2 6 4 0 . 3 1 6 0 . 1 4 6 0 . 2 2 6 0 . 1 8 8 
S D N I R A 0 . 1 2 5 0 . 2 2 0 0 . 0 7 5 0 . 1 7 1 0 . 2 2 4 

SDLAB 0 . 0 8 7 0 . 1 7 1 0 . 0 7 2 0 . 0 5 4 0 . 1 4 2 

Second group of mixed pig feeds 
R 0 . 9 9 8 0 . 9 9 9 0 . 9 9 4 0 . 9 9 3 0 . 9 9 2 
S E P 0 . 5 0 4 0 . 4 5 4 0 . 1 3 0 0 . 2 8 6 0 . 3 8 6 
S D N 1 R A 0 . 2 2 7 0 . 4 0 8 0 . 0 6 4 0 . 2 0 2 0 . 4 0 7 

S ° L A B 0 . 0 7 2 0 . 0 8 5 0 . 0 5 2 0 . 0 3 6 0 . 1 4 4 

Third group of mixed pig feeds 
r 0 . 9 9 8 0 . 9 9 9 0 . 9 9 8 0 . 9 9 4 0 . 9 9 3 
S E P 0 . 4 9 7 0 . 3 8 9 0 . 0 7 2 0 . 3 5 0 0 .317 
S D N I R A 0 . 2 2 0 0 . 2 2 9 0 . 0 7 8 0 . 2 1 9 0 . 2 6 1 
S D L A B 0 . 0 7 0 0 . 0 3 3 0 . 0 2 9 0 . 0 7 6 0 . 1 5 4 

r : correlation coefficient 
SEP: standard error of prediction 
SDNjpA: standard deviation of NIRA results 
SDLAB: standard deviation of traditional analysis results 

Selective wavelengths for par t icular consti tuent prediction can be hardly 
found, even though there exist f i l ters predicting one consti tuent in all groups 
(see encircled numbers in Table 3) or two groups of mixed feeds (see under-
lined numbers in Table 3). 

Values of the correlation coefficient did not reach 0.9 in some cases (ash 
in all mixed feed groups, f a t in th i rd group). This is caused most probably by 
t he too narrow distr ibution range of these consti tuents in these mixed feeds. 

Values of R S D are in these cases, nevertheless, low and so these con-
s t i tuents can be predicted with sat isfactory results. 

Results of analysis of 20 "unknown" samples (not included in the 
cal ibrat ion set) are summarized in Table 4. Relationships between consti tuents 
determined by chemical analysis and values predicted by N I R A are shown 
in Figs. 1-5. 
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V a l u e s of c o r r e l a t i o n c o e f f i c i e n t s a r e h i g h i n a l l cases. V a l u e s of S t a n d a r d 
E r r o r of P r e d i c t i o n ( S E P ) f o r m o i s t u r e a n d p r o t e i n a re o n l y s l i g h t l y h i g h e r 
t h a n t h o s e p u b l i s h e d fo r w h e a t a n a l y s i s b y I n f r a A l y z e r 300 ( W I L L I A M S e t 
a l . , 1985) . 

Oven moisture (•/,) 

Fig. 1. Relationship between moisture content determined after oven drying and pre-
dicted value by N I R A . O: first group of feed mixes; Д : second group of feed mixes; 

X : third group of feed mixes 

13 15 17 19 
Kjehldahl protein (V.) 

Fig. 2. Relationship between calculated protein content determined by Kjehldahl method 
and predicted value by NIRA. О : f irst group of mixed feeds; Д : second group of mixed 

feeds; X : third group of mixed feeds 
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Soxhtet fat (•/.) 

Fig. 3. Relationship between fat content determined after diethylether extraction and 
predicted value by NIRA. О "• first group of mixed feeds; Д : second group of mixed feeds; 

X : third group of mixed feeds 

6 7 
Furnace ash (•/.) 

Fig. 4. Relationship between ash content determined after furnace ashing and predicted 
value by NIRA. О: first g roup of mixed feeds; Д : second group of mixed feeds; X : third 

group of mixed feeds 
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3 A 5 6 

Laboratory fibre (*/•) 

Fig. 6. Relationship between crude fibre content determined after acid and alkaline 
hydrolysis and predicted value by NIRA; O : first group of mixed feeds; Д: second group 

of mixed feeds; X : third group of mixed feeds 

Effect of various components of mixed feeds on N I R A results is dis-
cussed by W I L L T A M S and S T A R K E Y ( 1 9 8 0 ) . They found tha t N I R A results 
were vi t ia ted in the presence of oats, dried alfalfa, u rea and soy-bean hulls in 
the mixed feeds. 

Mixed pig feeds included into t h e first group contain mainly whole 
grains of cereals, soya meal, supplements and rarely wheat bran. According 
to the evaluation of N I R A results related to the composition of par t icular 
samples it can be said t h a t the ratio of wheat and bar ley in these mixed feeds 
does not affect the agreement of the results of InfraAlyzer 400 a n d tradi-
tional methods. 

Whea t bran is one of the ingredients vitiating results of N I R A . Near 
infrared absorption spectra of wheat b r a n were recorded by N O R R I S a n d H A R T 

(1965) and a s tudy on t he application of NIRA on die tary fibre of wheat 
bran determinat ion was carried out by H O R V Á T H and co-workers (1984). 

The second group of pig feed mixes contains 0 - 1 0 % and the t h i rd group 
10-20% of wheat bran (the third group contains 10% of oats, too) . These 
mixed feeds contain no alfalfa. With increasing of whea t bran in the mixtures 
increase the S E P values for moisture, protein, ash and fibre. Reproducibili ty 
of results of InfraAlyzer 400 is also affected. This is shown by comparison of 
the values of Pooled S tandard Deviations (SD) (see Table 4) of both methods. 
Whereas the SD values of InfraAlyzer 400 and of tradit ional me thods are 
comparable in the first group of feed mixes (except fo r ash prediction) while 
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t h e SD values of InfraAlyzer 400 are 2-4- t imes higher t h a n those of t h e 
tradit ional me thods in the second and th i rd groups of mixed feeds. This is 
probably due t o t h e composition of these feed mixes. 

Therefore t h e influence on the results of InfraAlyzer 400 of increasing 
wheat bran con ten t in wheat f lour (for animal feeding) was followed up. Com-
parison of the results of N I R A and tradit ional methods is shown in Table 5 
(InfraAlyzer 400 was calibrated for analysis of this sort of wheat flour). 
Accuracy of mois ture and pro te in prediction w a s vitiated in t h e samples con-
taining 10-20% (exceptionally 5%) wheat b r a n . Reproducibili ty of moisture 
prediction was affected in whea t flour samples containing 5 - 1 0 % wheat b ran . 
Surprising are t h e false results of moisture prediction in p u r e wheat f lour. 
This can be accidental or caused by error in tradit ional labora tory analysis. 

Table 5 

Results of analysis of wheat flour samples containing wheat bran 

Wheat brail Moisture content Moisture content 
(mass %) NIRA «1 NIRA LAB i LAB «NIBA-LAB 

0 1 3 . 1 2 0 . 2 1 12 .78 0 .08 + 0 . 3 4 
5 1 2 . 7 2 0 . 6 7 12 .54 0.07 + 0 . 1 8 

10 1 2 . 4 5 0 . 4 8 12 .24 0.01 + 0 . 2 1 
15 1 2 . 2 0 0 . 1 9 11 .82 0 .38 + 0 . 3 8 
2 0 1 2 . 4 8 0 . 0 9 11 .84 0.11 + 0 . 6 4 

Wheat bran Protein content Protein content 
(mass %) NIRA <4 NIRA LAB rft LAB «NIRA-LAB 

0 1 4 . 7 0 0 . 1 1 14 .90 0 — 0 . 2 0 
5 1 4 . 8 3 0 . 1 4 14 .92 0.09 — 0 . 0 9 

10 1 4 . 6 6 0 . 1 1 15 .14 0 — 0 . 4 8 
15 1 5 . 1 0 0 . 1 0 15 .18 0 — 0 . 0 8 
2 0 1 5 . 0 8 0 . 0 5 15 .42 0 .13 — 0 . 2 6 

Wheat bran Ash content Ash content 
(mass %) NIRA I NIRA LABo LAB "NIRA—LAB 

0 2 . 6 8 0 . 0 7 2 . 7 8 0 .13 — 0 . 1 0 
5 2 . 7 2 0 . 3 0 2 . 7 8 0 .19 — 0 . 0 6 

10 2 . 6 0 0 . 0 9 2 . 7 9 0.06 — 0 . 1 9 
15 2 . 7 3 0 . 1 6 2 . 8 6 0.01 — 0 . 1 3 
20 2 . 6 3 0 . 2 1 2 . 9 0 0.01 — 0 . 2 7 

mass % of constituent: average of 2 determinations 
dp. difference between parallel NIRA (traditional) determinations 
^ N I R A — L A B ' difference between NIRA and traditional determinations 
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Oven moisture (*/•) 

Fig. 6. Relationship between moisture content determined after oven drying and pre-
dicted value by N I R A . O : samples containing 0 -10% of wheat bran; X"- samples con-

taining 10-20% of wheat b ran 

Results of ash prediction were not affected by t h e change of whea t bran con-
tent in analyzed samples. 

These results a re consistent w i t h conclusions of evaluation of results of 
analysis of part icular mixed pig feed samples (related to their actual com-
position). Namely, samples with increased whea t bran content had higher 
mean values of S E P and SD for t h e major i ty of constituents in Table 4. 
Results of moisture prediction in mixed feeds for pigs were improved af ter 
their classification in to 2 subgroups, the first one containing 0 - 1 0 % wheat 
bran, second one containing 10-20%. Improved results of moisture predic-

Table 6 

Improved results of moisture prediction 
in mixed feeds for pigs 

Wheat bran in mixed feeds 
(mass %) 

0-10 10-20 

n 24 16 
r 1.000 0.998 
SEP 0.165 0.439 

n: number of analyzed samples 
r : correlation coefficient 
SEP: standard error of prediction 
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t ion in these samples are summarized in Table 6 and relationships between 
moisture content as determined by tradit ional method and values predicted 
by N I R A , are shown in Fig. 6. Resul t s of moisture prediction in t h e subgroup 
of mixed feeds for pigs are similar t o those for the first group of mixed feeds 
for piglets (see Table 5). 

The described properties of w h e a t bran are probably a consequence of 
the origin of samples. The wheat b r a n samples incorporated into mixed feeds 
were produced in different mills on different milling devices. This fac t prob-
ably affects their composition and o ther properties, which could no t be changed 
even by subsequent f ine grinding on t he Cyclotec grinder. Similar problems 
were discussed by S C H Ő G G L and G L A T T E S ( 1 9 8 5 ) for other p roduc t s of the 
cereal processing indus t ry . 

I t can be said also t ha t less t h a n 5 % of any of the ingredients mentioned 
in Table 1 does not affect results of N I R A . The resul ts are in agreement with 
conclusions of W I L L I A M S and S T A R K E Y ( 1 9 8 0 ) . 

3. Conclusion 

Resul ts of N I R A of mixed pig feeds are nevertheless sat isfactory in all 
presented cases, in spite of the false results caused by increased whea t bran 
content in some mixed feeds. The success of the application of N I R A in mixed 
feed analysis depends on the selection of samples for calibration tak ing into 
account their composition, selection of the proper wavelengths and finding 
the ingredients which are prone to d is tor t NIRA results. 
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BIOCHEMICAL PROPERTIES OF SAFFLOWER LIPASE 
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True lipase was extracted, partially purified and characterized f rom the 
seed of safflower. Sucrose solution of 0.2 mol was the most efficient extract ing 
medium of four solutions used. During the reaction period of 0-22 h, in the f i rs t 
twelve hours the reaction ra te was linear a n d it was proportional to the enzyme 
concentration. Partial purification of 3fold was achieved by means of gel filtera-
tion using Sephadex G-150 column and sucrose solution as eluent. Effect of 
substrate concentration on the reaction r a t e followed normal Michaelis-Menten 
kinetics. The А т value for the enzyme was 3.3 X 10" 2 mol and 8 x 1 0 - 3 mol with 
Tween 80 and tributyrin as substrates, respectively. The op t imum pH range was 
8.5-9, whereas the stability was highest in the alkaline p H range between 8—10. 
The enzyme showed maximum activity a t 30 °C, while the hea t stability s t u d y 
indicated t h a t the enzyme is heat sensitive under the conditions applied. The 
enzyme was found to be specific to long chain fat ty acid esters of low degree of 
saturation. Inhibition and activation of the enzyme by some chemicals are also 
included in this work. 

Keywords: safflower, lipase 

A lipase ( E C 3 . 1 . 1 . 3 ) is t he enzyme catalyzing the hydrolysis of f a t t y 
acid esters of glycerol in foodstuffs causing t h e so-called hydrolyt ic rancidi ty . 
This is considered as a serious problem occurring during s torage and processing 
of many food products like oil seeds, which are very susceptible and sensitive 
to the frequent oxidizing agents af ter hydrolysis. This susceptibility is due t o 
t h e higher unsa tu ra t ed f a t t y acid content of these seeds. 

The occurrence of lipases in higher p l an t s has been reported by DES-
N U L L E ( 1 9 7 2 ) . Two of them have been widely investigated, i.e. the castor bean 
lipase ( O R Y , 1 9 6 9 ) and rice b r a n lipase ( F U J I K I et al., 1 9 7 8 ) . Interest was also 
pa id to the enzymes from peanu t ( S A N D E R S & P A T T E E , 1 9 7 5 ) , Vicia faba 
( D U N D A S et al., 1 9 7 8 ) , poppy seeds ( H O L A S O V A & B L A T T N A , 1 9 8 0 ) and p o t a t o 
tubers ( H A S S O N 8C L A T I E S , 1 9 7 6 ) . 

Because of many difficulties like insolubili ty of enzyme protein (BAI e t 
al., 1 9 7 2 ) , i ts low concentration ( K U M A R , 1 9 6 7 ) and removal of an essential 
cofactor ( O R Y e t al., 1 9 6 4 ) , t h e enzyme has n o t been well purif ied and s tudied 
in many plant products, like oil seeds, in comparison with t h e enzyme f r o m 
other sources. 
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Kluwer Academic Publishers, Dordrecht 
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The purpose of th is investigation was the determinat ion of enzyme 
activity, par t ia l purification and studying the biochemical properties of lipase 
f rom one of t he most impor tan t oil seeds, Safflower seed. 

1. Materials and methods 

1.1. Materials 

Safflower seeds were obtained f rom Agronomy Depar tment , College of 
Agriculture, Universi ty of Baghdad. All chemicals used were purchased from 
B D H (British Drug House, London). Deionized water was used in the prepara-
tion of different solution. 

1.2. Methods 

1.2.1. Extraction of enzyme. Twenty grams of seeds were disintegrated in 
a blendor wi th 100 cm3 extract ing medium for 5 min a t 4 °C. The mix tu re was 
strained th rough a double layer cheese-cloth and centrifuged at 10000 x G for 
30 min a t 0 °C using IEC-B-20 Beckman refigerated centrifuge. The middle 
supernatant was carefully taken by syringe, to avoid remixing of t he upper 
lipid pad, and used as crude enzyme prepara t ion. 

1.2.2. Partial purification. Ammonium sulfate fract ionation was carried 
out by gradual addition of the crystalline salt to an appropriate volume of 
the crude ex t rac t with continuous stirring in ice bath . Af te r complete dissolu-
t ion the mix ture was allowed to s tand for 15 min a n d then centrifuged at 
10000 X G and 0 °C. The precipitates were redissolved in t he minimum volume 
of 0.25 mol sucrose solution. Enzyme ac t iv i ty and prote in concentration were 
determined in the different fractions in t r ipl icate at least. 

Sephadex gel f i l t ra t ion column (G-150) was m a d e according t o the 
instructions of Pharmacia Fine Chemicals under t he following conditions: 

Column dimensions: 2 . 5 x 4 2 cm; 
Hydros ta t ic pressure: 24 cm; 
Flow r a t e : 1 cm3 m i n - 1 ; 
Eluent : 0.25 mol sucrose solution; 
Start ing prej iarat ion: crude extract . 
Acetone precipitat ion was carried o u t by adding cold acetone (— 20 °C) 

to the crude ext rac t in t he rat io of 1 : 0.5, 1 : 1 and 1 : 1.5. The precipi ta tes 
were collected by centrifugation at 5000 x G for 10 min a t —20 °C. Remain ing 
acetone was removed f rom the precipitate under vacuum at ambient tem-
perature. 

1.2.3. Assay procedure. Substrates were prepared according to the me thod 
described by B I E R ( 1 9 5 5 ) . F i f teen cm3 of T w e e n - 8 0 were added to 1 0 0 cm 3 of 
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phospha te buffer p H 8, magnetical ly s t i r red until comple te dissolution. The 
emulsion of triglycerides and commercial oils were prepared by mix ing oil 
samples w i t h emulsifying media [5% poly(vinyl alcohol), " P V A " , or 5 % Gum 
Arabic] us ing high speed blendor for 2 min. Stock solut ions for b o t h soluble 
and insoluble substrates were prepared and stored in refrigerator w h e n not 
in use. 

Assay method used depended on t i t ra t ion of l ibera ted f a t t y acids with 
alkaline solution to t h e end point ( s ta r t ing pH value). Ten cm3 of subs t ra te 
emulsion were mixed w i th 5 cm3 of phospha t e buffer a t desired p H a n d 5 cm3 

of deionized water in a conical flask. T h e reaction was t h e n ini t iated b y adding 
5 cm3 of enzyme ex t rac t and incuba t ing a t 30 °C for 12 h. After t h e incuba-
tion period 5 cm3 of absolute alcohol were added to s t o p the reaction a n d the 
mixture was t i t ra ted t o t h e end po in t with 0.1 A N a O H . The b l a n k was 
prepared in t h e same way , but , w i th hea t inact ivated enzyme e x t r a c t . One 
enzyme u n i t equals 0.1 cm 3 of 0.1 A N a O H required to neutral ize t h e l iberated 
f a t t y acids per one hour . 

1.2.4. Protein determination. The speetrophotometr ic method for protein 
de te rmina t ion was used for pur i ty measurements dur ing extract ion a n d purifi-
cation s tudies . Three em 3 of the di luted enzyme extrac t were pu t in t h e spectro-
pho tomet r ic cell (Beckmann-DB-spectrophotometer) a n d the absorbance read 
a t 260 n m and 280 n m against the b l a n k containing ext rac t ing m e d i u m . The 
concentra t ion of protein was calculated according to t h e following formula : 

P r o t e i n (mg cm""3) = 1 .55xO.D.^ , , n m — 0.76 X O.T>.260 n m 

2. Results and discussion 

2.1. Extraction and purification of the enzyme 

Of four extract ing solutions used 0.25 mol sucrose was the most efficient 
one, since t h e specific ac t iv i ty ob ta ined with it was 1.8, 2.7, and 3.6 times 
higher t h a n with sodium chloride, dist i l led water and phospha te buffer , respec-
tively (Table 1). Use of sucrose solut ion for extract ion of some enzymes from 
adipose t issues was advised by K U M A R ( 1 9 6 7 ) and M O R T O N ( 1 9 5 4 ) . T h e ability 
of sucrose solution to ex t r ac t the enzymes of tissue r ich in lipids m a y be due 
to the pro tec t ing effect against mechanical injuries t a k i n g place dur ing extrac-
tion processes and/or to t h e role of sucrose in the dissociation of lipid aggregates, 
accumula t ing around enzyme protein providing an oppor tun i ty for t h e enzyme 
to disperse in the wate r phase. 

Frac t iona t ion wi th ammonium su l fa te gave no sat isfactory a n d repro-
ducible results , since no t more than 1.37fold of pur i f icat ion was ob t a ined with 
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Table 1 

Extraction of saffloiver lipase by different extracting media 

Extracting media Activity 
(U cm-') 

Protein 
(mg cm-1) 

Specific activity 
(Ü c m - 3 per mg 

protein c m - 1 ) 

0 . 2 5 m o l s u c r o s e 10.6 53.6 0.20 
Iced distilled w a t e r 4.2 57.0 0.073 
0 . 1 m o l p h o s p h a t e b u f f e r 

(pH 7) 4.0 74.0 0.056 
0 . 1 m o l s o d i u m c h l o r i d e 5.0 45.0 0.11 

The values represent the average of 3 or 4 measurements with negligible deviation 

high loss in the yield (Table 2). This may he due to the removal of an essen-
t ia l cofactor dur ing the f ract ionat ion process, or to the effect of remaining 
lipids on the normal salting ou t of enzyme prote in . In order t o remove lipids 
of the crude ex t rac t , cold acetone ( — 20 °C) was gradually added alone and 
wi th barium ace ta te a t —20 °C. Acetone powder obtained af ter complete 
removal of acetone showed no activity. Disappearance of t h e activity of t h e 
enzyme can be explained ei ther by the dena tura t ion effect of acetone even a t 
— 2 0 ° C ( W H I T A K E R 1 9 7 2 ) or b y separation of an essential lipid cofactor. The 

Table 2 

Ammonium sulfate fractionation of crude safflower lipase under different conditions 

Ammonium sulfate 
concentration 

(% w/v) 
Activity 
(U cm-3) Total units Tieid 

(%) 
Protein 

(mg cm - 3) 
Specific activity 
(U e m - 1 per mg 
protein c m - 3 ) 

Purification 
rate 

A 
Crude extract 20 3000 100 62 0.3 1.0 

0-15 11 1100 36 29 0.4 1.3 
15-30 8.4 840 28 35 0.16 0.53 
30-45 6.4 640 

В 

21 21 0.3 1.0 

Crude extract 18 2700 100 61 0.13 1.0 
0-17 7.2 540 20 40 0.18 1.35 

17-34 3.6 270 

С 

10 30 0.12 0.9 

Crude extract 18 2700 100 56 0.32 1.0 
0-30 8 400 14.8 84 0.095 0.3 

30-45 10.4 520 20 45.8 0.23 0.8 
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essentiality of a lipid cofactor for castor bean lipase was estimated by ORY 
and co-workers ( 1 9 6 4 ) . The factor was found to be the cyclic polymer of 
ricinoleic acid. The o ther probable reason for the loss in enzyme act ivi ty is 
the separat ion of some protein act ivator of different molecular characteristics 
such as molecular weight and solubility. O R Y and co-workers ( 1 9 6 7 ) separated 

Fig. 1. Sephadex Gel Filtration G-150: Equilibrated and eluted with 0.25 mol d m - 3 

sucrose solution. Flow ra te 10 cm3 per 10 min. • • Optical density; • enzyme 
activity 

and p a r t l y purified a hea t stable protein act ivator f rom the crude ext rac t of 
castor bean lipase. 

Gel filtration on Sephadex G-150 column resulted in two protein peaks 
(Fig. 1). The act ivi ty of the enzyme appeared with t he larger one. Only 3fold 
of purification with 21% yield was achieved by this method. These results 
support our suggestion t h a t some factors disturb t he normal separat ion and 
fract ionat ion of safflower lipase. 

2.2. Reaction rate 

Figure 2 shows the results obtained when t he volume of the alkaline 
required to neutralize t he liberated f a t t y acids was plotted versus the t ime of 
reaction. The sigmoid shape of the curve obtained indicates t ha t there is a lag 
period of about 6 h, which is probably due to t h e presence of impurit ies or 
inhibitors especially when the enzyme is present a t a low concentration. 
Carboxy esterase of r a t liver needed more t h a n one hour to hydrolyse impure 
ethyl mondelate, th i s period could be shortened by redistillation and recrystal-
lization of the subs t ra te ( W I L L S T Ä T T E R et al., 1 9 2 7 ) . 

oj 
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Fig. 2. Reaction rate of safflower lipase-catalyzed tributyrin hydrolysis. 
у = 2.75a: — 18.75; r = 0.995 

Fig. 3. Effec t of pH on safflower lipase-eatalyzed tributyrin hydrolysis 

рн 

t-Values of Student 's test 

9.5 

2.8* 
3.13* 
0.41 

0.12 
2.4 2.91* 

* Significant at P < 95% probability level 
FG = 4 
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The linear relationship between time and enzyme act ivi ty has mani-
fested itself after 6 h u p to 12 h. The ra te of reaction could be calculated f rom 
the slope of the s t ra igh t line obtained between 6-12 h. Reaction ra te of saf-
flower lipase revealed t h a t the enzyme exists in low concentration with some 
complexity in its biochemical system. K U M A R ( 1 9 6 7 ) found t h a t sesame lipase 
requires 22 h to hydrolyse its endogeneous subs t ra te , morever, poppy seed 
lipase was found t o be slower t h a n both sesame and safflower seed lipase 
( H O L A S O V A & B L A T T N A , 1 9 8 0 ) . The most active lipase of castor bean required 
2 4 h t o show an observable ac t iv i ty after i r radiat ion with y-rays ( T H A N K I 

e t a h , 1 9 7 0 ) . 

2.3. Effect of pH on enzyme activity 

Bell-shaped curve was obtained when t he r a t e of reaction was plot ted 
versus different p H values (Fig. 3). This shape is familiar for most enzymes. 

5 6 7 8 9 Ю 11 12 
PH 

Fig. 4. Effect of p H on the stability of safflower lipase a t ambient temperature . Enzyme 
ext rac ts were diluted with phosphate buffer and p H values maintained with con-

centrated HCl or N a O H 

{-Values of Student 's test 

pH 5.5 7 8.5 10 11 

7 7.8** 
8.5 11.9*** 2.18* 

10 11.3*** 1.6 
11 10.25*** 0.12 
11.5 4.10* 5.25** 

* Significant at P )> 95% probability level 
** Highly significant at P > 99% probability level 

*** Very highly significant at P )> 99.9% probability level 
FG = 4 
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The p H opt imum of safflower lipase was a t 8.5-9 since significant differences 
were not obta ined in the act ivi ty of t he enzyme in this p H range. Similar 
value was reported for the alkaline lipase of cotton seeds ( M A D Y A R O V et al., 
1 9 7 5 ) , peanut seeds ( S A N D E R S & P A T T E E , 1 9 7 5 ) and apple ( R H O D E S & W O O S T O -

R O N , 1 9 6 7 ) . 

The enzyme showed high stabi l i ty a t p H 8-10 while significant decrease 
was obtained below and over this range (Fig. 4). At this range of p H no 
dena tura t ion occurred during an incubat ion period of 3 h at room temperature . 
Bo th p H op t ima and stabili ty were in the alkaline range indicating t h a t the 
enzyme is very sensitive to acid p H values. 

2.4. Effect of temperature on reaction rate and stability 

To tes t the effect of tempera ture on the ra te of safflower lipase catalyzed 
t r ibutyr in hydrolysis, reaction rates were measured a t different temperatures 
between 20 °C and 50 °C (Fig. 5). Enzyme activity increased with t h e rise of 
tempera ture f rom 20 °C to 30 °C and then declined. The opt imum tempera-
tu r e was near 30 °C. Temperature op t ima for sesame lipase, oat lipase and rice 
b ran lipase-1 were reported to be 3 7 ° C ( K U M A R , 1 9 6 7 ; M A R T I N & P E E R S , 

1 9 5 3 ; A I Z O N O et al., 1 9 7 6 ) . H O L A S O V A and B L A T T N A ( 1 9 8 0 ) repoited 2 0 - 2 5 ° C for 
poppy seed lipase. 

As evident f rom Fig. 6, the enzyme showed no activi ty af ter hea t treat-
ment a t 70 °C for 1 min. The loss in enzyme act ivi ty was 25%, 60%, 92% and 
98% of the original when it was heat t r ea ted a t 45 °C, 52 °C, 60 °C and 70 °C 
temperature , respectively. These results show tha t the enzyme f rom safflower 

T^ 12 I 
U Í 

CM 
Э 10 

0 .— 20 30 40 50 60 
Temperature ОС) 

Fig. 5. Effect of incubation temperature on the activity of safflower lipase. Student 's 
i-value is 3.21*, between the activity a t 30 °C and 35 °C, significant at P > 9 5 % prob-

ability level (FG = 4) 
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Time of heat ing (min) 

Fig. 6. Effect of different heat t rea tments on the stabili ty of safflower lipase itself. 
• • : 45 °C; Д Д : 52 °C; X X : 60 °C; О — O : 70 °C 

seeds is very sensitive to heat t r ea tment over 40 °C in comparison with the 
enzyme from other sources like peanu t seed lipase, which resisted 60 °C for 
5 min without any noticeable inact ivat ion ( S A N D E R S & P A T T E E , 1 9 7 5 ) . 

2.5. Effect of substrate concentration 

As shown in Fig . 7 the reaction ra te increased with increase in t r ibutyr in 
concentration unti l i t reached a constant value. This was in conformity with 
the general pa t te rn of enzyme reactions. 

Two substrates were used to test the effect of substrate concentrat ion 
on t h e ra te of enzyme reaction. The first was t r ibutyr in emulsified with PVA, 
whereas the second was water soluble Tween-80. The results were expressed as 
Linewaever-Burk plot of 1/s vs 1/v. With both substrates straight lines were 
obta ined and Km va lues were calculated to be 3.3 X 10~4 mol and 8 X 10~3 mol 

6 Ю 14 18 22 26 30 ЗА 38 4-2 46 50 54 58 62 

Tributyrin concentration (mol x 10 

Fig. 7. Effect of subst ra te concentration on safflower lipase-eatalyzed tr ibutyrin 
hydrolysis 
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V 

8 ' 

1/S mol x 10"3 

Fig. 8. Linewaever-Burk plot safflower lipase-eatalyzed tributyrin hydrolysis. 
у = 2.63 + 0.22x; r = 0.98 

with Tween-80 and tr ibutyrin, respectively (Fig. 8). Because lipase acts only 
on the interface between lipid and water , t he concentration of water soluble 
substra te was necessarily higher t h a n of water insoluble one to reach a t first 
sa tura t ion level and then to be in contact with the enzyme, therefore the 
value of Km wi th Tween-80 was higher t h a n with emulsified t r ibutyr in . D U N D A S 

and co-workers (1978) reported 2.2 х Ю " 2 mol for Vicia faba lipase and 
S A N D E R S and P A T T E E (1975) reported 2 . 6 x 10 4 mol for peanut alkaline lipase 
using t r ibutyr in as substrate. 

Fig. 9. Effect of enzyme concentration on the activity of safflower lipase. 
у = 0.88a; - 0.58; r = 0.99 
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2.6. Effect of enzyme concentration 

A linear relationship was observed between the initial rate of reaction 
and enzyme concentration obtained over a broad range of enzyme concentra-
tion (Fig. 9) with very low ra te at the lowest concentrat ion of enzyme. The 
low ra te of reaction m a y be due to the presence of some impurities in the 
substrate and/or in the emulsifier used. The linearity maintained between 
enzyme concentration and reaction r a t e illustrates t h a t the concentration of 
substrate and any required cofactor were greatly in excess of enzyme con-
centration in the crude ext rac t of safflower lipase. 

2.7. Substrate specificity 

The observation t h a t pure triglycerides and monoglycerides containing 
long chain f a t t y acid esters were hydrolyzed by enzyme extract confirms the 
occurrence of true lipase in safflower seeds. 

I t was noticed t h a t the rate of t r ibutyr in hydrolysis was higher t han 
tha t of unsa tura ted triglycerides. This reflects the preference of safflower lipase 
to the esters of sa tura ted f a t t y acids (Table 3). The enzyme activity decreased 
with the increase of t h e degree of unsatura t ion of triglycerides used. This 

Table 3 

Effect of different lipid substrates on the activity 
of partially purified safflower lipase 

Substrate Concentration 

Tributyrin 2.5 X 10 - 3 mol 6.2 ± 0.35 
1.25X Ю - 3 mol 6.0 ± 0.30 

Triolein 2.5 X Ю - 3 mol 3.0 ± 0.225 
1.25X 10"3 mol 2.7 ± 0.2 

Trihnolein 2.5 X 10 - 3 mol 2.0 ± 0.2 
1.25X Ю - 3 mol 1.7 ± 0.05 

Corn oil 0.25 g 1.4 ± 0.02 
0.125 g 3.1 ± 0.25 

Mixed oil" 0.25 g 2.36 4- 0.06 
0.125 g 1.8 ± 0.025 

Tween-80 6.6 x 10-1 mol 10.4 ± 0.87 
3.3 X 10"1 mol 7.4 ± 0.32 

Tween-20 6.6 X 10-> mol 6.7 ± 0.2 
3.3 X Ю - 1 mol 6.6 ± 0.15 

Monostearin 2.5 X 10~ 2 mol 5.0 ± 0.125 
1.2ÖX 10 - 2 mol 5.1 ± 0.12 

T h e results are the m e a n value of 4 parallels, ± standard deviation 
• Degree of saturation of mixed oil (sesame oil -f- cotton seed oil) is higher than of corn 

oil according to the analysis of the State C o m p a n y of Vegetable Oils, Baghdad, Iraq 
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could also be noticed when two different commercial oils were used as sub-
strates: the higher the degree of unsatura t ion of the oil, t he lower the r a t e of 
reaction of safflower lipase. The results agree wi th those reported by E R L A N S O N 

and B O R G S T R O N ( 1 9 7 0 ) and C H A N D A N and S H A H A X J ( 1 9 6 3 ) for pancreatic and 
milk lipase, respectively. 

On t he other hand, t h e r a t e of hydrolysis of Tween-20 (monolaurate 
ester) was lower than tha t of Tween-80 (monooleate ester), though the la t ter 
is an ester of unsatura ted f a t t y acid. This indicates t ha t t he enzyme ju-efers 
long chain f a t t y acid esters. 

2.8. Effect of some chemicals 

Several types of chemicals were tested for their effect on safflower lipase 
(Table 4). The SH-binding agents (MgCl2, iodoacetate, and p-chloromercuri-
benzoate) inhibi ted lipase ac t iv i ty when t h e y were added to the reaction 
mixture in 5 x 1 0 " 4 mol concentrat ion. React ivat ion of 3 8 % and 70% was 
achieved by adding 1 x 10~2 mol of cysteine. These results confirm the exist-
ence of the S H group in the act ive site of the enzyme. 

Addition of EDTA in 5X Ю - 3 mol to t h e reaction mix tu re caused 85% 
inhibition. Complete reactivation was achieved when 5 x 1 0 3 mol CaCl2 were 
added to the enzyme. This observation indicates t ha t Ca2 + ions are necessary 
and required for safflower lipase-catalyzed lipid hydrolysis. The increase (7%) 
obtained in the enzyme act ivi ty by adding 5 х Ю " 3 mol CaCl2 to the reaction 
mixture suppor ts the above-mentioned suggestion. Moreover, i t was noticed 

Table 4 
Inhibition and activation of partially purified safflower lipase by some chemicals 

Treatment Enzyme activity 
(Ucm-3) 

Residual activity 
(%) 

E n z y m e -f- substrate -f- water 
E n z y m e + substrate + water -f- 5 x 10" 4 mol P C M В 
E n z y m e + substrate + water -f 5 x 10~ 4 mol P C M B + 
+ 10" 2 mol cysteine 
E n z y m e + substrate water + 5 x 10~ 4 mol HgCl 2 

E n z y m e + substrate + water + 5 x 10~ 4 mol HgCl 2 -f-
+ 10" 2 mol cysteine 
E n z y m e + substrate -f- water -f- 5 X 1 0 - 4 mol I A A 
E n z y m e -{- substrate -f- water + 5 x 1 0 - 3 mol E D T A 
E n z y m e -f substrate + water + 5 x 10~ 3 mol E D T A -f-
-f 5 X 10"3 mol CaCl2 

E n z y m e + substrate + water + 5 x 1 0 - 3 m o l CaCl2 

4.55 ± 0.12 
0.22 + 0.01 

2.5 ± 0.05 
1.27 ± 0.025 
0.96 ± 0.02 

6.45 ± 0.205 
0.0 

6.9 ± 0.25 
6.4 ± 0.2 

100 

99 
107 

38 
19 
15 

70.4 
3.4 

0.0 

Water was used to complete the volume to 20 c m 3 

P C M B : p-chloromercuribenzoate 
I A A : iodoacetate 
E D T A : ethylene diamino tetra acetic acid 
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t ha t dialysis of the active fraction of ammonium sulfate fractionation for 24 h 
against 0.25 mol sucrose solution caused significant decrease in enzyme activity. 
The enzyme activity could be doubled by adding З х Ю ~ 3 mol CaCl2 giving 
another evidence for the activating effect of Ca2+ ions on safflower lipase. 

It is well-known that Ca2+ ions are required for lipase activity to remove 
liberated fatty acids from the interface as water soluble soap protecting the 
enzyme against the shift in pH-occurring as a result of fatty acid accumula-
tion ( B R O C K E R H O F F & J E N S E N , 1 9 7 4 ) . 
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H P L C was used for qualitative and quanti tat ive determination of the 
hormone estrone in the acetone, diethylether and methanol extracts of Phalaris 
canariensis (I) and Ecliinochloa crusgalli ( I I ) grains. The presence of estrone 
hormone was also examined by TLC in each extract separately af ter treating with 
Girard's reagent T. 

Keywords: Estrone, Phalaris canariensis, Ecliinochloa crusgalli, H P L C 

Phalaris canariensis (I) and Echinochloa crusgalli (II) are annual plants 
belonging to the family Gramineae. (I) is rare in Egypt while (II) is common 
on moist ground, gardens and in rice fields specially in the Nile region includ-
ing the Delta, the valley of Fayoum, and Oases. The grains of these plants 
are utilized as human and bird foodstuffs, as well as forage for animals. 

These plants were subjected to numerous investigations ( F I S Y U N O V , 

1 9 7 0 ; F E B R E L & C A R H A L L I D E , 1 9 6 5 ; M A L I C & W I L L I A M S , 1 9 6 6 ) . However, no 
work has been done to detect the presence of estrone in these grains. Accord-
ingly, in this s tudy we t ry to investigate its presence. 

1. Materials and methods 

The grains of (I) and (II) were obtained from the department of crops, 
Facul ty of Agriculture, Alexandria University, Egypt . 

Samples (1500 g) of each finely ground grains of (I) and (II), were soaked 
in acetone, diethylether, and methanol, respectively, for one week each a t 
room temperature, with occasional shaking. Each extract was filtered off and 
evaporated to dryness ( A M I N e t ab, 1 9 6 9 ) , (Table 1 ) . 

A sample (2.2 g) of each extract f rom (I) and (II) was treated with 
Girard's reagent T, and the liberated hormone was separately extracted with 
diethylether, then evaporated to dryness ( A M I N & B A S S I O U N Y , 1 9 7 9 ) . 

The residue obtained from each extract was examined by thin-layer 
chromatography on silica gel-G coated plates, with benzene-acetone-chloro-
form (60 : 15 : 12) as solvent system and Liebermann's reagent as spray agent. 
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Table 1 

Mass percentage of total lipids extracted from ( I ) 
and ( I I ) grains by different solvents 

Acetone Ether Methanol 
Sample extract extract extract 

(%) (%) (%) 

(I) 3.81 1.60 1 .24 

(И) 2.06 1.21 1 .20 

Also the isolated hormone was subjected to H P L C analysis, using Perkin-
Elmer appara tus equipped wi th a stainless-steel column (25x0 .46 cm) packed 
with analytical silica ( — HC—ODS), wi th a solvent system of n-hexane-etha-
nol (9 : 1), a t a flow ra t e of 3 cm3 m i n - 1 and maximum pressure 12 MPa. 
The volume of the injected sample was 10 /d. The ins t rument was equipped 
with an ultraviolet detector which operated a t 286 nm, with sensitivity 0.16 
and Chart speed 1 cm m i n " 1 ( L I N & H E F T M A N N , 1981). 

Quant i ta t ive determinat ion of the separated hormone was achieved using 
an authent ic specimen of estrone in different concentrations (0.1-0.5 fig c m - 3 ) . 
The recovery of estrone was found to be 73%. The concentration of estrone in 
each ext rac t was est imated according to the following equat ion: 

area under the peak 
Concentration (itg c m - 3 ) = 

slope of s tandard curve 

See Tables 2 and 3; Figs. 1 and 2. 

Table 2 

Peak areas of different concentrations of estrone 

Concentration (/ig cm~3) 0.1 0.2 0.3 0.4 0.5 
Peak area (cm2) 0.88 1.90 2.80 3.80 5.30 

Table 3 

Peak areas and mass weight percentages oj the obtained hormone extracted 
by different solvents of grain ( I ) and ( I I ) 

G r a i n ® Grain (П) 

Aceton Ether Methanol Aceton 
extract 

Ether Methanol 

Peak area (cm2) 
Hormone quantity (mg%) 

3.78 

66 .57 

trace 
trace 

1.85 2 . 2 5 

64 .98 3 9 . 6 3 

1.85 

32 .49 

1 .60 

2 8 . 1 8 
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Fig. 1. H P L C of an authentic specimen of estrone 
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Fig. 2. H P L C of acetone extract (I) after treating with Girard's reagent T 

2. Results 

As a part of our program for separation of estrone from different species 
of plants, herein we try to isolate estrone from two different species of Grami-
neae, Phalaris canariensis (I) and Echinochloa crusgalli (II) grains. Total lipids 
were isolated from both grains by extraction in succession, separately, with 
acetone, ether and methanol. Each extract was treated with Girard's reagent T 
to remove non-ketonic compounds, while the obtained ketonic compounds in 
each extract were subjected to HPLC analysis. 
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I t was found t h a t lipid extracts of (I) and (II) contain estrone. The 
acetone and methanol ex t rac t s of (I) contained about 66.57 and 64.98 mg %, 
while acetone, ether and methanol ext rac ts of (II) were 39.63, 32.49 and 
28.18 mg %, respectively. 

However, a t race amount of the isolated hormone was detected in the 
ether ex t rac t of (I), t hough it was repeated several t imes. Quant i ta t ive estima-
tion of estrone in each ex t rac t was done by using a calibration curve of estrone. 

Table 4 

Statistical comparison of extracted total lipid content 
from grains ( I ) and ( I I ) 

Source SS DF MS F 

Treatments 0.327 1 0.327 0.2665 
Blocks 2.374 2 1.187 0.9683 
Error 2.452 2 1.226 

Total 5.152 5 

Table 5 
Statistical comparison of hormone concentration of grains ( I ) and ( I I ) 

Source ss DF MS F 

Treatments 1543.369 1 1543.369 3.0775 
Blocks 568.763 2 284.381 0.5671 
Error 1003.013 2 501.506 

Total 3115.144 5 

Also, qual i tat ive examinat ion of the presence of estrone in each extract , 
was carried out by TLC and the spot obtained in each chromatogram was 
found to be identical w i t h an authentic sample of pure estrone. 

Therefore it seems t h a t estrone is found in the two examined species of 
the Gramineae of which grains of Phalaris canariensis contain more estrone 
hormone t h a n Ecliinochloa crusgalli grains. 

Statist ical analysis of the da t a obtained, by applying the two ways 
analysis of variance (ANOVA), shows t h a t the difference is non-significant 
between mean values of t h e extracted to t a l lipid content from (I) and (II) 
(Table 4). 

On applying the same statistical analysis to the obtained hormone con-
centration d a t a we found t h a t the difference is non-significant between samples 
(Table 5). 
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3. Conclusions 

Total lipids obtained with different solvents from (I) and (II) were 
6.65% and 4.46%, respectively. Results of statistical analysis do not show 
significant differences between the extracted total lipids f rom grains (I) 
and (II). 

The total concentration of extracted estrone from the lipid fractions of 
grain (I) was 131.55 mg per 100 g, while of grain (II) was 100.3 mg per 100 g. 
According to the statistical analysis there is no significant difference between 
the hormone content of samples. 
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The most important parasitic infections in Poland transmitted by beef 
and pork are trieliinellosis, toxoplasmosis and Taenia saginata taeniasis. I n the 
early seventies the percentage of triehinellosis in pigs and the number of human 
triehinellosis cases in Poland decreased markedly. However, in recent years an 
increase in human triehinellosis was observed. The infection ra te of toxoplasmosis 
in humans varied between 0.8% and 51.5%. The general pat tern of Taenia sagi-
nata transmission in Poland is endemic, characterized by the existence of a small 
number of human carriers and a moderate prevalence of cysticercosis in cattle, 
mostly of low intensity. 

Although in many situations it is possible to exclude intensively infected 
meat owing to proper diagnostics, the eradication of human parasitic infections 
in most si tuations is not realistic. Mass t rea tment , public health education and 
methods, hi ther to existing for destroying infective stages of parasites by cooking 
and freezing, have not always been very successful. Following registration and 
controlled slaughter in Poland most of the foci of pig triehinellosis were liquidated. 
However, the possibility of persistence of potential foci in pigs, as well as in rats , 
eats and dogs, and the increasing role of wild boar meat have to be taken into 
account as a source of human infection. Owing to the unique character of the 
infection with Taenia saginata the total eradication of this infection seems very 
possible; any break in the link between man — as the sole definite host — and 
the intermediate host should result in the total elimination of the parasite. How-
ever, there are some limitations in meat inspection because of the difficulty in 
the detection of lightly parasitized carcasses. Also, only a fraction of the slaugh-
tered animals passes through official meat inspection. In consequence of the wide 
distribution of Toxoplasma gondii in a wide range of hosts and of various routes 
of infection, the activities to control or prevent the disease may be negligible; 
official mea t inspection is not concerned with the diagnosis of this infection. 

In this situation the irradiation of food as a method of disinfecting it is 
receiving a considerable at tent ion. As a result of experimental studies there arose 
the possibility of the application of low-dose irradiation for the control of meat-
borne parasites. However, improvement in sanitary and hygienic measures in 
rearing fa rms and in diagnostics of parasitic infections in humans and animals 
should complement health education and lead to eradication of natural foci of 
parasitic infections or a t least to the isolation of domestic animals f rom these foci. 

Keywords: meat-borne parasitic infections, epidemiology, prevention 

The list of food-borne parasitic infections is broad and comprises over 
twen ty species of parasitic protozoa and helminths which form a th rea t to 
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Hygienic Quality of Food, International Consultative Group on Food Irradiation, Vienna, 
14-18 July 1986.' 
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man. The prevalence of these infections and the importance of the problem 
depends very much on social, economic and cultural factors, such as : meat 
inspection and compulsory notification of parasitic infections, level of sanita-
tion, animal husbandry pat terns , and human behaviour and food habits. 

Worldwide distr ibution of some food-borne parasitic infections plays a 
decisive role as regards human heal th and the economy of m a n y people. 
Highly prevalent in most countries is Toxoplasma gondii infection. Trichinella 
infection is found in most countries of the northern hemisphere, and in par t s 
of South America, Africa and Asia. Bo th these parasites have numerous na tura l 
foci in vast areas of all the continents, and are very of ten found in food produc-
ing domestic animals. 

On the other hand, the high endemic character of some parasi t ic food-
borne infections, even restricted to some areas, affects the economic s ta tus of 
these countries; e.g. in Thai land 7 million people are infected with Opishorchis 
viverini in consequence of raw freshwater fish consumption ( B H A M A R A P R A V A T I 

et al., 1 9 7 8 ) . Although Taenia saginata infection in man is distr ibuted globally, 
yet the importance of this infection is different in certain countries or regions 
and the prevalence varies according to the sani tat ion level, human food habits, 
meat inspection and compulsory notif ication of taeniasis cases. 

Poland belongs to the countries in which food-borne parasit ic infections 
are of moderate prevalence. Therefore the assessment of some meat-borne 
parasi t ic infections in th is country corresponds to the si tuat ion in most coun-
tries, despite of the differences in factors affecting the transmission of the 
parasite. The most impor tan t parasi t ic infections in Poland t ransmi t ted by 
beef and pork are trichinellosis, toxoplasmosis and Taenia saginata taeniasis. 

1. The trichinellosis problem in Poland 

In the life cycle of Trichinella spiralis t he same animal acts as definit ive 
and intermediate host in which the adul t parasi te harbours temporar i ly in 
the small intestine and the encysted larvae remain alive for a long period in 
s t r ia ted muscle. For completing the life cycle the parasitized flesh wi th en-
cysted larvae has to be ingested by another host. Over 120 species of wild 
and domestic animals were found to be infected with Trichinella (WHO, 1 9 7 9 ) . 

The pig is the main source of infection in humans. Recent d a t a confirm the 
differences among strains of Trichinella spiralis ( M U R R E L L et al., 1 9 8 5 ) and 
the existence of intraspecific var iants : Trichinella spiralis spiralis, T. s. nativa 
and T. s. nelsoni, and a new species: Trichinella pseudospiralis ( P A W I . O V V S K I , 

1 9 8 1 ) . The proposed new speciation is reflected in differences in the invasiveness 
of these variants to various hosts which main ta in the parasi te in two types of 
cycles: the sylvatic (natural) and the synanthropic ( S M I T H , 1 9 8 5 ) . Despite the 
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low infect ivi ty of parasi te isolates f rom the sylvatic cycle (arctic isolates) for 
pig and r a t (SMITH, 1985), the danger of transmission of sylvatic isolates to 
pigs is sufficient to encourage prohibition in any control strategy ( M U R R E L L 

et al., 1985; P E N K O V A et al., 1985). 
I n Poland intensive epidemiological studies were carried out by several 

medical and veterinary teams. Among others large scale investigations were 
peformed by a team conducted by Gerwel and Pawlowski since 1963 for 11 
years in cooperation wi th the Center for Disease Control in At lan ta , GA. 
The d a t a which have been summarized b y G E R W E L and P A W L O W S K I (1975) 
concerned the epidemiological relations between the na tu ra l and synanthropic 
foci of trichinellosis and created the basis for rational control and prevent ion 
of trichinellosis in Poland. 

The frequency of trichinellosis in pigs in Poland in the early sixties was 
0.011% to 0.016%, and the number of h u m a n cases in t he same period (1960-
1963) was 3954. There were numerous severe human cases with 14 dea ths which 
occurred mainly in small family foci. There were also big epidemics repor ted; 
between 1953 and 1972 nine epidemics were registered, however, t h e clinical 
course of the infections was mild. The infection in rural inhabitants was mainly 
due to uncontrolled pig slaughter whereas in towns it was mostly t h e con-
sequence of incompetent work of t he veterinary service. The eradicat ion of 
trichinellosis in Poznan province was a t tempted b y t he organization of a 
proper collaboration between the veter inary and medical services and the 
improvement in diagnostics of human and porcine trichinellosis. I n t h e early 
seventies the percentage of infected pigs in this region decreased marked ly to 
0.001-0.004% and t he number of h u m a n trichinellosis decreased also, wi th a 
tendency to focal distr ibution; in t h e period of 1970-1973 the n u m b e r of 
registered cases was 1384. Most of t h e cases were of low intensity a n d thus 
hospitalization was not necessary. 

However, in recent years an increase in human trichinellosis was observed 
( R A M I S Z , 1 9 8 5 ) . I t seems t h a t the increased number of "u rban" type epidemics 
is responsible in pa r t for t ha t s i tuat ion ( P A W L O W S K I , 1 9 8 1 ) . On t h e other 
hand, an increasing role of wild boar m e a t as a source of human trichinellosis 
is observed; in Poland in about 35% of all clinical cases the source of infection 
was wild boar meat ( C H M A R Z Y N S K I , 1 9 8 3 ) . Although m a n has no influence on 
the spreading of trichinellosis in wild animals, yet he m a y play a role in trans-
mission of the paras i te f rom wildlife to synanthropic foci; e.g. carcasses of 
shot foxes are very common source of trichinellosis in pigs. Garbage feeding 
is current ly believed to play an impor tan t role as t h e source of t he infection, 
and fu r animals f rom the rearing f a r m s are one of t he common sources. 
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2. Epidemiology of toxoplasmosis 

The live cycle of Toxoplasma gondii, poorly understood until recently, 
differs from t h e life cycles of other Coccidia. These differences are the con-
sequence of wide and varied transmission between numerous host species. 
I n cat, as definit ive host, the parasite undergoes sexual development in the 
small intestine, b u t some parasi tes reproduce asexually in various parts of the 
host body. The intermediate stages of development occur in the tissues (mainly 
striated muscle, ret ina and brain) of a wide range of animals and man af ter 
swallowing the oocysts passed in the faces of cat. The parasites proliferate 
asexually in t he intermediate host cells forming tachyzoites which are free in 
the blood and abdominal serous exudate a f t e r host cell rup ture and enter 
new host cells t o initiate fu r the r asexual cycle. When the host begins to 
produce antibodies, the parasites form intracellular cysts with numerous 
bradyzoites. 

The intermediate hosts m a y aquire infection — besides by ingestion of 
oocysts from t h e feces of cats — with the vegetat ive forms (tachyzoites and 
bradyzoites) in t h e flesh of another intermediate host. In addition to the oral 
route of infection toxoplasmosis may occur as congenital infection when the 
proliferous phase with free parasites in t he circulatory system occurs in 
pregnancy. 

Toxoplasma gondii is widely distributed in many countries and epidemics 
have occurred b o t h in man and animal ( B E Y E R & S H E V K U N O V A , 1 9 8 6 ; D U B E Y , 

1 9 8 6 ) . In most countries the infection is highly prevalent in pigs; e.g. in West 
Berlin and J a p a n the percentage of infected pigs was 97! (An excellent review 
is given by D U B E Y , 1 9 8 6 . ) In t he U S S R Toxoplasma gondii infections were 
also more prevalent in pigs (up to 40%) than in other food-producing animals 
(cattle 2 5 . 4 % , sheep 3 0 . 1 % , goa ts 2 0 . 0 % , r abb i t s 2 5 . 4 % ) ( B E Y E R & S H E V -

K U N O V A , 1 9 8 6 ) . The examination for Toxoplasma gondii of domestic animals 
a t a slaughterhouse in Czechoslovakia showed t h a t pigs but not catt le may be 
important in the transmission of the parasite. I n Poland the prevalence of the 
infection in pigs was 4 6 % ( R A M I S Z & Z E M B U R O W A , 1 9 7 8 ) or 9 0 % ( T A R -

C Z Y N S K I , 1 9 8 6 ) and in sheep 5 0 % ( T A R C Z Y N S K I , 1 9 8 6 ) . 

The variable prevalence of t he infection is most probably related to the 
region (survival of oocysts in t he environment), the management systems of 
rearing the animals, the density of cyst population, and also to the serologic 
survey technique. 

Toxoplasma gondii in edible tissue of living pigs can survive for at least 
171 days (DUBEY et ah, 1984) and in pork a t + 4 °C up to 3 weeks (WHO, 
1979). The parasites persist longer in the brain, hear t and tongue than in other 
tissues, therefore these tissues m a y be most suitable for parasitologic surveys 
( D U B E Y et al., 1984). 
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I n human toxoplasmosis the ma jo r route of infection is the consumption 
of raw or undercooked meat or mea t products (pork, mutton, beef or game). 
I t is wor th noting t h a t the contaminat ion of hands and utensils wi th infective 
stages of parasite in preparat ion of t he meat-dish may be a possible source 
of infection. 

There are numerous reports on human toxoplasmosis. Although the per-
centage varies, toxoplasmosis may be considered as a highly prevalent meat-
borne parasi t ic infection in human. K R I C K and R E M I N G T O N ( 1 9 7 8 ) found tha t 
the prevalence of chronic asymptomat ic toxoplasmosis in the USA is 50%. 
In a random survey of 1% of the to ta l population of Guadeloupe (French 
West Indies) 6 0 % of 3 2 3 8 persons were positive for Toxoplasma gondii anti-
bodies ( B A R B I E R e t AL., 1 9 8 3 ) . C H A T A R and co-workers ( 1 9 8 5 ) found t h a t as 
many as 95.4% women engaged in the slaughter of rabbits were infected 
with Toxoplasma and consider t h a t rabbi ts represent a part icular risk for 
human. I n France (region of Strasbourg) males were seropositive in 45.8% in 
1 9 7 0 , a n d i n 4 4 . 0 1 % i n 1 9 8 0 ( H I M Y - D A H A N e t a l . , 1 9 8 3 ) . 

I n Poland t he infection r a t e of toxoplasmosis in human varied f rom 
0 . 8 % ( S T A R Z Y K , 1 9 7 2 ) to 5 1 . 5 % ( K O Z A R , 1 9 5 3 ) . I F A T titer to Toxoplasma 
investigated in 9 5 2 4 people in the north-west region of Poland in 1 9 8 5 was 
positive in 4 7 . 0 7 % ( R Y D Z E W S K I , 1 9 8 6 ) . The t i t res of 1 : 1 0 2 4 accepted as 
indicative of clinical toxoplasmosis was found in 2 6 . 6 3 % and t he highest 
prevalence was among the workers of slaughterhouse and of t h e veter inary 
service. 

The most t ragic form of toxoplasmosis in human is congenital infection 
part icularly severe when it occurs in the first semester of pregnancy. M A Y E R 

and co-workers ( 1 9 8 3 ) found t h a t 4 6 . 0 3 % of 1 8 1 7 0 pregnant women from 
Steiermark District (Austria) had positive t i t res in IFAT. The newborns in 
Lower Saxony (GFR) were positive for Toxoplasma gondii in a ra t io of 4 5 . 6 % ; 

the au thors ( S A N D E R & N I E H A U S , 1 9 8 3 ) suggested tha t among 1 0 0 0 0 preg-
nancies 70 to 80 mothers will undergo pr imary infection, and t h a t 30 to 40 
cases of congenital infection will occur. In Nagasaki City (Japan) t he positive 
ra te of the IHAT and the dye test in pregnant women was 6 . 4 % ( S U Z U K I et al., 
1 9 8 3 ) . The authors suspected t h a t every year about 0 . 2 % of p i egnan t women 
became newly infected. L A P I E R R E and co-workers ( 1 9 8 3 ) examined over 1 5 

thousand pregnant women in France and est imated the risk of aquired infec-
t ion dur ing pregnancy a t 1.2% and of the transmission of the paras i te to the 
foetus a t 1 % . Using the IFAT M A R T Y and co-workers ( 1 9 8 5 ) found in West 
Cameroon tha t 48 .5% of pregnant women were positive to toxoplasmosis. The 
au thors believed t h a t about 6 % of women become infected dur ing pregnancy. 
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3. Prevalence and transmission of human taeniasis in Poland 

Man as the sole definitive host of Taenia saginata and Taenia solium is 
infected by the ingestion of raw or undercooked meat parasitized with cysti-
cerci, the larval forms. The larval form of Taenia saginata (Cysticercus bovis) 
is found in catt le (Bos taurus, Bos buffelus, Bos indicus, Bos gruniens), and 
in some regions, in reindeer (Rangifer tarandus). The main host for the larvae 
of Taenia solium (Cysticercus cellulosae) is domestic pig. 

In Poland, like in many other countries in Europe, Taenia solium has 
disappeared, and only sporadic cases are observed (WHO, 1979). This is due 
to more efficient meat inspection, changes in pig husbandry, and to the 
increased standard of living and hygiene. The frequency of porcine cysticercosis 
in 1971 in slaughterhouses of Poland was only 0.001-0.002% ( T A R C Z Y N S K I , 

1986). Man may also be infected with the larval stage of Taenia solium (cysti-
cercosis), and because the infection may lead to serious neuro-ocular and 
cerebral cysticercosis, even sporadic cases of Taenia solium taeniasis are a 
very important source of infection for human. 

The general pa t t e rn of Taenia saginata transmission in Poland is endemic, 
characterized by the existence of a small number of human carriers and a 
moderate prevalence of cysticercosis in cattle, mostly of low intensity. The 
results of studies on epidemiology of Taenia saginata taeniasis and cysticercosis 
in Poznan province (Poland), performed through 1972-1977, have been sum-
marized by P A W L O W S K I (1980). The epidemiological situation in Poznan can 
be characterized as follows: 

— The number of Taenia saginata cysticerci ingested by inhabi tants of 
Poznan in officially examined raw beef was evaluated to be 3300 per year. 
This value was est imated by examining annual raw meat consumption, the 
number of undiagnosed cysticercosis in cattle, and the mean number of cysti-
cerci in carcasses, in which the routine inspection did not reveal the infection. 

— The annual number of Taenia saginata taeniasis among Poznan in-
habi tants was est imated at 350. This estimated value is obtained on the basis 
of reported and unreported but diagnosed or t rea ted cases of taeniasis. 

— The uncontrolled and clandestine staughtering plays insignificant role 
in the transmission of Taenia saginata taeniasis f rom cattle to man. For only 
1.6% of human Taenia saginata carriers consume beef not examined by the 
meat inspector service. 

— It has been found tha t the infection r a t e with Taenia saginata in 
man is related mainly to the frequency of eating raw beef, most of all steak 
ta r ta re and raw ground-meat sausage ( L I S O W S K A , 1 9 7 9 ) . Most of the carriers 
(90%) are admit ted to eat raw meat ; 44% of them eat the meat exclusively 
a t home, and these are mostly married women and children, 22% — single 
men and women — eat exclusively out, and 24% — mostly married men — 
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eat bo th a t home and out ( P A W L O W S K I , 1 9 7 0 , 1 9 8 2 ) . The risk of being infected 
is determined also by profession (14 t imes greater in workers of t h e meat 
indus t ry and restaurants) ( P A W L O W S K I , 1 9 7 0 ) . 

— The prevalence of Taenia saginata taeniasis registered among t h e rural 
inhabi tants of Poznan province is very low ( 0 . 0 0 4 2 % ) . Th is is the consequence 
of the habi t of consuming mostly thoroughly cooked m e a t ( L I S O W S K A , 1 9 7 9 ) . 

— Using " t race-back" methods in Poznan province there was found a 
concentrat ion of localities wi th bovine cystieercosis a round urban conglomera-
tions, recreation areas, regions with developed agricultural industry, a n d along 
rivers, main roads and rai lway t racts ( P A W L O W S K I , 1 9 8 0 ) . The d a t a from 
slaughterhouses showed t h a t Taenia saginata became common in Po land after 
1950. I n Poznan the f requency of bovine cysticercosis rose from 0.5% in 1955 
to 2 . 3 % in 1 9 6 2 ( P A W L O W S K I & S C H U L T Z , 1 9 7 2 ) . I n t h e period of 1 9 7 2 to 
1985 t he frequency increased in the whole country f rom 0.67% t o 1.5% 
( T A R C Z Y N S K I , 1 9 8 6 ) . 

4. Prevention and control of meat-borne parasitic infections 

The eradication of trichinellosis in man could be realized by eliminating 
the source of infection of pigs and destruction of t h e larvae in pork . The 
examinat ion of pigs in a slaughterhouse in Poznan performed after organized 
prophylaxis and favourable changes introduced in t h e sani tary and economic 
conditions in the rural districts, showed marked decrease of t he infected 
animals. Following registrat ion and controlled s laughter most of t h e foci of 
pig trichinellosis were l iquidated ( G E R W E L & P A W L O W S K I , 1 9 7 5 ) . However, 
the possibility of persistence of potent ial foci in pigs, a s well as in ra t s , cats 
and dogs has to be t aken into account . Most p robably Trichinella spiralis 
could easily spread both f rom persistent single focus of trichinellosis and from 
pigs imported to other hi ther to Trichinella-free areas ( P A W L O W S K I , 1 9 8 1 ) . The 
prohibit ion of raw garbage feeding, which should cont r ibute to reducing pig 
trichinellosis, is also no t completely successful (WHO, 1 9 7 9 ) . 

According to P A W L O W S K I ( 1 9 8 1 ) "man cannot intervene in t h e trans-
mission of Trichinella in nature , and we can only l ea rn how to isolate natural 
Trichinella spiralis foci f rom synanthropic ones and how to prevent people 
f rom eat ing raw meat f rom infected wild animals". 

Owing to the un ique character of the infection with Taenia saginata 
and Taenia solium, whose life cycles are completed by m a n as the sole definitive 
host, t he total eradication of these infections seems v e r y possible; a n y break 
in t he link between m a n and the intermediate host should result in t he total 
elimination of the paras i te . To control the infection, besides the t r e a tmen t of 
infected persons, heal th education, sewage t rea tment , m e a t inspection have to 
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be introduced. However, t he re are some l imitat ions in m e a t inspection in t h e 
detection of bovine cysticercosis because of t h e difficulty in detecting l ightly 
parasitized carcasses. 

On the o ther hand, in some countries only a fraction of the slaughtered 
animals passes through official meat inspection. Among others , in Poland t h e 
compulsory notification of h u m a n Taenia saginata infections is not a lways 
complied wi th ; t he survey conducted in Poznan showed t h a t five years a f t e r 
t h e introduction of compulsory notification, 2 0 % of Taenia saginata infections 
were not formal ly registered ( P A W L O W S K I & S C H U L T Z , 1 9 7 2 ; P A W L O W S K I , 

1 9 8 4 ) . To reduce the risk of infect ion there is a proposal in Po land to introduce 
limitation of s teak tar tare supp ly and to prepare it f rom meat of highest 
qual i ty and inspected twice for cysticercosis ( L I S O W S K A , 1 9 7 9 ) . Safe mea t 
production will be connected w i t h an increase in cost. 

One of t h e important activities in preventing and control of h u m a n 
taeniasis is hea l th education. T h e observations conducted in Poznan showed 
t h a t nearly half of the Taenia saginata carriers did not know how the infection 
in man is realized. 

We may presume tha t t h e preconditions for eradication of Taenia saginata 
a n d Taenia solium, as well a s for other meat-borne paras i t ic infections, are 
ra re ly met wi th in any count ry , therefore a realistic object ive in most s i tua-
t ions will he control rather t h a n eradication. 

In consequence of the wide distribution of Toxoplasma gondii in a wide 
r ange of hosts and of various routes of infection, the act ivi t ies in controlling 
or preventing of the disease m a y be negligible. Austria is t h e first country in 
t h e world where toxoplasmosis control in pregnancy is obl igatory ( F I . A M M & 

A S P Ö C K , 1 9 8 1 ) . As a result of t h e surveillance performed since 1 9 7 5 in all 
observed cases of pregnancy (about 52 thousands) no child wi th congenital 
toxoplasmosis was found. One of the control measures was t h e prophylaxis 
- " n o contact wi th cats, no consumption of raw meat in p regnancy" - however, 
chemotherapy was probably also a very effect ive activity. Nevertheless, t he 
au thor s suspected t h a t in abou t half of the cases the therapy was groundless, 
a n d t ha t is why toxoplasmosis prophylaxis is so expensive. 

5. Possible role of irradiation in control of meat-borne parasit ic infections 

In the control of trichinellosis, as well a s other meat -borne parasitic 
infections, there are few steps t o be taken ( P A W L O W S K I , 1 9 8 1 ) . The first s tep 
is t h e exclusion of infected food. Although in m a n y situations i t is possible to 
exclude intensively infected m e a t owing to proper diagnostics, t h e eradication 
of h u m a n parasit ic infections in most situations is not realistic. On the other 
h a n d , the detection procedure used in individual examinat ion of slaughter 
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animals, in contrast to mass t reatment , is impracticable. Unfortunately, m a n y 
cases of triehinellosis have as the source the m e a t from individual uncontrolled 
and clandestine slaughtering. In the case of toxoplasmosis the official m e a t 
inspection is not concerned wi th the diagnosis of this very frequent infection 
of slaughter animals. 

We have to admit t h a t control measures, including mass t rea tment , 
public health education and hitherto existing methods for destroying t h e 
infective stages of parasites (cooking and freezing), have not always been very 
successful. Even an effective t reatment does not really mean the possibility of 
successful control or eradication of the infection, even — on the contrary — 
may encourage consumers to eat parasitized raw meat which would br ing 
increased number of infected people ( B H A I B U L A Y A , 1 9 8 5 ) . Contamination of 
meat with parasitic protozoa and helminths is a serious problem of h u m a n 
diseases and of economic losses. The medical costs and productivity losses 
caused by triehinellosis, toxoplasmosis and Taenia saginata taeniasis in t h e 
U S A were estimated roughly a t 2 7 0 million dollars annually ( R O B E R T S , 1 9 8 5 ) . 

Irradiation of food as a method of disinfection is receiving a considerable 
at tention. As the result of experimental studies conducted on different species 
of parasites, t he possible application of low-dose irradiation for control of 
meat-borne parasites emerged (VERSTERet al., 1 9 7 7 ; B H A I B U L A Y A , 1 9 8 5 ; B R A K E 

et al., 1 9 8 5 ; D U B E Y et al., 1 9 8 6 ) . These low doses prevented the reproduction 
and maturat ion of the infective parasite stages. Citing the review of F A R K A S 

( 1 9 8 7 ) , doses of 0 . 1 5 - 0 . 6 kGy suppressed the invasiveness of Trichinella larvae, 
Toxoplasma trophozoties, Taenia saginata and Taenia solium cysticerci, and of 
Ojnsthoichis viverini metacercariae. This radiat ion t rea tment promise signifi-
cant reduction in the risk of human infections with the above-mentioned 
parasites. 

I t seems t h a t irradiation will be an effective and safe technique in t he 
control of meat-borne parasitic disease. I t should be complementary to heal th 
education, improvement in sanitary and hygienic measures in rearing f a rms 
and in diagnostics of parasitic infections in humans and animals, and to t he 
eradication of na tura l foci of parasitic infections or at least to the isolation of 
domestic animals from these foci. However, this opinion on the safety of the 
irradiation procedure has to be accepted b y the consumer. Unfortunately, 
most people associate "radiat ion" with danger and with the noxious effects of 
nuclear energy. 
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A modified ion exchange column chromatographic method was developed 
for the determination of diaminopimelic acid (DAR) in samples of biological 
origin. The essence of the new method is the performic acid oxidation of the 
sample prior to HCl-hydrolysis. During the process methionine is transformed 
into methionine-sulfonium and migrates from its original place between valine 
and isoleucine to tha t between aspartic acid and threonine making room thereby 
for D A P between valine and iso-leueine. By oxidation with performic acid and 
the buffer systems applied the determination of minute quantities of D A P present 
(1-2 nmol) became possible. Using the newly developed analytical method DAP 
was determined in the rumen liquor (0.010 g DAP per 100 g sample and 0.67 g 
D A P per 100 g protein), in the centrifuged rumen liquor residue (0.32; 0.67). 

Keywords: diaminopimelic acid determination, ion exchange column 
chromatography, performic acid oxidation, diaminopimelic acid in rumen content 

In ruminants a p a r t of the feed protein breaks down in the rumen and 
from the ammonia t hus developing microorganisms inhabit ing the rumen build 
up their own protein and thus a pa r t of the feed protein is converted into 
bacterial protein. This t ransformat ion may he useful if from feed protein of 
low biological value and of N P N materials bacterial prote in of higher biological 
value is formed. However, in most of the cases the breaking down of the feed 
proteins of high biological value in the rumen is disadvantageous. In the 
fu tu re i t will be more and more impor tan t to get t o know the proport ion of 
protein breaking down in the rumen and the percentage protein reaching the 
duodenum originating f rom the feed or bacteria, respectively. 

In recent years several methods were developed to determine the par t of 
microbiological origin of the nitrogen containing substances gett ing f rom the 
rumen into the abomasum or into t he ileum. A t t e m p t s were made to use 
nucleic acid, v i tamin B1 2 or sulfur 35 isotope to follow up the nitrogen con-
taining substances originating from microbes. Lately, i t became possible to 
conclude the presence of protozoa nitrogen by measuring 2-aminoethylphos-
phonic acid or the presence of bacterial nitrogen b y measuring 2-6-diamino-
pimelic acid. This is possible because 2-aminoethylphosphonic acid is mainly 
found in protozoa, while 2-6-diaminopimelic acid only in the mucopeptides of 
the cell wall in bacteria. I n spite of the fact t ha t the amoun t of diaminopimelic 
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acid (DAP) in the cell wall is highly species depending, the proportion of DAP 
in relation to the total bacterial protein is, under steady feeding conditions 
constant, thus in comparative analyses DAP is suitable for the estimation of 
the part of bacterial protein in the total protein content. 

Different methods were tr ied out for D A P determination in the rumen 
liquor or the intestine content. H U T T O N and co-workers ( 1 9 7 1 ) determined 
D A P on the amino acid analyzer, utilizing the characteristic of DAP tha t in 
contrast to other amino acids, b u t like proline, forms yellow color with the 
acidic solution of ninhydrin. The maximum light absorption was observed 
a t 420 nm. 

C Z E R K A W S K I (1974) developed a method for the determination of 
2-aminoetylphosphonic acid and of DAP. To determine the la t ter the protein 
was hydrolyzed with acid, the hydrolysate was purified by running it through 
a bone charcoal column, DAP was separated from proline on an ion exchange 
column and determined with acidic ninhydrin. 

P O N G O R and B A I N T N E R ( 1 9 8 0 ) developed a simple and rapid ion exchange 
thin-layer-chromatographic method to determine DAP. However, it did not 
spread in general use. 

E D O L S (1985) determined D A P from the rumen liquor hydrolysate with 
automatic amino acid analyzer utilizing two columns. By optimizing the buf-
fer composition he made DAP appear between methionine and iso-leucine in 
the chromatogram, well separated from the two amino acids in a clear-cut 
peak, easily evaluated. 

Of the methods mentioned above that of E D O L S ( 1 9 8 5 ) was tried out 
first, because our laboratory is provided with two amino acid analyzers and, 
besides, the authors were interested in all the amino acids present in the 
rumen liquor and in the ileum content. 

If the determination was carried out in accordance with specifications 
separation and evaluation was satisfactory as long as the quant i ty of DAP 
and the total amino acid concentration was in the same order of magnitude 
or the concentration of the two amino acids, methionine and iso-leucine, next 
to DAP, did not exceed 8 to 10 t imes that of DAP. In this case, namely, DAP 
appeared as a shoulder peak of methionine or iso-leucine in the chromatogram 
causing evaluation to become uncertain or even impossible. Because of the 
above it was necessary to modify the method and develop a new one for the 
determination of DAP in the rumen liquor or the intestine content. In this 
paper the modified method is described. 
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1. Materials and methods 

1.1. Principle of the method 

B y changing the p H of the buffers, the sodium ion concentration and 
the tempera ture of the ion exchange column it is possible to shift, D A P 
between certain limits, in t he chromatogram. The problem arising when t he 
amino acids nex t to DAP being present in 8-10 times higher amount than D A P 
depress the D A P peak or cause it to appear as a shoulder peak occurs also 
when D A P is removed to in between methionine and valine. Therefore, t he 
sample to be analysed was oxidized with performic acid (HIRS, 1956) dur ing 
which cystine is transformed into cysteic acid and methionine into methionine 
sulfonium. I n the chromatogram cysteic acid appears direct ly behind the 
f ron t and in f ront of aspart ic acid and the methionine sulfonium between 
aspart ic acid and threonine, thereby l iberating the space between valine and 
iso-leucine. B y changing t he composition of the buffers i t was achieved to 
make D A P appear in the place of methionine or a little before it in the chro-
matogram. B y the above changes it was achieved tha t D A P appeared between 
valine and iso-leucine just in the middle and since being f a r enough from both 
valine and iso-leucine even a high concentration of these two amino acids does 
not disturb D A P determination. 

1.2. Materials tested 

To develop the method fish meal of 67% protein content with a high 
percentage of methionine and iso-leucine was selected as a model mater ia l , 
DL-2,6-diaminopimelic acid s tandard was purchased f rom t h e firm F l u k a AG, 
Buchs, SG. When the development of the method was accomplished rumen 
liquor samples were t aken f rom Holstein Friz cows. D A P determinat ion 
was carried ou t in aliquots t aken from the rumen liquor dried by lyophili-
zation. Prior to the amino acid analysis t he raw protein, t r u e protein, digest-
ible protein content of the samples was determined on t h e Kjel-Foss (Foss-
Electric, Danmark) rapid nitrogen analyzer, using 6.25 as conversion factor . 

1.3. Hydrolysis and processing the hydrolysate 

Air-dried samples containing about 10 mg prote in were weighed in 
medical ampoules washed previously wi th chromic sulfa te . These were then 
oxidized with performic acid prepared according to H I R S (1956) and directly 
af ter cooled to — 55 °C. Using a laboratory lyophilizing appara tus (Labor 
MIM, Hungary , Type OE-950) the ampoules were evapora ted to d ry . The 
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residues were hydrolized according to C S A P Ó and co-workers (1986) with 6 mol 
HCl at 110 °C for 24 h. The hydrolysate was processed as described in the 
above paper (CSAPÓ et al., 1986). 

1.4. Analysis 

The amino acid composition of the samples was established with LKB-
4101 automatic amino acid analyzer (LKB Biochrom Ltd . , UK) using Merck 
amino acid standards for calibration. The size of the ion exchange column and 
the composition of the buffers was as follows: 

Column: 5 0 0 x 6 mm; 
Resin: CHROMEX UA-8; 
Flow ra te of buffer: 80 cm3 h~ ; 
Flow ra te of ninhydrin: 40 cm3 h~ ; 
Temperature of the column: 50 °C for 60 min, t hen 70 °C for another 

60 min; 
Buffer A: p H = 3.18; N a molarity 0.2; 25 min; 
Buffer B: p H = 4.35; N a molarity 0.2; 60 min; 
Buffer C: p H = 6.35; N a molarity 1.2; 55 min; 
NaOH: 0.4 mol; 15 min; 
Equilibration: buffer A; 60 min. 
Chromatograms were evaluated by comparing them to the region below 

the peak of the calibration standard. Results of parallel tes ts were calculated 
with a H T PTK-1050 type pocket computer (Híradástechnikai Szövetkezet, 
Hungary). 

2. Results 

2.1. Model experiments to determine DAP 

Using the buffer composition as suggested by E D O L S (1985) DAP appears 
in the chromatogram between methionine and iso-leucine. Separation and 
evaluation is considered opt imal as long as the concentration of DAP and the 
other amino acids is nearly identical. However, when D A P has to he deter-
mined not by the standard b u t from the rumen liquor, t he situation is all-
together completely different. Because of the presence of methionine and iso-
leucine in large amounts sometimes DAP cannot even be determined. Taking 
into account the above prior t o hydrolysis wi th HCl the samples were oxidized 
with performic acid, prepared according to H I R S (1956), thereby transforming 
cystine into cysteic acid and methionine into methionine sulfonium. This 
transformation freed the place between valine and iso-leucine for DAP and 
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Fig. 1. Chromatogram of the amino acid profile o f f i sh meal. 1: cysteic acid s tandard; 
2: aspartie acid; 3: threonine; 4: serine; 5: glutamic acid; 6: proline; 7: glycine; 8: alanine; 
9: cystine; 10: valine; 11: methionine; 12: iso-lencine; 13: leucine; 14: tyrosine; 15: 

phenylalanine; 16: histidine; 17: lysine; 18: ammonia ; 19: arginine 

Fig. 2. Chromatogram of the amino acid profile of fish meal oxidized with performic 
acid. 1: cysteic acid; 2: methionine sulfonium 

1 

I 

Time (min) 

Fig. 3. Chromatogram of the amino acid profile of diaminopimelie acid. 1: diamino-
pimelic acid; 2: ammonia 
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2 

С 

Time (m in ) 

Fig. 4. Chromatogram of the amino acid profile of diaminopimelic acid oxidized with 
performic acid. 1: diaminopimelic acid; 2: ammonia 

Fig. 5. Chromatogram of the amino acid profile of fish meal with added diaminopimelic 
acid after oxidation with performic acid. 1: cysteic acid; 2: methionine sulfonium; 

3: diaminopimelic acid 

by the change of the buffer composition even very small amounts of DAP 
can be evaluated in the chromatogram beside other amino acids. 

The observations mentioned above are well illustrated by the amino acid 
chromatogramsat tached. Figure 1 shows the amino acid profile of fish meal, 
Fig. 2 tha t of fish meal oxidized with performic acid, Fig. 3 t h a t of DAP, 
Fig. 4 tha t of D A P oxidized with performic acid while Fig. 5 t h a t of fish 
meal with added DAP after oxidation with performic acid. As i t can be well 
seen in the chromatograms DAP is practically not affected by performic acid 
oxidation (although in the chromatogram of the oxidized sample the amount 
of ammonia increased) and of the amino acids only the breaking down of 
tyrosine needs to be reckoned with. 

3 

Time (min) 
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2.2. Determination of DAP in rumen liquor samples prepared in different ways 

After development of t h e analytical m e t h o d with model materials i t was 
used to determine the D A P composition of t h e rumen liquor, the sediment of 
the liquor obta ined by centrifuging. Figure 6 shows the composition of t h e 
rumen liquor, Fig. 7 tha t of the sediment of centrifuged rumen liquor. T h e 
results calculated from the d a t a in the chromatograms are given in Table 1. 

As seen in the Table t h e centrifuged residue of the r u m e n liquor conta ins 
about 3-times t he amount of D A P in the r u m e n liquor. 

Time (min) 

Fig. 6. Chromatogram of the composition of the rumen liquor. 1: cysteie acid; '2: me thkr 
nine sulfonium; 3: diaminopimelic acid 

Time (min) 

Fig. 7. Chromatogram of the composition of the sediment of centrifuged rumen liquor. 
1: cysteic acid; 2: methionine sulfonium; 3: diaminopimelic acid 
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Table 1 

Diaminopimelic acid content of different fractions 

Fraction 

Diaminopimelic acid content 
Haw protein 

Fraction 
(g DAP per 
100 g sample) 

(g DAP per 
100 g protein) 

(g per 100 g sample) 

R u m e n liquor 0.010 0.67 1.50 

Centrifuged residue I of rumen liquor 0.034 0.61 5.58 
Centrifuged residue II of rumen liquor 0.029 0.73 4.00 

3. Conclusions 

Of the four literatures cited only t h a t of C Z E R K A W S K I (1974) contains 
concrete d a t a on the DAP content of t h e original rumen liquor. The result 
found by him (28-30 //g per g) is almost three times lower than tha t of t he 
present s tudy (0.010 g DAP per 100 g sample). Since the other papers do not 
contain exact da t a the d a t a obtained in this study cannot be compared 
with them. 

The chromatograms as well as the results calculated from them show 
t h a t this method with an accuracy stipulated by amino acid analysis ( ± 3 % ) 
and with the sensitivity of amino acid analysis (1-4 nmol) is suitable for t he 
determination of DAP in samples of biological origin. D a t a in Table 2 prove 
good reproducibility since the variation coefficient as calculated from 5 parallel 
measurements is below 2. 

Apart from the analytical findings this study permits of other conclu-
sions, too. According to these measurements DAP can be determined directly 

Table 2 

Parallel measurements of the DAP content of rumen liquor 

Serial number 
of measurement 

Diaminopimelic acid content 

(g DAP per (g DAP per 
100 g sample) 100 g protein) 

Raw protein 
(g per 

100 g sample) 

1 0.0102 0.68 1.50 
2 0.0104 0.69 1.50 
3 0.0100 0.67 1.50 
4 0.0099 0.66 1.50 
5 0.0101 0.67 1.50 

Average 0.01012 0.674 
Standard deviation 0.000192 0.0114 
Variation coefficient 1.90 1.69 
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f rom the rumen liquor without any preliminary manipulations. I t is not worth-
while t o centrifuge t he rumen liquor because a l though increasing the amount 
of D A P simultaneously the amoun t of other amino acids is also increased 
thereby the detectabi l i ty of D A P is reduced t h u s i t is of no advan tage what-
soever f rom the analyt ical point of view. However, i t should be stressed t h a t 
D A P can be determined directly f rom the rumen liquor with t h e appropriate 
accuracy. 

Since there is no t much difference in the D A P content and other amino 
acid composition of t he rumen and the small in tes t ine this method is suitable 
for the measurement of the amount of DAP ge t t ing into the small intestine of 
ruminants . From t h e DAP content , on the o ther hand, the quan t i t y of bac-
terial protein formed in the rumen can be established with great accuracy and 
this is of great pract ical importance to the animal breeder. 
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The rheological and baking qual i ty of Ajeeba w h e a t cultivar and seven of 
its mutan ts were examined. All m u t a n t s were significantly lower in ash and 
protein content than t h a t of the control. Elemental content were higher in K, 
Ca, Mg, Fe, Mn, Na, Zn and Cu for mos t tested mu tan t s . 

Farinograph d a t a showed a long stability t ime for B13, B117 and B7 
mutan ts indicating t h a t their flours could be used successfully for bread making. 
These mutants gave higher values for mixing tolerance, falling number and amy-
lograph peak except the falling number value for B7. 

The mutants В13, B117 and B7 also showed significantly higher loaf 
volume than the control with lighter color. 

Keywords: Ajeeba wheat cult ivar, mutants, rheological and baking quality, 
chemical characteristics 

Our recent breeding efforts have produced wheat mutants from the local 
common wheat (Triticum aestivum L.) var. Ajeeba with improved agronomic 
characteristics ( A L K A L T S I et al., 1 9 8 4 ) . Maintenance of nutrient levels and 
rheological and baking characteristics in newly developed crop varieties with 
improved agronomic characteristics is one of the factors which contributes to 
increased agricultural production ( S E N T I & R I Z E K , 1 9 7 5 ) . 

Several studies have related mineral composition in wheat to nutritional 
value and such factors as variety, location and climate ( T O E P F E R et al., 1 9 7 2 ; 

Z O O K et al., 1 9 7 0 ) . L O R E N Z and L O E W E ( 1 9 7 7 ) , who correlated protein with 
mineral components in commercial wheat blends, found significant correla-
tion between protein and Ca, Fe, К and Cu and between ash and Ca, Mg, Na, 
К, Mn and Си. 

Flours from various varieties of wheat display great diversity in their 
dough and baking properties. Therefore the rheological and dough develop-
ment properties of flour are essential to judge suitability of any wheat variety 
for bread making and its capability to produce a high quality product ( S H E L -

L E N B E R G E R , 1 9 8 1 ) . 

This study reports the milling and baking qualities of Ajeeba wheat 
cultivar and seven of its promising mutants. 

Akadémiai Kiadó, Buda-pest 
Kluwer Academic Publishers, Dordrecht 
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1. Materials and methods 
1.1. Samples 

Wheat cultivar Ajeeba and seven of its mutants were obtained from our 
plant breeding section. Samples were milled using a Buhler laboratory mill. 
All flour data are expressed on a 14% moisture basis. All chemicals used were 
reagent grade. Flour samples were stored in polyethylene bags in a refrigerator 
at 5 °C for further analysis. 

1.2. Flour analysis 

For mineral analysis by atomic absorption spectroscopy, 2 g flour sam-
ples were ashed at 600 °C temperature then dissolved in 20% HCl. Absorption 
measurements were made on clear digests by Shimadzu Model AA-670 atomic 
absorption spectrophotometer. Optimum instrument parameters were adjusted 
according to manufacturer's instructions. An air-acetylene flame was used for 
all elements examined. All samples were analyzed in duplicate. 

Protein ( N x 5 . 7 ) was determined by the micro-Kjeldhal method. Ash 
content and falling numbers were determined by AACC (1983) methods (No. 
08-01 and 56-81 B, respectively). 

1.3. Physical dough testing 

The farinograph was used to determine the physical dough properties of 
the flours. Farinograms were determined according to AACC (1983) method 
No. 54-21 using a constant flour weight of 300 g on a 14% moisture basis. 

1.4. Amylograph data 

Maximum viscosity of the various flour samples was determined with 
the Brahender Amylograph according to standard AACC (1983) procedure 
method No. 22-10. 

1.5. Wet gluten 

A Glutomatic 2200 (Doty Labs, Inc., Kansas City, Mo.) was used to 
determine wet gluten. Determinations were made in duplicate, using 10.0 g 
flour and were expressed on a 14% moisture basis. 

1.6. Determination of reducing sugars 

Reducing sugars were determined by the AACC (1983) method No. 
80-60 and were expressed as mg maltose per 10 g flour. 

Acta Alimentaria 17, 1088 



171 JADDOU: AJEEBA WHEAT CHARACTERISTICS 

1.7. Baking studies 

The flour samples were baked in triplicate using a conventional straight-
dough procedure containing 1.5% yeast, 1.5% sugar, 1.5% salt, 2.0% short-
ening and water as determined by the farinograph. After a 1 h 25 min fermen-
tation period, the doughs were sheeted, hand-molded and proofed for 50 min 
at 30 °C temperature and 75-85% relative humidity. Baking was carried out 
for 17-20 min at 230 °C oven temperature. The bread was allowed to cool 
and the volume was measured by rapeseed displacement. Color values were 
determined with the Kent-Jones and Martin flour color grader. 

Table 1 

Ash, protein and elemental contents (on dry basis) for the flours 
of control Ajeeba wheat cultivar and its mutantsa 

Samples 
Ashb Protein" Elemental contents (mg per 100 g) 

Samples (%) (%) К Ca Mg 

Control 1.134 d 15.451 / 121.79 a 26.40 a 44.53 а 

B1 0.767 be 13.711 b 180.61 6 33.40 b 61.98 cd 
B13 0.607 a 13.720 6 230.16 с 38.51 6 68.86 d 
B100 0.752 be 14.035 d 190.59 b 35.15 b 75.08 e 
B117 0.609 a 13.681 b 197.90 b 33.67 6 63.86 cd 
B7 0.753 be 13.881 с 171.12 b 33.22 6 57.01 6c 
A70 0.688 ab 11.845 a 172.65 b 33.35 b 54.13 bc 
A 6-1 0.797 с 15.012 e 126.91 a 27.20 a 48.80 ab 

Elemental contents (mg per 100 g) 

Fed Mnd Na 'in Cu 

Control 2.079 1.205 1.830 b 0.959 ab 0.332 6 

B1 2.580 1.490 1.379 a 1.502 cd 0.333 6 
B13 4.471 1.720 2.600 b 1.766 de 0.452 с 
B100 4.238 1.760 2.500 6 1.942 e 0.487 cd 
B117 2.835 1.320 3.700 с 1.772 de 0.721 e 
B7 3.207 1.130 3.348 с 1.199 Ъ 0.164 а 
A70 4.115 1.490 1.249 a 1.238 be 0.574 d 

A 6-1 2.604 1.325 1.669 a 0.778 а 0.428 с 

"Values within a column followed by different letters are significantly different at the 
0.05 probability level, using least significant differences 

ь Mean value of duplicate determinations 
" N X 5.7 
d The mean values do not differ significantly 
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2. Results and discussion 

Ash, protein and mineral contents are summarized in Table 1. All 
mutants were significantly lower in ash and protein quantities than that of 
the control. Our results also indicated that protein content of the wheat corn-

Table 2 

Farinograph, falling number and amylograph peak viscosity data 
for the flours of control Ajeeba wheat cultivar and its mutants* 

Sample 
Water 

absorption3  

(%> 

Arrival 
t imec  

(min) 

Mixing 
time 
(min) 

Stability 
(min) 

Mixing 
tolerance 

index" 
(Bu)d 

Falling 
number3 >" 

(sec) 

Amylograph 
peak height3»0 

( B u d 

Control 74.4 3.8 5.3 5.5 40 532 ab 1160 с 

B 1 73.0 3.3 5.0 6.3 40 534 Ь 1200 с 
B 1 3 65.3 2.5 6.5 20.0 10 607 / 1275 d 
В100 75.8 2.1 3.3 4.3 60 637 g 780 a 
B117 67.8 1.9 5.5 10.0 45 543 с 1500 e 
B 7 70.6 2.2 4.7 10.0 50 530 a 1285 d 
A 7 0 69.0 2.3 3.5 3.9 75 548 d 1330 e 
A 6-1 75.2 2.5 3.7 3.8 58 566 e 1045 b 

"Values within a column followed by different letters are significantly different at the 
0.05 probability level, using least significant differences 

b Results expressed on a 1 4 % moisture basis 
0 M e a n value of duplicate determinations 
d Brabender units 

Table 3 

Quality measurements of control Ajeeba wheat cultivar and its mutantsa 

Samples 
Flour yield 

(%) 
1000 

kernel weight 3 

(g) 

Loaf volume0 

(cm3) Color volume0 >d 
Wet 

gluten3»« 
(%) 

Maltose 
value3 '«'1 

Control 79.4 29.2 b 740 b 8.2 e 42.5 g 41 a 

111 80.9 32.2 be 731 a 4.1 b 34.8 с 51 с 

В 1 3 74.3 29.8 ab 789 e 2.4 b 36.7 d 56 d 
В 1 0 0 79.7 29.5 b 724 a 5.7 d 34.8 с 57 d 
B117 76.7 32.0 be 761 d 2.9 a 33.1 a 51 с 

В 7 78.8 33.6 b 771 d 6.0 d 41.2 / 46 6 
A 7 0 82.3 29.5 a 746 с 4.2 b 34.3 b 47 6 
A 6-1 84.2 34.0 с 736 a 5.3 с 40.8 e 51 с 

" Values within a column followed by different letters are significantly different at the 
0.05 level using least significant differences 

b Results expressed on a 1 4 % moisture base 
0 Mean value of triplicate determinations 
d Color value was determined with the Kent-Jones and Martin flour color grader 
e Mean value of duplicate determinations 
1 In m g of maltose per 10 g of flour 
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Fig. 1. Farinograph curves of control Ajeeba wheat cultivar and its mutants. 1: control ; 
2: B7; 3: B117; 4: A70; 5: B l ; 6: B13; 7: B100 and 8: A 6-1 

posites was not related to ash content. This was in agreement with D I K E M A N 

and co-workers ( 1 9 8 2 ) and contrary to the findings of M I L L E R and J O H N S O N 

(1954). On the other hand, elemental contents were higher for K, Ca, Mg, Fe, 
Mn, Na, Zn and Cu for most tested mutants compared with the control, 
indicating varietal differences between the cultivars and as was reported by 
R A S M U S S O N and co-workers (1971). 

Table 2 shows the farinograph data obtained for the control and the 
mutant flour samples. Farinograph absorption was slightly higher for B100 
and A 6-1 and lower for the other mutants. In general arrival time decreased 
for all mutants while mixing time was variable. The farinograph data also 
showed a long stability time for B13, B117 and В7. These results indicated 
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Fig. 2. I n t e r n a l loaf character is t ics of the s t ra ight-dough b r e a d s . 1: control; 2: B7 
3: В117; 4: A70; 5: B l ; 6: B13 ; 7: B100 and 8: A 6-1 

t h a t their f lours could be used successfully for breadmaking and t h a t they 
conform well t o the classification criteria of wheats for breadmaking (POME-
RANZ, 1978). T h e results also compared well with rheological da ta presented 
on hard red spring wheat f lour (VOLPE & ZABJK, 1981). Mixing tolerance 
index was also higher for most mutants . The farinograph curves of control 
and mutants ' f lours are shown in Fig. 1. T h e mutants B13, B117 and B7 also 
gave higher values for falling number and amylograph peak height except the 
falling number value for B7 indicating a superior breadmaking quali ty. 

Baking qual i ty da t a for the control flours and those derived f r o m the 
mutan ts are shown in Table 3. The m u t a n t s B13, B117 and B7 showed sig-
nificantly higher loaf volume than their control. Figure 2 shows the in te rna l 
loaf characteristics of the b reads made f r o m the dough of t he control and the 
mutants . C rumb color was darker in t he control bread t h a n all the breads 
made from t h e flours of t he mutants . W e t gluten is higher in the control flour 
t h a n all the mutan t s . I t is generally recognized tha t g luten strength p lays a 
major role in determining loaf volume potential and b read dough mixing 
properties ( T I P P L E S & K I L B O R N , 1974). B o t h quality and quant i ty of t he gluten 
play a major role in the bak ing performance of wheat f lour. I t is most likely 
t h a t gluten qua l i ty of the m u t a n t s В13, В117 and B7 is higher t han t h a t of 
the control. A t the same t ime maltose va lue of the control is significantly 
lower than t h e values found for all the m u t a n t s . 
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THE DEFINITION OF TWO CATALAN VITICULTURAL 
REGIONS BY CLASSIFICATION METHODS 
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Several pattern recognition techniques: Statistical Linear Discriminant 
Analysis (SLDA), K-Nearest Neighbours (KNN) , Least-Squares Linear Regression 
Analysis, Linear Learning Machine (LLM), Soft Independent Modelling of Class 
Analogy (SIMCA) um 1 Discriminant Analysis Based on Non-Parametric Dens i ty 
Estimation (ALLOC) have been used to classify twenty eight red wine samples 
into two geographically contiguous zones. The oenological parameters: e thanol 
content, reducing sugars, conductivity a n d the sum of malic and lactic acids 
together with the metal ions magnesium and zinc, have been found to be the m o s t 
important variables to differentiate the two areas according to three variable 
selection procedures. In spite of the similarity in varietal, edafologic and cul tura l 
factors, the two zones can be conclusively distinguished, therefore climatic and 
orographic conditions have enough influence to confer to the wines studied their 
own character . All assayed classification methods have given prediction ra tes 
higher than 88% while the non-parametric methods ALLOC, KNN and Leas t -
Squares Linear Regression have provided the maximum percentage of correct 
prediction (97.0%). 

Keywords: wine, oenological parameters , classification methods, metal ions, 
pat tern recognition 

In previous papers ( T A P I A S et al., 1 9 8 6 , 1 9 8 7 ) , the suitabili ty of p a t t e r n 
recognition methods to distinguish wines according to their geographic origin, 
has been shown. These papers confirm t h a t wines from v e r y different origins 
or elaborated in adjacent areas bu t with p a t e n t varietal differences, are easi ly 
recognized. More difficulties arise whenever climatic and orographic condit ions 
have to he the responsible for the major differences existing between a d j a c e n t 
contiguous wine producing areas since a close similarity in varietal, edafologic 
and cultural fac tors does exist . 

After having visualized, by means of cluster analysis methods, t h e 
objective presence of different wines ( L A R R E C H I 8C R I U S , 1 9 8 7 ) , the a i m of 
the present paper consists of demonstrat ing t he actual existence of two sep-
arated viticultural regions, within only one geographical province, by develop-
ing a classification rule which will be able to correctly classify the wine samples 
produced in th is D.O. into one of the defined areas. On t h e basis of the k n o w n 
viticultural region membership of a set of wine samples, the most r e levan t 
variables to characterize each zone are selected. Several feature selection 
methods are employed and t he variables chosen are used t o evaluate t h e per-
formance of different supervised methods of analysis ( S H A R A F et al., 1 9 8 6 ) . 

Akadémiai Kiadd, Budapes t . 
Kluirer Academic Publishers, Dordrecht 
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1. Materials and methods 

1.1. Source of data 

Twenty eight red wines (objects), all from 1983 vintage were collected 
in two production areas; eleven samples from Camp de Tarragona region 
(class 1) and seventeen samples from Comarca de Falsét region (class 2). All 
wines were guaranteed b y the Spanish D.O. legislation. Although a total 
number of twenty five physicochemical parameters (variables) were deter-
mined ( L A R R E C H I 8C R I U S , 1 9 8 7 ) , only those related to t he geographical origin 
of the samples were taken into account; eleven of them named as oenological 
parameters: density (DEN), pH, ash content (A), alkalinity of the ashes (AA), 
conductivity (COND), ethanol content (ETOH), reducing sugars ( S U G ) , dry 
extract (EXT), t i tratable acidity (T), t a r ta r ic acid (HTa) and the sum of 
malic and lactic acids (HMaLa), all of t h e m determined a t the Viticultural, 
Oenological and Fructicultural station (INCAVI) of Reus, following the pro-
cedures recommended by the O.I.V. ( 1 9 6 5 ) , except for malic acid which was 
determined enzimatically ( R I B E R E A U - G A Y O N et al., 1 9 7 6 ) . Seven meta l ion 
concentrations were also considered; calcium, magnesium, strontium, zinc and 
manganese measured by atomic absorption spectrometry and potassium and 
lithium determined by f lame emission spectrometry by employing an Ins t ru-
mentation Laboratory AA/AE 551 spectrophotometer. 

1.2. Pattern recognition methods 

The supervised methods of analysis: Statistical Linear Discriminant 
Analysis (SLDA) from the SPSSx package (ANON., 1981b). K-Nearest Neigh-
bours (KNN), Linear Learning Machine (LLM), Soft Independent Modelling 
of Class Analogy (SIMCA) and Least-Squares Linear Regression analysis f rom 
the well-known pattern recognition package ARTHUR (ANON., 1981a) and 
the use of Discriminant Analysis based on Non-Parametric Density Es t ima-
tion (ALLOC) from ALLOC80 package ( H E R M A N S et al., 1982) permi t ted , 
af ter some preprocessing and the most convenient selection of variables, t he 
assignement of the wine samples into one of the previously established groups. 
All calculations were carried out on an I B M 3083 computer a t the Informatics 
Centre of t he University of Barcelona. 

2. Results and discussion 

Before computing a classification rule which would classify the objects 
in to one of t h e previously defined classes, some preprocessing were considered 
necessary: (i) as parametric methods of analysis have been used, the normal 
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distribution of t he variables in each class has been tes ted by applying sub-
routine CONDESCRIPTIVE from SPSSx. Only one too high value of kur tos is 
for variable Zn (17.00) was detected in t he Comarca de Fa l sé t class. A careful 
revision of the d a t a showed the presence of an atypical va lue for this var iab le 
in object 2097. The subst i tut ion of this f igure by a missing value gave rise to 
a new kurtosis value (0.52) which fell in to the usual range found (1.40). 

The second preprocessing step (ii) consisted of autoscaling the var iables 
( K O W A L S K I & B E N D E R , 1 9 7 2 ) in order t o minimize the effect of the d i f fe rent 
magnitudes employed (iii). Several reasons have already been given to reduce 
the number of austoscaled variables before deriving t h e classification func-
tions ( V A N D E R V O E T et al., 1 9 8 4 ) . Following them, t h ree feature selection 
procedures were applied. Subprogram DISCRIMINANT f rom SPSSx conta ins 
f ive feature reduction procedures based on different criterions ( A N O N . , 1 9 8 1 B ) 

and all of them gave Mg, E t O H , SUG, C O N D and H M a L a as the best se t of 
variables with which a 95.5% of correct classification was obtained when 
SLDA was applied, i.e. only one out of 11 wines from class 1 was assigned 
incorrectly while all 17 wines from class 2 were correctly classified. A similar 
result was obtained when applying S E L E C T procedure f r o m A R T H U R ; b o t h 
variance weight and Fisher weight gave t h e same opt imum set: E tOH, COND, 
Zn, HMaLa and SUG when taking the K N N rule as t h e method to eva lua t e 
their performance. The maximum classification rates ob ta ined were 1 N N = 
9 2 . 9 % , 3 N N = 8 9 . 3 % and 4 NN = 8 5 . 7 % . Finally, a selection was under -
taken by using A L L O C 8 0 program and following C O O M A N S and co-workers 
( 1 9 8 1 ) methodology. The best set in the l a t t e r case was confirmed b y seven 
variables; Mg, Mn, Zn, E t O H , SUG, ТА and DEN, which gave rise t o the 
same maximum classification score ( 9 7 . 0 % ) obtained w i t h other procedures. 

The classification abil i ty, resulting f rom the assignation of t he same 
objects which had been used to derive t he classification functions are repor ted 
in Table 1. I t is known t h a t these results give an optimistic evaluation of the 
actual classification power of the derived functions ( M A S S A R T et al., 1 9 7 8 ) bu t 
they allow the selection of the best set of variables for each classification 
method. I t has already been claimed ( S J O S T R O M & K O W A L S K I , 1 9 7 9 ) t h a t the 
variables selected by DISCRIMINANT are the best se t to classify ob jec t s 
according to SLDA. With the present d a t a , also the heuristic selection proce-
dure of A L L O C 8 0 provided the group of variables which bes t form with ALLOC 
classification method and SELECT gave t he most sui table set according to 
the K N N classification rule as can be observed in Table 1. I t can also be 
noticed t h a t t he best classification results wi th LLM, SIMCA or Least-Squares 
Linear Regression Analysis are achieved with the variables selected by 
DISCRIMINANT. 

The best combination of variables and classification methods were used 
to obtain the actual classification power or prediction abi l i ty ( M A S S A R T e t al., 
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Table 1 

Classification results 

Classification methods 

Feature selection 
procedures 

SLDA ALLOC -
K N N 

1 NN 3 NN 
LLM Least 

squares SIMCA 

DISCRIMINANT 95.5 95.5 92.5 95.5 100 95.5 88.2 
SELECT 74.3 92.5 95.5 100 95.5 52.9 
Heuristic ALLOC 80 97.0 97.0 97.0 100 89.6 52.9 

1978) which was determined in all cases except for ALLOC by applying t h e 
leave-one-out procedure (VARMUZA, 1980). All results are displayed in Table 2. 
SLDA is the easiest visualizable method since the two classification funct ions, 
one for each class, can be assimilated t o orthogonal axes describing a two 
dimensional space where t h e wines, considered as points, can be represented 
as in Fig. 1. I t can be observed that no straight line exists which divides 
t h e plane in t w o regions each of them including all wines f r o m a single class, 
therefore a lways one out of 28 wines is missclassified. These results agree wi th 
those obtained by the LLM method in which no hyperplane was capable to 
ful ly separate t he two considered classes. T h e SIMCA me thod used, imple-
mented in f ive subroutines of the A R T H U R package, has given the lowest 
classification results. In spite of employing t h e best number of principal com-
ponents according to the crossvalidation, subprogram SICSVA, it is recognized 
t h a t much be t t e r results can be achieved wi th the improved version of t h e 
S I M C A package (ANON, 1983). 

Table 2 

Correctly predicted wines 

Classification method 
Camp de Tarragona 

(n = 11) 
Comarca tie Falsét 

(n = 17) 

SLDA» 10 17 
ALLOC3 11 16 

1 NN 11 16 
K N № 3 NN 11 16 

5 NN 10 17 
Least-Squares" 11 16 
LLM" 10 15 
SIMCA" 11 13 

a DISCRIMINANT feature selection; 3 Heuristic ALLOC feature selection; 0 SELECT 
feature selection 
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Fig. 1. Distribution of wine samples in the bidimensional space defined by the classifica-
tion functions derived by the SLDA method. # : Comarca de Falsét wines; О: Camp 

de TaiTagona wines 

To conclude, i t can be s t a ted tha t a clear differentiation of the t w o 
viticultural regions studied has been confirmed. Oenological variables as ethanol 
content , reducing sugars, conductivi ty, the sum of malic and lactic acids and 
metal ions as zinc or magnesium play an impor tan t role in t he discrimina-
t ion between t he two areas. I n spite of the similarities due to the geographic 
neighbourhood, all assayed methods gave conclusive results of the zone dif-
ferentiation, however, none of t h e m were able to at tain a 100% of prediction 
abili ty. Many of them erroneously classify only one wine, be ing this object a 
different one in each method, assessing in th i s way the absence of outliers, 
i.e. wines with peculiar characteristics which diffeentiate t h e m from all o ther 
wines in their class, observed in t h e cluster analysis study. Although relatively 
small groups of samples have been computed, SLDA, a parametr ic me thod 
has provided the same results as the non-parametric methods ALLOC, K N N 
or Least-Squares Linear Regression. Nevertheless the th iee la ter ones seem 
more appropriate in the present s tudy due t o their independence on s tat is t ic 
parameters of the classes. More definitive conclusions will be drawn by t ak ing 
into account different vintages, which would contemplate the variability 
introduced by t he climatic conditions along several years. These studies are in 
progress in our laboratory. 
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EFFECT OF LOW RESIDUAL 0 2 AND C02 
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Preservation of sponge-cake in C02/N2 atmospheres was studied, along with 
the choice of an appropriate packaging material. The effect of storage duration, 
temperature, residual oxygen on mold growth, was investigated. Much more than 
the ratio of C0 2 in the athmosphere, a low concentration of residual oxygen was 
found preponderant in growth inhibition. The effect of C02 on water activity (ow) 
of preserved sponge-cake was s tudied. I t was found tha t an important decrease in 
a w of thin slices of cake may be observed while it is very slowly decreased in 
thick samples. The decrease of a w could be an important component of CO. action 
in CO. preserved baked goods. 

Keywords: sponge-cake, CO. preservation, water activity (aw) mold growth 

The use of carbonic anhydride in order to increase shelf-life of packaged 
foodstuffs is well documented. For high water act iv i ty foodstuffs like meat, 
the combination of the actions of low temperatures and C02 proves to be the 
most efficient way to preserve sensorial quality while increasing shelf-life and 
freshness for several weeks. When t he gas is produced natural ly as in vege-
table respiration or t he ripening of certain kinds of cheeses, t he rat io of C0 2 

in the atmosphere surrounding t he product may be controlled in order to 
control the preservation conditions. 

However, a l though controlled atmospheres and C02 packaging tech-
nologies are mastered, the mechanism of action of carbonic anhydr ide on the 
product , or on the micro-organisms, is not always elucidated. I t happens t h a t 
a special phenomenon such as t h e "package snugging" or " p a c k collapse" 
leads t he user to pose questions abou t the adsorption of C02 by one or another 
phase of the product or on the permeabil i ty of the packaging mater ial . Among 
the components of food products, water is preponderant and essential to the 
development of micro-organisms. An interpretat ion of the mechanism of action 
of C 0 2 during the storage of C0 2 packaged foodstuffs could be based on the 
s t ructural and physico-chemical properties of simple aqueous solutions (salt, 
sugar, proteins, etc.) in the presence of C02. 
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The chemistry of COä in water , under its relationship to carbonate and 
bicarbonate ions, is well understood by chemists, probably because of the 
problems posed by water t rea tment and the importance of such ions in geology. 
Food industries have utilized C0 2 as a preservative for more t h a n one century 
(KOLBE, 1882), b u t no systematic s tudy has been devoted to t he food-C0 2 

interactions. These are essentially due to the s t ructural characteristics of CO.,. 
Indeed, in this linear molecule t he order of the C = 0 bond is approximately 
2.5 instead of 2 ( P i M E N T E I . & S F R A T L E Y , 1971) and two charged structures 
~ 0 = C - 0 + and + 0 - C = 0 ~ exist which may in teract with food constituents. 

Dissolved C0 2 in water is par t ia l ly hydrated. The degree of hydration is 
ill defined ( R O Q U E S , 1 9 6 4 ) . I t is noted C02 , n H 2 0 . The nature of hydration is 
of the clathrate- type ( J E F F R E Y , 1 9 6 9 ) , induced by the hydrophobic character 
of C02 . When the solubility of CO., in water is considered, a number of reac-
tions take place which differ in their kinetics and their influences on water 
s t ructure. First, t he hydrat ion of CO., occurs without any direct bond between 
water and carbon dioxide. The water molecules are repelled by t he solute and 
this induces an increase in hydrogen bond strength of the solvent. The entropy 
of the solution is decreased ( K I N G , 1 9 5 3 ) . However a f te r a few seconds, ioniza-
t ion reactions take place. These reactions are not instantaneous, which may be 
demonstrated easily by addition of saturated aqueous C02 on t he one hand 
and dilute acetic acid on the other to solutions of dilute N a O H containing 
Phenolphthalein indicator. The acetic acid neutral ization is instantaneous 
whereas with the C0 2 neutralization it takes several seconds for t he color to 
fade. The effect of ions on the dissolution of C0 2 in water depends on their 
hydrat ion ( B U R M A K I N A et al., 1 9 8 2 ) . The salting ou t effect does not follow 
Setehenov's equat ion when the concentration is varied. Carbon dioxide was 
also found ( M I T S U D A et al., 1 9 7 5 ) to be adsorbed by proteins and amino-acids. 
The r a t e of adsorption depends on moisture content. A large proport ion (90%)  
of gas adsorbed by t he proteins is desorbed in low C 0 2 concentration medium, 
while the adsorption by amino-acids (free bases) and histamine is not reversible. 

Some aspects of C0 2 adsorption by proteins are similar to the adsorption 
and a t t ack of molecular oxygen of certain molecular groups to give free 
radicals. This takes place when the level of moisture is less than a monolayer. 
I n the case of C02 , adsorption is favoured by t he presence of hydrophobic 
cavities in the s t ructure of proteins. I t was also shown ( P A U C H A R D e t al., 1980) 
t h a t C0 2 has a higher aff ini ty for f a t s t h a n for water . Among fats, unsatura ted 
f a t t y acids dissolve more CO, than sa tura ted acids. I t seems t h a t t he hydro-
phobic character of C0 2 together wi th its lipophilic affinity are a t the origin 
of th is high solubility of C02 in fa ts . Interactions of C0 2 with water , proteins 
and fa t s in simple model systems m a y help in the elucidation of i ts role in the 
inhibition of microorganisms during t he storage of C02-packed sponge-cake. 
In all cases of C0 2 packing of foods, the efficiency is connected wi th a low 
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rat io of 0 2 . I t is the case for meat which should be maintained a t a tem-
perature of — 1 °C to + 2 °C and an atmosphere composed of 15% C02 , t h e rest 
being N , or rare gases and less than 0 . 1 % 0 2 ( W I N T E R , 1 9 7 8 ) . For bread slices 
preserved under CO, the ra t io of O, m a y vary during t h e time in t h e same 
package bu t it has to he maintained below 3 % ( B R U E M M E R et al., 1 9 8 0 ) . Our 
objective is to s tudy the preservation of the cake in a gastight package in 
the presence of different rat ios of CO,, a minimized residual 0 , at different 
temperatures . 

1. Materials and methods 

The industrial sponge cake investigated was p repared by S.B.P. Dijon 
from a mixture composed of sucrose, whea t flour, bak ing powder and E 471 
and E 472 emulsifiers. A quant i ty of whole egg equal t o the quant i ty of the 
mixture was added. Af ter mixing the ingredients, t h e cake was cooked for 
20 minutes a t 180 °C t empera tu re . 

Packaging films were supplied by Rhóne-Poulenc-Films. Two opaque 
films (Clarylene4 F and ClaryleneR HB) and a t r ansparen t one (TertheneR 

D X 24) were used. Terthene is a complex of polymers composed of P E T or 
coated P E T and polyolefins. Clarylene H B is a high barrier complex with 
reinforced impermeabili ty composed of metallized P E T ( P E T M HB) and poly-
olefins. Clarylene F is a combination of metallized P E T and polyolefins. 

The parameters controlled during the sponge-cake preservation s tudy 
were: water activi ty {an), residual oxygen in the atmosphere surrounding 
the sample and the fungal flora growing a t the surface of the product. The au, 
was measured with Novasina electric hygrometer at 20 °C. The fungal f lora of 
sponge-cake was left to develop on cake samples a t an AW close to 1.0. After 
10 days, the samples were covered with molds, which were isolated on pota to 
agar at p H 5 and identified according to classical me thods ( M O R E A U , 1 9 8 0 ) .  

Analysis of residual oxygen was performed with a polarographic probe (Clark 
electrode) a t tached to ARELCO, T A I 340 FBS analyzer . Analysis of the 
solubility of C0 2 in sa tu ra ted aqueous solutions at d i f fe rent temperatures was 
achieved by a t i tr imetric method a f t e r precipitation as barium carbonate 
( J A C O B S , 1 9 6 0 ) . 
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2. Results and discussion 

2.1. Permeability of films 

The permeability characteristics of the packaging films are reported in 
Fig. 1. Terthene is transparent over the whole range of wavelengths while 
Clarylene F and Clarylene H B are not t ransparent . 

2.2. Microbiological results 

The principal fungal species identified on the surface of the sponge cake 
were: Aspergillus niger, Aspergillus chevalierii, Penicillium expansum and Peni-
cillium implicatum. This cake was also very often contaminated by yeasts 
especially Saccharomyces cerevisiae. The four mold species were grown on 
pota to agar in plates packaged in each of the three films (Terthene, Clarylene 
F and Clarylene HB). No difference was observed in presence (Terthene) or 
absence (Clarylenes) of light. 

2.2.1. Effect of C0.2 on yeast growth. P la tes were placed in Terthene films 
t o allow direct observation of microbiological results through the transparent 
package. Filling the pouches wi th C02-N2 mixtures and sweeping away the air 
took at least 10 min per pouch t o t ry to insure t h a t no oxygen was left. As ex-
pected, yeast growth was not affected by the absence of air and the ra te of 
growth was almost the same in air and in C0 2 -N 2 atmospheres. Yeasts are, of 
course, mostly aerobic-anaerobic facultative microorganisms and can develop 

о и 

1 6 -

K-

' E 1 0 -

•о 

S 8-

6 -

Л-

21 И ik 

о -
X 

-10 

f 6 

- U 

- 2 

Fig. 1. Permeability of Terthene (1), Clarylene F (2) and Clarylene H B (3) to 0 2 (Щ), 
CO, (Q) and water vapour (f~j) a t 21 °C temperature 
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in air with an oxidative (respiration) metabolism and in C 0 2 with a fermen-
ta t ive metabolism. 

2.2.2. Mold growth in C0.2jN2 modified atmospheres. Aspergillus niger 
growth was observed at 20 °C in 3 different atmospheres: air , 15% C0 2 - 85% N,, 
85% COo-15% N2. The results are given in Table 1. 

Table 1 

Mold (Aspergillus niger) growth in covered dilution 
plates with different atmospheres 

Air 15% CO.» 85% CO,» 

1 week + + ± 0 
3 weeks + + + ± 0 

i : a white spot of mycelium on the plate; -|—f- and -f--|— 
spore colonies of increasing size; 0: total inhibition 

a containing about 4% residual 0 2 

Analysis of residual oxygen showed t h a t the level was, in fact, relatively 
high (4%). This was probably due to the cover of the di lut ion plate. Indeed, 
even with a prolonged sweeping of C02-N2 mixture, residual air was not removed 
between the cover and the plate . Another experiment was therefore carried 
out under the same conditions as previously, the dilution plates containing 
agar being placed in the package without their covers. This resulted in a 
residual amount of oxygen concentration of approximately 1%. 

Observation of the growth of Aspergillus niger a t 20 °C showed t h a t , 
under these conditions, af ter 3 weeks, total inhibition was obtained with 15%  
as well as with 85% C02. Normal growth was observed in air. This indicates 
t h a t the principal factor in t he inhibition of mold growth was the low oxygen 
level (about 1%) in the atmosphere. However, a high ra te of C02 (85%) seems 
to have its own inhibition effect (Table 1). Interpretat ion of the effect of high 
amounts of C0 2 on the inhibition of growth is difficult. I t is possible t h a t a 
synergistic effect due to high C02 and low 0 2 concentrations in the a tmo-
sphere contributes to the inhibition ( E N F O R S 8C M O L I N , 1 9 8 0 ) of mold growth. 
I t is known t h a t a small amount of 0 2 is sufficient t o initiate vegetat ive 
growth. Lack of oxygen and a high amount of C02 p revents spore develop-
ment , so tha t only mycelium is observed (Table 1). 

2.2.3. Mold growth in N2 atmosphere. Aspergillus niger was grown at 
20 °C on dilution plates wi thout cover in gastight Terthene pouches filled with 
air, 10% CO2-90% N2 and 100% N2, respectively. Resul t s of mold growth 
af ter 3 weeks showed tha t growth was normal in air and inhibited in t he 10% 
C0 2 and 100% N2 atmospheres. Residual oxygen amounts were 1 to 1.5%. 
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Table 2 

A. niger growth after 3 weeks at 4 °C and different atmospheres 

Atmosphere 
Temper-

ature 
(°C) 

Residual 
o , 

(%) 

Time ol 
incubation 

(week) 

Observed 
growth 

Air 20 — 1 

3 
+ + + + + 

15% C02-85% N2 20 4 I 
3 

± 
± 

85% C02-15% N2 20 4 1 

3 
0 
0 

10% C02-90% N2 4 1 3 0 
15% C02-85% N2 4 1 3 0 
85% C02-15% N, 4 1 3 0 

100% N2 4 1 3 0 

For legend see Table 1 

These results show that t h e lack of oxygen has a preponderant role in the 
inhibition of mold growth. Indeed, inhibition was also obta ined with 100% N2 

in the presence of only 1% 0 2 . However, nitrogen is not efficient in the pres-
ence of bacteria, whereas C 0 2 has an inhibiting effect ( O O R A I K U L , 1 9 8 2 ;  

H U F F M A N , 1 9 7 4 ) . 

2.2.4. Effect of low temperature. The preceding experiments on the growth 
of Aspergillus niger in air, a n d different amounts of C0 2 in C02-N2 mixtures 

80 

40-
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0l , , , F -

0 Ю 20 30 40 50 
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Fig. 2. Variation of the solubility of C02 in wate r as a funct ion of temperature 
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were repeated at 4 °C. The dilution plates were covered in a first experiment 
and gave the results listed in Table 2. 

With the cover on the plate, the remaining oxygen in the atmosphere 
analysed after 3 weeks was 4%. The effect of lowering the temperature was to 
slow down growth. The effect of low temperature with a high amount of C02 

leads to total inhibition of A. niger growth even in the presence of 4 % oxygen. 
This is probably due to the use of two preservation agents: cold and CO,. 
On the other hand, solubility of C02 gas in the medium increases as tem-
perature is decreased (Fig. 2). I ts effect when dissolved in the aqueous medium 
is higher probably because of pH lowering ( W A N G & B R O W N , 1 9 8 3 ) . The 
effects of confined atmospheres and low temperatures were investigated on 
A. niger and P . expansum strains. Cultures were made in non covered dilution-
-plates placed in gastight Terthene pouches filled wi th air and propagated 
a t different CO,/N, ratios. Results are given in Table 2 for the growth after 
3 weeks a t 4 °C. 

These results clearly show that the efficiency of modified atmospheres 
(other than air) is improved at low temperature. However, a low 0 2 rate 
(1.5%) is required to ensure a total absence of mold growth. 

2.3. Preservation results 

2.3.1. Package permeability to 02. Sponge-cake slices were packed in 
pouches each made of the three films (Terthene, Clarylene F and Clarylene 
HB) filled with air, 15% C0 2 -85% N, and 50% C 0 2 - 5 0 % N2 mixtures, 
respectively. After 10 weeks of storage a t laboratory temperature (c^20 °C), 
analysis of oxygen in the different pouches was made. I t was found t h a t only 
Clarylene H B was completely impermeable to oxygen. The amount of 0 2 was 
1 to 1.5% and did not change during the 10 weeks. Clarylene F is slightly 
more permeable to oxygen. At the end of the 10 weeks O, increased to 4%. 
Terthene, the most permeable film to oxygen had 6 % residual 0 2 a t t h e end 
of the storage period. Cake preservation was continued with the more efficient 
film Clarylene HB, while it was more convenient t o use the t ransparent 
Terthene film for the microbiological growth study. 

2.3.2. Effect of CO., on water activity of sponge-cake. Two sets of experi-
ments were undertaken. In the first, very thin lamellas of cake (5 m m thick) 
were conditioned in Clarylene pouches with different atmospheres: air, 15% 
CO,-85% N,, 50% CO2-50% N2 and 85% C0 2 -15% N2 . 

The second set of experiments deal t with 30 mm thick slices of sponge-
cake conditioned in the same gas mixtures. The water activity of t he cakes 
before conditioning was equal, at 0.91. I t was measured after several weeks of 
storage at 20 °C. Results are given in Table 3 for 5 m m thick lamellas and 
Table 4 for sponge-cake slices. 
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Table 3 

Changes in water activity of sponge-cake lamellae stored at 20 °C in different 
time and atmospheres 

Storage time 
Atmosphere  

2 weeks 3 weeks 8 weeks 

Air 
1 5 % C 0 2 — 8 5 % N 2  

5 0 % C 0 2 — 5 0 % N 2  

8 5 % C 0 2 - 1 5 % N 2 

0 . 8 9 ± 0 . 0 1 (3) 

0 . 8 6 ± 0 . 0 1 (4) 

0 . 8 6 ± 0 . 0 1 (4) 

0 . 8 2 ± 0 . 0 1 (4) 

0 . 8 7 ± 0 . 0 1 (3) 

0 . 8 4 ± 0 . 0 1 (4) 

0 . 7 8 ± 0 . 0 1 5 (4) 

0 . 7 5 ± 0 . 0 1 5 (4) 

0 . 8 1 ± 0 . 0 1 (3) 

0 . 7 6 ± 0 . 0 1 5 (4) 

0 . 7 9 ± 0 . 0 1 5 (4) 

0 . 7 3 ± 0 . 0 1 5 (4) 

The numbers of measurements are in brackets 

Table 4 

Changes in water activity of sponge-cake slices stored at 20 °C in different 
time and atmospheres 

Storage time 
Atmosphere  

2 weeks 3 weeks 8 weeks 

Air 0 . 8 9 ± 0 . 0 1 (4) 0 . 8 8 ± 0 . 0 1 (4) 0 . 8 8 ± 0 . 0 1 (4) 

1 5 % C 0 2 — 8 5 % N 2 0 . 8 8 ± 0 . 0 1 (4) 0 . 8 8 ± 0 . 0 1 (4) 0 . 8 7 ± 0 . 0 1 (4) 

5 0 % C 0 2 — 5 0 % N 2 0 . 8 8 ± 0 . 0 1 (4) 0 . 8 7 ± 0 . 0 1 (4) 0 . 8 7 ± 0 .01 (4) 

8 5 % C 0 2 — 1 5 % N 2 0 . 8 9 ± 0 . 0 1 (4) 0 . 8 8 ± 0 . 0 1 (4) 0 . 8 7 ± 0 . 0 1 (4) 

The numbers of measurements are in brackets 

I t may be observed t h a t t h e a w decreased during storage of 5 mm th ick 
samples of sponge-cake. Decrease in a w seemed to be more impor tant as t h e 
r a t io of C02 was increased. T h e samples in a i r were covered wi th mold a f t e r 
t h e second week of storage. N o mold was observed in the o ther pouches wi th 
different ratios of C02, the residual amount of oxygen being 1.5 to 2%. All 
sponge-cake lamellas with aw less than 0.80 were crisp and lost the softness 
generally desired in such a b a k e d good. T h e objective of preventing mold 
growth was achieved but t h e intrinsic properties of the sponge-cake were 
modified. The experiment on t h in lamellas permitted rap id observation of 
wa te r vapour diffusion from t h e sample to t h e surrounding atmosphere. The 
general use of modified a tmospheres concerns thick slices of product or very 
o f t en the whole baked goods. I n order to minimize the effect of the size of t he 
sample on a w equilibration and work in conditions close to industrial practice, 
t h e same experiment was conducted with 5 cm thick slices occupying approx-
imate ly 80% of the 15x15 cm pouches. Changes of «w dur ing storage is 
given in Table 4. 

The a w decrease is clearly much less when the size of sample and t h e 
ra t io of its volume to gas volume is increased. I n such conditions water vapour 
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diffusion is slower. Moreover, the relatively long (c^lO minutes) sweeping of 
dry C02 gas mixtures acts as a drying process tha t is part icularly efficient in 
the case of th in lamella. In this experiment , as in the previous one, only 
samples stored in the air atmosphere were moldy. In t he other pouches t he 
ra te of residual 0 2 was 1.5%. The aspect of t he thick slices and their sof tness 
did not change except for the slices s tored for 8 weeks which showed whi te 
areas in t he crumb probably due to s t a rch retrogradation, known as the 
staling of baked goods. 

3. Conclusions 

The investigated product was an industr ial sponge-cake commonly used 
as a raw material for different preparations. I t s water ac t iv i ty was relat ively 
high (aw = 0.91) as no humectants were added to its formula . Improving t he 
shelf-life of such a product could be useful in choosing t h e preservation con-
ditions for o ther baked goods with lower wa te r activity. Among the packaging 
films investigated the less impermeable to water vapour, Clarylene H B (see 
Fig. 1) was found to give the better results. Although microbiological counts 
were made in t ransparent Terthene film, wi thou t opening t h e pouch, in sponge-
cake preservation experiments Clarylene H B was used. The microbiological 
results showed tha t a low ra te of oxygen (about 1%) is essential to inhibi t 
mold growth. This condition is more impor t an t than the presence or absence 
of C02 in t he atmosphere. The second conclusion to be noticed is the inhibi t ing 
effect of lowering the tempera ture of s torage. Although mold growth m a y be 
inhibited in a 100% nitrogen atmosphere, i t should be recalled tha t C 0 2 has 
a specific inhibitory effect on bacteria ( O O R A I K U L , 1 9 8 2 ) . 

The mechanism of action of C 0 2 N 2 atmospheres on the s tabi l i ty of 
sponge-cake during a 2 months storage m a y find an explanation in the modif i -
cation of water activity. The decrease of a w (Table 3) in case of the s torage of 
thin (5 mm) slices of cake was very impor tan t (from 0.91 to 0.73) and is prob-
ably fundamenta l to the increase in shelf-life of the product . Although th in 
slices of cake did not mold, the taste characteristics of f resh samples were not 
preserved. The slices were dehydrated due to a long t ime of C02-N2 sweeping 
and because t he volume of gas in the pouch was important relatively t o t h a t 
of the cake. P a r t of the moisture of t he sponge-cake diffused to equi l ibrate 
with the surrounding volume of gas. As raw decrease is due to the diffusion of 
water out of the cake, it obeys Fick's law and depends on the surface and 
thickness of t he sample. Tha t is why t he decrease in a w of thick samples is 
much less impor tant . Such an a w (0.88-0.87) a t the end of storage is com-
patible with sensory properties of sponge-cake like softness. The only observed 
defect is s tal ing which could be canceled ou t by adding humectants t o t he 
formula of t he product. Preservation of intermediate moisture foods of the 
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sponge-cake t y p e could be achieved by combining the effects of low tem-
perature (4 °C), modified atmospheres (50% CO2-50% N2, less than 1.5% 0 2 ) 
and depressing the a w wi th humectant addi t ives . 

* 

The a u t h o r s thank the Society "S.I .A.C." for supplying the gas and for f inancia l 
support to P .G . 
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TEA AROMATIZATION WITH BETA-CYCLODEXTRIN 
COMPLEXED FLAVOURS 

L . SZENTE, M. GÁL-FÜZY and J . SZEJTLI 

Cyclodextrin Labo ra to ry of Chinoin, 
H-1026 Budapes t , E n d r ő d y S. u . 38/40. H u n g a r y 

(Received: 4 June 1987; accep ted : 23 J u l y 1987) 

Beta-cyclodextr in (/S-CD) complexed bergamot, jasmine, peppe rmin t and 
c innamon oils were added to Ceylon black tea of s t andard quali ty. On con tac t ing 
with ho t water the complexed volatile oils get released immediately. Compara t ive 
s tabi l i ty and sensory tests showed, t h a t the use of /S-cyclodextrin e n t r a p p e d 
f lavour ing materials for tea aromat iza t ions resulted in products of r e m a r k a b l y 
improved stabili ty, s torabi l i ty and sensory value. 

Keywords: cyclodextrin, f lavour , stabilization, molecular encapsula t ion 

Increasing number of new tea products offering improved sensory qual i ty 
and broader selection show, t ha t there is a constant demand for new t e a sorts 
giving new sensory experiences for t e a consumers. I n the early 70's many 
novel tea preparat ions have been in t roduced to the marke t with r a t h e r new 
and even unusual tastes. For instance dr ied jasmine flower, orange and lemon 
peels, cinnamon, clove as well as their ex t rac t s were added to black t e a leaves, 
to provide ex t r a aroma. 

The popular filter teabags were also aromatized with formulated (ad-
sorbed, encapsulated, etc.) flavours, like lemon, bergamot, s trawberry, rasp-
berry, apple, smoke, cherry, rum and others . 

Adding ext ra a roma to tea products of any kind (leaves, teabags, ins tan t 
tea powders, etc.) proved to be a convenient way to improve the sensory value 
of rather poor tea sorts, which would be otherwise difficult to sell. 

The major i ty of f lavour compositions employed for tea aromatizat ion, 
are however, volatile, mult icomponent systems, which exhibit r a t h e r high 
sensitivity towards oxidation and destruct ion by l ight (REYMOND, 1977; 
Y A M A N I S H I , 1975; W I C K R E M A S I N G H E e t al., 1973). Therefore aromatized tea 
products need to be packed hermetically with exclusion of air and l ight by 
employing t ight ly sealed containers, boxes, etc. After launching t he /3-cyclo-
dextrin complexed spice extracts (garlic, dill, onion, caraway, etc.) t o the 
market in Hungary , i t seemed to be qui te logical t o aromatize also tea, 
packed into filter bags with /S-cyclodextrin complexed essential oils of bergamot , 
jasmine, cinnamon, peppermint and lemon. All the above essential oils form 
inclusion complexes wi th /5-cyclodextrin ( S Z E J T L I et al., 1980a). The molecular 
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encapsulation of these flavours might lead t o the introduction of aromatized 
t ea products containing solid, chemically s table flavours, enabling longer pre-
servation ( S Z E J T L I et al., 1980b). 

1. Materials and methods 
1.1. Materials 

The /J-cyclodextrin (14% moisture content) is the product of Chinoin 
Pharmaceutical Chemical Works Ltd. Budapest (Hungary). The essential oils 
were purchased from Givaudan (bergamot oil), Payan Bertrand (jasmine oil) 
and Dragoco Co. (lemon oil, peppermint oil). All other chemicals and reagents 
used were of analytical purity. 

1.2. Methods 

1.2.1. Preparation of crystalline ß-cyclodextrin inclusion complexes. The 
complexes were prepared in two different ways : 

1.2.1.1. — by cocrystallization; 0.1 mol 14% moisture containing ß-CD 
(129.4 g) was dissolved in 1 d m 3 of e thanol-water 1 : 2 mixture at 58-60 °C 
with vigorous stirring. Fifteen g of the essential oils (equivalent to 0.1 mol, 
referring to t he average mol weight of consti tuents of the actual oil) was 
dissolved in 120-150 cm3 of 96% ethanol and dropwise added to the cyclo-
dextrin solution. The mixture was slowly cooled to room temperature under 
stirring (approx. 5 h) and kept a t + 3 - + 5 °C overnight. The crystalline pre-
cipitate was fil tered off on a glass filter and dried in air to constant weight. 

1.2.1.2. - by co-grinding; /З-cyclodextrin and the flavouring oils in 10 : 1 
weight ratio were ground in a mortar in the presence of a small amount of 
water (10 g cyclodextrin + 1 cm3 water) unti l the mixture became powdery, 
solid material. The formulations were then dried to constant weight in air 
a t 22 °C. 

1.2.2. Determination of essential oil content of the solid formulations. The 
flavour content of cyclodextrin complexes was determined by comparative 
gas-chromatography ( H A R A N G I & N Á N Á S I , 1 9 8 4 ) . Gas-chromatographic param-
eters used for t he analyses were as follows: 

Column: glass capillary column coated with OV-101; length: 24.5 m ; 
interna] diameter: 0.2 mm, 

Carrier gas: nitrogen, at a flow rate of 19.5 cm3 m in - 1 , 
Injector: 200 °C; F ID detector: 300 °C. 

The quant i ta t ive determination of model flavour substances (e.g. cinnam-
aldehyde, geraniol, citral) was carried out by UV-spectroscopy. The UV-
spectra were registered on a Specord UV-VIS photometer in 50% (v/v) ethanolic 
solutions. The characteristic UV absorption maxima at which determinations 
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were carried out were 287 nm for cinnamaldehyde, 238 nm for geraniol, and 
240 nm for citral. 

1.2.3. Granulation of crystalline flavour ß-cyclodextrin complexes with de:r-
tran. Two hundred and f if ty g of the flavour-complexes were mixed with 50 g 
of dextran (Mwt: 43000) — as binder — 25 cm 3 of glycerol and 25 cm3 of 
water at 22 °C. The binder of the granules has to be rapidly soluble in hot 
water, without resulting in any cloudiness. For experimental purposes dext ran 
seemed to be acceptable, but of course for industrial purpose there are various 
conventional granulating binders and methods. The mixture was spread in a 
thin layer and dried at room temperature. The dried plates were than crushed 
and reeved on a screen of 1.0 mm aperture. The volume of 50 g of granulated 
substance was 120 cm3. The flavour complex content of these granulates was 
74-77% by weight. Mixing tea leaf powders to t he CD complex before granulat-
ing the salient white colour of the granules can be covered. 

1.2.4. Heat stability studies. The heat stabil i ty of free and complexed 
flavours was characterized by thermoanalytical investigations, using a Du 
Pont 990 Thermal Analyzer System (TG, DTG, TEA analyses). 

In 916 TEA (Thermal Evolution Analysis) apparatus test samples were 
heated in nitrogen atmosphere a t a heating ra te of 8 °C min ~ 1, and the evolved 
organic volatiles were detected by means of f lame ionization detector. 

1.2.5. Storability studies. Absorbed and complexed flavour samples were 
stored in open test tubes at 80 °C temperature for three days. Samples were 
taken every day and the actual flavour content of the formulations was 
determined by gas-chromatography and UV-spectrophotometry. 

1.2.6. Test of clumping tendency of samples prepared. Crystalline /?-cyclo-
dextrin complexes and corresponding lactose flavour adsorbates with identical 
flavour content were stored for 4 and 8 hours a t 22 °C in humid air (cca 9 0 % 
R.H.) and then sieved through a screen of 400 pm aperture. The weight per-
centages of the passed and retained sample fraction were used for the char-
acterization of clumping tendencies of formulations due to hygroscopicity. 
(Instead of the structurally related glucose, lactose was used for preparation 
of flavour absorbates, because glucose itself is hygroscopic.) 

2. Results and discussion 

2.1. Characterization of ß-cyclodextrin flavour complexes in solid state 

2.1.1. Flavour contents entrapped in ß-cyclodextrin. The gas-chromato-
graphic and UV-spectrophotometric results of flavour contents of inclusion 
complexes are listed in Table 1. All data on the flavour content of the formula-
tions are presented as mean values of 5 parallel measurements. 
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Table 1 

Flavour content о] the ß-cyclodextrin complexes 

Complex 
Flavour content 

Complex (w/w %) Note 

Lemon oil-/?-CD 9 . 7 ± 0 . 3 (determined by GC) 
Bergamot oil-/?-CD 9 . 0 ± 0 . 5 (determined by GC) 
Jasmin oil-/?-CD 10 .6 ± 0 . 1 (determined by GC) 
Peppermint oil-/S-CD 9 . 3 ± 0 . 3 (determined by GC) 
Cinnamon oil-jS-CD 9 . 9 ± 0 . 2 (determined by GC) 

Citral-/?-CD 9 . 2 ± 0 . 2 (determined by UV photometry) 
Geraniol-/J-CD 1 0 . 4 ± 0 . 3 (determined by UV photometry) 
Cinnamaldehyde-/?-CD 1 0 . 6 ± 0 . 1 (determined by UV photometry) 

Gas-chromatographic and previous sensory investigations proved, t h a t no 
differences in composition and character between the original and the molec-
ularly encapsulated flavours were found, due to the loss or deterioration of 
volatile components upon the complexing processes. (Fig. 1 demonstrates the 
above-mentioned on the example of bergamot-oil and its ß-CT> complex.) 

These flavour /?-cyclodextrin inclusion complexes are white, micro-
crystalline, free flowing, not-hygroscopic formulations. 

2.1.2. Assay of the clumping tendency of complexed and adsorbed flavours. 
None of the /9-cyclodextrin complexed essential oils and flavour substances 
were found to exhibit considerable hygroscopicity up to about 90% R.H. 

А В 

Time (min) Time (min) 

Fig. 1. Comparative gas chromatograms of original bergamot oil and the bergamot oil 
re-extracted from jS-cyclodextrin complex. A: original oil; B : complexed oil 
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0.5 1 2 
Time (day) 

Fig. 2. Clumping tendency of flavour-/J-cyclodextrin complexes and corresponding 
lactose-flavour adsorbates upon storage in humid air (90% R.H.) for two days at 22 °C 

(Screen test). X'- Jasmine oil; A: bcrgamot oil; O : lemon oil; • : peppermint oil; 
: complexes; : adsorbates on lactose 

Ю0 200 300 
Temperature CC) 

Fig. 3. TEA (Thermal Evolution Analysis) curves of f ree lemon oil (A); lemon oil + 
jS-cyclodextrin mixture (B) and jj-cyclodextrin lemon oil inclusion complex (C) 
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Lactose-flavour adsorbates (which were prepared in the same way as co-ground 
/З-cyclodextrin complexes) however, showed to be rather hygroscopic, even 
after a few hours, storage in humid air (Fig. 2). 

2.2. Stability studies 

2.2.1. Thermoanalytical studies. (Presented on the example of lemon oil.) 
The TEA thermoanalytical investigations show t h a t the evaporat ion of the 
highly volatile constituents of free lemon oil takes place between 100-130 °C, 
t h a t of the less volatile ones at 170-270 °C (Fig. 3). 

The TEA curves of lemon oil /З-cycIodextrin mechanical mixture represent 
a similar thermal release of the lemon oil volatiles. Significantly retarded 
escape of volatiles can be detected, however, from the /З-cyclodextiin lemon 
oil complex. The evaporation of lemon oil s tarted from the complex only 
above 180 °C and continuously proceeded till the thermodegradation of the 
carbohydrate matrix. Similar thermoanalytical da t a were obtained with all 
other flavour formulations discussed in this paper. 

2.2.2. Storage at elevated temperature. The behaviour of cyclodextrin com-
plexed and adsorbed flavours upon long term storage was approached by 
treat ing the samples (containing identical amounts of flavours) a t 80 °C for 
three days. 

This heat stress showed, tha t t he flavour-lactose adsorbates suffered a 
severe loss of volatiles, while flavours properly entrapped into /З-cycIodextrin 
exhibited remarkable persistency under this t reatment . 

The results of the storage test are summarized in Table 2. 
Comparative thin-layer chromatography proved tha t in /3-cyclodextrin 

complexes even the most volatile and hea t sensitive constituents were retained 
after heat t reatment for three days and the TLC pat terns of untreated and 
t reated complexed oils were almost identical. 

2.3. Application of the granulated form of cyclodextrin flavour complexes 

Upon filling and packing teabags and teaboxes with tealeaves aromatized 
with powdery /З-cyclodextrin complexed flavours, a significant size-sorting 
takes place resulting in tea products of ra ther heterogenous flavour distribution. 

Therefore to ensure the possible highest degree of homogeneity of the 
complexed flavours in the mixture of tea leaves and complexes the micro-
crystalline solid complexes were formulated to granules of similar specific 
gravi ty with tha t of the tea leaves. 

The use of common granulating materials such as different types of PVP 
(polyvinylpirrolidone), carboxymethyl-cellulose, carboxymethyl s tarch, vari-
ous dextrin, etc. for granulation of flavour complexes resulted in severe 
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Table 2 
Effect of storage time at 80 °C on the flavour content of lactose adsorbates 

and ß-cyclodextrin complexes 

Samples 
Flavour content (%)* 

Samples 
0 day 1 day 2 day 3 day 

Bergamot oil complex 9.3 ± 0.6 9.0 ± 0.2 10.1 ± 0.4 8.2 ± 0.5 
adsorbate 9.5 ± 0.2 5.7 ± 0.2 2.7 ± 0.7 1.3 ± 0.4 

Lemon oil complex 9.7 ± 0.1 9.1 ± 0.3 9.3 ± 0.2 8.8 ± 0.4 
adsorbate 9.5 ± 0.2 2.4 ± 0.4 2.8 ± 0.3 1.8 ± 0.6 

Peppermint oil complex 9.0 ± 0.3 9.2 ± 0.3 9.2 ± 0.4 8.0 ± 0.3 
adsorbate 9.0 ± 0.4 6.0 ± 0.3 4.4 ± 0.2 2.8 ± 0.5 

Citral complex 9.3 ± 0.1 9.5 ± 0 . 1 9.0 ± 0.2 9.0 ± 0.1 
adsorbate 9.5 ± 0.2 4.4" ± 0.8 4.0Ь ± 0.8 0.()b 

Geraniol complex 10.5 ± 0.1 10.7 ± 0.3 10.0 ± 0.2 8.8 ± 0.3 
adsorbate 10.0 ± 0.2 6.6 ± 0.5 2.8» ± 0.9 3.0b ± 1.0 

Cinnamaldehjde complex 10.7 ± 0.2 10.4 ± 0.3 8.8 ± 0.1 8.9 ± 0.4 
adsorbate 10.5 ± 0.3 7.0 ± 0.5 2.2 ± 0.5 0.0" 

a All data represent the mean value and the standard deviation of 5 parallel deter-
minations 

ь The UV-spectra of these treated samples seemed to be distorted, so that the results 
given here should not be considered as informative ones 

t u r b i d i t y of t e a i n f u s i o n s d u e t o t h e p r e c i p i t a t i o n of t a n n i c s u b s t a n c e s b y 
b i n d e r s a t h i g h e r t e m p e r a t u r e s . 

D e x t r a n , o r p y r o d e x t r i n (ye l low d e x t r i n ) a n d s a c c h a r o s e we re , h o w e v e r , 
a p p r o p r i a t e b i n d e r s fo r g r a n u l a t i o n . 

O n e of t h e m o s t i m p o r t a n t r e q u i r e m e n t t o s u c h f l a v o u r g r a n u l e s is : t o 
p r o v i d e r a p i d d i s s o l u t i o n a n d r e l e a s e of t h e f l a v o u r e n t r a p p e d , w i t h o u t p r e -
c i p i t a t i o n in h o t w a t e r in t h e p r e s e n c e of t ea - l ea f e x t r a c t s . T h e a b o v e d e x t r a n 
b a s e d c o m p l e x c o n t a i n i n g g r a n u l e s w e r e f o u n d t o m e e t all t h e s e r e q u i r e m e n t s . 
I t is t o be n o t e d t h a t t h e g r a n u l a t e d c y c l o d e x t r i n c o m p l e x e d f l a v o u r s c a n n o t 
b e e m p l o y e d , h o w e v e r , fo r t h e a r o m a t i z a t i o n of i n s t a n t t e a p o w d e r s u s e d for 
i ced t e a b e v e r a g e s , because of t h e v e r y s low a n d s l igh t re lease of t h e e n t r a p p e d 
f l a v o u r s a t lower t e m p e r a t u r e s . 
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BOOK REVIEW 

Changing food technology 

M . K R Ö G E R & R . S H A P I R O ( E d s ) 

Teehnomic Publishing Company, Inc. , Lancaster, l 'A, 1987; 170 pages 

The book contains fourteen original selected papers from the Four th "Eas te rn" 
Food Science & Technology Conference, held October 6—9, 1985, in Lancaster , PA, 
U.S.A. The declared theme of this conference was "Innovat ion and Communication: 
Par tners for Progress in the Food I n d u s t i y . " 

This volume of proceedings is divided into three subject areas. The first par t 
contains four papers about the problems of automation of food processes, under the title 
Process Automation for Quality and Cost Control. The second part involves six papers 
about the results and trends of new food product research and development with special 
regard to the aspects of nutrition. The group of these proceedings is entitled Laboratory 
Product ivi ty and New Food Products. The third area is entitled Fu tu re Processing 
Technologies and Packaging Trends. The four selected papers introduce the innovations 
of crossflow membrane technology, of food preservation by irradiation, of instantizing 
food ingredients and of food packaging as an integrated technology in food processing. 

Concurrent with the conference was a food science graduate student poster session. 
Descriptions of all twelve posters are in the Appendix. 

The book is useful for technologists, engineers and graduate s tudents interested 
in the recent results of research and development in the field of food industry. 

I . V A R S Á N Y I 

Akadémiai Kiadd, Budapest. 
Kluirer Academic Publishers, Dordrecht 
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ANNOUNCEMENT 

7th INTERNATIONAL MEETING ON RADIATION 
PROCESSING 

A BIENNAL CONFERENCE DEDICATED TO THE DISSEMINATION A N D 
ADVANCEMENT OF T H E TECHNOLOGY O F INDUSTRIAL RADIATION 

PROCESSING 

April 23rd to 28th 1989 
Leeuwenhorst Congres Center, Noordwijkerhout. The Netherlands 

The programme includes a mixture of invited lectures, contributed papers, poster 
sessions, panels, open discussions and tutorials. 

The main body of the programme will consist of contributed papers. 
The topics will include: 
1. Radiat ion sterilisation 
2. Waste t reatment 
3. Food preservation 
4. Polymer modification 
5. Materials for application in radiation environments 
6. Semiconductors 
7. Industrial irradiation facilities 
8. Dosimetry 
Impor tan t issues will be addressed in panel discussions. Provisional titles are : 
— Public perception of radiation processes 
— Why use radiation in industrial processes ? Why not ? 
Abstracts of papex's (300 words or less) should be forwarded to Mr E. Franken, 

the conference secretary, before 1st June, 1988. 
Official language: English. 
Correspondence address: Mr E . Franken, 7th International Meeting on Radiat ion 

Processing, P.O. Box 4240, 6710 E E Ede. The Netherlands. 

Akadémiai Kiadd, Budapest. 
Kluirer Academic Publishers, Dordrecht 
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STUDIES INTO THE CHANGES 
IN SULPHUR AMINO ACIDS OF BEEF EXPOSED 

TO DIFFERENT TIME AND TEMPERATURE 
CONDITIONS 

S . D U D Á S O V Á 3 , L . S O R M A N 3 a n d J . D Ü D Á Á B 

a Department of Chemistry and Technology of Saccharides and Foods, 
Slovak Technical University, Radlinskeho 9, 812 37 Brat is lava. Czechoslovakia 

b Department of Chemical Engineering, Slovak Technical University, 
Radlinskeho 9, 812 37 Bratislava. Czechoslovakia 

(Received: 20 November 1986; revision received: 25 August 1987; accepted: 
8 September 1987) 

The present paper deals with the influence of t ime and temperature com-
binations during sterilization of beef in its own juice within the range of 75-135 °C 
and 5-95 min on the losses of sulphur amino acids studied as the loss of the 
total , protein and non-protein — SH groups. 

Experimentally obtained losses varied from 0 .75% to 29.01%, 12.30% to 
44.84% and from 0.32% to 28.71% for total, non-protein and protein — S H groups, 
respectively. 

Regression equations were obtained for the losses using the two-factor 
plan of experiment. 

Keywords: beef, sterilization, combination t rea tment , sulphur amino 
acids, plan of experiment 

Heat ing of protein containing foods brings a b o u t changes in nutr i t ion 
value, tas te , odour, appearance and texture . Sulphur amino acids, i.e. cysteine 
cystine and methionine are mainly participating in these changes. N o t only 
does heat cause changes in the secondary and te r t ia ry structure of proteins 
e.g. denaturat ion, bu t a t higher temperatures chemical changes also occur 
caused by reactions of their funct ional groups and b y breaking of covalent 
bonds. According to the research of S A M E J I M A and co-workers ( 1 9 6 9 ) dena-
tura t ion of proteins takes place up to 7 0 °C. Conclusions drawn by R A N D A L 

and B R A T Z L E R ( 1 9 7 0 ) and also B O W E R S ( 1 9 7 2 ) show t h a t the total sulfhydryl 
group content t rea ted with tempera tures up to 70 °C is constant b y using 
dena tu ran t . Quanti tat ive increase of t he total sulfhydryl group con ten t up 
to th is temperature is caused by opening the actomyozin molecule when 
masked groups are made accessible to t he reagent by denatura t ion — already 
reported by J A C O B S O N and H E N D E R S O N ( 1 9 7 3 ) . 

Using temperatures higher t h a n 70 °C revealed t he decrease of sulf-
hydryl group content . Using tempera tures above 85 °C changes of t h e SH 
groups do not take place as a consequence of their oxidation, but as referred 

1* Akadémiai Kiadó, Budapest 
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2 0 6 DUDlSOVÁ et al.: CHANGES IN SA A OF BEEF 

t o b y M A L Y U T I N ( 1 9 7 0 ) , protein aggregation is a consequence of the changes 
of t h e S H - S S system 

S S SH S 

H S — P r o t . 
/ 

+ H S - P r o t . 
1 / 

t H S — P r o t — S S — P r o t . 

S S s 

This reaction does not necessitate the change of SH—SS groups. The decrease 
of these groups above these temperatures as observed could be caused by 
reduced reactivity of the sulfhydryl groups in comparison to their original 
reactivity. This is proposed in t h e literature only as a hypothesis, it is not yet 
confirmed. The loss of the total sulfhydryl groups becomes significant only at 
temperatures above 85 °C, while beside the original the disulfite bonds and 
hydrogen sulfite is also released. During heating a t these higher temperatures 
for a long time, as in the case of sterilization of mea t cans, the strongly nucleo-
id sulfhydryl group is oxidized t o disulfite SS group. Mainly the influences 
of neighbouring functional groups as hydrogen bonds, as well as the coulomb 
forces and also t h e pH value of t h e surrounding medium are responsible for 
t h e big differences in reaction activity of sulfhydryl groups. USTINOV and 
Z O L O V A ( 1 9 7 6 ) suggest that t he S H group content in meat is influenced also 
b y factors such as the species, age, sex and feeding of animal and its general 
condition before slaughtering. T h e content of S H groups also differs in de-
pendence on the kind of used muscle. 

1. Materials and methods 

1.1. Sample preparation 

Model samples of beef m e a t were prepared as the beef in its own juice. 
Cans were filled up to 425 g weight. These were prepared according to the 
conditions determined by two-factor plan of experiment (Table 1). The factor 
changes ranged within the tempera ture limits of 75-135 °C and sterilization 
t i m e varied f rom 5 to 95 min. 

1.2. Methods 

The content of SH groups w a s determined by spectrophotometry at 412 nm 
using Ellman's reagent (ELLMAN, 1959). We used urea for denaturation 
(Curea = 8.5 m o l l - 1 ) . 

The non-protein SH groups were determined after their dissolution in 
trichloracetic acid and they were separated f rom protein SH groups. 

The content of protein S H groups was determined as a difference between 
t o t a l and non-protein SH groups. 

Acta Alimentaria 17, 1988 
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Table 1 

The conditions and results of experimental measurements 

Sample 
number 

Temperature 
(°C) code (mill) 

Time 
code 

Total SH Losses (%) 
non-protein SH protein SH 

1 126 - L I 8 2 + 1 2 3 . 8 8 4 4 . 8 4 23 .49 
2 8 4 — 1 8 2 + 1 5 .09 3 6 . 5 8 4 .40 
3 126 - f l 18 — 1 7.70 2 9 . 4 7 7.22 
4 8 4 — 1 18 — 1 0 .75 2 0 . 4 2 0 .32 
5 135 + 1.414 5 0 0 29 .01 4 2 . 6 3 28.71 
6 75 — 1.414 5 0 0 3 .03 12 .37 2 .82 
7 105 0 9 5 + 1 .414 25 .28 3 2 . 2 6 25 .13 
8 105 0 5 — 1.414 2 .05 17 .16 1 .71 
9 105 0 5 0 0 19 .53 2 5 . 7 9 19.39 

10 105 0 5 0 0 2 0 . 0 3 2 3 . 1 6 19.96 
11 105 0 5 0 0 19 .63 2 6 . 0 5 19.49 
12 105 0 5 0 0 20 .46 2 5 . 2 6 20 .10 
13 105 0 5 0 0 19.40 2 5 . 2 6 19.27 

2. Results 

The following losses were discovered within the tempera ture range of 
75 to 135 °C and the sterilization period of 5 to 95 min as applied in t h e ex-
periments: in to ta l sulfhydryl groups f rom 0.75 to 29.01%, in non-protein 
sulfhydryl groups from 12.37 t o 44.84% and in protein sulfhydryl groups 
from 0.32% to 28.71%. The relative deviation between parallel determinat ions 
was 0 .8%. 

The regression equations (1,2,3) for the changes of to ta l SH groups 

ycsH = 97.44 1.675 T - 0 . 1 8 7 t + 0.007 T2 + 0.004 t 2 - 0 . 0 0 4 T t (1) 

for those of non-protein SH groups 

YNSH = —41.621 + 0.847 T - 0 . 2 1 5 t - 0 . 0 0 6 T 2 - 0 . 0 0 2 1 t 2 +- 0.001 T t (2) 

for the changes of protein SH groups 

yBSH = 100.640—1.734 T - 0 . 1 8 7 t + 0.007 T 2 + 0.004 t 2 - 0 . 0 0 4 T t (3) 
were obtained by processing t h e experimental da ta using the least squa re 
methode. 

The diagrams shown in Figs. 1, 2 and 3 represent graphically the changes 
in the core t empera ture (T, °C) as a function of t ime (t, min) in the t empera tu re 
and t ime range as applied in the experiments. They were plot ted on the bas i s 
of the regression equations obta ined. 

Acta Alimentaria 17, 1988 
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3. Discussion 

The contour diagram (Fig. 1) allows t o conclude t h a t the lowest losses 
are in the tempera ture range of 75-135 °C and the t ime range of 5 -95 min 
where the losses of the to ta l S H groups a r e increasing wi th the increase of 
tempera ture and time. Tha t means that t h e loss of total S H groups increases 
with the increase of t empera ture and prolongation of sterilization t ime. 
The lowest losses (contour 0.75) are in t h e temperature range of 75-135 °C 
and range of t ime of 5-95 min, where the longest sterilization time corresponds 
to the lowest temperature. Ye t from the microbiological aspect these t i m e -
tempera ture combinations a re not sufficient. 

A contours perpendicular to the t ime axis within t he t ime range of 5-34 
min expresses constant loss of total sulfhydryl groups a t constant t ime and 
increase of sterilization t empera tu re above 105 °C. 

In cooked meat the loss in TSH (total SH groups) was found to be 11%. 
Following these losses on contour diagrams we can say, t h a t these low losses 
are achieved b y using not satisfactory t ime- t empera tu re combinations. On 
stewing the mea t losses in T S H reach 2 2 % . 

According to the contour diagram, which represents constant loss of 
TSH in dependence on processing tempera ture , a higher temperature t rea t -
ment for shorter time is proposed. 

Following the losses of non-protein SH groups b y contour d iagram 
(Fig. 2) we f ind tha t under t he influence of sterilization conditions the losses 
increase f rom 17-42% depending on the t ime- tempera tu re combination used. 

In comparison with t h e losses in t o t a l SH groups it is evident t h a t in 
the course of heat sterilization preferentially the non-protein SH groups de-
crease, was assumed by K U N S M A N and R I L L E Y ( 1 9 7 5 ) . 

Fig. 1. Contour diagram of the losses (%) in total sulfhydryl group content 
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Fig. 2. Contour diagram of the losses (%) in non-protein sulfhydryl group content 

T CO 135 

125 

115 

105 

95 

85 

75 

Fig. 3. Contour diagram of the losses (%) in protein sulfhydryl g roup content 

All changes in S H radicals caused by heating relate to pro te in sulfhydryl 
groups, because 97% of the SH con ten t in tissues is bound t o proteins. The 
progress of contours in the diagram is similar to t he losses of to t a l SH groups 
(Figs. 1 and 3). With rising t empera tu re and sterilization t ime the loss of 
protein S H groups increases and t h e dependences are similar t o those for to ta l 
SH groups. 

Acta Alimentaria 17, 1988 
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4. Conc lus ions 

K R Y L O V A a n d K U Z N E C O V A (1964) f o u n d t h e lo s s i n S H g r o u p s i n t h e 
r a n g e f r o m 7 % t o 2 9 % w h e n beef is h e a t e d t o 7 0 - 8 0 °C. A m p e r o m e t r i c t i t r a -
t i o n w a s u s e d for a n a l y s i s . H O F F M A N (1964) h e a t i n g bee f t o 70 ° C f o u n d only 
neg l ig ib le losses. I n n i t r o g e n a t m o s p h e r e u s i n g 120 °C h e f o u n d a loss of 2 5 % , 
t h i s b e i n g 5 % higher t h a n w e f o u n d i n t h e c o n t o u r d i a g r a m . A p p l y i n g 90 °C 
t h e losses a m o u n t t o 1 5 % w h i l e a c c o r d i n g t o our c o n t o u r d i a g r a m t h e a s s u m e d 
loss is 1 0 % . T h e a u t h o r u s e d a m p e r o m e t r i c t i t r a t i o n a t p H 7.4. 

I t c a n be c o n c l u d e d t h a t t h e m e n t i o n e d e q u a t i o n s su f f i c i en t l y desc r ibe 
t h e c h a n g e s in S H g r o u p s i n t h e m a t e r i a l u s e d n o t o n l y o n t h e b a s e of m a t h e -
m a t i c a l s t a t i s t i c a l e v a l u a t i o n of t h e a d e q u a c y of e q u a t i o n s (SORMAN e t al . , 
1987) b u t a lso on t h e b a s e of p r e v i o u s l y pub l i shed r e s u l t s . 

L i t e r a t u r e 

BOWERS, J . A. (1972): Ea t i ng quality, sulfhydryl content and TBA value of turkey 
breast muscle. J. agr. Fd Ghem., 20, 706-709. 

ELLMAN, G. L. (1959): Tissue sulfhydryl groups. Archs Biochem. Biophys., 82, 70-77. 
HOFFMAN, K. (1964): Untersuchung des Einflusses der termischen Behandlung von 

Fleisch auf die funktionellen Gruppen der strukturellen Muskelproteine. PhD 
Thesis, Justus Liebig Univ., Giessen, Germany. 

JACOBSON, A. L. & HENDERSON, J . (1973): Temperature sensitivity of myozin and acto-
myozin. Can. J. Biochim., 51, 71-74. 

KRYLOVA, N. N. & KUZNECOVA, У. V. (1964): Changes of sulfhydryl groups in meat as 
influenced by a kind of t reatment . Eur. Congr. Meat lies. Inst., 10th Rockilde 
Denmark, Rep. 6.12. 

KUNSMAN, . Т . Е . & RILLEY, M . L . ( 1 9 7 5 ) : A c o m p a r i s o n o f h y d r o g e n s u l f i d e e v o l u t i o n 
f rom cooked lamb and other meats. J. Fd Sei., 40, 506-508. 

MALYUTIN, A. F. (1970): Changes in the content of sulfliydryl groups in meat under 
superhigh frequency heating. Obsch. Pit., 29, -ref.: Ghem. Abst., (1971), 75, 18805 L. 

RANDAL, C. J . & BRATZLER, L. J . (1970): Changes in various protein properties of pork 
muscle during the smoking process. J . Fd Sei., 35, 248-253. 

SAMEJIMA, K . , MASHIMOTO, Y . , YASUI, T . & FUKUZAWA, T . ( 1 9 6 9 ) : H e a t g e l l i n g p r o -
perties of myozin, ac t in , aetomyozin and myozinsubunits in saline system. J. Fd 
Sei., 34, 2 4 2 - 2 4 6 . 

SORMAN, L . , DUDÁSOVÁ, S. , KRÁLIK, М. & DUDÁS, J . (1987) : Metódy p l á n o v a n i a ex-
perimentu v potravinárskoin vyskume. (Methods of experiments planning in 
food research.) Potravináfske védy, 5, (23), (in press). 

USUNOV, G & ZOLOVA, L . (1976): U n t e r s u c h u n g e n der S H G r u p p e n und d e r Milchsäure 
in der PSE-Muskulatur von Schwein. Eleischwirtschajt, 56, 253-255. 

Acta Alimentaria 17, 1988 



Acta Alimentaria, Vol. 17 (3), pp. 211-218 (1988) 

INFLUENCE OF DIETARY OILS 
IN EXPERIMENTAL LIPID METABOLISM DISTURBANCE 

J . N . Z S I N K A Á . A , D , V . F Ö L D E S 3 , A . G E R E 3 , J . S Z É P V Ö L G Y I 3 , J . P E R É D I 1 5  

a n d T . T H U R Ó C Z Y - T H I E R M A Y E R 0 

a National Inst i tute of Food Hygiene and Nutri t ion, H-1097 Budapest , 
Gyáli ú t 3/a. Hungary 

b Vegetable Oil and Detergent Research Ins t i tu te , H-1106 Budapest , 
Maglódi ú t 6. Hungary 

c EGIS Pharmaceuticals, H-1106 Budapest , Keresztúri út 30-38. Hungary 

Sexually mature Wistar male rats (OÉTI) were fed isoenergetically with 
synthetic lipogenic diet containing 20% of sunflower oil (P/S = 5.2) i.e. the same 
quant i ty of a mix ture containing 33% sunflower oil and 67% MOT C8C10 (Medium 
Chain Triglycerides)-oil (P/S = 0.3) for 6 weeks and certain indices of the serum 
and liver as well as the distribution of fat ty acids in the liver, were studied. 

— I t has been found t h a t as a response to the lipogenic diet the lipid 
indices of the serum and the liver increased considerably compared to the control 
animals consuming a normal diet , for both kinds of fats. On consumption of 
sunflower oil the level of serum lipids decreased significantly in comparison with 
feeding on fat mixture, but 

— at the same time, the total lipid, triglyceride and total cholesterol 
content of the liver was significantly higher than in case of the fa t mixture; 

— P/S ra t io of the liver fa t was nearly as high (4.2) as the P/S ratio of the 
diet (5.2) in case of sunflower oil consumption, however, on consumption of the 
oil mixture of lower P/S ratio (0.3) the P/S rat io of liver fat was also lower (1.36). 

— Compared to the control , the proportion of total unsaturated f a t t y 
acids increased in the liver in consequence of development of disturbance in fa t 
metabolism. In case of sunflower oil consumption the quant i ty of the polyun-
saturated fa t ty acids and on consumption of the fat mixture rich in MCT the 
proportion of the morrounsaturated fat ty acids increased. 

— Compared to the control values, a f t e r feeding the lipogenic diet the 
proportion of O2o:< (arachidic acid) decreased significantly bu t as a response to 
the fa t mixture in a much lower degree than irr the case of sunflower oil. 

Keywords: mixture of MCT (C8C10) and sunflower oil, lipogenic diet , 
serum- and liver lipids, fatty acid composition of the liver 

I n o u r ea r l i e r s t u d i e s , t h e e f f e c t of t h e q u a n t i t y a n d q u a l i t y of d i e t a r y 
f a t s u s e d m o s t f r e q u e n t l y in H u n g a r y on c e r t a i n l ip id indices w a s i n v e s t i g a t e d 
f eed ing a n o r m a l d i e t t o t h e r a t s i n o t h e r a s p e c t s a d e q u a t e ( J . N . Z S I N K A e t a l . , 
1986, 1987a, b) . T h e r e a f t e r we s t u d i e d t h e i n f l u e n c e of p a t h o l o g i c l i pogen ic 
d i e t on s o m e ind i ce s of f a t m e t a b o l i s m . U p o n f e e d i n g a l ipogenic d i e t ( d e v e l o p e d 
b y us) i t h a s b e e n f o u n d t h a t an e x c e s s i v e f a t i n t a k e in c o m b i n a t i o n wi th o t h e r 
d i e t m i s t a k e s — i n c r e a s e d s i g n i f i c a n t l y t h e l ip id c o n t e n t of t h e l ive r a n d t h e r e 

d Present address: Central Food Research Ins t i tu te , H-1022 Budapest , He rman 
Ottó út 15. Hungary 
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were differences in lipid indices depending upon t he quality of f a t , too. We 
found, t h a t in case of excessive f a t consumption the fats of medium chain 
triglycerides (MOT) (C8C10C 12) and t h e f a t mixture rich in MCT caused a lower 
lipid accumulation in t he liver t h a n sunflower oil alone, under normal and 
pathological conditions, and tha t in normal diet t he fa t mixture containing 
C8and C10 f a t t y acids only — given in a proportion of 20% — seemed to be 
more favourable than a fa t mixture of otherwise similar composition but 
containing C8C10C12. In t he present experiment we wanted to s t u d y how in 
lipogenic diet the sunflower-oil and i ts mixture with MCT-oil (C8C10) of very 
different P/S and C-chain lengths influences the lipid indices of the serum and 
liver. 

1. Materials and methods 

W i t h the lipogenic diet (containing 1% of cholesterol among others 
according to J . N . Z S I N K A e ta l . , 1 9 8 8 ) 2 0 sexually ma tu re male 'rats ( 2 1 9 ± 1 2 g 
per groups) were fed for 6 weeks isoenergetically. Control r a t s were fed 
with normal powdered diet with 5 % f a t content. The composition of the 
diets is given in Table 1 

The C8C10 f a t t y acid content of t h e oil (named "DELIOS-S" , rich in MCT) 
was 99.5 % C12 f a t t y acid content was less than 0.5%. (Gas chromato-
graphic determination of the fa t ty acids was carried ou t in the Vegetable Oil and 
Detergent Research Inst i tute . ) The mix tu re of oil rich in MCT and of sunflower 
oil corresponded to the rat io used in our former experiments ( J . N . Z S I N K A , 

1988). 

Table 1 

Composition of experimental diets 

Groups 

I II III 

Feed Normal rat Sunflower Mixture of 67% 
chow oil DELIOS-Sa + 33% 

sunflower oil 
Fat content (%) 5 20 20 
Total satured fatty acids (S) (%) 33.5 15.4 72.1 
Polyunsaturated fatty acid (P) (%) 35 70.9 21.4 
P/S 1.08 5.2 0.3 
MCT(°/0) — — 67.7 
Energy content 

J per 100 g feed 1680 1737 1726 
Cal per 100 g feed 400 415 412 

a Oil rich in MCT (C8C10) 
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During the experiments, the feed consumption of ra ts and changes in 
their body mass were measured. Af te r feeding for 6 weeks and an 18 h 
s tarvat ion, the blood serum (taken in ether narcosis) and in t he liver homo-
genate ( F O L C H et al., 1 9 5 7 ) , were determined: t he to ta l lipid content according 
to Z Ö L L N E R and K R I S C H ( 1 9 6 2 ) , t h e triglyceride content of the serum by the 
enzymatic Boehringer tes t , the triglyceride content of the liver by Reanal 
extraction test , the free f a t t y acid level ( D O L E & M E I N E R T Z , 1 9 6 0 ) , the total 
serum and the liver cholesterol and serum HDL-cholesterol content by Gö-
decke tes t . The relative mass of t he liver, kidney, hear t and spleen were calcu-
lated. From groups of 10 animals each, the f a t t y aeid composition of the liver 
was determined by gas chromatography. Variance analysis was applied for 
statistical evaluation of results ( S A C H S , 1 9 8 4 ) . 

2. Results 

Feed and energy consumption of the ra t s are presented in Table 2. 
There was no significant difference in energy consumption among the groups. 

Table 3 represents the gain in body mass. I t can be seen tha t with 
similar energy intake there was a significantly greater body mass gain as a 
response to lipogenic diet compared t o normal. As an effect of t he fat mix-

Tab le 2 

Feed and energy consumption of experimental groups 

Groups 

I n III 

Feed consumption 
(g per rat per day) 18.9 16.3 16.7 

Energy intake 
J per rat per day 301 288 295 
Cal per rat per day 71.8 68.5 70.3 

Tab l e 3 

Changes in body mass 
(g pe r 6 weeks) 

Groups 

I II III 

Change X 131 176a 155a 

± 8 2 8 25 26 

a significant difference 
x: mean value; + s : standard deviation 
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ture rich in HCT, t h e body mass was by about 12% lower t h a n in the case 
of sunflower oil consumption. A difference in relat ive organ mass could be 
observed only in the liver as shown in Table 4. 

Greater relative liver masses were observed with lipogenic diet com-
pared to the control, b u t consumption of fa t mix tu re rich in MCT resulted 
in a lower average in relative liver mass than feeding with sunflower oil. 

The development of serum lipids is summarized in Table 5. 

Table 4 

Change in relative liver mass 
(g per 100 g body mass) 

Croups 

I II III 

Change x 3.3 4.7" 4.25"b 

+ s 0.26 0.34 0.36 

Significant differences: " I—II, I I I P < 0.06 
ь II—III P < 0.05 

Table 5 

Serum lipid content 

Groups 

I I I I I I 

Total lipid (g per 1) X 3.8 4.65" 5.7">b 

± s 0.5 1.5 1 

Triglyceride (mmol per 1) X 0.73 0.51" 0.48" 
± s 0.23 0.13 0.15 

Total cholesterol (mmol per 1) X 1.7 2.7" 4.67»>b 

± s 0.4 0.69 1.3 

HDLch0| (mmol per 1) X 1.16 1.30 0.93 
s 0.28 0.31 0.47 

Free fatty acid (mmol per 1) X 0.45 0.59 0.55 
z t s 0.09 0.3 0.25 

Total cholesterol/HDLc|10| 1.46 1.95 5.02» »b 

Significant differences: * I—IT, 111 P < 0.05 
b II—111 P < 0.05 
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On consumption of the lipogenic diet, t h e to ta l lipids and the to ta l 
cholesterol content increased significantly compared to the control values, 
while the triglyceride content decreased in bo th cases. 

As a response t o the fat mix ture , significantly higher to ta l lipid and tota l 
cholesterol contents were found t h a n in case of t h e consumption of sunflower 
oil. The HDL-cholesterol content d id not change significantly. 

The same was reflected in t h e calculated index as well, being more fa-
vourable as a response to sunflower oil. 

The composition of the lipid content of t h e liver is presented in Table 6. 

Table 6 

Liver lipid content 

Groups 

I II III 

Total lipid (mg per g) x 73.7 398a 292a'b 

± s 11.4 112 68 

Triglyceride (mg per g) x 14.2 86a 68.4a>b 

± s 5 15 17 

Total cholesterol (mg per g) x 6.3 116a 93.5a,b 

± 8 1.2 37 17 

Free fat ty acid (mmol per g) x 14.1 10a 11.4a 

± 8 6 3.9 4 

Significant differences: a I—II, III P < 0.01 
b I I—III P < 0.05 

Table 7 

Fatty acid composition of liver fat 

Fatty acid (%) 
Groups 

П 

Total saturated fatty acid 
content (S) 

CgC10-fatty acid 
Monounsaturated fatty acid 
Polyunsaturated fatty acid (P) 
Total unsaturated fatty acid 
C20 . 4 (arachidic acid) 
P/S' 

41.4 13.2a 23a 

— — 0.86 
28.3 30.9 45.6°>b 

30.1 55.6a 31.4b 

58.4 86.5a 77a 

14.7 4.3a 7.5a>b 

0.72 4.2 1.36 

Significant differences: a I—II, III P < 0.05 
b II—III P < 0.05 
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The visually well visible liver fa tness was found to be correlated with a 
very high total lipid and total cholesterol content in the experimental groups 
and the amount of triglyceride increased part icularly. The fat mix tu re rich 
in MCT showed in all liver indices significantly lower values compared to 
sunflower oil — except for the free f a t t y acid content . 

The f a t t y acid composition of t h e liver fa t is given in Table 7. 
In comparison to the control values, the amount of to ta l sa turated 

f a t t y acids decreased and the total unsa tura ted f a t t y acids increased. A greater 
difference was observed in the liver d u e to sunflower oil t han to the f a t mixture 
and this is shown by the P/S ratio, as well. As an effect of sunflower oil, the 
arachidic acid content decreased more significantly compared to t h e control 
t han in case of f a t mix ture consumption. The diet with fa t mixture resulted a 
higher monounsatura ted f a t t y acid percentage, with sunflower oil a higher 
polyunsaturated ratio t h a n the normal diet. 

3. Conclusions 

As a response to the "lipogenic" diet the changes were similar t o those 
found in our former experiments: t h e lipid indices of the serum and t he liver 
increased significantly af ter consumption of both kinds of fats . According 
to our former results th is was a t t r ibu ted to the lipogenic change of other 
dietary factors associated with the high fa t consumption ( J . N . Z S I N K A , 1 9 8 8 ) .  

I t is known, t h a t as an effect of a high f a t and cholesterol intake the accumula-
tion of tissue cholesterol is increasing and the L D L cholesterol content of the 
serum becomes higher as well ( T E A R S , 1 9 7 8 ) , inhibiting the act ivi ty of LDL 
receptors of the liver enabling normally the elimination of L D L cholesterol 
content (BROWN, 1971) and because of t h a t the cholesterol contents of the 
serum and the liver increase. A very impor tan t role is played by the genetical 
control of cholesterol t ransport , synthesis and of the elimination ( G O L D S T E I N 

e t a l . , 1 9 8 3 ) . 

We suggested t h a t another fac tor can also be of interest: the high ratio 
of sunflower oil in the diet means the introduction of much unsa tura ted fa t ty 
acid and the unsa tura ted bonds are very reactive, they can cause lipid accumu-
lation in the liver being initiator of lipid peroxidation (Мито e t al., 1983, 
F E H É R , 1983; F E H É R & V E R E C Z K E Y , 1983). 

Some of the authors are of t h e opinion t h a t in the development of 
pathogenic lipid indices the structure of the triglycerides can be as impor tan t 
as the degree of unsatura t ion of the f a t t y acids ( K R I T C H E V S K Y e t al., 1982; 
K R I T C H E V S K Y , 1984). 

In our experiments there was a difference in the f a t t y acid content of the 
livers. While on consumption of sunflower oil of P/S = 5.2 the P/S ra t io of the 
liver f a t approached a similarly high value (P/S = 4.2), upon consumption 
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of the f a t mixture (P/S = 0.3) t h e P/S ratio of t he liver fa t (1.36) was near 
to the normal value. After the consumption of sunflower oil, t he percentage 
of polyunsaturated f a t t y acids in the liver was lower t h a n t h a t of the 
consumed sunflower oil, while the f a t mixture caused a higher polyunsaturated 
f a t t y acid level in t he liver than t h a t of the diet . 

Compared to t he control, an increase of the total unsa tu ra ted f a t t y 
acid content in the liver accompanies the disturbances in f a t metabolism. 
Wi th the consumption of sunflower oil the polyunsaturated f a t t y acid ratio 
and with fa t mixture rich in MCT t h e monounsaturated f a t t y acid proportion 
was increased as a characteristic parameter of the normal liver (CANUTO et 
al., 1986). The reduction in arachidic acid was more intensive in case of sun-
flower oil consumption. With the increase of the lipid indices of t he liver, the 
prostaglandin precursor unsa tura ted f a t ty acid content mainly arachidic 
acid — indicates also the development of lipid metabolism troubles which 
phenomenon was compensated to a certain extent by the consumption of the 
C8C,0 MCT oil -f sunflower oil mixture . Meanwhile, as its effect in some serum 
values unfavourably stronger growth was compared to sunflower oil consump-
tion. 

Interact ion between cholesterol intake and P /S ratio was also studied 
e.g. by W A L K E R ( 1 9 8 4 ) who found t h a t the P / S rat io of the diet changed the 
serum cholesterol level when cholesterol was given with a diet rich in unsatu-
rated f a t t y acids. M U H L W I L L and W A L K E R ( 1 9 8 4 ) suggested t h a t wi th a diet 
containing 1% cholesterol, the increasing P/S rat io of the diet lowered the 
HDL- and LDL-cholesterol content in the blood serum. 

In our results, the higher quan t i t y of unsa tura ted f a t t y acids did not 
change t he serum H D L level bu t t h e total cholesterol level increased with the 
consumption of lipogenic diet in t he case of both fa ts , bu t mainly as a response 
to the mixture. K R I S C H - E T H E R T O N and co-workers ( 1 9 8 4 ) reported t ha t af ter 
feeding with fat containing polyunsaturated f a t t y acid, the serum HDLCh0i 
content remained unchanged wi th a low serum triglyceride level but the 
HDL c h o i depot of t he liver increased. According to their da ta , sa tura ted fats 
did not influence the cholesterol level of the liver, b u t the lipoproteins of the 
liver contained more linoleic acid as a response to polyunsaturated fat com-
pared to the effect of fa ts rich in saturated f a t t y acids. 

As an effect of a mixture wi th C8C10 f a t ty acids a decreased lipid accu-
mulat ion of the liver was shown. As we described earlier ( J . N . Z S I N K A et al., 
1987b) there is a metabolic difference between the longer C-chain and C8C10 

(or shorter) f a t t y acids, the la t ters transforming into lipids a t a lower ra ta 
t han the longer chain f a t ty acids because of its quick absorption and oxida-
tion (DEMARNE, 1977). 

We are of the opinion, t h a t not only the P /S ratio and t he amount of 
f a t bu t other factors of the lipogenic diet — among others the large quant i ty 
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of cholesterol and therewith t he increase of the proportion of unsaturated 
bonds and the s t ructure of fa ts — affected the lipid and cholesterol t ransport , 
leading to f a t ty liver. The development of fa t metabolism disturbance was not 
similarly influenced by the fa t mixture : the increase of some lipid indices of 
t h e serum was less compensated by it than by sunflower oil bu t i t lowered 
significantly the lipid indices of f a t t y liver. 

Literature 

BROWN, A. B. (1971): Food pat terns tha t lower blood lipids in man. J. Am. diet. Assoc. 
58, 303-311. 

DEMARNE, Y. (1977): Effects of dietary lipids on quali tat ive aspects of lipogenesis in 
growing rat and pig. Biochem. biophys. Acta, 17, 875 — 882. 

CANUTO, R. A., BIOCCA, M. F . , Muzio, G. & DIANZANI, M. U. (1986): Changes of fa t ty 
acid composition of phospholipids during diethvlnitrosamine carcinogenesis in rat 
liver. Cell Biol. int. Вер., 10, 472. 

DOLE, V. P. & MEINERTZ, H . J . (1960): Microdetermination of long chain fa t ty acids 
in plasma and tissues. J. Biochem., 235, 2595-2598. 

FEHÉR, J . (1983): The effect of a recently developed hydroquinolin type radical scavenger 
in cholesterol reduced hyperlipidemia. Proc. 16th Congress ISP, Budapest , p. 1069. 

FEHÉR, J . & VERECZKEY, A. (1983): Importance oj free radical reactions in medical sciences. 
Biotéka, Biogal. Debrecen. 

FOLCH, J . , LEES M. & STANLEY, S .G. H. (1957): A simple method for the isolation and 
purification of total lipids from animal tissues. J. Ъго1. Chem., 226, 497-509. 

GOLDSTEIN, J . L., KITA, T.& BROWN, M. S. (1983): LDL-receptors and cholesterol metal-
olism. New Engl. J. Med., 309, 2 8 8 - 2 9 6 . 

J . N . ZSINKA, Á . , SZÉPVÖLGYI, J . , FÖLDES, V . , P E R É D I , J . & LINDNER-SZOTYORI, K . 
(1986): Study into the effect of diets containing various amounts of soya fibre 
in rats. Acta Alimentaria, 15, 39-45. 

J . N. ZSINKA, A., FÖLDES, V.& PERÉDI, J . (1987a): Certain serum and liver lipid param-
eters as affected by edible fa ts of different quant i ty and quality. Acta Alimenta-
ria, 16, , 2 1 7 - 2 2 3 . 

J . N . ZSINKA, Á., FÖLDES, V . & PERÉDI, J . (1987B): Ce r t a in s e r u m a n d l iver l ipid p a r a m -
eters as_affected by different fa t mixture. Acta Alimentaria, 16, 225 — 230. 

J . N . ZSINKA, Á. , FÖLDES,'V. & PERÉDI, J . (1988): I n d i c e s of lipid m e t a b o l i s m dis tur -
bance induced by diet. Acta Alimentaria, 17, 43-51. 

KRISH-ETHERTON, P . M . CHIN Y I N G H O & FOSMIRE, M . N . ( 1 9 8 4 ) : T h e e f f e c t o f d i e t a r y 
fat saturation on plasma and hepatic lipoproteins in the rat . J. Nutr., 114, 1675-
1 6 8 2 . 

KRITCHEVSKY, D. (1984): Experimental atherosclerosis in rabbits fed cholesterol free 
diet. Comparison of peanut and olive oils. Atherosclerosis, 50, 253-259. 

KRITCHEVSKY, D . , T E P P E R , S. A . , CZARNECZKI, S . K . & KLURFELD, D . M . ( 1 9 8 2 ) : 
Atherogenicity of animal and vegetable protein. Atherosclerosis, 41, 429-431., 

Мито, Т., TANAKA, J . , MIURA, T. & KIMURA, M. (1983): Autooxidation of cholesterol in 
the presence of unsaturated f a t t y acid and iron catalyst . J. Pharmacobio-Dynamics, 
6, 3-15. 

MUHLWILL, J . B . & WALKER, В. A. (1984): Dietary f a t t y acids cholesterol interaction 
and serum cholesterol in the hyper-cholesterolemic mouse. Nutr. Bes., 4, 611-619. 

SACHS, L. (1984): Applied statistics. A handbook of techniques. Springer Verlag. Berlin. 
TEARS, R . (1978): The relationship between changes in the concentration of serum lipo-

protein and tissue lipogenesis. Biochem. Soc. Trails., 6, 602 — 604. 
WALKER, B. A. (1984): Plasma cholesterol response to dietary saturated and hydrogenated 

fats in CLR and C57 BRcd mice. Nutr. Bes., 4, 601-610. 
ZÖLLNER, N. & KRISCH, К . (1962): Über die quanti tat ive Bestimmung von Lipoiden 

(Micromethode) mittels der vielen natürliche Lipoiden. Z. Oes. exp. Med., 135, 
545-562. 

Acta Alimentaria 17, 1988 



Acta Alimentaria, Vol. 17 (3), pp. 219-225 (1988) 

COMPARISON OF TWO MATHEMATICAL MODELS 
FOR THE STRESS OVERSHOOT 

IN START-SHEAR EXPERIMENTS OF MODEL 
EMULSIONS 

S . T . L A H T I N E N 

Depar tment of Food Chemistry and Technology, University of Helsinki, 
SF-00710 Helsinki, Finland 

(Received: 9 April 1987; accepted: 9 October 1987) 

The fit of modified Elliott-Green and Bird-Leider models with d a t a ob-
tained for two model emulsions were compared at the shear rate region tha t 
approximates to the stimuli associated with the perception of pourability and 
spreadabil i ty of saled dressings. A shortened measurement t ime was used because 
of the good correlation of the transient shear stress value, i.e. the maximum stress 
value obtained over the initial part of the experiment, wi th textural propert ies 
of foods. NaCI or one of two salt subst i tutes was added to the emulsions to s t u d y 
their influence on the rheological pa rame te r values. I t was observed t h a t the 
modified Elliott-Green model better described the shear stress-t ime behaviour of 
the emulsions. Both models failed to describe the shear stress growth accurately, 
but the modified Elliott-Green model f i t t ed well to the d a t a over the descending-
stress period. Except for one case, the transient shear stress value increased re-
markably when Morton Lite Salt (50% w/w NaCI and 5 0 % KCl) or Mineral Salt 
(65% NaCI, 25% KCl and 10% MgSO„ • 7ILO) replaced NaC'l in the emulsion. 

Keywords: emulsions, rheological properties, mathematical models, so-
dium chloride, salt substi tutes 

A s t r e s s o v e r s h o o t is a t y p i c a l r e s p o n s e in s t a r t - s h e a r e x p e r i m e n t s , i . e . 
in t h e m e a s u r e m e n t of s h e a r s t r e s s - t i m e c u r v e s a t a c o n s t a n t s h e a r r a t e , 
c o n d u c t e d o n o i l - i n -wa te r a n d wa te r - in -o i l e m u l s i o n s ( D E M A N , 1 9 6 9 ; E L L I O T T 

& G A N Z , 1 9 7 1 ) . Seve ra l m a t h e m a t i c a l m o d e l s h a v e been p r o p o s e d t o d e s c r i b e 
t h e rheo log i ca l d a t a r e p r e s e n t i n g t h e s t r e s s ove r shoo t p h e n o m e n o n . T h e 
m o d e l s of V A N D E N T E M P E L ( 1 9 8 0 ) , M A S O N a n d c o - w o r k e r s ( 1 9 8 2 ) a n d F I -

GONI a n d S H O E M A K E R ( 1 9 8 3 ) c o n t a i n s e v e r a l e x p o n e n t i a l t e r m s a n d a r e t h u s 
n o t v e r y p r a c t i c a l w h e n c o r r e l a t i o n s b e t w e e n i n s t r u m e n t a l a n d senso ry e v a l -
u a t i o n d a t a a r e s ea r ched f o r . T h e m o d e l s of E L L I O T T a n d G R E E N ( 1 9 7 2 ) a n d 
L E I D E R a n d B I R D ( 1 9 7 4 ) c o n t a i n one a n d t w o e x p o n e n t i a l t e r m s , r e s p e c t i v e l y , 
b u t s u c h s i m p l e m o d e l s s e l d o m f i t t o t h e r h e o l o g i c a l d a t a w i t h t h e s a m e d e g r e e 
of a c c u r a c y o v e r t h e who le m e a s u r e m e n t t i m e . H o w e v e r , t h e B i r d - L e i d e r 
m o d e l h a s b e e n u s e d in t h e c a l c u l a t i o n of t h e s h e a r r a t e v a l u e s a s soc ia t ed w i t h 
t h e p e r c e p t i o n of s p r e a d a b i l i t y a n d t h i c k n e s s of f oods ( K O K I N I & D I C K I E , 

1 9 8 2 ; D I C K I E & K O K I N I , 1 9 8 3 ) . 
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The present study is pa r t of a research project t h a t examines t he in-
fluence of NaCl and salt substi tutes on food emulsions. In th is part, the agree-
ment of the modified Ell iot t-Green and Bird-Leider models with the experi-
mental data are compared. The El l iot t -Green and Bird-Leider models were 
chosen for this purpose because the t ransient shear stress value that is t h e 
maximum value of the stress overshoot curve, correlates better with t h e 
textural properties of foods than does t he steady state value, i.e. t he las t 
stress value of the curve ( K O K I N I & D I C K I E , 1 9 8 2 ; D I C K I E & K O K I N I , 1 9 8 3 ) .  

This means t h a t a complete start-shear measurement need not be performed 
to obtain the d a t a for correlations between some rheological parameters and 
the perceived properties of emulsions. Even a simple model may describe t h e 
initial part of the stress overshoot well. 

1. Materials and methods 

1.1. Modification of the models 

E L L I O T T and G R E E N ( 1 9 7 2 ) based their description on the modified 
Bingham body tha t is built f rom three elements: a Hooke element, representing 
an elastic solid, a St. Venant element, representing a plastic flow; a n d a 
Newtonian element representing a viscous flow. From the mechanical model, 

П»|.|«ц« » « » . Й 
U 0 ft о о о о 

Ю0 150 

Time (s ) 

Fig. 1. Typical measured and simulated curves. At the left: emulsion I with Morton 
Lite Salt ,at the right: emulsion I I with NaCl .Dot ted lines represent the simulated values. 

Flliott-Green model 

ООО: Bird-Leider model 
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elastic effects should govern the behaviour of the material until the transient 
shear stress value r m is reached (Fig. 1). At a constant shear rate, this region 
is described by the relationship 

г = Gyt t<tm (1) 

where G is the elastic modulus, у is the shear ra te and t is the elapsed time. 
At the point (tm,Tm) an instantaneous change from linear shear stress growth 
to a stress decay occurs and the model becomes 

т - TS = (Tm - TS) E T > T M ( 2 ) 

where r s is the experimental steady s ta te stress value at that particular shear 
rate and rj is the coefficient of the Newtonian element. If the measurement is 
not completed, another parameter те must be used instead of t s . The value of 
this parameter is obtained when f i t t ing the model (2) to the incomplete ex-
perimental data. 

The Bird-Leider model is expressed by 

г = m ya[ 1 + (b у t 1) e~t(anX)] (3) 

where a and b are adjustable parameters and / is the t ime constant (LEIDER & 
B I R D , 1 9 7 4 ) . A typical feature of the Bird-Leider model is t ha t over long 
periods, it converges to the power-law model 

г = my" (4) 

where m is the coefficient of consistency and n is t he flow behaviour index. 
Many foods follow this model satisfactorily ( H O L D S W O R T H , 1 9 7 1 ) . At a con-
stant shear rate, m yn = r s and the model can be rewritten as 

т - TS = (G* у t - TS) e~kt (5) 

where G* is the modulus of deformation over small periods of t ime and к is 
the decay rate constant. As above, the parameter те replaces Ts when model (5) 
is fi t ted to the incomplete data . 

1.2. Preparation of emulsions 

A stock emulsion containing 1.0% w/w food grade gelatin, 69%deminer-
alized water and 30% soybean oil was prepared by dissolving the gelatin in 
hot water (70 °C), adding the oil, and homogenizing a t a pressure of 16 MPa 
in a Rannie Blue Top (Multi-Mic) homogenizer. The p H value of t he stock 
emulsion was then lowered to 4.5 with hydrochloric acid, the emulsion (emul-
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sion I) was divided into portions, and 0.50% w/w NaCl or one of two salt 
subst i tutes was mixed into the port ions using a hand mixer. The mixing time 
was exactly the same in all cases. The emulsion I I tha t contained 1.1% soy 
protein isolate, 0 .9% acetylated dis tarch adipate, 68% soybean oil and 30% 
water was prepared in the same manner as emulsion I, except t h a t cool water 
was used. The salts were added to t h e emulsion I I to a concentration of 1.00%. 

1.3. Ingredients 

The individual salts were of analytical grade of Merck (FRG) and the 
salt substitutes mixed of them were similar to Morton Lite Salt (50% w/w NaCl 
and 50% KCl) and Mineral Salt (65% NaCl, 25% KCl and 10% MgS0 4 • 7H 2 0) . 
The gelatin (Italgelatine, Italy) was alkali-processed, the p H value of its 
water solution was 5.5, and its Bloom value was 250. The protein concen-
t ra t ion of the soy isolate (Purina Protein 500E, Ralston Purina Co.,USA) was 
92%. The acetylated distarch ad ipa te was Ins tan t Clear jel manufactured by 
Laing National L td , UK. The soybean oil was a commercial product 
obtained from a local store. 

1.4. Rheological measurements 

The emulsion portions were kept for two days at + 4 °C and, prior to 
measurements, for several hours a t the measurement temperature of 20.0 °C. 
Each measurement was taken a f te r the material had rested for twenty minutes 
in the viscometer cup. The roughened MV I P coaxial cylinder assembly of 
Haake Rotovisco RV3 viscometer and a Bryans 28 000 t-x-recorder were used. 
Two replications were made, each using fresh material. The t ime between the 
replications was constant so t h a t each sample type was measured once before 
a new round of measurements. T h e shear rate values were 2.34 s" 1 (emulsion I) 
and 0.936 s 1 (emulsion II) t h a t approximate to those associated with the 
perception of pourability and spreadability of salad dressings ( K I O S S E O -

GLOTJ & S H E R M A N , 1983). The measurement t ime was 3.0 min f rom the begin-
ning of the stress decay. Some complete measurements i.e. until the rs value 
were taken from emulsion I. 

1.5 Calculations 

The value of G or G* was f irst calculated from the recorded curve by 
using the equation G = rm (y i m ) _ 1 or the equation of line г = G* у t, respectively. 
The standard error of estimate of r i.e. sT t was then minimized with a com-
pu te r to produce the parameter values re and G í j - 1 or re and к either in Eq. 
(2) or (5). A search method was used in the minimization (BENNINGTON, 1981). 
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Paired t ime and shear stress values were collected for t h e purposes of compu-
ta t ion a t intervals of two seconds. The same points were used in t h e case of 
both models. In addi t ion to the to ta l s tandard error of the est imate, partial 
s tandard errors were computed separately for the r is ing and the fall ing part 
of the curve. 

To calculate the s tandard error of estimate t h e following formula was 
used: 

where Z(y, — yt)2 is t he sum of the squared differences between measured 
and est imated values of у and n is the number of (x,, y,) points used for the 
calculation. The significances of the differences between t h e mean values of param-
eters were tested statist ically by one-way variance analysis and Tukey's 
test ( S T E E L & T O R R I E , 1 9 6 0 ) . 

E L L I O T and G R E E N ( 1 9 7 2 ) assumed tha t the pa ramete r Г/ of t h e model 
they proposed can be calculated f rom the equation r s = т0> s + yv where 
т0 (s is the shear stress t h a t remains a f te r stopping the shearing when t h e steady 
s ta te value Ts is reached. They found, however, tha t when t he calculated value 
of Tj was combined with t he G value to form the decay r a t e constant, t h e model 
predicted a much shorter t ime for to reach the rs va lue t h a n those observed. 
The same observation was made in the present s tudy w h e n the simulated and 
the experimental curves of the complete measurements were compared: the 
present empirical form of t he El l io t t -Green model b e t t e r fit ted to t h e experi-
mental d a t a than the original one based on the use of t h e r 0 s value. W h e n the 
da t a obtained during t he shortened measurement t ime was used for t h e fit t ing, 
the agreement between t he experimental and simulated shear stress values 
was even good for both emulsions over the decending-stress period (Fig. 1). 
However, the model did no t describe the shear stress growth successfully 
(Fig. 1). This means t h a t t h e parameter G* of the Bi rd-Le ider model is better 
suited for characterization of these types of emulsions t h a n the paramete r G. 

The maximum shear stress values calculated f r o m the modified B i rd -
Leider model after f i t t ing to the da ta agreed successfully with the t ransient 
shear stress values t m only in few cases. In addition, 4 5 - 6 2 % higher values 
were regularly obtained for t he corresponding peak t imes than were observed 
in the measurements (Fig. 1). This lack of accuracy is consistent w i t h the 
earlier observations obta ined for mayonnaise, butter a n d margarine (KOKI-
N I & D I C K I E , 1 9 8 1 ; D I C K I E & K O K I N I , 1 9 8 2 ; M A S O N et al . , 1 9 8 2 ) . No improve-

2 . R e s u l t s a n d d i s c u s s i o n 
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m e n t was thus achieved in th is respect as a result of re being a mathematical 
a n d not an experimental pa ramete r . Besides, b o t h the total s t a n d a r d error and 
t h e partial s t andard errors of r were in most case smaller for the modified 
El l io t t -Green t h a n the Bi rd-Le ider model (Table 1). 

The parameter G* correlated with the t rans ient shear s t ress value at the 
5 % significance level in emulsion I, but the correlation was no t significant 

Table 1 

Means of the parameters describing the curves and the mean standard 
mate of shear stress 

errors (szt) of the esti-

Emulsion I 

Model and salt type Tm в or GO в 1) 1 or к 
XlO3 r. H 1  

(Nm- 2 ) 

(Nm"2) (N m~2) (a"1) ( N m - 2 total t<.t,„ t> tm 

Elliott-Green 
NaCl 
Morton Salt 
Mineral Salt 
LSD 

20.5 
25.2 
28.6 

3.2 

0.37 
0.47 
0.47 
n.s. 

17 
26 
22 

n.s. 

12.8 
14.9 
17.5 
2.3 

1.3 
1.1 
1.3 

2.6 
2.3 
2.6 

0.2 
0.3 
0.3 

Bird-Leider 
NaCl 0.45 43 14.0 1.6 3.1 0.7 
Morton Salt 0.48 44 14.6 2.4 4.3 1.4 
Mineral Salt 0.54 37 17.7 2.4 4.1 1.4 
LSD 0.05 n.s. n.s. 

Emulsion II 

Model and salt type rm в or в» 

(Nm"2) (N m - ' ) 

О 17-1 or i 
xlO" 

(a"1) 

Hi 
(Nm-») 

(N m~2) total íá 'm 

Elliott-Green 

О or G* and Gr\ 1 or k: module and decay rate constants for the models 
тс: limit of model equation at a particular combination of the other parameters 
r m : transient shear stress value 
LSD: least significant difference (p 0.05) 
n.s.: non significant 

NaCl 160 6.3 32 132 10.3 19.7 0.8 
Morton Salt 228 7.4 35 161 6.4 10.8 1.7 
Mineral Salt 153 6.7 22 122 6.4 12.4 0.6 
LSD 24 n.s. 9 25 

Bird-Leider 
NaCl 7.9 45 127 8.6 14.6 4.9 
Morton Salt 8.0 34 155 17.2 23.5 12.9 
Mineral Salt 7.4 42 120 8.6 14.7 4.8 
LSD n.s. 8 20 
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i n e m u l s i o n I I . A 2 3 % i n c r e a s e in t h e t r a n s i e n t s h e a r s t r e s s v a l u e w a s o b s e r v e d 
w h e n M o r t o n S a l t r e p l a c e d N a C I in e m u l s i o n I ; a 4 0 % i n c r e a s e w a s o b s e r v e d 
w i t h M i n e r a l S a l t ( T a b l e 1). M i n e r a l S a l t d i d n o t m a r k e d l y c h a n g e t h e rheo-
log i ca l p a r a m e t e r v a l u e s i n e m u l s i o n I I , b u t a 4 2 % i n c r e a s e in t h e t r a n s i e n t 
s h e a r s t r e s s v a l u e w a s o b s e r v e d in t h e c a s e of M o r t o n S a l t (Tab l e 1). T h e s e 
r e s u l t s p o i n t t o a p o s s i b i l i t y of m o d i f y i n g t h e t e x t u r a l p r o p e r t i e s of s o m e 
e m u l s i o n s b y t h e a d d i t i o n of s a l t m i x t u r e s . Th i s c o n c l u s i o n w a s n o t r e a c h e d 
i n e a r l i e r s t u d i e s o n m a y o n n a i s e a n d t w o o t h e r f o o d e m u l s i o n s ( L A H T I N E N , 

1984; 1986) . 
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The new sensing technique "photoacoustics" (PA) has some advantages 
over the conventional optical spectroscopic detection methods. It permits simple 
sample pre t reatment and it is independent of the opaqueness and scat ter ing of 
the sample. Finally it permits depth profiling of the sample. 

First , principles of photoacoustic spectroscopic (PAS) measurement tech-
nique is summarized. To show its applicability for investigation of food samples 
photoacoustic spectra of paprika powder and fresh papr ika were measured and 
evaluated including depth profile measurements on the fresh sample. 

i n order to support piactical applicability of the technique a new simple 
contact probe was developed that permits measurement to be carried ou t without 
any sample pre t reatment . 

PA spectra of paprika and carbon powder were measured bo th with a 
conventional gas-microphone cell and the new contact probe. 

Keywords: photoacoustic spectroscopy, paprika, food analysis 

P h o t o a c o u s t i c s p e c t r o s c o p y (PAS) is a new t e c h n i q u e for d e t e r m i n i n g 
t h e s t r u c t u r e , c o m p o s i t i o n , p h a s e , co lou r o r o t h e r m o l e c u l a r p a r a m e t e r s of 
l i qu ids , so l ids a n d gases . I n a p h o t o a c o u s t i c s p e c t r o s c o p e t h e s a m p l e i s p l a c e d 
in a sea led cell (F ig . 1). D u r i n g t h e i l l u m i n a t i o n of t h e s a m p l e b y p e r i o d i c a l l y 
m o d u l a t e d l i gh t t h e r e is a n acous t i c s i gna l m e a s u r e d w i t h a m i c r o p h o n e p l a c e d 
in t h e cell. C h a n g i n g t h e w a v e l e n g t h of t h e i nc iden t l i g h t a n d m e a s u r i n g t h e 
a c o u s t i c s igna l t h e p h o t o a c o u s t i c s p e c t r u m of t h e s a m p l e c a n be d e t e c t e d . 

Seve ra l r e v i e w s h a v e b e e n p u b l i s h e d o n t h e m e t h o d in genera l (ADAMS 
e t a l . , 1 9 7 6 ; R O S E N C W A I G , 1 9 8 0 ; Т А М , 1 9 8 6 ) a n d i t s a p p l i c a t i o n i n b i o l o g y 
( C A H E N e t a l . , 1 9 8 0 ; B U S C H M A N N e t a l . , 1 9 8 4 ) a n d f o r i n v e s t i g a t i o n of f o o d s 
( H E N D E R S O N & B R Y A N T , 1 9 8 0 ) . 

T h e t e c h n i q u e p r o v i d e s t h e f o l l o w i n g m a i n a d v a n t a g e s ove r t h e con-
v e n t i o n a l t y p e s of o p t i c a l s p e c t r o s c o p y : 

— I t p e r m i t s c h a r a c t e r i z a t i o n a n d a n a l y s i s of h i g h l y s c a t t e r i n g o r o p a q u e 
m a t e r i a l s . 

— I t g i v e s i n f o r m a t i o n n o t o n l y o n t h e a b s o r p t i o n b u t on t h e t h e r m a l 
p r o p e r t i e s of t h e s a m p l e . 

Akadémiai Kiadd, B u d a p e s t . 
Kluirer Academic Publishers, Dordrecht 
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— It permits depth profile analysis. 
— It gives information about the non-radiative deexcitation processes 

occourring within the molecules of the sample. 
In order t o s tudy applicability of PA technique in the investigation of 

food samples, t h e following questions were raised: What information can be 
gained using P A S in the case of powdered food materials? Can depth profile 
analysis be carried out on vegetables or fruits ? How can the detection methods 
be simplified for powder or liquid samples? 

1.1 Principle of PA effect 

The PA effect (sound generation during periodic light illumination) was 
f i rs t detected b y B E L L , 1 8 8 0 . The signal in t he case of the gas-microphone cell 
(Fig. 1) is a result of four basic physical processes: 

— Periodic light absorption which excites the molecules of the sample. 
— Yield of non radiative deexcitation processes occurring after absorp-

t ion. A part of t h e absorbed light energy is periodically emitted as heat. 
— As a result of the periodic heat emission thermal waves are generated 

a t the location of light absorption. While propagating, these thermal waves are 
damped along a very short pa thway . This so called thermal diffusion length p,s 

(cm) depends on t h e period of t h e excitation. I t is given by the following equa-
t ion: 

where x: — — thermal diffusivity (cm2 s - *) 
QC 

со: angular frequency of excitation (rad s""1) 
y.: the rmal conductivity of the sample (J c m - 1 s e c - 1K~1) 
q: dens i ty of the sample ( g e m - 3 ) 
с: specific heat of t h e sample (J g - J K - 4) 

Only those thermal waves can reach the surface of the sample, t ha t are 
generated in t he region near t h e surface not deeper than ps . 

— The periodic heat t ranspor t (carried by the thermal waves) causes 
the periodic expansion of the gas layer adjacent to the sample surface, and it 
can be detected as periodic pressure variation b y a microphone. 

Acta Alimentaria 17, 1988 
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Fig. 1. Photoacoustic effect in a closed cell. 1: chopped light; 2: window; 3: cell wall; 
4: microphone; 5: sample 

1.2. The. spectroscopic 

The schematic diagram of the photoacoustic spectroscope can be seen 
in Fig. 2. 

For excitation a high-power (500W) Xenon-lamp with grating-mono-
chromator Jobin-Yvon H-20 or 35, for detect ion 

— a commercial available Princeton Applied Research, Type: 6003 
photoacoustic cell, and a 

— contact PAS detector built at TU Bp . (see para. 1.3) were used. 
The signal of a detector was fed into a look-in amplifier. To eliminate 

intensity variation of the incident light on the sample due to changing t h e 
wavelength, the light intensity was monitored using a pyroelectric detector. 

Detailed description of the spectroscopes used in the following experi-
ments can be found in: K O C S Á N Y I and co-workers ( 1 9 8 6 ) , N A G E L and co-
workers ( 1 9 8 7 ) . 

signal sender; 8: pyroelectric detector; 9: PA-cell; 10: microphone; 11: amplifier; 12: 
lock-in amplifier 
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1.3. The contact PAS detector 

An advantage of the PAS technique is t h a t it can be used without sample 
preparation, however the fact t h a t the sample must be placed in a small closed 
acoustically isolated cell makes PAS acceptable for laboratory measurements 
only. 

The aim of designing a contact detector was to simplify PA detection. 
I t has the perspective of making PAS detection applicable among industrial 
circumstances, as well. 

The principle of the contact cell operation is the following (the struc-
ture of the cell can be seen in Fig. 3). 

Fig. 3. Cross section of the contact detector. 1: sample; 2: electrodes: 3: piezoelectric 
material; 4: isolating holders; 5: metal contact 

Instead of placing the sample into a closed cell it is simply brought into 
contact wi th a transparent piezoelectric detector. The periodic illumination 
occurs through the detector (Fig. 3). The detector absorbs only a negligible 
par t of the light energy relative to tha t absorbed by the sample. 

The basic physical processes in th is case are different from t h a t of the 
gas microphone cell. Steps I and I I are t he same, but the thermal waves gener-
ated in the sample heat the detector, resulting in a periodic charge devision 
on the electrodes according to the principle of pyroelectricity. The detector 
is connected to a current controlled amplifier, which can be directly connected 
to the input of the lock-in amplifier. The exact theoretical t reatment of this 
cell will be published elsewhere. 

1.4. Material and measuring circumstances 

Red ground paprika (Ostmann, Bielefeld FRG "edeisüss") and fresh 
paprika frui ts (Capsicum annuum) were taken as samples for t he photo-
acoustic s tudy. 

The spectra were measured between 380 and 720 nm in steps of 5 nm 
with waiting times of 10 s for the powder and 30 s for the fruit. The excitation 
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light was applied with a modulation frequency of 22 Hz , 88 Hz and 515 Hz, 
respectively. The time constant of the two lock-in amplifiers was set to 3 s for 
the powder and to 10 s for the fruit. The slit width of t h e monochromator was 
1.75 mm corresponding to 5.25 nm spectral dispersion. The spectra were nor-
malized by dividing with the spectra of carbon black of the according chop-
ping frequency. 

Here it has to be pointed out t h a t PAS is always a relative measuring 
method. A normalized PAS spectrum corresponds to a signal originating from 
the sample normalized to the signal originating f rom a reference material. 
The absolute spectrum of carbon black in the visible and NIR range is pro-
portional to the lamp power spectrum, so it is preferably chosen as reference 
material. 

For the investigation of the applicability of the contact detector abso-
lute spectra of carbon black and paprika powder of Kalocsa (Hungary) were 
used. 

2. Results 

2.1. Measurements with the closed PA cell 

The photoacoustic spectra of the red paprika powder are similar for all the 
three chopping frequencies of the excitation light (Fig. 4). They are character-
ized by a broad and high maximum between 420 and 550 nm. The spectra 

Wavelength (nm) 

Fig. 4. Pliotoaeoustic spectra of red paprika powder taken a t 22 Hz (~ ) 210 Hz 
( . . . . ) and 515 Hz ( ) modulation frequency of the excitat ion light. The spectra 

were normalized to the same height at 465 n m 
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decline towards longer wavelengths and show a small m a x i m u m at about 
665 nm. With increasing chopping frequency t he broad m a x i m u m in the blue 
l ight region becomes narrower. 

The spectra taken at 22 H z modulation frequency of t h e excitation light 
a re similar for f ru i t and powder (Fig. 5). The main difference is tha t the 

1Л 

400 500 600 700 

Wavelength (nm) 

Fig. 5. Photoacoustic spectra of red paprika powder (— ) and a red paprika fruit 
( . . . . ) taken a t 22 Hz modulation frequency of the excitation light. The spectra were 

normalized to the same height at 465 nm 

Wavelegth (nm) 

Fig. 6. Photoacoustic spectra of a red paprika f ru i t taken a t 22 Hz ( ), 88 Hz 
(( ), 210 H z ( . . . . ) and 515 Hz ( ) modulation f requency of the excitaton 

light. The spectra were normalized to the same height a t 590 nm 
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spectrum of the fruit has no maximum at 665 nm and its amplitude is lower by 
a factor of seven compared to the spectrum of the powder. In the photoacoustic 
spectrum of the fruit the maximum between 420 and 550 nm becomes smaller 
when increasing the chopping frequency (Fig. 6). In parallel the signal above 
650 nm and below 420 nm rises considerably, which appears to be due the 
increasing contribution of the epidermis. 

After removing the epidermis the spectrum taken at 22 Hz modulation 
frequency remains unchanged compared to the intact fruit (Fig. 7). It is how-
ever narrower and shows a decline in the region below 420 nm. Compared 
to the spectrum at 22 Hz, the spectrum at 515 Hz shows a steep rise above 
570 nm (Fig. 8). This rise is also visible in the spectrum of the paprika fruit 
with epidermis, at 515 Hz (confer Figs. 6 and 8). However the removal of the 
epidermis leads to a broad maximum around 465 nm, which can also be de-
tected in the spectrum taken at 22 Hz. 

2.2. Measurements with the contact detector 

To compare the contact PA detector and the gas-microphone cell mea-
surements were made on "carbon black" in the visible region at 22 Hz (Fig. 9). 
For the exact comparison the signal at the pyroelectric detector was registered, 
too. The spectra can be seen in Fig. 10. 

Wavelength (nm) 

Fig. 7. Photoacoustic spectra of a red paprika fruit before ( . . . . ) and after ( — ) 
removing the epidermis taken a t 22 Hz modulation frequency of the excitation light. 

The spectra were normalized to the same height a t 465 nm 
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400 500 600 700 

Wavelength (nm) 

Fig. 8. Photoacoustic spectra of a red paprika f ru i t af ter removing the epidermis. The 
spectra were taken a t 22 Hz ( ) and 515 Hz ( . . . . ) modulation frequency of the 

excitation light. They were normalized to the same height a t 465 nm 

We can conclude that both detectors give the same PA spectrum and 
that they are the same as the power spectrum of the xenon lamp taken with a 
pyroelectric detector. 

Normalized PA spectra were taken at 22 Hz on paprika powder samples 
of Kalocsa using the contact detector. The spectrum can be seen in Fig. 11. 
A good correlation can be observed between the spectra taken with the closed 
cell and those taken with the contact detector. 

Wavelength (nm) 

Fig. 9. Absolute photoacoustic spectrum of carbon black at 22 Hz measured by the 
contact detector ( - —). Absolute photoacoustic spectrum of red paprika powder 

of Kalocsa measured by the contact detector ( ) 
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Wavelength (nm) 

Fig. 10. Photoacoustic spectrum of carbon black a t 22 Hz measured by a closed gas-
microphone cell ((-• ). L a m p power spectrum measured by the pyroelectric 

detector ( ) 

Wavelength (nm) 

Fig. 11. Normalized photoacoustic spectrum of red paprika powder of Kalocsa measured 
by the contact detector a t 22 Hz chopping frequency 

3. Discussion 

The photoacoustic spectra of red paprika powder and of the fresh pap-
rika fruit are determined by the absorption maxima of carotenoids in the blue 
light region around 465 nm (Figs. 4 and 5). According to the literature red 
paprika fruit contains as main carotenoid components in per cent of total 
pigments: 31.7% capsanthene, 12.3% /3-carotene, 9.8% violaxanthin, 9 .2% 
antheraxanthin, 7.8% /1-cryptoxanthin, 7.5% capsorubin, 6.5% zeaxanthin 
( G O O D W I N , 1 9 8 0 ) . 

By changing the modulation frequency of the excitation light one can 
distinguish photoacoustic spectra emanating from different depth of the 
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sample. According to the theory of Rosencwaig ( R O S E N C W A I G , 1 9 7 3 and 
R O S E N C W A I G & G E R S H O , 1 9 7 6 ) the photoacoustic signal is detected from 
deeper inside the sample when the frequency is decreased and thus can be 
used for a depth profile analysis of inhomogeneous biological materials. 

The well ground powder lacks inner cells structure, thus the photoacoustic 
spectrum does not change very much when applying different chopping fre-
quencies of the excitation light. Because of the saturation effect, which must 
be taken into account in strongly absorbing samples, the maxima become 
broader with decreasing chopping frequency (PERKAMPUS, 1982). 

The small maximum around 665 nm, which is visible in the powder but 
does not appear in the fruit, is due to little amounts of chlorophylls. Obviously 
the fruits used for the preparing of the powder were not fully ripened or were 
harvested with the stalk attached. The chlorophyll is not in its physiological 
condition as the maximum position is shifted towards shorter wavelengths 
compared to an intact green tissue ( B U S C H M A N & P R E H N , 1 9 8 1 , N A G E L et al., 
1987) and thus points to a ruptured chlorophyll-protein complex. 

The photoacoustic signal of the powder is seven times higher than the 
signal of the fruit. This is due to the lack of the heat damping epidermis and 
especially to the larger surface of the powder which leads to a better transfer 
from the sample to the gas above the sample ( A D A M S et al., 1 9 7 6 ) . 

The photoacoustic signal between 400 and 600 nm decreases with in-
creasing chopping frequency (Fig. 6) as the heat emanates more from the 
outer parts of the sample ( R O S E N C W A I G & G E R S H O , 1 9 7 6 ) . Carotenoids, which 
determine the spectrum in the region, are located in the chromoplasts of the 
subepidermal layers, the contribution of which becomes smaller, when the 
modulation frequency is increased. This depth profiling effect has been de-
monstrated for leaves of Tradescantia, which posses anthocyanins in the 
epidermis ( B U S C H M A N N & P R E H N , 1 9 8 3 ) . 

In contrast to the expectation the signal in the region between 650 
and 720 nm increases with increasing chopping frequency of the excitation 
light. This effect, which is visible especially at a modulation frequency of 
515 Hz, was also demonstrated with needles (NAGEL et al., 1987) and was explai-
ned by an enhanced signal emanating from the epidermis after absorption of light 
reflected from the inner tissue. Reflection is highest in the long wavelength 
region, where only small amounts of chlorophylls could be absorbing. This 
absorption of reflected light from deeper inside the tissue is much lower after 
remowing the epdermis (Fig. 8) than before the removal (Fig. 6; 515 Hz). 

The rise of the photoacoustic signal below 380 nm in the spectrum of the 
fruit, which is visible expecially at higher chopping frequencies (Fig. 6; 210 Hz 
and 515 Hz) must be explained by an absorption of substances contained 
in the epidermis or in the cuticula. This becomes also apparent by the lack of 
this rise in the fruit with the epidermis removed (Fig. 8; 515 Hz). 
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Final ly , t h e g o o d correlat ions be tween the spec tra received w i t h the 
c o n t a c t detector a n d t h e closed gas-microphone cell s h o w tha t t h e contac t 
de tec tor for photoacous t i c spectroscopic inves t iga t ion g i v e s s imila rresults on 
p o w d e r e d material as t h e closed gas-microphone cell, however , due t o t h e fact 
t h a t i t can be m a n i p u l a t e d easier a n d quicker t h a n t h e c losed P A cell i t shows 
d i s t inc t advantages in case of pract ical tes t ing powdered materials . 
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PIGMENT EXTRACTION FROM ALFALFA PROTEIN 
CONCENTRATES 

F . F A V A T I , R . F I O R E N T I N I a n d C . G A L O P P I N I 

Is t i tuto di Industrie Agrarie dell'Universitä, Via S. Michele degli Scalzi, 4, 
56100 Pisa, I ta ly 

(Received: 21 May 1987; accepted: 8 September 1987) 

The increasing demand for food-grade proteins makes the use of leaf protein 
concentrates (LPC) an interesting approach. LPC have good amino acid profiles 
but their organoleptic characteristics, above all the green colour and the grassy 
flavour, strongly limit their use. 

Nine pure solvents and seven solvent mixtures were tested in order to 
verify their suitability for improving the organoleptic characteristics of LPC. 
Sensory evaluation was carried out on LPC after a solvent extraction period of 6, 
12 and 18 h. 

Polar solvents, especially acetone and propane-2-ol, gave the best results, 
both for colour and flavour, but none of them was able to reduce the negative 
characteristics to such an extent tha t could make possible the use of LPC in 
human nutrit ion. 

Keywords: alfalfa, leaf protein concentrates, pigments, solvent extraction 

One of the main aims of food research is to satisfy the present and fore-
seeable protein demand by incrasing and improving vegetable protein produc-
tion. For this reason much research has also been carried out on photosyn-
thetic tissues (leaves)), whose protein fraction is characterized by a good essen-
tial amino profile ( G E R L O F F et al., 1 9 6 5 ; A N E L L I & G A L O P P I N I , 1 9 7 4 ) . 

Leaf protein extraction technologies are based on wet green crop frac-
tionation. By squeezing the grassy material, it is possible to obtain a juice 
with more than 10% of dry matter and a very high protein content (30-40% 
dry basis), thus allowing it for the preparation of leaf protein concentrates 
(LPC). 

As far as their amino acid profile is concerned, LPC could be used as a 
source of protein in human nutrition, but the organoleptic characteristics 
(mainly colour and flavour) limit their use. Because of the pigment content 
(chlorophylls and carotenoids) and products formed by polyphenol oxidation 
and/or by Maillard reaction, the LPC colour goes from deep green to black, 
while its strong grassy flavour is closely correlated to the lipid fraction and to 
products formed during the oxidation of natural unsaturated fatty acids 
( B R A Y e t a l . , 1 9 7 8 ) . 
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Practical use of LPC for human consumption is therefore strictly de-
pendent on the reduction of the negative organoleptic properties. Even if 
good laboratory results are obtained, problems still arise in industrial produc-
tion of food-grade LPC. This is mainly due to the lack of suitable and eco-
nomical processes for obtaining inexpensive final products having the desired 
organoleptic properties. 

Because of rigorous legislation on food additivies at international level, 
the food industry is deeply concerned with the use of natural pigments in-
stead of artificial ones. The recovery and commercialization of the pigments 
contained in LPC could be helpful in solving the economic problems arising 
in LPC production. 

At the Istituto di Industrie Agrarie of the University of Pisa current 
research is tackling these problems, using both traditional and unusual sol-
vents, such as near-critical and supercritical gases. This note reports the 
results obtained in preliminary tests carried out using traditional organic 
solvents. 

Taking into account results obtained by other authors (BRAY & 
H U M P H R I E S , 1 9 7 8 ; B R A Y et al., 1 9 7 8 ) , 5polar,4 non-polar organic solvents and 
7 mixtures of them were chosen in order to evaluate their extraction efficiency 
(Table 1). 

LPC were prepared from alfalfa (Medicago sativa L.) harvested in pre-
flowering. After washing in a 0 .1% sodium metabisulfite solution, the grass 
was chopped and squeezed in a pilot plant ( F I O R E N T I N I & G A L O P P I N I , 1 9 8 1 ) 

and the collected juice centrifuged ( 4 2 0 0 xG, retention time 1 5 s) in order 
to separate any remaining fibre particles ( L E N C I O N I et al., 1 9 8 4 ) . The juice 
was then heated to 8 5 - 9 0 ° C by steam injection to obtain a protein coagulum 

1. Materials and methods 

Table 1 

Tested solvents and mixtures 

Polar Noil-polar Mixtures (v/r) 

Acetone Chloroform 
Methanol Hexane 
Ethanol Ethyl acetate 
Propane-2-ol Diethyl ether 
Butane- l-ol 

Acetone/Chloroform ( 1 : 1 ) 
Acetone/Hexane (1:1) 
Ethanol/Chloroform (1 :1 ) 
Ethanol/Diethyl ether ( 3 : 1 ) 
Propane-2-ol/Chloroform ( 1 : 1 ) 
Propane-2-ol/Hexane (1 : 1) 
Propane-2-ol/Diethyl ether (3 : 1) 
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Table 2 

Terms used in the sensory evaluation and associated number 

Colour Grassy flavour 

Term Number Term Number 

White 0 Absent 0 
Pale white-gray 1 Weak 1 
White-gray 2 Moderate 2 
Pale green-gray 3 Strong 3 
Pale green 4 Very strong 4 
Green 5 
Deep green 6 

that was recovered by centrifugation (2000 xG, retention time 5 min) and 
stored at — 20 °C. 

Extraction trials were performed using a Soxhlet apparatus at the boil-
ing point of the pure solvents or mixtures. Total extraction time was 18 h, 
but after 6 and 12 h 10 g of wet LPC were sampled and the solvent renewed. 
Samples were dried overnight under vacuum (20 °C, 600 Pa) and stored at 
- 2 0 °C. 

The solvent efficiency was assessed by sensory evaluation of colour and 
flavour of the extracted L P C ( A M E R I N E et al., 1 9 6 5 ; A N E L L I et al., 1 9 8 4 ) . 

Six panelists had the choice of 5 adjectives for flavour and 7 for colour (Table 
2). The most frequent adjective chosen by the panel was selected as the colour 
or flavour of the sample and described by an arbitrary number shown in 
the histograms. 

2. Results and discussion 

Sensory evaluation data for pure solvents and mixtures are reported 
in Figs. 1-3. Each set of histograms represents the attribute score of the 
sample with regard to its colour (white histograms) and flavour (dashed 
histograms), after an extraction period of 6, 12 and 18 h, respectively. 

As far as mixtures are concerned only those containing propane-2-ol 
and/or diethyl ether gave a good decrease both in grassy flavour and green 
colour (Fig. 1). Propane-2-ol and diethyl ether mixture (3 : 1 v/v) gave the 
best results after 12 h of extraction. The use of other mixtures was generally 
unsatisfactory because appreciable decolourization was not achieved even if 
some of them induced a substantial decrease in grassy flavour. 

Pure non-polar solvents showed a similar extraction activity with no or 
very slight decolourization and a relatively high score for flavour. Only hexane 
after 18 h of extraction had stronger effects (Pig. 2). 
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Fig. 1. Extraction efficiency of mixtures (A = acetone/chloroform 1 : 1; В = acetone/ 
hexane 1 : J; С = ethanol/chloroform 1 : 1 ; Г) = ethanol/diethyl ether 3 : 1 ; E = 
propane-2-ol/chloroform 1 : 1, F = propane-2-ol/hexane 1 : 1; G = propane-2-ol/diethyl 
e ther 3 : 1 ) . Data a re referred to colour (white histograms) and flavour (dashed histo-
grams) sensory evaluation after 0, 6, 12 and 18 h of extraction. For sensory evaluation 
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Fig. 2. Extraction efficiency of non-polar solvents (A = chloroform; В = hexane; 
С = ethyl acetate; D = diethyl ether) . Data are referred to colour (white histograms) 
a n d flavour (dashed histograms) sensory evaluation af te r 0, 6, 12 and 18 h of extrac-
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Polar solvents 

Fig. 3. Extraction efficiency of polar solvents (A = acetone; В = methanol; С = etha-
n o l ; D = propane-2-ol; E = butane-1 -ol). Data are referred to colour (white histograms) 
and flavour (dashed histograms) sensory evaluation af ter 0, 6, 12 and 18 h of ex-

traction. For sensory evaluation description see text and Table 2 

Polar solvents gave the best results both for colour and flavour (Fig. 3). 
Within an 18 h extraction period the flavour was strongly reduced to "weak" 
and using only methanol it was evaluated as "moderate". Colour was at least 
reduced to the best values obtained with non-polar solvents and mixtures 
(pale green-grey). The highest amount of decolourization was achieved using 
acetone and propane-2-ol (score 1: pale white-grey), but comparing the data, 
a different behaviour between the two solvents can be seen. Acetone induced 
the greatest decrease in colour and flavour in the shortest time, reaching the 
best values in only 12 h. 

These results are in accord with similar tests carried out by other authors 
( B R A Y , 1976; B R A Y et al., 1978), and sensory evaluation tests show that with 
organic solvents it is possible to obtain appreciable reduction of the green 
colour and grassy flavour of LPC. However, these organoleptic characteristics 
are still too strong to allow a large scale use of LPC in food formulation, es-
pecially in western countries. 
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CHARACTERIZATION OF EXTRUDED FULL FAT SOY 
FLOUR FOR HUMAN CONSUMPTION 

E . H O R V Á T H , J . P E T R E S a n d B . C Z U K O R 

Central Food Research Institute, Ы-1022 Budapest, Herman Ottó 15. Hungary 

(Received: 12 June 1987; accepted: 23 October 1987) 

Full fat soy flour was prepared from dehulled soybean (Glycine max) by 
extrusion used in the industry (Insta-Рго Extruder made in Hungary) . I t was 
characterized by different chemical and biochemical methods in order to 
determine the possibilities of its application in food products. 

The main components of the extruded soy f lour was the following: water 
content: 5.8 g per 100 g mat ter ; protein content: 37.3 g per 100 g d ry matter; 
oil content: 24.6 g per 100 g dry ma t t e r . 

The activities of trypsin inhibitor, lipoxygenase and peroxidase in extruded 
soy flour are significantly lower than in soybean, most of them being destroyed 
by the high temperature (140 °C) of extrusion. 

In the course of extrusion peroxide and acid values increased, but this 
did not affect negatively the shelf life of extruded full fa t soy flour. 

Water and fa t binding capacity are higher, emulsification properties and 
Nitrogen Solubility Index (NSÍ)are lower in extruded soy flour than in soybean. Heat 
t rea tment denatures soy proteins, and the number of hydrogen and hydrophobic 
bonds increases. This is demonstrated by different solubilities of soy proteins in 
different solvents and buffers. 

After extrusion lysine and sulfuric amino acid contents decreased, in vitro 
protein digestibility increased. The biological value of full fat soy f lour character-
ized by NPU and N P R is higher than the biological value of dehulled soybean. 

Keywords: soybean, extruded full fat soy f lour , extrusion, solubility of soy 
protein, biological value 

D i f f e r e n t soy p r o d u c t s (gr i ts , f l o u r s , c o n c e n t r a t e s , t e x t u r i z e d p r o d u c t s , 
i so la tes , e t c . ) a r e b e c o m i n g m o r e a n d m o r e i m p o r t a n t p ro t e in s o u r c e s for 
d i r e c t h u m a n c o n s u m p t i o n all o v e r t h e wor ld . 

Research work has been d o n e f irs t of all o n soybean , soy concentra tes 
and i so lates . Never the le s s , full fa t s o y f lour can a lso b e taken i n t o considera-
t ion as an economical and wide ly avai lable source of protein a n d energy 
( M U S T A K A S e t a l . , 1 9 7 0 ) . 

Ful l f a t soy f lour bes ide some of i t s d i s a d v a n t a g e s (relatively poor shelf 
life, s tab i l i ty , raf f inose and s t a c h y o s e content) i s of a d v a n t a g e o u s qual i ty 
h a v i n g h igh v i t a m i n , f ibre, mineral a n d u n s a t u r a t e d f a t t y ac id content s 
( L O R E N Z e t a l . , 1 9 8 0 ) . 

L A M - S A N C H E Z and co-workers (1985) also r e c o m m e n d e d t h e extrus ion 
process t o m a k e high q u a l i t y full f a t s o y b e a n flour. Three cone o p e n i n g s and 
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three initial moisture content values were used to evaluate their effects on the 
protein quality of full fat soy flour, extruded in a Brady Crop Cooker. They 
concluded that to destroy the antiphysiological factors in whole soybeans 
with the extruder used by them, soy flour has to be processed at a higher 
temperature with low initial moisture content. 

In a Hungarian factory in Törökszentmiklós full fat soy flour is being 
processed for food purposes by extrusion in an Insta-Pro extruder (USA). The 
parameters of temperature, moisture and retention time are constant. This 
extrusion process offers many unique features enabling it to become important 
in converting soybeans into food products. Characterization of this extruded 
full fat soy flour in a complex way is needed to determine the applicability 
of it in food production. 

In this work quality differences between dehulled soybean and extruded 
soy flour were examined in order to determine changes caused in soy flour 
by extrusion processing, as the result of high pressure and temperature. 

Chemical composition, functional properties, enzyme activities, peroxide 
and acid values, protein solubility and biological value are presented in this 
paper. 

1. Materials and methods 

1.1. Soy samples 

Soybeans were steamed (127 °C, 3 min), dehulled, and passed through 
an air flow to remove seed coats. 

The initial moisture content of soybeans before extrusion was: 12.5% 
(w/w). 

Dehulled soybeans were extruded in an Insta-Pro extruder. Param-
eters of the extruder: 

Rotation of screw per min: 500 r.p.m. 
Diameter of screw: 95 mm 
Peripherical speed of screw: 2.5 m s e c - 1 

Temperature of extrusion: 140 °C 
Average residence time: 30 s 
Extruded soybeans were cooled and ground to full fat flour (0-600 /un). 

1.2. Analytical methods 

1.2.1. Determination of chemical composition. Moisture content was 
determined by drying the samples at 105 °C to constant weight. Protein 
content (NX6.25) was measured with an automatic Kjell-Foss equipment. 
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Oil content was determined by petroleum ether extraction in a Soxhlet 
apparatus. 

Ash content was determined by incinerating the samples at 550 °C to 
constant weight. 

1.2.2. Determination of trypsin inhibitor, lipoxygenase and peroxidase 
activities. The trypsin inhibitor activity was determined according to the 
method of K A K A D E and co-workers ( 1 9 7 4 ) , adapted by P E T R E S and K Á R P Á T I 

1 9 8 1 ) . 

The peroxidase activity was determined by the method of M I H Á L Y I 

and V Á M O S - V I G Y Á Z Ó (1975), the lipoxygenase activity by the method of 
T A P P E L and co-workers (1952). 

1.2.3 Determination of peroxide and acid values. Peroxide and acid 
values were measured according to Hungarian Standard (1978). Acid value: 
mg KOH needed to neutralize 1 g oil. Peroxide value: cm3 of 1 mol d m - 3 

Na 2 S 2 0 3 solution equivalent to iodine selected by 1000 g oil. 
1.2.4. Determination of functional properties. Functional properties were 

analyzed by the folllowing procedures. Water binding capacity by the method 
of S O S U L S K I ( 1 9 6 2 ) , fat binding capacity by the method of L I N and co-workers 
( 1 9 7 4 ) , emulsification activity and emulsion stability by the method of Y A S U -

MATSU and co-workers ( 1 9 7 2 ) . Nitrogen Solubility Index (NSI) by the method 
o f S M I T H a n d C I R C L E ( 1 9 7 2 ) . 

1. 2. 5. Extraction and fractionation of soy proteins. The fat free soy sam-
ples were extracted by the O S B O R N E method ( 1 9 2 4 ) . 

The fat free soy samples were also extracted with 0.5 mol d m - 3 N a 2 H P 0 4  

(pH = 7.8) containing either 5% (w/v) sodiumdodecyl sulfate (SDS) or 5% 
(w/v) SDS and 1% (w/v) 2-mercapto-ethanol (2-ME). 

1.2.6. Determination of amino acid content. Amino acid values were 
obtained by analysis of the acid hydrolysates of the proteins with amino 
acid analyzer Biotronik LC 2000 (FRG). 

Tryptophan was determined using the method of R É K Á S I - S Z O M B A T I 

and co-workers (1979). 
1.2.7. Determination of in vitro biological values. In vitro protein digest-

ibility was measured by the method of A K E S O N and S T A H M A N ( 1 9 6 4 ) . 

Chemical Score (CS) values were calculated by the method of B L O C K 

and M I T C H E L L ( 1 9 4 6 ) using F A O / W H O ( 1 9 7 3 ) amino acid patterns as reference. 
Computed Protein Efficiency Ratio (C-PER) values were calculated by 

the method of S A T T E R L E E and co-workers ( 1 9 7 9 ) . 

1.2.8. Determination of in vivo biological values. Net Protein Ratio 
(NPR) and Net Protein Utilization (NPU) values were determined in rat 
feeding experiments. 
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2. Results and discussion 

2.1. Chemical composition 

Chemical composition of dehulled soybean and extruded full fat soy 
flour (EFFSF) is given in Table 1. 

Table 1 

Chemical composition of dehulled soybean and extruded full fal soy flour 

Dehulled soybean Extruded lull 
flour 

fat soy 

± s X ±e 

Water content (g per 100 g 
matter) 8.3 0.1 5.8 0.1 

Protein content (g per 100 g 
dry matter) 37.6 0.3 37.3 0.3 

Oil content (g per 100 g dry 
matter) 25.3 0.1 24.6 0.1 

Ash content (g per 100 g dry 
matter) 5.3 0.1 5.3 0.1 

x: mean value of three measurements 
± s: standard deviation 

During extrusion the moisture content decreased because of the high 
temperature applied. Protein, oil and ash contents of the samples are given 
related to dry matter. Protein ( N X 6 . 2 5 ) and ash contents of soy did not 
change during extrusion. The oil content of soy flour decreased because some 
of the free oil was expelled from the soybean during extrusion. Our results 
agree with those obtained by other workers ( H A R P E R & D E L V A L L E , 1 9 7 9 ) . 

2.2. Tripsin inhibitor, lipoxygenase and peroxidase activities 

Heat treatment of soybeans is necessary for the destruction of trypsin 
inhibitor as the main antinutritive factor in raw beans, for inactivation of 
the enzymes lipoxygenase and peroxidase in order to increase storage life, 
for removal of the raw, bitter and beany flavour of raw beans ( K O T T Z E H -

K A N A N I e t a l . , 1 9 8 1 ) . 

Table 2 shows the activity of t ryps in inhibitor, lipoxygenase and per-
oxidase in soybean and t h e corresponding full fat f lour. 

E F F S F shows a decrease in these activities. These enzymes and inhibitor 
are thermolabile and the extrusion temperature destroyed the greater part 
of them. Lipoxygenase and peroxidase activities are two important factors 
that affect organoleptic qualities as well ( R A C K I S et al., 1 9 7 5 ) . They can cause 
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Table 2 

Trypsin inhibitor, lipoxygenase and peroxidase activities dehulled soybeans 
and extruded full fat soy flour 

Trypsin inhibitor activity 

(ТГО mg-1 dry matter) 

Lypoxygenase activity 

(1000 U m g - 1 dry 
matter) 

Peroxidase activity 

(1000 U m g - 1 dry 
matter) 

X ±s X ±s X ±s 

Dehulled soybean 
Extruded full fat soy flour 

90.7 
31.6 

7.3 
3.0 

1786.0 
4.0 

44.0 
0.3 

67.3 
5.5 

1.5 
0.2 

x: m e a n value of three measurements 
i s : standard deviation 

oxidation of lipids, and off-flavour and bad smell. In this case, however, these 
enzymes are inactivated, and EFFSF has no off-flavour. 

The trypsin inhibitor activity is also decreased and this improves the 
nutritional quality of EFFSF. 

2.3. Peroxide and acid values 

During extrusion oxidative processes can take place in soybean. This 
is indicated by an increase in the acid and peroxide values of EFFSF. Heat 
treatment can cause autooxidation and destruction of natural antioxidant 
present in soybeans ( M U S T A K A S et al., 1 9 7 0 ) . Peroxide and acid values of 
samples are summarized in Table 3. 

Our results show that oxidative processes caused by heat did not 
reach the level where they could affect negatively the organoleptic and storage 
quality of EFFSF ( H O R V Á T H et al., 1986). 

Table 3 

Peroxide and acid values of dehulled soybean and extruded full fat soy flour 

Dehulled soybean Extruded full fat soy flour 

X ± 8 Ä ± S 

Acid value 
(mg K O H , required for 
neutralization of 1 g oil) 1.3 

Peroxide value 
(cm3 of 1 mol d m - 3 N a 2 S 2 0 3 
equivalent to iodine selected 0 
by 1000 g oil) 

x: m e a n value of three measurements 
is: standard deviation 
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2.4. Functional properties 

Applicability of different soy products in food processing could be 
characterized by their functional properties. Functional properties of the 
samples are presented in Table 4. 

Table 4 

Functional properties of dehulled soybean and extruded full fat soy flour 

Water-binding 
capacity 

(g per 100 1 

Fat-binding 
capacity 

- sample) 

Emulsification 
activity 

Emulsion 
stabil i ty 

v/v) 

Nitrogen 
Solubility 

Index (NSI) 

(%, w/w) 
л ± S x ±s X ± s X ± s X ± s 

Dehulled soybean 157.8 1.5 106.8 5.9 55.9 7.4 67.7 3.3 40.6 0.3 
Extruded full fat soy 

flour 210.4 9.3 124.3 3.2 45.8 0.2 54.3 6.9 24.2 2.5 

x: mean value of three measurements 
± s : standard deviation 

After extrusion the water and fat binding capacity of soy increased, 
while emulsification properties and Nitrogen Solubility Index (NSI) decreased. 
C U M M I S G and co-workers ( 1 9 7 3 ) have shown that extrusion causes a dis-
sociation followed by an aggregation of the water-soluble protein. Decrease 
of N S I was observed by other workers, as well ( B O O K W A L T E R et al., 1 9 7 1 ) . 

It can be concluded from the results that functional properties of EFFSF 
make it applicable in different food products. 

2.5. Solubility and fractionation of soy proteins 

First the solubility of soy proteins was characterized by the Osborne 
method. By this method the following fractions were separated: albumins 
(H20-soluble), globulins (NaCl-soluble), prolamins (C2H3OH-soluble) and 
gluteins (KOH-soluble). The resulsts are shown in Table 5. 

It is evident that the quality of soluble proteins was reduced and the 
proportion of fractions was changed by extrusion. After extrusion the propor-
tion of water-soluble proteins decreased while that of NaCl-, and KOH-soluble 
proteins increased. 

Only a part of soy proteins could be extracted by the Osborne-method, 
so various buffers were also used to extract proteins from dehulled soybean 
and E F F S F . J E T I N I N K and C H E F T E L ( 1 9 7 9 ) suggested, that extensive solubiliza-
tion could be achieved by buffers containing sodium dodecyl sulfate ( S D S ) , 

an agent known to disrupt non-covalent interactions and dithiothreitol, an 
agent known to reduce disulfide bonds. According to C L A T T E R B U C K and co-
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Table 5 

Fractionation of proteins of dehulled soybean and 
extruded full fat soy flour by Osborne-method 

Dehulled soybean Extruded full fa t soy 
(% of total protein) flour 

Dissolved protein fraction 
x ±s x ±3 

Total dissolved protein 37.5 1.5 19.9 1.1 

(% of dissolved protein) 

Water-soluble 58.45 4.0 26.5 1.5 
NaCl-soluble 32.7 0.8 50.0 2.6 
C2H5OH-soluble 3.5 0.2 6.4 1.1 
KOH-soluble 7.3 0.3 17.2 2.9 

x: mean value of three measurements 
± s : standard deviation 

workers (1980) the presence of urea and/or 2-mercaptoethanol (2-ME) in the 
buffer causes higher increase in solubility in the fully heat-treated flour than 
in the minimal heat treated flours. This suggests that heat treatment increased 
disulfide and hydrogen, and/or hydrophobic bonds in soy flours. 

In our work 0.5 mol d m - 3 N a 2 H P 0 4 (pH = 7.8) buffer was used con-
taining either 5% SDS (buffer 1) or 5% SDS and 1% 2-ME (buffer 2). The 
results are shown in Table 6. 

Table 6 

Solubility of soy proteins in different buffers 

Dehulled soybean Extruded fuU fat soy 
flour 

Buffers (% of total dissolved protein) 

x ±s x ±s 

Buffer 1 
0.5 mol d m - 3 Na 2HP0 4 
(pH = 7.8) containing 5% SDS 

Extraction 1 22.3 6.1 36.2 6.2 
Extraction 2 14.9 6.2 15.5 8.1 

Total extraction 37.3 12.1 51.8 2.3 

Buffer 2 
0.5 mol dm- 3 Na.HPO, 
(pH =7.8) containing 5% SDS + 
1% 2-ME 

Extraction 1 72.7 16.6 83.1 4.8 
Extraction 2 12.5 7.9 7.2 5.9 

Total extraction 85.2 9.6 90.3 6.5 

x: mean value of three measurements 
± s : standard deviation 

4* Acta Alimentaria 17, 198S 



252 HORVÁTH et al.: EXTRUDED FULL FAT SOY FLOUR 252 

The total protein extracted by buffer from E F F S F was higher than that 
extracted from dehulled beans. If the buffer contained 2-ME beside SDS 
more protein was extractahle. With buffer 2 a greater part of proteins could 
be extracted in the first fraction from both samples. 

These findings do not agree with the results obtained by B U R G E S S and 
S T A N L E Y ( 1 9 7 6 ) . Their data show that urea, S D S and 2 - M E are less effective 
with textured soy than with soy grits. But they used a higher extrusion tem-
perature (178 °C) and only 1.5% SDS in the buffer solution. 

Our results as shown in Tables 5 and 6 prove that the structure of soy 
proteins had changed during extrusion as an effect of heat treatment. The 
quantity of hydrogen and hydrophobic bonds increased and special detergents 
and disulfide cleaving agents are needed to disrupt these bonds. This is in 
agreement with the results reported by H A G E R (1984). 

2.6. Essential amino acid composition of soy proteins 

Essential amino acid contents of samples are presented in Table 7. 

Table 7 

Essential amino acid* profile of proteins of dehulled soybean 
and extruded full fat soy flour 

L Y S T H R S U L P V A L I L E L E U 

(g amino acid 100 g-1 protein) 
A R O M T R P 

Dehulled soybean 6.8 4.5 3.2 4.8 4.7 7.7 7.3 1.3 
Extruded full fat soy 

flour 6.7 4.4 2.9 4.8 4.6 7.6 7.2 1.3 

a Abbrevations for amino acids: LYS: lysine, THR: threonine, SULP: methionine + cystine' 
VAL: valine, ILE: isoleucine, LEU: leucine, AROM: phenylalanine + tyrosine, TRP: tryptophan 

The high temperature of extrusion caused some changes in the essential 
amino acid profile of soy proteins. The content of lysine and sulfuric amino 
acids (methionine + cystine) decreased. This is unfavourable, because, as 
it is known, soy protein is deficient in sulfuric amino acids and its relatively 
high lysine content enables the complementation of cereal proteins with soy 
proteins ( H O P K I N S & S T E I N K E , 1 9 8 1 ) . 

The content of other essential amino acids did not change. 

2.7. Biological values of soy proteins 

According to results reported in the literature ( M U S T A K A S et al., 1 9 7 0 ; 

B O O K W A L T E R et al., 1 9 7 1 ; L O R E N Z et al., 1 9 8 0 ) extruder processing improves 
the nutritional quality of soybean. Protein Efficiency Ratio (PER) increases 
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Table 8 

Biological values of protein of dehulled soybean and extruded full fat soy flour 

Extruded full fat Dehulled soybean flour 

In vitro biological values 
chemical score (%) 90.9 83.4 
limiting amino acid SULP SULP 
computed P E R (g per g) 2.1 2.3 
in vitro protein digestibility (%) 71.9 85.5 

In vivo biological values 
NPU (%) 50.9 62.7 
NPR (g per g) 2.6 3.3 

progressively. In vitro and in vivo nutritive values of our samples are shown 
in Table 8. 

In vitro protein digestibility of EFFSE is higher than in vitro protein 
digestibility of dehulled soybeans. The reason for this may he found in inacti-
vation of the trypsin inhibitor and the better digestibility of denatured soy 
proteins ( B O O N V J S T J T & W H I T A K E R , 1 9 7 6 ) . 

In vitro biological values: Chemical Score (CS) and Computed Protein 
Efficiency Ratio (C-PER) were calculated on the basis of the essential amino 
acid content. On calculating C-PER the in vitro protein digestibility is taken 
into consideration as well. 

CS of the protein in EFFSF is lower than CS of protein in dehulled soy-
bean, because of the lower lysine, methionine, and cystine contents. At the 
same time the C-PER value of EFFSF is higher than the C-PER of dehulled 
soybean. 

In vivo biological experiments also support the higher biological value 
of extruded soy flour. Both Net Protein Utilization (NPU) and Net Protein 
Ratio (NPR) of EFFSF are higher than NPU and N P R of dehulled bean. 
These results prove that all factors affecting nutritive value could be taken 
into consideration in a complex way. 

3. Conclusion 

Our results show that a good quality full fat soy flour applicable in food 
production can be produced by extrusion-cooking in an Insta-Pro extruder, 
under parameters as used in the factory for extrusion. The biological value of 
soy protein increased after extrusion in spite of the decreasing quantity of 
lysine and sulfuric amino acid. 
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The pro te in digest ibi l i ty of soy also inoresed in c o n s e q u e n c e of part ia l 
inac t iva t ion of t h e trypsin i n h i b i t o r and p r o t e i n denaturat ion . T h e soy pro te in 
w a s denatured because of t h e e f f ec t of high temperature . T h u s the funct ional 
propert ies of s o y also c h a n g e d , particularly N S I decreased af ter extrus ion. 
T h e solubil i ty of soy protein i n water was l imi ted . D e t e r g e n t s and reducing 
a g e n t s are n e e d e d to solubi l ize s o y proteins. 

The a c t i v i t i e s of l i p o x y g e n a s e and perox idase in e x t r u d e d soy flour are 
s ign i f i cant ly lower than in t h e soybean, a n d t h i s improved t h e flavour of s o y 
a n d made t h e product su i tab le for use in h u m a n foods. 

* 
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Animal By-products, Budapest for amino acid analysis, K. CZULEK, Department of 
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MICROBIOLOGICAL INVESTIGATIONS 
OF PAPRIKA AND PEPPER WITH SPECIAL REGARD 

TO SPORE FORMERS INCLUDING B. CEREUS 
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From microbiological investigations of 64 spice samples (ground pepper 
and paprika) it is concluded that the dominan t role in the microbiology of spices 
is played by aerobic spore formers, including thermophiles. Determination of t he 
numbers of coliforms as fecal indicators m u s t be substituted by determination of 
the numbers of the Enterobacteriaceae family since the former occurs in ve ry 
small numbers in these products . Since the occurrence of t he Enterobacteriaceae 
family in the products is no t rare, the presence of Salmonella must be expected, 
on occasion. In the case of the detection of the presence of Salmonella, the ant i -
microbial effect of the spices, as well as their microecological conditions makes 
it necessary to use resuscitation of samples in large quantit ies of medium. 

Wi th due consideration to the fact t h a t in spices, as much as 50% B. cereus 
contamination may be expected, their direct detection is considered a necessity 
in those food products where multiplication may occur. 

According to the results of a comparat ive study mannitol-phenol red-egg 
yolk-polymixin agar m a y be substituted with a* simple egg yolk agar for the 
detection of B. cereus in spices. 

Keywords: microbiological contamination, spices, Enterobacteriaceae 

Spices a s addi t ives in f o o d s , play a v e r y important ro le both in the f o o d 
i n d u s t r y and in domest ic s e c t o r s in two w a y s : 

— W i t h the ir content of essential o i l s t h e y have an antimicrobial e f f e c t 
( P I V N I C K , 1 9 8 0 ) . On the o t h e r hand, in m e a t products w i t h decreased r H 
t h e y act as an t iox idant s t o increase shelf l i fe ( G E R H A R D T & B Ö H M , 1 9 8 0 ) . 

If c o n t a m i n a t e d w i t h microbes, t h e i r addition t o foods m a y c a u s e 
spoi lage or decrease of shelf l i fe . In addit ion t o the potent ia l for spoilage, t h e 
potent ia l hea l th hazard shou ld no t be ignored if we cons ider t h e condi t iona l 
presence of bacter ia , such as B. cereus, Sa lmone l la , etc. c a u s i n g food poisoning . 

Their microbial c o n t a m i n a t i o n is of spec ia l importance where some t r e a t -
m e n t is appl ied t o destroy microbes . R e s i s t a n t spore f o r m e r s may s u r v i v e 
pasteuriz ing, canning, etc. a n d t h e number of survivors h a s a significant in-
f l u e n c e on t h e e n d product. I t i s well k n o w n , t h a t the predominant m i c r o b e s 
in spices are t h e aerobic spore formers ( F A R K A S et al. , 1 9 7 3 , S E E N A P P A & 

K E M P T O N , 1 9 8 1 ) b u t less r e s i s tan t groups of microbes are encountered, t o o . 
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That is why it was found necessary to obtain data on microbial contami-
nation of the two most often used spices, pepper and paprika and at the same 
time to gain more information on some methodological problems. 

Our investigations were carried out in the framework of the Balkan and 
Danubian Subcommission of ICMSF. 

1. Materials and methods 

We carried out microbiological analysis of 49 ground paprika and 15 
black pepper samples. 

The sampling was based partly on the 5 samples procedure (three class 
attributes plans), and partly on the random sampling approach. The spices 
were of heterogeneous origin, coming at times from the industry, from com-
mercial networks, and even at even at times from the private sectors. 

Five g samples were thoroughly stirred into suspension in 45 cm3 of 0.2% 
peptone containing physiological sodium chloride solution and decimal di-
lution series were made. 

Detection of coliforms were made by determination of titers in brilliant 
green bile lactose broth incubated at 30 °C for 48 h, on the basis of gas pro-
duction. The titers of Enterobaeteriaceae contamination were determined by 
breakdown of glucose in buffered brilliant-green-bile-glucose broth. After 
incubation for 24 h at 37 °C, the positive tubes were subcultured on violet-red-
bile-glucose agar under similar culturing conditions, and typical colonies 
were selected for the following confirmation tests: glucose fermentation in 
semisolid glucose agar containing bromcresol-red indicator, nitrate reduction 
in potassium nitrate containing broth, as well as the oxidase test. For the 
determination of total counts the nutrient agar pour plate procedure was 
applied in two replicates and was covered with so-called water agar ( Blanche 
agar). 

For control, titer values were determined in nutrient broth media. 
Both the plates and the controls were incubated at 30 °C for 72 h. 

Titer values of mesophilic sulfite-reducing Clostridia were determined 
in semisolid agarmedium containing sodium sulfite and ferric citrate in-
cubated at 37 °C for 72 h. For thermophilic aerobic bacteria nutrient broth 
was used, and for the anaerobic ones, the above mentioned semisolid agar. 
All were incubated at 58 °C for 72 h after which period titer values were taken. 

For the detection of spores, the initial suspension was heat treated at 
72 °C for 30 min. (The majority of foods received a heat treatment at pasteur-
ization level. According to M O S S E L (1977) 30 min at 65 °C, 20 min at 72 °C 
are equivalent to a heat treatment of 1 min at 80 °C. This heat treatment 
is effective to kill vegetative cells so that only spores survive. For aerobic spores 
the method used was similar to that described for the determination of meso-
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philic counts. For anaerobic spore formers titer values were determined on the 
basis of sulfite reduction in semisolid agar medium. 

For the detection of Salmonella 25 g of the sample were resuscitated 
in 225 cm3 of buffered peptone water for 6 h, after which 10 cm3 were trans-
ferred into 90 cm3 of tetrathionate enrichment broth and incubated at two dif-
ferent temperatures (37 °C and 43 °C) for 24 h, after which loop transfers 
were surface plated on brilliant green phenol red agar and incubated at 37 °C 
for 24 h. 

Moulds were demonstrated in 0.1 cm3 sample for surface plating on 
maltose agar, pH 5.6, incubated at 22 °C for 3-5 days. 

For B. cereus counts mannitol, phenol red, egg yolk polymixin agar 
( M Y P ) ( M O S S E L et al., 1 9 6 7 ) was used and incubated at 3 0 °C for 2 4 h. Parallel 
with it simple egg yolk agar containing egg yolk without the inhibitor, carbo-
hydrate and indicator, were used. To make a comparison between the two 
media, in respect of applicability, the sensitivity of the two procedures was 
evaluated by methods of mathematical statistics. For comparison of averages 
t (Students) test was used to check whether the differences were significant. 
Previously we applied F test for examination of mean values. The leci-
thinase positive colonies were checked by Voges-Proskauer test, nitrate 
reduction and breakdown of carbohydrates. 

2. Results 

The results of the investigations are presented in Tables 1 and 2. The 
average levels of different groups of microbes are demonstrated in Fig. 1. 

Table 1 

Orders of magnitude and frequencies of occurrence of the different microbial 
groups in ground paprika 

o f Microbia 1 numbers per gram 
Microbe or microbial group samples 

ClO1 101 <10* 10' 10s 10« 10s 

Coliform group 49 35 8 5 1 
Family of Enterobacteriaceae 25 20 2 2 1 
Standard plate count 41 3 15 21 1 
Sulfite-reducing Clostridia 49 39 3 4 3 
Moulds 49 16 12 12 7 2 

B. cereus 48 28 16 4 
Thermophilic aerobic bacteria 6 2 1 2 1 
Thermophilic aerobic spores 6 1 1 2 2 
Thermophilic anaerobic bacteria 6 6 
Thermophilic aerobic spores 6 6 
Mesophilic aerobic spores 35 5 12 12 6 
Mesophilic anaerobic spores 49 39 6 4 
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Table 2 

Orders of magnitude and frequencies of occurrence of the different microbial 
groups in ground pepper 

Microbe of microbial group 
No. of 

samples 
Microbial numbers per gram 

Microbe of microbial group 
No. of 

samples <10' 101 <10! 10! 103 10* 10' 103 10' 

Coliform group 15 10 2 3 
Family of Enterobacteriaceae 5 3 1 1 
Standard plate count 16 6 4 5 
Sulfit-reducing Clostridia 15 8 2 3 2 
Moulds 15 5 1 3 3 2 1 

B. cereus 15 4 9 1 1 

Thermophilic aerobic bacteria 3 1 1 1 
Thermophilic aerobic spores О 1 1 1 
Thermophilic anaerobic bacteria 3 2 1 
Thermophilic anaerobic spores 3 3 
Mesophilic aerobic spores 15 2 2 2 6 3 
Mesophilic anaerobic spores 15 7 2 2 2 2 

It can be seen from the data, that the frequency and order of magnitude 
of coliform contamination was very low, around 101-102. Similar observations 
were valid for the Enterobacteriaceae family as well, even though the values 
here were around 102-103. This is not expected from the method, since the 
breakdown of glucose was carried out by the whole family. Extreme values 

log N per g 

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

Fig. 1. Microbiological contamination of ground paprika (a) and pepper (b) 
1: thermophilic aerobic bacteria; 2: aerobic p la te count; 3: mesophilic aerobic spores; 

4: thermophilic aerobic spores; 5: moulds; 6: coliforms; 7: Enterobacteriaceae; 
8: mesophilic Clostridia; 9: mesophilic anaerobic spores; I : extreme values 
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of 104 indicate that relatively great orders of magnitude may be encountered 
at irregular times. (Deviations in the numbers of samples were caused by the 
fact that in the course of the investigations, the scope was widened to cover 
Enterobacteriaceae, too, after it had become clear that the incidences and 
orders of coliforms were very low.) 

Contamination orders of sulfite-reducing Clostridia were observed to 
be similar to that of the Enterobacteriaceae, which indicates that the micro-
ecology of the spices (atmosphere, aw , pH, etc.) do not provide favourable 
conditions for existence and multiplication of anaerobes. When the numbers 
of spores are compared with those of vegetative cells, the conclusion can be 
drawn that the former have higher values, since heat treatment stimulated 
activation of the spores. 

Attention must be drawn to the observation that in the case of spices, 
in the lower dilution regions, microbiological investigations may not lead to 
correct results, because the antimicrobial effect of the high essential oil content 
may often cause incorrect results even around 10° and 101 dilutions. This 
is exactly why in the case of the former groups of microbes, the low order of 
contamination can be said unconditionally to be true, but the frequencies 
cannot always be said to be reliable. 

Mesophilic counts depicted higher orders of magnitude of 104-106 and 
there were even extreme values of 107. After heat treatment, counts of spore 
formers approached, and in certain cases exceeded the counts of vegetative 
cells, indicating that the dominating microbial forms in the spices are the 
spores. One procedural problem was encountered in the course of the investi-
gations. In the case of the spices where the majority of microbial contamina-
tion comprised aerobic spore forming bacteria spreading colonies often made 
counting difficult, and at times impossible, even when cover layers were used 
on the pour plates. Thus, during the course of our investigations as much as 
20% of samples could not be estimated. This is why the introduction of broth 
series, which could be used as an auxiliary control or used to replace the pour 
plate results, is advisable. 

Mould contamination was generally 102-103 and the extreme value of 
106 reflects on the deficiencies of storage conditions. Considering the fact that 
counts of the thermophiles were low, they can only be assessed on informative 
basis. All the same, it is clear that their presence must always be presumed. 
Extreme values in the million orders of magnitude, indicate that their presence 
cannot be simply overlooked, since among them the, "flat sour" bacteria may 
play a negative role in the canning industry. Like mesophilic contamination, 
the anaerobes occurred in small numbers, and Clostridia could be demonstrated 
in only a single case at a magnitude of 102. 

In agreement with several reports the spices were contaminated with 
B. cereus at the following frequencies: paprika 42%, pepper 73%. The contam-
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a log N per g b 

Fig. 2. Compara t ive s tudy on egg yolk and manni to l -egg yolk-polymixine aga r fo r 
detection of B. cereus f rom spices (a: paprika; b : pepper) . l : e g g yolk agar; 2: M Y P ; 

I : extreme va lues 

ination (Fig. 2) level was on the average 101-10'2 g - 1 , but extreme values 
showed higher orders of about 103-104 g - 1 . 

Concerning the detection of B. cereus it is known from several reports and 
from the ISO standard, as well that if samples contain numerous mannitol-
fermenting microorganisms leading to production of acid, then the characreris-
tic pink colour of B. cereus colonies on MYP agar, may be reduced or disappear 
entirely. Furthermore the use of the supernatant liquid of egg yolk instead of 
the whole, no zone of precipitation, but a clear halo appears around the B. 
cereus colonies, making recognition impossible. That is why we made compara-
tive study on the effectiveness of the two media. According to the t test there 
is no significant difference between the two methods ( 'calculated < ' t abu la ted 

viz. in the case of paprika tc = 1.75 tt= 1.99 with F c = 1.21 F t = 1 . 6 ; i n the case of 
pepper tc = 0.72 tt = 2.06 F c = 1.15 F t = 2.6 at a significance level of 5%). 
Moreover the recovery of B. cereus was higher with simple egg yolk agar than 
with MYP. 

Salmonella results were negative for all samples investigated. 

3. Conclusion 

In conclusion it can be inferred that coliforms, as fecal indicators, are 
not very applicable in spices owing to their occurrence in small numbers and 
the antimicrobial effect of the spices (PJVNICK, 1980). Instead, the detection 
of the Enterobacteriaceae family for fecal indication, is more effective. These 
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conclusions are in agreement with d a t a reported by other authors ( S C H W A B 

et al., 1982; B A X T E R & H O L Z A P F E L , 1982). 
In view of the above mentioned antimicrobial effects of these materials 

as well as the prevailing microecological conditions, the direct detection of 
Salmonella is well emphasized, in which procedure, a pre-enrichment resuscita-
tion is necessary with the use of relatively large quantities of medium. 

P R U T H I ( 1 9 8 0 ) states that bacterial counts of various spices may vary 
from several thousands to several millions per gram. The variations in the mi-
crobial count may be ascribed to the source of the spices, the method they have 
been grown and harvested, the existing sanitary conditions of processing and 
storage ( J I T L S E T H & D E I B E L , 1 9 7 4 ) . 

Aerobic spore formers constitute the most important microflora of spices 
( P I V N I C K , 1 9 8 0 ; S E E N A P P A & K E M P T O N 1 9 8 1 ; B A X T E R & H O L Z A P F E L , 1 9 8 2 ; 

F Á B R I et al., 1 9 8 2 ) . This includes the members of the genus Bacillus, whereas 
anaerobic spore formers, thermophilic aerobs and anaerobs may be detectable 
occasionally in various number. As for aerobic spore formers the determination 
of their numbers is often impeded in the pour plate procedure by spreading 
colonies, and in view of this it is recommended that investigations be always 
supplemented with the determination of titer values as controls. The micro-
biological condition of spices must always be controlled by carefully selected 
methods. Thus for products intended for the canning industry the scope of 
determinations must also cover thermophiles. 

Since — in agreement with P O W E R S and co-workers ( 1 9 7 6 ) — in spices 
as much as 50% B. cereus contamination may be encountered, in those cases 
where multiplication of these spore formers is possible — as for instance, in 
ready-to-eat products direct demonstration is advised ( B E C K E R , 1 9 7 6 ; 

E L L I O T T , 1 9 8 0 ) . 

On the basis of the results of the comparative study on the sensitivity 
of MYP and simple egg yolk agar, there is no significant difference between the 
two media. Moreover with the simple egg yolk agar we gain a slightly higher 
average, than with MYP. This is a consequence of the characteristic of spices 
where the predominant microflora, the aerobic spore formers, overcrowding in 
lower dilutions inhibit the development of typical colony forms of B. cereus. 
For this reason, in case of spices, for detection of B. cereus the simple egg yolk 
agar may be recommended. 
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CHANGE OF DEGREE OF HYDROLYSIS 
IN THE COURSE OF ENZYMATIC PEPTIDE 

MODIFICATION 
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Hunga ry 

(Received: 4 September 1987; accep ted : 12 November 1987) 

Hydrolysis and synthesis of pept ide bonds as consequences of enzymat ic 
peptide modification (EPM) have been s tudied by determinat ion of the degree 
of hydrolysis (DH) using the TNBS-method . Enzymatic hydrolysates of casein 
were used as substrates. All enzyme-catalyzed reactions were studied wi thout 
and with the addition of L-methionine e thy l ester. 

Correlations between D H and reac t ion time could be described by power 
curves. In the case of E M P without amino acid addition, a moderately increasing 
curve while in the case of E P M with Met-addition, a sl ightly decreasing power 
curve was found to f i t in satisfactorily wi th the experimental values. 

The results of experiments confirm the fact, that n e w covalent bonds were 
formed in the course of the enzymatic pep t ide modification. 

Keywords: degree of hydrolysis, t ranspept idat ion, E P M 

Enzymatic Peptide Modification (EPM) (HAJÓS, 1986) proved to be 
suitable to obtain protein products of designed amino acid composition. 

The ability of proteinases to catalyze peptide bond synthesis has a his-
torical background ( S A W J A L O W , 1 9 0 7 ; F R U T O N , 1 9 4 9 ; Y V A S T E X E Y S & B O R -

S O O K , 1 9 3 0 ) and arenewed interest in recent years, too ( F U J I M A K I et al., 1 9 7 7 ; 

A N D E R S O N & L U I S I ; 1 9 7 9 , M O R I H A R A & O K A , 1 9 8 1 ; A S H L E Y e t a l . 1 9 8 3 ; A s o 

e t a l . 1 9 8 5 ) . 

Y A M A S H I T A and co-workers ( 1 9 7 3 ) supposed that condensation was the 
main force in the enzyme-catalyzed protein-modification process. T S A I and 
co-workers ( 1 9 7 4 ) found a significant increase in the molecular mass of the 
enzymatically modified protein, as a result of polycondensation reactions. 

H O E S T E N and L A L A S I D I S ( 1 9 7 6 ) were of the opinion that covalent forces 
do not play a role in these reactions. H O R O W I T Z and H A U R O W I T Z ( 1 9 5 9 ) and 
F U J I M A K I and co-workers ( 1 9 7 7 ) presumed transpeptidation in the course of 
this enzymatic process. N O A R and S H I P E ( 1 9 8 4 ) concluded that the incorpora-
tion of methionine by a one-step enzymatic process ( Y A M A S H I T A et al., 1 9 7 9 ) 

was due to the formation of hydrophobic bonds. 
Our earlier studies confirmed the fact of covalent amino acid incorpora-

tion and of transpeptidation in the course of the enzymatic peptide modifica-
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tion ( H A J Ó S & H A L Á S Z , 1982; D E L I N C É E & H A J Ó S , 1984; H A J Ó S & S Z A R V A S , 

1986). 
In this study we followed the EPM reaction hy measuring the quantity 

of free amino groups and by determining the degree of hydrolysis in the case 
of two different casein hydrolysates. 

1. Materials and methods 

Casein (Reanal, Hungary), papain (Sigma, FRG), a-chymotrypsin (Sigma), 
L-methionine (Reanal) and trinitrobenzene sulfonic acid (TNBS) (Serva, 
FRG) were used. 

1.1. Preparation of the substrate 

Casein was hydrolysed with a-chymotrypsin (pH: 7.5) and papain (pH: 
6.0), respectively. The enzyme-protein ratio was 1 : 100. The incubation was 
carried out at 37 °C for 4 h. The reaction mixture was stirred during hydrolysis. 

1.2. Preparation of methionine ethyl ester 

L-Methionine was esterified with ethanol and anhydrous hydrogen chlo-
ride and the reaction product was recrystallized from ethanol-ether to obtain 
L-methionine ethyl ester hydrochloride. 

1.3. Enzymatic peptide modification 

Substrate (5 g), Met-ethyl ester (1 g) and enzyme (0.05 g) were mixed to 
give a 25% (w/v) substrate concentration at pH 6.0. The reaction temperature 
was 37 °C. 

1.4. Determination of the degree of hydrolysis (DH) 

The TNBS-method ( A D L E R - N I S S E N , 1 9 7 9 ) was used to determine the 
free amino groups in the reaction mixture. Photometric determination of free 
amino acids was carried out in solution with sodium dodecyl sulfate (SDS). 
The degree of hydrolysis (DH) is defined ( A D L E R - N I S S E N , 1 9 8 2 ) as the per-
centage of peptide bonds cleaved: 

_ number of free amino groups 
1 у IX /q I UU 

total number of amino acid residues 
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The total number of amino acid residues was experimentally determined 
from the hydrochloric acid hydrolysates of the samples. 

2. Results and discussion 

The change in DH as a function of time is shown in Figs. 1 and 2. 
The EPM reaction was carried out starting from an a-chymotryptic hydroly-
sate of casein in the presence of a-chymotrypsin (Fig. 1) and a papain hydro-
lysate of casein in the presence of papain (Fig. 2) with and without addition 
of Met-ethyl ester. 

The statistical results of curve fitting are summarized in Table 1. All 
relations between DH (y) and time (x) can be described with the aid of power 
curves (y = axb). The results show regression equations to be highly significant 
for all the correlations between DH and time. 

The slight increase in the number of free amino groups in samples 1 and 
3 (Figs. 1 and 2) reveals that the enzyme-catalyzed equilibrium process (EPM) 
has slightly been shifted in the direction of hydrolysis, apart from the fact 
that the main force of EPM is transpeptidation ( D E L I N C É E & H A J Ó S , 1 9 8 4 ; 

H A J Ó S e t a l . 1 9 8 7 ) . 

In the case of samples 2 and 4 (Figs. 1 and 2), the high starting D H 
values are due to the great amount of amino acid derivative added to the 
reaction mixture. 

Ä 22 

1 2 3 4 5 6 7 8 9 Ю 11 12 13 14 15 16 17 18 19 20 

Tni( (h) 
Fig. 1. The change in degree of hydrolysis (DH) a s a function of t ime in the course of 
EPM. The substrate was an a-chymotryptic hydrolysate of casein. The enzyme used for 
EPM was a-chymotrypsin. 1(0): without , 2(x): with L-methionine ethyl ester addition, 

values calculated from the equation (o) 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Time (h) 

Fig. 2. The change of D H as a function of t ime during EPM. Substrate: papain liydro-
lysate of casein, enzyme: papain; 3(0): without, 4(x): with L-methionine ethyl ester, addi-

tion values calculated f r o m the equation (O) 

Table 1 

The statistical results of power curve (y = a x°) fittings 

Sample Regression 
a 

l coefficient 
b 

Correlation 
coefficient (r) 

1 10.9855 0.0615 0.7635* 
2 18.8878 —0.0444 0.7433* 
3 9.5373 0.0841 0.7552* 
4 20.8106 —0.0750 0.9181* 

* Significant a t P < 0.01 probability level (n=16) 

One reason for the decrease of D H is that a portion of Met has been in-
corporated into the peptide chain resulting in new peptide bonds. Our earlier 
results, however, revealed an amino acid incorporation to a 3 % extent 
under these reaction conditions of EPM. Therefore this observed decrease in 
DH cannot be explained solely by methionine incorporation. Probably, con-
densation between peptides promoted by the presence of the great amount of 
free amino acids takes also place. 

Even the highest D H values of samples 1 and 3 (without amino acid 
addition) do not exceed the lowest D H values of samples 2 and 4 (with amino 

5 Acta Alimentaria 17, 1988 



H A J Ó S e t al.: ENZYMATIC P E P T I D E MODIFICATION 2 6 9 

acid a d d i t i o n ) . T h i s f i n d i n g m a y we l l b e e x p l a i n e d b y t h e a m o u n t of n o n -
i n c o r p o r a t e d a m i n o a c i d s s t i l l p r e s e n t i n t h e m i x t u r e s i n s a m p l e s 2 a n d 4. 

S i n c e t h e decrease of D H w a s a l w a y s o b s e r v e d i n t h e s e e x p e r i m e n t s in 
t h e p r e s e n c e of S D S w h i c h s t rong ly p r o m o t e s d i s soc ia t ion , t h e f o r m a t i o n of 
c o v a l e n t b o n d s in a g r e e m e n t w i t h o u r earlier f i n d i n g s , is s u p p o s e d t o be 
h igh ly probable . 

T h e d e t e r m i n a t i o n s of the d e g r e e of hydro lys i s in t h e course of t h e e n z y -
mat i c reac t ion reveal t h a t t r a n s p e p t i d a t i o n is t h e m a j o r process i n t h e e n z y -
m a t i c p e p t i d e m o d i f i c a t i o n . 

* 

T h e excel lent e x p e r i m e n t a l p e r f o r m a n c e of Ms. IDA ÉLIÁS a n d Mr. JÓZSEF FEHÉR 
is gra tefu l ly acknowledged. 

Literature 

ADLER-NISSEN, J . (1979): Determinat ion of the degree of hydrolysis of food protein 
liydrolysates by tr initrobenzenesulphonie acid. J. agric. Fd Ghem., 27, 1256-1262. 

ADLER-NISSEN, J . (1982): Limited enzymic degradation of proteins: A new approach: 
industrial application of hydrolases. J. chem. Technol. Biotechnol., 32, 138-156. 

ANDERSON, G. & Luis i , P . L. (1979): Papain-induced oligomerisation of a-amino acid 
esters. Helv. chim. Acta, 62, 488-493. 

A S H L E Y , D . V . M . , T E M L E R , R . , B A R C L A Y , D . , D O R M O N D , C . A . & J O S T , R . ( 1 9 8 3 ) : 
Amino acid-enriched plasteins: A source of limiting amino acids for the weanling 
ra t . J. Nutr., 113, 21-27. 

A s o , H . , KIMURA, H . , WATANABE, M. & &ARAI, S. (1985): C h e m i c a l p r o p e r t i e s of e n z y m a -
tically modified proteins produced f rom soy protein by covalent a t t achmen t of 
methionine. Agric. & biol. Ghem., 49, 1649-1654. 

D E L I N C É E , H . & H A J Ó S , G Y . ( 1 9 8 4 ) : Investigation of plasteins by S D S Polyacrylamide 
gel electrophoresis. Acta Alimentaria, 13, 3 0 9 - 3 1 3 . 

FRUTON, J . S. (1949): The synthesis of pept ides. Adv. Protein Ghem., 5, 1-82. 
FUJIMAKI, M., ARAI, S. & YAMASHITA, M. (1977): E n z y m a t i c p r o t e i n d e g r a d a t i o n a n d 

resynthesis for prote in improvement . Adv. Chem. Ser., 160, 156-184. 
HAJÓS, GY. (1986): Incorporat ion of essential amino acids into protein by enzymatic 

pept ide modification (EPM). Nahrung, 30, 418-419. 
HAJÓS, GY & HALÁSZ, A. (1982): Incorporat ion of L-methionine into casein hydrolysate 

by enzymatic t r e a tmen t . Acta Alimentaria, 11, 189-197. 
H A J Ó S , G Y . & SZARVAS, Т . ( 1 9 8 6 ) : M e t i o n i n - m e t i l é s z t e r - h i d r o k I o r i d - ( 1 4 C H 3 ) b e é p í t é s e 

fehér je proteolitikus hidrol izátumába enzimes eljárással. (Methionine-methylester-
hydrochloride-(14CH3) incorporation in to the proteolytic hydrolysate of protein by 
an enzymatic process.) Izotóptechnika, 29, 166-170. 

HAJÓS, GY., ÉLIÁS, 1. & HALÁSZ, A. (1987) : M e t h i o n i n e - e n r i e h m e n t of m i l k p r o t e i n b y 
enzymatic pept ide modification. J. Fd Sr. 53, 739—742. 

HOFSTEN, В. V. & LALASIDIS, G. (1976): Pro tease catalyzed format ion of plastein product 
and some of their properties. J. agric. Fd Chem., 24. 460-465. 

HOROWITZ, J . & HAUROWITZ, F. (1959): Mechanism of plastein format ion. Biochem. 
biophys. Acta, 33, 231-238. 

MORIHARA, K. & OKA, T . (1981): Pept ide bond synthesis catalyzed by subtilisin, papain 
a n d pepsin. J. Biochem., 89, 385-395. 

NOAR, S. R . & SHIPE, W . F . (1984): A s tudy of the forces involved in the incorporation 
of L-methionine into soy protein by the one-step plastein-like process. J. Fd Sei., 
49, 1 3 1 6 - 1 3 1 8 . 

SAWJALOW, W. W. (1907): Über das Plaste in . Z. pliysiol. Chem., 54, 119-150. 

5 * Acta Alimentaria 11, 1988 



2 7 0 HAJÓS et al.: ENZYMATIC PEPTIDE MODIFICATION 

T S A I , S . J . , YAMASHITA, M . , A R A I , S . & F U J I M A K I , M . ( 1 9 7 4 ) : P o l y a c r y l a m i d e g e l e l e c t r o -
phoresis of plasteins. Agric. & biol. Chem., 38, 641-644. 

WASTENEYS, H. & BORSOOK, H. (1930): The enzymatic synthesis of protein. Physiol. Rev., 
10, 110. 

YAMASHITA, M . , A R A I , S . , TANIMOTO, S . & F U J I M A K I , M . ( 1 9 7 3 ) : C o n d e n s a t i o n r e a c t i o n 
occurring during plastein formation by a-chymotrypsin. Agric. & biol. Chem., 37, 
9 5 3 - 9 5 4 . 

YAMASHITA, M . , A R A I , S . , IMAIZUMI, Y . , AMANO, Y . & F U J I M A K I , M . ( 1 9 7 9 ) : A o n e - s t e p 
process for incorporation of L-methionine into soy protein by t reatment with 
papain. J. agric. Fd Chem., 27, 52-56. 

5 Acta Alimentaria 17, 1988 



RECENTLY ACCEPTED PAPERS 

Comparative effect of ethylene oxide and gamma irradiation on the chemical, sensory 
and microbial qual i ty of ginger, cinnamon, fennel and fenugreek 
TOOFANIAN, F . & STEGEMAN, H . 

Sodium dodecyl sulphate Polyacrylamide gel electrophoresis of seed proteinsas a test for 
screening high cooking quality durum wheat strain 
Т А Н А , S. A . & SÁGI , F . 

A high performance size exclusion chromatographic method for the analysis of the molec-
ular weight distribution of starch 
C A I , W . , ATHANASSOULIAS, C . & DIOSADY, L . L . 

Internat ional Biochemical Symposium on Food Proteins, Balatonszemes, 1987 

NOTICE TO CONTRIBUTORS 

General. Manuscripts in English or Hungarian should be typed double-spaced on 
one side of the sheet and should not exceed 20 pages. 

Title. The title should be concise and informative. I t m u s t be followed by the 
authors ' names and the address(es) of the institute(s) where the work was carried out . 

Summary. The article should be preceded by a summary (not exceeding 150 
words) giving a self-explanatory compendium of the essence of the paper. At the end of the 
summary some 4 keywords should be p u t in alphabetical order. 

Text. The article should be divided into the following par t s : Introduction beginning 
on a new page without a title containing a survey of related l i terature and the objectives 
of the work, followed by Materials and methods; Results; Conclusions. 

Symbols. Units, symbols and abbreviations should be used according to SI (System 
International) rules. Unusual abbreviations must be explained in the text or in an appendix. 

Figures and tables. Illustrations must be cited and numbered in the order they 
appear in the text. All line drawings should be submitted as clear, glossy, black and white 
originals or photographs of good quali ty. The author 's name and the title of the paper 
together with the serial number of the figure should be written on the back of each figure. 
Figures and Tables, each bearing a t i t le, should be self-explanatory and numbered con-
secutively. The number of measurements (n), their mean values (x) and standard devia-
tions ( i s ) should be indicated. To prove the objectivity of conclusions drawn f rom the 
results mathematical statistical methods must be used. Quant i ta t ive evaluation of da ta 
is indispensable. 

References. The reference list (Literature) should be in alphabetical order as 
follows: 

Periodicals: Names and initials of all the authors; year of publication in parenthe-
ses; colon; title of the paper ; title of t he periodical; inclusive page numbers. 

Books: Names and initials of all the authors; the year of publication in parentheses; 
colon; tit le of the book; publishing f i rm, place of publication; inclusive page numbers. 

Detailed instructions for publishing in Acta Alimentaria are available f rom the 
Editorial Office. 

Authors will receive one set of proofs which must be corrected and returned a t the 
earliest convenience to the Editorial Office. In this phase ma jo r alterations of the 
text cannot be accepted. 

Offprints. We supply 100 offprints free of charge. Additional copies can be ordered. 
No page charges are levied on authors or their institutions. 

Acta Alimentaria is surveyed by Current Contents/Agriculture, Biology and Environ-
mental Sciences, ASCA, BIOSIS, Nutri t ion Abstracts and Reviews. 



ACTA A L I M E N T A R I A 

VOLUME 17 No. 3 — 1988 

C O N T E N T S 

Studies into the changes in sulphur amino acids of beef exposed to different t ime 
and temperature conditions 
DUDÁSOVA, S . ' SORMAN, L . & D u n Á § , J 205 

Influence of dietary oils in experimental lipid metabolism disturbance 
J . N . ZSINKA, Á . , FÖLDES, V . , G E R E , A . , SZÉPVÖLGYI, J . , P E R É D I , J . & Т Н И -
RÓCZY-THIERMAYER, Т 211 

Comparison of two mathematical models for the stress overshoot in start-shear ex-
periments of model emulsions 
LAHTINEN, S . T 219 

The application of photoacoustic spectroscopy in food investigations 
KOCSÁNYI, L . , RICHTER, P . , NAGEL, F . , BUSCHMANN, С . & LICHTENTHALER, 
Н . К 227 

Pigment extraction from alfalfa protein concentrates 
FAVATI, F . , FIORENTINI, R . & GALOPPINI, С 239 

Characterization of extruded full f a t soy flour for human consumption 
HORVÁTH, E . , PETRES, J . & CZUKOR, В 2 4 5 

Microbiological investigations of pap r ika and pepper with special regard to spore 
formers including B. cereus 
KOVÁCS-DOMJÁN, H 257 

Change of degree of hydrolysis in the course of enzymatic peptide modification 
HAJÓS, G Y . , MIETSCH, F . &.HALÁSZ, A 265 

Index: 26.039 



ACTA 

ALIMENTARIA 
An International Journal of Food Science 

Volume 17 December 1988 N u m b e r 4 

Akadémia i K iadó Kluwer Academic Publishers 
Budapest Dordrecht /Boston/London 

ISSN 0139—3006 

CODEN ACALDI 



ACTA A L I M E N T A R I A 

An International Journal of Food Science 

Sponsored by the Jo in t Complex Committee on Food Science of the Hungarian 
Academy of Sciences and Ministry of Agriculture and Food. 

Editorial office: 
Central Food Research Ins t i tu te , H-1526 Budapest , Herman Ottó ú t 15, Hungary 

Acta Alimentaria is a quarterly journal in English, publishing original papers on food 
science. The main subjects covered are: physics, physical chemistry, chemistry, analysis, 
biology, microbiology, enzymology, engineering, instrumentation, automation and eco-
nomics of foods and food production. 

Distributors 
For Albania, Bulgaria, China, Cuba, Czechoslovakia, German Democratic Republic, 
Hungary, Korean People's Republic, Mongolia, Poland, Rumania , U. S. S. R., Vietnam, 
Yugoslavia: 
KULTURA, Hungarian Foreign Trading Company 
P .O .Box 149, H-1389 Budapes t 62, Hungary 

For all other countries: 
Kluwer Academic Publishers 
P.O. Box 17, 3300 AA Dordrecht , Holland 
and 101 Philip Drive, Norwel, MA 02061 U. S. A. 

Publication programme, 1988: Volume 17 (4 issues). 
Subscription prices per volume: Dfl . 276,—/$ 130.00 including postage. 

Acta Alimentaria is published 4 times per annum: March, June , September and December 

Second class postage paid a t N e w York, N. Y. USPS No. 756-270. U. S. Mailing Agent: 
Expediters of the Printed Word Ltd. , 515 Madison Avenue (Suite 917), New York, N. Y. 
10022, U. S. A. 

All Rights Reserved 
No part of the material protected by this copyright notice may be reproduced or utilised 
in any form or by any means, electronic or mechanical, including photocopying, record-
ing or by any information storage and retrieval system, without written permission f rom 
the copyright owner. 

Copyright © 1988 by Akadémiai Kiadó, Budapest 
Printed in Hungary 



ACTA ALIMENTARIA 
AN INTERNATIONAL JOURNAL OF FOOD SCIENCE 

Editor: 

J . HOLLÓ 

Co-ordinating Edi tor : 

I. V A R S Á N Y I 

Associate Editors: 

J . F. D I E H L D. A. A. MOSSEL 

M E M B E R S O F T H E E D I T O R I A L B O A R D : 

B. L. AMLA (Mysore) • P . BIACS (Budapest) • P . C E R L E T T I (Milan) 
CHEN QI (Beijing) • L. DURÁN (Valencia) • J . F A R K A S (Budapest) 

G. W. GOULD (Bedford) • B. HALLSTRÖM (Alnarp) • V. V. KRASNIKOV (Moscow) 
R. LÁSZTITY (Budapest) • K . L I N D N E R (Budapest) 

Y. M Ä L K K I (Espoo) • CH. M E R C I E R (Paris) • L. MUNCK (Copenhagen) 
G. NIKETIÓ-ALEKSIÓ (Belgrade) • W . P I L N I K (Wageningen) 

A. R U T K O W S K I (Warsaw) • T. SASAKI (Ibaraki) • A. SCHALLER (Vienna) 
H . SCHMANDKE (Bergholz-Rehbrücke) • W . SCHMIDT-LORENZ (Zurich) 

B. S. S C H W E I G E R T (Davis) • A. SZOKOLAY (Bratislava) • P . TOBBACK (Heverlee) 
K. V U K O V (Budapest) • J . W E I S S (Klostemeuburg) 

VOLUME 17 

1988 

N / 1 m w 
AKADÉMIAI KIADÓ K L U W E R ACADEMIC PUBLISHERS 
BUDAPEST DORDRECHT/BOSTON/LONDON 





C O N T E N T S 

Vol. 17 

1988 

Application of overpressure layer chromatography in red pepper analysis. Study of 
the carotenoids giving the red colour to ground red pepper 
ACZÉL, A 3 7 

TLC analysis of the 2,4-dinitrophenylhydrazone derivatives of the carbonyl com-
pounds of cooked, m a t u r e tubers of white yam (Dioscorea rotundata pair) 
AHONKHAI, S 2 8 3 

Book reviews 201, 383 
A high performance size exclusion chromatographic method for the analysis of the 

molecular weight distribution of starch 
CAI, W . , ATHANASSOULIAS, C . & DIOSADY, L . L 3 1 9 

Modified method for diaminopimelic acid determination in samples of biological 
origin 
CSAPÓ, J . , GOMBOS, S . , TÓTH-PÓSFAI, I . & H E N I C S , Z 159 

Biochemical properties of safflower lipase 
DAOOD, H . & A L - A N I , H 1 2 7 

Partial purification and properties of lipoxygenase f rom germinated t o m a t o seeds 
DAOOD, H . G . & BIACS, P . A 3 3 3 

Some properties of tomato lipoxygenase 
DAOOD, H . & BIACS, P . A 6 3 

Studies into the changes in sulphur amino acids of beef exposed to different t ime and 
temperature conditions 
DUDÁSOVÁ, S. , SORMAN, L . & D U D Á S , J 2 0 5 

Comparative analysis of spices decontaminated by ethylene oxide or gamma radiation 
FARKAS, J . & ANDRÁSSY, É 7 7 

Pigment extraction f rom alfalfa protein concentrates 
FAVATI, F . , F IORENTINI , R . & GALOPPINI, С 2 3 9 

Effect of low residual 0 2 and CO, on the preservation of C0 2 - and N,-packed sponge-
cake 
GUINOT, P . , MATHLOUTHI, M . & L E I R I S , J . P . , D E 1 8 3 

Change of degree of hydrolysis in the course of enzymatic peptide modification 
HAJÓS, G Y . , MIETSCH, F . & HALÁSZ, A 2 6 5 

Application of chromatic parameters to follow time-dependent spoilage of wines 
H E R E D I A , F . J . & GUZMÁN, M 1 0 3 

Characterization of extruded full fat soy flour for human consumption 
HORVÁTH, E . , P E T R E S , J . & CZUKOR, В 2 4 5 

International Biochemical Symposium on Food Proteins, Balatonszemes, 1987 345 
Studies of some physical and chemical characteristics of Ajeeba wheat cultivar and 

some of its mutan t s 
JADDOU, H 1 6 9 

The effect of packaging and storage conditions on the keeping quality of walnuts 
t reated with disinfestation doses of gamma rays 
J A N , M . , LANGERAK, D . IS , .WOLTERS, T H . G . , F A R K A S , J . , KAMP, H . J . V . D . 
& M U U S E , B . G 1 3 



Indices of lipid metabolism disturbance induced by diet (Ra t experiments) 
J . N . Z S I N K A , Á . , F Ö L D E S , V . & P E R É D I , J 4 3 

Influence of dietary oils in experimental lipid metabolism disturbance 
J . N . ZSINKA, Á . F Ö L D E S , V . , G E R E , A . , SZÉPVÖLGYI , J . , P E R É D I , J . & Т Н И -
RÓCZY-THIERMAY*ER, T 2 1 1 

Determination of amino acids in lupine b y near infrared reflectance spectroscopy 
K A F F K A , К . J . . 3 

Estrone in Phalaris canariensis and Echinochloa crusgalli grains 
K A N D E E L , К . M . , E L - S A D E K , M . M . , Y A C O U T , G . A . & A B D E L R A Z E K , A 1 4 1 

Meat-borne parasitic infections in Poland and possible ways of prevention 
K A S P R Z A K , W 1 4 7 

The application of photoacoustic spectroscopy in food investigations 
K O C S Á N Y I , L . , R I C H T E R , P . , N A G E L , E . , B U S C H M A N N , С . & L I C H T E N T H A -
L E R , H . К 2 2 7 

Microbiological investigations of paprika and pepper with special regard to spore 
formers including B. cereus 
K O V Á C S - D O M J Á N , H 2 5 7 

Comparison of two mathematical models for the stress overshoot in start-shear experi-
ments of model emulsions 
L A H T I N E N , S . T 2 1 9 

The definition of two Catalan viticultural regions by classification methods 
L A R R E C H I , M . S . , G U A S C H , J . & Rius, F . X 1 7 7 

Application of near infrared reflectance technique in the analysis of selected pig feed 
mixes 
P A Z O U R E K , K . & C E R N Y , M 1 1 3 

High amylase flour in baking with very high frequency (VHF) energy 
SALOVAARA, H . , K E R O J O K I , H . , D E M E C Z K Y , M . & VÁMOS-VIGYÁZÓ, L 6 7 , 

Carotenoid composition and vitamin A value of rami (Bohemeria nivea) leaves 
S A N T O S , M . C . , B O B B I O , P . A . & R O D R I G U E Z - A M A Y A , D . В 3 3 

Propagat ion of some Fusar ium strains a n d s tudy of their zearalcnone production on 
ground paprika 
S A W I N S K Y , J . , H A L Á S Z , A . & H O R N O K , L 3 0 9 

Gas-liquid-ehromatographic analysis of t he lipid composition of Elettaria cardamo-
mum seeds 
S H A B A N , M . A . E - , K A N D E E L , К . M . , Y A C O U T , G . A . & M E H A S E B , S 9 5 

Tea aromatization with beta-cyclodextrin complexed f lavours 
S Z E N T E , L . , G Á L - F Ü Z Y , M . & S Z E J T L I , J 1 9 3 

Comparative biochemical s tudy on the effect of drying temperature on macaroni 
quali ty 
T A H A , S . A . & S Á G I , F 2 9 9 

Sodium dodecyl sulphate Polyacrylamide gel electrophoresis of seed proteins as a 
test for screening high cooking quality d u r u m wheat strains 
T A H A , S . A . & S Á G I , F 2 9 1 

Comparat ive effect of ethylene oxide and g a m m a irradiation on the chemical, sensory 
and microbial qual i ty of ginger, cinnamon, fennel and fenugreek 
T O O F A N I A N , F . & S T E G E M A N , H 2 7 1 



ACTA ALIMENTARIA 
AN INTERNATIONAL JOURNAL OF FOOD SCIENCE 

Editor: 

J . HOLLÓ 

Co-ordinating Editor: 

I . VARSÁNYI 

Associate Editors: 

J . F. D I E H L D. A. A. MOSSEL 

M E M B E R S O F T H E E D I T O R I A L B O A R D : 

B. L. AMLA (Mysore) • P . BIACS (Budapest) • P . CERLETTI (Milan) 
CHEN QI (Beijing) • L. D U R Á N (Valencia) • J . FARKAS (Budapest) 

G. W . GOULD (Bedford) • B. HALLSTRÖM (Alnarp) • V. V. K R A S N I K O V (Moscow) 
R. LÁSZT1TY (Budapest) • K . L I N D N E R (Budapest) 

Y. MÄLKKI (Espoo) • CH. M E R C I E R (Paris) • L. MUNCK (Copenhagen) 
G. NIKETIÓ-ALEKSIÓ (Belgrade) • W. P I L N I K (Wageningen) 

A. R U T K O W S K I (Warsaw) - T. SASAKI (Ibaraki) • A. SCHALLER (Vienna) 
H . SCHMANDKE (Bergholz-Rehbrücke) • W. SCHMIDT-LORENZ (Zurich) 

B. S. S C H W E I G E R T (Davis) • A. SZOKOLAY (Bratislava) • P. TOBBACK (Heverlee) 
K . V U K O V (Budapest) • J . WEISS (Klosterneuburg) 

VOLUME 17 

1988 

Д А 

ш w 
AKADÉMIAI KIADÓ KLUWER ACADEMIC P U B L I S H E R S 
BUDAPEST DORDRECHT/BOSTON/LONDON 





Acta Alimentaria, Vol. 17 (4), pp. 271 — 281 (1988) 

COMPARATIVE EFFECT OF ETHYLENE OXIDE AND 
GAMMA IRRADIATION ON THE CHEMICAL, SENSORY 
AND MICROBIAL QUALITY OF GINGER, CINNAMON, 

FENNEL AND FENUGREEK 

F . T 0 0 F A N I A N A a n d H . S T E G E M A N 

Internat ional Facility for Food Irradiation Technology c/o R I K I L T , 
P.O.Box 230, 6700 AE Wageningen. The Netherlands 

(Received: 2 December 1985; revision received: 28 January 1988; 
accepted: 2 February 1988) 

The effect of gamma irradiation and ethylene oxide fumigat ion on the 
microbiological and sensory properties of ground cinnamon, ginger, fennel and 
fenugreek, and on the volatile oil content of ground cinnamon, ginger and fennel 
was investigated. 

I t was found tha t for cinnamon and ginger a 6 kGy dose, for fennel 6 -10 kGy 
and for fenugreek 6-8 kGy dose were equal in microbial effects t o the com-
mercially established fumigation process. 

No significant change in the volatile oil contents of the fumigated or irradi-
ated cinnamon and fennel has been observed. I r radiat ion of ginger wi th a dose 
of 5 kGy resulted in a slight decrease of 14%, while fumigated ginger showed no 
significant loss in volatile oil content. 

Between the untreated, irradiated or fumigated spices no major differences 
in sensory properties were found. 

Keywords: ethylene oxide t rea tment , irradiation, spices 

Spices and herbs are used to flavour the foods in most categories of the 
food industry such as meat, fish, vegetable products, convenience foods and 
bakery products. Spices are an important commodity in international trade, 
which is still growing. Production of most spices is concentrated in tropical and 
subtropical countries with the exception of Hungary. 

Spices like other agricultural commodities, are known to he contaminated 
with spoilage organisms such as bacteria, moulds and yeast, in the range of 
103-108 organism per gram. The majority of the microbial flora of spices consists 
of aerobic spore-forming bacteria ( F A R K A S , 1 9 8 3 ) . 

Sometimes spices contain in addition microorganisms of health signif-
icance such as Bacillus cereus, Clostridium perfringens, mycotoxin producing 
moulds, Staph, aureus, Salmonella spp. and Shigella spp. Relative high incidence 
of toxigenic moulds has been found in spices and aflatoxin was detected in a 
range of spices, although the levels of aflatoxins recorded was generally low 
( F L A N N I G A N & Hui, 1976). 

a Present address: Atomic Energy Organization of I ran , Gamma Irradiat ion 
Center, P.O.Box 11365-8486 Tehran. Islamic Republic of Iran 
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A number of decontamination methods have therefore been applied in 
the past and some are still employed to spices used in the food industry. 
Methods based upon heat are not very suitable since an increase in temperature 
is accompained by loss of volatile contents and reduction in quality ( T H I E S S E N , 

1 9 7 0 ) . TheUV irradiation as a means of sterilizing spices is not effective because 
of its low penetrating power ( B E R G M A N , 1 9 5 5 ) . Microwave irradiation is not 
effective enough to reduce bacterial population during the treatment (VAJDI & 
P E R E I R A , 1 9 7 3 ) . 

Chemical treatment is widely used for reducing bacterial count or for 
sterilizing. Fumigation with ethylene oxide (EO) or propylene oxide (PO) is 
used commercially in several countries to kill insect pests in seasonings and to 
reduce the viable cell count. W E S L E Y and co-workers ( 1 9 6 5 ) pointed out that 
during treatment with EO in the presence of water and inorganic chlorides, 
chlorohydrin is formed while PO treatment produces chloropropanol isomers 
both of which are persistent toxic compounds. 

Gamma irradiation of spices is very promising for reasons of great 
efficiency in the inactivation of infective micro-organisms and almost no loss of 
flavour quality ( F A R K A S , 1 9 8 3 ) . This method makes it possible to treat spices 
in whole or broken form, in packages of any size from different materials 
especially thermoplastic polymers, which protect the product from secondary 
infection. 

In addition fumigation may result in reduction of volatile oil content of 
spices, while irradiation does not reduce the volatile oil content of most of the 
spices up to a dose level of 1 0 kGy or higher ( F A R K A S , 1 9 8 1 ; 1 9 8 4 ) . Although 
sterilizing doses of 15-20 kGy slightly change the flavour of some spices, but 
the 3-10 kGy doses, sufficient for pasteurization, do not influence the colour 
and flavour of the spices ( F A R K A S , 1 9 8 4 ) . 

In this study the effect of irradiation and fumigation on the microbiologi-
cal, chemical (volatile oil) and sensory quality of four different spices, namely 
ginger, cinnamon, fennel and fenugreek was determined. These spices were 
chosen, because according to the literature study of F A R K A S ( 1 9 8 4 ) not all 
chemical, microbiological and sensory aspects were covered by earlier investi-
gations. 

1. Materials and methods 

Ground ginger, cinnamon, fennel and fenugreek were obtained from a 
Dutch trade company, ginger originated from China, cinnamon was produced 
in Indonesia and fennel and fenugreek were produced in India. The samples 
were ground by the trade company, and divided in three parts. One part was 
fumigated by the trade company at ambient temperature during eight hours 
with ethylene oxide (EO) at a concentration of 1500 g m - 3 . 
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The second part was gamma irradiated at room temperature in alu-
minium/polyethylene bags at the 40 kCi cobalt-60 research source of the Pilot 
Plant for Food Irradiation in Wageningen. The untreated, fumigated and 
irradiated samples were stored in gas-impermeable packages. 

1.1. Microbiological examination 

Ten to 20 gram of samples were mixed with a nine-fold quantity of 
peptone physiological saline to make dilutions from 1 : 10 to 1 :100 000. From 
these dilutions, duplicate plates were prepared with the following media: 

- Aerobic colony count: pour plates on tryptone soya broth (Oxoid-CM 
131) + 3 g yeast extract + 12 g agar (TSBYA), incubated for 3 days at 30 °C. 

- Pseudomonas: surface plates on Pseudomonas agar (Oxoid CM 559), 
incubated for 48 h at 30 °C. 

- E. coli: enrichment in lauryl sulphate tryptose broth for 24 h at 
37 °C, followed by EC broth for production of gas and tryptone water for 
production of indol according to ISO 7251. 

- Enterobacteriaceae: poured plates (double layer) on Violet red bile 
glucose agar (Oxoid CM 107), incubated for 24 h at 37 °C. 

- Lactobacillus: poured plate on Rogosa agar (Oxoid PM 221), incu-
bated in anaerobic jar at 37 °C for 3 days. 

- Lancefield D streptococci: poured plates on Kanamycin Aesculin Azide 
agar (Oxoid CM 481), incubated for 24 h at 37 °C. 

- Moulds and yeasts: poured plates on Oxytetracycline glucose yeasts 
extract agar (Oxoid CM 545), incubated with daily reading for 3-5 days at 
25 °C. 

- Mesophilic aerobic spores: poured plates on TSBYA and incubated 
for 3 days at 30 °C. 

- Clostridium spp.: poured plates on Differential reinforced Clostridi-
um agar (Merck), incubated in anaerobic jar at 30 °C for 3 days. 

- Thermophilic aerobic spores: poured plates on TSBYA, incubated at 
55 °C for 3 days. 

- Thermophilic flat-sour spores: poured plates on Dextrose tryptone agar 
(Oxoid CM 75), incubated at 55 °C for 3 days. 

- Thermophilic anaerobic spores: poured plates on Schaedler agar (Oxoid 
CM 437), incubated at 55 °C for 3 days in anaerobic jar. 

- Clostridium thermosaccharolyticum: Liver broth (Oxoid CM 77) incu-
bation at 55 °C for 3-5 days. 

- Clostridium nigrificans: poured plates on Differential reinforced Clos-
tridium agar (Merck) for 3-5 days at 55 °C in anaerobic jar. 

For enumeration of mesophilic spores the dilutions were heated for 10 
min at 80 °C and for the enumeration of thermophilic spores 30 min at 100 °C. 
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1.2. Volatile oil content 

Volatile oil content was determined according to ISO document, 
No. 6571: Spices, condiments and herbs — Determination of volatile oil content. 
The spices were distilled with water by using the oil trap to collect volatile oil. 
For ginger 17.0 g of sample was dissolved in 500 cm3 of water and distilled for 
5 h in 130 °C. For cinnamon 20.0 g in 400 cm3 of water and 25.0 g of fennel in 
300 cm3 of water. The content of volatile oil is expressed as a percentage of 
volume to weight (% v/w). 

1.3. Sensory evaluation 

Sensory evaluation was carried out according to the method of paired 
comparisons as described by E D W A R D S ( 1 9 6 0 ) , with a panel of twenty members. 

Assessors are asked to select one of two coded samples with the most 
characteristic flavor for the offered spices. In this method three or four samples, 
fumigated and irradiated with doses of 0, (5) and 10 kGy were tested in one 
session. For each session three or six pairs were given to the panel in a random-
ized order. The samples were kept in small closed plastic boxes. 

2. Results 

2.1. Microbiological effects of fumigation and gamma irradiation 

Results of the comparative microbiological study of fumigation and 
irradiation on the microbiological quality of cinnamon, ginger, fennel and 
fenugreek are summarized in Tables 1-4. Microbial counts are expressed in 
colony forming units (cfu) per gram. 

The aerobic mesophilic colony count of cinnamon reached 1.5 X Ю4 cfu g _ 1 

and consisted mainly of bacterial spores. Moulds were present at 5.1 X Ю3 per 
gram. No Pseudomonas spp., E. coli, Lactobacillus spp., or Lancefield D strep-
tococci were detected in cinnamon. Fumigation resulted in more than 4 log 
cycles reduction of the aerobic mesophilic colony count and the aerobic spore 
count. Irradiation with 6 kGy gave an effect similar to the treatment with 
ethylene oxide. 

The aerobic mesophilic colony count of ginger was 6.5 X 106 cfu g _ 1 , the 
aerobic mesophilic spore count 3.5 X 106 per gram and the mould count 3.4 x 103 

per gram. In addition, Pseudomonas spp., E. coli, Enterobacteriaceae and Lance-
field D streptococci were present, varying from 103 to 104 c f u g - 1 . Fumigation 
and irradiation with 6 kGy resulted in a ca 3.5 log cycles reduction of the 
aerobic mesophilic colony count and the aerobic mesophilic spore count. 
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No Pseudomonas spp., E. coli, Enterobacteriaceae or Lancefield D streptococci 
were found after fumigation or after irradiation. 

The aerobic mesophilic colony count and the aerobic mesophilic spore 
count of fennel was 4.1 X Ю5, 1.8 X 104 cfu g - 1 , respectively. Fumigation and 
irradiation with 6 kGy caused a reduction of 3 -4 orders of magnitude in the 
mesophilic aerobic spore count. I t was found that a reduction of 3.5 log cycles 
of the aerobic mesophilic colony count could be achieved by fumigation. 
However, a radiation dose of 10 kGy was required for a 3 log cycles reduction 
of the aerobic mesophilic colony count. This dose was also required for the 
elimination of Enterobacteriaceae in fennel. Moulds were counted in fumigated 
fennel. 

The aerobic mesophilic colony count of fenugreek was 8.0 X Ю4 cfu g - 1 , 
and consisted mainly of bacterial spores. Fumigation and irradiation with 
6 kGy resulted over 4 log cycles reduction of the aerobic mesophilic spore 
count. Fumigation resulted in 4-5 log cycles reduction of the aerobic mesophilic 
colony count. In case of irradiation a dose of 8 kGy might be necessary. 

Table 1 

The comparative effect of ethylene oxide and gamma irradiation on the microbial 
quality of cinnamon 

Colony forming (cfu g-*) 
oigameius 

Untreated Fumigated 2 kGy 4 kGy 6 kGy 

Aerobic colony count 1.5 X Ю 4 10 4.9X 103 2 . 7 Х Ю 2 100 
Pseudomonas 10 10 — — — 

E. coli 0.3 0.3 — — — 

Enterobacteriaceae 4.5x 101 10 — — — 

Lactobacillus 10 10 — — — 

Lancefield D streptococci 10 10 — — — 

Moulds 5.2 X 103 10 10 10 10 
Yeasts 10 10 10 10 10 
Mesophiles 

Aerobic spores l.lx 104 10 3.1X103 5.0X10 1 10 
Anaerobic spores 2 . 9 Х Ю 4 10 8.1 X l O 2 10 10 
Clostridia 10 10 — — — 

Thermophiles 
Aerobic spores 10 10 — — — 

Flat sour spores 1.1X 102 10 — — — 

Anaerobic spores 100 10 — — — 

C. thermosaccharolyticum 1 1 — — — 

C. nigrificans 10 10 — — — 

— : no growth 

Irradiation: at the 40 kCi cobalt-60 research source of the Pilot Plant for Food Irradi-
ation in Wageningen. 

Date of irradiation: March 1985 
Fumigation: with ethylene oxide (EO) at a concentration of 1500 g m ~ 3 during eight 

hours at ambient temperature. 
Date of fumigation: February, 1985 
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2.2. Effect of fumigation and irradiation on the volatile oil content 

Table 5 summarizes the comparative effect of fumigation and gamma 
irradiation on the volatile oil content of cinnamon, ginger and fennel. The 
volatile content of fenugreek is nil. 

It was found that fumigation with ethylene oxide and irradiation with a 
dose of 10 kGy did not affect significantly the volatile oil content of cinnamon 
and fennel. The volatile oil content of ginger was affected by gamma irradiation, 
while no change in the volatile oil content of ginger was observed after fumi-
gation. Irradiation at a level of 5 kGy resulted in a slight decrease of 14% in 
the yield of volatile oils and 10 kGy in a 34% loss. 

F A R K A S ( 1 9 8 4 ) reported for other spices than cinnamon, ginger and fennel 
that no substantial changes were found in the volatile oil content of most spices 
when they were treated with doses up to 1 0 - 1 5 kGy. V A J D I and P E R E I R A ( 1 9 7 3 ) 

found that the volatile oil content of black pepper and allspice were reduced by 
more than half after fumigation, while gamma irradiated spices indicated no 
change in volatile oils after irradiation. 

Table 2 

The comparative effect of ethylene oxide and gamma irradiation on the microbial 
quality of ginger 

Organisms 
Colony forming (cfa g - 1 ) 

Untreated Fumigated 2 kGy 4 kGy 6 kGy 

Aerobic colony count 6.5x10® 1.3X 103 4.0X 10® 1 . 4 Х Ю 4 4.3X10 3 

Pseudomonas 5.5X10' 100 1.5X102 l.OxlO 2 10 
E. coli 5.0X 103 0.3 3 0.3 0.3 
Enterobaeteriaceae 7 . 7 Х Ю 4 10 5.5X103 3.0X10 2 10 
Lactobacillus 1.7X 102 10 — — — 

Lancefield D streptococci 3.5 X 103 10 2.6 X 101 2 . 5 Х Ю 1 10 
Moulds 3.4X 103 10 1.6X Ю 2 1.6 X 101 10 
Yeasts 10 10 10 10 10 
Mesophiles 

Aerobic spores 3.5X 106 5 . 6 Х Ю 2 3.0X10® 1.8X104 9 . 3 Х Ю 2 

Anaerobic spores 5.5X10® l . o x 102 l . l x i o 4 3.1 X 1 0 2 100 
Clostridia 10 10 — — — 

Thermophiles 
Aerobic spores 100 10 — — — 

Flat sour spores 1.1X 102 10 10 10 10 
Anaerobic spores 100 10 — — — 

C. thermosaccharolyticum 1 1 — — — 

C. nigrificans 10 10 — — — 

— : no growth 

Irradiation: at the 40 kCi cobalt-60 research source of the Pilot Plant for F o o d Irradi-
ation in Wageningen 

Date of irradiation: March 1985 
Fumigation: with ethylene oxide (EO) at a concentration of 1500 g m - 3 during eight 

hours at ambient temperature 
Date of fumigation: February, 1985. 

Acta Alimentaria 17, 1988 



277 TOOFANIAN & S T E G E M A N : F U M I G A T I O N OF SPICES 

2.3. Sensory evaluation 

The results of sensory evaluation of the spices are given in Fig. 1. 
The scale values of a psychological continuum is got after the z score 

transformation (EDWARDS, 1960). In this case a preference scale is given, with, 
at the right, the most preferred samples. On each separate scale the distance 
between the samples may be compared with each other and it is not allowed to 
compare a distance between two samples on different scales. 

The overall results indicate that the panel is not able to distinguish 
among the several treatments. There are two possibilities which can explain 
these results, one because of the slight difference between the not treated and 
the several times treated spices and the second one is that the panel is not able 
to distinguish between samples because of adaptation effects of taste. 

Table 3 

The comparative effect of ethylene oxide and gamma irradiation on the microbial 
quality of fennel 

Colony forming (cfu g - l ) 

Untreated Fumigated 2 kGy 4 kGy в kGy 8 kGy 10 kGy 

Aerobic colony count 4.1X10« 1.2X 102 6.1X10« 1.7X10« 8 . 5 Х Ю 3 1 . 5 Х Ю 3 4 . 9 Х Ю 2 

Pseudomonas 4.7X 102 10 100 10 10 — — 

E. coli 15 0.3 0.3 0.3 0.3 — — 

Enterobacteriaceae 9.4X10« 10 1.3X10« 7 . 3 Х Ю 3 2 . 9 Х Ю 3 4.5 x l O 2 100 
Lactobacillus 100 10 — — — — — 

Lancefield D 
streptococci 10 10 — — — — — 

Moulds 1.1X 103 6.5X 10« 1.6X10 2 100 10 — — 

Yeasts 10 10 10 10 10 — — 

Mesophiles 
Aerobic spores 1.8X 10« 100 8 . 4 Х Ю 2 100 10 — — 

Anaerobic spores 1.3X10« 100 4.1 X 1 0 3 10 10 — — 

Clostridia 10 10 — — — — — 

Thermophiles 
Aerobic spores 7 . 5 Х Ю 1 10 — — — — — 

Flat sour spores 2.0x 101 10 — — — — — 

Anaerobic spores 1.1X10 2 10 — — — — — 

C. thermosaccharo-
lyticum 1 1 — — — — — 

C. nigrificans 10 10 — — — — — 

—: no growth 

Irradiation: at the 40 kCi cobalt-60 research source of the Pilot Plant for Food Irradi-
ation in Wageningen 
Date of irradiation: April 1985 

Fumigation: with ethylene oxide ( E O ) at a concentration of 1500 g m - 3 during eight 
hours at ambient temperature 
Date of fumigation: February, 1985. 
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Table 4 

The comparative effect of ethylene oxide and gamma irradiation on the microbial 
quality of fenugreek 

Colony forming (cfu g - ' ) 
Organisms  

Untreated Fumigated 2 kGy 4 kGy 6 kGy 

Aerobic colony count 8 . O X 10s 10 4.2X 103 2 . 4 Х Ю 3 1.9X 102 
Pseudomonas 5 . 0 Х Ю 1 10 — — 

E. coli 0.3 0.3 — — 

Enterobacteriaceae 5 . 9 Х Ю 2 10 100 10 10 
Lactobacillus 10 10 — — — 

Lancefield D streptococci 10 10 — — — 

Moulds 3 . 1 Х Ю 2 10 4.0 X 101 10 10 
Yeasts 10 10 10 10 10 
Mesophiles 

Aerobic spores 8 . O X 104 10 2.5x 103 100 10 
Anaerobic spores З . О х Ю 4 10 4.7X 102 100 10 
Clostridia 10 10 — — . 

Thermophiles 
Aerobic spores 4.0X10 1 10 — — — 

Flat sour spores 4 . 0 Х Ю 1 10 — — — 

Anaerobic spores 10 10 — — — 

C. thermosaccharolyticum 1 1 — — — 

C. nigrificans 10 10 — — — 

— : no growth 

Irradiation: at the 40 kCi cobalt-60 research source of the Pilot Plant for Food Irradiation in 
Wageningen 
Date of irradiation: April 1985 
Fumigation: with ethylene oxide (EO) at a concentration of 1500 g m - s during eight hours at 
ambient temperature 
Date of fumigation: February, 1985 

Table 5 

Effect of fumigation and irradiation on the volatile oil content of cinnamon 
ginger and fennel 

Volatile oil content (% Y/W) 

Untreated Fumigated 5 kGy 10 kGv 
X ± s X ±s X ±s X ± s 

Cinnamon 1.02 0.03 0.88 0.03 0.99 0.04 
Ginger 1.40 0.02 1.40 0.03 1.21 0.03* 0.92 0.02* 
Fennel 1.02 0.02 1.07 0.02 — 1 . 0 0 0.005 

* Significant at = 5 % probability level 

Irradiation: at 40 kCi cobalt-60 research source of the Pilot Plant for Food Irradi-
ation in Wageningen 
Date of irradiation: April 1985 

Fumigation: with ethylene oxide (EO) at a concentration of 1500 g m - 3 during eight 
hours at ambient temperature 
Date of fumigation: February, 1985 
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Several factors influence the results, for example fenugreek was not 
known by the panel as a common spice. In addition, it is more difficult to 
distinguish among odours than among tastes because of the already mentioned 
adaptation effect of the smell of spices. 

More studies are necessary to find the best concentration to do the 
experiment and to find the best test procedure. Also, the results indicate that 
there could be some difference between the wet and dry state of samples. 

Dry 

Ginger 
10 

Wet 

10 

0-6 4 
F 

0.77 

F 0 

0.58 0 62 

F 0 10 
0 г У 00D1 I 0 41 

I * I 
Cinnamon 

F 0 10 
Wet 1 1 1 

0 0 43 0 48 

10 
Dry -

Fennel 

F 
Wet I— 

0 

F 0 

0.17 0.21 

0 10 
I I 

0 21 0 30 

10 5 F 0 
Orv 1 I 1 1 

' 0 0 .04 0.40 0.75 
^ I A— - I 

Fenugreek 

Wet 
F 0 5 10 

0 0 52 0 72 0.94 
1 * i 
I * I 
I * I 

Preference direction of the 
panel 

Fig. 1. Effect of gamma radiation and fumigat ion upon t h e sensory qual i ty of some 
spices. The scale values of t he preference on a psychological continuum was used. The 
most preferred samples are a t the right of t he scale. The i r radiated (5-10 kGy) and fumig-
ated (F) and control samples (O) were tested by a panel of 20 members. The samples 
evaluated in dry and wet state. For ginger, cinnamon and fennel a suspension of 
2 g 1 of water and for fenugreek 5 g 1 of water at 60 °C were prepared. The original 

spices (10 g) were tested a t room Temperature. 
* Significant at P = 0 .5% probability level 
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Perhaps in wet state after making the solution, a layer of oil content covers the 
solution and makes it difficult to distinguish the original characteristics of the 
spices. 

It may be helpful to order the panel to rest during the tests for at least 
five minutes in order to get more information about the level of differences 
between the treatments. 

Z E H N D E R and E T T E L ( 1 9 8 1 ) reported that irradiation up to a dose of 
10 kGy did not affect significantly the flavour of cinnamon. Cinnamon was 
tested by the panelists in tubes, containing a dry sample of 0.5 gram. 

V A N K O O I J ( 1 9 6 7 ) found that a radiation dose of 5 kGy did not affect the 
sensory quality of ginger. T J A B E R G and co-workers ( 1 9 7 2 ) reported that irradi-
ation with doses of 0 to 4.5 Mrad did not significantly alter the taste or odour of 
ginger. 

P A D W A L - D E S A I and co-workers ( 1 9 8 5 ) reported for cinnamon and dry 
ginger that the aroma characteristics of the 10 kGy irradiated spices were 
comparable to the unirradiated ones. 

According to Z E H N D E R and E T T E L ( 1 9 8 1 ) the aroma of fenugreek powder 
was significantly damaged by a dose of 5 and 10 kGy. They tested the fenu-
greek powder in a spice-carrier (skim milk quark, 1% NaCl, 0 .5% fenugreek). 

3. Conclusions 

It was found that for cinnamon and ginger a 6 kGy dose, for fennel 
6 -10 kGy dose and for fenugreek 6 - 8 kGy dose were equal in microbial effect 
to the commercially established fumigation process. 

No substantial changes were determined in the volatile oil contents of 
cinnamon, ginger and fennel treated with ethylene oxide or in the volatile oil 
contents of cinnamon and fennel treated with ionizing radiation up to 10 kGy. 
Ginger was sensitive to irradiation, a slight decrease in the volatile oil content 
was observed after irradiation with a dose of 5 kGy. 

In the sensory test used no major differences in sensory characteristics 
between irradiated, fumigated and untreated spices were found. However, it is 
not absolutely impossible that using another sensory evaluation method slight 
differences in some sensory properties can be observed. 

From this investigation it can be concluded that irradiation of cinnamon, 
fennel and fenugreek with doses up to 10 kGy and ginger up to 5-6 kGy is 
technologically feasible. 

* 

We would like t o express our appreciation to Dr . A. B. CRAWINCKEL, MS. D. M. 
VAN MAZIJK for t he sensory evaluation of the spices and Dr. OOSTERHEERT, director of 
I F F I T for correcting the manuscript. 
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TLC ANALYSIS OF THE 2,4-DINITROPHENYLHYDRAZONE 
DERIVATIVES OF THE CARBONYL COMPOUNDS 
OF COOKED, MATURE TUBERS OF WHITE YAM 
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The hexane extractable carbonyl compounds of cooked mature tubers of 
white y a m (Dioscorea rotundata poir) were precipitated as t he 2,4-dinitrophenyl-
hydrazone (2,4-DNPH-one) derivatives. TLC was used to analyse the derivatives. 
A total of eight carbonyl compounds (four aldehydes, three ketones and one keto-
acid) were identified. 

Keywords: carbonyl, TLC, white y a m 

Yams (white yam, yellow yam and water yam) rank with cassava as the 
staple food of many inhabitants of tropical regions of the world particularly the 
West African sub-region. Of the three common edible varieties mentioned 
above, the white yam is the most popular. It is eaten either in the cooked, 
roasted or fried form with or without vegetable soup, meat or fish. 

Like its other edible varieties, white yam is rich in starch hut very low in 
protein content — less than 1 % on wet weight basis — ( K A Y , 1 9 7 3 ; O P U T E & 

O S A G I E , 1 9 7 8 ) . O S A G I E and O P U T E ( 1 9 8 1 ) reported that lipids comprise 0 . 4 2 % 

of the white yam tissue dry weight. Of the fatty acids content, linoleic, palmitic 
and linolenic acids constitute 4 7 . 7 % , 3 2 . 5 % and 8 . 1 % , r e s p e c t i v e l y . Others are 
pentadecanoic, stearic and archidic acids which constitute 1.9%, 1.6% and 
0.6% respectively. 

There has been no report as yet, on the carbonyl content of white yam. 
However, G R A M S H A W and O S I N O W O (1982) using G C - M S characterised some of 
the volatile components of water yam (Dioscorea alata). They identified, among 
other components, eight aldehydes and four ketones. 

Volatile carbonyl compounds, even though usually present in very small 
amounts, are important flavour components in foodstuff. Of recent, industries 
producing dehydrated cooked yam powder and flakes are springing up. Some of 
the food items prepared from such powders and flakes have aroma characteris-
tics not as rich as in those prepared directly from the yam. 

Akadémiai Kiadó, Budapest 
Kluwer Academic Publishers, Dordrecht 
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This study is part of a continuing effort of characterizing the flavour 
pattern of white yam. Apart from its fundamental interest, such knowledge 
could become very useful in the improvement of the flavour of foods made 
from processed white yam. 

1. Materials and methods 

1.1. Materials and preparation 

Mature tubers of white yam (10.4 kg) were bought from the local market 
(New Benin). They were peeled, chopped into small pieces and washed with 
distilled water. The yam was cooked in three batches of about 3.5 kg each in 
2 dm3 of distilled water in 5 dm3 flat-bottomed flask, mounted with a reflux 
condenser. After two hours of cooking, the contents of the flask was homoge-
nized into a pasty mash in a cutter blender. This was then extracted batch-wise 
with 2 dm3 of hexane previously rendered carbonyl free by the method of 
H O R N S T E I N and C R O W E (1962) by continuous shaking for 6 h in a bottle shaker. 
After filtration, the hexane extract was separated by decantation in a separa-
ting funnel. It was then concentrated to about 30 cm3 in a rotary evaporator. 
Next it was stirred mechanically for 6 h with twice its own volume of methanolic 
solution of 2,4-dinitrophenylhydrazine reagent (VOGEL, 1968). The solution 
was then left undisturbed for 24 h during which time precipitate of the 2,4-
dinitrophenylhydrazone (2,4-DNPH-one) derivative of the carbonyl content 
was formed. The precipitate was filtered, washed with 2 N H 2 S 0 4 and then in 
distilled water. It was purified by recrystallization from dilute methanol. 
A yield of 0.02% on wet weight basis of the white yam was obtained. 

1.2. TLC analysis 

1.2.1. Separation into classes. The 2,4-DNPH-one derivatives of the car-
bonyl content of white yam obtained were separated into three classes based on 
the structures of the parent carbonyl compounds: aliphatic monocarbonyls, 
aromatic monocarbonyls and bis-derivative of dicarbonyls according to the 
method of B E Y E R and K A R G L (1972). 

A methanolic solution of the 2,4-DNPH-one derivatives of white yam 
(A) was spread as a streak (using standard TLC micropipette) on standard 
TLC plates (20 X 20 cm), 2 cm from the base. The plates were coated (0.75 mm 
thick) with ZnC03, analar grade, from B . D . H . Chemicals Limited, (sieved to 
80 mesh), by using the slurry of the ZnC03 and distilled water (1 : 2, w/w). 
Just before use, the coated plates were activated by drying in the oven at 
130 °C for 30 min. Spotted alongside (A) as reference samples for each class 
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were methanolic solution of 2,4-DNPH-one derivatives of acetaldehyde and 
acetone for aliphatic monocarbonyls; benzaldehyde for aromatic monocarbonyls 
and diacetyl for bis-derivative of dicarbonyls. 

The plates were developed in a Shandon chromatographic tank fitted 
with filter paper on two sides to ensure saturation of the air within the tank 
with the vapour of the developing solvent system. 

The developing solvent system was pyridine - water (99 : l , v /v ) . The 
atmosphere in the tank was allowed to equilibrate for one hour before the 
plates were put in. The developing solvent system was allowed to ascend a 
distance of 15 cm from the base of the plates before the plates were removed. 
Three bands were obtained. The bands were scraped from the plates and eluted 
with methanol. Each eluent was filtered and concentrated on water bath to 
about 1.0 cm3. 

1.2.2. Analysis of the classes. The analysis of the three classes by TLC for 
the individual carbonyls was done according to the method of D F I O N T and 
D I J K M A N (1967; 1969). Standard TLC plates ( 2 0 x 2 0 cm) were coated with 
Silica gel G (0.25 mm thick). The plates were activated for 1 h at 120 °C and 
then cooled in a dessicator. Just before use, the plates were placed on the bench 
and allowed to equilibrate with the atmosphere for about 30 minutes. In each 
of the classes, four sejiarate chromatographic runs were done. The mean of the 
Rf values of each of the spot obtained (Rfm) was determined. The standard 
deviation of the Rfm value for each spot was calculated. It was not greater 
than + 0 . 0 1 4 for any of the spots. The colours of the spots obtained after 
development were self-indicating. Spraying with 95% ethanolic solution of 
5% aqueous KOH intensified the colours. 

1.2.2.1. Aliphatic monocarbonyls — The eluent of the band of Rf value 
0.75 to 0.95 (Table 1), corresponding to the 2,4-DNPH-one derivatives of 
aliphatic monocarbonyls was spotted on the equilibrated TLC plates, 2 cm 
from the base using two types of adsorbents: Silica gel G (L4) and Alumina G 
type 60/E (L2). Spotted alongside were 2,4-DNPH-one derivatives of acetal-
dehyde, propanal, n-butanal, iso-butanal, hexane-2-one, heptane-2-one, 
pentanal, hexanal, heptanal, octanal, acetone, butanone and pentane-2-one. 
The plates were developed using three solvent systems (Table 2): 

— benzene - hexane ( 1 : 1 , v/v) 
— CC14 - cyclohexane - ethyl acetate (10 : 2 : 1, v/v/v) 
— petroleum ether (bp 60-80 °C) - ethyl acetate ( 7 : 1 , v/v). 
In each case, the solvent front was allowed to ascend a distance of 15 cm 

from the spot. 
1.2.2.2. Aromatic monocarbonyls — The eluent of the second band of (A) 

of R f 0.35 to 0.50 (Table 1), corresponding to the 2,4-DNPH-one derivatives 
of aromatic monocarbonyls was spotted on the equilibrated TLC plates 
alongside the 2,4-DNPH-one derivatives of phenylacetaldehyde, benzalde-
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hydes, furfural and benzophenone as reference compounds. Two developing 
solvent systems were used: 

— petroleum ether (bp 60-80 °C) - benzene ( 1 : 1 , v/v) 
— petroleum ether (hp 60-80 °C) - benzene - ethyl acetate ( 2 : 1 : 1 , 

v/v/v). 
The Rfm values of the spots obtained are shown in Table 3. 

1.2.2.3. Other carbonyls — The eluent of the last band of (A) of R f 0.00 to 
0.20 (Table 1) was spotted on Silica gel G coated TLC plates ( 2 0 x 2 0 cm and 
0.25 cm thick) and activated at 100 °C for 2 h just before use. Spotted alongside 
as reference samples were the bis-2,4-DNPH-one derivatives of glyoxal, 
methylglyoxal, diacetyl and furfural. Two developing solvent systems were 
used: 

— toluene - ethyl acetate ( 3 : 1 , v/v) 
— toluene - ethyl acetate ( 1 : 1 , v/v). 
Finally, a portion of the original 2,4-DNPH-one derivative of white yam 

(A) (Table 5) was extracted three times over with 50% aqueous solution of 
sodium carbonate by vigorous shaking. The carbonate extract was acidified 
with 2N HCl and then extracted with carbonyl free hexane. The hexane layer 
was concentrated to about 0.5 cm3 (A4). The TLC of the concentrate (A4) was 
then developed on a Silica gel G plate activated for 30 min at 120 °C and using 
as developing solvent system: petroleum ether (bp 60-80 °C) — ethyl formate 
— propionic acid (26 : 14 : 3, v/v/v). Spotted on the plate as reference samples 
were the 2,4-DNPH-one derivatives of pyroraeemic acid, acetoacetic acid, 
laevulic acid and glyoxylic acid. 

2. Results 

Three bands of (A) of R, values 0.75 to 0.95 (A3); 0.35 to 0.50 (A2); and 
0.00 to 0.20 (A4) were obtained. These bands correspond to three classes of 
carbonyl compounds: aliphatic monocarbonyls (A3); aromatic monocarbonyls 
(A2), and bis-derivatives of dicarbonyls (A4). They are presented in Table 1. 

The compounds identified in (A3), (A2) and (A4) are shown in Tables 2, 3 
and 4, respectively. 

An attempt was made to identify other carbonyl components of (A) 
— mainly the aldehydic and ketonic acids — not belonging to any of the 
three classes enumerated above. The result of this attempt is shown in 
Table 5. 

In all, eight carbonyl compounds (four aldehydes, three ketones and one 
ketoacid) were identified among the hexane extractable carbonyl compounds 
of cooked white yam. They are: isobutanal, hexanal, phenylacetaldehyde, 
benzaldehyde, butanone, hexane-2-one, heptane-2-one and pyroracemic acid. 
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Five other carbonyl compounds were also detected in the extract. Two of 
these are aliphatic monocarbonyls which are likely to contain not more than 
four carbon atoms per molecule, as concluded from their R ( values. Two others 
are likely to be aromatic monocarbonyls or aliphatic monocarbonyls with an 
aromatic substituent. The last component is likely to belong to the class of bis-
derivative of dicarbonyls. 

Table 1 

The TCL analysis of 2,4-DNPH-one derivatives of white yam (A) and 
reference compounds 

Rf value Colour Class 

Diaoetyl 0.17 dark blue 
Sample (A) 
B a n d No. 1 (Aj) 0.00- 0.20 dark blue 

Benzaldehyde 0.40 purple 
Sample (A) 
B a n d No. 2 (A 2) 0.35- 0.50 purple 

Acetone 0.80 yellow 
Acetaldehyde 0.85 yellow 
Sample (A) 
B a n d No. 3 (A3) 0.75--0.95 yellow 

bis derivative of 
dicarbonyls 

aromatic 
monocarbonyls 

aliphatic 
monocarbonyls 

Adsorbent: Z n C O a 
Developing solvent system: pyridine-water (99 : 1, v/v) 

Table 2 

Analysis by TLC of A3 (Eluent of Rf value 0.75-0.95 of A) 

Sample L j S , L,S, L,S, 
A, Components 

Spot R , m colour Rfm colour R«rn colour identiüed 
number values values values 

1 0.15 dirty yellow 0.19 yellow 0.48 yellow — 

2 — — 0.25 yollow — — — 

3 0.38 yellow 0.52 deep yellow 0.54 deep yellow butanone 
4 0.42 yellow 0.55 yellow — — iso-butanal 
5 0.46 yellow 0.60 yellow 0.57 brownish 

yellow hexanal 
6 0.49 orange 0.65 orange 0.60 orange hexane-2-one 
7 0.53 orange 0.68 orange 0.63 orange heptane-2-one 

Adsorbents 
L p Silica gel G. 
L 2: alumina G (Type 60/E) 

Developing solvent systems 
S p benzene-hexane (1 : 1, v/v) 
S2: CCl4-cyclohexane-ethyl acetate (10 : 2 : 1, v/v/v) 
S3: petroleum ether (bp 60-80 °C)-ethyl acetate (7 : 1, v/v) 
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Table 3 

Analysis by TLC of A.t (Eluent of P{ value 0.35- 0.50 of A) 

Sample 
A , L i S l L , S , Components 

„ . identified 
spot 

number Him ™ues colour R ( m values colour 

1 0.25 purple 0.34 purple 
2 0.33 lilac 0.48 lilac phenylacet-

0.38 
aldehyde 

3 0.38 purple 0.57 purple benzaldehyde 
4 0.44 purple 0.67 purple — 

Adsorbent 
Lj! Silica gel G 

Developing solvent systems 
Sj: petroleum ether (60-80 °C)-benzene (1 : 1, v/v) 
S2: petroleum ether (60-80 0C)-benzene-ethylacetate (2:1:1, v/v/v) 

Table 4 

Analysis by TLC of A1 (Eluent of Jif value 0.00-0.20 of A) 

Sample L A L,S , Component 
Ai Rim colour Rim colour identified 

1 0.64 purple 0.55 purple — 

Adsorbent 
Lj: Silica gel G 

Developing solvent systems 
Sj: toluene-ethyl acetate (1:1, v/v) 
S2: toluene-ethyl acetate (3 : 1, v/v) 

Table 5 

The TLC analysis of the ketoacids of the 2,4-DNPH-one derivatives of white yam 

Sample A, L,S, 
Components identified spot number Rim colour 
Components identified 

1 0.22 violet pyroracemic acid 

Adsorbent 
Lji Silica gel G 

Developing solvent system 
S4: petroleum ether (60-80 °C)-ethyl formate-propionie acid (26 : 14 : 3, 

v/v/v) 
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3. Conclusions 

Identification of the compounds and classification of the carbonyl 
components were facilitated by the colours of the TLC spots which were made 
more intense by spraying with the alcoholic potassium hydroxide indicator. 

The thin-layer-chromatographic technique is a proven and well character-
ized method of analysing the constituents of a complex mixture of chemical 
compounds. It is simple, fast and reliable. While the technique cannot by itself 
give a full range of all the components of a complex chemical mixture like the 
one under investigation, the major components (of relatively high concentration) 
can be identified. The limitation of the technique notwithstanding, this study 
may be seen as a beginning of an effort to analyse and characterize the flavour 
pattern of white yam. 

Work is still in progress at identifying more of the compounds that 
constitute the carbonyl fraction of cooked white yam. 

* 

T h e author is grateful to Miss V I C T O R I A B A B A T U N D E w h o helped in the prepara-
tion of the 2,4-dinitrophenylhydrazone derivative of cooked white y a m . 

Literature 

B A Y E R, C. F. & K A R G L, Т. E . (1972): Separation of 2,4-dinitrophenylhydrazone into 
classes b y thin layer chromatography on zinc carbonate. J. Chromatogr., 65, 
435-438. 

D H O N T , J . H . & D I J K M A N , G . J . C . ( 1 9 6 7 ) : T h e qualitative analysis of c o m p l e x carbonyl 
mixtures b y thin-layer chromatography. Analyst, 92, 4 3 1 - 4 3 6 . 

D H O N T , J . H . & M U L D E R S — D I J K M A N , G . J . C. (1969): T h e resolution of mixtures of aliphatic 
a n d terpene-type 2,4-dinitrophenylhydrazones b y thin-layer chromatography on 
silica gel. Analyst, 94, 1090-1094. 

G R A M S H A W , J . W . & O S I N O W O , F . A . O . ( 1 9 8 2 ) : Volatile c o m p o n e n t s of cooked tubers of 
the water y a m (Dioscorea alata). J. Sei. Fd Agric., 33, 7 1 - 8 0 . 

H O R N S T E I N , I . & C R O W E , P . F . ( 1 9 6 2 ) : Carbonyl removal f r o m nonoxygenated solvents. 
Anal. Chem., 34, 1037-1038. 

K A Y , D . Е . ( 1 9 7 3 ) : Root crops. Tropical Products Institute H M S O , London, -ref.: O P U T E 
& O S A G I E ( 1 9 7 8 ) . 

O P U T E, F. I . R . & O S A G I E, A . U . (1978): Identification a n d quantitative determination of 
the lipids of Alocasia macrorrhiza tubers. J. Sei. Fd Agric., 29, 1002-1006. 

O S A G I E , A . U . & O P U T E , F . I . ( 1 9 8 1 ) : Major lipid constituents of Dioscorea rotundata 
tuber during g r o w t h a n d maturation. J . Exp. Bot., 32, 737-740. 

V O G E L , A . I . ( 1 9 6 8 ) : A textbook of practical organic chemistry. Е . L . B . and L o n g m a n s , 
Green and Co. Ltd. L o n d o n , p. 1 0 6 1 . 

2* Acta Alimentaria 17, 1988 





Acta Alimentaria, Vol. 17 (4), pp. 291 — 297 (1988) 

SODIUM DODECYL SULPHATE POLYACRYLAMIDE GEL 
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A n i m p r o v e d m e t h o d of sodium dodecyl sulphate Polyacrylamide gel 
electrophoresis ( S D S - P A G E ) w a s used to separate the glutenin subunits of seven 
dui'um wheat varieties previously evaluated for quality and gliadin composition. 

Varieties studied differ in the presence or the absence of t w o m e d i u m 
molecular weight glutenin subunit b a n d s denoted as M I a n d Mil. B a n d M I appears 
to be linked with y-gliadin 45 b a n d a n d strong gluten plus good cooking quality, 
and b a n d M I I linked with y-gliadin 42 band and w e a k gluten plus poor cooking 
quality. 

T h e described m e t h o d can be used within a breeding program as a screen-
ing test for gluten strength and cooking quality in the early generations of d u r u m 
wheat. 

Keywords: S D S - P A G E m e t h o d , d u r u m wheat, glutenin, gliadin 

Protein quantity and quality of durum wheat (Trilicum durum Desf.) 
are decisive factors of pasta cooking quality. High-protein durum wheat 
varieties with strong gluten and high elastic recovery exhibit good cooking 
quality, whereas low-protein and weak gluten varieties with low elastic recovery 
are poorer in this respect ( F E I L L E T et al., 1977). It is known that gliadins and 
glutenins interact to form the gluten complex, and provide special character-
istics: gliadins with relatively low molecular weights (25 000-100 000) 
extensibility, and glutenins with high molecular weights (100 000-3 000 000) 
elasticity ( S A R K K I , 1980; F E I L L E T , 1980). 

In the last decade, more attention has been paid to specific gliadin 
polypeptides and their relationships with the elastic recovery and pasta cooking 
quality. It was found that y-gliadin 42 is associated with poor elastic recovery 
and y-gliadin 4 5 with high elastic recovery ( D A M I D A U X et al., 1 9 7 8 , 1 9 8 0 ; 

K O S M O L A K et al., 1 9 8 0 ; D U C R O S et al., 1 9 8 2 ; T A H A & S Á G I , 1 9 8 7 ) . In contrast, 
the relationship between glutenin subunits and pasta quality parameters 
deserved limited attention. W A S I K and B U S H U K ( 1 9 7 5 ) observed that the 
amount of some medium molecular weight glutenin subunits are virtually 
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related to the spaghetti-making quality. In spite of it, A U T R A N ( 1 9 8 1 ) and 
D U C R O S and co-workers ( 1 9 8 2 ) found that the highest molecular weight 
glutenin subunits do not have any specific effects and could act only as a hulk 
fraction relative to other protein fractions. Nevertheless, some glutenin subunits 
generally linked to y-gliadin 4 5 (ATTTRAN, 1 9 8 1 ; P A Y N E et al., 1 9 8 4 ) seem to 
affect the cooking quality of pasta products beneficially. More recently, 
D U C R O S ( 1 9 8 7 ) found that the quantity of low molecular-weight glutenin 
polypeptides is highly correlated to gluten strength, whereas the high-
molecular weight glutenins are generally poor indicators of the viscoelastic 
properties. 

In the present study, an improved method of discontinuous SDS-PAGE 
standardized for screening high cooking quality durum wheat strains in the 
early generations within a breeding program was used to examine the glutenin 
subunits as possible indicators of pasta quality. 

1. Materials and methods 

Seven durum wheat varieties, four Hungarian (GK Minaret, GK Basa, 
GK Madur, SZ D 8), two Austrian (Miradur, Attila) and one Egyptian (Stork-s), 
grown in the nursery of the Cereal Research Institute (Szeged, Hungary) 
previously evaluated for quality and gliadin proteins from crop years 1983, 
1 9 8 4 and 1 9 8 5 ( T A H A & S Á G I , 1 9 8 7 ) were used in this study. 

Mixing properties (farinograph and mixograph), gluten strength (SDS 
sedimentation test), firmness of normally cooked pasta and tolerance to over-
cooking (aleurograph test) and gliadin protein composition (AL-PAGE) were 
assessed as described previously ( T A H A & S Á G I , 1 9 8 7 ) . 

For the SDS -PAGE of proteins, an improved method of discontinuous 
buffer system was used by the combination of the methods of L A E M M L I ( 1 9 7 0 ) 

and P A Y N E and C O R F I E L D ( 1 9 7 9 ) with some modifications (Fig. 1 ) . 

Total proteins were extracted for 2 h at room temperature from 0.1 g 
flour with 2 em3 of extracting solution, containing 0.0625 M TRIS-HC1 
(pH 6.8), 2% SDS, 10% glycerol, 5% 2-mercaptoethanol and 0.01% pyronineG 
( L A E M M L I , 1970), followed by eentrifugation for 10 min at 10 000 r.p.m.Then 
the supernatant was poured off and the residue was immersed for 3 min in 
boiling water. 

A vertical slab gel electrophoresis apparatus consisting of 17x20 cm 
glass plates, 1.5 mm spacers, 9 well combs and two buffer reservoirs of 250 cm3 

and 500 cm3 was used, with a power supply unit E P S 500/400 from Pharmacia. 
The required stocks for gel mixtures and reservoir buffer were prepared as 

described in Table 1. The resolving and stacking gels of 12% and 3.75% 
acrylamide, respectively, were prepared as listed in Table 1, and polymerized 
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in a gel former of 180 x 150 X 1.5 mm as described by H A M E S and R I C K W O O D 

(1981). 
Aliquots (70 //1) of each sample extract were carefully loaded into the gel 

sample wells using a Hamilton microliter syringe. A protein mixture of molec-
ular weight (MW) range between 30 000 and 94 000 from Pharmacia was used. 

In a cooled room (ca 7 °C) the electrophoresis apparatus was connected 
to the power supply unit with the anode (-(-) connected to the bottom reservoir, 

LAEMMLI 
( 1970) 

THIS STUDY PAYNE AND CORF I ELD 
(1979) 

-STACK'NGGEL 3% r 
35 cm [ШЛЛДЛЛЛЛПЛЛ 

S U C K I N G G E L 3 7 5 ° c 

- S E P A R A T I O N G E L 
10 % 15cm S E P A R A T I O N G E l 

12% 

[ u u u w w m m n 

S E P A R A T I O N G E L 

R O D S 
DlSCONTINUOUS 
BUFFER SYSTEM 

S L A B S 
DISC0NTINU0US 
BUFFER SYSTEM 

S L A B S 
CONTINUOUS 

BUFFER SYSTEM 

GEL THICKNESS 6 mm idmmeterl I'm 3 mm 
RUNNING TIME ' r r 

о „ 
mi/l • , ff Ш STAC KING GE. ' 3cm - m' 
CO Q. 9 2 SEPARATION GE' : 38 .m 3" гт 6T cm Й < — 1/1 ACRT AMIDE : 3 6 5 : с a 10 2 g Z 3 

Fig. 1. Comparison of the S1)S-I'AGF m e t h o d used in tliis study with those of L A E M M I . I 
( 1 9 7 0 ) and P A Y N E and C O R F I E L D ( 1 9 7 9 ) 

Table 1 

Protocol of cjcl preparation for SDS-discontinuous buffer system 

Stock solution 
Stacking gel 

3.75% 
per one gel 

(cm3) 

Resolving gel 
12% 

per one gel 
(cm3) 

Reservoir buffer 
per two gels 

(cm3) 

Aerylamide-bisacrylamide (30 : 0.8) 1.25 12.00 
Stacking gel buffer stock 

(0.5 mol l"1 TRIS-HC1, p H 8.8) 2.50 — — 

Resolving gel buffer stock 
(3.0 mol I-1 T R I S - H C L , p H 8.8) — 3.75 

Reservoir buffer stock 
(0.25 mol l"1 TRIS, 1.92 moll" 1 glycine, — — 100 
1 % SDS, p H 8.3) 

1 0 % S D S 0.10 0.30 — 

1.5% a m m o n i u m persulphate 0.50 1.50 — 

Water 5.65 12.45 900 
T E M E D (Trimethyl ethylenediamine) 0.015 0.015 — 

Total volume 10.00 30.00 1000 

Acta Alimentaria 17, 1988 



294 ТАНА & SÁGI: SDS-PAGE FOR SEED PROTEINS 

and the cathode (- ) to the upper. The current was maintained at 10 mA per 
gel and electrophoresis was performed for about 14 h when the tracking dye 
moved 1 cm from the bottom of the gel. 

After electrophoresis, the gels were loosened from the glass plates by 
forcing water under the gel using a syringe. Then the proteins were fixed in the 
gel with 14% trichloroacetic acid (200 cm3) for 5 h with continuous swirling on 
a shaker. The gels were stained according to P A Y N E and C O R F I E L D ( 1 9 7 9 ) with 
0.5% (w/v) Coomassie Brilliant Blue R 250 in water-methanol-acetic acid 
(53 : 25 : 7, v/v/v) overnight, with continuous stirring and destained with 
several changes of water-methanol—acetic acid (68 : 25 : 7, v/v/v) until obtain-
ing a clear background. Records were made by a Joyce-Loebl densitometer. 

2. Results 

The SDS-PAGE patterns of reduced total protein extracted from flours 
of the seven durum wheat varieties studied are shown in Fig. 2. The areas of 
the high molecular weight (HMW, > 60 000), medium molecular weight 
(MMW, 40 000-60 000) and low molecular weight (LMW, < 40 000) gluten 
bands are marked on Fig. 2. 

The most important observation is that the studied varieties differ by 
the presence or the absence of two MMW glutenin subunit bands in the top 
half of the gel between 45 000 and 60 000 MW (denoted by МГ and Mil in 
the Figs. 2 and 3). According to the presence or absence of these bands, the 
7 durum wheats examined could he classified into three groups. In group I 
(lane 4) band Mil is present and hand MI is absent. In group II (lanes 2, 3) 
both MI and Mi l bands are present. In group III (lanes 1, 5, 6, 7) band MI is 
definitely present and band Mi l is absent. 

Based upon the previous quality evaluation of the investigated varieties 
from crop years 1983, 1984 and 1985 for mixing properties, gluten strength and 
cooking quality (firmness and tolerance to overcooking) as well as the exami-
nation of glidin protein composition by AL-PAGE (TAHA & SÁGI, 1987), it can 
be stated that the varieties of high gluten strength and good cooking quality 
with y-gliadin 45 band (i.e. GK Minaret, Miradur, SZ D 8 and Stork s) also 
contain a strong glutenin subunit MI, but not Mi l (Fig. 2, lanes 1, 5, 6 and 7, 
respectively), whereas the variety of the lowest gluten strength and poorest 
mixing properties with strong y-gliadin 42 band and without y-gliadin 45 band 
(Attila) contains M i l glutenin subunit without MI (lane 4). The varieties of 
relatively low gluten strength and poor cooking quality with both y-gliadins 42 
and 45 (GK Madur and GK Basa) also contain the Mil band associated with 
MI (lanes 2, 3). 
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The НМЛУ glutenin subunit bands at the top of the gel and LMW bands 
at the bottom half of the gel are virtually not related with the quality of durum 
wheat or pasta products. However, the pattern differences in these band groups 
can be used for cultivar identification. See, for instance, HMW and MMW 
bands denoted by asterisks in Fig. 2. 

Molecular weight 

9 4 0 0 0 

TOTAL PROTEIN 70 n I 

S 1 2 3 К 5 6 7 

67 000 
60 0 0 0 

45 000 

30 0 0 0 

m = ш — « ? -

- M I 
"M i l 

HMW 
bands 

MMW 
bands 

LMW 
bands 

Fig. 2. Discontinuous S D S - P A G E patterns of reduced proteins extracted from the flour 
of s o m e d u r u m wheats. S: Standard; 1: G K Minaret 2: G K M a d u r ; 3: G K Basa 4: Attila; 

5: Miradur; 6: S Z D 8; 7: Stork-s. F o r technical details, see Fig. 1. 

. Mr 

Fig. 3. Densitometer tracings of the М Г - М 1 1 region of flour protein electrophoregrains 
obtained b y S D S - P A G E . 1: G K B A S A , 2: A T T I L A , 3: M I R A D U R 
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3. Conclusions 

By the combination of the results of this study with that of obtained 
from the evaluation of gluten strength, cooking quality and gliadin composition 
for the seven durum wheat varieties under investigation (TAHA & SÁGI, 
1 9 8 7 ) , it can be suggested that glutenin suhunit MI appears to be linked with 
y-gliadin 45 and strong gluten plus good cooking quality, while glutenin suhunit 
M i l linked with y-gliadin 42 and weak gluten plus poor cooking quality. 

For the durum wheat breeders and processors, it can be recommended to 
use the SDS-PAGE of total protein extracts additionally with AL-PAGE of 
gliadins as a good screening test for gluten strength and cooking quality. 
The SDS-PAGE requires only a small number of seeds, thus it can be easily 
used for screening early generations of durum wheat when the amount of seed is 
limited. 

U R I E L ( 1 9 6 6 ) suggested that to obtain an optimal electrophoretic separa-
tion, an electrophoresis apparatus should have three attributes: 

— ability to maintain the gel at a uniform thickness throughout; 
— the same materials and conditions in contact with all of the gel 

solution during polymerization; 
— a cover for the gel before and during electrophoresis to prevent the 

gel surface from drying out. 
In addition, the gel should he maintained at a constant temperature 

below room temperature. The vertical slab gel former apparatus used and 
the method described here meet all of these requirements, and offer definite 
advantages over the method of L A E M M L I ( 1 9 7 0 ) and P A Y N E and C O R F I E L D 

( 1 9 7 9 ) . Beside the reduction of running time and saving of chemicals re-
quired (Fig. 1), higher volumes of protein extract can be used and sharper 
bands can be obtained because of stacking effect and thinner gels used (Fig. 2). 
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COMPARATIVE BIOCHEMICAL STUDY ON THE 
EFFECT OF DRYING TEMPERATURE 

ON MACARONI QUALITY 
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Chemical composition, oxidative e n z y m e activities, color, strength a n d 
cooking quality of macaroni dried under high temperature ( H T ) a n d low tempera-
ture (LT) p r o g r a m s were c o m p a r e d . D r y i n g of macaroni at H T c o m p a r e d to L T 
increased the losses of soluble protein a n d total lipids, decreased carotenoid pig-
m e n t losses, inactivated lipoxygenase (LPO), peroxidase ( P O ) a n d polyphenol-
oxidase ( P P O ) in a greater extent, increased the yellow index (YI) a n d decreased 
the b r o w n index (HI). R a w m a c a r o n i strength a n d cooking quality w e r e less affected 
b y the drying temperature. D r y i n g of macaroni at H T offers definite advantages 
over the L T system. Beside the reduction of drying time, H T p r o g r a m m e yields 
a macaroni willi i m p r o v e d color without sacrifying cooking quality, strength or 
nutritional value. 

K e y w o r d s : macaroni quality, drying temperature, oxidative e n z y m e s , 
color indexes 

The drying stage is a critical, time-consuming and difficult-to-control 
process in the production of pasta materials. The target of drying is to lower 
moisture content of the product from 31% to 12 or 13%. In the last decade, 
high-temperature drying, with air temperatures of 70 °C or more, has become 
widely accepted by European pasta processors for hygienic reasons, and because 
it permits shorter drying cycles in more compact drying lines of a given 
capacity (MANSER, 1078, 1080; PA VAN, 1080). It has been stated that the 
increased drying temperature improves pasta color and cooking quality 
( P A V A N , 1970a, 1979b; D E X T E R et al., 1981; W Y L A N D & D ' A P P O L O N I A , 1982). 
The improvement of color has been linked to the inactivation of oxidative 
enzymes ( L A I G N E L E T . 1983), especially of lipoxygenase ( D E X T E R et al., 1981) 
during the high temperature processing. 

This study was offered to compare the effect of HT and LT drying 
conditions on the quality properties, some chemical components and oxidative 
enzyme activities of the macaroni processed from the semolina of three Hun-
garian durum wheat varieties. To our best knowledge, such studies with 
Hungarian durum products have not been published yet. 

a Present address: D e p a r t m e n t of Biochemistry, College of Agriculture, Zagazig 
University, Zagazig. E g y p t 

Akadémiai Kiadó, Budapest 
Kluwer Academic Publishers, Dordrecht 
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1. Materials and methods 

1.1. Milling and purification 

Seed samples of the Hungarian durum wheat varieties GK Minaret, 
SZ О 8 and GK Basa grown in the nursery of the Cereal Research Institute 
(Szeged, Hungary) from the 1984 harvest were used in this study. The grain 
samples were tempered (14.5% moisture), milled in a modified ÉLGÉP 
laboratory mill and purified with a laboratory purifier. Particle size of the 
purified semolina was 200-400 iim. 

1.2. Macaroni processing 

Macaroni (hollow long tubes of 3.5 mm diameter) was processed in the 
Institute of Milling and Baking Industry (Budapest, Hungary) with a labora-
tory scale P A V A N 1 type extruder (5 kg of semolina each) at 50 ° C die and 
extrusion temperature, 31% absorption and at a vacuum of 55-60 Hg mm, 
according to the method of S Z A K Á C S & R O S Z A - K I S S (1981). Each macaroni 
sample was dried in an experimental pasta dryer at LT and HT drying programs. 
In the LT procedure, macaroni was dried for a 30 h period with a con-
trolled decrease in relative humidity from 97% to 67%, while temperature 
was maintained at 40 °C, followed by controlled decrease in temperature 
from 40 °C to 25 °C, during 3 h at constant 60% relative humidity. The HT 
cycle is featured by a high initial temj)erature (70 °C for 3 h, increased to 
80 °C for 1 h), followed by a step-wise decrease of temperature over the next 
4 h to 40 °C, at a parallel decrease of the relative humidity from 84% to 58%. 
The conditions were held at 40 °C for another 14 h followed by a step-wise 
decrease in temperature over the final 5 h to 25 °C, at a constant relative 
humidity of 58% (Fig. 1). 

1.3. Mixing properties 

Mixing properties of the semolina of each variety were assessed in dupli-
cate by both farinograph ( I R V I N E et al., 1 9 6 1 ) and micro-mixograph techniques 
( F I N N E Y & S H O G R E N , 1 9 7 2 ) . 

1.4. Color indices 

Semolina and macaroni color indices (YI and BI) were determined using 
the adaptation of the method of A E A I J S E and F E I L L E T ( 1 9 7 0 ) as described 
previously by T A H A and S Á G I ( 1 9 8 7 ) . 
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1.5. Chemical analyses 

Total protein content (N X 5.75) in semolina and macaroni was determined 
by the conventional Kjeldahl method (AACC, 1962). 

Soluble protein content was measured spectrophotometrically according 
to S P E C T O R (1980). 

HIGH TEMPERATURE (HT) 

00 5 10 15 20 25 30 

Time (h) 

Fig. 1. Temperature and humidity conditions for low temperature (LT) and high tenr 
perature (HT) drying programs 

Carotenoid pigments were determined as described in A A C C ( 1 9 6 8 ) , 

except the preparation of the standard curve, which was made with potassium 
Chromate instead of carotene according to B I N N I N G T O N and G E D D E S ( 1 9 3 9 ) . 

Total lipids were extracted in a Soxhlet-apparatus for 20 h with chloro-
form-methanol (2 : 1 v/v) and weighed after evaporation of the solvent (KATES, 
1 9 7 2 ) . 

Oxidative enzyme activities were determined spectrophotometrically 
(lipoxygenase, L P O : M C D O N A L D 1 9 7 9 , S Z Á N T H Ó et al., 1 9 8 1 ; peroxidase, P O : 

H O N O L D & S T A H M A N N 1 9 6 8 ; K O B R E H E L et al., 1 9 7 4 ; polyphenoloxidase, P P O : 

H O N O L D & S T A H M A N N , 1 9 6 8 ; K R U G E R , 1 9 7 6 ; L A M K I N e t a l . , 1 9 8 1 ) . 
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1.6. Macaroni quality 

Macaroni cooking characteristics and strength of the dried products were 
determined as described in the H U N G A R I A N S T A N D A R D ( 1 9 5 8 ) . 

1.7. Statistical analyses 

The statistical analyses were made with a Commodore 64 personal 
computer according to S V Á B ( 1 9 8 1 ) . 

The data presented here are averages of at least 3 parallel determinations. 

2. Results and discussion 

As indicated by the mixograms and farinograms (Fig. 2), the semolinae 
milled from GK Minaret had the highest mixing strength and that of GK 
Basa had the lowest. Semolina of SZ D 8 was intermediate in this respect. 

As obvious from the data presented in Tables 1,2 and 3, the characteristics 
of macaroni seem to be affected partly by semolina characteristics and partly 
by the drying conditions. 

Fig. 2. M i x o g r a m s (2a) and farinograms (2b) showing mixing strength of semolina milled 
f r o m d u r u m w h e a t varieties. 1: G K Minaret, 2: S Z D 8 and 3: G K B a s a (10 g of 1 4 % 
moisture, 5.2 c m 8 water and mixing time 6 m i n w e r e used for m i x o g r a p h test, and 50 g 
of 1 4 % moisture, 30 °C bowl temperature, and 3 3 . 5 % water absorption for the farino-

graph test) 
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Table 1 

Effect of drying conditions on macaroni chemical composition and color indices 

Protein (%)» Enzyme activities Color 
(NX 5.75) Total < ' a r < >  

Treatment and variety lipid 46116 PO PPO LPO 
total solnble W « & Г C ^ p e r ( E U p e r ( R ü p e r У1 

Semolina 
G K Minaret 15.9 1.61 2.51 3.22 10.5 90 40.3 29.2 33.5 
SZ D 8 12.7 1.24 2.15 3.41 5.8 75 65.4 29.4 30.6 
G K Basa 13.3 1.49 2.14 2.40 10.0 84 51.9 27.3 32.2 

LT-macaroni 
G K Minaret 15.2 1.00 2.10 2.22 11.9 97 29.4 24.1 34.7 
SZ D 8 13.2 0.73 1.73 2.71 6.5 67 53.3 27.4 32.4 
G K Basa 14.7 0.93 1.64 1.99 12.0 82 33.5 23.8 40.0 

HT-macaroni 
G K Minaret 14.6 0.37 1.36 2.75 6.4 37 28.2 25.8 26.6 
S Z D 8 13.5 0.29 0.99 3.38 3.4 53 12.0 28.3 28.7 
G K Basa 14.3 0.49 0.94 2.26 10.5 96 11.8 26.2 33.4 

S D 6 % between varieties 1.59 0.18 0.06 0.39 2.91 46.36 27.18 11.42 5.48 
S D 5 % between 

treatments 1.59 0.18 0.06 0.39 2.91 46.36 27.18 11.42 5.48 
F test for varieties + * * * * * * * N S + N S N S 
F test for treatments N S * * * * * * * + N S N S N S + 

+ Significant at P ^ 90 % probability level 
* Significant at P ]> 95 % probability level 

** Highly significant at P 99 % probabilty level 
*** V e r y highly significant at P ^ 99,9 % probability level 
*: on dry weight basis 
N S : non significant 

The values of YI and BI for semolina and macaroni (Table 1) revealed 
that the macaroni processed from SZ D 8 exhibited the best color values 
represented in the highest Y I and lowest BI, compared to those processed from 
GK Minaret and GK Basa. The improved color of the SZ D 8 macaroni appears 
to he a result of its higher carotene content and lower P O and PPO activities. 
The YI is in a highly significant positive correlation with carotene content 
(r = 0.88***) and negatively correlated with PO act ivity (r = —0.58*), 
whereas BI is in a highly significant positive correlation with PO (r = 0.79**) 
and P P O (r = 0.71**) activities, but negatively correlated with carotene 
content (r =2 —0.64*), (TAHA, 1987). 

It is also clear from Table 1 that the macaroni dried at HT compared to 
that dried at LT conditions exhibited higher YI values and carotene content 
in all varieties. This result is in good agreement with that obtained by L A I G -

N E L E T (1977) and by D E X T E R and co-workers (1981), and confirms the state-
ment of PA VAN (1979b) that application of H T during initial drying is the most 
effective way for improving spaghetti color. HT also led to greater inactivation 
of all oxidative enzymes examined (except of P O and P P O in case of GK Basa) 
in coincidence with P A V A N (1979a, b) and L A I G N E L E T (1983). 

3 * Acta Alimentaria 11, 1988 



3 0 4 ТАНА Sc SÁGI : DRYING O F MACARONI 

It has been reported that HT may cause undesirable browning due to 
Maillard-type reactions ( L A I G N E L E T , 1977; M A N S E R , 1978; PAVAN , 1979b). 
However, P A V A N (1979b) stated that if temperature was maintained below 
80 °C, the browning effect could be greatly reduced. Beside the inactivation of 
oxidative enzymes, HT program used in this study prevents the product from 
browning due to Maillard-type reactions as obvious from the lower BI values of 
macaroni dried at HT compared to that dried at LT (Table 1), since the average 
of BI values in HT-macaroni did not exceed 82.9% the average LT-macaroni. 

As it can be seen in Table 2, the amount of soluble protein, total lipids 
and LPO activity lost during macaroni processing under LT drying conditions 
were about half of the amounts lost under H T conditions. There were no losses 
in PO and PPO activities (except PPO in case of SZ D 8) under LT conditions, 
whereas 26.8% and 29.4% of semolina PO and PPO activities were lost during 
processing under HT conditions, respectively. In other words, HT drying cycle 
resulted in a highly significant decrease of protein solubility and, accordingly, 
the differences in the losses of oxidative enzyme activities were statistically not 
significant. An inverse relationship between the losses of carotenoids and LPO 
activity during processing is quite clear. As a consequence, the carotenoid 

Table 2 

Effect of drying conditions on the processing loss of some components, 
enzyme activities and color of macaroni 

( % , based on the contents and activities in unprocessed semolina) 

Soluble Total Carotenoid Activity of 
Y I Macaroni samples protein lipid pigments 

LPO PO PPO 
Y I 

Low temperature 
G K Minaret 37.9 16.3 31.10 27.1 0.0 0.0 17.5 
SZ D 8 41.1 19.5 20.50 18.5 0.0 10.7 6.8 
G K Basa 37.6 33.5 17.10 35.5 0.0 0.0 12.8 

Moan 38.9 23.1 22.9 27.0 0.0 3.6 12.4 

High temperature 
G K Minaret 77.0 45.8 14.60 30.0 39.1 58.9 11.6 
SZ D 8 76.6 54.0 0.88 81.7 41.4 29.3 3.7 
G K Basa 67.1 56.1 5.80 77.3 0.0 0.0 4.0 

Mean 73.6 52.0 7.1 63.0 26.8 29.4 6.4 

S D 5 % between 
varieties 14.76 18.02 12.79 93.02 70.79 91.61 8.67 

S D 5 % between 
drying cycles 12.05 14.71 10.44 75.95 57.80 74.80 7.08 

F test for varieties N S N S + N S N S N S + 

F test for drying cycles * * * * N S N S N S + 

+ Significant at P > 90 % probalitv level 
* Significant at P > 95 % probality level 

** Highly significant at P ;> 99 % probality level 
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pigment loss was significantly lower during the HT cycle. Therefore, an increase 
in Y I and decrease in ВI of macaroni could be observed under HT compared to 
LT drying conditions (Table 1). These results emphasized that the color of 
pasta products can be improved by HT drying system, in agreement with the 
previous reports ( M A T S U O et al., 1970; M C D O N A L D , 1979; P A V A N , 1979a, b; 
D E X T E R et al., 1981). 

Although D E X T E R and co-workers ( 1 9 8 1 ) found that the spaghetti 
produced at HT drying cycles was significantly stronger than that dried at LT, 
the results of this study (Table 3) did not show significant effects of drying 
conditions on macaroni strength. However, LT drying cycle slightly increased 
raw macaroni strength. It appears that beside drying conditions, macaroni 
strength may be affected by other factors such as protein content and protein 
quality. Therefore, clarification of this point needs further research. 

Although the averages of cooking time, weight increase, volume increase 
and cooking losses showed higher values under H T regime, surpassing those 
obtained under LT drying conditions (Table 3), the statistical analysis revealed 
that these differences are generally not significant, except cooking losses. 
The cooking quality parameters could not be changed considerably by the 
drying conditions. These results are partly in agreement with those reported by 

Table 3 

Effect of drying conditions on macaroni strength and cooking quality 

Macaroni samples 
Macaroni Cooking Swelling Cooking 

Macaroni samples strength 
(N) 

time 
(min) Weight 

(%)• 
Volume 

(%)• 

loss 
( % ) ' 

Low temperature (LT) 
G K Minaret 409 6 133 183 7.52 
S Z D 8 337 6 132 178 6.72 
G K Basa 410 5 119 161 6.36 

M e a n 385 5.67 128 174 6.87 

High temperature (HT) 
G K Minaret 396 9 154 211 7.72 
S Z D 8 361 6.5 123 167 7.12 
G K Basa 367 7 135 189 6.80 

M e a n 375 7.50 137 189 7.21 

S D 5 % between varieties 103.01 3.83 48.90 68.51 0.39 
S D 6 % between drying 

cycles 84.10 3.13 39.93 55.94 0.32 
F test for varieties N S N S N S N S * 

F test for drying cycles N S N S N S N S * 

a on the uncooked macaroni weight basis 
* Significant at P ^ 95 % probability level 
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D E X T E R and co-workers ( 1 9 8 1 ) , who found that neither spaghetti cooked 
weight nor cooked spaghetti diameter were affected by drying conditions, 
while cooking losses decreased in spaghetti dried by the HT cycle. 

It can be concluded from the data presented in this study that applying 
HT ( 7 0 - 8 0 ° C ) during the initial stage of the drying programme offers ad-
vantages over the LT programme. Beside the reduction of drying time, HT 
yields a macaroni with significantly improved color without sacrifying cooking 
quality, strength or nutritional value. 

* 

T h e authors wish to thank M r I . M A K Á R Y and M s M . R O S Z A (Institute for Milling 
a n d B a k i n g Industry, Budapest) for their kind help in macaroni processing. 
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M o u l d s w e r e isolated f r o m ground paprika m o u l d e d under natural conditions. 
Three species dominated the samples: Alternaria alternata, Fusarium 

equiseti a n d Penicillium cyclopium. Potentially all the species isolated are toxigenic 
or facultative h u m a n pathogens. 

S o m e of the strains isolated, and Fusaria obtained from a stock collection 
and k n o w n for their toxigenic character, their growth and zearalenone produc-
tion were investigated. Investigations were carried out partly under laboratory 
conditions o n ground paprika f r o m Kalocsa, purchased on the retail market, a n d 
partly on stored samples of freshly picked sweet a n d hot paprika fruit. 

In both cases propagation of m o u l d s w a s very intense but zearalenone 
production b y the different species differed substantially. Production of zearale-
none w a s highly significant (10 000 fig k g - 1 ) w h e n Fusarium semitectum, isolated 
from sweet a n d hot ground paprika w a s cultured under laboratory conditions. 
However, the s a m e strain culture at an average temperature of 14 °C produced 
only 1000 fig k g - 1 zearalenone o n both sweet a n d hot ground paprika. 

W h e n , o n the other h a n d , ground paprika samples r a n d o m l y bought o n 
the retail m a r k e t were tested for zearalenone n o n e of the 20 samples contained 
the toxin. 

T h e presence of zearalenone could not be detected in 4 paprika samples 
spontaneously moulded, in spite of the observation that ground paprika is a very 
good m e d i u m for zearalenone production in certain Fusarium strains. This c a n 
be explained partly by the concomitant microflora and partly b y the storage 
temperature applied. T o be able to draw final conclusions the n u m b e r and variety 
of samples h a s to be increased. 

K e y w o r d s : mycotoxin, seasonings, m o u l d , zearalenone, ground paprika, 
Fusarium 

Zearalenone is a mycotoxin which has oestrogenic effects. It is a secondary 
metabolite of certain Fusarium strains. It is thought to be carcinogenic 
because of its lactonic structure and because based on experiments carried out 
on animals, a correlation is assumed to exist between zearalenone and sponta-
neously formed tumors ( T H A L M A N N et al., 1 9 8 5 ) . 

Literature data on fungal infection and mycotoxin contamination of 
seasonings are rather scanty although they are grown in countries where the 
conditions are favourable for the reproduction of moulds and for the bio-
synthesis of mycotoxin and they are used all over the world. 

Akadémiai Kiadó, Budapest 
Kluwer Academic Publishers, Dordrecht 
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Lately the interest in mycotoxin contamination and fungal infection of 
seasonings has increased. Thus, up-to-date and sensitive methods were devel-
oped for the determination of mycotoxins in seasonings ( A W E & S C H R A N Z , 

1981). 
Some of the authors report on the fungicidal activity of certain seasonings. 

H I T O K O T O and co-workers (1980) found that mustard seed, garhc and cinnamon 
inhibit the proliferation of aflatoxin-producing moulds while black pepper, 
thyme and green tea leaves inhibit only the biosynthesis of aflatoxin (HITO-
K O T O et al., 1980). 

In the course of these experiments answers were sought to the following 
questions: 

— Is sweet and hot paprika from Kalocsa, collected directly after 
harvest, a suitable substrate for the multiplication during the storage 
period prior to processing, of some potentially toxin producing 
Fusarium strains, isolated from ground paprika becoming mouldy 
under natural conditions ? 

— Is toxin produced under laboratory conditions by some Fusarium 
strains obtained from the stock collection, known for their toxigenic 
capacity, as well as other Fusarium strains isolated from mouldy 
ground paprika purchased on the market? 

— From a random investigation, what is the zearalenone content in 
ground paprika purchased on the market as well as in paprika 
samples spontaneously moulded under natural conditions ? 

1. Materials and methods 

1.1. Materials 

1.1.1. Reagents. The reagents were of analytical grade. Standard zeara-
lenone solution: 100 fig of crystallized zearalenone (Makor Chemicals Ltd., 
Jerusalem, Israel) dissolved in 1 cm3 methanol. 

1.1.2. Ground paprika. For model experiments and the propagation of 
some Fusarium strains under laboratory conditions sweet ground paprika 
(Kalocsa), free from toxin, was purchased on the retail market. 

Zearalenone production by some fungi was followed during the period 
between harvesting and processing of the paprika. The sweet and hot paprika 
was obtained from the Paprika Research Station, Research Institute for Vege-
table Cultivation, Kalocsa, harvested in 1985. 

In the course of the experiments with paprika from Kalocsa the zearale-
none contents on the four batches of sweet and hot paprika, were determined. 
Further 20 samples (20 dkg bags) were randomly purchased on the market 
and analysed for their zearalenone content. 
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1.2. Microbiological methods 

1.2.1. Isolation of fungi from mouldy ground paprika samples. The mould-
producing fungi were isolated from the mouldy ground paprika samples, 
obtained from the Paprika Research Station, Research Institute for Vegetable 
Cultivation, Kalocsa. To isolate the fungi the surface of the samples was 
disinfected with the ten-fold dilution of commercial hydrogen peroxide then 
the bits of plant tissue were placed on wet, sterile filter paper and finally on 
peptone-PCNB medium. 

Composition of the nutrient medium: 15 g peptone, 20 g agar-agar, 
1.0 g potassium dihydrogenphosphate, 0.5 g magnesium phosphate, 0.1 g 
PCNB (pentachloronitrobenzene), 0.5 g sodium taurocholate, 100 mg strepto-
mycin sulphate, 50 mg chlorocid, distilled water to 1 000 cm3. 

A medium containing sodium taurocholate and PCNB was necessary 
because the majority of the samples were highly contaminated with Bhizopus 
and thus rarely or not at all suitable for the isolation of true mould-producing 
fungi. The fungal colonies, when their purity was proven, were transferred to 
potato-saccharose or Czapek-Dox nutrient medium and the growth was used to 
identify the fungi according to B O O T H ( 1 9 7 1 ) . 

1.2.2. Microorganisms used. A part of the microorganisms used in the 
experiments were kindly put at our disposal by Prof. L. Leistner (Bundesanstalt 
für Fleischforschung, Kulmbach, FRG) and were the following zearalenone 
producing strains: 

Fusarium roseum (sp. 908) 
Fusarium roseum (sp. 909) 
Fusarium culmorum (sp. 976) 
Fusarium graminearum (sp. 949) 
Fusarium graminearum (sp. 977) 

Another part of the zearalenone producing fungal strains was obtained 
from the stock collection of the Research Institute for Plant Protection, 
Hungarian Academy of Sciences, Budapest: 

Fusarium graminearum ( 2 2 - 3 9 ) 

Fusarium culmorum ( 2 2 - 2 3 4 ) 

The rest of the strains originated from those isolated (as described in 
1.2.1.) from moulded ground paprika and identified: 

Fusarium semitectum (P2) 
Fusarium semitectum (P3) 
Fusarium oxysporum (P4) 
Fusarium equiseti (P5) 
Fusarium semitectum (Pe) 
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1.2.3. Propagation of isolated Fusaria on autoclaved ground paprika in the 
laboratory, and on freshly picked sweet and hot paprika from Kalocsa during the 
period between harvest and processing. Hundred g of ground paprika bought on 
the market and free of zearalenone was suspended in 200 cm3 taj> water, then 
autoclaved at 0.5 bar and finally inoculated with the isolated Fusarium 
strains listed in para. 1.2.2. The nutrient medium was incubated at room 
temperature for 2 weeks, then at 5 °C for 1 week and again at room temperature 
for another 2 weeks. Subsequent to the incubation period the samples were 
dried at 35-40 °C and pulverised in the mixer. The powder was used for zeara-
lenone determination. 

The sweet and hot paprika from Kalocsa was inoculated with Fusarium 
strains P 2 , P3, P4 , P5, P e , isolated from mouldy paprika and listed in para. 
1.2.2. The samples were incubated at an average temperature of 14 °C for 8 
weeks. 

1.3. Analytical methods 

1.3.1. Model experiments to determine zearalenone in ground paprika. 
Ten g ground paprika purchased on the retail market were injected with 
50 pg k g - 1 , 100 pg k g - 1 , 200 pg k g - 1 zearalenone, respectively. The samples 
were allowed to stand for 3 h, then attempts were made to recover the zeare-
lenone added in order to establish the percentage recovery. 

1.3.1.1. Extraction — Twenty g quartz sand and 20 g of anhydrous 
N a 2 S O a n d 5 cm3 absolute methanol were homogenized by grinding in a 
mortar for about 15 min. The mixture was shaken for 20 min with 50 cm3 

absolute methanol, then filtered through a folded filter paper. This extraction 
with methanol was twice repeated. The combined methanol solutions were 
evaporated under vacuum in a Rotadest apparatus (Labor MIM Budapest, 
Hungary) to about 50 cm3. 

1.3.1.2. Pre-purification by liquid-liquid extraction — The methanol 
containing zearalenone solution was defatted by adding 45 cm3 distilled water 
and shaking in a separatory funnel three times with 40 cm3 petroleum ether. 
Purification was continued by liquid-liquid extraction according to M I R O C H A 

(1974): the pH of the aqueous methanol solution was set at pH = 13 with 
NaOH and extracted with 3 x 5 0 cm3 chloroform in a separating funnel. 
After separating the phases the pH of the aqueous methanol solution was 
set at 9.5. The zearalenone was gained by shaking in a separatory funnel with 
3 x 3 0 cm3 chloroform. The extract was evaporated and using 0.5 cm3 chloro-
form applied to the chromatography column. 

1.3.1.3. Pre-purification on a Silica gel chromatography column — Puri-
fication was continued on a glass column of 200 mm length and 10 mm inner 
diameter. The column was provided with a tap and filled with Silica gel. 
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Contaminating substances were eluted first with 150 cm3 petroleum 
ether, then with 150 cm3 benzene. The zearalenone and the components eluted 
with it were eluted from the column with 90 cm3 toluene-acetone (95 : 5) 
mixture. The toluene-acetone solvent was evaporated under vacuum and the 
residue applied to thin-layer chromatography. 

1.3.1.4. Tliin-layer chromatography — To determine the toxin Kieselgel 
60 f -254 (Merck, FRG) layer was used. 

Two-dimension running was applied the first solvent being petroleum 
ether-ether (1 : 1), the second chloroform-ethanol (95 : 5). 

Zearalenone was identified by the following method, well known in 
related literature: 

— In ultraviolet light zearalenone exhibits at 254 nm greenish-blue 
fluorescence, at 3 6 6 nm faint blue fluorescence ( M I R O C H A & C H R I S T E N S E N , 

1974). 
— The thin-layer, when sprayed with 2°/0 4-methoxybenzenediazonium 

fluoro borate solution, shows, after about 5 min, A reddish spot (SAKUDI, 1974). 

2. Results and discussion 

2.1. Isolates from ground paprika 

The isolates from mouldy ground paprika and identified are listed in 
Table 1. 

Three species of mould-producing fungi dominated the samples: Alternaria 
alternata, Fusarium equiseti and Penicillium cyclopium. These three species 
formed about the half of the total mould fungi. The reason for breeding so 
many cultures was to gain the most complete possible list of species potentially 
present in the samples studied. The species isolated were all potentially toxi-
genic, some perhaps human pathogens. 

2.2. ТЫп-layer-chromatographic method for the determination of F-2 toxin in 
ground paprika 

Methods described in the literature for the determination of zearalenone 
in cereals or fodder ( M I R O C H A & C H R I S T E N S E N , 1 9 7 4 ) could not be applied to 
ground paprika because at the height corresponding to the retention quotient 
of F-2 toxin (zearalenone) appeared on the thin-layer always an inpurity which 
showed A colour similar to that of zearalenone when sprayed with S A R U D I 

( 1 9 7 4 ) reagent, thus zearalenone could not be evaluated. Only by the purifi-
cation method as described in para. 1 . 3 . 1 . could the chromatogram he made 
sufficiently pure and an evaluable spot obtained. 
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Table 1 

Cultures isolated from mouldy ground paprika 

Number of isolates 

Alternaria alternata 28 
Aspergillus elegáns 1 
Aspergillus flavus 1 
Aspergillus versicolor 1 
Botrytis cinerea 1 
Chaetomium sp. 1 
Cladosporium cladosporioides 5 
Cladosporium sp. 1 
Fusarium dimerum 1 
Fusarium equiseti 39 
Fusarium hiterosporum 1 
Fusarium oxysporum 11 
Fusarium semitectum 6 
Fusarium semitectum var. mains 1 
Fusarium solani 2 
Fusarium sporotrichioides 1 
Penicillium brevi-compactum 13 
Penicillium corylophilum 1 
Penicillium cyclopium 51 
Penicillium lanosum 2 
Penicillium martensii 1 
Penicillium piscarium 5 
Phomopsis sp. 4 
Scopulariopsis brevicaulis 3 
Scopulariopsis Candida 1 
Scopulariopsis sp. 1 
Stemphylium botryosum 2 
Trichoderma koningii 1 
Trichoderma pseudokoningii 1 
Trichoderma roseum 1 

Table 2 shows the sensitivity of the method (limit of detectability: /ig per 
spot) in a standard toxin solution or upon adding the standard solution to 20 pi 
extract. 

In Table 3 the percentages of recovery of the zearalenone quantities 
injected into the samples in the course of the model experiments are summa-
rized. 

Detection of zearalenone by thin-layer chromatography is shown in 
Fig. 1. 

2.3. Toxin production by certain mould strains under laboratory conditions on 
ground paprika and on paprika during storage between harvest and pro-
cessing 

The growth and zearalenone production by mould-producing fungi 
described in para. 1.2.2. were studied under laboratory conditions on ground 
paprika and on paprika stored between harvest and processing. Ground paprika 
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Table 2 

Sensitivity of the F-2 toxin determination method 
in a standard solution and upon adding the standard solution to 20 fd extract 

Quantity of standard 
Identification Standard solution toxin added to 20 ßl 
of toxin F-2 Org) paprika extract 

Org) 

254 n m U V 0.05 0.06 
Using Sarudi reagent 0.02 0.03 

(limit of detectability: fig per spot) 

Table 3 

Percentage recovery of zearalenone in model experiments ivith ground paprika 

Added F-2 toxin Recovery 
Org kg" 1 ) (%) ± s 

50 6 0 ± 5 . 1 4 
100 73±4.3 4 

200 8 1 ± 6 . 1 4 

0.2 p g 

Z e a r a l e n o n e 

23. P a p r i k a 0 . 2 p g Z e a r a l e n o n e 

Fig. 1. Schematie diagram of the separation of zearalenone on a thin-layer c h r o m a t o g r a m 

4 Acta Alimentaria 17, 1988 



3 1 6 SAWINSKY et a l . : P R O P A G A T I O N O F F U S A R I U M S T R A I N S 

proved to be an excellent substrate for the growth of all the strains examined 
and for zearalenone production by some of the strains. The growth of moulds 
was extremely intense both on ground paprika under laboratory conditions and 
on paprika stored between harvest and processing. 

In contrast to the abundant mycelium production of all the fungal 
strains studied, however, there was a great difference in their zearalenone 
production. This observation is in accord with data in related literature and 
earlier experiences of the authors of toxin formation on different cereals 
( H A L Á S Z et al., 1 9 8 6 ) inasmuch as toxin production is a characteristic not 
only of the species hut of the strain, too. Results are summarized in Table 4. 

Table 4 

F-2 toxin production of certain mould strains on ground paprika under laboratory 
conditions and on paprika freshly harvested and stored for 4—8 weeks 

Zearalenone production ( / igkg - *) 

Mould strains J , Sweet and hot 
Under laboratory paprika in 

conditions storage af te r 
harvest 

Fusarium graminearum (22-39) 0 0 
Fusarium tricinctum (22-234) 0 0 
Fusarium roseum (sp 908) 60 0 
Fusarium culmorum (sp 940) 0 0 
Fusarium culmorum (sp 976) 0 0 
Fusarium graminearum (sp 949) 0 0 
Fusarium graminearum (sp 977) 0 0 
Fusarium semitectum <P2) 2 000 0 
Fusarium semitectum (P3) io 000 1000 

Fusarium oxysporum (P4) 100 0 
Fusarium equiseti (P.) 400 0 
Fusarium semitectum (P.) 800 0 

A highly significant (10 000 pg kg - 1 ) zearalenone production was obtained 
upon culturing Fusarium semitectum strain marked P3, isolated from ground 
paprika under laboratory conditions. The same strain produced, at 14 °C 
average temperature both on sweet and hot paprika after 30 days storage, 
only 1 000 pg k g - 1 zearalenone. 

The other fungal strains isolated from ground paprika produced zeara-
lenone, too, under laboratory conditions, however, their production was lower 
than that of Fusarium semitectum P3. The same strain when cultured at 14 °C 
temperature for 8 weeks did not produce toxin at all. 
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Of the strains obtained from the stock collection and known to produce 
toxin, only a single one, Fusarium roseum produced zearalenone when grown on 
ground paprika substrate under laboratory conditions. 

Our results show that ground paprika is not so good as substrate for 
zearalenon production of fungi in comparison to rice or corn ( B A D E W E Y et al., 
1987). However, even in this case at longer storage time the development of 
moulds should be prevented. 

2.4. Determination of the zearalenone content of ground paprika from Kalocsa, 
randomly purchased on the retail market and of spontaneously moulded 
ground paprika 

The method as described in para. 2.2. was used to determine the zeara-
lenone content of 20 ground paprika samples randomly purchased on the 
retail market and of 4 samples of spontaneously moulded ground paprika. 
Neither of the samples contained zearalenone. 
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T h r e e high performance size exclusion chromatographic ( H P S E C ) s y s t e m s 
h a v e been developed for investigating c h a n g e s in the composition of w h e a t starch. 
T h e preparation of starch solutions w a s found to be a n important factor in ob-
taining reproducible c h r o m a t o g r a m s of high molecular weight starches. In the 
best technique developed, dimethyl sulphoxide ( D M S O ) solutions of r a w a n d 
processed starch extruded iu a single screw extruder h a v e been analyzed o n 
styrene-divinylbenzene p a c k e d c o l u m n s operated at 80 °C with D M S O as the 
eluant. C h a n g e s in the molecular size distributions of amylopectin w e r e evident 
in the c h r o m a t o g r a m s of processed starch a n d the m a g n i t u d e of the changes w a s 
related to the severity of the processing conditions. In the absence of sufficient 
high molecular weight reference materials, ratios of areas u n d e r the c h r o m a t o -
graphic p e a k s were used to express quantitative changes in the molecular size 
distributions. 

K e y w o r d s : molecular weight distribution, H P S E C m e t h o d , starch 

In studies of the extrusion cooking of starches, attempts have been 
made to clarify the modifications on a molecular level which occurred during 
extrusion. By means of gel permeation chromatography and intrinsic viscosity, 
several researchers have demonstrated that starch polymers were degraded 
during extrusion processing ( M E R C I E R & F E I L L E T , 1975; C O L O N N A & M E R C I E R , 

1983; C O L O N N A et al., 1984; D A V I D S O N et al., 1984a; D A V I D S O N et al., 1984b; 
D I O S A D Y et al., 1985). Although gel permeation chromatography is widely 
used in the determination of molecular weight distribution, it is a very tedious 
analysis. This method has limited accuracy, since there are no analytical 
standards available in the molecular weight range of the largest amylopectin 
molecules. The intrinsic viscosity is a relatively simple method correlating 
well with the average molecular weight of linear polymers. However, starch 
contains both linear molecules of amylose and branched molecules of amylo-
pectin, and thus the average molecular weights obtained by this method contain 

• Visiting Scientist from Sichuan Institute of Technology, C h e n g d u , Sichuan, C h i n a 
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large uncertainties. This method gives no indication of the molecular weight 
distribution within the sample. In order to develop an understanding of the 
mechanism of extrusion cooking of starches, a technique which quickly yields 
more detailed quantitative data on starch degradation is desirable. 

High performance liquid chromatography (HPLC) has been recognized 
as a rapid, accurate technique for the analysis of simple and complex organic 
components. A number of researchers have been developing high performance 
size exclusion chromatography (HPSEC) for the analysis of starches and related 
polysaccharides ( M E U S E R et al., 1 9 7 9 ; S T O N E & K R A S O W S K I , 1 9 8 1 ; K R O G E R & 

M A R C H Y L O , 1 9 8 2 ; HIZTTRUKI & T A K A G I , 1 9 8 4 ; S A L E M I S & R I N A U D O , 1 9 8 4 ; 

K O B A Y A S H I et al., 1 9 8 5 ; PRAZiKet al., 1 9 8 6 ; C H U A N G & S Y D O R , 1 9 8 7 ) . However, 
its application to the analysis of starches has not been exploited fully, partly 
because HPLC column packings suitable for size exclusion of very large 
molecules have not been stable in the presence of the usual solvents for 
starches. 

K O B A Y A S H I and co-workers (1985) published an HPSEC technique for 
the determination of amylose and amylopectin in starch samples. They used 
two Water's p-Bondagel columns (E-linear and E-100) in series with dimethyl 
sulfoxide (DMSO) as the mobile phase. Although the manufacturer does not 
recommend the use of DMSO with these columns, no deterioration in column 
performance was reported. The same method was used by P A T O N (1985). 
The resolution of starch components was poor. M E U S E R and co-workers (1979) 
used a combination of columns packed with porous glass beads, using DMSO 
as the mobile phase, to study the changes in molecular weight distributions in 
native and modified corn starch. However, the amylopectin fractions were 
eluted in the exclusion volume of the column combination, and the time re-
quired to obtain a chromatogram of the degraded product was about 270 min 
at an eluant flow rate of 0.15 cm3 min - 1 . S T O N E and K R A S O W S K I (1981) utilized 
HPSEC to compare molecular weight distributions of oxidized and hydroxy-
ethylated corn starches using a three column set packed with Synchropak 
GPC with DMSO as mobile phase. H I Z U R U K I and T A K A G I (1984) used three 
sequentially linked columns of TSK-GEL with 50 mol l - 1 sodium phosphate 
buffer (pH 6.1) as eluant to estimate the distribution of molecular weights for 
amylose. Recently, C H U A N G and S Y D O R (1987) reported a result of three types 
of columns (p-Bondagel, Aquapore and p-Styragel) with mobile phase of DMSO 
containing 0.03 mol l - 1 sodium nitrate for the characterization of starch 
samples. However, there have been no reports of studies of changes in molecular 
weight distributions of wheat starch as a result of extrusion cooking when 
HPSEC has been used. This paper describes the development of a rapid, 
quantitative HPSEC method to characterize the structural changes in starch 
molecules. 
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1. Materials and methods 

Fractionated potato starch amylose and amylopectin were obtained 
from BDH Chemicals (Toronto). Native wheat starch was donated by Industrial 
Grain Products Ltd. (Montreal). Three extruded wheat starch samples were 
prepared under different extrusion conditions (Table 1) in a 19 mm internal 
diameter, single screw extruder at the Food Research Centre of Agriculture 
Canada in Ottawa. High purity glass distilled DMSO was purchased from 

Table 1 

Extrusion conditions used in preparing wheat starch samples 

Extruded samples 
number 

Temperature 
(°C) Moisture content Screw speed 

(r.p.m.) 

1 149 2 0 5 0 
2 149 2 5 5 0 
3 177 2 5 5 0 

Caledon Laboratories Ltd. (Georgetown, Ontario). A phosphate buffer (pH = 7.2) 
was prepared by combining of 0.2 mol l - 1 monobasic sodium phosphate 
(NaH 2 P0 4 ) and 0.2 mol l - 1 dibasic sodium phosphate (Na2HP04) , to which 
0.02% Na3N was added to prevent any microbial growth. 

HPSEC analyses were carried out using a Hewlett-Packard Model 1090 
instrument equipped with a Model 1037A refractive index (RI) detector. 
The column compartment and the detector were individually temperature 
controlled. The RI detector response was fed to an HP 3392 integrator and an 
HP 85B computer, which was equipped with HP 1090 GPC SYSTEM software 
for data handling. The whole system with the exception of the detector was 
controlled by the H P 85B computer. During analysis, the eluant was being 
continually degassed with helium. 

Water soluble samples were prepared by using the method described by 
D A V I D S O N and co-workers (1984a). The starch samples (100-150 mg) were 
first dissolved in D M S O and heated to 60-70 ° C for approximately one-half 
hour. Ethanol (75%) was added to form an amorphous precipitate which was 
recovered by centrifugation. The dissolution and precipitation procedure was 
repeated at least three times. The final precipitate was washed with ethanol 
(75%) to remove any trace of D M S O ; 30 cm3 of distilled water were added and the 
dispersion was agitated for 5 min to form a solution. If any solid particles 
remained in suspension, the sample was discarded and the solubilization 
procedure was repeated. 

The preparation of DMSO solutions of native and extruded wheat 
starch samples proved to be a very important part of the analysis. Starch 
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dissolved slowly in DMSO at room temperature. After 2h at 70 °C, 0.02% w/v 
solutions appeared to be clear, however the analyses indicated that only a 
small fraction of the very high molecular weight components were actually 
dissolved. It was necessary to keep a sample solution at 80 °C for about 3 days 
before reproducible chromatograms were obtained. 

Columns, eluant and operating conditions were varied for each case as 
described later in the results section. 

2. Results and discussion 

Several HPSEC column and eluant systems were tested that gave useful 
information on molecular weight distributions of starch polymers. Unfortu-
nately, not all of these systems were suitable for reproducible quantitative 
analysis. 

Two p-Bondagel columns, E-high and E-500, 3.7 mm i. d. x 30 cm, 
purchased from Jordi Associates, Inc. Millis (Massachusetts), were connected 
in series. The columns were operated at 40 °C, using phosphate buffer (pH 7.2) 
as the eluant with a flow rate = 0.5 cm3 min - 1 . The samples were dissolved in 
water as described above. The separation of the components of potato starch is 
shown in Fig. 1. The peaks of the amylopectin (Ap peak) and the amylose 
(As peak) were broad and overlapped. Despite the manufacturer's specifi-
cations, the columns proved to be unstable at pH values between 7.0 and 7.5. 

Styrene -divinylbenzene packing is made by cross-linking styrene with 
divinylbenze to form small rigid gel particles with carefully controlled pore sizes. 
Unfortunately, the most widely used solvent for starches, DMSO, is thought to 
be incompatible with styrene-divinylbenzene according to the manufacturers. 
DMSO itself is a very viscous solvent that requires elevated temperatures to 
improve mass transfer and maintain low back pressure in the Chromatograph. 
In the absence of a more suitable solvent, however, we decided to investigate 
the actual compatibility of DMSO with this packing. 

Originally, a styrene-divinylbenzene column with a mixed porosity 
range of 103 to 106 Á, purchased from Jordi Associates, Inc. Millis, Massachu-
setts, was operated at 80 °C with an eluant (DMS0-H 2 0 , 75 : 25) flow rate of 
3.0 cm3 min - 1 . The RI detector temperature was kept at the recommended 
maximum temperature of 50 °C. Considerable baseline drift was observed even 
after one day's operation. To obtain a stable baseline, low detector sensitivity 
(attenuation 5) and high sample concentrations were used. Samples were 
dissolved in DMSO. Potato starch fractions injected as 200 pi of 0.5 (w/v) 
solutions were better separated (Fig. 2) than on the p-Bondagel columns. 
Unfortunately, the column packing was also extremely short lived in this 
solvent. 
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2 b 6 8 10 12 14 16 

Retention time (mri) 

Fig. 1. H P S E C of p o t a t o starch fractions o n p - B o n d a g e l c o l u m n s . : A m y l o -
pectin fraction ( A p ) ; : A m y l o s e fraction ( A s ) 

10 15 20 25 

Retent ion t ime(min) 

Fig. 2. H P S E C of p o t a t o starch fractions o n styrene-divinylbenzene c o l u m n (Jordi 
A s s o c . Inc.). A p = amylopectin; As = a m y l o s e 
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Other styrene-divinylbenzene columns, PL gel 10е A, 105 A and 104 A 
were purchased from Polymer Laboratories, Amherst, Massachusetts. Accord-
ing to the manufacturer these were compatible with DMSO. The column 
specifications were as follows: 

Length 30 cm 
Diameter (i. d.) 0.75 cm 
Frit size 5 pm 
Particle size 10 pm 

These columns were connected in series along with a PL gel guard pre-
column. Pure DMSO was used as the sample solvent and eluant. The tempera-
tures of the columns and the detector were 80 °C and 50 °C, respectively. 
Mobile phase flow rate, sample concentration and injection volume were 
optimized. A flow rate of 0.4 cm3 min - 1 , a sample concentration of 0.02% 
(w/v) and an injection volume of 100 pi gave the best separation. 

The problem of base line stability was overcome by housing the RI 
detector in an insulated box and insulating the line connecting the columns 
to the detector to minimize heat losses. With this arrangement, a stable baseline 
could he obtained at the high detector sensitivity required. The scaling of the 
detector was 40 mV = 10 - 5 R I U . The detector was connected to the integrator, 
which had a full-scale deflection of 2mV. At this high sensitivity, a stable 
baseline could be obtained after one day of operation. 

Figure 3 shows the chromatograms of potato starch fractions on a column 
set of 106 A and 104 A. As shown, the chromatographic profile of the amylose 
fraction contained three peaks: Ap (amylopectin), As (amylose) and Ax (an 
undefined component of intermediate molecular weight). The profile of the 
amylopectin fraction also contained a smaller Ax peak. As can be seen from 
Figs. 1-3, the P L gel columns had the best separation capacity for starch 
components. In addition, P L gel columns displayed excellent stability in D M S O 

even after 2 years of intermittent operation and storage, and therefore they 
seem to be well suited for H P S E C analysis of starches using D M S O as eluant. 

For the analysis of starch degradation during extrusion, the columns 
selected should have a high separation efficiency in the high molecular weight 
range because amylopectin is degraded preferentially during starch processing 
( D A V I D S O N et al., 1984a). The combination of a 106 A and a 105 A column was 
therefore selected for this work. 

As stated earlier in the Materials and methods section, the preparation of 
DMSO solutions of starch required about 3 days. The sample solution was too 
viscous to filter through a 0.5 pm-filter which is normally used in sample 
preparation. Clean sample solutions were injected without filtering, since the 
pre-column acted as a filter. In samples which had been heated for less than 
3 days the chromatograms thus obtained did not correctly estimate the concen-
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Fig. 3. H P S E C of potato starch fraction on P L g e l 10s Á and 104 Á columns. : 
Amylopectin fraction; : A m y l o s e fraction; Ax: undefined c o m p o n e n t of 

intermediate molecular weight 

tration of high molecular weight components, of the original samples as these 
were removed by the pre-column. Figure 4 shows typical changes in the chro-
matographic profiles of an incompletely dissolved native wheat starch sample. 
This sample was heated at 70 °C for 2 h, and then it was injected after standing 
at room temperature for different times (Tr). After heating at 70 °C for 2 h, 
the sample continued to be dissolved at room temperature and the chroma-
tographic profiles depended very strongly on the dissolution time. The amylo-
pectin peak increased with Tr. In our experiments, it was found that after 
being heated at 80 °C for 72 h, samples seemed to be completely dissolved in 
DMSO, resulting in reproducible chromatograms. Higher temperatures 
degraded the starch polymers in DMSO, as shown in Fig. 5. 

The combination of 106 Á and 105 A columns yielded useful separations 
of the components of our processed samples. Figure 6 shows the chromato-
graphic profiles of unprocessed and processed wheat starch samples. The Ap 
peaks of processed samples had different heights, shapes and retention times 
than the unprocessed samples. For all processed samples, the heights of the 
Ap peaks were lower than in the unprocessed samples, reflecting a decrease of 
the fraction of the largest molecular size component of the processed samples. 
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Retention time (min) 

Fig. 4. Effect of dissolution time o n H P S E C chromatograms. P L gel 106 A and 104 Á 
columns. T h e unprocessed sample w a s heated at 70 °C for 2 hours in D M S O a n d then 

allowed to stand at r o o m temperature for T rhours. 

This result was also in good agreement with that obtained from gel permeation 
chromatograms (Figs. 6 , 7 ; A T H A N A S S O U L I A S , 1 9 8 6 ) . Another feature not 
apparent in GPC chromatograms was the shift of the Ap peak of the processed 
sample when compared with raw starch. The Ap peaks of all processed samples 
were shifted toward the lower molecular weight range and were broadened, 
indicating a reduction in molecular size and changes in the molecular size 
distributions within the amvlopectin component. 

The HPSEC chromatograms contain much quantitative information, 
however the results would be more useful if standards were available for very 
high molecular weights. As it is, the changes of the molecular weight distri-
bution could be described only in terms of peak area ratios. Peak areas were 
calculated for area slices in the chromatograms using the GPC software. 
Table 2 lists the area percentages of 3 minute area slices for triplicate injections. 
The result suggests that the analysis is reproducible. For the analysis of starch 
degradation, the peak area ratios should be measured in such a way as to 
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Retention time (mini 

Fig. 5. Effect of high dissolution temperature on H P S E C chromatograms. P L gel 10я Á 
a n d 104 Á columns. T h e unprocessed sample in D M S O w a s heated: A : at 80 °C for 

72 hours; B : at 150 °C for 2 hours; C: at 150 °C for 10 hours 

reflect the two kinds of changes: the reduction of the fraction of the amylo-
pectin in the processed sample, and the changes of molecular weight distribution 
within the amylopectin component. For example, as shown in Fig. 6, the total 
sample peak area, designated by St, was measured from retention time t = 15 min 
(arrow A) to t = 45 min (arrow D). The area of the Ap peak, designated 
by SAp, was measured from t = 15 min to t = 24 min (arrow C), which lay 
between the Ap and the Ax peaks. Arrow В divided SAp into two parts: 
SApi and $Apii, in order to describe the changes in molecular weight distri-
bution within the amylopectin component. In this analysis, the position of 
В (t = 20 min) was chosen so that the SApi of the unprocessed sample could 
not contain the trailing part of the peak Ap. The relative changes in SApi and 
SAp\I correlate with the changes of size distributions within the amylopectin 
component. The peak area ratios SA p/S t , SApi/S t and SA pu/S t were measured and 
calculated directly by the GPC software. Table 3 lists the average data obtained 
from the triplicate injections of the unprocessed and the processed samples. 
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Fig. 6. H P S E C of w h e a t starch samples on P L gel 10® A and 106 Á columns. • : un-
processed sample; о : processed s a m p l e 1; д : processed sample 2; x : processed sample 3. 

See Table 1 for processing conditions 

Table 2 

Values of peak area slices of triplicate analysis of sample 1 

Retention time (min) 

1 6 - 1 8 1 8 - 2 1 2 1 - 2 4 2 4 - 2 7 2 7 - 3 0 

R u n 1 12.344 35.903 10.929 6.600 6.340 
R u n 2 12.792 38.066 10.616 6.334 5.502 
R u n 3 12.395 39.205 10.763 6.396 5.485 

Average 12.510 37.724 10.769 6.443 5.776 

Std. deviation 0.200 1.369 0.128 0.113 0.399 

Retention time (min) 

3 0 - 3 3 3 3 - 3 6 3 6 - 3 9 3 9 - 4 2 4 2 - 4 5 

R u n 1 6.938 8.073 5.503 4.795 2.575 
R u n 2 6.282 7.584 5.328 4.966 2.530 
R u n 3 6.168 7.721 5.168 4.471 2.230 

Average 6.463 7.793 5.333 4.744 2.445 

Std. deviation 0.339 0.205 0.137 0.205 0.153 

Peak area ( % ) = J^"** • X 1 0 0 % 
Z Area 
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Fig. 7. Biogel — А 150 c h r o m a t o g r a m s of w h e a t starch samples (Ä T H A N A S S O U L I A S , 
1986). •: unprocessed sample; O : processed sample 1; д : processed sample 2; X : 

processed sample 3. See Table 1 for processed conditions 
К Л - U - ^ o 

Vt-K ' 
w h e r e V e = actual elutions volume; V 0 = elution v o l u m e of a n excluded substance 

(void volume); a n d F t = total v o l u m e of gel bed 

To characterize the extent of the degradation of the amylopectin, two param-
eters were introduced: 

тт. _ (^Ap/St) of processed sample 
1' A p — 

(SAp/S t) of unprocessed sample 

D A P = 
(SApII/S t) of processed sample 

(SApII/S t) of unprocessed sample 

F A p denoted the fraction of large molecular weight material remaining in a 
processed sample, while D A p denoted the increase in the proportion of the 
smaller size molecules in the amylopectin component. Together, the two 
parameters described the change in the size distribution in the sample. From 
the results (Table 3), it can be seen that the decrease of the FA p and the increase 
of D A p depended on processing conditions, and D A p was more sensitive to 
processing conditions. By using the individual area slices more data may be 
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obtained that will be useful in developing a quantitative, molecular level 
model for the extrusion cooking of starch. 

The key characteristics of the columns used in this work are summarized 
in Table 4. 

Table 3 

Values of peak area ratios of the unprocessed and the processed samples 

Sample «Ар/«» «Ap/«t «Apll/St ^Ap 

Native 
starch 0 . 6 9 6 6 0 . 5 8 0 2 0 . 1 1 6 4 

1 0 . 6 2 9 8 0 . 4 4 0 6 0 . 1 8 9 2 0 . 9 0 4 1 1 . 6 2 5 

2 0 . 5 9 8 1 0 . 3 9 0 4 0 . 2 0 7 7 0 . 8 5 9 6 1 . 7 8 4 

3 0 . 5 8 6 0 0 . 3 4 8 4 0 . 2 3 7 6 0 . 8 4 1 2 2 . 0 4 1 

SAp/St is the chromatographic area ratio of amylopectin peak (between arrow A and 
В in Fig. 6) to total sample (between arrows A and D in Fig. 6) 
is the chromatographic area ratio of the first part of amylopectin peak (between 
arrows A and В in Fig. 6) to total sample 

^Apll/^t 38 chromatographic area ratio of the second part of amylopectin peak (between 
arrows В and С in Fig. 6) to total sample 

p (^Ap/^t) processed sample 
Af> (>S'Ap/<St) of unprocessed sample 

£) ( S A p l l / S t ) o f processed sample 
A P (<SAp I |/iSt) of unprocessed sample 

Table 4 

Column characteristics 

Name of column 
ju-Bondagel 

(Jordi Assoc.) 
Styrene divinylbenzene 

(Jordi Assoc.) 
PL gel 

(Polymer Lab.) 

Packing material silica-based styrene divinylbenzene styrene divinylbenzene 

T y p e of solvent phosphate buffer 
(pH 7.2) 

D M S O / H 2 O 
(72/25) 

D M S O 

Stability of 
packing in solvent 

short term short term long term 

C o l u m n 
arrangement 

E-high + E-500 Single mixed 
(103 А — 10е A ) 

10« A + 10" Á 106 A + 10s A 

Analysis time 
(min) 17 25 45 

Separation 
efficiency 

Ap and As peaks 
overlapped 

Good separation for Ap 
and As components 

excellent separation for Ap 
and As components, 
with 106 + 105 Á provid-
ing more detail in the Ap 
component 

Ap = amylopectin, As - amylose 
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3. Conclusions 

A High Performance Size Exclusion chromatographic (HPSEC) technique 
has been developed for the determination of molecular size distribution of 
starches. The combination of PL gel 10е Á and 10s Á columns using DMSO as 
the mobile phase and as the solvent for the samples was found to be the most 
effective system for high resolution and reproducibility. The columns remained 
stable for at least one year. 

Sample preparation was critical in obtaining reproducibility. Starch 
samples have to be maintained in DMSO at 80 °C for 3 days to ensure complete 
dissolution, without thermal breakdown of the higher molecular weight 
components. 

The system was useful in the quantitative description of changes during 
extrusion-cooking of wheat starch. Although the lack of very high molecular 
weight standards prevented the calibration of the technique for accurate 
molecular weight determination, reproducible quantitative information was 
obtained, which may be correlated with molecular size. 

The HPSEC technique was found to be much more rapid than the stan-
dard GPC analysis, and gave more detailed, reproducible results. It could be a 
useful technique in characterizing the extrusion cooking process. 
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OF LIPOXYGENASE FROM GERMINATED TOMATO SEEDS 
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Lipoxygenase w a s extracted from germinated t o m a t o seeds with several 
m e d i a and w a s partially purified using t w o S e p h a d e x gel filtration columns. 
Addition of Triton X - 1 0 0 at 0 . 5 % to the extracting buffer solution caused an 
increase of 8 9 2 % in the total e n z y m e yield. Fractionation of seed extract proteins 
b y Sepluidex gel filtration resulted in 14.1fold purification. T h e purified e n z y m e 
s h o w e d an o p t i m u m p H of 6.5 and a K m value of 0.6 X 10 —5 m o l l _ l w h e n linoleic 
acid w a s used as the substrate. Chlorophyll and carotenoid bleaching activity 
of lipoxygenase w a s measured b y a high-performance liquid-chromatographic 
m e t h o d which revealed that different pigments differ in their sensitivity to lipoxy-
genase-catalyzed linoleic acid oxidation. 

Keywords: enzymes, lipoxygenase, tomato 

The seeds of tomato fruits are important by-products of tomato pro-
cessing. Their oil and protein content makes them useful and serviceable for 
human and animal nutrition. Unsaturated fatty acids, such as linoleic and 
linolenic acids were found to be abundant in the oil of tomato seeds (SZÁNTÓ-

N É M E T H , 1980). The same author reported considerable amounts of y-tocopherol 
in the extracted oil of these seeds. Therefore they had been added to some 
fatty foods to reduce autooxidation of unsaturated fat ty acids which is con-
sidered as the major contributor to off-flavor in many foods. 

Lipoxygenase ( E C 1 . 1 3 . 1 1 . 1 2 ) which catalyzes the oxidation of unsatu-
rated fatty acids containing 1,4-pentadiene systems, has been demonstrated to 
play an important role in the physiology of plants and to contribute to the 
breakdown of many plant products during processing and storage (ESKIN et al., 
1 9 7 7 ; V I C K & Z I M M E R M A N , 1 9 8 7 ; K E R M A S H A & M E T C H E , 1 9 8 7 ) . In spite of the 
great number of papers on lipoxygenase of plant seeds, the activity of this 
enzyme in some vegetable and fruit seeds has not been estimated because of 
some serious difficulties such as insolubility of enzyme protein, its membrane-
bound nature, presence of effective antioxidants in the extracts and insufficient 
sensitivity of the method of assay. 

Germination of plant seeds always activates some enzyme to a high level 
so that the determination of enzyme activity becomes possible even though 
disturbing factors are present in the enzyme preparations. The purpose of this 
work was to isolate and purify lipoxygenase from germinated tomato seeds 
and to study some of its enzymatic properties. 

5 Akadémiai Kiadó, Budapest 
Kluwer Academic Publishers, Dordrecht 
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1. Materials and methods 

1.1. Materials 

The seeds of Lycopersicon esculentum var. Ventura were obtained from 
the University of Horticulture and Food Industry (Budapest), Sephadex 
G-60 and G-150 were from Pharmacia Fine Chemical Co. (Uppsala, Sweden). 
Linoleic acid and Tween-20 were obtained from Sigma. Other chemicals used in 
this work were from Reanal, Budapest. Redistilled water was used in the prepa-
ration of the different solutions. 

1.2. Methods 

1.2.1. Seed germination. Two grams of tomato seeds were spread on a 
moist filter paper placed in a Petri-dish and allowed to germinate at 30 °C for 
48 h. The germinated seeds were kept at —20 °C when not in use. 

1.2.2. Enzyme extraction. Three grams of germinated seeds were disinte-
grated in a mortar with quartz sand and homogenized with 30 cm3 of the 
extracting medium. The initial homogenate was strained through a double 
layer cheese cloth and centrifuged at 15 ООО X G for 20 min at 0 °C in a Beckman 
(USA) type JA-20 refrigerated centrifuge. The supernatant was carefully 
removed with a syringe to avoid remixing of the lipid pad. This preparation 
was the crude extract of seed lipoxygenase. 

1.2.3. Partial purification. Fractionation of the crude extracted proteins 
was tried by using two different methods: 

— The enzyme protein was salted out by adding ammonium sulphate, 
at increasing concentrations, to the crude extract at 0 °C with continuous 
stirring of the precipitate obtained after centrifugation. After each step of 
fractionation the precipitated protein was redissolved in a minimum volume of 
0.1 mol l" 1 Tris-HCl buffer, p H = 7, containing 0.25% Triton X-100. The 
different fractions were examined for protein concentration and enzyme 
activity. 

— Sephadex G-50 and G-150 were also applied to purify the enzyme. 
The crude extract was first fractionated on a Sephadex G-50 column (2 x 40 cm). 
The active fractions were pooled and further purified on a Sephadex G-150 
column of similar dimensions. The fractions containing the highest activity 
were collected and stored at —20°C in small vials when not in use. The param-
eters of chromatographic separation are given in Table I. Preparation and 
packing of the columns were carried out according to the instructions of Phar-
macia Fine Chemical Co. (Uppsala, Sweden). 

1.2.4. Enzyme assay. Linoleic acid substrate was prepared, by the proce-
dure previously described (DAOOD & BIACS, 1988). 
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The spectrophotometric assay was carried out in the spectrophotometer 
cell: 0.05 cm3 of linoleic acid substrate was mixed with 2.9 cm3 of 0.1 mol l - 1 

phosphate buffer, pH 6.5, in the cuvette and the mixture was then vigorously 
shaken. The reaction was initiated by adding 0.05 cm3 of the enzyme prepara-
tion and the increase in absorbance at 234 nm was measured on a Specord 
M-40 (Carl Zeiss, Jena) spectrophotometer. One unit is defined as the amount of 
enzyme which causes an increase of 0.01 in absorbance per minute at 234 nm. 

Table 1 

Chromatographic parameters of gel filtration on Sephadex 0-50 and G-150 columns 
used in partial purification of tomato seed lipoxygenase 

Parameters Sephadex G-50 Sephadex G-150 

Eluent 0.05 mol l"1 T R I S - H C 1 0.05 mol l"1 T R I S - H C 1 
buffer p H 7 buffer p H 7 

Flow rate 1.0 c m 3 m i n - 1 0.5 c m 3 m i n - 1 

Hydrostatic pressure 35 c m 30 c m 
Temperature 4 °C 4 °C 
Injected volume 4-5 c m 3 4—5 c m 3 

V o l u m e of collected fraction 5 c m 3 3 c m 3 

Blank was prepared in the same way, but with heat-inactivated enzyme 
preparation. 

1.2.5. Protein determination. A spectrophotometric method was used for 
purification studies ( W H I T A K E R , 1 9 7 2 ) , applying the following formula: 

mg protein per cm3 = 1.55 A 2 8 0 n m - 0.75 A 2 e o n m 

Absorbance was read against a blank. This consisted of 0.1 mol 1 _ 1 TRIS-HC1 
buffer pH 6.5 containing 0.5% Triton X-100. Protein content of the indi-
vidual fractions obtained by gel filtration was estimated at A280 n m only, 
whereas that of crude extract and pooled fractions of gel filtration were 
calculated by the formula. 

1.2.6. Determination of pigment bleaching activity. Pigments of green and 
red tomato fruits, respectively, were extracted and chromatographically 
separated and identified as described previously ( D A O O D e t al., 1 9 8 7 ) . 

HPLC was used to determine the pigment bleaching activity of lipoxy-
genase according to B I A C S and co-workers (1987). The method included solu-
bilization of the extracted pigments in 50 pi linoleic acid and 50 pi Tween-20 
with 3 cm3 of chloroform which then was evaporated under vacuum. The resi-
dues were resuspended in 5 cm3 of 0.1 mol 1 _ 1 phosphate buffer, p H 6.5. 
Bleaching was initiated by adding 1 cm3 of the partially purified enzyme 
extract. Twenty pi of the mixture was withdrawn at 15 min time intervals and 
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injected on a Chromsil-C18 column eluted with acetone-water (9 :1 ) as the 
mobile phase. The decrease in the peak areas of the individual components 
was considered as an index of bleaching activity. 

2. Results and discussion 

2.1. Extraction and partial purification 

The effects of various extracting solutions on the extractahility of 
lipoxygenase from tomato seeds are shown in Table 2. The result showed 
that water and buffer solutions were not sufficient to solubilize and extract the 

Table 2 

Effect of different extracting media on the extractahility of tomato seed lipoxygenase 

Lipoxygenase Yield 
Extracting media activity (о/ \ 

(unit cm-«) v " " 

Redistilled water 56 + 3.5 100 

0.1 mol l-1 T R I S - H C 1 buffer 80±6.8 142 

T R I S - H C 1 buffer + 0 . 5 % Triton 
X-100 500 ± 3 0 892 

T R I S - H C 1 buffer + Triton + 
1 % E D T A 305±15.2 544 

T R I S - H C 1 buffer + Triton + 
1 % ascorbic acid 325±16 580 

The values represent the m e a n of 3-4 replicates ± standard deviation 

enzyme. TRIS-HC1 buffer containing 0.5% Triton X-100 was the best ex-
tracting medium. These results revealed the membrane-bound nature of this 
enzyme and its association with some organelles or macromolecules of the 
seed. This nature was demonstrated for lipoxygenases from different plant 
tissues ( K I M & G R O S C H , 1 9 7 8 ; F E Y S et al., 1 9 8 2 ; K A R & F E I E R A B E N D , 1 9 8 4 ) . 

When ascorbic acid was added to the extracting media, alone or with EDTA as 
reported by B O N N E T and C R O U Z E T ( 1 9 7 7 ) and C A Y R E L and co-workers ( 1 9 8 3 ) 

to protect the enzyme protein against oxidizing factors, partial inhibition 
was observed. 

Ammonium sulphate fractionation was applied as a primary step to 
concentrate the enzyme in the purification procedure. Uneven and unrepro-
ducible precipitation of the enzyme protein was obtained with a high loss in 
overall activity. This problem may he the consequence of the precipitation of 
the detergent and/or of its interference with the concentration technique used 
( F E Y S et al., 1 9 8 2 ) . The decrease in enzyme activity was accompanied by 
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marked browning appearing during the fractionation process. This indicates 
that the seeds contain a very active phenolase enzyme which oxidizes the 
phenols present in the extracts of the seeds producing more effective inhibitors. 

Gel filtration was tried as a rapid technique to purify the enzyme and to 
remove polyphenols from the active protein. Figure 1 shows the elution 
pattern of tomato seed proteins fractionated on a Sephadex G-50 column. 

s M 

1-450 

noo 

36 40 

Fract ion No 

Fig. 1. Elution pattern of crude extract on S e p h a d e x G-50 column, о о protein 
concentration; о- - - -o e n z y m e activity. Sample:) 92 m g protein, for conditions see 

Table 1 

It can be seen that the active protein was eluted with the proteins of high 
molecular weight. The active fractions from Sephadex G-50 were pooled and 
further purified on Sephadex G-150; the elution pattern of this fraction can be 
seen in Fig. 2. The enzyme protein eluted with the first fractions indicates 
that the enzyme has a high molecular weight or associates with some macro-
molecules of protein nature. 

Typical results of purification by gel filtration are presented in Table 3. 
It was found that the total activity of the pooled fractions from Sephadex 
G-50 fractionation was higher than that of the crude extract. This increase is 
probably due to the removal of phenolic inhibitors which eluted later from the 
Sephadex columns because of their low molecular weight. A 14.1fold purifica-
tion was achieved using this technique. A 12.5fold purification was reported 
for lipoxygenase from niebe flour purified by a conventional procedure including 
ion-exchange chromatography ( N ' D O Y E et al., 1985), while C A Y R E L and 
co-workers (1983) reported 2.9fold purification using two columns of Sephadex 
to purify grape lipoxygenase. The one-step purification of the crude enzyme 
on Sephadex G-150 resulted in a 7.5fold purification only but the yield was 
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relatively higher than that obtained in the two-step Sephadex gel filtration 
procedure. Because of their high stability, the active fractions obtained from 
two-step gel filtration were pooled and used in the subsequent studies. 

It is important to mention that further purification by advanced methods 
such as DEAE-Cellulose, CM-Cellulose and DEAE-Sephadex G-50 with linear 
gradients of NaCl or (NH 4 ) 2 S0 4 was not successful; troubles occurred during 
removal of the detergent by dialysis and aggregation of proteins on the column 
material. The latter could not be eluted even with a 7 mol l - 1 ammonium 
sulphate solution. 

'5 1 

10 

0 5 : 

1150 

Л Д \ 
\ • 
i \ 

\ \ 50 

UL . 4 

18 30 
Fraction No 

Fig. 2. Elution pattern of active G-50 eluatea o n Sephadex G-150 column, о о 
protein concentration; о- - - -o e n z y m e activity. Sample: 31 m g protein. F o r conditions 

see Table 1 

Table 3 

Partial purification of lipoxygenase from, tomato seeds by Sephadex gel filtration 

Fractions Protein 
(mg cm" ' ) 

Activity 
(unit cm"') 

Specific 
activity 

(unit m g - 1 

protein) 

Total 
activity 

(unit) 
Yield 
(%) 

Purification 
(X) 

Two-step crude 18.4 1600 82 6000 100 1 
Sephadex 

G-50 6.15 1200 195 7200 120 2.4 
Sephadex 

G-150 1.72 370 212 3330 36 14.1 
One-step crude 24 1549 64 7745 100 1 
Sephadex 

G-150 0.9 435 483 4830 62.4 7.5 
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2.2. Enzyme concentration and reaction rate 

At the substrate concentration used the increase in absorbance at 234 nm 
was proportional to time in the first minutes of the reaction. Then a slight 
decrease was observed (Fig. 3). The decrease in the absorbance at the maximum 
wavelength of linoleic acid hydroperoxide (234 nm) might be due also to 
substrate depletion product inhibition or hydroperoxide decomposing factors 
present beside lipoxygenase in the partially purified preparation. Such factors 
were found in many plant tissues and identified as hydroperoxide lyase or 

rsi 
5 0.4 

2 3 4 

Time (mm) 

Fig. 3. Progress curve for the formation of hydroperoxy-linoleic acid b y tomato seed 
lipoxygenase. Substrate concentration: 0.05 X 1 0 - 4 m o l l - 1 

isomerase ( V I C K & Z I M M E R M A N , 1 9 7 6 ; S C H W A R Z & P Y L E R , 1 9 8 4 ; K E R M A S H A & 

M E T C H E , 1 9 8 7 ) . 

A linear relationship between the initial rate of the reaction and the 
enzyme concentration was observed (Fig. 4). A short lag period was noticed 
with the crude extract at the lowest concentration of the enzyme. This dis-
appeared when the enzyme was purified by gel filtration indicating that some 
inhibitors were present in the crude extract. 

2.3. Effect of pH on enzyme activity 

Figure 5 shows the pH-response curve of tomato seed lipoxygenase to be 
similar to those of the enzymes from broad bean ( A L - O B A I D Y & S I D D I Q I , 1 9 8 1 ) , 

apple ( K I M & G R O S C H , 1 9 7 9 ) , sunflower seeds ( L E O N I et al., 1 9 8 5 ) and niebe 
flour ( N ' D O Y E et al., 1 9 8 5 ) . Tomato seed lipoxygenase exhibited a pH optimum 
between 6-6.5 with marked sensitivity to the alkaline values. At pH 8.5 no 
activity was observed ruling out the possibility of hem-catalized oxidation. 
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0.05 0 1 0 15 0 2 0 25 

E n z y m e e x t r a c t (cm 1 ) 

Fig. 4. Effect of e n z y m e concentration o n lipoxygenase-catalyzed linoelic acid oxidation. 
Substrate concentration: 0.1 x l O " 1 m o l l-1; 1: crude, у = 2.3a; — 0.058a-, г = 0.99; 

2: purified, у = 1.4а; -f 0.001, г = 0.99 

рн 

Fig. 5. Effect of p H o n the activity of lipoxygenase f r o m tomato seeds. Substrate con-
centration: 0.05 X 10 ~ 4 m o l 1 _ 1 e n z y m e concentration: 0.1 c m 3 (0.17 m g protein) 

2.4. Effect of substrate concentration 

The activity of the partially purified lipoxygenase was studied at pH 6.5 
with varying concentrations of linoleic acid. The results indicated that tomato 
seed lipoxygenase followed the Michaelis-Menten equation when the reaction 
rate was plotted against linoleic acid concentration (Fig. 6). The apparent K M 

value calculated from the Lineweaver-Burk plot (Fig. 7) was 0.6 X 1 0 - 5 mmol 
1 - 1 . This value is higher than that previously reported for tomato pulp lipoxy-
genase ( D A O O D & B I A C S , 1 9 8 8 ) but much lower than the values 0 . 2 0 mmol 1 _ 1 , 
0.35 mmol 1 _ 1 and 2.8 mmol l - 1 reported for lipoxygenase from pea seed, 
rice bran, some legume seeds, and broad bean, respectively ( R E Y N O L D S & 

K L E I N , 1 9 8 2 ; S H A S T K Y & R A O , 1 9 7 5 ; K L E I N , 1 9 7 6 ; A L - O B A I D Y & S I D D I Q I , 

1 9 8 1 ) . However, this value is very close to the 0 . 6 7 X 1 0 " 5 mol 1 r e p o r t e d for 
sunflower seed lipoxygenase under similar conditions ( L E O N I , 1 9 8 5 ) . 
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Fig. 6. Effect of linoelic acid concentration on the activity of t o m a t o seed lipoxygenase. 
E n z y m e concentration: 0.1 c m 3 (0.17 rag protein) 

Fig. 7. Lineweaver-Burk plot for tomato seed lipoxygenase, у = 0.24x + 3.29, 
r = 0.99 

2.5. Stability of the enzyme preparations 

The crude extract was found to be unstable even at refrigeration tempera-
ture. The loss in enzyme activity could be noticed after few hours when the 
extract was stored at 4 °C. The loss in lipoxygenase activity was accompanied 
by marked browning indicating the presence of a very active polyphenol 
oxidase and its substrates in the crude extract. The inhibitory effects of some 
phenols on lipoxygenase reaction were examined by Y A S U M O T O and co-
workers ( 1 9 7 0 ) . The author found that phenolic antioxidants inhibited soybean 
lipoxygenase either as competitive inhibitors or as irreversible inactivators. 
The stability of the enzyme has substantially increased after purification by 
the gel filtration technique. The enzyme could he stored at refrigeration 
temperature for 3 days without loss in its original activity. The stability of the 
enzyme was found to be similar to thatof L O X - 1 , L O X - 2 and L O X - 3 purified 
from wheat germ by gel filtration ( N I C O L A S et al., 1 9 8 2 ) . 

The partially purified enzyme lost 13.5% of its original activity when 
kept at 60 °C for 5 min, whereas no activity was observed in the preparation 

1/ v 

i6 

10 20 30 40 
1/S (mol xio"4) 
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heated at 80 °C for 2 min. The enzymes from broad bean and tomato fruit 
A C E 55 VF showed similar heat stability ( A L - O B A I D Y & S I D D I Q I , 1981; 
B O N N E T & C R O U Z E T , 1977). Furthermore, the enzyme purified from the pulp of 
the fruit of the same variety exhibited very similar thermal stability (DAOOD & 
BIACS, 1988). 

2.6. Pigment bleaching activity 

The H P L C method used for the determination of chlorophyll and carote-
noid bleaching activity of lipoxygenase had been previously confirmed to be 
more suitable and specific than the spectrophotometric methods (BIACS et al., 
1987). The sensitivy of different pigments to enzymatic degradation could 
simultaneously be estimated. Figure 8 shows HPLC profiles of green tomato 
extract incubated with heat-inactivated and active tomato seed lipoxygenase 
in the presence of linoleic acid as the substrate. It was found that in the presence 
of lipoxygenase and its substrate the polar pigments such as chlorophyll B, 
pheophytin В and lutein were more susceptible to the bleaching action than the 
less polar ones (Fig. 9). Moreover, the chlorophylls of В structure were more 
sensitive than those of A structure to enzymatic oxidation. These findings 
suggest that lipoxygenase takes part in chlorophyll degradation throughout its 
action in cooxidation of these components to unstable intermediates. These 
decompose rapidly to colorless compounds of small molecular weight at the 

2 

Fig. 8. H P L C profile of green tomato extract on Chromsil C-18 column eluted with 
acetone-water (90 : 10) as the mobile phase. incubated with heat-inactivated 
enzyme, incubated with active e n z y m e 1: Zeaxanthine, 2: Lutein, 3: Chlorophyll B, 

4: Pheophytin B , 5: cis-Neurosporene, 
6: Pyropheophytin, A . 7: /S-Carotene 
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20 40 
R e a c t i o n t i m e ( m i n ) 

Fig. 9. Changes in the relative concentrations of the major chlorophylls and carotenoids 
of green tomato fruit in the presence of seed lipoxygenase and linoleic acid. 600 units of 
e n z y m e were used. F o r conditions see text. 1: Oxidation product, 2: ̂ -Carotene, 3: Pyro-

pheophytin, 4: cis-Neurosporene, 5: Chlorophyll B , 6: Lutein, 7: Pheophytin В 

onset of ripening and senescence of some fruits and vegetable. The role of 
lipoxygenase in chlorophyll decolorization has been reported (HSIEH & MC-
D O N A L D , 1 9 8 4 ) but the actual mechanism of this process was questionable yet. 

It is worth mentioning that the bleaching capability of lipoxygenase 
depends not only on the type of the enzyme but also on the type of pigment 
used and/or the conditions under which the method of assay is being carried 
out. E. g. tomato seed lipoxygenase could not oxidize ^-carotene in the presence 
of some chlorophylls of green tomato, but /З-carotene was highly susceptible 
when the extracted pigments of ripe red tomato fruit were incubated with the 
same enzyme in the presence of linoleic acid as previously reported (BIACS 
et al., 1987). 
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TECHNOFUNCTIONAL PROPERTIES OF FOOD PROTEINS 

R . L A S Z T I T Y 

Department of Biochemistry and Food Technology, Technical University, Budapest, 
H-1502 Budapest, P.O.Box 91. Hungary 

When the functional properties of proteins are studied the biochemist is 
always thinking of the biological function of proteins and the function-
structure relations. In the eyes of the food scientist protein is the most impor-
tant nutrient but also a compound influencing on the one side the physical, 
organoleptic properties of food products and on the other the methods of 
processing technology. Thus in food production the term "functional prop-
erties" of proteins is strongly connected to the operations included in food 
processing and also to the physical (eventually other) properties of the end 
product. To avoid misunderstanding in this field I always proposed the use of 
the term "technofunctional" properties of "functionality" instead of functional 
properties. There are two approaches in the definition of the term functional 
properties. The more general definition includes any property of food or food 
ingredients except its nutritional value which affected its utilization. The 
second approach is connected with the growing use of plant, resp., animal 
protein preparations in the manufacture of food products. A great variety of 
protein preparations and the properties they possess necessitate to determine 
precise technological procedures that are to be applied in the particular 
products in order to utilize their potential functionality. This is an indispensable 
condition for obtaining the final products with appropriate desirable properties 
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to be accepted by consumers. Such approach requires deep knowledge of 
properties of the particular protein preparations and their impact on the 
properties and quality of the product in which they are incorporated. All these 
properties of protein preparations are celled technofunctional properties. 
In other words technofunctional properties are those properties of the protein 
preparation which affect the behaviour of the product to which it is added 
during processing, storage and consumption. 

In this paper only the technofunctional properties of protein preparations 
used as ingredients in the manufacture of foods will be treated. 

Properties of the protein preparations which affect their functionality 
and thereby their utilization comprise first all their physico-chemical properties 
and in second line their sensory properties. 

In the frame of this paper only the physico-chemical properties, being the 
dominant attribute that affects functionality of proteins in food, will be 
treated. Physico-chemical basis of protein functionality originates first of all, 
in the properties of the proteins themselves, and is also affected by other 
components (carbohydrates, lipids, etc.) as well as by conditions of processing 
(temperature, pH, ionic strength, etc.) and others. 

The physical behavior of protein is determined by its amino acid compo-
sition and amino acid sequence coded in its genes, its molecular size, the 
conformation of the protein molecule, the charge of the protein and its distri-
bution, the quality, quantity and distribution of the secondary intra and 
intermolecular bonds including quaternary structure. Conformation of protein 
appears to be critical in governing their functionality in food systems. As it is 
known, there are two basic types of proteins from the point of view of con-
formation: 

— globular proteins, 
— asymmetric fibrillar (lamellar) proteins. 

The molecular weight of globular proteins is low, the structure is compact 
with relatively high amount of helical structure. More polar groups are oriented 
towards the surface. This favours solubility and hydration. The unfolded 
elongated conformation is desirable for gel formation, foam stability, formation 
of fiber like structures, etc. 

After this general survey let us drop the specific technofunctional terms. 
Protein preparations used in food production contain always numerous 

polar side chains. Dry protein, depending on the relative humidity of air, 
interacts with water molecules and the polar groups will be hydrated and form a 
monomolecular layer. 

At higher relative humidity values multilayer adsorption may occur and 
depending on the colloidal structure of the protein preparation liquid water 
condensation can occur in the capillars. Immersing the protein preparation 
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in liquid phase water additional water absorption occurs due to swelling 
(osmotic water absorption). This type of water absorption could be much 
higher than the first type of hydration. Depending on the structure of protein 
molecules and their colloidal properties the swelling could be limited and a 
cohesive swollen mass will be formed, or unlimited and we obtain a protein 
solution. Which of the two types of hydration process occurs depends on the 
properties of the end product. It should be mentioned that polysaccharides 
that may constitute a part of the protein preparations also participate in the 
extent of water absorption. Thus the ability to absorb water by the given 
preparation depends not only on the origin and concentration of protein 
ingredient but also, to a large extent, on the content and nature of other non 
protein compounds, method of processing, including pH, heat treatment and 
others. 

It is assumed that the solubility of proteins is the property which affects 
their functionality and application. This results from the fact that high solu-
bility of a protein preparation is usually linked to its good emulsifying and 
foaming properties. Good solubility is needed also in dryed instant products 
serving for the preparation of beverages. In another group of products solu-
bility is not so important in the evaluation of the usefulness of the protein 
preparation. In meat processing favourable technological effects can also be 
obtained by the use of protein preparations with low solubility. The solubility 
of proteins is also dependent on different factors such as pH, temperature, 
presence of other compounds, etc. 

The effect of protein preparation on the viscosity is depending on a 
number of factors. One of the most important factors is the structure (con-
formation) of the proteins. The viscosity of the solutions of globular proteins 
increases slowly with the increase of concentration. In the case of fibrillar 
protein solutions the increase of viscosity is rapid especially if the degree of 
polymerization is high. The viscosity needed depends always on the product to 
be prepared. 

The prerequisit of the good formation of emulsions is first of all a de-
creased surface tension and the formation of an intermediate layer between the 
hydrophylic and hydrophobic (oil) phase. 

In both processes the proteins may play an important role if these are 
sufficiently soluble, surface active, if they have polar or charged and hydro-
phobic groups and finally if they are able to form a layer around the fat (oil) 
particles. From point of view of stabilization the mechanical strength of the 
interphase layer and the increased viscosity of the continuous phase are the 
most important. Special importance has the formation and stabilization in the 
production of different products from chopped and comminuted meats such as 
frankfurters, sausages, etc. Meat emulsions of this type are prepared as initial 
mixtures serving for the manufacture of such products. The meat emulsions 
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contain minimally four components: meat protein, added protein preparation, 
fat and water. For the stabilization of this system the uniform distribution of 
fat particles (globules) is needed and the formation of mechanically stable 
stabilizing layer around the fat droplets. 

There are two typical ways of formation of gels: 
— from solution by interaction of protein molecules resulting in a three-

dimensional network, 
— from dry protein mass (xerogel) by hydration and swelling. 

Although it is possible to form gels from concentrated solutions of globular 
proteins, the unfolded linear protein molecules form stronger gels and at a 
lower protein concentration. It depends on the product to be manufactured 
which type of protein will be used. The ability of protein isolates (concentrates) 
to form gels and retain in such structure water and other components is ex-
tremely useful in producing sausages. Although the protein concentration of 
these meat emulsion preparations (e. g. soy isolate, sodium-caseinate) is lower 
than that required in gelation processes (these are globular proteins), the 
proteins of the preparation may further meat proteins in the formation of gel. 
Thus, water and fat molecules are immobilized and thereby stabilize meat 
emulsion. This effect is especially well observed when the used meat is of lower 
quality or when mechanically deboned meat is used. The ability of protein 
preparations to bind and retain fats is an important property especially in 
the manufacture of meat products (minced meats, hamburgers, luncheon 
meats, etc.). Although the mechanism of fat absorption has not been fully 
explained, absorption of fat is attributed mainly to the physical entrapment 
of oil. 

The ability of proteins to form textured macrostructures (fibrils, films, 
sheets, expanded threedimensional networks, etc.) is of particular importance 
in the production of a lot of new protein foods, including simulated or "syn-
thetic" food products. The special processes resulting in textured structure of 
an "amorphous" protein mass or a mixture containing proteins, is called 
texturization. The most known processes are the following ones: 

— thermal coagulation and film formation, 
— fiber formation (meat analogues), 
— thermoplastic extrusion, 
— freeze texturization. 

Since the first three methods are widely known we will discuss here only 
freeze texturization. In recent years there has been increased practical interest 
in using freezing as a method of creating aligned fibrous structure in an am-
orphous protein slurry. The current aim of processes inducing fiber formation 
by freezing is to fabricate a product which simulates some of the textural 
characteristics of meat, especially the fibrous nature of its proteins myosin 
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and actin arranged in a parallel direction. The general freeze texturization 
process entails freezing of an aequeous protein solution in such a way as to 
control and align the ice crystal growth. Until an eutectic point is reached, 
only the water freezes, forming distinct and separate ice crystals. Cooling only 
one surface of the protein system will generally cause the crystals grow aligned 
and perpendicular to that surface. As the ice crystals grow from the surface as 
"spears" into the slurry, they force the proteinaceous material out of the space 
occupied by the advancing crystals and draw water molecules out of the 
slurry and bind them onto the ice crystal surface. This action concentrates the 
proteinaceous material in the interstitial spaces between the ice crystals and 
the branches of each crystal. 

Upon melting the ice, the proteinaceous material remains compacted in 
the former interstitial spaces, and long, thin, parallel gaps are formed where the 
crystals had been. In extracted meat or poultry proteins the freezing and 
frozen storage will partially set the fibrous structure. In most cases the fiber 
set must be stabilized by heat. The characteristics of the fibrous protein 
structure may be influenced by rate of cooling, resp., by the ratio of the rate of 
nucleation and rate of crystal growth. 

As it is known different food industries need different protein prepara-
tions with specific technofunctional properties. Thus for an optimal supply of 
food production with protein preparations there is a need of "tailor made" 
proteins. Due to the fact that natural sources of possible protein preparations 
(cereals, legumes, oil seeds, etc.) contain proteins which are not fully satis-
factory from point of view of technofunctional properties, there exists a need 
for modification of these properties. As regards the methods which may be 
used the main possibilities are summarized as follows: 

— improving of the proteins of raw materials (cereals, legumes, oil 
seeds, etc.) by breeding (classical method or applying genetic engi-
neering), 

— chemical modification of protein isolates (e. g. acetylation of Vicia 
fába proteins, etc.), 

— enzymatic modification of proteins (e. g. plastein reaction), 
— optimization of protein mixtures from the point of view of techno-

functional properties. 

Probably in the future the methods mentioned above will play a significant 
role also in industrial practice. Generally methods of evaluation of functional 
properties of protein preparations fall into the following three groups: 

— measurement of general technofunctional properties (ingredient 
test), 

— examination on model systems (model test), 
— pilot processing of the product required (utility test). 
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The first type tests (measuring water absorption, fat absorption, viscosity, 
emulsifying activity, etc.) are the simplest. The main disadvantage of these 
methods is the lack of the knowledge of the exact correlations between char-
acteristics of end product and the measured data. The most complex informa-
tion could be obtained by utility test, but this is the most expensive and time 
consuming. The model test seems at this time to be the most suitable. Compared 
to utility test, the model test is inexpensive, uses simple equipment, has high 
resolution and tests for properties of multiple utility. 

CRYOSTRUCTURIZATION OF MYOFIBRILLAR PROTEINS 

E. S . V A I N E R M A N , S . V. R O G O Z H I N and I. A . S T O Y A C H E N K O 

A. N. Nesmeyanov Institute of Or//anode ment Compounds, 
Academy of Sciences of USSR, Moscow. USSR 

The use of proteins form new, non conventional sources as food requires 
their processing into certain food forms of which textured forms are of particu-
lar interest. New approaches in this respect are offered by the thermo-irreversible 
anisotropic gel formation phenomenon observed on freezing-thawing of polymer 
solutions or suspensions. Such gels are termed cryogels and their formation 
cryostructurization. In the framework of our research project cryostructuri-
zation of myofibrillar proteins from marine resources was investigated. 

One of the most promising sources of myofibrillar proteins could be 
certain species of mesopelagic fishes and chiefly Myctophidae. The estimated 
quantity of Mictophidae which may be fished out only in explored regions is 
over one million tons per annum. Since efficient methods are presently available 
for isolation of miofibrillar proteins from fish and other marine animals, the 
solving of texturization of these proteins becomes rather urgent. 

The mechanism of cryostructurization of fish protein isolates was 
studied using electronmicroscopy and the factors influencing the properties of 
the cryostructurized protein were controlled. Analysing a typical temperature -
-t ime curve it can be stated that in the first cooling period no marked changes of 
the system could be observed. In the second period solvent crystallization 
begins causing intensive dehydration and resulting in protein-protein inter-
action and gel formation. For the last period of freezing an almost complete 
solidification is characteristic. 

The character of protein - protein interaction is depending on the nature 
of the protein source. In native actomyosin suspensions the hydrogen bonds 
and hydrophobic interactions are the most important. In the case of denatured 
actomyosin the interaction of sulfohydryl groups has also a significant influ-
ence. 
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Additional possibilities of controlling cryogel properties are offered by 
their dependence on pH. The mechanically strongest gels are formed in the 
pH range close to the actomyosin isoelectric point. 

Although the results mentioned above concern the cryostructurization of 
fish myofibrillar proteins, we suppose the generalities pointed out would 
apply to other protein systems as well. 

DETERMINATION OF FOAMING PROPERTIES OF PROTEINS 

J . K R O L L and B . GASSMANN 

Central Institute of Nutrition, Academy of Sciences of the GDR, 
DDR-1505 Potsdam-Rehbrücke, Arthur Scheunert Alléé 114-116. GDR 

In connection with the estimation of foaming properties of proteins a 
new laboratory method has been developed. The equipment consists of a 
direct current motor-driven whisk/stirrer. An electronic-control assembly 
makes the rotation speed constant independent of the rheological properties of 
whipping agents and the energy which is necessary to maintain a constant 
rotation speed is measured. 

With the new laboratory whipping principle two new characteristic 
features are obtained: the necessary mechanical work for foam production and 
the volume-specific mechanical work for foaming (that means the energy 
necessary to produce 1 cm3 foam). 

The volume-specific mechanical work for foaming is independent of the 
equipment used for producing and/or characterizing protein foams and is 
therefore a generally acceptable value for the energy expense in foaming 
processes. 

In comparing examples for performing the whipping operation egg 
white, fresh and dried were differently aerated, and the foaming properties 
were determined. Whipping was performed on industrial scale as well as with 
devices widely used in laboratory. Foaming properties measured suggest that 
only the new, laboratory whipping principle reflects the actual performance of 
protein based whipping agents and that it is far better adapted to large-scale 
processing than the laboratory equipment most commonly used. 
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STEPWISE REGRESSION ANALYSIS OF RELATIONSHIPS 
B E T W E E N WHEAT QUALITY A N D CHEMICAL COMPONENTS 

[ F . ÖRSI" , E . PALLAGI®, E . M . K Á R P Á T I " , F . BÉKÉS" and R . LÁSZTITY" 

'•Department of Biochemistry and Food Technology, Technical University, Budapest, 
H-1502 Budapest, P.O.Box 91. Hungary 

bFaculty of Food Industry College, University of Horticulture and Food Industry, H-6724 
Szeged, Marx tér 7. Hungary 

The quality of flour and that of bread and pastry products prepared from 
flour is determined in the first place by the quantity and quality of the protein 
components of flour and interaction with other wheat components. 

Stepwise regression analysis was applied to investigate the correlation 
between the quality characteristics (measured in the loaf and with Valorigraph) 
and quantity of proteins and lipids in wheat and flour. From the calculated 
equations the quality characteristics may be estimated. 

The first variable step in the multivariate regression equation was the 
total protein and the determination coefficient higher than 50% (100 X R X R). 
The R value between the loaf volume and further 4 variables [ground free 
neutral lipid/ground free phospholipid, Atl. 66 — Pedigree, albumin and glob-
ulin, flour free total lipid/flour w. s. buthanol soluble total lipid] is R = 0.88. 

The R value between the valorigraph value and further 5 variables 
(fraction of soluble protein in acetic acid by HPLC, fraction of insoluble 
protein in acetic acid by HPLC, Ran, Bez 2, Prod — Pedigree) is R = 0.90. 

On the basis of these results the protein content plays an important part 
in these relations. 

In the next stage of our investigation the loaf volume and Valorigraph 
value were divided by the protein content and these values were chosen as 
independent variable. The lipid data were divided in the case of flour by the 
flour protein content and in case of ground by the ground protein content, too. 

The loaf volume/protein value can be calculated from lipid data by R = 
= 0.95 value but the Valorigraph value only by R = 0.54. 

To improve the equation draw into the equation the other variables, too. 
The loaf volume/protein value can be estimated from flour free neutral 

lipid, flour buthanol soluble polar lipid, glutenin/gliadin, soluble protein in 
acetic acid by R = 0.96. 

The valorigraph value/protein can be estimated from flour buthanol 
soluble glycolipid, ground free phospholipid, flour free total lipid/flour w. s. 
buthanol soluble total lipid, Mir, Ran, Bez 2, Pedigree, gliadin, protein soluble 
in acetic acid, fraction of protein soluble in acetic acid by HPLC, ground free 
total lipid by R = 0.87. 
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EMULSIFYING AND FOAMING FABA B E A N PROTEINS 

C H . S C H N E I D E R , G . M U S C H I O L I K , M . SCHULTZ and H . SCHMANDKE 

Central Institute of Nutrition, Academy of Sciences of the GDR, 
DDR-1505 Potsdam-Rehbrücke, Arthur Scheunert Alléé 114-116. GDR 

Faba bean is one of the most important leguminous seeds and can be 
used as raw material for plant protein products. The dehulled seeds contain 
about 30% protein. About 70 to 80% of the faba bean proteins are globulins, 
e. g. vicilin (7S) and legumin (IIS). Ten to 15% of the faba bean proteins are 
albumins according to the Osborne classification. 

Globulins have some good functional properties, depending on their 
preparation. Native globulins for instance are not best suited as emulsifying 
agents because of their compact globular shape. Therefore the globulins are 
modified to yield a more unfolded, flexible structure with enhanced hydro-
phobicity and higher negative charge. It is shown that acetylation of faba 
bean globulins is an effective and economic way to get products particularly 
suitable for stabilizing food oil-in-water emulsions. Examples of preparation 
and application of acetylated faba bean globulins are given. 

It is also possible to produce good foaming agents from faba bean 
proteins. A special process is presented to get preparations with high foaming 
activity and good foaming stability. Such factors as defatting of raw material 
and protein composition play an important role. The foaming faba bean protein 
preparations are applicable for instance in icecream and sweets. 

FUNCTIONAL PROPERTIES OF SQUID-FISH-MEAT HOMOGENATES 

I. KO L O D Z I E J S K A, M . S A D O W S K A and Z. S I K O R S K I 

Technical University Politechnika Gdanska, Gdansk, Poland 

Some fish minces deteriorate rapidly during frozen storage. Squid flesh, 
being resistant to freezing changes, could improve the functional properties of 
these minces. 

The materials were characterized by water holding capacity (WHO) and 
cooked minces by free drip, separation of fat, product yield, and rheological 
properties. The WHO vre pH curve of squid: water homogenate was similar 
to that of meat and fish, with p H m j n 4.5-5.0. Heating the squid homogenate to 
80 °C shifted the pHm i n to 5.5-6.0 and decreased WHO. Adding 2% NaCl 
increased the WHO by 20% in the raw homogenate and by 50% after cooking. 
The WHO of frozen stored squid was higher than that of fresh cod and frozen 
blue whiting, while after heating it was much lower than that of cod. The 
WHC of mixtures of squid and whiting flesh was significantly lower than 
expected from the properties of the components. A squid-fat-salt-water 
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mince formed after cooking a firm gel just like cod minee, of higher yield limit 
than corresponding blue whiting mince. Adding squid to whiting minces and to 
sausage formulations containing lowest grade beef improved the rheological 
properties of the products. 

FUNCTIONAL PROPERTIES OF P E A PROTEIN FRACTIONS 

Zs. ORMAI-CSERHALMI and E . HORVÁTH 

Central Food Research Institute, H-1022 Budapest, 
Herman Ottó út 15. Hungary 

The effects of chemical composition (protein, moisture, oil and carbo-
hydrate content) and functional properties of six pea protein fractions (made 
by air fractionation with different protein content) were investigated. 

The following functional properties were determined: emulsifying activ-
ity, emulsion stability and capacity, foaming capacity and stability and gela-
tion. 

The connection between protein content and emulsification, foam charac-
teristics and gelation of the fractions were studied. The effect of the concentra-
tion of NaCI and pH on the foaming characteristics of the fractions were also 
determined. The gelation at different temperatures and pH was investigated as 
well. 

It was concluded that the protein fractions of pea protein influence their 
functional properties. 

CHEMICAL A N D FUNCTIONAL PROPERTIES OF RYE PROTEINS 

E . L U D W I G and I . L U D W I G 

Technische Universität Dresden, Sektion Chemie, 
Dresden, Mommsenstrasse 13. ODR 

In some rye producing countries the proteins of this cereal may play a 
role in the protein supply. Knowledge about these proteins and in particular on 
albumin and globulin fractions, however, are not sufficient. In our laboratory 
the proteins of Pluto, an important rye cultivar grown in GDR were investi-
gated. 

The availability of lysine, the number of thiol and disulfide groups, the 
electrophoretical behaviour as well as the solubility and foaming character-
istics of some protein fractions were investigated. 

Sixty to 90% of rye proteins may be extracted from flour with distilled 
water in the presence of sodium palmitate according to Kobrehel. The protein 
yield presumably depends among others on the grain size of the flour. Emulsi-
fication properties of the material are remarkable. 
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EFFECT OF LOW TEMPERATURE IRRADIATION ON THE PROTEINS 
OF CUT U P CHICKEN MUSCLES AND T H E I R FUNCTIONAL 

PROPERTIES 

K . A . AMMAB* and R. LÁSZTITY 6 

"Department of Food Technology, Faculty of Agriculture, Tanta University, Kafr El Sheikh, 
Egypt 

ьTechnical University, Budapest, H-1502 Budapest, P.O.Box 91. Hungary 

Chicken breast and leg samples were irradiated at different dose levels 
of 0.20, 0.70 Mrad, respectively. In all cases the temperature of irradiated 
samples was approximately -20 °C. The treated samples were stored at -15 °C 
for 180 days. 

Chicken muscles were analyzed for the changes in moisture, total nitro-
gen, total amino nitrogen, fat, free fatty acid, thiobarbituric acid values, pH 
value and drip loss before and after irradiation and during frozen storage. 

Results showed that moisture, total nitrogen, fat and pH value of all 
samples were decreased with increasing the dose of irradiation and the storage 
period. The TBA values, total amino nitrogen, free fatty acids and drip loss 
increased with increasing the dose level of irradiation and after frozen storage 
at - 1 5 °C for 180 days. 

The water holding capacity and consistency of sausages produced from 
different chopped samples were also investigated. A decrease of water holding 
capacity and consistency was observed. 

CHARACTERISTICS OF T H E NON-COAGULABLE NITROGEN 
COMPOUNDS OF T H R E E GENETICALLY D I F F E R E N T RAPE 

VARIETIES 

E . N I T E C K A 

Institute of Human Nutrition, Agricultural University of Warsaw. Poland 

The meals from three genetically different rape varieties (traditional, 
low-erucic and double-zero variety) were extracted by HCl and NaOH solutions 
within the range of pH values from 1.2 to 10.8. Minimum points of nitrogen 
solubility occurred within the limits of pH values 3.6-4.2 for all varieties 
tested. The solubility of nitrogen containing substances at pH 10.5-10.8 
amounted to 78-81% of total N. 

Curves of precipitation of proteins as the function of pH values suggested 
the presence of the main protein fraction with the isoelectric point at pH 4.5. 
The yield of precipitation of proteins from improved varieties was at the above 
pH values higher as compared to the traditional variety. 
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The non-coagulable nitrogen compounds (NCN) as a residue after precip-
itation of alkaline extracts were characterized by gel electrophoresis on 
Polyacrylamide and gel chromatography on Sephadex G-75. The molecular 
weight determined for NCN fractions from the rape varieties of higher level of 
glucosinolates amounted to 25 000 and 1 000 but for NCN from the double 
zero variety amounted to 56 000, 25 000 and 1000. 

The analysis of the amino-acid composition of NCN fractions has proved 
considerable differences in this composition. 

T H E EFFECT OF MECHANICAL TREATMENT A N D SPECIAL 
ADDITIVES ON THE STRUCTURE OF WHEAT PROTEINS 

E . T Ö R Ö K 

Faculty of Food Industry College, University of Horticulture and Food Industry, H-6724 
Szeged, Marx tér 7. Hungary 

The effect of different mixing times, as a mechanical treatment, on the 
development of dough made of wheat flour and the composition of wheat 
protein was studied. The changes in rheological properties and the amounts of 
wet gluten and salt soluble proteins caused by different quantities of oxidants, 
as well as reducers together with mechanical treatment were also investigated. 

It was found by means of penetrometer studies that the increase of 
mixing time, in the presence of increasing amounts of oxidant (ascorbic 
acid) resulted in stronger dough structure and in the presence of reducer 
(cystein) softening was observed. 

The increase of mixing time gave rise to a slight gradual growth in wet 
gluten, i. e. it promoted the formation of gluten network. The formation of 
intermolecular bonds was also induced by increasing amounts of ascorbic acid, 
but was weakened by adding cystein. 

The salt-soluble proteins extracted from doughs mixed for different 
periods, i. e. which do not take part in the formation of the gluten network, 
became more available under the influence of ascorbic acid, while the added 
cystein resulted in decreasing amounts of salt-soluble proteins. 

Examining the different factors exerting an influence of the structure of 
proteins in the construction of dough, gives characteristic data about the 
processing possibilities of flours. 
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POSSIBILITY OF THE PRODUCTION OF CASEIN HYDROLYSATE 
FROM CHEESE FOR DIETETIC PURPOSES 

S. Z I A J K A and Z . ZBIKOWSKI 

I Academy of Agriculture and Technology, Blok 21, 10-957, 
Olsztyn-Kortowo. Poland 

Casein hydrolysates are mostly obtained as a result of enzymatic digestion 
of casein by means of such proteolytic enzymes as trypsin, papain, pepsin, 
etc. In the present work, an attempt was made to explore possibilities of using 
ripening cheeses in casein hydrolysate production. Three types of cheeses were 
used in the preparation of hydrolysates: Swiss-Ementhal, Dutch-Edam and 
Swiss-Dutch-Tilsit. Hydrolysates were obtained as cheese water extract, 
these were then freeze dried and subjected to organoleptic and chemical 
composition assessment. 

On the basis of the results of preliminary tests, Tilsit cheese was elimi-
nated as a raw material for obtaining hydrolysates due to its unfavourable 
organoleptic properties. Edam and Ementhal cheeses were characterized by 
broth flavour, saline with a touch of flavour typical of a given cheese. More 
favourable taste had freeze-dried extracts of Ementhal cheese. Hydrolysates 
obtained, as a result of additional digestion by means of trypsine, were charac-
terized by slightly bitter flavour the intensity of which was incomparably lower 
than that of trypsine casein hydrolysate. 

CHARACTERISTICS OF LIPOPROTEIN COMPLEXES I N INFANT 
FORMULA MILK A N D MILK POWDER 

Z . ZBIKOWSKI , S . Z I A J K A and A. ZBIKOWSKA 

Academy of Agriculture and Technology, Blok 21, 10-957, 
Olsztyn-Kortowo, Poland 

The formation of lipoprotein complexes in milk concentrates is the result 
of protein and polar lipid interaction. 

Lipoprotein complexes are not toxic, nevertheless they considerably 
lower the nutritional value of protein so the investigation of these compounds 
in infant formula milk is of particular interest. 

Lipoprotein complexes were extracted from formulas and milk powder 
using a mixture of chloroform and methanol ( 2 : 1 ) and petroleum ether. 

In tests of fresh formulas of Laktowit I, Bebiko I and vitamin enriched 
milk powder, slight differences were noted in the number of lipoprotein 
complexes (1.04-1.24 g per 100 g) and slightly higher differences in the amounts 
of protein in them (18.8-21.1%). But during storage at 18 °C for 6 months the 
increase of lipoprotein complexes, diversification of their amount (2.1-3.1 g per 
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100 g) and increase of protein in them (22.6-27.8%) was observed. From the 
analysis of amino acid composition of lipoprotein complexes in fresh samples 
the following components appeared: proline 10.8-12.0 g per 16 g N, glutamic 
acid 9.6-10.9 g per 16 g N and leucine 7.9-9.6 g per 16 g N. These results show 
essential differences in the amino acids of these compounds compared to milk 
powder. 

During storage changes in amino acids of lipoprotein complexes were 
found, especially in reference to the amount of glutamic acid, phenylalanine, 
alanine and valine. These changes result from progressive process of interaction 
between proteins and lipids and from the increase of protein in them. 

FUNCTIONAL PROPERTIES OF CEREAL PROTEINS A N D THEIR 
MIXTURES 

F. MIETSCH8, J. F E H É R 8, A. PUNGOR B and A. HALÁSZ 8 

8Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 
bTechnical University, Budapest, H-1502 Budapest, P.O.Box 91. Hungary 

It is well known that the biological value of cereal proteins can be 
improved if they are complemented with one another. An other important 
property of these proteins is their functionality. We investigated the water 
absorption, the fat absorption, the emulsifying activity and emulsion stability 
of rice, wheat, corn and their mixtures with peas and lentils. 

I t was found that, in some cases, the addition of peas and lentils improved 
the emulsifying activity and emulsion stability. The addition of lentils effected 
a stronger increase of the emulsion stability than the addition of peas. Water 
absorption and fat absorption were not improved by the addition of peas or 
lentils in most of the investigated cases. 

STRUCTURAL STUDIES ON NATIVE AND CHEMICALLY MODIFIED 
R A P E S E E D PROTEINS 

K . D . S C H W E N K E 8 , В . R A A B 8 , W . P . HTZ8 a n d D . Z i R W E R b 

"•Central Institute of Nutrition, Academy of Sciences of the GDR, DDR-1505 Potsdam-
Rehbrücke, Arthur-Sclieunert-Allee, 114-116. GDR 

bCentral Research Institute for Molecular Biology, Berlin Buch, Academy of Sciences 
of the GDR DDR-1199 Berlin, Buch, Lindenberg Weg 70. GDR 

Structural changes in two main rapeseed storage protein fractions, the 
oligomeric high-molecular mass (300 kD) 12 S globulin and the low-molecular 
mass (14 kD) basic albumin ("napin"), after succinylation and acetylation 
have been studied using chemical analysis, CD and fluorescence spectroscopy, 
viscometry and ultracentrifugation. 
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The 12 S globulin undergoes significant changes at all levels of structural 
hierarchy (quaternary, tertiary, secondary structure) depending on the degree 
of succinylation. These alterations are analogous to those in other 12 S plant 
proteins. 

The albumin fraction shows, however, a high structural stability and only 
small alterations after succinylation or acetylation. Its secondary structure, 
characterized by a high content of a-helix conformation (40%), does not change 
after the exhaustive modification. Only small changes in the CD and fluores-
cence spectra point to some alterations in the tertiary structure which is 
stabilized by inter- and intrachain disulfide bridges. 

FUNCTIONAL PROPERTIES OF ACETYLATED FISH PROTEIN 
ISOLATES 

L. G . DAMSCHKALIN, LA. A. PAVLOVA, E. S . V A I N E R M A N and S . V. ROGOZHIN 

Institute of Organoelement Compounds, Academy of Sciences of USSR, Moscow. USSR 

Chemical modification of food protein isolates, though permits to improve 
their functional properties, but, at the same time, often deteriorates the 
nutritional value. That is why it is important to find the optimal extent of 
modification of the protein in isolate for each item of its use in various food. 

Present work demonstrates changes in solubility, emulsifying capacity 
and foaming capacity of the protein isolates from whiting (Theragra chalco-
gramma) with the extent of its changing upon acetylation. Experimental 
results illustrate, that the solubility of isolates in the neutral pH range (7-8) 
greatly improved as the extent of acylation reached and exceeded 67%. 
The trinitrobenzenesulfonic acid of Kakade was used to determine the extent of 
acetylation of the protein isolates. Maximum foaming capacity was observed 
for derivatives with amino groups modification of 67%. Acetylation of 43% 
and 67% of the e-amino groups of lysine increased emulsifying activity. 
Maximum emulsifying capacity was measured in proteins, acetylated to 89% 
and 97% in the mixtures with high contents of oil. 

Thus, optimal degrees of acetylation of whiting protein isolates were 
found to lie in different ranges for achieving maximum solubility, foaming 
capacity and emulsifying capacity of the product. 
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PROTEIN TRANSFORMATIONS U N D E R D I F F E R E N T CHEMICAL 
CONDITIONS 

E . G Á B O R 

Faculty of Food Industry College, University of Horticulture and Food Industry, H-6724 
Szeged, Marx tér 7. Hungary 

The modern automated spectrophotometric methods of protein deter-
mination need a rapid and total solubilization of the protein content of foods. 
The different physical, chemical or combined methods of solubilization may 
cause changes in the solubilized proteins influencing probably also the analyti-
cal results. Since our knowledge about the possible changes is relatively poor, 
there is a need of additional investigations. 

In our laboratory different methods of solubilization applying organic 
acids (formic acid, citric acid) and other additional chemicals (alcohols, 
methylene chloride, sodium hydroxide, hydrochloric acid) and heat treatment 
were studied. Wheat flour, egg white and pork meat were the raw materials 
investigated. Free amino acid content, structural changes of proteins using 
HPLC-method, the effect of the splitting of disulfide bonds were measured. 
The formic acid digestion under heat treatment (100 °C, 60 minutes) was found 
to be the most suitable. Formic acid digestion caused only a moderate decom-
position of the structure of different proteins. Amino acids are produced in low 
ratio. No harmful degradation of amino acids could be detected. Formic acid 
digestion may he used for different types of foods and solubilization of their 
proteins. The reaction mixture is well suitable for the spectrophotometric 
determination of protein content. 

DESIGNED PROTEIN MODIFICATION BY ENZYMATIC PEPTIDE 
MODIFICATION 

G Y . H A J Ó S and A. HALÁSZ 

Central Food Research Institute, H-1022 Budapest, 
Herman Ottó út 15. Hungary 

The biological value of proteins is mainly determined by their essential 
amino acid content. Besides the knowledge of the demand for quantity and 
composition of amino acids another question also remains to be answered: 
whether these amino acids can be optimally utilized as free amino acids, in 
form of peptides or as proteins. 

According to the current understanding of the science of nutrition, the 
biological utilization of mixtures of free amino acids is much less effective 
and energy-consuming than that of foods consisting of peptides and proteins of 
the same composition. 
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RELATIONSHIP B E T W E E N PHYSICO-CHEMICAL PROPERTIES ОГ 
FISH PROTEIN ISOLATES AND 

CONDITIONS OF THEIR PREPARATION 

E . A . K U R S K A Y A , E . S . V A I N E R M A N and S . V. R O G O Z H I N 

Institute of Organoelement Compounds, Academy of Sciences of USSR, Moscow. USSR 

It is well known that alkaline extraction of myofibrillar proteins from 
fish muscle tissue followed by isoelectric precipitation is the general method 
for the isolation of proteins. In this connection the effect of p H of the medium 
during the extraction on the composition and physico-chemical properties of 
carp protein isolates has been studied. Using the method of exclusion chromato-
graphy and electrophoresis in PAAG it was found that actomyosin and corre-
sponding aggregates have been extracted from muscle tissue at pH 11—11.5 
(T = 23 °C, t = 40 min) while at pH 12-12.5 the actomyosin complex dissociates 
with depolymerization of G-actin and elimination of light chains of myosin. 
It was shown by the circular dichroism method that the alkaline dissociation of 
actomyosin resulted in the conformation transition of protein macromolecules. 
The full transition of a-helix —• /З-sheet occurred at pH 12.5. 

The morphology and sedimentation stability of the suspension particles 
of protein isolates formed as the result of isoelectric precipitation were influ-
enced by the velocity of adding acid to the alkaline extract of proteins. East 
isoelectric precipitation resulted in the formation of suspension particles 
characterized by asymmetrical shape which tended to coagulation contacts and 
the formation of a structural network. The suspensions of this type had high 
sedimentation stability. Slow isoelectric precipitation of the isolated proteins 
resulted in the formation of suspension particles of spherical form which 
aggregated to a lesser extent and were characterized by low sedimentation 
stability. The conditions of isoelectric precipitation essentially influenced the 
rheological properties of the concentrated suspensions of protein isolates and 
their syneresis. The samples prepared by fast isoelectric precipitation of 
myofibrillar proteins (1 min) had higher rigidity and syneresis than the samples 
prepared by slow precipitation provided the pH was the same during extraction. 
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Enzymatic peptide modification (EPM) proved to be suitable to obtain 
protein products of designed amino acid composition. In this study methionine-
enriched protein was produced from casein hydrolysate b y enzymatic peptide 
modification. The structural changes in the products were investigated. 

The results revealed that methionine was incorporated by covalent bonds 
and transpeptidation took place during the EPM treatment. 

PROTEIN-PHYTIC ACID INTERACTIONS 

L . LÁSZTITY" and R . LÁszTiTYb 

1Department of Inorganic Chemistry, Eötvös Loránd University, II-1088 Budapest, 
Múzeum krt. 6—8. Hungary 

bDepartment of Biochemistry and Food Technology, Technical University, Budapest,\ 
H-Í502 Budapest, P.O.Box 91. Hungary 

The ability of phytic acid to complex proteins has been a subject of 
investigation for several reasons but predominantly from chemical and nutri-
tional viewpoints. Recently the effect of phytates on the functional properties 
of protein concentrates and isolates was also studied. 

The phytate content of different legumes and cereals varies in a wide 
range (0.8-5.6%). Depending on the conditions of processing the phytate 
content of protein concentrates and isolates may be also very different (e. g. 
in soy protein products 0.1-1.6%). 

Having dissociable hydrogens (protons), depending on the pH phytic 
acid has always more or less charged groups. So in all cases if protein is also 
charged (pH below or over isoelectric point) a possibility of ionic interactions 
exists. This is evident from several studies indicating involvement of lysil, 
histidyl, arginyl and amino terminal groups in the formation of protein-
-phytic acid complexes. Formation of ternary complexes of phytic acid, bi- or 
multivalent cations and proteins is also possible. Finally an esterification of 
primary alcoholic groups (e. g. serine side chain) may not be excluded. 

Although the functional properties especially of soy protein preparations 
were intensively studied, few data have been collected concerning possible 
effects of phytate content on the technofunctional properties. The main 
purpose of investigations carried out in our laboratory was to extend our 
kowledge in this field. 

Four types of protein preparations (soy concentrates and isolates, vital 
gluten, lupine seed protein concentrates) were investigated. Phytic acid (Sigma) 
was added to some samples to increase the concentration level of this compound 
in the protein preparations. 

Nitrogen solubility, water absorption, oil absorption, emulsifying activity, 
resp., emulsion stability and least gelation concentration was determined 
using methods described by Dev and Mukherjee. 
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On the basis of experiments it can be stated generally that the effect of 
phytic acid content on the functional properties is relatively low. A slight 
decrease in the solubility of soy and lupine protein preparations was observed. 
It was also stated that low phytate protein preparations have better emul-
sifying properties. 

The facts mentioned above also suggest that the lowering of phytate 
content in protein preparations may be needed in first line from the nutritional 
point of view. 

EFFECTS OF HEATING ON BIOLOGICAL VALUE OF SOYBEAN 

J. I ' E T R E S , Z S . M Á R K U S, В. C Z U K O R , É . G E L E N C S É R and J. G Y E B R Ó C Z K I 

Central Food Research Institute, H-1022 Budapest, 
Herman Ottó út 15. Hungary 

Soybean, because of its high protein content and relatively well-balanced 
amino acid pattern is a potentially valuable protein source both for humans 
and animals. To increase the nutritional value of raw soybean some anti-
nutritional factors, mainly trypsin inhibitors must be inactivated. Different 
heat treatments are known to eliminate the adverse effects of antinutritional 
factors and produce soybean products with good protein nutritional quality. 

The aim of this study was to investigate the effect of dielectric heating on 
the biological value of protein in soybean. 

Whole soybean (Glycine max, var.: Ewans) was heated at three different 
temperatures by a pilot plant dielectric equipment. Protein nutritional values 
of raw and treated samples were estimated by rat assay and characterized by 
Net Protein Ratio (NPR), Net Protein Utilization (NPU), True Digestibility 
(TD) and Biological Value (BV). Trypsin inhibitor activity of the samples was 
measured. 

It was found that the in vivo nutritional values of treated samples were 
significantly higher (NPR = 23.3-25.3, NPU = 58.4-61.9, BV = 65.7-77.8) 
than the respective values of raw soybean (NPR = 14.9-17.1, N P U = 42.1-
42.5, BV = 52.7-54.9). Residual trypsin inhibitor activities of treated samples 
were 5-10% of the original. 
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T H E ROLE OF P R O T E I N - L I P I D INTERACTIONS OF GLUTEN IN THE 
FUNCTIONAL PROPERTIES 

F . B É K É S 

Department of Biochemistry and Food Technology, Technical University, Budapest, 
H-1502 Budapest, P.O.Box 91. Hungary 

Although the lipid content of wheat flour is usually close to 2% this 
minor constituent nowadays is in the focus of scientific interest. Lipids, 
forming protein-lipid complexes during the dough-making process mediate 
the surface nature of certain gluten proteins, effect their capability to form 
protein-protein interactions, which interactions are the key to determine 
baking properties of the flour. 

The study of lipid content and composition of wheat and wheat flour as 
well as their complexes with proteins helps to understand the relationship 
between chemical composition, structure and technofunctional properties of 
wheat as well as the change of the latter one during storage or sprouting. 
Using lipid data, easily determined from even some wheat kernels, baking 
properties can be predicted which are extremely important in the early stages 
of breeding programs. 

The review summarized the stage of knowledge in this area of cereal 
chemistry in the light of results of the last 2 -3 years based on which the con-
fusing earlier data can be re-evaluated. 

STUDIES ON RAPESEED PROTEIN-PHYTIC ACID INTERACTION 

R . M O T H E S 8 , K . D . S C H W E N K E 8 , D . ZIRWER11, К . GAST11 a n d H . WELELE 1 1 

aCentral Institute of Nutrition, Academy of Sciences of the GDP, 1505 Potsdam-Rehbrücke, 
Arthur Scheunert Allee 114-116. GDP 

bCentral Research Institute for Molecular Biology, Berlin Buch, Academy of Sciences 
of the GDR, 1199 Berlin, Buch, Lindenberg Weg 70. GDR 

The phytic acid binding to the main proteins from rapeseed (В. napus L.) 
— the 12 S globulin and the lowmolecular basic albumin fraction — in insoluble 
complexes has been studied using turbidimetric titration and chemical analysis 
after eopreeipitation. It has been found that the amount of phytic acid bound 
to the proteins increased with decreasing pH. A 1 : 1 stoichiometry of 
phytic acid binding to the globulin has been found at pH 3.0, whereas only 
0.8 mol phytic acid phosphate per mol basic group were hound to the albumin 
at the precipitation point. The precipitation yields of the globulin and the 
albumin by interaction with phyt ic acid were 100% and 80% at pH 3.0. 

The formation on soluble complexes has been studied in the albumin -
phytic acid system at pH 5.0 by means of scattering gel chromatography and 
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quasi-elastic light. A dimerization and oligomerization of the protein has 
been observed. This interaction did not change the secondary structure of the 
protein. It causes, however, an inhibition of heat-induced aggregation. 

INTERACTIONS BETWEEN PROTEINS AND REDUCING CARBO-
HYDRATES 

G . W E S T F H A L and L. K R O H 

Humboldt University of Berlin, DDR-1086 Berlin, Unter den Linden 6. GDB 

The desirable and undesirable physiological and also psychological 
effects of the Maillard-reaction were and continue to be a reason also for us to 
investigate intensively the interactions between proteins, peptides and/or 
amino acids with saccharides. The promotion or the more difficult inhibition of 
the Maillard-reaction require for their mechanism to be segregated as precisely 
as possible, the latter being coined by the active pairing between internal and 
external parameters. The internal parameters include the molecular structures 
of the reactants; external factors are e. g. the temperature, the pH-value, 
and the salt content of the system. In the initial phase, the N-compounds are 
glycosidized, the number and sequence of the sugar are retained in the colourless 
glycosides formed. 

In the advanced phase of the Maillard-reaction, particularly the volatile 
aromatic substances and the low-molecular soluble compounds are formed, 
which react in the 3rd phase with the N-components to the slightly soluble, 
mainly brown pigments. 

Our concern is especially attached to the starting phase of the Maillard-
reaction, and like the group around Örsi, we study the reaction between amino 
acids and glucose. 

In doing this we found the /UD-glucose to react faster with the natural 
amino acids, such as phenylalanine, than the a-form, which is at the same time 
a pointer to the ionic nature of the initial reactions. Next, the saccharide 
reacts on the amino acid, as a rule acid-catalyzed and/or synchronously, forming 
the glycoside. The unstable, not isolable glycoside transforms into the Amadori-
compounds in accordance with the model of the Lobry-De-Eruyn-Van-
Eackenstrin-rearrangement. As an intermediate stage, and in conformity 
with Obretenov, the not safely identified enaminole must be formulated. 

We are of the opinion that dry amino-acid/glucose-mixtures orglycosyl-
amines also yield Amadori-compounds in the derivatography, the object of the 
joint work with Örsi. The relatively stable fructose-compounds can continue 
to react in several ways. With another saccharide molecule, bisketosyl-amino 
acids are formed, with an amino acid, glycosyl-bis-amino acids are formed. 
From the N-carbohydrate components of the composition 1 : 1 , 2 : 1 thus 
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formed and with the elimination of N-compounds, 1-, 3-, and 4-desoxyosones 
will emerge; the catalytic function of the amino acids and thus the first phase 
of the Maillard-reaction have come to an end. The highly reactive dicarbonyl 
compounds enter into the Strecker degradation, the source for many aromatic 
substances. The synchronous mechanism of this degradative reaction might be 
linked up with our experimental findings that D-amino-acids react faster with 
glucose than L-amino-acids. Finally we should like to state that carbohydrates 
with a-amino-acids yield preferably aromatic substances and with e-amino-
acid preferably melanoidines. 

T H E EFFECTS OF SURFACE-ACTIVE AGENTS ON T H E PROTEINS 
OF MACARONI DOUGH 

E . KOVÁCS 

Faculty of Food Industry College, University of Horticulture and Food Industry, H-6724 
Szeged, Marx tér 7. Hungary 

In our experiments with macaroni dough made from flour of aestivum 
wheat cultivars MV-8 and Jubilejnaja 50, glycerine-monostearat and DP-40 
have been used as surface-active materials at concentrations of 0.2, 0.4, 0.6 
and 0.8%. 

We have determined the characteristic features of dough protein content, 
dry matter content, cooking characteristics, the quantity of absorbed water, 
the increase of volume, the cooking loss, the quantity of dissolved protein. 
The quantity of sodium chloride solubility, alcohol-solubility and glutenin 
fraction has been measured by fractional process. The penetration and shear 
force values have been measured so as to characterize the rheological properties. 

Dough structures have been examined by microscopic method and the 
organoleptic evaluation of the samples has also been carried out. 

Calculating the F and t tests we have established the characteristic 
features which cause sigfinicant changes. The optimal concentration of the 
applied materials has been determined too. 

The surface-active materials applied improve the quality of dough. 
They help the formation of structure from gluten proteins, change the solubility 
of the individual fractions and doing so they influence the quality of dough. 
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AMINO ACID ANALYSIS, PRESENT PRACTICE AND 
F U T U R E TRENDS 

Á. ВА Т А and R. LÁSZTITY 

Department of Biochemistry and Food Technology, Technical University, Budapest, 
H^1502 Budapest, P.O.Box 91. Hungary 

The need for determination of amino acid composition of different pro-
teins, resp. foods is rapidly growing in many countries including also Hungary. 
Among the factors causing this increase the following ones may be mentioned: 

— determination of the structure of different proteins in biochemical 
and food science research, 

— evaluation of the foods from point of view of nutrition, 
— optimation of protein mixtures, 
— evaluation of new protein sources, 
— investigation of the effect of processing on the proteins and amino 

acids. 

The mainly applied automatic amino acid analysis based on ion ex-
change chromatography is relatively expensive and also t ime consuming. Over 
the world big efforts are made to develop more effective (productive) and 
cheaper methods. On the basis of current experience it seems that the following 
four methods are the most promising: 

— capillary GLC of the derivatives of amino acids, 
— HPLC analysis of the amino acid derivates, 
— OPTLC methods, 
— NIR methods. 

Experiments made in our laboratory with OPTLC showed that until now 
we were not able to find such combination of solvents which is equally good 
for all the 18 amino acids to be determined. 

A disadvantage of the methods is the non adequate quantitative de-
termination and the difficulties in automation. 

The HPLC method gives good results but under Hungarian conditions 
is too expensive. 

The best results were achieved by capillary GLC. The efficacy is very 
good and the time of analysis may be reduced to 10 minutes. For derivation 
n-butanol and trifluoroacetic acid anhydride or 1,1-dichloro-tetrafluoro-
acetone was used. A glass capillary of 15 m length wetted with SE-54 station-
ary phase gave the best results. 

The main disadvantage of the method is the relatively complicated pre-
paration of the samples to be analysed. 
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P H O T O M E T R I C D E T E R M I N A T I O N O F S O M E E S S E N T I A L 

A M I N O A C I D S I N F O O D S T U F F S A N D F O R A G E S 

J. CSAPÓ and I . TÓTH-PÓSFAI 

Faculty of Animal Science, University of Agriculture, H-7401 Kaposvár, Dénesmajor 2. 
Hungary 

Lately there has been a quick development in the ion exchange column 
chromatography of amino acids, hut the determination of all amino acids 
forming protein still requires 1-1.5 hours. The advantage of the photo-
metric methods is, that there is no need for expensive apparatus and determi-
nations can be carried out fast and in several repetitions. Another advan-
tage of the method is that only the essential amino acids can be determined. 
Because of the above mentioned these methods were first used to determine 
two essential sulphur containing amino acids under laboratory conditions. 
The results were compared to those of amino acid analyser and in the cause 
of authenticity having oxidized two sulphur containing amino acids they were 
determined in the form of cysteic acid and methionine sulphone. 

For photometrical determination of methionine we thought the best 
Toennis' and Kolb's platinum-iodine method. Since during the preliminary 
experiments results could be compared best with those of ion exchange column 
chromatography, later this method was used. 

It is well known that metals of the platinum group (Pt, Pd) form coloured 
complex iodines, which in the presence of organic sulphide or mercapto com-
pounds like cysteine and methionine loose their colour because of the sul-
phureous compounds. Cysteine has much less effect on platinum iodine com-
plex, than methionine. 

With the method of orange platinum iodine based on fading having 
determined methionine content of milk powder, meat flour, soybean, maize 
and wheat, no significant difference could be proved in the methionine content 
resulting from photometrical and ion exchange methods. 

Following Ellman's method for photometrical determination of cystine 
and cysteine we used the reaction between 5,5'-ditiohis-(2-nitrobenzoic acid) 
and cysteine. According to Cleland cystine was reduced to cysteine with 
erythro-l,4-dimercapto-2,3-butanediol (DTE) and threo-l,4-dimercapto-2,3-
butanediol, and the unnecessary reducing agent as suggested by Zahler and 
Cleland, was f ixed by sodium meta arsenite. The orange 3-mercapto-6-nitro-
benzoic acid resulting from the reaction of cysteine and Ellman reagent was 
determined by photometry at 412 nm. 

In the course of comparative analysis — similarly to methionine — no 
significant difference between the ion exchange and photometrical determi-
nation, was found. 
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PROBLEMS IN THE DETERMINATION OF PROTEOLYTIC ENZYMES 
IN RENNET 

W . K R A U S E 0, E. L U D W I G " , G Y . H A J Ó S 4 anil F. ÖRSI C 

"Technische Universität, Dresden, Sektion Chemie, Dresden, Mommsenstrasse 13. GDR 
bCentral Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

'Department of Biochemistry and Food Technology, Technical University, Budapest, 
11-1502 Budapest, B.O.Box til. Hungary 

The determination of proteolytic activities depends on the kind of sub-
strate, the separation method of reaction products and the methods for quan-
tification of hydrolysis products. The bovine rennet contains the acid proteases 
chymosin and pepsin in changing relations, depending on the age of the animal 
being the source of the enzyme preparation. 

The proteolytic activity of chymosin and pepsin depends on pH. There-
fore the chymosin-pepsin activity-relation also changes with pH. The maxi-
mum efficiency of chymosin in rennets is observed near the enzyme's iso-
electric point at pH 4.6 but it is sufficiently high at the pH value of milk, too. 

The correlation between the chymosin-pepsin activity-relation, deter-
mined as proteolytic activity and milk coagulating activity was found to he 
not linear. This fact influences the calculation of rennet efficiency during the 
cheese ripening process. 

IMMUNOELECTROPHORETIC CHARACTERIZATION OF PROTEINS 

M . SZAKÁCS-DOBOZI and A . H A L Á S Z 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

The immunoelectrophoretic methods have recently been applied to the 
identification and characterization of minute quantities of proteins, e.g. en-
zymes, in clinical and biological laboratories. Five of the most commonly usd 
techniques, immunoelectrophoresis (IE), rocket Immunoelectrophoresis (RIE), 
fused-rocket immunoelectrophoresis (FRIE), crossed-immunoelectrophoresis 
(CIE) and crossed-immunoelectrofocusing (CIEF) were applied in our experi-
ments to characterize the Glycocladium cellulolytic enzyme system obtained 
in our laboratory. Nineteen different antigenic components, most of them 
glycoproteins, could be detected. 

However, classical immunoanalytical techniques are not very appro-
priate for the investigation of processed denatured mixtures e.g. soy protein 
in meat products. For sterilized products the enzyme-linked immunosorbent 
assay (ELISA) has been developed to quantitate soya protein. Unlike the 
classical immunochemical methods, ELISA does not rely on the precipitation 
of the antigen-antibody complex; the presence of the complex is quantitatively 
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monitored by colorimetric measurement of the activity of the enzyme linked 
to it. The technique has been applied successfully to the quantitative determi-
nation of soya protein even in severely heat-processed meat products. 

BIOLOGICAL VALUES OP N E W PROTEIN SOURCES 

É . G E L E N C S É R and G Y . H A J Ó S 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

The protein management of nations and the health preserving nutrition 
strategies require that higher priority should be given to the qualification 
of proteins. In the possession of adequate methods the protein value gained 
from unit area can economically be increased and this can provide the basis 
for the development of an up-to-date nutrition pattern. 

In our laboratories protein concentrates with balanced amino acid pat-
tern were prepared by enzymatic peptide modification. By enzymatic technique 
first the methionine was built into the protein bonds. Methionine plays an 
important role as an essential amino acid and as an exclusively methylizing 
agent in the living organism. 

The purpose of the present investigation was to study the biological 
value and digestibility of protein concentrates based on casein partially enzyme-
hydrolysed, prepared from a-chymotrypsin (Cas) and soyprotein isolate (SI) 
for utilization as formula food. The Cas and SI were balanced (Sulphuric 
Amino Acids = 3.5 g per 16 gN) with free L-methionine (Cas-Met, Si-Met) and 
with enzymic peptide modified Cas (EPM) prepared by building in the peptide 
bonds of methionine-methyl-ester (Met = 6.8 g per 16 gN) with NOVO 
Alcalase enzyme-catalyzed reactions (Cas-EPM, SI-EPM). 

The in vitro biological value was characterized by the CS-value (Chemical 
Score) calculated on the basis of the essential amino acid content (FAO, WHO, 
1973). The in v ivo biological value was determined by animal feeding ex-
periments on growing male rats. Changes in Net Protein Ratio (NPR), Net 
Protein Utilization (NPU), Biological Value (BV) and True Digestibility (TD) 
were determined by direct measurement of the body-mass, the body- and 
fecal-nitrogen (UNU, 1980). 

The results indicate that the biological value of the balanced protein 
concentrates (Cas-Met, Si-Met and Cas-EPM, SI-EPM) is more favourable. 
The supplementation with EPM on the basis of SI resulted in a significant 
improvement of the biological value. 
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INVESTIGATION OF DIGESTIBILITY OF ENZYMATICALLY 
TREATED YEAST 

Á . BARÁTH, M . M . K A S S I M a n d A . H A L Á S Z 

Central Food Research Institute, 11-1022 Budapest, Herman Ottó út 15. Hungary 

Cell-walls of microorganisms are hardly available to digestive enzymes 
of human being and laboratory animals. In case of yeasts, disregarding some 
strains which have cell-walls of high permeability (e.g. brewer's yeast), the 
cell-wall decreases the digestibility of the protein. In order to increase the 
digestibility the authors carried out experiments regarding the digestibility 
of different kinds of yeast strains (Saccharomyces cerevisiae, Sacchctromyces 
carlsbergensis, llhodotorula glutinis, Candida guilliermondii). 

Experiments were extended to the investigation of the effect of the 
yeast protease inhibitor. They carried out it by pancreatine enzyme in pH-stat 
system and they compared degrees of hydrolysis (DH) when the time of hydro-
lysis was 60 minutes. 

The yeast suspensions were treated with enzymes, heat, physical effects 
and combinations of them. Comparing the effects of the treatments in the 
digestibility of each strain, it was found that in case of Saccharomyces cerevisiae 
the pretreatment with its intracellular protease yielded significantly better 
digestibility. 

In case of Rhodotorula glutinis every treatment changed its digestibility 
significantly, but only the pretreatment by its intracellular protease was more 
successful compared to the control sample. In case of the other strains none 
of the treatments could change the digestibility significantly. 

IMMUNOCHEMICAL CHARACTERIZATION OF SOYPROTEIN 
PRODUCTS 

Cs. F E R E N T Z I and É . G E L E N C S É R 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

Immunopreeipitation techniques and enzyme-linked immunosorbent 
assays (ELISA) for the measurement of soyprotein levels in foods have already 
been published. The application of immunoassays for the determination of 
soyproteins depend on the composite nature of soyprotein ingredient and the 
biological variability of its composition and on the processing involved in the 
manufacture of the ingredient (e.g. soy flour, concentrate, isolate or extrudate). 

The polyclonal rabbit antiserums to soya isolate and 115 soyprotein 
subunit prepared by Thanh and Shibashaki (1976) have been developed in the 
Central Food Research Institute. The purpose of the present investigation 
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was to study the possibility of using these serums for the determination of 
various sovprotein products in a model mixture. 

The soybean varieties (McCall, Eszter, S 1345, ISZ 15) and processed 
soy-products (texturate, extrudate, concentrate, isolate) were checked with 
immunoelectroforesis test by Laurell (1967) and with ELISA by Notermans 
and Henvelman (1985). The affinity purified (Erdei et al., 1986) immuno-
globulin was labelled with horse radish peroxidase by Avrameas (1969). 

It was found that these assays are applicable to raw and processed soy-
products and are not dependent on soya variety and type of soyprotein pro-
duct composition and processing conditions. 

BIOLOGICAL VALUE AND CHANGE OF MÍLK PROTEIN IN CATTLE, 
GOATS AND S H E E P DURING LACTATION 

J. CSAPÓ and Zs. CSAPÓ-KISS 

Faculty of Animal Science, University of Agriculture, 
H-7401 Kaposvár, Dénesmajor 2. Hungary 

During the past 20 years in the interest of economy and increase of milk 
production far-reaching changes have taken place in cattle breeding. Nowa-
days there are several genotypes, and these different breed constructions give 
considerably dissimilar milk. Changes having taken place in sheep and goat 
breeding lagged far behind cattle breeding, but because of the increasing de-
mand for sheep's and goat's milk attention has been focused on these breeds. 

Biological value of milk protein in the following breeds and breed con-
structions were determined: 
Cattle: Hungarian red spotted (Hrs), Holstein-Friesian (HF), Hungarian red 
spottedX Holstein-Friesian F4 (Fx), Hungaro-Friesian В (HFB), Holstein-
Friesian fatherhood (HFf). 
Goat: Saanen (S), Alpine (A), Hungarian home breed (H), improved Hungarian 
white (iH). 
Sheep: Hungarian combing merino (Hem). 

From the animals belonging to the above mentioned groups milk samples 
were taken after parturition on 3-5 occasions and on 3-10 occasions during 
lactation. The amino acid pattern of the milk samples followed by 6 mole 
hydrochloric acid hydrolysis was determined hy an LKB-4101 automatic 
amino acid analyser, then using Morup's and Olesen's method the biological 
value was counted. 

The biological value of the colostrum in cattle after calving is practically 
unchanged (105) until the 48th hour then it gradually decreases till the 30th 
day of lactation (74-75). 
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The biological value of milk increased till the second month of lactation 
then it decreased until the f ifth month, while towards the end of lactation i t 
increased again. The results for goat and sheep were similar with the difference, 
that while the biological value for cattle and sheep colostrum coincide that 
for goat was 20% higher. 

The biological value of goat's milk milked during lactation was 15-25% 
hio-ber thai r»f cattle corresnondinu to с hierher rirnteln rafjo íri uoat's mlIL 

. о о J. ' ' о 

No significant difference was found between the biological value of the 
milk of animals being under the same conditions of lactation neither between 
certain genotypes of cattle. 

ESTIMATION OF THE DISTRIBUTION OF LOW MOLECULAR WEIGHT 
PEPTIDES I N PROTEIN HYDROLYSATES 

U. B E H N K E and H . R U T T L O F F 

Central Institute of Nutrition, Academy of Sciences of the GDR, DDR-1505 Potsdam-
Rehbrücke, Arthur Scheunert Allee 114-116. GDR 

To estimate molecular weight distributions of proteins and larger 
peptides gel chromatography with Sephadex or SDS gel electrophoresis using 
molecular weight standards are most common. With highly hydrolyzed pro-
teins, consisting of small peptides and amino acids, disturbances occur as a 
result of partial content of aromatic amino acids with retarded running prop-
erties. 

The proposed method eliminates these disturbances and consists of the 
following steps: 

— Gel chromatography of 50 mg of a peptide mixture in 0.5 cm3  

0.1 mol l - 1 acetic acid on a Sephadex G-25 column collecting 3 cm3 

fractions. 
— Determination of NH2-groups with trinitrobenzenesulfonic acid be-
fore and after total hydrolysis (TH) with 6 N HCl in each fraction, 
— Calculation of the NH,-groups before and after TH and of the amino 
acids per peptide (Pn = N H , after T H / N H , before TH), ranking of the 
Pn-values by size and summing up in steps of the respective NH2-values 
after TH by a computer program, 
— Plotting the stepwise summarized NH2-values (27 mol%) against the 
ranked Pn-values and presenting the molecular weight distribution by 
taking the differential NH2-values for the integers of Pn from the above 
plot. 

Some molecular weight distribution patterns of different protein hydro-
lysates are given as examples. 
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ENZYMATIC HYDROLYSIS OF MAIZE PROTEIN 

U . В Е Н И К Е 8 , E. JURISOVÁ b , E . B E U E J O V Á b , J. BURIANKK b and I. H A A S b 

8Central Institute of Nutrition, Academy of Sciences of the GDI', DDR-1505 Potsdam-
Rehbrücke, Arthur Scheunert Allee 114-116. GDR 

bSlovakian Starch Factories, Trnava. Czechoslovakia 

An enzymatic modification or hydrolysis as it is performed e.g. on soy-, 
wheat, meat, fish or milk proteins by a direct proteolytic attack is not pos-
sible to a similar degree with maize gluten. Maize proteins are hydrolyzed by 
proteolytic enzymes to a much lesser extent. An industrial use of this process 
has not become known yet . 

The present investigations with technical maize gluten deal with the 
following problems: 

— comparison of the enzymatic hydrolysis of maize and wheat protein 
and investigation of some functional properties, 

— comparison of different proteinases, 
— influence of different kinds of pretreatment (HCl, a-, and /9-amylase, 

heating) on the enzymatic proteolysis, 
— estimation of molecular weight distribution with maize protein 

hydrolysates. 

From the results it is obvious that the solubilities of maize gluten are 
significantly lower than those of wheat gluten at comparable degrees of hydro-
lysis. Special investigations of solubilities and the distribution of molecular 
weights reveal that preferably small peptides besides not or only little attacked 
proteins are found as hydrolysis products. Despite of using selected pretreat-
ment methods the extent of hydrolysis can be increased only partly. 

YEAST AS A HUMAN PROTEIN SOURCE 

| A . HALÁSZ, Á. B A R Á T H and В . M Á T R A I 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

Yeasts raise great interest as SCP for food purposes not only for their 
good fermentation characteristics but the high biological value of their pro-
tein and technofunctional properties. For direct human consumption follow-
ing yeast species can be used: Saccharomyces carlsbergensis, Saccharomyces 
cerevisiae, Kluyveromyces fragilis, Candida lypolitica, Candida tropicalis, Can-
dida utilis. 

An unlimited utilization of yeast as main protein source is only possible 
after the reducing of R N A content below 2%. Activation of intracellular 
RN-ases seems to be very convenient especially in case of yeasts with high cell 
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wall permeability. Our experimental works shows that good growth rate, high 
protein content and biological value are equally important aspects for strain 
selection. The composition of fermentation medium and aeration level also 
influence the SCP quality. 

In the amino acid composition of yeast protein methionine is a limiting 
essential amino acid. Methionine content can be increased by mutation and 
protoplast fusion technique, too. Among fermentation parameters aeration 
intensity (mmol 0 2 l _ 1 h _ 1 ) has a significant effect on methionine content. 
Higher aeration levels cause a decrease in methionine synthesis. 

Yeast protein digestibility is dependent on the cell wall, partial destruc-
tion of it resulted in an increase of digestibility. 

INVESTIGATION OF T H E PROTEINS OF LUPIN SEED 

M . B . A B D E L 8 A M И » , M . SHAABAN" and R . LÁSZTITY1 1 

*Agricultural Biochemistry Department, Faculty of Agriculture, El-Minia University, 
El Minia. Egypt 

bDepartment of Biochemistry and Food Technology, Technical University, Budapest, 
H-1501 Budapest, P.O.Box 91. Hungary 

Protein of two cultivars (Giza-1 and Giza-2) of lupin species Lupinus 
termis and two cultivars (Luplance and Lucky) of species Lupinus doux 
grown in Egypt, were investigated. 

Total protein content of different cultivars ranged from 28,1% to 43,1%. 
Amino acid composition showed high levels of glutamic acid, leucine and 
arginine and low level of tryptophan being the first limiting amino acid. 
Digestibility of lupin seeds and kernels ranged from 61.7% to 71.1%. 

Globulin is the major protein fraction in all cultivars followed by al-
bumin. The quantity of all other (residual) proteins is about 10%. Using HPLC 
technique 5-8 subfractions of globulins may be separated. Changes in the 
molecular weight distribution of thermally treated protein fractions may be 
well demonstrated using HPLC. Boiling in water for 1 h changed significantly 
the solubility of globulin fractions. 

Protein isolates of lupin seeds have a relatively good solubility and 
satisfactory emulsifying properties. 
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CHARACTERIZATION OF SOY- AND PEA PROTEIN FRACTIONS 

E . HORVÁTH and Zs. ORMAI-CSERHALMI 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

Different fractions of soy- and pea proteins were characterized to get 
more information about their applicability in food industry. The fractionation 
of soy- and pea proteins from soybean and pea flour were made according to 
methods of Osborne, and Than and Shibasaki, respectively. Their molecular 
weight distribution was determined by SDS-PAGE, quantities of SH and SS 
groups in proteins were determined by the method of Beveridge. The next 
functional properties were investigated: water binding capacity, fat binding 
capacity, emulsifying activity, emulsion stability, foaming activity and foam 
stability. 

The results showed that soy- and pea proteins could be well fractionated 
into different fractions. They have specific molecular weight distributions, 
different quantities of SH and SS groups and different functional properties. 
Investigating the same fractions of soy- and pea proteins some similarities also 
could be noticed. It is suggested that composition and structure of food pro-
teins could influence their technofunctional properties. 

THE PRODUCTION OF SINGLE CELL PROTEIN FROM 
AGRICULTURAL WASTES BY FUNGI 

R . E L S A A D A N Y ' , 14. K H A L A F " , H . E L MANAWATY 6 and F . SALOMC 

'•Moshtohor Faculty of Agriculture, Zagazig University. Egypt 
ьHorticultural Research Institute, Giza. Egypt 

cFaculty of Agriculture, Zagazig University. Egypt 

Results throughout this study revealed that the chemical composition 
of corn and cotton stems are considered basic and suitable nutritional sources 
for microbial growth, because of their high fibre constituents, 46.62% and 
48.35% for corn and cotton stems, respectively. 

The optimum concentration of the cellulosic waste in the fermented 
media for SCP production and the maximum yield of mycelium which was 
the aim of this study, depends greatly on both fungal strains and the type of 
waste. Two strains of fungi were used for SCP in this work, Sporotrichum and 
Aspergillus as cellulase enzyme producing microorganisms. 

In the growth media 1.8% of powder corn stems was an optimum con-
centration for SCP production and maximum yield of mycelium for the S. 
pulverulentum strain, as the fungi produced 21.5 g mycelium per 100 g of 
waste; 1.5% of powdered cotton stems was optimum concentration for SCP 
for the same fungal strain, as it produced 20 g of mycelium per 100 g waste. 
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For A. niger strain 2.1% of powdered corn and cotton stems, respec-
tively, were optimum concentrations for SCP production as the fungi produced 
24 and 21 g of mycelium per 100 g of the mentioned agricultural cellulosic 
wastes, respectively. The protein content of fungal strains SCP was 28 and 
30.6% for S. pulverulentium and A. niger, respectively, which is considered 
a high protein content. 

ACIDIFIED FABA B E A N PROTEIN GELS 

H . SCHMANDKE and B. H A R T M A N N 

Central Institute of Nutrition, Academy of Sciences of the GDR, DDR-1Ö05 Potsdam-
Rehbrücke, Arthur Scheunert Allee 114-116. GDR 

A protein fraction is prepared from faba bean (Vicia faba L. minor) 
protein isolate at pH 2 which forms gels in the acidic p H range. The aim of 
this study was to investigate the influence of pH value, protein concentration, 
heat treatment, calcium ions, sucrose and dextrose syrup on the gelation of 
this faba bean protein fraction. 

For preparing gels the components are mixed and the pH is adjusted 
by adding citric acid or HCl. The mixture is heated and then cooled to form 
gel. Gel strength is measured with the penetrometer AP 4/II. The gel strength 
rises with increasing pH up to pH 3.5. Above pH 3.5 the protein suspension 
does not form a gel but it becomes curdlike. The gel strength also depends on 
the protein concentration, it decreases with decreasing protein concentration. 
At pH 2 protein suspensions with less than 11% protein do not form gels, 
at pH 2.8 with less than 10% do not form gels. The extension of heating t ime 
and temperature increases the gel strength, the minima for gelation are 15 min 
at 100 °C or 30 min at 85 °C (13% protein, pH 2.8). Addition of calcium 
ions to the protein suspension (13% protein, pH 2.8) up to 15 mmol increases 
the gel strength. With more than 15 mmol calcium gelation does not occur, 
the protein suspension becomes curdlike. Addition of sucrose to the protein 
suspension (14% protein, p H 2.8) leads to a decrease of the gel strength. Pro-
tein suspensions with more than 120 g sucrose to 100 g do not form a gel, 
they have after heat treatment and cooling a syrup-like consistency. Addition 
of dextrose syrup to the gel up to 25 g to 100 g gel (13% protein, pH 2.8, 80 g 
sucrose to 100 g gel) increases the gel strength. Addition of more than 25 g 
dextrose syrup is detrimental because the gel becomes cloudy. 
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YEAST STRAIN SELECTION FOR FOOD PROTEIN SOURCE 

M . K A S S I M, A. H A L Á S Z , I . S Z A L M A - I ' F K I F F E R and B . Z Á R A I - L U K Á C S 

Central Food Research Institute, H-1022 Budapest, Herman Ottó út 15. Hungary 

Yeast strains were chosen according to the FDA permission. Growth 
rate, protein content, cell concentration, R N A content, RN-ase activity and 
efficiency of R N A reduction by intracellular RN-ase had been determined 
for S. cerevisiae, Candida guilliermondii and Rhodotorula glutinis. Cell pro-
pagation was done in batch fermentation on date syrup medium. Growth rate 
was significantly influenced by C-source concentration but the sensitivity of 
the three strains is different. 

Highest limiting substrate concentration was found for R. glutinis. 
Protein content of yeast biomass was highest for S. cerevisiae at each sub-
strate concentrations above the limiting value. RNA content is influenced by 
the strain and fermentation conditions as well. At date syrup concentrations 
between 0.5-1.0% however there is no significant difference among R N A 
values except for S. cerevisiae, produced at 1% substrate concentration. 

On comparing protein production values C. guilliermondii showed poorest 
and R. glutinis was slightly significantly better than S. cerevisiae. RN-ase 
activity of the yeast strains is significantly different and efficiency of R N A 
reduction by heat-shock treatment also. 

As R N A content of SCP for food protein purposes should not be higher 
than 2%, R. glutinis was found to be the best strain. 

COMPLETE UTILIZATION OF THE PROTEIN RICH FABA B E A N I N 
HUMAN NUTRITION 

C H . S C H N E I D E R , G . M U S C H I O L I K and Н . S C H M A N I J K E 

Central Institute of Nutrition, Academy of Sciences of the GDR, DDR-1505 Potsdam-
Rehbrücke, Arthur Scheunert Alléé 111-116. GDR 

Faha bean is one of the four most important legume crops in the world. 
The recent annual production exceeds 4 million tons. Faba beans (Vicia faba 
L. minor) contain after dehulling about 28% of proteins, 45% of starch and 
1-5% of lipids beside some other components. 

A complete processing scheme is presented for faba beans, to yield 
special roasted kernels, hulls, special flours, protein isolates (native and acetyl-
ated), starch and lipids. Roasted kernels are applicable as a partial nut sub-
stitute in sweets or as a snack. Hulls are used as a component with a high 
dietary fiber content. The faba bean flours show water and fat binding capacity 
and form gels by heating. Different pretreatments reduce the beany taste and 
the content of undesirable components. Faha bean flours can be used for 
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example in sausages, bread and other bakery products, ice cream and pasta 
products. Faha bean protein isolates are gel forming, emulsifying, emulsion 
stabilizing and foaming products. Acetylation enhances gel strength and 
emulsion forming and stabilizing properties. Faha bean protein isolates are 
applied as high functional additives to processed foods in small amounts 
(mostly less than 5%). Typical application fields are: sweet jellies and fillings, 
mayonnaise, salad cream, dressings, margarine, sauce for canned meat or fish. 
Faba bean starch has white color, is tasteless and provides a high amylose 
content of about 30-35%. Therefore faba bean starches form strong gels, 
hut tend to produce syneresis. Starch is applicable as gel forming or thicken-
ing agent, for instance in cooked puddings. The lipids of the faba bean consist 
of more than 40% phosphatides and are applicable similarly to soya lecithin, 
for instance as emulsifier in chocolate. The complete processing and utiliza-
tion of faba bean is an example for the exhaustive exploitation of a protein 
containing raw material in human nutrition. 

OFF-FLAVOUR REDUCTION IN FABA B E A N PRODUCTS 

M . SCHULTZ, К . H O P P E and H . SCHMANDKE 

Central Institute of Nutrition, Academy of Sciences of the GDB, DDR-1505 Rergholz-
Rehbrücke, Arthur Scheuncrt Allee 11-1-116. GDR 

The application of modified protein isolate from faba beans as substi-
tute for traditional gelling agents in the acid range can be difficult from 
the sensory aspect. In fruit gel systems an unpleasant off-flavour can occur. 

The categorical judgement of small intensities enables the determination 
of the off-flavour amount of acid modified faba bean protein isolate in the 
application system "Fruit gel". This sensory method was used to evaluate 
the effect of various processing methods on the reduction of undesirable com-
ponents, which cause the off-flavour in the acid range. 

Variance analysis of the results shows that defatting or isoelectric wash-
ing, respectively, reduces the off-flavour significantly. A further weakening 
of the off-flavour is possible by addition of a strawberry aroma concentrate. A 
combination of defatting and isoelectric washing of faba bean flour gives the 
highest removing rate of off-flavour components. 
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EFFECT OF PROTEIN QUALITY AND DIETARY LEVELS OF IRON, 
ZINC AND COPPER ON THE INDICES OF OVERALL DEVELOPMENT 

OF RATS 

W . R O S Z K O W S K I , A . BRZOZOWSKA, S. W R O N O W S K I and J . W I T K O W S K A 

Institute of Human Nutrition, Agricultural University, 
SGGW-AR, Warsaw. Poland 

The bioavailability and utilization of trace elements depend on many 
dietary factors such as content of protein, fibre, oxalates, tannins, etc. This 
investigation was only a part of wider studies designed to examine the effect 
of protein quality and dietary levels of iron, zinc and copper on mineral 
metabolism. 

The study was performed in male Wistar rats with a mean initial weight 
of 100 g. Casein, wheat gluten and a caseingluten mixture (1 : 1) were used 
as the sources of protein. The protein content of the semisynthetic diets 
was 20%. 

Three levels of examined minerals were used: 

— moderately low level of Fe, Zn and Cu simultaneously (60% of re-
commended level), 

— adequate level (recommended for rats), 
— high level (three times higher than recommended in rats diet). 
It was found that under conditions of this experiment 
— protein quality and level of Fe, Zn and Cu in the diet affect weight 

gain of the rats, diet intake and food efficiency ratio independently 
from one another. Casein and recommended levels of minerals were 
optimal, 

— minerals had no effect on the relative weights of liver, spleen and 
kidney, however, casein resulted in slightly higher weights than 
wheat gluten, 

— high levels of minerals resulted in the highest hemoglobin concentra-
tions (16.1 g 100 c m - 3 at high levels and 12.7 g 100 c m - 3 at low 
levels). 

This study was supported by CPB-R Grants No. 10-16/4.2.8/67. 
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EFFECT OF PROTEIN QUALITY AND DIETARY LEVELS OF IRON, 
ZINC AND COPPER ON MINERAL METABOLISM I N THE RATS 

A. BRZOZOWSKA, D . CZERWINSKA, A. K I E P U R S K I, A. SIOINSKA and W . R O S Z K O W S K I 

Institute of Human Nutrition, Warsaw Agricultural University, 
Warsaw. Poland, 

The purpose of this study was to compare the concentration of iron, 
zinc and copper in tissues of rats fed experimental diets containing 20% pro-
tein as casein, wheat gluten or mixture of both ( 1 : 1 ) and three different levels 
of the examined minerals (approximately 60%, 100% and 300% of the re-
commended amount simultaneously for Fe, Zn and Cu). The experiment was 
carried out using male growing Wistar rats. 

The level of Fe, Zn and Cu was measured as well as total iron binding 
capacity (TIBC) and transferring saturation in liver, kidney and plasma. The 
iron and copper content and TBIC of plasma were highest using casein and 
high level of minerals in the diet. Transferring saturation and level of the 
zinc was not affected by mineral level in the diet. 

The higher mineral level of diet increased the mineral content of kidney 
and liver, but the quality of protein affected only the iron concentration of 
liver. Gluten protein in diet resulted in the highest iron content. 

This study was supported by CPB-R Grants no 10-16/4.2.8/67. 

CHANGES IN THE ACTIVITY OF POLYPHENOLOXYDASES D U R I N G 
STORAGE OP APPLES 

A . A L - H I M D A N I , R . LÁSZTITY and P . M E R É S Z 

Department of Biochemistry and Food Technology, Technical University, Budapest, 
H-1502 Budapest, P f . 91. Hungary 

Four apple varieties (Jonathan, Starkimson, Golden delicious, Idared) 
were investigated harvested in 1982, 1983 and 1984. The apples were stored in 
normal and controlled atmosphere (14% 0 2 , 3.5% C02). Some of the samples 
were treated with irradiation (0.5-1.5 kGy, Co60) and calcium chloride (2% 
solution). 

It was found that generally small (10-20%, relative) change occurs in 
the Polyphenoloxydase (PPO) activity during 6 month storage. Nevertheless 
significant differences were observed between varieties (e.g. the initial PPO 
activity of Idared variety harvested in 1986 was 28.6 units and that of Star-
kimson only 13.5 units). Treatment with calcium chloride decreased the initial 
PPO activity (—20 —30%). Irradiation and changes of the atmosphere during 
storage had no significant effects on PPO activity levels. 
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BOOK REVIEW 

Microorganisms i n foods 

4. Application of the h a z a r d analysis critical control point ( H A C C P ) system 
to ensure microbiological safety a n d quality 

J . H . S I L L I K E R , A . C . B A I R D - I ' A R K E R , F . L . BRYAN, J . H . B . CHRISTIAN, 
T . A . R O B E R T S a n d R . B . T O M P K I N (Eds.) 

Blackwell Scientific Publications, Oxford, 1988; 357 pages 

B o o k 4 in the series of the International C o m m i s s i o n on Microbiological Specifica-
tions for Foods ( I C M S F ) m a y be regarded as original w o r k due to its thematics. T h e 
H a z a r d Analysis Critical Control Point ( H A C C P ) system, adopted in this book a i m s to 
identify the microbiological hazards existing in a process or practice, to identify the criti-
cal control points (CCPs) at which these hazards can be controlled, and to establish 
systems based predominantly o n chemical and physical testing, a n d o n visual observa-
tion, b y which the effectiveness of control can be monitored. 

T h e b o o k contains 357 Arabic a n d X I V R o m a n n u m b e r e d pages. T h e publication 
is divided into t w o parts. In Part 1: Principles are discussed in 8 chapters in 136 pages. 
Here, the n e w considerations a n d m e t h o d s concerning the H A C C P system and its appli-
cation are introduced. Part 2 is the Applications in 5 chapters in 176 pages. It deals with 
the problems of the: Production a n d harvesting of plant foods; Production of animal 
products; F o o d processing; Marketing a n d retail stores; F o o d service a n d H o m e s . 

T h e very useful book is completed by 6 Appendices introducing the organization 
a n d the activities of I C M S F . 40 tables contain the data of the b o o k a n d 46 figures contri-
bute to the better understanding. 

A b u n d a n t literature is available for experts dealing with these questions. Therefore, 
this n e w edition will be an essential reading in post-gradual education, in the hygienic 
design of food operating areas a n d in research. 

I . V A R S Á N Y I 

Biotechnology and food industry 

J. H O L L Ó a n d D . T Ö R L E Y (Eds.) 

Akadémiai Kiadó, Budapest, 1988; 707 pages 

T h e b o o k contains the Proceedings of the International S y m p o s i u m held in B u d a -
pest, H u n g a r y between October 5 — 9, 1987. 

T h e v o l u m e comprises the subject matter of the S y m p o s i u m , including papers 
delivered b y experts from 20 countries. S o m e papers deal with general problems of the 
biotechnology a n d the general situation of biotechnology in s o m e countries, other are 
engaged in the m o s t recent results of genetic engineering and physiology. A large n u m b e r 
of contributions are aimed at the production and application of e n z y m e s and microorgan-
isms. M a n y papers review technological applications in the production of alcohol, citric 
acid, beer wort, bread, feeds, the utilization of waste a n d other waste substances, the 
application of n e w reactors a n d technologies, etc. 

T h e S y m p o s i u m covered 4 m a i n topics through 65 presentations. 
T h e first chapter is the General Topics with 8 lectures. T h e importance of bio-

technology is discussed with special regard to its role in the food industry. T h e food 
industry applies the m e t h o d s of "positive" microbiology in a m o r e wider range. Several 
lectures are examples for this. 

T h e second chapter contains 10 lectures a n d introduces the newest results of 
researches in the fields of genetic engineering a n d physiology. Special emphasis is given 
to the role of modifying s o m e yeast a n d m o u l d strains in the production of biologically 

Akadémiai Kiadó, Budapest 
Kluwer Academic Publishers, Dordrecht 
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active materials. Lectures on the newest application of protoplast fusion; on the further 
study of the characteristics of brewer's yeast a n d o n the development of microbiological 
wine i m p r o v e m e n t convincingly prove that the Hungarian biotechnology is a dinamie 
part of not only the researches but of the industrial practice. 

T h e third chapter discusses in 23 lectures the biotechnological application of 
e n z y m e s a n d microorganisms. Lectures account o n the preparation, purification a n d on 
the usage of e n z y m e s produced mainly by fungi. T h e newest results in e n z y m e immobili-
zation, in the determination of e n z y m e activity a n d on certain industrial applications are 
shown. 

T h e fourth chapter presents the technological applications in 24 lectures. Bio-
technological m e t h o d s m a y be utilized on various fields of food industry. Lectures were 
not only given from the meat-, dairy-, brewing industries a n d f r o m viticulture but also 
o n the possibility of applying single-cell protein; o n waste utilization and also o n the 
m e t h o d s of traditional biotechnology. 

B o t h the opening addresses and the closing conclusions emphasize the necessity 
of utilizing the biotechnological m e t h o d s in a w i d e range and also the positive role of ex-
changing the research results at international symposia. T h e n e w possibilities offered 
b y technology contribute to the development of the food industry. 

This v o l u m e gives information on the present state, developmental trends and 
results achieved in biotechnology in the food industries. Researchers as well as industrial 
specialists, graduate students in food chemistry, biochemistry a n d biotechnology will 
find in this b o o k m a n y ideas that m a y be useful in the solution of their o w n problems. 

L. SOMOGYI & I. VARSÁNYI 
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NOTICE TO CONTRIBUTORS 
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one side of the sheet a n d should not exceed 20 pages. 

Title. T h e title should be concise and informative. It m u s t be followed by the 
authors' n a m e s and the address(es) of the institute(s) w h e r e the w o r k w a s carried out. 
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is indispensable. 

References. T h e reference list (Literature) should be in alphabetical order as 
follows: 

Periodicals: N a m e s and initials of all the authors; year of publication in parenthe-
ses; colon; title of the paper; title of the periodical; inclusive page numbers. 

Books: N a m e s a n d initials of all the authors; the year of publication in parentheses; 
colon; title of the book; publishing firm, place of publication; inclusive page numbers. 

Detailed instructions for publishing in Acta Alimentaria are available from the 
Editorial Office. 

Authors will receive one set of proofs which m u s t be corrected a n d returned at the 
earliest convenience to the Editorial Office. In this phase major alterations of the 
text cannot be accepted. 

Offprints. W e supply 100 offprints free of charge. Additional copies can be ordered. 
No page charges are levied on authors or their institutions. 

Acta Alimentaria is surveyed by Current Contents/Agriculture, Biology and Environ-
mental Sciences, A S C A , B I O S I S , Nutrition Abstracts a n d Reviews. 



ACTA A L I M E N T A R I A 

V O L U M E 17 N o . 4 - 1 9 8 8 

C O N T E N T S 

Comparative effect of ethylene oxide and g a m m a irradiation o n the chemical, sensory 
a n d microbial quality of ginger, c i n n a m o n , fennel a n d fenugreek 
T O O F A N I A N , F . & S T E O E M A N , H 2 7 1 

T L C analysis of the 2,4-dinitrophenylhydrazone derivatives of the carbonyl c o m -
p o u n d s of cooked, m a t u r e tubers of white y a m (Dioscorea rotundata poir) 
A H O N K H A I, S 283 

S o d i u m dodecyl sulphate Polyacrylamide gel electrophoresis of seed proteins as a 
test for screening high cooking quality d u r u m wheat strains 
T A H A, S. А . к SÁ G I , F 2 9 1 

Comparative biochemical study on the cffect of drying temperature on macaroni 
quality 
T A H A , S. A . & SÁGI, F 299 

Propagation of s o m e F u s a r i u m strains a n d study of their zearalenone production on 
ground paprika 
S A W I N S K Y , J . , H A L Á S Z , A . & H O R N O K , L 3 0 9 

A high performance size exclusion chromatographic m e t h o d for the analysis of the 
molecular weight distribution of starch 
C A I, W . , A T H A N A S S O U L I A S , C . & D I O S A D Y , L . L 3 1 9 

Partial purification and properties of lipoxygenase from germinated tomato seeds 
D A O O D , H . G . К B I A C S , P . A 3 3 3 

International Biochemical S y m p o s i u m o n F o o d Proteins, Balatonszemes, 1987 
Technofunctional properties of food proteins 
L Á S Z T I T Y , R 3 4 5 

Cryostructurization of myofibrillar proteins 
V A I N E R M A N , E . S . / R O G O Z H I N , S . V . к S T O Y A O H E N K O, I. A 3 5 0 

Determination of foaming properties of proteins 
K R O L L , J . & G A S S M A N N , В 3 5 1 

Stepwise regression analysis of relationships between wheat quality and 
chemical c o m p o n e n t s 
Ö R S I , F . , P A L L A G I, E., K Á R P Á T I , E . M . , B É K É S , F . & L Á S Z T I T Y , R . 3 5 2 

Emulsifying and foaming faba b e a n proteins 
S C H N E I D E R , C H . , M U S C H I O L I K , G . , S C H U L T Z , M . к S C H M A N D K E , H . . . . 3 5 3 

Functional properties of squid-fish-meat homogenates 
K O L O D Z I E J S K A , I . , S A D O W S K A , M . к S I K O R S K I , Z 3 5 3 

Functional properties of pea protein fractions 
O R M A I - C S E R H A L M I , Z S . & H O R V Á T H E 3 5 4 

Chemical and functional properties of rye proteins 
L U D W I G , E . & L U D W I G , 1 3 5 4 

Effect of low temperature irradiation o n the proteins of out u p chicken muscles 
and their functional properties 
A M M A R , К . A . & L Á S Z T I T Y , R 3 5 5 

Continued inside 

Index: 23.069 


	1988 / 1. sz.��������������������
	KAFFKA, K. J.: Determination of amino acids in lupine by near infrared reflectance spectroscopy������������������������������������������������������������������������������������������������������
	JAN, M.-LANGERAK, D. IS.-WOLTERS, TH. G.-FARKAS, J.-KAMP, H. J. V. D.-MUUSE, B. G.: The effect of packaging and storage conditions on the keeping quality of walnuts trated with disinfestation doses of gamma rays��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	SANTOS, M. C.-BOBBIO, P. A.-RODRIGUEZ-AMAYA, D. B.: Carotenoid composition and vitamin A value of rami (Bohemeria nivea) leaves��������������������������������������������������������������������������������������������������������������������������������������
	ACZÉL, A.: Application of overpressure layer chromatography in red pepper analysis. Study of the carotenoids giving the red colour to ground red pepper��������������������������������������������������������������������������������������������������������������������������������������������������������������
	J. N. ZSINKA, Á.-FÖLDES, V.-PERÉDI, J.: Indices of lipid metabolism disturbance induced by diet (Rat experiments)������������������������������������������������������������������������������������������������������������������������
	DAOOD, H.-BIACS, P. A.: Some properties of tomato lipoxygenase���������������������������������������������������������������������
	SALOVAARA, H.-KEROJOKI, H.-DEMECZKY, M.-VÁMOS-VIGYÁZÓ, L.: High amylase flour in baking with very high frequency (VHF) energy������������������������������������������������������������������������������������������������������������������������������������
	FARKAS, J.-ANDRÁSSY, É.: Comparative analysis of spices decontaminated by ethylene oxide or gamma radiation������������������������������������������������������������������������������������������������������������������

	1988 / 2. sz.��������������������
	SHABAN, M. A. E.-KANDEEL, K. M.-YACOUT, G. A.-MEHASEB, S.: Gas-liquid-chromatographic analysis of the lipid composition of Elettaria cardamomum seeds������������������������������������������������������������������������������������������������������������������������������������������������������������
	HEREDIA, F. J.-GUZMÁN, M.: Application of chromatic parameters to follow time-dependent spoilage of wines����������������������������������������������������������������������������������������������������������������
	PAZOUREK, K.-ČERNY, M.: Application of near infrared reflectance technique in the analysis of selected pig feed mixes����������������������������������������������������������������������������������������������������������������������������
	DAOOD, H.-AL-ANI, H.: Biochemical properties of safflower lipase�����������������������������������������������������������������������
	KANDEEL, K. M.-EL-SADEK, M. M.-YACOUT, G. A.-ABDEL RAZEK, A.: Estrone in Phalaris canariensis and Echinochloa crusgalli grains�������������������������������������������������������������������������������������������������������������������������������������
	KASPRZAK, W.: Meat-borne parasitic infections in Poland and possible ways of prevention����������������������������������������������������������������������������������������������
	CSAPÓ, J.-GOMBOS, S.-TÓTH-PÓSFAI, I.-HENICS, Z.: Modified method for diaminopimelic acid determination in samples of biological origin���������������������������������������������������������������������������������������������������������������������������������������������
	JADDOU, H.: Studies of some physical and chemical characteristics of Ajeeba wheat cultivar and some of its mutants�������������������������������������������������������������������������������������������������������������������������
	LARRECHI, M. S.-GUASCH, J.-RIUS, F. X.: The definition of two Catalan viticultural regions by classification methods���������������������������������������������������������������������������������������������������������������������������
	GUINOT, P.-METHLOUTHI, M.-LEIRIS, J. P., DE: Effect of low residual O2 and CO2 on the preservation of CO2- and N2-packed spongecake������������������������������������������������������������������������������������������������������������������������������������������
	SZENTE, L.-GÁL-FÜZY, M.-SZEJTLI, J.: Tea aromatization with beta-cyclodextrin complexed flavours�������������������������������������������������������������������������������������������������������
	Book review������������������

	1988 / 3. sz.��������������������
	DUDAŠOVA, S.-ŠORMAN, L.-DUDÁŠ, J.: Studies into the changes in sulphur amino acids of beef exposed to different time and temperature conditions������������������������������������������������������������������������������������������������������������������������������������������������������
	J. N. ZSINKA, Á.-FÖLDES, V.-GERE, A.-SZÉPVÖLGYI, J.-PERÉDI, J.-THURÓCZY-THIERMAYER, T.: Influence of dietary oils in experimantal lipid metabolism disturbance���������������������������������������������������������������������������������������������������������������������������������������������������������������������
	LAHTINEN, S. T.: Comparison of two mathematical models for the stress overshoot in start-shear experiments of model emulsions������������������������������������������������������������������������������������������������������������������������������������
	KOCSÁNYI, L.-RICHTER, P.-NAGEL, E.-BUSCHMANN, C.-LICHTENTHALLER, H. K.: The application of photoacoustic spectroscopy in food investigations���������������������������������������������������������������������������������������������������������������������������������������������������
	FAVATI, F.-FIORENTINI, R.-GALOPPINI, C.: Pigment extraction from alfalfa protein concentrates����������������������������������������������������������������������������������������������������
	HORVÁTH, E.-PETRES, J.-CZUKOR, B.: Characterization of extruded full fat soy fluor for human consumption���������������������������������������������������������������������������������������������������������������
	KOVÁCS-DOMJÁN, H.: Microbiological investigations of paprika and pepper with special regard to spore formers including B. cereus���������������������������������������������������������������������������������������������������������������������������������������
	HAJÓS, GY.-MIETSCH, F.-HALÁSZ, A.: Change of degree of hydrolysis in the course of enzymatic peptide modification������������������������������������������������������������������������������������������������������������������������

	1988 / 4. sz.��������������������
	TOOFANIAN, F.-STEGEMAN, H.: Comparative effect of ethylene oxide and gamma irradiation on the chemical, sensory and microbial quality of ginger, cinnamon, fennel and fenugreek��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	AHONKHAI, S.: TLC analysis of the 2,4-dinitrophenylhydrazone derivatives of the carbonyl compounds of cooked, mature tubers of white yam (Dioscorea rotundata poir)��������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	TAHA, S. A.-SÁGI, F.: Sodium dodecyl sulphate polyacrylamide gel electrophoresis of seed proteins as a test for screening high cooking quality durum wheat strains�������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	TAHA, S. A.-SÁGI, F.: Comparative biochemical study on the effect of drying temperature on macaroni quality������������������������������������������������������������������������������������������������������������������
	SAWINSKY, J.-HALÁSZ, A.-HORNOK, L.: Propagation of some Fusarium strains and study of their zearalenone production on ground paprika�������������������������������������������������������������������������������������������������������������������������������������������
	CAI, W.-ATHANASSOULIAS, C.-DIOSADY, L. L.: A high performance size exclusion chromatographie method for the anaylsis of the molecular weight distribution of starch��������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	DAOOD, H. G.-BIACS, P. A.: Partial purification and properties of lipoxygenase from germinated tomato seeds������������������������������������������������������������������������������������������������������������������
	International Biochemical Symposium on Food Proteins, Balatonszemes, 1987��������������������������������������������������������������������������������
	LÁSZTITY, R.: Technofunctional properties of food proteins�����������������������������������������������������������������
	VAINERMAN, E. S.-ROGOZHIN, S. V.-STOYACHENKO, I. A.: Cryostructurization of myofibrillar proteins��������������������������������������������������������������������������������������������������������
	KROOL, J.-GASSMANN, B.: Determination of foaming properties of proteins������������������������������������������������������������������������������
	ÖRSI, F.-PALLAGI, E.-KÁRPÁTI, E. M.-BÉKÉS, F.-LÁSZTITY, R.: Stepwise regression analysis of relationships between wheat quality and chemical components��������������������������������������������������������������������������������������������������������������������������������������������������������������
	SCHNEIDER, CH.-MUSCHIOLIK, G.-SCHULTZ, M.-SCHMANDKE, H.: Emulsifying and foaming faba bean proteins����������������������������������������������������������������������������������������������������������
	KOLODZIEJSKA, I.-SADOWSKA, M.-SIKORSKI, Z.: Functional properties of squid-fish-meat homogenates�������������������������������������������������������������������������������������������������������
	ORMAI-CSERHALMI, ZS.-HORVÁTH, E.: Functional properties of pea protein fractions���������������������������������������������������������������������������������������
	LUDWIG, E.-LUDWIG, I.: Chemical and functional properties of rye proteins��������������������������������������������������������������������������������
	AMMAR, K. A.-LÁSZTITY, R.: Effect of low temperature irradiation on the proteins of cut up chicken muscles and their functional properties�������������������������������������������������������������������������������������������������������������������������������������������������
	FERENTZI, CS.-GELENCSÉR, É.: Immunochemical characterization of soyprotein products������������������������������������������������������������������������������������������
	CSAPÓ, J.-CSAPÓ-KISS, ZS.: Biological value and change of milk protein in cattle, goats and sheep during lactation�������������������������������������������������������������������������������������������������������������������������
	BEHNKE, U.-RUTTLOFF, H.: Estimation of the distribution of low molecular weight peptides in protein hydrolysates�����������������������������������������������������������������������������������������������������������������������
	BEHNKE, U.-JURISOVÁ, E.-BELAJOVÁ, E.-BURIANEK, J.-HAAS, I.: Enzymatic hydrolysis of maize protein��������������������������������������������������������������������������������������������������������
	HALÁSZ, A.-BARÁTH, Á.-MÁTRAI, B.: Yeast as a human protein source������������������������������������������������������������������������
	ABDEL SAMEI, M. B.-SHAABAN, M.-LÁSZTITY, R.: Investigation of the proteins of lupin seed�����������������������������������������������������������������������������������������������
	HORVÁTH, E.-ORMAI-CSERHALMI, ZS.: Characterization of soy- and pea protein fractions�������������������������������������������������������������������������������������������
	EL SAADANY, R.-KHALAF, H.-EL MANAWATY, H.-SALOM, F.: The production of single cell protein from agricultural wastes by fungi�����������������������������������������������������������������������������������������������������������������������������������
	SCHMANDKE, H.-HARTMANN, B.: Acidified faba bean protein gels�������������������������������������������������������������������
	KASSIM, M.-HALÁSZ, A.-SZALMA-PFEIFFER, I.-ZÁRAI-LUKÁCS, B.: Yeast strain selection for food protein source�����������������������������������������������������������������������������������������������������������������
	SCHNEIDER, CH.-MUSCHIOLIK, G.-SCHMANDKE, H.: Complete utilization of the protein rich faba bean in human nutrition�������������������������������������������������������������������������������������������������������������������������
	SCHULTZ, M.-HOPPE,K.-SCHMANDKE, H.: Off-flavour reduction in faba bean products��������������������������������������������������������������������������������������
	ROSZKOWSKI, W.-BRZOZOWSKA, A.-WRONOWSKI, S.-WITKOWSKA, J.: Effect of protein quality and dietary levels of iron, zinc and copper on the indices of overall development of rats�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	BROZOZOWSKA, A.-CZERWINSKA, D.-KIEPURSKI, A.-SICINSKA, A.-ROSZKOWSKI, W.: Effect of protein quality and dietary levels of iron, zinc and copper on mineral metabolism in the rats����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	AL-HIMDANI, A.-LÁSZTITY, R.-MERÉSZ, P.: Changes in the activity of polyphenoloxydases during storage of apples���������������������������������������������������������������������������������������������������������������������

	Book review������������������

	Oldalszámok������������������
	_1���������
	_2���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	94_1�����������
	94_2�����������
	94_3�����������
	94_4�����������
	94_5�����������
	94_6�����������
	94_7�����������
	94_8�����������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	204_1������������
	204_2������������
	204_3������������
	204_4������������
	204_5������������
	204_6������������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	270_1������������
	270_2������������
	270_3������������
	270_4������������
	270_5������������
	270_6������������
	270_7������������
	270_8������������
	270_9������������
	270_10�������������
	271����������
	272����������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������
	311����������
	312����������
	313����������
	314����������
	315����������
	316����������
	317����������
	318����������
	319����������
	320����������
	321����������
	322����������
	323����������
	324����������
	325����������
	326����������
	327����������
	328����������
	329����������
	330����������
	331����������
	332����������
	333����������
	334����������
	335����������
	336����������
	337����������
	338����������
	339����������
	340����������
	341����������
	342����������
	343����������
	344����������
	345����������
	346����������
	347����������
	348����������
	349����������
	350����������
	351����������
	352����������
	353����������
	354����������
	355����������
	356����������
	357����������
	358����������
	359����������
	360����������
	361����������
	362����������
	363����������
	364����������
	365����������
	366����������
	367����������
	368����������
	369����������
	370����������
	371����������
	372����������
	373����������
	374����������
	375����������
	376����������
	377����������
	378����������
	379����������
	380����������
	381����������
	382����������
	383����������
	384����������
	385����������
	386����������
	387����������
	388����������
	389����������
	390����������


