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INACTIVATION OF POLYPHENOL OXIDASE AND
DEPLETION OF O-DIHYDROXY PHENOL CONTENT
DURING THE ENZYMATIC BROWNING REACTION OF
FRUIT TISSUES

L. VAM0S-VicYAzO and V. NADUDVARI-MARKUS

(Received: 5 June 1981; accepted: 15 July 1981)

In order to study enzyme inactivation and substrate depletion during the
browning reaction of fruit tissues, the changes in these variables were followed in
aerated pulps of two apricot and two apple cultivars of different mass-related
polyphenol oxidase activities and o-dihydroxy phenol contents. Although enzyme
activity decreased from the beginning of aeration, in the majority of samples
substrate concentration reached levels near to depletion while polyphenol oxidase
activity was still considerable. The results obtained with apricots suggested that
not all the o-dihydroxy phenols present in this fruit were substrates of polyphenol
oxidase. Enzyme inactivation related to unit decrease in o-dihydroxy phenol
content was more marked in the samples of higher initial polyphenol oxidase
activities and lower o-dihydroxy phenol contents and vice versa. This means that
the reaction inactivation of polyphenol oxidase was inversely related to product
formation. Consequently, under the given conditions, enzyme inactivation during
the polyphenol oxidase-catalyzed oxidation of o-dihydroxy phenols cannot be
caused by quinone binding by the enzyme molecule.

In an earlier study (VAmos-ViayAzé et al., 1977) carried out with fruit
homogenates, the ratio of mass-related polyphenol oxidase (PPO) activity
and the concentration of its endogenous substrates was found to indicate
which of these factors determines the initial browning rate of the product.
In fruit of relatively high polyphenol content and low mass-related PPO
activity (e.g., the apple cultivars Jonathan and Golden Delicious) (VAmos-
VieyAz6 et al., 1980) the latter variable proved to play the primary role;
in most of the apricot cultivars studied, where the situation was reversed
(GaJszAGO et al., 1979), browning rate was related to polyphenol concentration.
It was assumed that in the first case reaction inactivation of the enzyme
occurred while substrate was still present (WALKER, 1964; WHITAKER, 1972;
PADRON etal., 1975). Thus, necessarily, mass-related enzyme activity would
be the limiting factor in the browning reaction. In the second case total
substrate depletion was assumed to take place prior to enzyme inactivation,
thus the reaction would be limited by substrate concentration.

In order to support these considerations by experimental evidence,
model experiments were carried out with apple and apricot homogenates of
different ratios of mass-related PPO activity and endogenous polyphenol
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2 VAMOS-VIGYAZO & NADUDVARI-MARKUS: ENZYMATIC BROWNING REACTION

concentration in which the browning reaction was accelerated by aeration
and enzyme activity as well as substrate concentration were determined at
intervals during the reaction.

1. Materials and methods
1.1.The fruits

All the fruits were picked in the years 1977 and 1978. The apples of
the cultivars Jonathan and Starking were purchased from the Research
Station of the University of Horticulture, Ujfehérto, the apricots of the cultivars
Bibor (Purple) and Mandula (Almond) were supplied by courtesy of the
Research Station of the Research Institute for Fruits and Ornamental Plants,
Cegléd.

1.2. The analytical methods

Enzyme activity was determined in appropriately diluted fruit homoge-
nates by a kinetic spectrophotometric method developed at the Central Food
Research Institute (MimALYI & VAMOS-VicyAzo, 1976), using chlorogenic
acid (Fluka, Switzerland), as substrate. A change in optical density (OD)
of 10~* per min was adopted as unit enzyme activity and related to fruit
mass (fresh mass basis).

Ortho-dihydroxy phenol (ODP) content was assessed in the methanol ex-
tracts of the fruits by a modified version of the method of ArmAst and MoLNAR
(1961) based on the Hoepfner reaction. ODP content was expressed as mg
chlorogenic acid in 1 g of fruit flesh (fresh mass basis) (VAM0s-ViayAzo et al.,
1981).

1.3. Aeration of the fruit homogenates

Fruit homogenates were prepared from (7:2), later from (6:1) tap water
dilutions of fruit flesh comminuted with a stainless steel knife. Homogeniza-
tion was carried out in an Atomix blendor equally equipped with stainless
steel knives. In the 1977 experiments 3 samples of homogenate of 140 g each
were stirred in beakers at 2242 °C and 180 rpm with vertical stainless
steel blades mounted on a vertical stainless steel shaft. In 1978 this equipment
was replaced by a 12 em @ sintered glass funnel (G 1), holding 750 g of homog-
enate. Aeration was performed by an upward flow of air and simultaneous
stirring. Aeration and stirring were carried on for several hours at r.t. and
samples were taken for the determinations of PPO activity and ODP content
before aeration and, subsequently, every 30 and 60 min, resp.
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2. Results

2.1. Mass-related polyphenol oxidase activity, o-dihydroxy phenol content and the
ratio of these two parameters in the fruit homogenates

Mass-related PPO activity, ODP content and the ratio of the two values
(@) in the fruit homogenates as determined prior to aeration are given in
Table 1.
Table 1
Mass-related polyphenol oxidase (PPO ) activity,

o-dihydroxyphenol (ODP ) content and the ratio of the two values (Q) in apple and apricot
homogenates

PPO activity ODP content,
Fruit Cultivar Year (kU g™ (mgg=t) Q
(kU mg=1)
z | s z +s
Tonathan 1977 1.16 0.09 0.63 0.03 1.84
1978 0.25 0.03 0.79 0.06 0.32
Apple
Starking 1978 5.14 0.35 0.64 0.03 8.03
; ! i
Mandcla 1977 30.0 | 0.85 0.43 0.03 69.8
B 1978 16.2 | 0.82 0.11 0.007 147
Apricot N
Bibos 1977 41.8 1.68 0.12 0.005 348
1978 14.5 0.14 0.12 0.006 121
Q = PPactivity per ODP content
z = mean of parallel determinations
+s = standard deviation
n = number of parallel determinations (= 4-5 for PPO and 3 for ODP)

The data of Table 1 are consistent with earlier findings (VAMos-VicyAzo
et al., 1977), i.e., mass-related PPO activity was considerably higher, while
ODP content was lower in apricot than in apple cultivars. The values of @
varied over a wide range (3 orders of magnitude) and were found to be very
different in the samples of a given cultivar picked in different years.

2.2. Changes in mass-related polyphenol oxidase activity and o-dihydroxy phenol
content in apple and apricot homogenales during the enzymatic browning
reaction

PPO activities and ODP contents as determined after different periods
of aeration of the fruit pulps are given in Fig. 1.

Both enzyme activity and endogenous substrate concentration decreased
during aeration in the pulps of both kinds of fruits.
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4 VAMOS-VIGYAZO & NADUDVARI-MARKUS: ENZYMATIC BROWNING REACTION

For the two samples of the apricot cultivar Bibor the time course of the
decrease in both parameters was very similar, although the mass-related
enzyme activity of the 1977 sample was about treble that found in the 1978
one. Changes were most marked during the first 60 min. By that time enzyme
activity dropped to 299%, and 189, of the initial values in the samples of 1977
and 1978, resp. (i.e.,12.2+0.96 kU g~land 2.6740.14 kU g—1). ODP concen-
tration varied accordingly: after 60 min of aeration the residual values were
759, and 539, of the initial ones. Both values represented very low concentra-
tions of substrate: 0.09 mg ¢! and 0.06 mg g~1, resp.
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Fig. 1. Changes in polyphenol oxidase (PPO) activity and o-dihydroxy phenol (ODP) con-
tent in pulped apricots (a, b) and apples (¢, d) during aeration. Cultivars: Bibor (circles);
Mandula (squares); Starking (triangles with apex upward); Jonathan (triangles with
apex downward). Open and solid symbols stand for data obtained with fruit picked in
1977 and 1978, resp. The points of measurements are means of 4-5 (PPO) and 3 (ODP)
determinations. The vertical bars represent standard deviations
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With the apricot cultivar Mandula, the samples picked in two consecu-
tive years behaved differently. For the 1977 sample the decrease in enzyme
activity was slower during the first than during the subsequent 120 min. For
the substrate concentration, the greatest loss (409,) occurred during the first
60 min and another 309, were lost between the 60th and the 180th min. By
the end of the experiment, the residual values of PPO activity and ODP
content were 249, and 289, resp. (7.3+0.85 kU ¢g~1 and 0.12 mg g~1). For
the sample of 1978, both enzyme activity and substrate concentration showed
a quick drop during the first 30 min of the experiment, thereafter changes
slowed down, similarly as with the two samples of the cultivar Bibor. By the
end of aeration (240 min), the residual values were 279, (4.3240.19 kU g~1)
for PPO activity and 679, (0.07 mg g~1) for ODP concentration.

With apples, the time course of the changes was more uniform. For the
two Jonathan samples picked in 1977 and 1978, resp., residual values of enzyme
activity were, after 180 and 240 min, 60 and 549, (0.694+-0.12 kU g~1 and
0.144-0.04 kU g=1). In the Starking sample, residual PPO activity was, after
240 min of aeration, 389, (1.96 +0.12 kU g~1). The drop in ODP concentration
was most abrupt in the Starking pulp: after 30 min, only 5.79, of the original
substrate content were present (0.04 mg ¢~1), these then decreased slowly to
about 39, (0.02 mg g—1). The Jonathan sample picked in 1977 had a nearly
identical initial ODP content as the Starking sample and a considerably lower
mass-related PPO activity. The decrease in substrate concentration was
somewhat slower with the former: after 60 min, about 239, of the initial value
were found (0.15 mg ¢g~1) and after 240 min about 6%, (0.04 mg g~1!). The
Jonathan sample picked in 1978 had a considerably higher ODP content than
the other two apple samples and an exceptionally low mass-related PPO
activity. (This was, in fact, the lowest PPO activity ever found in apples in
this laboratory.) The decrease in substrate concentration was slower than in
the two other apple samples. After 240 min of aeration 229, of the initial ODP
content were still present (0.17 mg g—1), while PPO activity was reduced to
549, of the initial value (0.135 kU g—1).

From the aforesaid it is obvious that the decrease in enzyme activity
corresponding to a given decrease in substrate concentration was different
for the different samples. This can be shown by plotting the values of mass-
related PPO activity determined after different times of aeration against
the corresponding ODP concentrations (Fig. 2).

With the apple cultivars (curves 5 to 7) in which substrate concentrations
were relatively higher, a considerable decrease in ODP concentration corre-
sponded to a very slight decrease in PPO activity, while with the apricot culti-
vars (curves 1 to 4) in which substrate concentration relative to enzyme activity
was low, the situation was reversed. In other words, less enzyme was inacti-
vated in the samples in which substrate transformation, i.e., product formation
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6 VAMOS-VIGYAZO & NADUDVARI-MARKUS: ENZYMATIC BROWNING REACTION

was more pronounced. The slopes of the curves which represent the decrease
in enzyme activity corresponding to unit decrease in substrate concentration
are the steeper the higher the @ values. With the samples of medium @ values
(apple cultivar Starking and apricot cultivar Mandula, 1977) the curves were

o
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Fig. 2. Relationships between mass-related polyphenol oxidase (PPO) activity and

o-dihydroxy phenol (ODP) concentration in pulped apricot and apple cultivars after

different periods of aeration. Apricot cultivars: Bibor (circles; curves 1 and 3); Mandula

(squares; curves 2 and 4). Apple cultivars: Starking (triangles with apex upward, curve

5); Jonathan (triangles with apex downward, curves 6 and 7). Open and solid symbols

stand for data obtained with fruit picked in 1977 and 1978, resp. Regression equations
of the linear parts of the curves:

1. PPO = —86.80 4 1040.45 ODP; 72 = 0.9672%*; n — 5
2. PPO = —20.88 -- 341.43 ODP; 72 — 0.9605%; n — 4
3. PPO = —12.06 -~ 225.21 ODP; 72 = 0.9655%*; n = 5
4.PPO = 2042 1 22.45 ODP; #* = 0.9970%; n — 3
e

6. PPO =  0.64 - 0.818 ODP; 72 = 0.9979%; n — 4
7.PPO=  0.11 4+ 0.180 ODP; > = 0.9851*; n — 4
*

and **: correlations are significant at the levels of probability of 959, and 999,
resp.

not linear over the whole range of measurements: the slopes of the curves
became steeper after a certain decrease in substrate concentration, i.e., at
the point where @ reached the values of 120 and 132, resp.

3. Conclusions

During the enzymatic browning reaction of apricot and apple pulp a
definite dependence of the course of substrate transformation and enzyme
inactivation on the initial ratio of PPO activity and ODP content was observed.
Enzyme inactivation was found to be less marked, while substrate depletion
was quicker in pulps of relatively higher ODP contents. These findings are
contrary to expectations and not consistent either with the theory according
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to which reaction inactivation of PPO is due to the binding of quinones near
or at the active site of the enzyme (WHITAKER, 1972). The results equally
upset the authors’ working hypothesis.

The inactivation of a purified PPO preparation from apples catalyzing
the transformation of an o-diphenol under the conditions of substrate satura-
tion has been proven by WALKER (1964). Similar results have been obtained
with purified banana PPO by PADRON and co-workers (1975).

However, with fruit pulps, the situation is different in many respects.
The substrate present in the tissues is, among others, heterogeneous, being
composed of various o-diphenols (NADUDVARI-MARKUS & VAMOs-VicyAzo,
1980) towards which the affinity of the enzyme is different. In apple samples
of the cultivars Jonathan and Starking the concentration of endogenous sub-
strates was found insufficient to saturate the enzyme (VAmMOs-Vieyizé &
GAJzAG0,1978). Accordingly, the results presented showed the o-diphenols in the
1977 sample of Jonathan and in the sample of Starking to be practically depleted
while residual enzyme activities were still considerable (0.69 kU g~! and 2.14
kU g=1, resp.). In the Jonathan sample 1978 of exceptionally low mass-related
PPO activity the substrate was not consumed during the 240 min of the ex-
periment. However, its concentration dropped to 229 of the initial, while
549, of the initial enzyme activity were still present.

In 3 out of the 4 apricot samples investigated, the initial ODP content
amounted only to 14-17 9 of the concentration present in apples, while mass-
related PPO activity was 2.7- to 167-fold. In spite of that, substrate trans-
formation came to a standstill at higher concentrations (0.5-0.9 mgg~1)than in
the samples of Jonathan 1977 and Starking. These findings suggest that perhaps
not all the o-diphenols present in apricots are substrates of PPO. Investiga-
tions into the separation and identification of these compounds have been
considered. In the 1977 sample of the cultivar Mandula neither substrate
depletion nor enzyme inactivation was completely achieved during the 240 min
of aeration.

Summarizing these considerations, it can be said that out of the 7 samples
investigated, in 5 cases the depletion of the endogenous substrates stopped
the browning reaction in the fruit. However, this occurred only after several
hours of aeration and cannot be related to the initial rate of browning.

Enzyme inactivation being a consequence of quinone binding by the
enzyme molecule may be ruled out under the given experimental conditions.
Contradictions found in the literature clearly show that the conditions of the
enzymatically catalyzed polyphenol oxidation strongly influence the mechanism
of the reaction. For example, MATHEIS and BELITZ (1977) as well as Rivas and
WHITAKER (1973) both found the reaction to occur according to an ordered
sequential mechanism. The former authors carried out their experiments with
the enzyme in potato tissue and found O, to be the first substrate bound, while

Acta Alimentaria 12, 1983



8 VAMOS-VIGYAZO & NADUDVARI-MARKUS: ENZYMATIC BROWNING REACTION

the latter performed them with a purified fraction of pear PPO and reported
the phenolic substrate to be bound first. Moreover, kinetic studies revealed
the mechanism of the enzyme (ordered sequential and ping-pong, resp.) to
depend on the nature of the phenolic substrate (R1vas & WHITAKER, 1973).

A possible explanation of the phenomena observed is that enzyme
inactivation might be caused by oxidative denaturation. Oxygen excess was
higher in the pulps of lower concentrations of phenols as in these less oxygen
was consumed for quinone formation. Such an assumption would be consistent
with findings, however, it lacks supporting evidence.

The results did not answer the question why the initial rate of enzymatic
browning depends on the ratio of PPO activity and ODP concentration in the
way described in the introduction. Nevertheless, the findings that there might
be conditions in which the browning reaction is stopped by factors other than
product inactivation of the enzyme, seemed to us worth publishing.
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POSSIBILITIES FOR CONTROL OF PECTOLYTIC
ENZYME FORMATION BY ASPERGILLUS NIGER IN
CONTINUOUS CULTURE

Kornélia ZETELARKI-HORVATH

(Received: 18 June 1981; accepted: 15 July 1981)

In this work, the effect of various parameters (dilution rate, pH, carbon
source concentration, oxygen transfer rate) was studied on the pectolytic enzyme
formation of Aspergillus niger in continuous culture, with the main aim to increase
the formation of pectin lyase (PL) at the expense of pectin esterase (PE).

The increase of the dilution rate from 0.03 h=! to 0.08 h™ !, resulted in
a very highly significant decrease in the specific PL activity of the culture filtrate
(from 1.93 to 1.34 gmol min~! em™~?) while PE activity increased (from 1.56 to
1.93 mval min=! em™3).

The increase in the CCOS of the diluting medium from 2 to 39, resulted
in a very highly significant increase in the specific PL activity of the culture
(from 0.45 to 1.18 gmol min~! em™?) while PE activity showed no remarkable
change.

According to our results, at an OTR of 34 mmol 17! h™ 1, the specific PE
activity proved to be the highest and decreased significantly with the increase
in OTR from 34 to 140 mmol 1= ' h= 1. The formation of PL was the highest at
OTR = 140, very highly significantly higher, than at an OTR value of 34.

In the course of this work, apple juice clarifying and macerating effects o
the pectolytic enzyme complex of Aspergillus niger as well as the activity of endof
PG were measured, too. =

Pectin lyases (PL) split pectic substrates by transelimination without
water uptake. These are generally synthesized by fungi.

Pectin lyases are produced in microbial fermentation together with other
pectolytic enzymes. PL is never synthesized alone, though its individual
effect is remarkable without the presence of pectinesterase (PE) as purified
PL showed a good clarifying and macerating effect, too (Isuir, 1976; IsHII &
Yoxorsuxka, 1971a; b).

In the present work, cultural conditions were attempted to be deter-
mined, by the use of which the formation of PL and PE components of the
pectolytic enzyme complex of Aspergillus niger can be controlled (dilution rate,
pH, carbon source concentration and oxygen transfer rate).

1. Materials and methods

An Aspergillus niger strain (obtained after mutagenic treatment with
NaN,) was used as the microorganism.

Cultivation was carried out in an automatic fermenter (Biostat, B. Braun,
Melsungen, GFR). An extract of dried sugar beet cossettes was used as carbon
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12 ZETELAKI-HORVATH: CONTROL OF ENZYME FORMATION

source. The values of the dry matter content of the extract are referred to later
as concentration of carbon source (CCS). The correlation of the dry matter
(DM) content (measured by a refractometer) and the carbohydrate content
(measured by the method of HERBERT et al., 1971) of the extract, can be

459 DM=-0.148+1.541C
C=0.286+0.583 DM /
4,01 r=0.948 X /X x
3.54 X1
;; x XX
~ 3.0 XK
=
o
2.5 XX X
2.0 /
1.5 X
XX
1.0

05 10 15 20 25 30
C (%)

Fig. 1. Correlation between the dry matter content (DM) (measured refractometrically)
and the carbohydrate content (C)(measured by the phenol method) of the extract of
sugar beet cossettes

characterized by the equation given in Fig. 1. CCS of the medium in the
batch culture was 49, while in the case of the diluting medium it was 29%,.

A 24-h vegetative culture was used as the inoculum, in the ratio of 500 cm?
to 4.5 1 culture medium.

Changing over to continuous cultivation started in the 30-h culture.
In the course of continuous cultivation one parameter was altered, while all
the others were kept constant. Under each set of fixed conditions, the system
was maintained for five to six residence times.

Samples were collected automatically every four h by circulating the
culture in a tube, coupling the fermentor with the sample collector placed
in a refrigerator.

Mycelium was determined from the culture by filtration and its quantity
was determined after drying in an oven at 105 °C.

PL activity was determined by measuring the absorption of unsaturated
galacturonic acids (the reaction product of PL) by a spectrophotometer at
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235 nm. The method of ALBERSHEIM and co-workers (1960) was modified
by ZETELAKI-HORVATH (1982). Pectinesterase activity was measured accord-
ing to KeErTESz (1955) and ZETELAKI-HORVATH (1981), resp.

Apple juice clarifying activity (a-PG) as well as the endo-PG (e-PQG) activity
were measured by a viscosimetric method using fresh apple juice (variety
Jonathan with a specific viscosity adjusted to 1.0) and Na-polypectate (Serva
Entwicklungslabor, Heidelberg, GFR) as substrates, and an Ostwald type
viscometer (ZETELAKI & VAs, 1972).

Macerating  activity was determined by an instrumental method (devel-
oped directly for this purpose, ZETELAKI-HORVATH, 1974), using potato tissue
(of standard variety (Rozsa) and size) as the substrate.

2. Results

2.1. Effects of dilution rate

It was found in our previous work that pectolytic enzyme formation
of an Aspergillus strain was highest at low dilution rates (ZETELAKI-HORVATH,
1980). The effects of dilution rates were therefore tested in a rather narrow
range (from 0.03 to 0.08 h~1) (Fig. 2).

Cultivation started by batch fermentation. The speed of agitation in the
batch culture was 400 rpm while in the continuous culture it usually was
800 rpm. An aeration rate of 1.0117'min~1, and a temperature of 30 °C was
used in both the batch and continuous culture.

The increase in the dilution rate (from 0.03 to 0.08 g~1!) resulted in no
significant change in the mycelium formation of the culture.

PL concentration of the culture filtrate was highest at the dilution rate
of 0.03 h—! and decreased very highly significantly at a dilution rate of 0.08 h~1.

PE activity changed in the opposite direction than that of PL, it in-
creased significantly with the increase of the dilution rate. PE activity of the
culture diluted at a rate of 0.08 h—! was highly significantly higher than that
measured at 0.06 h—1,

The e-PG and the apple juice clarifying activities of the culture changed
proportionately with PL activity, they decreased significantly and very
highly significantly with the increase in the dilution rate from 0.03 to 0.06
and 0.08 h~1, resp.

When a pH of 5 was maintained in the culture instead of 4.5 at D =
= 0.08 h~1, no significant change was found in the specific apple juice clarify-
ing activity and the mycelium yield of the culture, while macerase, PE and
e-PG activities decreased significantly, highly significantly and very highly
significantly, resp.
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16 ZETELAKI-HORVATH: CONTROL OF ENZYME FORMATION

The increase in pH from 4.5 to 5.0 showed a beneficial effect only on the
biosynthesis of PL, as its activity increased significantly (from 1.338 to
1.579 pmol min~—! cm~3).

Considering the yields in a 10-1 culture produced per h, the mycelium,
macerase, endo-PG and PE showed the highest yield at D = 0.08 h~! (Fig. 3).

The apple-juice-clarifying enzyme yield was about the same at both
(0.06 and 0.08 h~—1) dilution rates, while the PL yield proved to be the highest
at D = 0.06 h=1, but it did not differ significantly from that obtained at
D= 0.08 b~

When the pH was adjusted to 5.0 instead of 4.5, a highly significant
increase was found in the PL yield of the culture. With the above alteration
of the pH, the other components of the pectolytic enzyme complex (a-PG,
e-PG, macerase and PE, resp.) decreased very highly significantly and highly
significantly, resp.

The increase of pH from 4.5 to 5.0 also resulted in an increase of mycelium
yield of the culture, but not at a significant rate.

2.2. Effects of concentration of carbon source

The effect of the concentration of carbon source of the diluting medium
on the formation of the various components of the pectolytic enzyme complex
was also tested. The DM of the extract used, was 2 and 39, with the following
parameters of cultivation: D=0.036 h—!, rpm=400, and air: 1.0117! min~!
(Fig. 4).

The increase in the CCS of the diluting medium from 2 to 39, resulted
in a very highly significant increase in the mycelium yield, the specific PL,
e-PG and apple juice clarifying activity of the culture (from 3.8 to 4.9 g 171
0.45 to 1 18 pumol min~! ¢cm 3, from 230 to 420, and 450 to 820 1 h—1 1-1,
resp.), while PE activity showed no remarkable change. The macerating
activity of the culture filtrate increased also but only significantly (P < 5%).

2.3. Effects of agitation speed

According to a number of batch experiments, made previously in our
laboratory the oxygen transfer rate (OTR, as a result of various agitation and
aeration conditions) had a considerable effect on the pectolytic enzyme forma-
tion of Aspergilli (ZETELAKI-HORVATH, 1972; ZETELAKI-HORVATH, 1978;
ZETELAKI-HORVATH & BEKASSY-MOLNAR, 1975). An OTR of 60 mmol 171 h~1
was found to be optimal for the PL synthesis of Aspergillus niger in batch
culture (ZETELAKI-HORVATH & Vas, 1981) carried over in the 10-1 Kutesz
fermentor (made in Hungary).

To obtain a thorough mixing of the filamentous culture, an agitation
speed lower than 400 rpm could not be used in the Biostat system. This is why
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18 ZETELAKI-HORVATH: CONTROL OF ENZYME FORMATION

agitation speeds of 400, 800 and 1000 rpm were used, ensuring the following
OTR values: 34, 140 and 197 mmol 171 h~! (measured by the method of
CooPER et al., 1944) (Fig. 5).

With the increase of the agitation speed from 400 to 800 rpm the growth
of the culture did not change significantly, while a further increase to 100Crpm,
resulted in a highly significant increase in the mycelium yield.

Among the three tested speeds of agitation, the use of 800 rpm resulted
in the highest specific a-PG and e-PG activities and the highest macerating
activity as well. The specific PE activity proved to be the highest at the lowest
rpm tested (34 mmoll=1h~1), and decreased significantly with the increase
of agitation speed from 400 to 800 rpm. The formation of PL showed again
a different response from that of PE to the oxygen supply of the culture.
It was the highest at 800 rpm, and decreased very highly significantly at
400 rpm.

3. Discussion

As PL can split the highly esterified pectin molecule itself, the presence
of PE in the enzyme complex is not necessary.

This is why the main intention of this work was to increase the PL
synthesis of Aspergillus niger at the expense of PE. This aim, however, was
accomplished to a lesser extent than it was hoped.

A certain increase in PL synthesis at the expense of PE was attained
with the alteration of several parameters.

The decrease of the dilution rate from 0.08 to 0.03 h~1! increased the
specific PL and decreased the specific PE activity of the culture. This means
that, at D = 0.03 h—1, PL production of the culture predominated over that
of PE (PL: 34 740 umol h~1, PE: 28 800 mval h~?!), while at D = 0.08 h~1,
PE synthesis became preponderant (PE: 92 640 mval h—*, PL: 64 320 umol h~1).

As the pH optimum for PL activity of Aspergillus niger proved to be 6.0
(ZeTELARI-HORVATH, 1982), increasing the pH of the culture medium towards
the activity optimum of the enzyme (from 4.5 to 5.0) increased the PL yield
from 54 000 to 76 000 pumol h~1, while the PE yield decreased from 93 000
to 72 000 mval h~1, resp. In the case of a long term continuous cultivation,
pH higher than 5.0, is not advisable from the point of view of avoiding
contamination.

The increase in agitation speed from 400 to 800 rpm, increased the
specific PL activity of the culture from 1.18 to 1.81 umol min=! em~3, and
decreased that of PE from 1.95 to 1.5 mval min—! em 3. This means that,
at 800 rpm, the PL synthesis was predominant over PE (PL: 39 100 umol h~1,
32 400 mval h~1), while at 400rpm the order wasreversed (PE: 42100 mvalh 1,
PL: 25490 pmol h~1).
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CHANGES IN THE QUALITY OF GROUND BLACK
PEPPER PACKAGED IN DIFFERENT
MATERIALS DURING STORAGE

I. VarsAnyr, M. KALMAR-BLAZOVICH and I. FEHER

(Received: 19 August 1981; accepted: 25 August 1981)

Changes in the quality of ground black pepper packaged in different
materials was studied as a function of storage time at room temperature and
of packagingmaterial. Pouches made of poly(vinylidene chloride)-emulsion treated
kraft paper and of aluminium foil-kraft paper—polyethylene laminate and jars
fitted with plastic sprinkler were used as packagings.

The moisture content and volatile oil content of the black pepper samples
was determined, the UV spectrum of the volatile oils was taken and changes in
the sensory properties were followed up during storage. By mathematical statis-
tical evaluation of the results it was established that changes in quality were
reflected by changes in the volatile oil content.

As regards the packaging materials the quality of ground black pepper
was maintained for the longest period in the jar, PVDC-coated paper being the
second best and pouches made of the combined foil the poorest.

Seasonings are considered in trade as goods of long shelf life because
changes in the quality or quantity of their components are very slow. There-
fore, to study these changes chemical, physico-chemical methods of analysis
and sensory evaluation methods sufficiently sensitive to follow up these slow
changes, had to be used.

Generally the following parameters of quality are determined in the
analysis of seasonings: moisture content, ash content (total and water-soluble
and acid insoluble), alcohol and ether extract, volatile oil content, nitrogen,
arsenic, lead, copper as well as starch content, physical contamination and
microscopic characteristics (PEARsoON, 1976).

Some of these characteristics are not at all affected by the conditions
of storage (time, temperature, relative humidity, light, packaging) and are
of importance only in the quality test upon receipt. As a first step, therefore,
the properties, the changes of which are easily followed up and represent
reliably the quality changes, had to be established.

The seasoning capacity of pepper depends on the quantity and quality
of its volatile oil content and the quantity and quality of the pungent principle
contained.

The volatile oil content of pepper is about 0.5-1.09% and consists mainly
(to at least 959,) of hydrocarbons and to at most 49, of oxygen containing
substances. The terpenes contained in pepper oil fall into two fractions: about
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22 VARSANYI et al.: KEEPING QUALITY OF BLACK PEPPER

70-809, of them is monoterpene while 30-209%, is sesquiterpene. The main
components of the monoterpene fraction are o« and f pinene, sabinene,
A3 carene and limonene; the most important sesquiterpene is g cariofillene.
However, the aroma of pepper is highly affected by the relatively small amount
of oxygen containing components. The most important of them are: linalool,
1-terpene-4-ol, a-terpineol, methyl-eugenol, nerolidol, myristicin.

Beside the above mentioned compounds about another 50-60 compo-
nents were extracted from pepper oil, but not all of them were as yvet identified.
Volatile oils are analysed by gas chromatography or with large instruments
(e.g. mass-spectrometry, infrared spectrometry) (Maarse & NIJSSEN, 1980).
The sensory differences existing between pepper varieties are determined by
the quantity and proportion of the volatile oil components (SALzZER, 1975a, b;
HeaTH, 1973).

Mainly responsible for hotness in pepper are piperine and piperylene,
detectable in the extract; however, the sensation of pungency is caused by an
alkaloid mixture the composition of which has not been completely elucidated,
but 989, of which is definitely piperine. Originally piperine has been deter-
mined by colorimetry and spectrophotometry (SHANKARANARAYANA et al.,
1970), now thin-layer chromatography may also be used (WIJESEKERA et al.,
1972).

It has been established that the shelf life of seasonings is not affected
by the extent of their microbiological contamination (KALMAR & FEHER,
1981) therefore this topic is not discussed in this study. Under optimum
conditiors of storage (absence of subsequent contamination or increased water
activity, etc.) contamination hardly changes at all and during a longer period
rather decreases. The initial microbiological condition of a seasoning has to
comply with the requirements as laid down in the regulation of the HuNGARIAN
MinNister oF HeEAaLTH (EUM 6/1978/VIL. 14).

The aim of this study was to determine first the critical characteristic
or characteristics, which, under the given conditions of storage, change most
rapidly and thereby reflect changes in quality and secondly to find the packag-
ing material, on the basis of technical and economic points of view, that ensures
the best protection to the seasoning under the given conditions of trading.

1. Materials and methods

1.1. Materials used in the study

1.1.1. Pepper. Ground pepper sample was obtained from Compack
Trading Packaging Enterprise, Budapest. The sample originated from the
consignment arriving at Budapest from Brasil on 6 of February, 1979.
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The consignment travelled about two and a half months. It was packaged
in two-layer jute sacks. At the Compack enterprise the sacks were stored
in a provisional store built of corrugated aluminium sheets, 8 sacks to one
pallet, 3 pallets one on the top of the other. The average temperature of the
store was 15.5 °C during the 4 months while the product remained there and
the average relative humidity was 57.79%,.

The sample taken at random from the sacks was ground to a powder
falling through a sieve of 0.8 mm mesh (HUNGARIAN STANDARD, 1975).

Samples were packaged partly by machine, partly by hand. The
poly(vinylidene chloride)-coated paper pouches were filled with 50 g ground
pepper, while the pouches made of the combined foil with 25 ¢ and the jars with
60 g, each.

1.1.2.1. Pouches made of paper coated with poly(vinylidene chloride )-emul-
ston. — This is the packaging material used in retail trade at present. The wood-
free kraft paper of 70 g m~? mass was surface-coated with 22-28 g m 2
poly(vinylidene chloride)-emulsion. Hereafter the marking “paper 4+ PVDC”
will be used.

1.1.2.2. Pouches made of combined foil. — This is the laminate of an alu-
minium foil of 0.012 mm, a kraft paper of 40 g m 2 type and a polyethylene
foil of 0.02 mm thickness. Hereafter the name “combined foil” will be used.

1.1.2.3. Glass jar with sprinkler. — The jar used was of colourless glass enve-
loped in paper and provided with a plastic cap. It was of 40 mm width and 100

mm height. The cap (sprinkler) was of polyethylene stained white. Hereafter
the name ‘“‘glass jar’”” will be used.

1.2. Methods

1.2.1. Storage. Samples packed in pouches were stored in cardboard
boxes, 40 or 80 pouches to one box and kept on a laboratory stand. The temper-
ature and relative humidity of the room was measured and recorded with
a TZ 18 type thermohygrograph (made in Poland). During the storage period
the temperature in the room varied between 18 and 27 °C (T,, = 22.1 °C).

The relative humidity varied between 45 and 659, with an average of
52.8%,. During the storage period of 15 months the samples were tested every
3 months.

1.2.2. Moisture content. The method laid down in HUNGARIAN STANDARD
(1955) was used, specified for the essential oil content of spices.

Procedure: 20 g of the sample were weighed on an analytical balance.
These were transferred without loss to a 500 ecm?® round-bottom flask. Some
anti-bumping granules and about 300 cm? toluene previously saturated with
water were added. The flask was then fitted with a Marcusson receiver. The
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latter was also filled with toluene saturated with water and finally distillation
was started.

During the determination the condenser was rinsed several times with
water-saturated toluene to remove the drops of water adhering to the Marcusson
receiver. Distillation was continued till the amount of water passing through
the apparatus did not change. The volume of water accumulated in the receiver
was read. Three paralle]l determinations were made.

1.2.3. Determination of the volatile oil. The method given in the HUNGARIAN
PHARMACOPOEIA (1967), was used.

Twenty g of the seasoning were weighed in a round-bottom 1000 cm3
flask and filled up with 500 cm?3 distilled water. Anti-bumping granules were
added and the condenser was mounted. Through the upper opening the V-
shaped part of the condenser was filled to transflow with water. After starting
the cooling water the heater was switched on. On reaching the boiling point
the distillation was maintained for 4.5 h, shaking the flask occasionally in
between to wash down the particles adhering to the wall. The volatile oil
was collected in the graduated cylinder separated from the watery phase.
Twenty to thirty minutes after stopping distillation the volume of oil was
read. Distillation was restarted and continued for 1 h and the volume of the
oil was read again. If the increase between the two measurements was below
59, of the total volume the determination was considered finished, if not,
distillation was continued. When distillation was finished the final volume of
the oil was read.

1.2.4. UV spectrum of the volatile oil. The oil sample obtained by steam
distillation was kept in closed vials, in the dark, at room temperature till it
was used for determining the UV spectrum.

Photometric measurements were carried out in the UV range between
190 to 360 nm. The spectrophotometer used was Beckman Model 26 type.
For the measurement 50 nm3 of the oil were dissolved in 250 cm? of 96 %, ethyl
alcohol. Of each sample three parallel master solutions were prepared. One
cm?3 of the master solution was diluted to 25 cm3. In order to reduce error due
to dilution further dilutions were made in 5 parallels, each. The 1:125 000
dilution was used to measure light absorption. The 969, ethyl alcohol was
used for reference.

To be able to evaluate the UV spectrum the determination of the relative
number of showing the percentage of volatile oil related to the value at the
beginning of the storage experiment, was necessary. This relative number was
marked by the letter S and was calculated by the following equation:

1-4
S = - 100
(%) =71
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where
I = volatile oil content (cm? per 100 g seasoning),
A = light absorption,
1, = volatile oil content of the original sample (cm3 per 100g seasoning),
A, = light absorption as measured in the original sample.

1.2.5. Sensory tests. Sensory tests were carried out according to the taste
profile analytical method elaborated by MmALyr and ZUgAL (1972) taking
into account the specifications of selecting the panel members as laid down
in HUNGARTAN STANDARD (1976).

The samples for sensory test were prepared as follows. One g of the
seasoning was shaken in an iodine number flask of 100 em?® with 20 g water
clarified with active carbon. It was then extracted over a water bath at 60 °C.
Subsequently 40 cm? clarified water were added and a suspension was prepared
by mixing at 1 500 rpm for 2 min in a turmix apparatus. The suspension thus
obtained was used to prepare a series of dilutions corresponding to an exponen-
tial sequence.

Ten-member panels carried out the sensory tests starting at the most
dilute solution. Their task was to establish whether the taste may be sensed
in the given solution and its character (characteristic flavours: slightly sour,
aromatic, pungent, spicy). Scores were recorded. Not more than 8 samples
were tested at a time by one panelist.

1.2.6. Evaluation of the results. Results were evaluated by mathematical
statistical methods (SvAB, 1967). The effect of the individual factors (storage
period, packaging material) was tested by two-way analysis of variance. To
judge the differences between values the significance of differences was calcu-
lated (SD). The results of sensory tests were evaluated after summarizing the
scores by means of the contingency tables. Conditions of evaluation were:
the expected frequency should be at least 2, the value of the empirical fre-
quency should be higher than that of the expected frequency and the value
of y2for one field should be at least 1 or above. The characteristic flavour belong-
ing to each dilution, or the boundary of dilution belonging to each flavour,
in other words the dilution value at which the flavour tested may still be
sensible, was established from the tables. This method of evaluation does not
permit the determination of deviations belonging to limit dilutions. Thus to
evaluate the results the limit values of dilution belonging to the “spicy flavour”,
characterizing the seasoning capacity of the samples, were given.

To fit and analyse the curves of two variables methods of regression
analysis were used.

The differences significant at the P < 59, level were considered signifi-
cant, those significant at the P <19, level highly significant and those signifi-
cant at the P < 0.1%, level very highly significant and were marked with 1, 2
or 3 asterisks, respectively.
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2. Results

2.1. Changes in the moisture content

The average values of moisture content as measured in the ground
pepper samples packaged in different materials as a function of storage time
and the deviation, as well as the significance levels of differences as established
vs. packaging material, are contained in Table 1.

It was found that while the differences in the moisture content of the
samples as a function of storage time were very highly significant, as a function
of packaging material were not significant.

Table 1

Average values () and standard deviations (+s) of the moisture content of ground black
pepper samples in different packaging materials determined vs. storage time and analysis of
variance of the results

Moisture content (%)
Storage
time (1) Paper + PVDC (2) Combined foil (3) Glass jar
(months) i l ——
7 , +s | z | L8 z \ +s
i | e e =
0 9.75 1 0.25 | 975 ’ 0.25 9.75 0.25
3 9.92 0.14 | 9.58 0.14 9.68 0.14
6 8.25 0.66 | 8.26 0.43 7.67 0.58
9 8.75 0.43 i 9.00 0.25 8.92 0.38
12 8.17 0.38 ‘ 8.42 } 0.38 8.67 014
15 8.75 0.25 9.08 | 0.38 8.28 0.25
|
Source of variance SiuAss U o Degen ot Squalx:e:num . 2 & | .
i 0,
differences freedom aitteresios (calculated) (table) { %)
Packaging material 0.12 2 0.062 0.94 4.10 5
Storage time 6.99 5 1.398 21.22 10.48 0.1
Residue 0.66 10 0.066 - — —
Total [ 7.7
SD;y; = 0.47; SD,y = 0.66; SD, ., = 0.96
Significance level of differences
il Storage time (months)
Mark of the _—
packaging 3 | 6 | 9 12 ] 15
material
Mark of the packaging material
: | 8 | 1 g2 | 0 2 1 s | 3 | = o
2 9 7] [/] (7] | [’]
3 g g * * g 7} * ﬂ * * %

B P 8% N PE6%s " Pl
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It was of interest to note that the moisture content of the samples kept
in glass jars changed similarly to those packaged in pouches. The reason for
this may be found in the insufficient impermeability of the plastic caps used
for closing. However, this did not form the subject of this study.

2.2. Changes in the essential oil content

The average values and standard deviations of essential oil content as
measured in samples stored in different packaging materials as a function of
time and the significance of differences as established as a function of packag-
ing material, are summarized in Table 2.

Table 2
Average values (T) and standard deviations (+s) of the essential oil content of ground black

pepper samples in different packaging materials vs. storage time and analysis of variance
of the results

Essential oil content (cm?® per 100 g spice)

Storage
time (1) Paper + PVDC (2) Combined foil (3) Glass jar
(month) |—— -
z +5 z | +s z [ +s
|
0 1.10 0.02 1.10 0.02 1.10 1 0.02
3 0.82 0.10 0.69 0.04 1.03 1 0.07
6 0.80 0.07 0.67 0.04 0.99 | 0.05
9 0.73 0.06 0.69 0.08 0.95 0.10
12 0.68 0.15 0.60 0.09 0.92 [ 0.08
15 0.56 0.07 0.58 0.06 0.81 { 0.06
s R Square sum of | Degree of Sq“"l‘:e:ﬁm of F F P
e 2 differences | freedom it (calculated) (table) (%)
Storage time 0.35 5 0.07 14.47 4.76 0.1
Packaging material 0.20 2 0.10 20.29 7.76 0.1
Residue 0.04 10 5.10—3 — — —
Total 0.59
SDgy = 0.10; SD,y = 0.14; SDg,5 = 0.20
Significance level of differences
Mark Storage time (months)
of the 3 6 | 9 [ 12 15
" material Mark of the packaging material
1 2 1 2 i. | 9 1 2 1 2
2 *k *ok [} [}
3 * Kk *kk Hkk *okK *kok *kok *kk dokok ok *okk

g: P > 5%: % P<c 590 *%: Pt 100 $%%: P 0,19
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The essential oil content diminished continuously in all three packaging
materials during storage but the difference in degree was highly significant.
The loss was lowest in the glass jars while highest in the pouches made of

combined foil.

2.3. UV spectrum of the volatile oil

The essential oil obtained by steam distillation was photometrically
investigated in the UV range of the spectrum. The maximum of the essential
oil dissolved in ethyl alcohol was found to be at a wavelength of 202 nm.

Table 3

Avwerage values (Z) and standard deviations (+s) of S values calculated from the UV
absorption of the essential oil of ground black pepper samples in different packaging materials
as well as results of the analysis of variance

(%)
Storage -
time (1) Paper + PVDC (2) Combined foil (3) Glass jar
(months) = — 1
z | +s % [ +s8 z | +s
| | o
0 100 6.0 100 | 6.0 | 100 .: 6.0
3 46.2 6.2 46.5 ’ 4.2 85.8 6.6
6 57.9 6.1 55.2 5.5 b | 5.7
9 61.2 6.3 60.1 l 7.9 78.0 12.6
12 65.3 16.9 55.7 8.9 84.0 8.6
15 | 478 6.4 53.0 9.5 67.8 6.1
|
” . Square sum of ‘ Degree of | Square sum of F ‘ F { P
Source of variance differences freedom Joean (calculated) | (table) | (%)
differences [ |
Packaging material 1574.68 2 787.34 ! 13.22 } 7.56 5
Storage time 3753.84 5 750.77 | 12.60 | 10.48 0.1
Residue 595.65 10 j 59.67 | — | - —
| R
| | | |
Total i 5924.18 ‘ | ! | [
SDgs: = 0.47; 8Dy, = 0.66; SD g0, = 0:96
Significance level of differences
Mtk Storage time (months)
of the 3 | 6 ' 9 | 12 | 15
packag}ng | =
material Mark of the packaging material
L. | & | 3 | & | i &8 | 2 [ @ | 2 | %
| ) ’ =
2 0 g | | 5 | 0 | 9
3 kA ok sk * ! *k! | * 1 | * * ok Hok *
- i i | | ¢ | ‘ 1
AP > b0 % P 5L Rk Pl ] 0L s P i) 0
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The average and deviation values of S as calculated from the absorption
maxima vs. packaging material and storage time, as well as the significance
of differences as a function of packaging materials, are shown in Table 3.

The S values differed at a very highly significant degree as a function
of both storage time and packaging material. The highest S value was measured
at every length of storage time in samples kept in glass jars. The difference
between the other two packaging materials was non-significant.

2.4. Sensory tests

The changes in the pepper samples during storage were followed up by
sensory tests. The limits of dilution related to “spicy flavour™ characteristic
of the changes were established by means of contingency tables. The values

Table 4

Values of limit dilutions of spicy flavour obtained from sensory tests carried out to establish
changes during storage at room temperature in the ground black pepper samples pack-
aged in various materials as well as the results of analysis of variance

Storage Limit dilution (kg water per g spice)
ti —_—
(méf&s) (1) Paper + PVYDC | (2) Combined foil | (3) Glass jar
0 48 48 l 48
3 24 36 48
6 12 24 24
9 24 12 24
12 24 12 24
15 24 ’ 12 12
. Square sum of | Degree of | Square sum of F F P
Source of variance | differences freedom _Inean (calculated) |  (table) (%)
IR S . P .o I SN W o
Packaging material 112 2 l 56 1.00 4.10 ‘ 53
Storage time 2 358 5 | 474 8.46 5.64 | 1
Residue 560 10 [ 56 - — ‘ —
. ‘ ‘ :
Total | 3040 1 !
| |
SD;o, = 23.6; SD,s; = 33.5; SDg 4 = 48.6
Significance level of differences
Mark Storage time (months)
of the i T f— - s T
packaghig 3 ‘ 6 ‘ 9 | 12 | 15
material % .
Mark of the packaging material
1 s | 1+ | s | 1 | s | 1 | 2 | 1 | s
== e
2 | g ) | ]
s oo o e |0 |8 | 8| e |0 |0

0: B> 5% % P< b%
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thus established and the differences in significance levels as a function of
packaging materials are contained in Table 4.

The seasoning capacity of ground pepper was found to diminish during
storage. The difference between values as measured at start and in the 3rd
month of storage, was significant. However, the seasoning capacity of samples
stored in different packaging materials did not differ significantly.

3. Conclusions

On the basis of this study it may be established that out of the different
quality characteristics the change of the essential oil content follows most
closely the change in the quality of pepper.

It was found by means of covariance analysis that the change in the
essential oil content of pepper samples stored in three different packaging
materials may not be described by a single spoilage curve, thus, it may be
concluded that the shelf life varies with the packaging material.

The change in time of the essential oil content of the stored pepper
samples was of an exponential character. This is proven by the correlation
coefficients belonging to the curves describing the change.

The curves plotted on the basis of the equations for each packaging
material, showing the measuring points, are illustrated in Figs. 1, 2 and 3.

[
1'” é y=0.lo+e'°'37'°‘°5x

10+ r=-0.96

09-
0.8

0.7

e

0.6

0.5

VOLATILE OIL CONTENT (cm per 100g spice)

0.4

-

0 3 6 9 12 15
STORAGE TIME (month)

Fig. 1. Changes in the essential oil content of ground black pepper packaged in PVDC

coated paper as a function of storage time. The curve represents the change in the essential

oil content calculated by the equation given. ¢ stands for the average values and their
standard deviations as measured at different points of time
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1'1J y=0_1,+e'°'62'°‘°s"
r=-0.86

1.0

094

0.8

0.7

0.67

0.5+

VOLATILE OIL CONTENT (cm’ per 100g spice)

e

0 3 6 9 12 15
STORAGE TIME (month)

Fig. 2. Changes in the essential oil content of ground black pepper packaged in combined

foil as a function of storage time. The curve represents the change in the essential oil

content calculated by the equation given. ; stands for the average values and their
standard deviations as measured at different points of time

1 2< )’ = 0.44-8—0'28_00“
' r=-097

1.14
1.01
0.9

0.8

0.7 1

VOLATILE OIL CONTENT (cm’ per100g spice)

0.6

T

0 3 6 9 12 15
STORAGE TIME (month)

Fig. 3. Changes in the essential oil content of ground black pepper packaged in glass
jars as a function of time. The curve represents the changes in the essential oil calculated

by the equation given. § stands for the average values and their standard deviations as
measured at different points of time
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Using the results of measurements the inverted solutions of the equa-
tions given in the Figures were established and therefrom the storage stability
and the confidence intervals belonging to them at the probability level of
P <19.

Out of the characteristics of quality the essential oil content was found
to be the one most rapidly changing. The quality of ground black pepper is
maintained during the longest period in glass jars (16.8 4+-0.23 months); the next
best protection is ensured by the PVDC-coated paper pouches (6.4+41.16
months) and the last ones are pouches made of the combined foil (4.8 +1.08
months). In accordance with general practice the period during which the
quality is maintained is understood to mean the period during which the loss
in the essential oil reaches 339,

Sensory tests have shown the seasoning capacity of ground black pepper
to be reduced to 50 %, of the original in the 3rd months of storage when packaged
in the PVDC-coated paper pouches, while in glass jars and in pouches of
combined foil this occurred only in the 6th months of storage.

It may be concluded that the method used proved to be suitable to follow
up changes in the quality of black pepper. The evaluation method was suitable
to establish the shelf life of spice. Results enable the development of the
economically most feasible packaging.
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EXPERIMENTAL METHOD FOR THE DETERMINATION
OF THE THERMAL DEATH PARAMETERS OF
MICROORGANISMS IN A CONTINUOUS SYSTEM
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The determination of the thermal death parameters of microorganisms in
a continuous system is carried out with accounting for the residence time distribu-
tion in a flow reactor mixed to perfection.

In a reactor of controlled temperature mixed to perfection the suspension
of microorganisms of known viable cell density is fed in a flow of constant volume.
The viable cell count is determined in the out-going fluid. In the case of the
applied experimental layout the death rate coefficient may be determined from
the quotient of the in-going and out-going viable cell density in contrast to tradi-
tional methods, where the basis of calculation is formed by the logarithm of the
quotient of the initial and surviving cell counts. Thus, this new method is suitable
to determine experimentally death rate coefficients 1-1.5 orders of magnitude
higher than the traditional ones, while at lower temperatures the results corre-
spond to those obtained by the traditional methods.

The test organisms used in the experiments were the yeast strains Saccharo-
myces cerevisiae and Rhodotorula rubra and the bacteria FEscherichia coli and
Streptococcus faecalis. The temperature range applied was 323-349 K (50-76 °C).
In this range the logarithm of death rate coefficients increased linearly with
increasing temperature.

The lowest decimal reduction times determined in the experiments were
about 0.003 min.

The basis for calculating thermal treatments as applied in the industry
to kill microorganisms (pasteurization, sterilization) is the knowledge of the
correlation between death rate and change of temperature. This correlation is
generally determined experimentally by thermal death studies under isothermal
conditions. The thermal death curve is plotted in the knowledge of death rate
coefficients and decimal reduction times determined at different temperatures.
This forms then the basis of calculation of thermal treatment.

The industrial equipments for heat treatment operate, in order to achieve
sufficiently high reduction of the viable cell count, generally at a higher
temperature than that applied in the experimental determination of the thermal
death curve. This carries the danger of estimating erroneously the value of
the effective death rate coefficients and decimal reduction times when extra-
polating the correlation determined experimentally to industrial heat treatment.
This uncertainty is counterbalanced in practice by overestimating the heat
treatment requirement.

In evaluating thermal death experiments a kinetic of the first order is
usually assumed and the calculation of decimal reduction time determined
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at constant temperature is based on this. Stumbo’s formula (StumBo, 1948)
is used mostly:

o U
log Ny—log NV,
where
D = decimal reduction time,
U = period of heat treatment,
N, = initial viable cell concentration,
N, = viable cell density after U time.

Since there is not much likelihood of the viable cell count to exceed
the value of 10%-10° cell em~? and the time still measurable exactly is taking
into account the conditions of heat transfer, practically 0.5 min, the shortest
decimal reduction time measurable in this way is about 0.06 min or 3-4 s.

This value is valid not only for experiments carried out in a static system
but is valid for decimal reduction times as experienced in isothermal tube
reactors in continuous systems. A1BA and co-workers (1965) described some
examples of this kind of experimental scheme. Measuring the thermal death
parameters of Kscherichia coli in a continuous system the highest death rate
coefficient found by them was 25 min~! and this corresponds to about 0.09 min
decimal reduction time.

When higher decimal reduction times are determined at lower tempera-
tures any numberof points on the thermal death curve may be established. If
it is possible to exclude the disturbing factors of individual measurements
(different media of heat treatment, different nutrient media, changes in the
physiological conditions of the test organism, etc.) the thermal death curve
may be established with high exactitude.

However, the upper limit of the experimentally measurable temperature
range is generally lower than the operating temperature of pasteurization or
sterilization equipments.

The uncertainty originating from the extensive extrapolation of the
thermal death curve as determined from the data measured in the narrow
interval can only be counterbalanced by an exaggerated heat treatment. This
solution, however, requires much energy and reduces at the same time the
quality of the product (hedonic value, vitamin content, etc.). Thus, it seems
desirable to determine also, by experiments, the thermal death parameters of
microorganisms in a wider interval, extended in the direction of the temperature
of heat treatment because thereby the heat treatment may be determined with
greater accuracy. To achieve this, a method was developed which enables the
experimental determination of death rate coefficients of the order of 10° min—!
or of corresponding decimal reduction times of 0.002 min.

Acta Alimentaria 12, 1983




REICHART: THERMAL DEATH IN A CONTINUOUS SYSTEM 37
1. Materials and methods

1.1. Microbial strains

1.1.1. Saccharomyces cerevisae. The strain used was obtained from the
Microbiological Gene Bank, Budapest, and was marked KE 150.

Tt was maintained and cultivated in a nutrient medium of the following
composition: 40 g glucose; 10 g peptone; 10 g yeast extract; 20 g agar;
1000 ecm? water, at a pH of 5.8. The storage temperature was 288 K (15 °C);
cultivation temperature: 303 K (30 °C).

1.1.2. Rhodotorula rubra. Isolated from a fruit processing plant and identi-
fied at the Microbiological Department Group, University of Horticulture,
Budapest.

The nutrient medium used for maintaining and cultivating the strain
and the temperatures applied in storage and cultivation were the same as
under 1.1.1.

1.1.3. Escherichia coli. Obtained from the Microbiological Gene Bank,
Budapest, marked B 200. It was maintained and cultivated in a nutrient
medium of the following composition: 1 g glucose; 5 g peptone; 2.5 g yeast
extract; 20 g agar; 1 000 cm?® water, at pH 7.0.

1.1.4. Streptococcus faecalis. The strain was isolated by the Department
for Food Hygiene of the University of Veterinary Sciences, Budapest.

Nutrient medium used for maintaining and cultivating the strain:
2.5 g glucose; 10 g yeast extract; 17 g tryptone; 3 g soya-peptone; 5g NaCl;
5.5 g K,HPO,; 20 g agar; 1000 cm? water, at pH 7.3.

The storage temperature was 288 K (15 °C) and the cultivation tempera-
ture 310 K (37 °C).

1.2.The heat treatment medium
was sterile physiological saline solution.

1.3. Determination of the viable cell count

The viable cell count was determined by diluting aliquots of the samples
with a solution of 9g 1= NaCl 4 1 g1~ peptone, applying the decimal
dilution assay technique and subsequent plating. The nutrient medium as
described under 1.1. was used. For the yeasts an incubation period of 3-4
days, for bacteria that of 2-3 days was applied.

1.4. Methods of analysis

1.4.1. Isothermal heat treatment in a batch system. Four test tubes of
slant agar cultures were added in the form of a dense suspension of about
10 cm? to 400 cm? heat treatment medium set at the appropriate temperature.
Temperature was adjusted by the hot water flowing in the heating spiral
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immersed in the medium. The temperature of the heating water was set with
a Medingen U-10 type ultrathermostat. The suspension of microbs was mixed
with the magnetic mixer Radelkisz (Hungary) OP 912/3 type. At prede-
termined points of time samples were taken from the suspension and the vi-
able cell count was determined. The death rate coefficient and the decimal
reduction time were calculated from the regression equation of the linear
section of the survival curve.

1.4.2. Anisothermal heat treatment in a batch system. The essence of the
method is that by it becomes possible to construct the thermal death curve
by a series of measurements in a single identical system (RErcmHART, 1979).

The temperature of the microbial suspension to be investigated is con-
tinuously increased and the data of viable cell count determined point by
point and the temperature are plotted against time. The death rate coefficients
and the decimal reduction times belonging to different temperatures are
determined from the difference quotients according to time of the anisothermal
survival curve. Since neither the age of the culture, nor the heat treatment
medium, nor the composition of the nutrient medium changes in the course
of the experiment the results reflect changes occurring solely as consequence
of temperature.

The experimental equipment corresponded to that described in section
1.4.1. The temperature of the heating water was set at 343 K (70 °C) and this
was circulated in the heating spiral. The temperature of the heat treatment
medium containing the suspension of microbes and originally of room tempera-
ture, increased in accordance with the transitional function of the control-
technically first order elements. Upon reaching 323 K (50 °C) temperature
samples were taken from the suspension mixed to perfection, every 0.5 min
and the temperature of the medium was recorded. The death rate coefficients
and decimal reduction times belonging to given temperatures were calculated
from the change in the viable cell count of the samples.

1.4.3. Heat treatment in a continuous system. In determining the death
rate coefficient in a continuous system the residence time distribution of an
ideal stirred tank reactor formed the starting point.

The density function of the residence time distribution in a reactor tank
mixed to perfection (DENBIGH & TURNER, 1971):

1 e =
= F (1)
= W ; .
where ¢ —= TR the average residence time.

In case of a reaction of the first order the value of the concentration of
the material leaving the reactor:

C = [ C(¢) f@t) dt, (2)

0

~
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where C(t) stands for the dependence of concentration on time. This applied
to the kinetics of thermal death of microorganisms at constant temperature:

N@¢) = tho e—kt (3)

0

Substituting the density function (1) of residence time distribution in
the tank mixed to perfection, the survival cell density in case of an isothermal
ideal mixed flow reactor:

t
t
N(p) = f Nye k. —1- T dt 4)
0

In so far as N, — constant, that is, the suspension fed in the reactor
is of constant viable cell density and the flow rate of the entering suspension
is constant (W):

t
[+ L
N:Noéje g 157 (5)
0
- t
& ol J e~ VT gy (6)
N,
0
Integrated:
e By g T 5‘;] (7)
N, k+1
Insofar as t =
N 1
i (8)
N, k+1

Relationship (8) corresponds to the solution for the steady-state condi-
tion of the differential material balance equation of an isothermal tank reactor
mixed to perfection.

Value k& from equation (8)

=g (9)

It can be seen from equation (9) that on determining the value of %
the quotient of the initial and steady-state viable cell concentrations is used
in contrast to all traditional methods, calculating the death rate coefficient
from the logarithm of this quotient.
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In practice a sufficiently accurate result is obtained when, instead of
determining the steady-state value (f = o) measurements are started when
the out-going viable cell count reaches 999, or exceeds 999, of the steady-
state value. The time required is calculated from equations (7) and (8):

1 d+1) B 1
. Do Y F | i (10)
K+ 1 B+ 1
ti_g:wv %n 0.01 (11)
t kt+1

Relationship (11) is illustrated in Fig. 1. Here the value { = 8 min was
used for calculation, which is an average value characteristic of the experimen-
tal equipment.

The experimental equipment is shown in Fig. 2.

Useful volume of the reactor is ¥V = 370 c¢cm® and the in-going flow
rate is W = 46 cm® min~1

The continuously mixed microbial suspension to be treated was introduced
by means of a Zalimp 304 type peristaltic feeding pump. The temperature of
the reactor was kept under control by the water flowing in the glass heating
spiral. The temperature of the water was set with the Medingen U 10 type
ultrathermostat. To mix the microbial suspension and the reactor to perfection
the Radelkisz (Hungary) OP 912 type magnetic stirrers were used.

Whether the apparatus behaved like a tank mixed to perfection was
controlled experimentally.

1.2 1

1.0+

081 %
ol
- Q

o\

0.2 %
o

\o\
- O=Q=0—n

0 T T
-05 0 05 10 15 20.1gk

Fig. 1. Relationship between the time required to the 999, approximation of the steady-
state value and the death rate coefficient for an isothermal tank reactor
t = 8min; k= min—!?

Acta Alimentaria 12, 1983




REICHART: THERMAL DEATH IN A CONTINUOUS SYSTEM 41

10. Z
( . © )
7
T]—- 4.
i /

O ()
9. 8.

Fig. 2. Experimental apparatus for the determination of thermal death
1: Microbial suspension to be treated; 2: peristaltic feeding pump; 3: feeding the
reactor; 4:sampling cock; 5: reactor; 6: introduction of heating water; 7: outlet of
heating water; 8: magnetic stirrer; 9: magnetic stirrer; 10: thermometer

In case of a tank mixed to perfection, on changing suddenly the concentra-
tion of the in-going liquid, the concentration of the out-going liquid changes
according to the transient function of first order elements.

In the tank reactor filled with a safranin pigment solution, water was
introduced and the change of the optical density of the liquid in time was
followed up with VSU 2-P type photometer at a wavelength of 520 nm. (In
the range measured — below 0.8 OD — the optical density is a strictly linear
function of concentration.)

In case of a tank perfectly mixed, if in the in-going liquid C' = 0, the
change in the concentration of the out-going liquid:

C b,
t

—_— g
Co

thus, the logarithm of the out-going concentration changes linearly in time:
The experimentally determined relationship is shown in Fig. 3.
The equation describing the change in concentration:

In CO'_ = 0.0256 —0.12446 ¢

0

t = 8.03 min, reciprocal of the slope of the line.
The correlation coefficient (r) = 0.9998.
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t(min)
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151

Fig. 3. Linearized form of the transient function of the ideal mixed flow tank reactor
used in the thermal death experiments

In Fig. 3 the correlation coefficient of the relationship describing the
linearized intermediate function shows a very close correlation thus,the reactor
may be assumed to be mixed to perfection.

Samples of the heat treated suspension were taken at the overflow
sampling cock of the apparatus in sterile test tubes cooled previously by
immersion in an ice-aceton mixture.

In the course of these experiments sampling cocks of three different
sizes were applied. The on-temperature-keeping times at the sampling cocks
as calculated from the geometrical dimensions were as follows:

t, = 0.014 min,
t, = 0.006 min,

t, = 0.0014 min.

Considering that in the overflow sampling cock (s.c.) the temperature
remains practically unchanged, at higher temperatures the death taking place
in the sampling cock has to be taken into account, too, since this process is

of exponential character:
I:_Z_V_] — e ktn (]2)

ZV() 8. ¢.
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Taking this into account the viable cell density at the outlet is:

N 1

N(,:kt"+1

e ki (13)

Relationship (13) is illustrated in Fig. 4, accounting for £ — 8 min and
the three on-temperature-keeping times. The relationship describing the mixed
tank is also shown in the Figure.

As it can be seen, the on-temperature-keeping effect of the overflow
sampling cock is significant at k£ values higher than 10 min—! or at reductions
in viable cell counts higher than 2 orders of magnitude.

Theoretically this effect may be substantially reduced by reducing the
residence time in the sampling cock.

In the knowledge of the experimentally determined reduction in the
viable cell count the death rate coefficient was graphically determined from
Fig. 4. To determine the value of k at a death rate below one and a half orders
of magnitude relationship (9) may also be used since in that case the on-
temperature-keeping effect of the sampling cock is negligible.

-1 0 1 2 3 b 5 lgk

3. 2.

Fig. 4. Change in cell density as a function of the death rate coefficient for the perfectly
mixed tank (1) and taking into account the effect of the sampling cock (2) t;, = 0.0014 min;
(3) t; = 0.006 min; (4) t; = 0.014 min. Value of t = 8 min for every case
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In relation to the new experimental method the theoretical error calcula-
tion was also carried out in order to see the degree of viable cell count reduction
at which the value of the death rate coefficient was reliable.

Presuming a death kinetic of the first order, on calculating the relative
error of the death rate coefficient the inaccuracy in viable cell counting by
plating, and in measuring time and temperature, was taken into account.
The disturbing factors due to the nutrient medium and to differences in the
physiological state of the test strains could not be accounted for.

In studying the temperature dependence of death rate the following
relationship was used as starting point:

lgk:a—}—iT (14)
2

Transforming relationship (13):

N,

= (ki + 1) ekt (15)

The theoretical standard deviation as expected in the course of the
determination of value k, taking into account the laws of error transmission,
is as follows:

Oy = 6(_)21(:72 ONJN | T [%I;TUIJ S [':;71: Gth] s [% UT:r (16)
N
where oy n = standard deviation of the ratio of initial and steady-state
viable cell density,
o7 — standard deviation of the average residence time,
oy, = standard deviation of the residence time in the sampling
cock,
or — standard deviation of the temperature in the reactor.

Calculating the partial derivatives

sNo
6N :e/f’h[kft’1+t,1+f] (17)
k
- S LR (18)
sNo  [Kt,+t,+1)
N
- TN, N— (19)

o [kit, -1, +1i)
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ok k(kty+ 1)

= o = (20)
ot,  [kit, + ¢, + 1]

1
Sk 1. (21)
oT 2

Standard deviation of individual factors are as follows:

Standard deviation of viable cell count determination

Assuming a 209, coefficient of variation and N, and N being determined
by the same number of parallel measurements (variance is minimal in this

case):
/0.08 No
IHIN= " W

where 7 is the number of parallel viable cell count determinations.
Standard deviation of the average residence time
Determined by 30 measurements

o; = 0.1 min

Standard deviation of the on-temperature-keeping time
Taking into account the fluctuation in the feeding rate of the peristaltic
pump and the accuracy of the determination of the dimensions of the sampling
cock
o, =2 104 min

Standard deviation of the temperature
Value experimentally determined:

or=01K

Substituting derivatives (18) to (21) into relationship (16) and dividing
them by the appropriate value of k, the theoretically expected value of the
coefficient of variation of the death rate coefficient is:

4+ 12| 22 4 2| 4 o2
@ B 1™ or a9
ko (ktt, 4 t, 4 t)? 22

Calculating with standard deviations of the parameters accounted for
and assuming a value of z of the order af 5.0 k£ the relative error of the new
experimental method was determined for n = 1, 2 and 5. The residence times
accounted for in the calculations:

t = 8 min; ¢, = 0.0014 min.
The relationship is shown in Fig. 5.
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As it can be seen, above a given viable cell count reduction (about the
order of magnitude of 5) the reduction achieved in the relative error by increas-
ing the number of parallels, is non-significant. Of the two sections as observed

in the function of relative error, the first one

N
lg—Ni < ] is characteristic of

the reactor mixed to perfection. The second section accounting for a higher
range of death is an error function taking into account the on-temperature-
keeping time of the sampling cock. Determining in 5 parallels both the initial
and the steady-state viable cell counts (¢ = tyg,),ata reduction higher than 2
orders of magnitude the relative error of the k£ values remains practically

N
unchanged and its minimum is about lgWO = 4. Carrying out 1 or 2 parallel

viable cell count determinations the minimal error is obtained at lgF0 values

above 4 or 5.

Taking into account the relationships obtained in the course of the
theoretical error calculations, the viable cell density of the in-going and out-
going cell suspensions was determined in 5 parallel determinations each. To
establish the steady-state value subsequent to the point of time#,,, as pre-
viously estimated, sample was taken at the sampling cock every minute. The
ty9, times were determined from the relationship illustrated in Fig. 1 by pre-
viously estimating the death rate coefficient to be expected.

0.7
QA
0.6
0.5-
xl_z &
ol T A\
L3 =
0341} " Spalit
0.2- \ -
o\ n=5 x\x\ \A "
5 O\O—.o—o,‘o.o-:‘tx\;__g?ﬁ———
0 .

1 2 3 & 5 6 7Tk
Fig. 5. Theoretically expected standard deviation of the death rate coefficient determined
in the isothermal tank reactor as a function of decreasing cell density, accounting for the

on-temperature-keeping effect of the sampling cock
t = 8 min; t; = 0.0014 min
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Table 1

Results of the thermal death experiments with Saccharomyces cerevisiae

47

me]::uc:er?)fent _;:‘(?E;g’ Method® _% (n:li‘n) lg _I;_.‘ gk (m'u;“) (m?n)
20-10-1980 1 326.0 53.0 - 3.50 —0.724 0.189 |12.2
30-10-1980 1 326.3 53.3 - 1.50 —0.595 0.254 | 9.08

3 333.7 60.7 0.014 3.05 1.78 60.3 0.038
3 334.9 61.9 0.014 3.80 2.10 [125 0.018
3 335.6 62.6 0.014 4.25 2.25 (178 0.013
3 336.3 63.3 0.014 5.00 2.45 |282 0.0082
4-11-1980 1 2 324.7 51.7 — 0.025 1.06 | 2.70
2 326.2 53.2 - 0.344 2.21 1.04
2 327.5 54.5 — 0.655 4.52 | 0.51
2 328.7 55.7 - 0.928 8.47 | 0.27
3 326.7 53.7 0.006 1.37 0.441 2.76 | 0.83
3 329.2 56.2 0.006 2.04 1.13 13.5 0.17
3 332.3 59.3 0.006 3.07 1.93 85 0.027
3 333.4 60.4 0.006 3.41 2.12 (132 0.017
3 334.4 61.4 0.006 3.87 2.35 (224 0.010
3 335.3 62.3 0.006 4.78 2.65 |447 0.0051
12-1-1981 3 1 329.1 56.2 — 3.50 0.362 2.30 1.00
3 329.2 56.2 0.0014 1.26 0.334 2.16 1.07
3 331.1 58.1 0.0014 1.88 0.969 9.31 0.25
3 333.1 60.1 0.0014 2.48 1.58 38.0 0.061
3 335.5 62.5 0.0014 3.38 2.34 (219 0.011
3 337.0 64.0 0.0014 4.36 2.94 |871 0.0026
@ See para. 1.4.
Table 2
Results of thermal death experiments with Rhodotorula rubra
mefmxgim E?gﬁiﬂ;:); Method® —% d‘sm lg '\ﬁo‘ lgk (min-?) (mli)n)
6-2-1981 2 1 326.3 53.3 — 3.50 —0.900 0.126 |18.3
i 330.2 57.2 — 3.00 0.029 1.07 | 2.14
3 331.0 58.0 0.0014 1.31 0.386 2.43 | 0.95
3 332.9 59.9 0.0014 1.78 0.880 7.59 | 0.30
3 334.9 61.9 0.0014 2.31 1.408 | 25.6 0.090
3 336.0 63.0 0.0014 2.92 1.95 89 0.026
3 337.0 64.0 0.0014 3.20 2.19 115 0.015
3 338.0 65.0 0.0014 3.55 2.45 |282 0.0082
3 339.0 66.0 0.0014 3.92 2.70 |501 0.0406
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2. Results

In the course of the experiments the thermal death of cultures of different

ages was studied by different methods.

In the study of continuous systems by changing the geometrical dimen-
sions of the sampling cock the effect of the on-temperature-keeping time was

Results of thermal death experiments with Escherichia coli

Table 3

mei):;:e!glfent ‘:égli‘;g Method® |
18-11-1980 1 1
1
1
1
1
2
2
2
2
3
3
3

2 See para. 1.4.

Temperature
e . e (n?i'n) [‘ Ig—l\;—" lgk
| |
327.0 | 54.0 - 5.7 |—0.67
3274 | 544 & 87 |—0507
329.0 | 56.0 - | 5.7 |—0.192
331.3 | 58.3 — | 35 0.300
333.2 | 60.2 - Y 0.814
330.3 | 57.3 = 0.111
331.2 | 68.2 = 0.307
332.0 | 59.0 = 0.496
332.6 | 59.6 = 0.685
337.8 | 64.8 | 0.006 2.74 1.70
339.4 | 66.4 | 0.006 3.47 2.15
340.9 | 67.9 | 0.006 4.10 2.45
Table 4

7 D
(min=3) | (min)
[ T
| 0.211(10.91
0.311| 7.41
0.642 | 3.59
1.994  1.15
6.52 | 0.353
1.29 | 1.78
2.03 | 1.t4
3.13 | 0.735
484 | 0.476
50.1 | 0.046
141 0.0163
282 0.0082

Results of thermal death experiments with Streptococcus faecalis

el %?E;gé Method® (K)T empert‘:: (ng‘iln) lg%“— gk (min-1) (m?n)

12-3-1981 9 2 335.9 | 62.9 — —0.638 | 0.230(10.0
2 337.0 | 64.0 = —0.336 | 0.461| 5.00
2 338.1 65.1 = —0.036 | 0.921) 2.50
2 339.1 66.6 — 0.207 | 1.612| 1.43
2 339.9 | 66.9 = 0.362 | 2.30 | 1.00
2 340.6 | 67.6 = 0.538 | 3.45 | 0.667
2 341.2 | 68.2 - 0.732 | 5.39 | 0.427
2 341.7 | 687 - 0.877 | 17.53 | 0.306
3 346.2 | 73.2 | 0.0014 | 2.68 1.78 | 60.3 | 0.038
3 349.3 | 76.3 | 0.0014 | 3.72 2.57 (371 0.0062
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also taken into account. Results were summarized in Tables in which the
experimental techniques were marked as follows:

1. Method described in para.1.4.1.: Tsothermal heat treatment in a batch

system.

2. Method described in para. 1.4.2.: Anisothermal heat treatment in

a batch system.

3. Method described in para.1.4.3.: Continuous isothermal heat treatment

in a mixed flow reactor.

In case of the measurements carried out in a continuous system the
averages of 5 parallel viable cell count determinations were used. The standard
deviations of individual samples varied between 10-209%,. They have never
exceeded 209%,. In the isothermal batch system heat treatments (Method 1),
the death rate coefficients and the decimal reduction times were determined
from the equation of the curve constructed from 4-6 points of measurement.
The values of the correlation coefficients varied around —0.98 and —0.99.
2.1. Thermal death studied with Saccharomyces cerevisiae

Table 1 contains the results and death rate coefficients and decimal
reduction times calculated from the results.

lg k
x

(o]
/
X
Wl 4
324 326 328

/

a
=}
¢

2.
330 332 33, 336 T(K)

=

Fig. 6. Temperature dependence of the death rate coefficient for Saccharomyces cerevisiae
1. Age of culture: 1 day; 2. age of culture: 3 and 4 days;
— []— isothermal measurements in a batch system
—(O— anisothermal measurements in a batch system
— X — continuous isothermal measurements
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Fig. 7. Temperature dependence of the death rate coefficient for Rhodotorula rubra
—[]— isothermal measurements in batch system
— X — continuous isothermal measurements

2.2. Thermal death studies on Rhodotorula rubra

Table 2 contains the results of the experiments and death rate coefficients
and decimal reduction times calculated from the results.
2.3. Thermal death studies on Escherichia coli

Table 3 contains the results of the experiments and the death rate coeffi-
cients and decimal reduction times calculated from the results.
2.4. Thermal death studies on Streptococcus faecalis

Table 4 contains the results of the experiments with Streptococcus faecalis
and the death rate coefficients and the decimal reduction times calculated
from the results.

3. Conclusions

On evaluating the experimental results by plotting of logarithm of the
death rate coefficients against time has shown the result to be a straight line
in the case of all four microorganisms (Figs. 6-9).

The relationships derived by regression calculations and the z values
characteristic of the thermal death of the strains are summarized in Table 5.
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Table 5

Summary of thermal death experiments. Temperature dependence of death
rate coefficients

Number i i rrelati
Microbial strain of d.al:,:. i o b e s ®
pairs | (€))]
Saccharomyces cerevisiae 1 10 gk = —80.914 + 0.2491T 0.9991 | 4.01
(Age: 1 day) (324 K — 336 K)
Saccharomyces cerevisiae 2 12 | lgk = —103.795 4 0.3163 T 0.9984 | 3.16
(Age: 3—4 days) (326 K — 337 K)
Rhodotorula rubra 9 lgk = — 96.501 + 0.2927T 0.9977 | 3.42
(326 K — 339 K)
Escherichia coly 12 gk = — 73.095 + 0.2216 T 0.9991 | 4.51
(327K — 341 K)
Streptococcus faecalis 10 gk = — 79.472 4 0.2349 T 0.9987 | 4.26
(336 K — 350 K)

The equations in Table 5 describe the relationships between death rate
coefficients determined by various methods and the temperatures. The correla-
tion coefficients representing an extremely close linear correlation prove that
the death rate coefficients determined by the new method fit thoroughly the
values obtained by other traditional methods. Since the new method permits

2.0
1.54

o 1.0
0

0.51 oy
BV
3287330 332 334 336 338 340T(K)

-0.541 O
4

=1.01

Fig. 8. Temperature dependence of the death rate coefficient for Escherichia coli
— [ — isothermal measurements in batch system
— (O— anisothermal measurements in batch system
— X — continuous isothermal measurements
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3.01

2.0 1
151
= 1.0

0.51 Pl

336 /° 34,0 342 344 346 348 T(K)
(0]
-0.54 /

=101

Fig. 9. Temperature dependence of the death rate coefficient for Streptococcus faecalis
—(O— anisothermal measurements in batch system
— X — continuous isothermal measurements

the determination of the death rate coefficient and the decimal reduction time
at temperatures very close to the pasteurization temperatures as used in the
industry as well as the taking into account a much wider interval for the calcu-
lation of the z value than earlier, the thermal death parameters thus obtained
enable the calculation of heat treatment with greater safety.

Symbols

decimal reduction time (min)

death rate coefficient (min—1)

time (min)

average residence time in the flow reactor (min)

volume of the ideal mixed flow reactor (cm3)

flow rate (cm® min—1)

concentration

cell density (cell cm~?)

cell density at ¢ = 0 point of time, cell density entering the tank reactor
mixed perfectly (cell ecm—3)

HRQIY N Ay

o
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time required to reach 99 9, of the steady-state cell density in the reactor
i, holding time in the sampling cock of the flow reactor (min)
/& temperature (K i.e. °C)

z temperature increase required to the ten-fold increase of the death rate
coefficient (K i.e. °C)

a intersection of the axis of the line describing the temperature dependence
of the logarithm of the death rate coefficient

o standard deviation of the parameter in the index. The unit of measure
corresponds to that of the parameter

7 correlation coefficient
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INFLUENCE OF IONIZING RADIATION AND STORAGE
CONDITIONS UPON SOME QUALITY PARAMETERS
OF SOYBEANS

J. BEczNER, I.Kiss and J. PEREDI

(Received 17 March 1981; revision received: 14 September 1981; accepted 17 September
1981)

It was established in the course of preliminary experiments that soyflour
produced for animal feeding in a pilot plant was occasionally contaminated to an
extent exceeding the microbiological standard set for human consumption.

Thus, it was concluded that to reduce microbiological contamination was
a necessity and the suitability of ionizing radiation for this purpose was investi-
gated. In practice conditions prevailing in the storage space — particularly tempera-
ture and humidity — determine the microbiological quality of the product. Soy-
beans of different moisture content (9 and 139%,) were, therefore, irradiated and
stored in spaces of different relative humidity (55 and 7569%) at 5-15 °C or
20-25 °C temperature. The soybean samples were irradiated with 1 and 5 kGy, resp.

The storage experiments have shown the humidity of the storage room to
be of extreme importance to the propagation of moulds. The inhibitory effect of a
temperature of 5-10 °C in itself is not sufficient, neither is the effect of the radia-
tion dose applied sufficient during a longer storage period. The presence of aflatoxin
B, in mildewy soybeans was not proven. But toxins have to be reckoned with as
potential sources of danger. Further experiments are necessary to support results
hitherto obtained.

It was established that the moisture content of the seeds affected strongly
the quality of the extracted oil. With increased moisture content increases the
acid number as the mark of rancidity and the peroxide value, the amount of
carbonyls and the extent of conjugation. These unfavourable effects increase at
higher temperatures. The radiation doses applied in the experiments did not affect
the quality of the oil.

The conclusion drawn from the experiments was that the microbial contam-
ination of soybeans can be kept at the initial low value by treatment with 1 kGy
even under unfavourable storage conditions for a period of 2 months. Thus, irradia-
tion may be applied as a temporary solution to stabilize the microbiological state
of soybeans.

The oil-free residue of soybeans, soybean meal, because of its high
nutrient content, is one of the most widely used basic materials for feed
protein. The yearly yield of soybean cultivation amounts to cca 60 million
tons. Since it is rich in essential amino acids it is used to set the protein level
of various animal diets. Hungary imports for feeding purposes several hundred
thousand tons of soybean meal per year. In recent years, in order to be able
to reduce the imports, efforts were made to propagate its cultivation. At
present about 30 thousand tons of soybeans are processed in Hungary and thus,
arouse the problems of storage and maintenance of quality.

Soybeans play an increasing role in up-to-date human nutrition, too.
Modern processing technology permits its use for a great variety of food
products (KRALOVANSzZKY, 1975).
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Although soybeans are not attacked by mould fungi prior to harvest,
moulds are present and if storage conditions favour their multiplication,
they contaminate the seeds. A moisture content of about 13 9 is sufficient to
start the propagation of the fungi (CHRISTENSEN & DorwORTH, 1966). The
species predominant in mould formation during storage are: Aspergillus candi-
dus and Aspergillus flavus. At high moisture contents the intense propagation
of fungi is followed by the multiplication of bacteria. The activity of thermo-
philic bacteria may even cause the spontaneous ignition of soybeans (CHRIs-
TENSEN & KAUFMANN, 1972).

Table 1

Moulds most frequently occurring on soybeans and their toxins

Microorganism ‘ Toxin
Aspergillus glaucus
A. flavus aflatoxin B,, B,, G|, G,, M;, M,
A. candidus citrinin
A. versicolor sterigmatocystin
A. nidulans sterigmatocystin
A. nuger ;
A. fumigatus fumitremorogen
A. ochraceus ochratoxin A
Bipolaris sp. sterigmatocystin
Penicillium rubrum rubratoxin A, B
Penicillium sp. ochratoxin
Trichoderma viride gliotoxin
Fusarium oxysporum zearalenon (F-2)
F. roseum fusariogenin

Beside the Aspergillus species about another 20 fungal species occur
regularly and 34 species occasionally on soybeans (MisLivec & Bruce, 1977).
In case of fungal contamination the potential danger of micotoxin formation
arises. Several of the fungus species occurring on soybeans are known to produce
toxin as it is seen in Table 1 (Moreau, 1972; INczE, 1977).

The most dangerous fungus is Aspergillus flavus and the toxin produced
by it. However, although it multiplies rapidly on soybeans, toxin was rarely
found on the contaminated beans and in those cases, too, the amount present
was small (HEsSSELTINE et al., 1966; SHOTWELL et al., 1969a, b). According
to HESSELTINE and co-workers (1966) soybeans do not supply satisfactory
medium for toxin production.

The presence of sterigmatocystin was not detected either in soybeans
contaminated with Aspergillus versicolor, A. nidulans or Bipolaris sp. (SHAN-
NON & SHOTWELL, 1976). EMEH and MARTH (1976) stated that under natural
conditions Penicillium rubrum is rarely found on soybeans but it occurs on
foodstuffs or fodder prepared with soybean. Soybeans were contaminated
intentionally with P. rubrum and found that the fungus started to grow at
8 °C and produced toxin at 13 °C.
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CHRISTENSEN and KAUFMANN (1972) maintain that toxins, particularly
aflatoxin do not form a great problem in relation to soybeans, because they
are present only in very low amounts and in the course of extraction they do
not pass into the oil but remain in the cake. Since in the animal feeds prepared
with soy meal the latter constitutes only a small part, therefore, its mycotoxin
content is negligible or it is not even toxic. However, the health damaging
effect of the consumption of these subtoxic amounts is not sufficiently eluci-
dated.

Under field conditions soybeans have several pests, which however,
are not dangerous during storage. In the temperate zone soybeans have no
significant storage pests, only occasionally Plodia interpunctells (ANON, 1975)
but even that does not cause significant damage. Under tropical climate, how-
ever, the presence of Ephestia cautella forms a serious problem (Cox & Simwms,
1978).

The use of radiation treatment for the desinfestation of cereals and flour
was permitted in several countries. Generally a dose of 0.30-0.75 kGy was
suggested (LorENz, 1975). The immediate death of all pests may be achieved
by treatment with 3-5 kGy, however, the application of 1 kGy is sufficient to
kill all the pests present in the cereal within a few days after treatment (COrN-
WELL, 1966). At a conference held in Geneva in 1976 it was suggested by FAO,
WHO, and TAEA to permit a treatment of 1 kGy for the desinfestation of
cereals (WHOLESOMENESS OF IrRrADIATED Foop, 1977). The dose of 0.30-
0.75 kGy permitted in several countries is also effective against insects in
every stage of development, inhibits their growth and within a larger or
shorter period leads to their total destruction (Gorumsic & Davis, 1966;
BeczNER & FARKAS, 1972).

The aim of this study was to assess the microbial contamination in soy-
beans and all the products manufactured from them and to establish the
extent of the problem of toxin production by fungi. It was intended to clarify
also the danger of insect infestation. Parallel to the microbiological tests some
of the chemical parameters as a function of storage conditions, time and radia-
tion dose were followed up during storage. At the end of the storage period the
soybeans were tested for the presence of mycotoxin.

1. Materials and methods
1.1. Materials

The samples investigated in the years 1976 through 1978 were of different
place of origin. The soyflour was supplied by the Enterprise for Cereal In-
dustry, the other products and the soybeans by the Research Institute for the
Vegetable Oil and Detergent Industry and were of commercial quality.
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1.2. Methods

1.2.1. The moisture content of soybeans used in the storage experiment was
6%, The original moisture content was adjusted to 9 and 139, resp. The
samples were treated with 1 kGy and stored in a space of 55 and 75%, ERH,
resp. Samples were stored individually in linen bags and placed in jars. To
achieve the predetermined humidity sulfuric acid at different concentrations
was used. Beans of 99, moisture content were stored above sulfuric acid of
0.55 water activity and those of 139%, moisture content above 0.75 water
activity. The samples were stored either at room temperature (20-25 °C)
or at 5-15°C.

1.2.2. Irradiation was carried out with an RH-y type laboratory ¢°Co
radiation source of 0.30 PBq nominal activity at a dose rate of 4.8 kGy h~1.

1.2.3. For the microbiological tests 10 g of soybeans or soy product were
shaken in 90 cm? pepton solution containing Tween 80 (Reanal, Hungary) for 15
min at 30°C (Kiss, 1977). To determine the total mesophilic aerobic cell
count liquid Nutrient (Oxoid) was inoculated in three parallels. The anaerobic
spores were determined in liver broth. The fungal count was determined on
slant malt nutrient. Results were evaluated on the basis of Hoskin’s table
by the most probable viable cell count method. Microbiological tests were
carried out four times during storage, each time by two separate weighings.

1.2.4.The following chemical tests were carried out in the course of the
storage period:

The oil content was determined in a Soxhlet extractor according to
HUNGARIAN STANDARD (1976).

The acid number was established by alcoholic potassium hydroxide
titration (HUNGARIAN STANDARD 1973a).

To establish the peroxide value the iodometric method was applied
(HUNGARIAN STANDARD 1973b).

By measuring the UV absorption of the extracted oil the extent of con-
jugation (C) could be inferred. Absorption (A) was measured at 270 nm
(3 mg cm~?) against iso-octane. For calculation the following equation was
used:

Ao
be

C =

where

b — thickness of the cuvette (cm),

¢ = oil concentration (g 171).

1.2.5. The mycotoxin (aflatoxin B,) analysis was carried out at the Micro-
biological Department of the National Feed Inspectorate, Budapest in Octo-
ber 1978. At this time the samples stored at room temperature in a space
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of high ERH were visibly covered by mould. The determination was car-
ried out according to HUNGARIAN STANDARD (1980).

1.2.6. Mathematical statistical evaluation. The changes of the mesophilic
aerobic cell count were evaluated by variance analysis, while the mould
count by ¢ test.

2. Results

2.1. Results of the microbiological tests

2.1.1. The results of the microbiological tests of soybean products are shown
in Table 2. In the Table beside the values obtained for soya flour the values
as decreed in relation to human consumption are also given (ORDER OF THE
MiNISTER OF HEALTH, 1978).

Table 2

Microbial contamination on soybeans during processing
(August 1976)

Cell count (g—1)*
Microorganism Soy flour?e Soybeans
tested S i 1 ===
Cell count found Satis- Accept- Whole ‘ Milled
| factory able
. SN, SS— — o
Total mesophilic aerobic ‘
cell count 9.8 X103 104 103 9.3 <103 | 2.4 <108
Aerobic spores 2.7x10% - — — l -
Anaerobic spores — - — 4.6 <102 | 2.4<102
Moulds 2.4%103 102 103 4.6 103 1 1.53210%
|
Cell count (g—1)*
Microorganism Soy cake Soy meal
tested o - o ==
Gritty Milled Disintegrated Disintegrated
- 1 j 3 ¢
Total mesophilic aerobic
cell count, 9.3 X103 9.4>104 2.0 103 4.6 <105
Aerobic spores - ‘ - | - —
Anaerobic spores 9.3 x103 I 2.4 103 2.4%103 2.8 102
Moulds 3.6 X102 <3.6x10 <3.6:¢10 <3.6x10

* Cell counts are the averages of two separate parallel weighings

b March 1976

“ Made of extracted meal. Microbiological standard exists only for soy flour

5*
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As it can be seen the mesophilic aerobic cell count of soybeans reaches
or exceeds the acceptable level and the mould count is high, too. It can be
seen that during processing the mesophilic aerobic cell count was not substan-
tially reduced, the anaerobic cell count did not change, either. The fungal cell
count is reduced, however, fungi are still present at a provable density. Some
means of reducing the cell count is inevitably necessary, because the initial
cell count is determinative and there is no substantial reduction during process-
ing. At the same time the infection of soybeans and their products during
a storage period of longer or shorter duration has to be accounted for, too.

2.1.2. Microbiological conditions of the soybeans during storage depends
on the conditions prevailing in the storage room, particularly on temperature
and humidity. Thus, in the storage experiment soybeans of different moisture

&l ¢ Al A B ~
51 M o0kGy
= 7
24110 Acy | !
3..
E”z- g B3 5KkGy 2
A | 1 f §
i
0 m 1L IX.

STORAGE TIME (month)

— B2

5_
=4
o
= 3 7
CrR
-

y g

0

V. VII

IMI. A :
STORAGE TIME (month)

Fig. 1. The mesophilic aerobic cell count in soybeans as a function of radiation dose,
moisture content, storage temperature and storage time (1978)

A: Moisture content of soybeans: 9-119,, ERH: ~ 559
Al: Storage temperature: March-May: 5-10 °C
May—September: 15-20 °C
A2: Storage temperature: 20-25 °C

B: Moisture content of soybeans: 13-169%,, ERH: ~ 759
B1: Storage temperature: March-May: 5-10°C
May—-September: 10-20 °C
B2: Storage temperature: 20-25 °C
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content were placed in storage spaces of different humidity and kept at two
different temperatures.

2.1.2.1. Mesophilic aerobic cell count. The initial moisture content of the
beans was 6%, and the mesophilic total aerobic cell count 4.5x10* g=1. The
moisture content of the beans was raised to 9.59%, and 13 %, respectively, and
they were subjected to radiation treatment. The total mesophilic aerobic
cell count and the mould count were determined twice during the storage
period.

In Fig. 1 the mesophilic aerobic cell count is shown as a function of radia-
tion dose, humidity, temperature and storage period.

Simultaneously with the microbiological test the moisture content of the
beans was also established and it was found to increase with storage time.
To determine the moisture content of the beans an Ultra-X apparatus was
used. Of the moisture contents recorded in the Figure the first one is the initial,
the other one as measured at the end of the storage period. The cell count
was reduced by the radiation treatment as found directly after treatment. A
treatment with 1 kGy reduced it by 1-1.5 order of magnitude, 5 kGy at least

MokGy FPA1kGy FASkGy

Al B1

Log N (g-")
O = N W N~

B1

0.‘...0"

X0

‘0’0"..

S

O

%
g
?
4

LogN(g-")
O =N w N~

1IL V. VIL IX.
STORAGE TIME (month)

Fig. 2. The mould count in soybeans as a function of radiation dose, moisture content,
storage temperature and storage time (1978)

A: Moisture content of soybeans: 9-119,, ERH: ~ 559,
Al: Storage temperature: March-May: 5-10 °C
May—-September: 15-20 °C
A2: Storage temperature: 20-25 °C

IIL. V. VIL

B: Moisture content of soybeans: 13-169,, ERH: ~ 759,
B1: Storage temperature: March-May: 5-10 °C
May—-September: 10-20 °C
B2: Storage temperature: 20-25 °C
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by 1.5 order in addition. The differences in the effect of treatments were
maintained during the storage period. At higher temperature and greater
humidity the differences in the samples tended to equalize.

The statistical evaluation of the results is presented in Table 3.

Analysis of variance was carried out for each storage condition and
treatment from 8 parallel data by considering the logarithms of cell counts as
determined during storage, as parallel measurements. This is not an error
because the cell count does not change substantially as a function of time.
Significant correlation was not found between storage time and logarithms
of cell counts whether it was based on the calculated r values or on analysis of
variance. This is proven also by the mean values and standard deviation values
calculated from the 8 data. The difference between the cell counts of samples
stored at different conditions of storage, was not significant either. Cell count
seems to depend primarily on the radiation dose. A dose of 1 kGy reduced the
cell count at least by one order of magnitude and the reduced cell count for
beans of low moisture content differed from the control at a P = 59 level,
for beans of higher moisture content at a P =19, or P = 0.19%, level. The
cell count reducing effect of 5 kGy is much more intense and the difference
between the untreated and samples treated with 5 kGy is highly significant
(P = 0.19%,). The difference between samples treated with 1 and 5 kGy is also
significant independently from conditions of storage (at the P = 19, or the
P'=0.19; level).

Summing up, it may be said that cell count is reduced by irradiation,
however, the favourable effect of radiation treatment becomes effective only
in storage at low temperature and in a space of low ERH during a longer
storage period.

2.1.2.2. Mould count. Mould count as a function of radiation dose, humid-
ity, storage temperature and storage period is presented in Fig. 2.

It can be seen in the Figure that low moisture content and low ERH
affect favourably the mould count. The favourable effect of maintaining the
beans at a low moisture content is not affected by higher temperature during
a long period, or the increase of temperature, not even an 1-29%, increase in
the moisture content of the beans. A slight mould count reducing effect of
radiation treatment is observed directly upon treatment or after two months
storage but after 4 months of storage the difference between the treated and
untreated samples disappears completely. In a few cases the mould count of
treated samples was even higher than that of the untreated ones.

The statistical evaluation of mould counts is summed up in Table 4.

Since, as it can be seen in Figure 2, the mould count of bean samples of
low moisture content does not change much with radiation dose, nor with
storage time or storage temperature, in the statistical evaluation only the
samples of 13-16 %, moisture content were taken into account. In bean samples
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Table 3

Analysis of variance of the mesophilic aerobic cell count (log N) in soybeans as a function of radiation dose®

Radiation dose (kGy)

Cell count (log N)

Temperature: 5-20 °C
Moisture content: 9-119,

Temperature: 20-25 °C
Moisture content: 9-119,

Temperature: 5-20 °C
Moisture content: 13-169%,

Temperature: 20-25 °C
Moisture content: 13-169%,

x +s x +s X T +8 = +s .
0 4.64%% 0.94 4.902P 1.69 4.59% 0.53 4.56%% 0.99
3.60%% 0.54 3.60%%Y 0.65 3.29¥ 0.44 3.39P% 0.42
5 1.520Y 1.92 1.900%Y 0.94 1.91% 0.88 1.64%Y 0.89
Significance of Pyo, = 0.91 P, = 121 Py =102
differences Pygo, = 1.68 Py = 164 Pyao, = 1.22 B = 0,38
Pyqo, = 2.2

4 As a function of radiation dose every treatment differs !from the others at P = 59, level,

therefore only probability

levels differing from this were marked. Differences between values marked by letters (a, b, ¢) and (x, y, z) are significant at levels =19,

and P = 0.19%, resp.

J1e 39 YINZOHd

AIIIVAD NVAAOS d0 SEHHNVHO

€9
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Table 4

Significance test of the mould count of soybeans (log N) as a function of storage time

Treatments

| Temperature: 5-10 or 15-20 °C Temperature: 20-25 °C
Storage time| Moisture content: 13-16%, Moisture content: 13-169,
(month) o - -
0 Kay | 1 kGy ‘ 5 kGy 0 kGy i 1 kGy l 5 kGy
x +s | = +8 | = +s ' X +8 x +8 ’ > 2 +s
0 \ 1.50 0.19 | 1.47 0.22 | 0.55 0.28 | 1.50 0.19 | 1.47 0.22 | 0.55 0.28
2 r 0.87** 0.28 | 0.55* 0.28 | 0.47 0.28 | 3.02 0.91 1.93 0.07 | 0.47 0.28
4 | 1.16  0.29 | 3.07** 0.15 | 1.80* 0.24 | 3.71 0.95 | 2.78% 0.57 | 3.54*%% 0.71
6 I 3.57** 0.56 | 3.57** 0.56 | 4.47*** 0.71/4.04*** 0.03 (4.38%** (0,03 (4.17*** (.25
| |

The significance test (¢ test) as a function of time was carried out in comparison
with the initial condition (0 storage time) for each treatment
Significant at probability level: EP— 109%;: " P =5 """ P— ]9

of high moisture content irradiation did not exert a substantial count reducing
effect directly upon treatment. At room temperature, however, the mould
count of the radiation treated samples did not change much after 2 months
storage, but it was with at least 1 order lower than that of the control. After
4 months this “protective’ effect disappears. In the 4th months of storage the
mould count of all the samples was higher at a probability level of P = 59,
or P = 109, than the initial value. In the 6th months it was higher at the
P = 19, probability level. In samples of high moisture content but stored at
low temperature the mould count is primarily affected by the storage tempera-
ture in the 2-4th months of storage, here the protective effect of irradiation
does not assert itself. The mould count increases with increasing ambient
temperature. At the end of storage the mould count of all the samples was
significantly higher at P = 59, probability level than the initial count. It
should be noted, however, that although the mould count of samples of high
moisture content changed at both storage temperatures no close correlation
was found between storage time and mould count by correlation calculations.
This is due to the low number of data (n = 4, degree of freedom = 2).

2.2. Chemical analysis

Chemical analysis was carried out only twice during storage. Results
are shown in Figs. 3 and 4.

The acid number shows that the hydrolysis of the oil depends mostly
on the moisture content of the beans and on the storage temperature. There
was no significant difference between the acid numbers of the irradiated and
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the control bean samples. A similar trend is observable in the peroxide values
as a function of temperature and humidity (Fig. 3). At room temperature
a striking change was observable in the samples stored at high ERH. The
parameters of the irradiated samples were worse than those of the control
samples.

The UV absorption values relating to the extent of conjugation were
affected, too, primarily by the moisture content of beans and the ERH of the
storage space (Fig. 4). At low moisture content an unfavourable effect was
observable directly upon treatment with 5 kGy, this, however, later disappeared
as all the samples underwent an unfavourable conjugation change against
storage time.

5 %
) %:
= 4
5 K
= %%
o 1 o %%
o L1 % i : 7
< III. X, 1. IX. IIT. IX. 1I1. ) .48
STORAGE TIME (month)
MokG '
& .25 - 4 )
@ A 1 kGy
X 551 A B
2 B 5 kGy
= Al B1 82
a 15 7
-— ]
>
2 4
a
I f% /
mIX m I

STORAGE TIME (month)

Fig. 3. The acid number and peroxide value of the oil extracted from soybeans as a
function of radiation dose, moisture content, storage temperature and storage time (1978)

A: Moisture content of soybeans: 9-119%,, ERH: ~ 559
Al: Storage temperature: March-May: 5-10 °C
May—-September: 15-20 °C
A2: Storage temperature: 20-25 °C

B: Moisture content of soybeans: 13-169,, ERH: ~ 759,
B1: Storage temperature: March-May: 5-10 °C
May-September: 10-20 °C
B2: Storage temperature: 20-25 °C
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Fig. 4. UV absorption values (270 nm) of the oil extracted from soybeans as a function
of radiation dose, moisture content, storage temperature and storage time (1978)

A: Moisture content of soybeans: 9-119%,, ERH: ~ 559,
Al: Storage temperature: March-May: 5-10 °C
May—-September: 15-20 °C
A2: Storage temperature: 20-25 °C

Moisture content of soybeans: 13-169,, ERH: ~ 759,
B1: Storage temperature: March-May: 5-10 °C
May—September: 10-20 °C
B2: Storage temperature: 20-25 °C

From the point of view of industrial processing the samples of 13-16 9,
moisture content, stored at room temperature and low or varying temperature,
judged by their chemical properties, proved to be poor. These samples were
all very mouldy and this may have contributed to the unfavourable chemical
changes.

2.3. Mycotoxin tests

The samples were tested for mycotoxin at the Microbiology Department
of the National Feed Inspectorate in 1978. At this time the part of the samples
of high moisture content (13-16 9,) was visibly covered by mould.

In spite of this none of the samples contained aflatoxin B;.

3. Conclusions

The experiments have shown the humidity of the storage space to be of
importance in the multiplication of fungi. The unfavourable effect of low water
activity on the growth of certain Aspergillus species is known from related
literature (OrrtH, 1976; NorTHOLT et al., 1976). A temperature of 5-10 °C
is in itself not sufficiently inhibitory because it is higher than the minimum
temperature of growth for several fungi. Thus, multiplication of fungi at this
temperature is steady, even if slow (Fig. 2, Table 4).
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A radiation dose of 1 kGy is sufficiently effective particularly under
tropical climate, against the storage pest, Ephestia cautella and against Plodia
interpunctella, a potential pest under climatic conditions in Hungary. However,
it does not seem efficient, particularly in itself to reduce cell count. A radiation
dose of 5 kGy can only retard the growth of fungi and this effect extends over
a short storage period only (Figs. 1, 2, Tables 3, 4).

It should also be noted that according to certain data in the literature
radiation treatment may increase the toxin production of certain fungi (4s-
pergillus flavus, A.parasiticus, A. orchraceus, Fusarium culmorum, Penicillium
wrticae) in pure cultures (APPLEGATE & CHIPLEY, 1974; BULLERMAN et al.,
1973; JEmMALl & GuiLBoT, 1970; SELLYEY et al., 1979; SCHINDLER et al.,
1980). The cause of the increased toxin production is not as yet elucidated,
it may be traced back probably to the formation of mutants. In the opinion
of IN¢rAM and FArRKAS (1977) the mycotoxin production of Aspergillus species
is not activated by radiation treatment.

It has been shown by several authors, however, that the combined heat
treatment and irradiation exert a synergistic effect upon the destruction of
conidia and/or mycelia of A. flavum (MoHYUDDIN & SKOROPAD, 1975; PAD-
wAL-DESAT et al., 1976a, b). By a pretreatment of 35-50 °C the conidia may
be sensitized to irradiation. Then by a treatment with 1 kGy the survival of
the conidia may be reduced to a minimum. Although the mould species show
different resistance to this treatment it would be possible to reduce the micro-
bial contamination of soybeans to a very low level by combined heat and radia-
tion treatment.

Recent data in related literature prove that soybeans, apparently in
sound condition, are contaminated by a variety of fungi (MisLivEc & BRUCE,
1977). Contamination affects mainly the outer surface of the beans, but after
decontamination of the surface a substantial degree of “‘inner contamination”
remains. The fungi listed in Table 1 occur regularly on the surface of beans
but in addition other mould species forming toxin appear occasionally. It is
known, however, that a mixed contamination goes usually with a reduced
toxin production (CALVERT et al., 1978) or sometimes with a completely
discontinued toxin production (MIrRocHA & CHRISTENSEN, 1974; BOLLER &
SCHROEDER, 1974). It is probably due to this fact that the presence of myco-
toxin could not be demonstrated even in highly contaminated soybeans
(CrANG et al., 1966; SHOTWELLetal., 1969 a, b). On the other hand, other authors
demonstrated toxin in artificially infected soybeans (Davis & DIENER, 1970;
NAGARAJAN et al., 1973). The contradictory data in the literature are explained
by the experiments of Gupra and VENKITASUBRAMANIAN (1975) carried out
with zinc and phytinic acid. They established that free zinc is required by
Aspergillus parasiticus to produce aflatoxin and this is liberated in soybeans
only by heat treatment from the complex formed with phytinic acid. These
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results draw attention to the circumstance that soybeans and soy products
may become nutrient media for the toxin producing fungal species after heat
treatment (i.e. industrial drying, soy meal and cake after extraction) which
liberates zinc and thereby induces toxin production.

Chemical analysis has shown the high moisture content of the seeds to
affect disadvantageously the quality of the extracted oil. In this case increases
the acid number and the peroxide value marking the advance of rancidity.
The extent of conjugation is also increased. This unfavourable effect is en-
hanced by increasing temperature and the microbial degradation (moulding)
of the samples. Radiation treatment does not affect rancidity, not even a
treatment with 5 kGy (Figs. 3 and 4). A dose of 5 kGy increases the extent of
conjugation directly after irradiation against that of the control and that
treated with 1 kGy, this difference, however, disappears in the course of storage.
All the characteristics are affected by the condition of the beans and the
storage conditions.

The results of the microbiological and chemical tests show that the storage
stability of beans and the quality of the oil extracted from them depends
mainly on the moisture content of the seeds and the relative humidity of the
storage room. Increased temperature affects unfavourably the microbiological
and chemical conditions. A moisture content below 109, and an equilibrium
relative humidity below 709, and a temperature below 10 °C are favourable
conditions of storage. The initial contamination of the seeds is also an impor-
tant characteristic. Since the surface of soybeans is always heavily contaminated
(mostly by fungi) and this cannot be reduced by treatment with radiation,
application of the latter does not seem expedient, the more so as under the
temperate zone soybeans have no storage pest causing serious damage. In
the tropical zone Ephestia cautella causes great damage and this can be reduced
by treatment with 1 kGy. The oil gained from the beans thus treated is not
affected by the treatment. In the continental zone to maintain the quality
of soybeans it is sufficient to ensure optimal storage conditions and treatment
with 1 kGy becomes necessary only if this is not possible. By treatment with
this dose the mould infection of the beans can be kept at the initial, usually
low, level for 2 months, even in the case of beans with high moisture content.
Thus this is a satisfactory temporary solution till sufficient suitable storage
room is available. A further study of mycotoxins seems important, since in
the course of processing infection may increase to a level dangerous for human
health.

The authors are indebted to Ms.Sz. HAtMAGy1, Ms. S. SzeMLER and Ms. K. Ki1ss
for their conscientious work in carrying out the experiments.
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BOOK REVIEW

Cyclodextrins

J. SzeJTLI
(Ed.)

Academic Press, 1982; 567 pages

The book contains the proceedings of the lst International Symposium on Cyclo-
dextrins (Budapest, Hungary, 30 September — 2 October, 1981). The cyclodextrin sym-
posium was held under the auspices of the Medical Chemistry Section of the Hungarian
Pharmacological Society and the Chemical Division of the Hungarian Academy of Scien-
ces, organized by the Congress Bureau of MOTESZ (Association of the Hungarian Medical
Societies) and sponsored by the Chinoin Pharmaceutical- and Chemical Works, Budapest.

Sixty three papers are published in the book. Seven of them treat the chemical
properties and production methods of cyclodextrins. Methods for the spectrophotometric
determination of micro-amounts of cyclodextrins are described and for their separation
by gel chromatography or by HPLC. The results of the investigation of the enzymatic,
toxicologic and metabolic properties of cyclodextrins are reviewed in 10 papers. The
research results have shown cyclodextrins to be extremely resistant to the hydrolytic
effect of starch hydrolyzing enzymes. Apart from a few exceptions they are not suitable
for fermentation, they are not attacked directly by yeasts.

Information on their toxicologic and metabolic characteristics was gained in
experiments with mice, rabbits, rats and dogs. Results show that cyclodextrins, within
the permitted limits, have no toxic effects. To study their metabolism “C-labelled beta-
cyclodextrin and starch were used. Glucose metabolism was studied on rats by feeding
them with labelled glucose. The radioactivity in blood was measured by liquid scintilla-
tion technique. It was established that a part of cyclodextrins was metabolized by rats,
though slowly.

Cyclodextrin complexes were discussed in 16 papers. Methods were described for
the determination of guest molecules in the presence of beta-cyclodextrins.

The types and possibilities of utilization of cyclodextrin derivatives and polymers
were discussed in 8 papers. Cyclodextrin polymers used as specific sorbents and their
characteristics were described. Thirteen papers treated the subject of the use of cyclo-
dextrins in the pharmaceutical industry and 9 their use in the food and other industries.
Beta-cyclodextrin is one of the most frequently used. The most important of its properties
is that its outer surface is polar because the hydroxyl groups of the glucose molecules are
located here. Therefore the outer coat is soluble in water. Inside the molecule the cave is
apolar and so non-soluble in water. It resists fermentation and is non-toxic. These charac-
teristics make it suitable for enclosing, “packaging’ solid, fluid and gaseous materials. In
the food industry and agriculture they are most useful in the maintenance of aromatic
substances. Beta-cyclodextrin complexes of aromatic substances are stable and resist
heat, light and oxygen effects. They can be utilized in product diversification, inasmuch
the same basic product can be aromatized with a variety of aroma substances. They can
also be used in the production of dietary preparations and for the stabilization of the aroma
substances of seasonings, coffee, tea, fruit, meat, tobacco, ete. It was found by some of
theresearchers that beta-cyclodextrin is capable of eliminating the unpleasant taste and
odour of certain products. Beta-cyclodextrin can be used as foaming and foam stabiliz-
ing agent, it can be utilized in cosmetics. Research results have shown its inhibitory ca-
pacity in enzymatic browning processes, in the liquefaction of sugars. According to certain
results it can also be used as a sweetening agent.

E. SzANTO
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DETERMINATION OF THE SHELF LIFE OF FOOD
PRODUCTS

I. VArsANyI and L. Somocyr

(Received: 19 May 1981; accepted: 19 June 1981)

The determination of how long nutritional raw materials, partially cooked
foods and ready-to-serve products can be stored is an extremely important task.
The mechanism and dynamics of the quality changes taking place in food products
during storage depend not only on the hygienic conditions, but also on the storage
temperature and the method of packaging. The aim of the present study was to

elaborate an objective method of evaluating the optimum conditions for quality
maintenance.

A continuous deterioration model was set up in order to solve the problem
and it was found that the quality changes of the studied products can be described
by functions approximating to linear, quadratic and hyperbolic curves. The ap-
plicability of the method is illustrated for one product each from the poultry.
frozen foods and meat industries.

The quality characteristics of food products change, usually for the
worse, as a function of the period and conditions of storage. The identification
and description of the dynamics of the deterioration processes and the subse-
quent determination of the shelf life is important for both the producer and
the consumer. Taking into account various points of view, shelf life is taken here
to mean the period during which the most rapidly deteriorating of the impor-
tant characteristics changes to a just tolerable degree if the foodstuff is stored
under the given conditions (FARKAS et al., 1975).

Thus, in order to interpret the shelf life it is necessary to determine the
degree of deterioration which is just acceptable, the most rapidly deteriorat-
ing property or properties characteristic of the quality of the product (the
so-called critical characteristic(s)) and the storage conditions influencing the
maintenance of quality. Two types of models are generally used to determine
shelf life: these can be referred to as discrete and continuous models.

Discrete models are employed primarily for studying the quality-
influencing effect of the storage conditions. The procedure basically consists
of comparing the characteristics of the product at various intervals during
storage using statistical methods (mainly variance analysis) and determining
the degree of quality change from the results (Gacura & KuBaLa, 1975).

The continuous models are based on a determination of the supposedly
stochastic relationship between the storage period and the quality of the food-
stuff. Continuous models are characterised by the numerical determination
and statistical analysis of so-called deterioration curves (Gacura, 1975).

1 Acta Alimentaria 12, 1983
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Considering the process as a whole, the discrete models provide less in-
formation with a relatively high degree of reliability, while the continuous
models provide more information, but with a parallel decrease in the reliability
of the conclusions.

There is still no universal agreement on the so-called critical value
which is judged to be just acceptable or on methods for determining this
value. Some standards take a 259, reduction in the maximum number of
quality points as the critical value (HUNGARIAN STANDARD, 1977), while
others give a figure of 359, reduction (HUNGARIAN STANDARD, 1971). On the
—5 to 45 scale employed by DALBOFF and JuL (1965) the critical value was
+2, ie. 809, of the maximum scale value. PALMER and co-workers (1953)
defined the critical value as 3 on a 1 to 5 scale, which is 60 9, of the maximum.
During sensory evaluations at the RESEARCH LABORATORY OF THE POULTRY
INnpUsTRY (1979) a 50 9, reduction in the maximum was designated as the just
permissible value. It can be seen that the critical values employed in practice
fall between 509, and 809, of the maximum number of points.

The critical characteristic, i.e. the most rapidly deteriorating of the
characteristic(s), can be determined after statistical analysis from either
discrete or continuous models. The majority of authors, however, draw atten-
tion to the fact that the critical characteristic should be determined taking the
various storage conditions into account (Vas, 1971; JornNson et al., 1974;
WootEN et al., 1974; DETHMERS, 1979).

It is for this reason that research into the shelf life of food products
deals not only with the effects of the technology used to produce the foodstuffs,
but also includes studies on the effect of storage conditions. The composition,
and relative humidity of the atmosphere, the temperature, the packing ma-
terial, and the method of packing and the light are considered to be the
mostimportant of the conditions tested (PALMER et al., 1953; PERyAM, 1964;
ANON., 1974; VArsANYI, 1980). The present study was carried out using a
continuous deterioration model. Among the storage conditions, the effect of
the storage temperature and the type of packaging material were examined.
The deterioration processes were traced in identical samples stored under
different conditions and the characteristic which changed to the greatest
extent, taking into account the different storage conditions, was considered
to be critical for the characterisation of deterioration.

In this paper certain products of the poultry, meat and frozen food in-
dustries are used as examples to illustrate the method developed for calculat-
ing shelf life, the results obtained and the conclusions to which they lead.
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1. Materials and methods
1.1. Materials

Among the poultry products, the determination of the storage period for
ready-to-fry chickens will be described. The products were stored at tempera-
tures of —20°C or —15°C for 12 months in bags made of poly(vinylidene
chloride)(PVdC) or shrinking polyethylene foil.

Chemical procedures (peroxide number, fatty acid number, ammonium-
nitrogen) and sensory evaluations (odour test for raw materials, cooking
and frying test) were used to follow changes in quality. The sensory evaluation
was carried out by 8 panelists on a 5 points system, where the just accept-
able quality was equivalent to 2.5.

The storing and testing was carried out in the Research Laboratory of
the Poultry Industry on 3 parallel samples each. The samples were taken
randomly every two months for the first 12 months and then every 3 months
(RESEARCH LABORATORY OF THE PouLTRY INDUSTRY, 1979).

Of the meat products, calculations on the shelf life of raw leg of pork
are presented. The meat was stored at 5-7 °C or at 20-22°C. The storage
and testing were carried out at the NATIONAL MEAT RESEARCH INSTITUTE
(1978).

The meat was stored in approx. 500 g pieces in bags made of laminated
cellophane + polyethylene (cellothene) foil or on polystyrene plates covered
with shrinking polyethylene film for 10 days. Before packaging the meat was
stored at 8 °C for 24 hours after slaughtering.

The determination of quality changes was carried out using chemical
(water, fat and protein contents, pH) and microbiological (viable spore count)
tests and a sensory evaluation (colour, taste) implemented by five people
using a 0-7 point system on 3 samples each. The just acceptable quality was
given 4 points in this system.

Among the frozen food products, calculations on the storage stability
of quick-frozen beefburger rolls are presented. The product was stored at
—18°C or at +5 °C. The storage and testing were carried out in the CENTRAL
QuarLiTY CONTROL LABORATORY OF THE HUNGARIAN REFRIGERATION IN-
DUSTRY (1980).

The product was stored in bags made of polyethylene foil or laminated
polyethylene + polyamide film at — 18 °C for 9 months or at +5 °C for 6 days.
Sampling took place once a month or daily.

As a function of the storage period, chemical (total SO, content, pH),
microbiological (coliform, total spores) and sensory tests (colour, odour, taste,
firmness) were carried out on samples taken from five packets each. The
sensory evaluations were made by five people using a 100 point system, where
the just acceptable quality was awarded 66 points.
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1.2. Methods of evaluation

The evaluation consisted basically of selecting the quality characteristic
which changes most rapidly in time and the mathematical modelling of the
change.

The continuous deterioration models were constructed by determining
the deterioration curves using numerical curve fitting. When discussing mathe-
matical methods for calculating shelf life Gacura (1975) recommends approach-
ing the function on the principle of least squares. The estimation of shelf life
from the deterioration curve is carried out by substituting the critical value
back into the equation. The error of estimation is determined graphically.
knowing the confidence belt of the deterioration curve. In order to select the
critical characteristic and identify the effect of the storage conditions, the
parameters of the calculated deterioration curves are evaluated using the
t-test.

Considering the fact that the majority of deterioration curves approxi-
mate the function f(z) = the, Masoros and NEMETH (1977) use this type of
curve in every case. Their main purpose in analysing deterioration curves was
to study the economic effect of modifying shelf life and their method is basically
of a graphic nature.

A similarly simplified model was used by FArRkAs and co-workers (1975).
Assuming that the deterioration curve was sigmoid, they determined the
parameters of the curve using a running regression calculation. The effect of
storage conditions was determined by statistically analysing the calculated
deterioration constants using variance analysis.

In the course of the present study the principle of least squares was
used to fit the curves to the measured points. Where necessary linear trans-
formation was carried out.

The accuracy of curve fitting was characterised by the residual variance
for the linear form (SvAs, 1973).

n
2 (.’/i = ?)i)2
e
5 n—2
while the standard error of parameters ¢ and b in the function f(x) = a + bz,
which gives a general description of deterioration, was estimated using the
following correlations:
the standard error of regression constant ¢ was estimated from the

expression
n n -
2 N
> ej. Xy
= ———— (1)

n(n—2) (x; —x)®

=

I
-
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while that of the regression coefficient b was estimated from the expression

S
e = (2)
(n-2) 3 (x;-7)
=1

where s, = value of residual variance (standard error of dependent variable),
y; — measured value of dependent variable at time i,
i, = estimated value of dependent variable at time ¢,
si = standard error of regression coefficient,
n = total number of measured points,
x; = value of independent variable at time i,
x = mean value of independent variable,
¢; = residue: (yi—,)?
sy = standard error of regression coefficient.

The deterioration curves obtained in linear form as a result of curve
fitting were compared in pairs using covariance analysis in order to select
the critical properties characteristic of deterioration.

The F values obtained from the analysis were compared with the F,
values taken from tables to determine the significance of differences between
the curves. The characters which gave significantly steeper deterioration curves
were taken as critical characteristics.

Various storage conditions (temperature, packaging) influence the quality
in different ways; thus the rate of deterioration is not always the same.

In order to determine these differences linear forms of the curves were
used for examination with statistical methods. The basis of the evaluation
was a comparison of the slope of the transformed curves, on the grounds that
the steepness expresses the rate at which the product deteriorates. The follow-
ing equations can then be set up (GuEst, 1961):

in order to compare the steepness (b, and b, are the regression coeffi-
cients) of the kth and /th curves the random variable was formed, which fol-
lows a ¢-distribution with (2n-4) degrees of freedom

bi—b,

Sq

e (3)

where » — number of measured points, s, = standard error for the difference
between the steepness of the two curves:

8¢ = V'ggk + '5%1 (4)
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while
(ny _Zny 2
2 (Zy)* | 0 I
YT (Za)?
b5 e
2 . 2 % e
85116, &5 — 3 (5)
' ' [Z‘x 5 (Z—“’)] [n- 2]
n

where s;, and s, are the standard error of regression coefficients of kth and
Ith curves which are being compared.

The significance of the difference between the rates of deterioration was
calculated by comparing the calculated ¢ values to the ¢, values from tables.

Significant differences in the flow rate or steepness of the curves were
attributed to variations in the storage conditions, whereas in non-significant
cases the differences were explained by random fluctuations in the determina-
tion of the characteristic.

Assuming identical initial quality, the rate of deterioration is the most
characteristic indication of shelf life. Thus, by comparing the steepness of the
deterioration rate, information can be obtained on what storage conditions
result in the maintenance of quality for the shortest or longest period.

2. Results

The examination of the critical characteristics of the investigated food
products made it possible to draw the conclusion that, as a function of time,
these characteristics change according to one of three types of equations.
Changes in the model products examined can be expressed approximate-
ly by linear, quadratic and hyperbolic functions. The choice of function was
carried out with the help of transformation or by trial graph plotting.

2.1. Lanear correlations

Changes in certain characteristics of ready-to-fry chickens were chosen
as a model to demonstrate quality characteristics which change uniformly as
a function of time.

The quality characteristics studied were the following: raw smell, (cooked)
meat aroma and roasted flavour. Figure 1 shows the mean and standard error
values calculated on the basis of sensory evaluation of chickens packed in bags
made of shrinking polyethylene foil and stored at —20 °C; it also shows the
curves determined from these values, the characteristic data of the curves and
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the results of covariance analysis carried out in order to determine the critical
characteristic. .

It was found that changes in the raw smell differ very significantly
from changes in the (cooked) meat aroma and the roasted flavour, while no
significant difference could be demonstrated between changes in the (cooked)
meat aroma and the roasted flavour. Consequently, it can be stated that the
raw smell is the most rapidly changing characteristic, thus this can be regarded
as the critical characteristic.

In a similar manner the critical characteristic was determined in the
case of each storage condition.

The deterioration curves, the characteristic data of the curves and the
results of covariance analysis based on sensory evaluations of ready-to-fry
chickens stored at the same temperature but packed in PVdC foil are presented
in Fig. 2.

It can be seen from the results that time changes in the raw smell
differ very significantly from changes in the meat aroma and roasted flavour.
No significant difference could be pointed out between changes in the meat
aroma and the roasted flavour. On the basis of significance analysis the raw
smell was again taken as the critical characteristic in this case.

The deterioration curves, the characteristic data of the curves and the
results of covariance analysis carried out in order to determine the critical
characteristic calculated from the data of sensory evaluations carried out on
ready-to-fry chickens packed in bags made of shrinking polyethylene foil
and stored at —15°C, are summarized in Fig. 3.

It can be seen that the changes in time in the raw smell were very
significantly different from time changes in the meat aroma and roasted
flavour. There was no significant difference between time changes in the meat
aroma and the roasted flavour. Thus, it can be stated on the basis of the results
that the critical characteristic is the raw smell.

Figure 4 shows the deterioration curves calculated for the results of
sensory evaluations on ready-to-fry chickens stored at —15°C as before,
but wrapped in PVdC foil, together with the characteristic data of the curves
and the results of covariance analysis. ,

It can be seen from the results that time changes in the raw smell
differed highly significantly from time changes in the meat aroma and roasted
flavour. No significant difference could be found between time changes in the
meat aroma and roasted flavour.

Summarising the results, it can be seen that the critical characteristic
for ready-to-fry chickens is always the raw smell, irrespective of the storage
conditions.

The effect of different storage conditions on shelf life was determined
by comparing the deterioration rates characteristic of the storage conditions
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Fig. 1. Deterioration curves and characteristic data of the curves for ready-to-fry chickens wrapped in shrinking polyethylene bags

and stored at — 20 °C
ality ’ Bquati Residual Standard error | Standard error
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Fig. 2. Deterioration curves and characteristic data of the curves for ready-to-fry chickens wrapped in bags made of PVdAC foil and
stored at —20 °C

Quality Bquation of Residual Standard error Standard error ‘ Significance of difference
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error coefficient constant | coefficients
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Tig. 3. Deterioration curves and characteristic data of the curves for ready-to-fry chickens wrapped in shrinking polyethylene bags

and stored at —15 °C
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Fig. 4. Deterioration curves and characteristic data of the curves for ready-to-fry chickens wrapped in bags made of PVdC foil and
stored at —15 °C
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Fig. 5. Results of a statistical comparison of deterioration curves determined on the basis of a raw
stored under various conditions

smell test for ready-to-fry chickens
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using mathematical and statistical methods. The calculations were carried
out using equation (3). In Fig. 5 the four deterioration curves, the characteristic
data of the curves and the results of mathematical and statistical comparisons
of the deterioration rates are summarized.

It can be seen from the results that there is no significant difference
between the deterioration rates of products wrapped in PVdC foil. The de-
terioration rates of products wrapped in bags made of shrinking polyethylene
foil, however, differ from each other at the P = 959, probability level, and
from products wrapped in PVdC foil at the P = 99.99, probability level.

In summary, it can be concluded that the rate of quality change in
ready-to-fry chickens stored by freezing is greatly influenced by the packaging
material in the —20°C —15°C temperature range examined. In agreement
with theoretical considerations, the use of PVdC foil, which lets considerably
less (100 times less) gas through than polyethylene foil, proved to be more
favourable. The deterioration rates for products wrapped in this manner were
not significantly different from one another at —20°C and —15°C. This
fact proves that PVdC packing is equally good for a temperature reduction of
at least —5°C in the temperature range examined, which could lead to a con-
siderable saving in energy.

2.2. Quadratic correlations

Partially cooked beefburger rolls, which were shown in preliminary
experiments to have a deterioration process which could be approximated
with a quadratic equation, were chosen as the model on which to illustrate
characteristics which influence quality and which change according to a qua-
dratic correlation as a function of storage time.

The characteristics examined were as follows: aroma, flavour and
firmness.

The results of sensory evaluations of quick-frozen partially cooked beef-
burger rolls wrapped in polyethylene bags and stored at —18 °C are shown in
Fig. 6, together with the deterioration curves calculated from the results, the
characteristic data of the curves and the results of covariance analysis carried
out after linear transformation.

It can be seen from the figure that the change in the firmness differed
from changes in the aroma and flavour at the P = 99.9 9 level of probability.
No significant difference could be observed between changes in the aroma and
the flavour. Consequently, it can be stated that the characteristic which
changes most rapidly as a function of the storage period is the firmness, so
this can be regarded as the critical characteristic.

For quick-frozen partially cooked beefburger rolls wrapped in bags
made of a laminated polyethylene 4+ polyamide foil and again stored at
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— 18 °C, the results of sensory evaluations, the deterioration curves calculated
from these results, and the results of covariance analysis are summarized in
Fig. 7.

It can be seen from the figure that the changes in the firmness differed
very significantly from changes in the aroma and flavour, while there was
no significant difference in the rates of change for the aroma and the flavour.
Thus, the results prove that the critical characteristic is the firmness.

The results of sensory evaluations for beefburger rolls wrapped in poly-
ethylene bags and stored at -5 °C, together with the deterioration curves
calculated from the results, are shown in Fig. 8 which also summarizes the
characteristic data of the curves and the results of covariance analysis.

It can be seen from the results that the rate of change in the firmness
differed at the P = 999, level of probability from the rate of change in the
aroma and the flavour. There was no significant difference between the rates
of change in the aroma and the flavour. It can thus be stated that the critical
characteristic is the firmness.

For quick-frozen partially cooked beefburger rolls wrapped in bags
made from a laminated polyethylene + polyamide foil and stored at 45 °C
the results of sensory evaluation, the deterioration curves calculated from the
results, the characteristic data of the curves and the results of covariance
analysis carried out in order to determine the critical characteristic, are summa-
rized in Fig. 9.

It can be seen from the results that the rate of change in the firmness
differed significantly from the rate of change in the aroma and flavour. No
significant difference could be demonstrated between the rates of change in
the aroma and the flavour. Thus, on the basis of the results the firmness can
be regarded as the critical characteristic.

Summarizing the results of the calculations it can be stated that, irrespec-
tiveofthestorage conditions, the firmness is the critical characteristic of quick-
frozen partially cooked beefburger rolls and is particularly important when
the frozen product is thawed.

The effect of different storage conditions on quality maintenance was
determined by comparing the deterioration rates characteristic of the storage
conditions. The curves which were compared, the characteristic data of the
curves and the mathematical and statistical comparisons of the deterioration
rates are presented in Fig. 10.

The results of the comparison show that the deterioration rates of prod-
ucts stored at the same temperature but in different packaging materials do
not differ significantly from each other, while the deterioration rates of products
stored in the same packaging material but at different temperatures differ
significantly at the P = 99.9 9%, level of probability.

From the point of view of quality maintenance a storage temperature of

Acta Alimentaria 12, 1983
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Fig. 6. Deterioration curves and characteristic data of the curves for quick-frozen partially cooked beefburger rolls wrapped in
polyethylene bags and stored at —18 °C
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error coefficient constant
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Fig. 7. Deterioration curves and characteristic data of the curves for quick-frozen partially cooked beefburger rolls wrapped in bags
made of a laminated polyethylene -+ polyamide film and stored at —18 °C
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IMig. 8. Deterioration curves and characteristic data of the curves for quick-frozen partially cooked beefburger rolls wrapped in
polyethylene bags and stored at -+5 °C
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Fig. 9. Deterioration curves and characteristic data of the curves for quick-frozen partially cooked beefburger rolls wrapped in bags
made of a laminated polyethylene -+ polyamide film and stored at 5 °C
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Fig. 10. Results of a statistical comparison of deterioration curves determined on the basis of changes in the firmness of quick-frozen

partially cooked beefburger rolls stored under various conditions
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below 0°C is favourable. In the positive temperature range deterioration
processes accelerate very rapidly and consequently the shelf life is very quickly
reduced. This fact draws particular attention to the necessity for correct storage
of frozen foods in households.

In summary, it can be stated that the deterioration rate of quick-frozen
beefburger rolls, and consequently the shelf life, can be fundamentally in-
fluenced by reducing the storage temperature. As regards the wrapping
material, no effect of this type can be demonstrated on the basis of the experi-
mental results. .

2.3. Correlations which approximate to a hyperbola

Raw leg of pork was chosen as the model on which to demonstrate quality-
influencing characteristics which change in a hyperbolic manner as a function
of time.

The sensory characteristics studied were colour and smell.

The results of sensory evaluation on pork wrapped in cellothene foil and
stored at 20-22 °C are summarized in Fig. 11 together with the deterioration
curves calculated from the results, the characteristic data of the curves and
the results of covariance analysis carried out in order to select the critical
characteristic.

It can be seen from the results that the change in smell differed signif-
icantly at the P = 999, probability level from the rate of change in the
colour, so the smell was taken as the critical characteristic.

For pork stored at the same temperature but wrapped in shrinking
polyethylene foil the results of sensory evaluation, the calculated deteriora-
tion curves, the characteristic data of the curves and the results of comparison
between the curves using covariance analysis are presented in Fig. 12.

It can be seen from the results that the rate of change in the smell is
significantly different from that of the colour. Consequently, the smell can be
regarded as the critical characteristic.

The results of sensory evaluation on pork wrapped in bags made of
cellothene foil and stored at 5-7 °C, the deterioration curves calculated from the
results and the characteristic data of the curves are presented in Fig. 13,
which also summarizes the results of ‘covariance analysis.

It can be seen from the results that the rate of change in the smell differed
significantly from the rate of change in the colour, so the smell is the critical
characteristic.

For pork stored at 5-7 °C but wrapped in shrinking polyethylene foil,
the mean values and standard deviations obtained from sensory evaluation,
the deterioration curves calculated from these values, the characteristic data
of the curves and the results of covariance analysis are summarized in Fig. 14.

Acta Alimentaria 12, 1983
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Fig. 11. Deterioration curves and characteristic data of the curves for raw leg of pork wrapped in bags made of cellothene and =
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Fig. 12. Deterioration curves and characteristic data of the curves for raw leg of pork wrapped in shrinking polyethylene film and

stored at 20-22 °C
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Fig. 13. Deterioration curves and characteristic data of the curves for raw leg of pork wrapped in bags made of cellothene and stored

at 5-7 °C
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Fig. 14. Deterioration curves and characteristic data of the curves for raw leg of pork wrapped in shrinking polyethylene film and
stored at 5-7 °C
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Fig. 15. Results of a statistical comparison of deterioration curves determined on the basis of a smell test on raw leg of pork stored
under various conditions
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It can be seen from the results that the degree of change in the smell
again differed significantly from the degree of change in the colour, so in this
case, too, the smell was taken as the critical characteristic.

In summary, it can be stated that the critical character of raw leg of
pork, irrespective of the storage conditions, is the smell.

A statistical comparison of the regression coefficients of the deteriora-
tion curves describing changes in the critical characteristic under different
storage conditions makes it possible to determine the effect of the storage
conditions on quality maintenance. The curves which were compared, the
characteristic data of the curves and the results of the statistical comparison
of deterioration rates are summarized in Fig. 15.

Tt can be seen from the results that the deterioration rates of pork stored
at the same temperature but in different packaging do not differ significantly
from one another. However, the deterioration rates of pork stored at different
temperatures in the same type of packaging differ very significantly from one
another.

It can be seen that the rate of deterioration is influenced to a very great
degree by the storage temperature, while this type of effect could not be
established on the basis of the experiments for the type of packaging material.

The decisive role played by the storage temperature is also proved by
the fact that the nature of the deterioration curve changes from hyperbolic
to linear when the storage temperature is reduced from 20-22°C to 5-7 °C.
This leads to the important practical conclusion that in order to prolong the
shelf life, raw leg of pork should definitely be stored under refrigerated condi-
tions.

3. Conclusions

The present research was aimed at elaborating a mathematical method
for objectively evaluating the results of measurements on raw materials and
other food products in order to trace changes in the quality and calculate the
shelf life.

Poultry, meat and frozen food products stored at various temperatures
and packed in different materials were chosen as models, with the aid of which
a statistical analytical procedure suitable for the selection of the critical charac-
teristic which deteriorates most rapidly, and an analytical method for the
comparison of differences in the rate of deterioration due to the different
storage conditions, were described.

On studying changes in the quality of the products it was found that the
change in quality characteristics as a function of time can be approximately de-
scribed with linear, quadratic and hyperbolic functions. By substituting the
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so-called critical value which is just acceptable into the equation, it is possible
to calculate the shelf life.

In summary, it can be stated that the evaluation method elaborated for
tracing time changes in quality is well suited for determining the characteristic
with the greatest influence on the quality of the product, for selecting the best
storage conditions, including the type of packaging, and, last but not least,
for calculating the shelf life.
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EFFECT OF CHLORFLURENOL ON THE YIELD AND
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(CAPSICUM ANNUUM L.)
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(Received: 20 May 1981; revision received: 17 September 1981; accepted:
21 September 1981)

It was found that treatment with chlorflurenol on individual flowers and
whole plants of pepper in full bloom caused an increase in the total number and
weight of fruit. However, individual fruit from plants treated with chlorflurenol
had a smaller weight than fruit from control pluntq Under the influence of chlor-
flurenol fruit maturity time was shortened by 3 to 5 days as compared to control
plants. On plants treated with chlorflurenol seedless fruits were developed. In
fruit from plants treated with chlorflurenol there was an increase in the content
of vitamin C, protein, dry matter, total extract and total sugar. Chlorflurenol
caused a decrease in the content of f-carotene in peppers.

Chlorflurenol has already been used in practice in the production of
pickling cucumbers (SCHNEIDER, 1974). It seems that it is possible to use this
compound in tomato production, especially with the once-over, mechanical
harvest technique used for the processing industry (Ruvica & RABINOWITCH,
1974).

In this paper an attempt was made to use chlorflurenol to increase the
yield of sweet pepper. The technological value of the fruit obtained was evalu-
ated with a view to utilizing it in processing.

1. Materials and methods

The experiments were carried out on the Poznanska Stodka variety in
the greenhouse (Lublin—Felin) in the years 1978 and 1980.

In 1978 the temperature in the greenhouse (non-heated) was very un-
favourable for the growth and crop of pepper, as it fluctuated between 5-
15 °C at night and 10-30 °C during the day. In 1980 the air temperature in the
greenhouse was at the normal level, being 15-18 °C at night and 22-28 °C
during the day. The plants were grown in Mitscherlich pots filled with hotbed
soil in the period from April to September.

Chlorflurenol (CME 74050 P) was applied in solutions having concentra-
tions of 0.25,0.50 and 1.00 cm® dm ™ *. In 1978 individual fully open flowers were
immersed once in chlorflurenol immediately after blooming, while in 1980
the whole plants in full bloom were sprayed with the preparation. 0.001 9,
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Tween 80 (Reanal, Hungary) was added to the chlorflurenol solution. The
control plants were treated only with Tween 80.

The experiments were arranged in a completely randomized design.
Each combination included 10 plants in 1978 and 26 plants in 1980. Paper
labels with the date of hormon treatment were put on the peduncles during
the chlorflurenol treatment of the individual flowers. Fruits from both series
of experiments were harvested individually as they matured, and a record was
made of their weight and the date of harvest. On the basis of the data of
chlorflurenol treatment and the harvest date, the number of days elapsing
from hormon treatment of the flowers to the fruit harvest was calculated for
all the fruit in 1978.

In the cross-sectioned fruit, the colour of the flesh and the extent to
which the chambers were filled with seeds were determined.

In the peppers obtained in 1980 from plants treated with chlorflurenol
and from the control plants, the content of dry matter, total extract, total
sugar, protein, vitamin C and f-carotene, fibre and ash were determined. Six
analyses were carried out for each of the chemical components in each treatment
(3 times from each of the first two fruit harvests), except for protein, which
was determined in 4 replicates (twice for each of the first two harvests).
Three-four fruit were taken for each analysis. The dry matter was determined
in a desiccator at 105 °C. The total extract was determined with the help of a
refractometer. The total content of sugar was determined by Samogyi-Nelson’s
method, and protein by Kjeldahl’s method. Tilman’s method was used to
determine vitamin C, while g-carotene was examined according to the Polish
Standard PN 71/1 7510 (CmarzAMPOWICZ, 1966). The fibre was determined
by Hemmberg—Stohman’s method and total ash by sample burning.

The total number and weight of fruit and the results of the chemical
tests were statistically analysed by Duncan’s multiple range test.

2. Results

The highest total number of fruit was obtained after the application of
chlorflurenol solutions with concentrations of 1.00 em®dm™ *in 1978 and 0.25
em®dm ™ ?in 1980. In comparison with the control plants, the number of fruitin
these treatments increased by 6.3 fruit per plant on the average in 1978 and by
4.3 fruit per plant in 1980. An increase in the total number of fruit was also
found in other experiments after a single treatment of flowering plants with 1.00
mg dm™? solutions of methyl-2-chloro-9-hydroxyfluorene-(9)-carboxylate (Lu-
KASIK & HorTyNskaA,1977). Under the influence of this compound the number of
fruit with greater weights was increased in comparison to the control plants. As a
result of this, the commercial and total yields were higher. Similarly, in toma-
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woes treated with chlorflurenol methyl ester the total and early yield of fruit
increased (LUkaAsIik, 1977). In these experiments, however, in spite of a consid-
erable increase in the fruit number on plants treated with chlorflurenol, no
significant increase in the total weight of fruit was observed. This was caused
by the fact that in plants treated with chlorflurenol there were many fruits
with very small weights (Table 2).

The highest total weight of fruit was obtained with a chlorflurenol
concentration of 0.50 em? dm™3. In this treatment there was an increase of
over 61 g per plant on the average in 1978 in comparison with the control
plants, and an increase of over 37 g per plant in 1980. In the remaining
treatments, in spite of the increase in the total number of fruit, the total
fruit weight was on the level of the fruit for the control plants (Table 1).

Table 1

Effect of chlorflurenol applied to individual blooming flowers (1978) and to whole plants
in bloom (1980) on the yield of Poznanska Slodka pepper. Average for one plant

Years
Concentration of 1978 1¢
chlorflurenol i o e
(cm?® dm—?) . y
Total number Total weight Total number Total weight
of fruit of fruit (g)® of fruit® of fruit (g)*
— \ . s el e
0.00 2.9 87.0 6.7 267.9
0.25 6.2 114.2 10.4 281.7
0.50 6.5 128.7 9.8 305.7
1.00 9.2 78.3 8.4 256.7

* Differences are non-significant
» Differences are significant at D o, = 1.09-1.18
¢ Differences are significant at D, ,; = 1.09-1.19

Table 2

Percentage of fruit of different weights in total number of fruwit in Poznanska Stodka pepper
treated with chlorflurenol in solutions of different concentrations in 1978 and 1980

Weight of single fruit (g)
Concentration of 0-19 20-34 35-50 =50
chlorflurenol e
(cm?dm —?%) Year Year Year Year
1978 - 1980 1978 1980 1978 1980 1978 1980

0.00 51.72 18.13 31.03 17.03 17.24 33.52 0.00 31.32
0.25 61.29 48.33 30.64 20.45 8.06 14.87 0.00 16.36
0.50 52.31 47.25 46.15 14.28 1.54 11.35 0.00 27.11
1.00 40.34 38.71 46.34 24.88 7.32 14.28 0.00 22.12
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Table 3

Awverage number of days from chlorflurenol treatment of single flowers to fruit harvest in
Poznariska Stodka pepper in 1978

Concentration of Average number of days to
chlorflurenol fruit maturity
(em? dm—?) | (days)
- |
0.00 68.9
0.25 65.6
0.50 64.2
1.00 63.3
Table 4

Percentage of parthenocarpy in total number of fruit in Poznariska Slodka pepper treated
with chlorflurenol at different concentrations in 1978 and 1980

Concentration of Percentage of parthenocarpy
chlorflurenol = —
(em? dm—?) 1978 ‘ 1980

T _‘ e
0.00 0.0 | 3.9
|
0.25 45.8 ! 74.0
0.50 44.6 ‘ 66.7
1.00 58.5 75.6

Under the influence of chlorflurenol there was a shortening of the time
required for fruit maturity. When flowers were treated with solutions of
1.00 cm® dm™ the fruit. matured 5 days earlier than in the control plants.
Using a concentration of 0.25 cm® dm™* fruit were harvested 3 days earlier
than in the control treatment (Table 3). An increase in early yield was also no-
ticed when fully developed peppers were treated with etephon (Lukasik &
Horrynska, 1976) or methyl-2-chloro-9-hydroxyfluorene-(9)-carboxylate
(Lukasik & HORTYNSKA, 1977).

The fruit on plants treated with chlorflurenol were red in colour, similar
to the control fruit. At higher concentrations of chlorflurenol a slight deforma-
tion of the fruit was noticed. A similar deformation in the fruit was noticed
in tomatoes at high concentrations of morphactin (Lukasik, 1975).

Under the influence of chlorflurenol seedless fruit developed. The highest
percentage of parthenocarpic fruit in the total number of fruit was noticed when
chlorflurenol was used at a concentration of 1.00 em®dm ® (Table 4). It should
be stressed that the development of parthenocarpic fruit due to the influence
of morphactins was frequently noticed in earlier experiments on pepper (Jaya-
KARAN, 1973), tomatoes (SCHNEIDER, 1964; 1970, and Luxrasik & Huszoza,
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1974) and cucumbers (RoBiNsoN et al., 1971 ; CANTLIFFE et al., 1972; CANTLIFFE,
1974).

The highest amount of dry matter was found in peppers harvested from
plants treated with chlorflurenol atthe lowest concentration (0.25 cm3dm—3).
In comparison with the control plants the content of dry matter in this treat-
ment increased by about 29,. Similarly, fruit harvested from plants treated
with chlorflurenol at concentrations of 0.50 and 1.00 cm®dm™2 contained 1.159,
and 0.60 %, more dry matter than the control (Table 5).

In fruit harvested from plants treated with chlorflurenol a higher content
of total extract (about 19;) and a higher total sugar content (about 0.50 %)
were observed. However, the content of fibre in fruit treated with chlorflurenol
was slightly lower than in the control fruit.

It should be stressed that parallel to the increase in chlorflurenol concent-
ration there was a significant increase in vitaminC.Thus,in fruit harvested from
plants treated with chlorflurenol at concentrations of 1.00 and 0.50 cm3dm 3
the vitamin C content was about 25 mg 9%, and 21 mg 9, higher, respectively,
than in the control fruit (Table 5). A higher content of vitamin C was also
found in seedless fruit of tomatoes treated with chlorflurenol methyl ester
(LLukasixk et al., 1978).

The highest amount of raw protein was observed in peppers treated with
chlorflurenol. The difference in the raw protein content proved to be statisti-
cally significant(Table5).The content of total ash in peppers was similar to that
in the control. Chlorflurenol considerably decreased the B-carotene content in
peppers (Table 5).

Table 5

Effect of chlorflurenol on the content of some chemical constituents in Poznanska Stodka
peppers treated with daifferent chlorflurenol concentrations

Concentration of chlorflurenol (¢cm?® dm—?)

ISR 0,00 | 0.25 | 0.50 1.00
Total extract (%)! 6.60 7.55 7.38 7.30
Total dry matter (%)! 6.65 8.40 7.80 7.25
Total sugar (9%)! 5.40 5.83 6.25 6.10
Raw protein (9,)* 0.73 1.25 1.10 1.20
Fibre (9%)! 1.52 1.18 1.41 1.40
Total ash (%)! 0.78 0.76 0.69 0.62
Vitamin C (mg%,)? 110.55 119.10 132.08 135.82
B-carotene (mg9,)* 0.94 0.87 0.86 0.40

! Differences are non-significant

2 Differences are significant at D, , = 0.08-0.90
3 Differences are significant at D o, = 7.79-8.42
4 Differences are significant at D = 0.17-0.19
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3. Conclusion

The following conclusions can be drawn on the basis of the experimental
data:

— Treatment with chlorflurenol on the individual flowers or whole plant
of peppers in full bloom considerably increased the number of fruit
(Table 1).

— Individual fruit from plants treated with chlorflurenol had a smaller
weight than fruit from control plants. Thus, the total weight of fruit
from plants treated with chlorflurenol was only slightly higher than in
the control plants (Tables 1 and 2).

— Under the influence of chlorflurenol, the fruit maturity time was short-
ened by 3 to 5 days as compared to the control plants (Table 3).

— On plants treated with chlorflurenol seedless fruit developed. The percent-
age of parthenocarpic fruit was highest at a chlorflurenol concentration
of 1 em3dm™3 (Table 4).

— In fruit from plants treated with chlorflurenol there was a statistically
significant increase in the content of vitamin C (Table 5).

— In all treatments chlorflurenol caused a statistically significant increase
in the raw protein content of peppers (Table 5).

— In fruit harvested from plants treated with chlorflurenol a higher content
of dry matter, total extract and total sugar was observed than in the
control fruit (Table 5).

— The ash content in the fruit was similar to that in the control (Table 5).

— Chlorflurenol decreased the content of S-carotene in peppers (Table 5).
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INVESTIGATION INTO THE
INTERACTION OF DIFFERENT PROPERTIES IN THE
COURSE OF SENSORY EVALUATION TESTS

II. THE EFFECT OF CONSISTENCY UPON TASTE

Gy. URBANYI
(Received: 24 June 1981; accepted: 27 August 1981)

Four foods of plant origin were used in experiments aimed at establishing
interaction of taste and consistency during sensory evaluation. The four foods
investigated were: quick-frozen string beans, four varieties (Amanda, Amboy,
Valja, Machine-harvested); quick-frozen raspberries; fresh potatoes and cauli-
flower. The samples prepared in different ways were subjected to scoring by
a panel of 10 members. Scores were evaluated by Kramer’s method and correlation
coefficients were calculated. Generally the consistency of the samples influenced
the evaluation of their taste, particularly with foods the consistency of which is
an important quality parameter (raspberries). With foods prepared in various
ways in general consumption this tendency was not observed. Neither was it
observable when the consistency factor was eliminated by pulping.

In the previous paper of the author (URBANYI, 1982) the effect of colour
on the evaluation of taste was investigated. In the present paper the effect of
another important sensory property, that of consistency is discussed.

Since the sensory organs in the mouth are sensitive beside the taste to
mechanical effects as well, thus, the mechanical effect of foods of different
consistency probably affects the sensation of taste, too.

It is well known that foods suffering a change of consistency during
consumption (e.g. icecream, chocolate, etc.) are very popular (SzZCZESNIAK,
1971). Tt seems evident that this change affects the sensation of taste.

Mackey and Varasst (1956) studied the effect of the viscosity of foods
upon the threshold value of sensation. They found that in systems of higher
viscosity the threshold value of taste was significantly higher than that of
pure aroma substances in less viscous aqueous solutions.

Pavrus and Haas (1980) investigated the sensation of saccharose,
sodium chloride, caffeine and citric acid in solutions of various viscosities and
found that with higher viscosities a higher concentration of aroma substances
was necessary to cause the same sensation of taste.

Similar observations were made in experiments carried out with different
substances by Moskowirz (1970), PaANGBORN and SzozeEsNIAK (1974), and
StoNE and OLIVER (1976).

All these data found in the literature prove that rheological properties
affect the sensation of taste. Thus, to investigate the interaction between
consistency and taste evaluation experiments were carried out with a variety
of fruits and vegetables.
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1. Materials and methods
1.1. Materials

Four varieties of quick-frozen string beans with green pod (Amanda,
Amboy, Valja, Machine-harvested), quick-frozen raspberries, fresh potatoes
and cauliflower were used in the experiments. Except for the beans, the rest
was of unidentified variety bought in the market.

1.2. Methods

Evaluation was carried out by a scoring method. In view of the problem
investigated only consistency and taste were scored. The maximum number
of points in the case of beans and raspberries was 10, of potatoes and cauli-
flower 9 for each property. The panel consisted of 10 members. Retasting was
made possible.

To evaluate the results Kramer’s method was used as described in the
first part of this study (UrBANYI, 1982).

2. Results

First the bean samples were evaluated. The quick-frozen samples each
were boiled for 25 min in a 19, common salt solution. The half of each cooked
sample was turmixed. Thus, four pulped and four samples of beans cut in

Table 1

Evaluation according to Kramer of the sensory test by scoring of string bean samples by
a 10-member panel

olfqz:lrgg;e Taste Consistency
l.a 37.5 33.0
1.b 56.5 28.5
2.8 45.5 59.0
2.b 61.5 48.0
3.a 41.5 49.5
3.b 49.5 43.5
4.8 26.0* 35.5
4.b 42.0 63.0

* Significant at P = 959%, probability level (27-63)
First figure marks the variety: 1 = Amanda beans, 2 = Amboy beans, 3 = Valja
beans, 4 = Machine-harvested beans. The second figure: a. cut in pieces; b. pulped
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Table 2

Evaluation according to Kramer of string bean samples grouped according to consistency

| Cut in pieces | Pulped
Number |7 T N |
of Taste Consistency I Taste Consistency
sample —— =t = 5 | —
\ Rank sum ‘ Order Rank sum Order | Rank sum | Order Rank sum | Order
1 24.0 2 19.0 1 28.5 3 17.0 1
2 30.0 4 32.5 4 30.0 4 26.0 3
3 27.0 3 29.0 3 21.5 2 23.5 2
4 19.0 1 19.5 2 20.0 1 33.5% 4
|

For symbols see Table 3

Table 3

Evaluation according to Kramer of the sensory test by scoring of raspberries carried out by
a 10-member panel

g Taste Order ! Consistency | Order
1 20.5 1-2 11.0%x ‘ 1
2 20.5 1-2 21.5 2
3 27.5 3 o835 |3
4 31.5 $ | 34.0% i 4
a 1

** highly significant at P = 999, probability level (15-35)
* significant at P = 959, probability level (17-33)
Symbols: 1 = whole fruits slowly thawed
2 = whole fruits rapidly thawed over steam
3 =fruit fragments slowly thawed
4 = fruit fragments rapidly thawed over steam

pieces were subjected to evaluation, all at the same time. The results, evaluated
according to Kramer, are given in Table 1.

Significant difference was observed only with one of the samples.

In order to refine evaluation the pulped and lumpy samples were evalu-
ated separately, too (Table 2).

Although only one of the samples differs from the rest significantly, as
regards the order of the samples an interesting tendency may be observed.
Of the cut bean samples No. 1 and 4 stand in the first place for taste as well
as consistency. The rank sum of the two samples differs only slightly (19.0 and
19.5). If we disregard this the order of the four samples for both properties is
identical. In case of the pulped samples the same tendency is not observable.
The order of the samples — using the serial number of the samples — for taste:
4, 3,1, 2 and for consistency: 1, 3, 2, 4.
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Next the quick-frozen raspberries were tested. The samples were separat-
ed into whole fruits and broken fragments. Both parts were halfed. One half
of each sample was spread in a thin layer and thawed at room temperature
(20-22°C), slowly. The other half was thawed rapidly over steam. From
a single sample four samples of different consistency were, thus, obtained.
These samples were then subjected to scoring. Results are shown in Table 3.

It can be seen that the whole fruits thawed slowly were found to be the
best at 999, probability, while the samples obtained from the fruit fragments
were found worse than the rest at 95 9 probability. Thus, there was a substantial
difference in the consistency of the four samples. As regards the taste of the
four samples originating from a single sample — which should be practically
identical - significant difference could not be found between them. However,
the order as established from the rank sums based on the taste scores is the
same as the order of consistency. This shows, since the samples scored were of
the same taste, that the evaluation of taste is highly affected by consistency.

The potato samples were prepared from the same batch. The potatoes
were boiled in a 19, common salt solution for 25 min. The four samples differ-
ing in consistency were prepared from the boiled potatoes:

— Whole potato,

— Potato cut in slices,

— Potatoes mashed with fork,

— Pulped potatoes.

The same series of samples was prepared a second time and for this the
potatoes were boiled for 30 min. Evaluation of both seriesis given in Tables 4
and 5.

In neither of the two series was significant difference found in taste or
in consistency. The method of preparation of the four samples corresponded

Table 4

Evaluation according to Kramer of the sensory test by scoring of potato sumples by a 10-member
panel
(First test)

N‘:;::;;i‘e ol Taste | Order Consistency Order
1 25.5 | 34 20.5 1
2 25.0 E 2 23.0 2
3 25.5 | 24 26.5 3
4 24.0 ] 30.0 4

Symbols: 1 = whole potato
2 = cut in slices
3 = mashed
4 = pulped
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Table 5
Evaluation according to Kramer of the sensory test by scoring of potato samples by a 10-member
panel
(Second test)
Number of = i : "
sample Taste | Order | Consistency Order
S — |

1 18.5 1 L 200 1
2 29.0 4 | 255 2
3 26.0 ‘ 2 26.5 3
4 26.5 | 3 28.0 4

Symbols: 1 = whole potato
2 =cut in slices
3 = mashed
4 = pulped
It would be significant at P = 959; probability level (17-33)

to methods applied in everyday life, thus it was familiar to the panel members.
Since neither of the samples was given preference there was no reason to dis-
criminate between samples made of the same original material.

The cauliflowers selected from the same batch were cooked in a 29,
common salt solution for 30 min. The following four samples were prepared,
taking care to divide each cooked head of cauliflower evenly between samples:

- Heads divided in four,

- Heads separated into flowerets,

- Heads mashed with fork,

- Pulped heads.

The series of samples was repeated with the difference of using for
boiling a 0.1 9%, salt solution.

The results of the evaluation of the two series are given in Tables 6
and 7.

In both series panel members found better the taste and consistency of
the samples divided in four and separated into flowerets than those comminuted
to a higher degree. From the aspect of traditions in consumption these two
samples do not differ substantially. Express difference was not found between
these two samples.

In the first series cauliflower separated into flowerets was found better,
in the second the quartered heads. The pulped sample differing from the habit-
ual way of consumption obtained the lowest score for both taste and consis-
tency. In the first series the consistency, in the second the taste obtained
significantly lower scores.

A third series was also studied with cauliflower. In this differences were
caused in the taste of the samples of the same and of differing consistency.
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Table 6

Evaluation according to Kramer of the sensory test by scoring of cauliflower samples by
a 10-member panel
(First test)

N:]‘l;l;;;s()f Taste } Order Consistency 1 Order
1 19.0 ‘ 19.5 p)
2 19.5 1 2 15.0% 1
|
3 28.5 3 275 3
4 33.0 4 38.0%* 4
I

Symbols: 1 = cauliflower heads cut in four
2 = heads separated into flowerets
3 = mashed with fork
4 = pulped
** highly significant at P = 999, probability level (15-35)
* significant at P = 959, probability level (17-33)

Table 7

Evaluation according to Kramer of the sensory test by scoring of cauliflower samples by
a 10-member panel
(Second test)

|
v |
.\:::Yl;;lrpof Taste i Order ‘ Consistency 5 Order
% | g
\ |
1 21.5 2 | 185 | 1
| | |
2 19.0 [ 1 | 20.0 | 2
|
3 25.0 | 3 29.5 [ 3
|
4 35.0% 4

'S
0
e
ot

\
Symbols: 1 = cauliflower heads cut in four
2 = heads separated into flowerets
3 = mashed with fork
4 = pulped
** highly significant at P = 999, probability level (15-35)
* significant at P = 959, probability level (17-33)

In this experiment the heads of cauliflower were cut in four. The differ-
ences in consistency were achieved by boiling for different lengths of time and
in taste by using salt solutions of different concentration for cooking. Thus,
four samples were obtained of which two were identical in taste, two in con-
sistency.

Cooking times of 15 and 25 min were applied. The samples where salt
was applied, were cooked in a 19, solution. The following four samples were
prepared:
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- cauliflower boiled in 19, salt solution for 15 min,

= cauliflower boiled in plain water for 15 min,

- cauliflower boiled in 19, salt solution for 25 min,

= cauliflower boiled in plain water for 25 min.

The taste and consistency of the samples was scored, then the samples
were pulped, thus the differences in consistency were eliminated. The pulped
samples were judged only for taste. The results are summarized in Table 8.

The order of the samples for both taste and consistency was the same
when samples cut in pieces were tasted. Cauliflower boiled in salt water for
15 min was found to be the best while the lowest score was given the sample
boiled for 25 min in plain water.In relation to taste the differences were signif-
icant.

Of the pulped samples, where there was no difference in the consistency,
the two samples boiled in salt solution were judged identically, thus difference
was not observed between samples of the same taste. Of the samples cut in
pieces boiled in salt water the one boiled for « longer time was ranked higher.

Significant difference was not found between the tastes of the pulped
samples.

It is worthy of note that out of the cut and pulped samples, otherwise
identical, it was always the pulped one which was ranked lower.

In order to further elucidate the interaction between taste and consis-
tencyin the course of hedonic evaluation linear regression was calculated on the
basis of the average scores given the two properties and the correlation coeffi-
cients were determined. The results are summarized in Table 9.

Table 8

Evaluation according to Kramer of the sensory test by scoring of cauliflower samples differing
both in taste and consistency
(Number of panel members: 10)

Rank sums

Nl::lrlr)j;li:-'{ Taste l Consistency | M Taste
pieces | j pulp

1 19.0 l 26.5 ‘ 18.0

2 34.5% 1' 320 | 325

3 15.0% | 19.5 ‘ 18.0

4 31.5 ‘ 220 | 315

|

* Significant at P = 95%, probability level (17-33)
Symbols: 1 = boiled for 15 min in salt solution
2 = boiled for 15 min in plain water
3 = boiled for 25 min in salt solution
= boiled for 25 min in plain water
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Table 9

Correlation coefficients calculated on the basis of the average scores of 10-members panel
in the sensory test of taste and consistency
(The number of repetition : 4)

Sample ‘ r

String beans : cut in pieces I 0.775
pulped J 0.499
Raspberries : ’I 0.976
Potato : first test ‘ 0.296
second test \ 0.317
Cauliflower : first test v 0.478
second test 0.578

A close correlation was found only for raspberries for which consistency
is a very important characteristic of quality. The statistical test of the r values
has shown significance at the P = 59 level only for raspberries.

The correlation coefficients for potatoes which are consumed regularly
in all four ways of preparation were rather low (0.296 and 0.317). It is worth
noting that the interaction of taste and consistency is much higher with string
beans in pieces than with their pulped parallels where differences in consistency
are mostly eliminated.

3. Conclusions

On the basis of sensory analysis of four different foodstuffs the following
conclusions may be drawn:

With foods, where consistency is an important quality parameter the
order of taste and consistency of samples of identical taste as established by
Kramer’s method, was found similar. In some of the cases the differences
between the samples were significant. In case of raspberries, where consistency
is an extremely important quality characteristic, a close correlation (r = 0.976)
was found between the average scores for taste and consistency. Since, however,
this conclusions are drawn on the basis of the comparison of only four samples
the results may be considered as tendencies only.

In case of potatoes which were served in ways of preparation habitually
consumed, thus, non of the consistencies is unfamiliar, the above tendency
was not observed.

The same tendency was not observed either with samples where the differ-
ences in consistency were eliminated by pulping (string beans, cauliflower).

It is shown by the study that the consistency of the foods investigated
influences the evaluation of taste. This is mainly valid for foods where the
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consistency is an important quality characteristic. The taste of foods the consis-
tency of which differed from the familiar was scored lower by panel members.
In foods which are consumed in different consistencies this effect was not
observed.

On the basis of the experiment it may be suggested that when an exact
judgement of the taste is required, the differences in consistency should be
eliminated by intentional intervention, e.g. pulping.
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PRELIMINARY EXPERIMENTS FOR MEASURING
MEAT COMPOSITION BY NEAR INFRARED
REFLECTION TECHNIQUE
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The task is to develop a near infrared reflection method for the determina-
tion of the moisture, fat and protein content of the meat used in manufacturing
sausages. A Neotec 6450 type Research Composition Analyzer (spectrocomputer)
was used for the experiments. The log (1/R’) spectra of the homogenized meat
samples were measured through the glass window of the sample cell in the
1100-2 500 nm wavelength region.

The effect of some disturbing factors upon the optical characteristics
measured was studied, and the error in spectrum measurement caused by the total
disturbance was established. The effect of the thickness of the meat sample upon
the spectrum of meat was measured. At a sample thickness of 10 mm the
influence of this variable on the log (1/R’) spectra can be kept below 3-10~3. The
effect of sample position on the log (1/R’) spectra has also proved to have a maxi-
mum of 3-107% A change in the temperature of the sample caused an almost
parallel shift in the spectrum. One °C caused a shift of about 5 - 1072 in the log
(1/R’) value. Uneven chopping of the meat was found to cause the greatest distur-
bance estimated to be about several times 10~2. The methodology of spectrum
measurement has been specified on the basis of these observations. The reproduc-
ibility, which also contains the error derived from sample preparation, was deter-
mined and was characterized by the standard deviation spectrum (its value up to
2 300 nm is below 4 - 10732).

The error derived from the spectrophotometer: the repeatability also
characterized by a standard deviation spectrum has a value of about 5 - 10~ 3.

It was found that the error in spectrum measurement increases substan-
tially over2 300nm. It is unlikely that wavelengths suitable for composition measure-
ment will be found in this range. The effect of several sources of error appears
as an almost parallel shift in the spectrum; thus, the majority of such errors can
probably be compensated for by a suitable spectrum transformation.

Finally, to illustrate the dependence of the meat spectrum on composition,
the spectra of mixtures of muscle and adipose tissues (in 20 mass 9%, steps) are
shown.

KorMENDY and co-workers (1979) studied the mathematical model of

sausage production and found that knowing the composition of the raw
materials just at hand serves as a precondition for producing any product at
an optimal cost. The classical analytical methods are too time-consuming;
thus, they are not suitable for this purpose. Therefore, the aim was to develop
a rapid instrumental method for determining the moisture, protein and fat
content of meat.

BeEN-GERA and NorRis (1968) established that the near infrared spectro-

photometric method can be used to determine the moisture and fat content
of meat emulsions. The linear equations created between the composition and
the transmittance data, measured at two wavelengths with the special spectro-
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photometer built by the authors (Norris et al., 1961), described the moisture
content in the region of 45 to 75 mass %, with an error of 1.4 mass %, and the
fat content in the region of 5 to 35 massY, with an error of 2.1 mass9,. The
main sources of error were found to be deviations in sample thickness and the
low signal to noise ratio due to high absorption. By reflection measurements
both errors can be reduced.

More recent papers contain solutions based on the measurement of
reflection. ROSENTHAL (1973) and ANox (1973a, b) describe instruments
developed for the determination of fat in ground meat. Massie (1976) built
an instrument for a similar purpose operating with Ga As infrared emitters
as radiation sources. The error of this instrument in the range of 18.3 to 33.3
mass %, fat content appeared to be 2 mass 9, Practical application was
limited by the lack of an appropriate radiation source. It is mentioned by
MassriE that, because of temperature dependence, thermostation or temperature
compensation would be required. HAuser and WEBER (1978; 1980) carried
out meat composition measurements with a Technicon Infra-Alyzer-Plus
apparatus. Observing the temperature dependence of the optical characteristic
measured, they constructed a thermostated sample holder to limit it.

The NIR technique to be applied here is based on the measurement of the
diffuse reflectance spectra of the samples. These spectra are influenced not
only by the composition of the samples but by various factors, such as errors
deriving from the preparation of the sample, the geometry of the measurement
in the spectrophotometer, etc. This paper contains the preliminary experiments,
in which the effect of some individual disturbing factors is studied, the method-
ology of measurement is developed and the reliability of the measurement
of meat spectra is established.

1. Materials and methods
1.1. Meat samples

The samples used in the experiments were obtained by courtesy of the
National Meat Research Institute. Post-rigor, medium fat beef samples were
used in the preliminary experiments. In order to demonstrate the dependence
of the spectrum on composition, lean beef muscle tissue and adipose tissue
were mixed in 20 mass Y-steps.

1.2. Measurement of spectra

The log (1/R’) spectra of the meat samples were measured with a Neotec
6450 type RCA (spectrocomputer) through the glass window of the sample
cell in the wavelength range of 1100 to 2500 nm. Since the spectrum is also
affected by the geometry of the measurement, a schematic diagram is given
in Fig. 1.

Acta Alimentaria 12, 1983




NADAI: NIR TECHNIQUES FOR MEAT COMPOSITION 121

PRI T IR LTS
R Soes
20202020202 202 Ve 020 Yo et

’\\\\\\\\

Fig. 1. Sketch of the geometry of meat spectrum measurement
1: glass window; 2: sample cell; 3: meat sample; 4: thermo-couples; 5: 4 10X 10 mm
PbS sensors; 6: last lens of the monochromator

A beam with an angle of approximately 20° and originating from a
holographic grating monochromator with a band-width of 10 nm (LANDA,
1979) uniformly irradiated a 20 mm diameter spot of the sample. The ratio
of the fluxes detected by the sensors scattered back diffusely by the sample
onone hand and by a “white”’ ceramic reference standard on the other
is R’; the reflectometer value (according to the IEC 1970 terminology). The
spectrum measured by the instrument is the negative logarithm of R’ as the
function of the wavelength and the data of measurements performed in 2 nm
steps stored on a floppy disc. Hereafter V(1) will be used instead of log (I/R’)
spectrum and will be called the basic spectrum. Namely:

V() = — log R'()

The sensor system consists of four PbS detectors connected in parallel,
each 10 X 10 mm in size and positioned on a circle 50 mm in diameter around
a 445 ° cone (around the axis of the irradiating beam). The high rate mono-
chromator scans the spectrum 2.5 times per secundum. In order to reduce the
photometer noise the average of 20 scans was used.

1.3. Deliberately selected variation of some disturbing factors

To vary the sample thickness a sample cell was constructed with a
cylindrical wall consisting of rings fitting into each other. By removing the top
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rings one after the other (together with the sample portion they contained)
the spectra were taken at different sample thicknesses.

By placing rings of different height under the sample cell the sample
was shifted parallel to the direction of irradiation, and thus the effect of the
positioning of the sample on the spectrum was determined.

The effect of comminution was studied by chopping the ground meat
sample in a Moulinette chopper-blender to various degrees of fineness.

The effect of the temperature of the sample upon the spectrum was also
studied. The measuring points of two thermo-couples were placed at 1 and 3 mm
above the irradiated surface of the meat sample. The thin wires (0.15 mm )
of the thermo-couples were placed parallel to the surface of the sample, in
expected isothermal planes to avoid the thermo-couples to disturb
the temperature distribution within the sample. The control points were
thermostated at 0°C in thawing ice and the thermogram was recorded by a
BD5 type Micrograph. The sample was pre-cooled to 1°C in a refrigerator,
then placed into the spectrophotometer. It was allowed to warm up slowly
(0.8 °C per min) and the spectrum was recorded at various temperatures.

1.4. Calculations with the spectra

Some simple computer programmes were developed for carrying out
operations with the spectra. They proved to be extremely helpful in the analysis
and illustration of changes in the spectrum (as well as in characterizing and
increasing their reliability). Between two spectra the fourarithmetic operations
may be carried out, while within one group of spectra the average spectrum,
the standard deviation spectrum and the max-min range spectra may be
determined.

2. Results and conclusions

2.1. The effect of sample thickness

Figure 2 shows the spectra of the same meat sample using different
sample thicknesses. The spectra of meat samples of 4, 6 and 8 mm are prac-
ticallyidentical, but, those of 2 and 1 mm thickness differ substantially. The
value as well as the direction of the difference depends on the wavelength.
More radiation reaches the sensors from the thinner samples between 1 325
and 1875 nm and less below 1325 and above 1875 nm. This may be explained
as follows: if the thickness of the sample is small enough, some of the radiation
passing through the sample reaches the farther (upper) surface of the sample;
part of this radiation (with smaller incident angle) emerges from the material
(and is thus lost for measurement), the other part is either normally or totally
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Fig. 2. Effect of sample thickness on the spectrum of meat
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Fig. 3. Effect of sample thickness upon the meat spectrum when the upper surface was
sprinkled with carbon black

reflected depending on the incident angle; some of it passes through the sample
again andreaches the sensors. The ratio of the reflected and transmitted beam
changes with the refractive index as a function of the wavelength. The change
in sequence at different wavelengths in the spectra which can be seen in Fig. 2
was caused by these phenomena.

To prove this hypothesis the experiment was repeated with different
thicknesses the farther (upper) surface of samples being sprinkled with carbon
black. Thus, the increased absorption of the very thin blackened surface layer
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practically eliminated the reflected portions. The spectra in Fig. 3 show
that from 1-2 mm thick samples with blackened upper surface less radiation
reaches the sensors than from unblackened ones.

Figure 4 shows the difference between the spectra from samples with
thicknesses of 6 and 8 mm (see Fig. 2).

It can be seen that if the layer thickness is at least 8 mm, the change in
V(4) in the wavelength range below 2200 nm remains under 102 due to the
effect of a 2 mm change in sample thickness.

In consequence of this experiment it was decided to use a sample cell
with a thickness of 10 mm for the measurement of meat spectra. This thickness
is reproducible within 0.5 mm and its effect on the spectrum seems to be below
3-10-3.

2.2. Effect of the positioning of the sample

Figure 5 illustrates the spectra of a meat sample at different distances
from the detector.

It was established that the shift in the spectrum was nearly parallel
and proportional to the change in position. In practice, the maximum error of
the position of the sample is about 0.2 mm (caused by the different thicknesses
of the lower rim of the sample cell and by the error of its positioning).

The change in the spectrum caused by a 1 mm change in the position is
shown in Fig. 6.

As can be seen from the curve, the error of positioning can be estimated
to be 3-1073.

0.02 1

0.01-
=
>
<

0.0075% .

-0.01 _' K .'_/‘:_-'o oo . ' [
1100 1380 1660 1940 2220 2500 Alnm)

Fig. 4. Difference in the spectra of 6 and 8 mm thick meat samples
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Fig. 5. Effect of the sample position on the spectrum
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Fig. 6. Differences in the spectra caused by 1 mm shift in the sample position

2.3. Effect of sumple temperature

The spectra of a meat sample taken at different temperatures are shown
m Fig. 7.

The spectrum is shifted nearly parallel and proportionally with the
temperature of the sample at a value of 5 - 1072 per °C. To eliminate this
temperature dependence all the spectra were taken in practice at room temper-
ature (waiting for the samples originally kept in a refrigerator to warm up).
Thus, in practice the change in sample temperature may be estimated to cause
an error of about 1072 in the measurement of V(2).
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2.4. Effect of chopping

The effect of the extent of chopping is shown in Fig. 8.

The substantial change in the spectra may be explained by the fact that
the reflectometer value of meat is increased during chopping by the amount of
air mixed in and by the fineness of particles. It is difficult to reduce the effect
of these disturbing factors because the extent of chopping is difficult to
measure. It is almost impossible to achieve identical size distribution, even by
applying equal chopping time. The best method was to put the ground meat

2.0+

V(A)

0 " , . : .
1100 1380 1660 1940 2220 2500 A (nm)

Fig. 7. Effect of sample temperature on the spectrum

2.0

1.57]

1.0
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0.5- Fine chopped

0 T T T r T
1100 1380 1660 1940 2220 2500 A(nm)

Fig. 8. Effect of the chopping extent on the spectrum
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Fig. 9. Differences in the spectra caused by further chopping for 15 secundum

into the Moulinette apparatus and the chopping was continued until no further
change was visible. Depending on the composition of the sample this took 20 to
40 secundum.

Figure 9 shows the change in the spectrum of a sample during a further
15 s chopping after it was estimated visibly to be stabilized.

Thus, the indefiniteness of chopping may cause an error in the V(1)
spectrum of meat of the order of several times 10~2.

The more thorough the chopping the better the homogeneity of the
samples thus reducing the error of sampling. To illustrate this effect meat
chopped to three very different degrees was placed in 10 sample cells each.
The spectra were then taken. The calculated standard deviation spectra are
shown in Fig. 10.

With the extent of chopping both the value of the standard deviation
spectrum and its wavelength dependence decrease. The lower standard devia-
tion found for fine chopped samples originates from different sources of errors
and the higher standard deviation of samples chopped to a lesser degree can
be explained by an increase in the sampling error due to higher inhomogeneity.

(Note: the effective amount of the sample from the viewpoint of measure-
ment is not the total 15 g mass contained in the sample cell but only the
amount actually giving the spectrum. The effective amount, estimated on the
basis of an irradiated diameter of 20 mm and a penetration to a depth of about
4 mm, is increased by the effect of radiation being scattered over a more extend-
ed area and is reduced by the fact that the measurement gives less weight to
the deeper layers. In the present case the effective amount of the sample can
be estimated to be about 3 g.)
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Fig. 10. Standard deviation spectrum of meat at various chopping periods (calculated
from 10 spectra each)

2.5. Reproducibility and repeatability of spectrum measurement

Reproducibility is the criterion for thereliability of a spectrum measure-
ment, as mentioned by CLARKE (1972) for example, in his discussion of the
error in spectrophotometric measurements. The reproducibility of the spectrum
may be characterized by the standard deviation spectrum incorporating all
the disturbing factors which affect the spectrum (originating from the instru-
ment, sampling and sample preparation). In order to determine this, the spec-
trum of a meat sample was measured thirty times using the methodology
developed in the preliminary experiments. (The ground sample was homogen-
ized in the Moulinette apparatus till the chopping appeared to be stabilized,
then it was filled into sample cells 10 mm in depth and were measured at
room temperature, etc.) The standard deviation spectrum characterizing the
reproducibility, derived from 30 spectra, is shown in Fig. 11.

As can be seen from the figure, in the wavelength region below 2200 nm
the reproducibility of meat spectrum measurements is better than 4 - 102
(It was assumed that in the spectrum range above 2200 nm the increasing
standard deviation is caused only by the low signal to noise ratio, since the
signal of the detector at around 2 500 nm is much smaller than at around
1100 nm. However, this assumption could not be proven.)

The repeatability characterizing the error originating only from the
spectrophotometer instrument as observed in meat spectrum analysis was also
determined. This, as the standard deviation spectrum calculated from repeated
spectrum measurements on the same sample, is also shown in Fig. 11. This does
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not contain the error resulting from the long-term instability of the instru-
ment. In the greater part of the spectrum (up to 2300 nm) its value remained
at less than 5 - 10 3; thus, it is lower by nearly one order than the reproduc-
ibility. It is evident that the increase in standard deviation spectrum of the
reproducibility in the range above 2300 nm cannot be explained purely by the
low signal to noise ratio, because in this case the curve for repeatability would
have a similar shape in this region. But it seems unlikely that a wavelength
suitable for composition measurement will be found in this wavelength range.

0.100-
0.075
=
& 0.050 1
Reproducibility
0.0251
Short- time repeatability

0 = e - o S 2
1100 1380 1660 1940 2220 2500 A(nm)

Fig. 11. Reproducibility and repeatability of meat spectra (characterized}by standard
deviation spectra)

| (/muscle)
1.5
=
= 10
Lard mass
0.5 percentages
1 B B e e e
1100 . 1380 1660 1940 2220 2500 A(nm)

Fig. 12. Effect of meat composition on the spectrum
(muscle tissue and lard mixtures)
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An analysis of the disturbing factors affecting the meat spectrum shows
that several of these cause a parallel shift in the spectra (e.g. positioning,
sample temperature). By applying mathematical transformation invariable
against shift to V(1) basic spectra these shift-causing errors may be compen-
sated for. Such transformations are, for example:

V() oW (A)
V(2)—V (4,) or T or 2 ete.

2.6. Effect of the composition of the sample

The effect of the composition of meat samples on spectra (the measure-
ment of which was the aim of the experiments) is shown in Fig. 12.

The two peaks characteristic of moisture are well visible at wavelengths
1450 and 1 935 nm, as is the increase in amplitude parallel to an increase in
fat content, for the double peaks characteristic of the fat content at wave-
lengths 1725 and 1765 or 2305 and 2435 nm.

ES

The author is indebted to Ms. V. MiHALYT for providing the meat samples, to Dr
J. Gonczy for developing the computer programmes and to Ms. K. ASCHENBRENNER
for her conscientious assistance.

Literature

ANoN (1973a): Meat analyzer tells fat content at a glance. USDA News, 6th June, 1-3.

ANON (1973b): USDA instrument measures fat in meat. Chem. Eng. News, 51, 24—25.

BEx-GERrA, I. & Norris, K. H. (1968): Direct spectrophotometric determination of fat
and moisture in meat products. J. Fd Sece., 33, 64-67.

Crarkg, F.J.J. (1972): High accuracy spectrophotometry at the National Physical
Laboratory. J. Res. natn. Bur. Stand., 5, 375-403.

Havuser, E. & WEBER, U. (1978): Der Einsatz der Infrarot-Reflexions-Analyse bei der
schnellen Ermittlung der wertbestimmenden Anteile von Fleisch und Fleisch-
waren. 1. Mitteilung. Fleschwirtschaft, 58, 451-459.

Hauser, E. & WEBER, U. (1980): Der Einsatz der Infrarot-Reflexions-Analyse bei der
schnellen Ermittlung der wertbestimmenden Anteile von Fleisch und Fleisch-
waren. 2. Mitteilung. Fleischwirtschaft, 60, 482-485.

TEC (1970): International Elektrotechnical Vocabulary. 1EC, Geneva.

KormenDY, L., ErRDGs, Z. & ZUukAL, E. (1979): Mathematical model for the manufacture
of frankfurter type sausages. Acta Alimentaria, 8, 343-355.

Laxpa, I. (1979): High-energy spectrophotometer for rapid constituent analysis in the
range of 0.25-2.4 um. Rev. scient. Instrum., 50, 34-40.

Massir, D. R. (1976): Fat Measurement of ground beef with a gallium arsenide infrared
emitter. ASAE paper, No. 73-6503, 1-3.

Norris, K. H. & ButLeEr, W. L. (1961): Techniques for obtaining absorption spectra on
intact biological samples. IRE Trans. Bio-Med. Electron., 8, 153-157.

RosenTHAL, R. (1973): Analyzer instantly tells percent fat in ground beef. Neotec News,
6th June, 1-2.

Address of the author:

Dr. Béla T. NApar Central Food Research Institute
H-1022 Budapes, Herman Ott6 ut 15.
Hungary

Acta Alimentaria 12, 1983




Acta Alimentaria, Vol. 12 (2), pp. 131—141 (1983)

SOME ASPECTS OF THE APPLICATION OF GLIADIN GEL
ELECTROPHORETIC PATTERN AND PHENOL COLOUR
REACTION IN THE IDENTIFICATION AND BREEDING

OF WHEAT VARIETIES
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The gliadin pattern of wheat varieties generally cultivated in Hungary and
of some other varieties was studied by horizontal starch gel electrophoresis. The
phenol colour reaction was also carried out. These characteristics are of genetic
significance.

It was established that a few of Hungarian wheat varieties are difficult
to identify. Several varieties may be traced back to a common origin. It was
observed that samples of the same gliadin pattern gave different phenol colour
reactions. The same is true the other way round, too. The chromosomal allele
coding of the gliadin pattern and that of the phenol colour reaction differs.

A basic problem of the identification of wheat varieties by biochemical
methods may be the fact that plant breeders do not consider indicated the identifi-
cation of the gliadin pattern and phenol colour reaction within variety.

Differences in gliadin patterns necessitate the thorough investigation of
varieties. Samples of authentic varieties have to be tested grain by grain for gliadin
pattern.

Biochemical methods are used in more and more countries to distinguish
between wheat varieties. Of these methods the phenol colour reaction and the
gal electrophoresis of gliadin proved valuable (FEHER, 1978; Boros, 1980;
NEngz & Nacy, 1979).

Gliadins form the part of gluten dissolving in 709, ethanol. The gliadin
pattern, that is the position of the bands obtained by electrophoresis, their
intensity and number may be characteristic of the wheat variety.

The pattern of gliadin bands is genetically determined and independent
of conditions of cultivation (LEr & RoNaALDS, 1967).

Several authors tried to relate gliadin bands, groups of bands (gliadin
blocks) to parameters of baking and paste quality (BEBYAKIN & BALABOLINA,
1977; PoPERELYA & SoziNov, 1977; Damipaux et al., 1978).

Both baking and paste quality are only slightly dependent on gliadin
proteins and are only partially determined genetically. SzaBé (1973) maintains
that a good variety provides only a possibility for the good quality to develop.

The chromosomal allele relationships of gliadin bands become more
and more known. Ordinary, that is aestivum varieties have genome A, B
and D. chromosome group. Genome D is lacking in durum wheat varieties.
The gliadin blocks are mainly coded by the chromosomes of group 1 and 6
(classic gliadins). In coding participate also chromosomes of group 2 (SHE-
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PHERD, 1968; POoPERELYA & SoziNov, 1977). More and more chromosomal
correlations are discovered by highly developed electrophoretic technique.
The gliadins of low molecular mass (LMW) are coded by chromosomes 7 A,
4 Band 7D (SaLcepo et al., 1979), other gliadins by chromosome 4 A (SASEK &
KosNER, 1977).

Glutenin electrophoresis also gives information on the genetic back-
ground of wheats (BiETz et al., 1975).

The gliadin pattern of durum wheats is easily distinguished from that
of the aestivum varieties because it does not contain the least motile bands
(because of the lack of genome D). Durum wheat may be improved by the
additioning of chromosome 1 D (WRIGLEY & SHEPHERD, 1970).

The viscoelasticity and cooking quality of pastes made of durum wheat
semolina is affected by the quality of their gluten content and protein content.
Durum wheats fall in two groups. Good varieties are characterized by the sharp
gliadin band marked 45, while the weaker varieties by the sharp band marked
42 (DAMIDAUX et al., 1978).

Some authors consider a dark phenol colour reaction characteristic of
not bad baking quality (Tuzson, 1933; Frntr, 1978). The phenol reaction
is the discoloration of certain tissues of the pericarp of wheat grains by phenol
vapour. The pericarp consists of maternal tissues. The discoloration in the
phenol test is considered to be independent of conditions of cultivation. The
phenol test was developed by PiEpEr (1922).

At the Cereal Research Institute, Szeged, Hungary, these methods of
analysis were used in breeding of durum wheat for paste production.

The cultivability of durum wheats in Hungary was first declared by
SzANIEL (1976). Experiences gained in durum wheat cultivation in Hungary
were reviewed by ErDEI (1976), BEKE (1980), BEXKE and BaraBAs (1981),
Bexe and SzeBerLrLEpy (1981). The quality modifying effect of the location
of growth and the use of fertilizers were discussed by SzANIEL and co-workers
(1981), ErprEr and GyYENES (1981). SzauTER (1980) has shown that cultiva-
tion of durum varieties is necessary from the point of view of the paste industry,
since the amount of aestivum varieties grown for this purpose is insufficient.

Partial results of this study were published in several papers (NEnkz,
1978; 1979; 1980a; b; 1981, and NEHEZ et al., 1981).

1. Materials and methods

Certain relations of the gliadin pattern of wheat varieties in general
cultivation and of some other varieties to the specific aspects of wheat breeding,
are evolved.

Gel electrophoresis of gliadins was carried out earlier by the method of
SoziNov and PoPERELYA (1978). Recently the method of AuTRAN and Bour-
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DET (1975) has been applied. Electrophoresis is carried out in a horizontal layer
of potato starch, partially hydrolyzed, in aluminium lactate buffer (pH = 3.1).
Dyeing is carried out in a trichloroacetic acid containing aqueous nigrosine
solution. Earlier the starch was hydrolyzed in this laboratory, at present
a Connaught product (Canada) is used.

The phenol colour reaction is carried out according to the method of
FeuEr (1978).

2. Results

Figure 1 shows the gliadin bands obtained by the technique applied
and related nomenclature. Some gliadin blocks representing good quality flour
as described by PoPERELYA and SoziNov (1977) and transcribed according
to the methodics used in this study, are illustrated. The figure after the symbol
of the chromosome is the arbitrary mark for the allele block type as given by
the above authors. It should be noted, however, that the transcription of
gliadin blocks determined by different methods is not free from problems, it is
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0 — T — Tendency for

peaks bread making Durum
110 = quality quality
20 — 1D4 1DS
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Fig. 1
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Bezl Mvy5 Mv7 par
Jub Mvé My g My 1

Fig. 2. Gliadin pattern of wheats

Colour of phenol reaction

1. Bez Bezoshtaya 1 Dark brown

2. Jub Light brown-brown-dark brown
3.Mv 5 Dark brown

4. Mv 6 Dark brown

5.Mv 7 Martonvasari 7 Dark brown

6. Mv 8 Martonvasari 8 Dark brown

7. Par Partizanka Dark brown

8. Mv1 Martonvasdri 1 Brown-dark brown

even occasionally impossible. The band considered by Damipaux and co-
workers (1978) characteristic of good durum quality flour and another of
poorer quality are shown, too (65 and 62, resp.).

In Figs. 2, 3,4 and 5 the gliadin patterns of several wheat varieties and
some samples of improved varieties, are represented. The results of phenol
colour reactions are also shown. Five degrees of discoloration were taken into
account.

Several varieties are of a common origin. In Table 1 the variety formulae
(crossings) as declared by the breeders, are listed. The first mark in the formulae
stands for the mother (in multiple crossing in parenthesis, too), those farther
back for the father. In the ancestral lines Bezoshtaya 1is frequently seen.

On the basis of the photos several varieties are easy to distinguish,

while others are not.
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One problem pertinent to the identification of varieties is that the im-
proved varieties were not selected either by gliadin pattern or phenol reaction.
For instance the phenol reactions of varieties Mv 1 and Yubileynaya 50 are
mixed. Grains of Mv 1 discolored differently in the phenol test and had different
gliadin patterns, while those of variety Yubileinaya 50 seemed identical. In
the former the ratio of brown and dark brown grains was 42:8, while with the
latter the ratio of light brown, brown and dark brown grains was 16:9:25 as
an average of the samples tested.

The possibility of distinguishing by the phenol reaction is much lower
than by gliadin pattern. Probably the colour reaction is coded by different
chromosomes, alleles than the gliadins. In aestivum varieties the colour reac-
tion is considered a two-step reaction. According to our present knowledge
in the formation of colour 2 A (lighter colour), 2 D (ZEVEN, 1972), 5 B (modify-
ing), 6 B (BrAT & GoUD, 1978) and 7 A (intermediary colour) and 5 D (Buo-

Fe 2 Kol Mv4 HR?2
Fe 3 Tis FR1 BER3

i
-

Fig. 3. Gliadin pattern of some wheat varieties
Colour of phenol reaction

1. Fe 2 GK Fert6di 2 Dark brown
2. Fe 3 GK Fert6di 3 Dark brown
3. Kol Kompolti 1 Dark brown
4. Tis GK Tiszatdj] Dark brown
5. Mv 4 Martonvasari 4 Dark brown
6. NR 1 Novosadska Rana 1 Dark brown
7.NR 2 Novosadska Rana 2 Dark brown
8. NR 3 Novosadska Rana 3 Dark brown
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Sza Mv]b SZZ;b
Lib. Riv My ]ab S2Z -

&

Fig. 4. Gliadin pattern of some wheat varieties
Phenol colour reaction

1. Sze GK Szeged Light brown
2. Lib Libellula Light brown
3. Sza Sava Light brown
4. Riv Rivoli Dark brown
5. Mv 1, Martonvasari 1 Brown

6. Mv 1y Martonvésari 1 Dark brown
7.8Z,  Super Zlatna Light brown
8.8Zgy  Super Zlatna Dark brown

WAL & NARKHEDE, 1979) chromosomal alleles seem to participate. Darker
colours descend dominantly.

Wheat varieties of identical gliadin pattern may give different phenol
reactions, while this is valid the other way round, too.

Differently discolored grains of varieties which give mixed colour reaction
were propagated and have been the subject of study for years. On several
occasions the morphological pattern of the plants differed, too.

The durum varieties are easy to distinguish from the aestivum varieties
because of their lack of the least motile bands (genome D). The presence or
absence of band 65, characteristic of good quality, is also easy to judge.

In the cultivation of durum wheats in Hungary it is a basic requireraent
that they should be as frost-hardy as the common winter wheat varieties. The
variety Novomichurinka proved to be sufficiently hardy. Its grains giving
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a dark brown phenol reaction had an aestivum gliadin pattern. When they
were sown the outgrowing plant was morphologically Yubileinaya variety.

Most of the durum varieties investigated by the author, gave a faint
phenol reaction or non at all. Durum X aestivum hybrids have been tested
for years.

The variety formulae given by breeders do not serve with exact informa-
tion on the gliadin pattern. The formulae show the action of crossing and
not its result. They select for other criteria.

Neither in improvement nor in cultivation practice is the uniform gliadin
pattern or phenol reaction a criterion. The line of inheritence of gliadin blocks
is usually co-dominant, the blocks descend independently from one anoth-
er or split after crossing into different block combinations according to
Mendel’s rules. The varieties are obtained by selection throughout several

Fig. 5. Gliadin pattern of some wheat varieties
Phenol colour reaction

1. DxD Leukomelyan X Minaret Pale

2.D Solaris 650 (Pale)-dark brown
3. DxD Leukomelyan x AAS...-DF Pale

4. Jub, Yubileinaya 50 Brown

5. Jubg, Yubileinaya 50 Dark brown

6. Novg Novomichurinka Dark brown
7.Mv 9 Martonvasari 9 Dark brown

8. Cso GK Csongor Light brown

D durum
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Table 1

Lineage of wheat varieties according to breeders

Wheat varieties certificated for 1980

Bez
Jub
Mv 5

Ko 1
Tis
Mv 4
NR 1
NR 2
NR 3
Sze
Lib
Sza

Riv

Bezoshtaya 1

Lutescens 17 X Bezoshtaya 2

Yubileinaya 50

Mironovskaya 808 X Bezoshtaya 1

M artonvdsdari 5

[(Mironovskaya 808 — Bezoshtaya 1) X Bezoshtaya 1] % [(Bezoshtaya 1 —
Produttore) X Bezoshtaya 1]

M artonvdsdari 6

Bezoshtaya 1 x Moisson

Martonvasari 7

Bezoshtaya 1 X Opal

Martonvasdri 8

Gamma radiation induced mutant of Bezoshtaya 13X Ranka III
Partizanka

Bezoshtaya 1X (Heines VII - Capmadore)

Martonvasari 1

Bezoshtaya 1 xXMv 65-07

GK Fertédi 2

(Population Fe Co 33 — Produttore) X Bezoshtaya 1

GK Fertédi 3

(Population Fe Co 33 - Produttore) X Bezoshtaya 1

Kompolti 1

Bezoshtaya 1 x Fertédi 293

GK Tiszatdj

Bezoshtaya 1 X Fiorello

M artonvdsdari 4

(Mironovskaya 808 — Bezoshtaya 1) X Bezoshtaya 1
Novosadska Rana 1

[(Bezoshtaya 1 — NS 262) x Mironovskaya 808] X Bezoshtaya 1
Novosadska Rana 2

[(Bezoshtaya 1 — NS 262) x Mironovskaya 808]x Bezoshtaya 1
Nowvosadska Rana 3

[(Bezoshtaya 1 — NS 262) X Mironovskaya 808] < Bezoshtaya 1
GK Szeged

(Strampelli - Marco Michaelis) X Bezoshtaya 1

Libellula

(Tovere — Guileri)+San Pastore

Sava

Fortunato X Redcoat

Riwvoli

Champlaine X Reso

Newly certificated varieties

Mv 9

Cso

Martonvasari 9

[(Mironovskaya 808 - Bezoshtaya 1) X Bezoshtaya 1]Xx [(Bezoshtaya 1 -
Produttore) x Bezoshtaya 1

GK Csongor

GT. 76.150 X Predgornaya 2

generations (mother stock selection). This selection is carried out by the eye
or instrumentally. The individual grains belonging to the same variety are not
necessarily of uniform gliadin pattern. The gliadin pattern may change in the
course of variety maintenance.

Varieties may consist of several gliadin biotypes.
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With varieties of varied gliadin biotypes and gliadin blocks it may be
difficult to discover the type of the blocks. This applies also to varieties mixed
mechanically.

The other side of the problem is that breeders try to produce varieties
of high economic value. Their aim is to achieve high yields per hectare with
possibly good baking or feeding quality. The coding of the gliadin pattern or
that of the phenol test affects only a sphere of chromosomes and alleles. The
varieties identical in these spheres may differ in several of their economically
important properties, thus, for instance in their yields.

In identifying varieties the gliadin pattern or the phenol reaction may
be useful, however, uncertain. Several methods together should be used to
identify varieties. Further the morphology of grains, their colouring substances,
hardness and other characteristics, can also be utilized.

The gel electrophoretic pattern and the phenol colour reaction may be
useful in wheat improvement, particularly when used with other methods.
Relations of the gliadin blocks to flour quality (good sedimentation 1 A 4,
very poor 1 A 1, bread volume good, too 1 B 1; only some relation to their
good quality 1 D 4,1 D 5 and 6 A 3) are only tendencies and are advantageous
in selection from a large sample population. Studies into heredity should be
complemented by glutenin and enzyme gel electrophoresis and cytogenetical
methods.

In addition to the refinement of electrophoretic methods it is necessary
to investigate the gliadin pattern of authentic varieties grain by grain. This
is the way in which the kinship between the gliadin patterns of wheat varieties
can be judged.

*
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ALKYLRESORCINOLS IN DURUM WHEAT

II. ALKYLRESORCINOL CONTENT OF MILLING
FRACTIONS AND MACARONI

F. Sic1, H. Sicr and E. Acs

(Received: 1 September 1981; accepted: 17 September 1981)

Seed samples of three durum wheat varieties were milled in a commercial
mill. The bran, semolina and flour fractions, as well as the macaroni produced
from the semolina, were examined for 5-alkylresorcinol (5-AR) content. Bran
contained the highest amount of 5-AR (2200 to 2 600 ppm on a dry weight basis),
followed by flour (200 to 250 ppm), semolina (70 to 90 ppm), and macaroni
(< 50 ppm), respectively. The 5-AR content of the bran varied most, probably
due to the joint effect of variety and milling. The very low 5-AR content of maca-
roni may be attributed to processing and prolonged wet drying. There was a nega-
tive correlation between pasta brownness and kernel 5-AR content, suggesting
that aklylresorcinols may inhibit the browning reactions mediated by peroxidase
and polyphenoloxidase. The yellow index and 5-AR content were not correlated
with each other.

Although the 5-alkylresorcinol (5-AR) content of various cereal grains
has been extensively studied (see Part I of this series), relevant data on milling
fractions and cereal products are very sparse. VERDEAL and LORENZ (1977)
found that the bran fractions of wheat, rye and triticale contained the highest
amounts and the flour fractions the lowest amounts of alkylresorcinols, whereas
the absolute losses during bread baking varied between 22 and 24 %,. As shown
by WEerperT and Er Baya (1977), flours of both bread wheat and rye are
relatively poor in 5-AR, and even wholemeal ryebreads do not contain more
than 1000 ppm 5-AR (initial content in the seeds: 1300 to 1800 ppm). However,
corresponding data for the 5-AR levels in durum wheat milling fractions and
pasta products are not available. In a previous paper (SAcr & SAcr, 1982)
the 5-AR content of durum wheat varieties was reported in relation to various
kernel characteristics. The purpose of this study was to determine the amounts
of 5-AR in various milling fractions, as well as in macaroni produced from the
semolina of three durum wheats. Further, the relationship between pasta
colour and kernel 5-AR content was also examined.

1. Materials and methods

Seed samples from the 1978 harvest of GK 61-130, GK;Basa and Raineri
durum wheat varieties were tempered and milled in a commercial bread wheat
mill modified for durum wheat milling, and equipped with a semolina classifier

Acta Alimentaria 12, 1983



144 SAGI et al.: EFFECT OF 5-AR CONTENT ON MACARONI

and purifier line. In this study, the bran, flour and semolina fractions were
used. Macaroni was processed and dried in the Pasta Factory of the Békés-
csaba Canning Plant with the usual large-scale procedure. The 5-AR content
of the samples was determined as described by WEIPERT and EL Baya (1977)
(see also SAcr & SAcr, 1982) except that the reagent was prepared with
acetone instead of water for determining 5-AR in milling fractions and ground
macaroni. For the pasta colour measurements semolina was produced from
seed samples of twelve durum wheat varieties using a QC-109 type Labor MIM
laboratory mill equipped with a 700 um rotating drum screen to separate the
bran. The flour was sifted out with a 150 um screen and the semolina was
passed through a laboratory purifier three times.

Colour measurements were performed on pressed pasta discs of uniform
thickness and water content by means of a Momecolor (Hungary) tristimulus
colorimeter. Yellow and brown indexes were calculated according to the
ISO standard (O.I.N., ISO/TC 34, 1974). The moisture content of the sam-
ples was determined by drying to constant weight at 100 °C, and ash percen-
tage by incineration in a muffle furnace.

All measurements were repeated at least five times. The results are
presented as average values with the related standard errors on the graphs.
Correlation coefficients between 5-AR contents and colour indexes were cal-
culated with a Canon programmable desk calculator, and the significance of
the correlations was determined using the r-test.

2. Results

Alkylresorcinol data (Figure 1) showed that, independently of the variety,
durum bran fractions contained by far the greatest amount of 5-AR. Flours
had a 5-AR content an order of magnitude lower, while semolina contained
only small amounts, and macaroni only traces (< 5 mg per 100 g dry weight)
of alkylresorcinols. Varietal effects on the 5-AR level in durum wheat
milling fractions were not significant, but the 5-AR in the bran fluctuated
more than in the other fractions.

Semolina yields — although relatively low — were fairly constant (Table 1).
The bran percentage of GK 61-130 was somewhat lower than that of the other
two durum wheats, which had similar bran yields, whereas in the case of flour
extraction, the opposite was observed. The ash content of the flours was
variety-dependent, but the flours always contained more ash than the semolina
fractions.

Considering the original 5-AR content of the semolina (7.3-8.7 mg per
100 g dry weight) and that of the macaroni (< 5 mg per 100 g dry weight),
end product losses of alkylresorcinols may be as high as 32-439,.
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Fig. 1. Alkylresorcinol content of durum wheat milling fractions and macaroni produced
from semolina. Determination in acetone extracts by spectrophotometry at 435 nm
according to WEIPERT and EL Bava (1977). 1: bran, 2: flour, 3: semolina, 4: macaroni

Table 1

Milling fraction percentages and ash content in semolina and flour of durum wheats

Ash 9%, dry weight

Variety | 7
e ‘ Bran Semolina
GK 61-130 " 46.2 ‘ 45.
GK Basa l 49.3 ‘
Raineri ) 49.2

* On the basis of total product

45.

| Milling fraction (%)*

Flour

8.7
5.4
5.6

i Semolina Flour
0.82 1.22
0.93 1.31
0.81 0.99

There was a non-significant, positive correlation between the yellow index
(YI) of the pasta and the kernel 5-AR content. Brown index (BI) and 5-AR
content correlated non significantly and negatively (Figure 2).

3. Conclusions

Among the milling fractions of bread wheat, triticale and rye, the bran
invariably contains the highest amounts of alkylresorcinols (VERDEAL & Lo-
RENZ, 1977; WEIPERT & EL BAva, 1977). This is to be expected, since these
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Fig. 2. Correlations between the yellow (YI, A) and brown (BI, B) indexes of the pasta
and the 5-AR content in the kernels of several durum wheats. Pasta colour indexes
were measured with a Momecolor tristimulus colorimeter and calculated from the colour

coordinates. 5-AR contents were determined by the diazotized p-nitraniline method of
WerperT and Er. Bava (1977)
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phenolic compounds are concentrated in kernel pericarps (WENCKERT et al.,
1964; WIERINGA, 1967), the main potential components of bran. Starting from
the bran, there is a decreasing 5-AR gradient in the shorts and flour (VERDEAL &
LoreNz, 1977). The present results indicate a very similar distribution of 5-AR
in durum wheat milling fractions, as alkylresorcinols predominate in the bran
and occur in very small quantities in both flour and semolina (Figure 1).

The low semolina yield (45%,) and higher ash percentage of the flours
(Table 1) suggest that the durum flour fractions contained some bran residues.
This could result in an elevated 5-AR level of the flours as compared to that
of the semolina, which is much less contaminated by bran particles (Figure 1).
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The quantity of 5-AR varied to a greater extent in durum wheat bran
fractions than in the other milling fractions. This can be explained by the
genotypically controlled 5-AR content of the kernels, however, at least in
the case of GK 61-130, the higher bran 5-AR content may also have been due
to a reduced dilution by endosperm (flour), because of its comparatively lower
bran and higher flour yields (Table 1). Unfortunately, at the time of this study
no authentic seed samples were yet available for investigation.

The differences in 5-AR level in the bran of durum wheats cannot be
attributed to a modifying effect of storage (STUCZYNSKI et al., 1974), since all
the milling fractions were stored for the same period under identical condi-
tions.

In wholemeal breads, absolute 5-AR losses during baking amounted to
229, for rye, 249, for triticale and 23.59%, for wheat. For wholemeal ryebread
the residual 5-AR content was about 0.19,, and for triticale and wheat breads
the corresponding figures were 0.059%, and 0.039,, respectively (VERDEAL &
LorENz, 1977). It is speculated that 5-AR losses during breadmaking may be
brought about by fermentation rather than thermal degradation (VERDEAL &
LorENz, 1977), but heat effects and oxidation during the baking process may
also decompose 5-AR (WEIPERT & EL BAya, 1977). In the present experiments,
macaroni made from semolina retained hardly any 5-AR in excess of the lower
determination limit of the method used, and based upon the 5-AR content of
the semolina, alkylresorcinol losses approached 409, This is a greater loss
than that observed during breadmaking by the authors mentioned above.
Obviously, macaroni processing, especially the prolonged drying, may contrib-
ute to the high losses of alkylresorcinols. Nevertheless, some structural or
other factors in the bran may partly protect its 5-AR complement during
bread baking (wholemeal breads), while these protective factors may be absent
from the semolina. Home cooking probably reduces the 5-AR level of macaroni
still further. Thus, cooked macaroni can be regarded as practically free of
alkylresorcinols.

The negative correlation found between pasta brownness and kernel
5-AR content in ten durum wheats suggests that alkylresorcinols may play
a role in the biochemical processes leading to the browning of pasta products.
Since macaroni or spaghetti browning is thought to be evoked by the concerted
action of peroxidase and polyphenoloxidase (KOBREHEL et al., 1972; KOBRE-
HEL et al., 1974), it can be postulated that alkylresorcinols inhibit the activity
of both enzymes. On the other hand, the weak correlation between yellowness
and the 5-AR level reflects the fact that alkylresorcinols do not modify the

lipoxygenase activity.
%
Thanks are due to Ms. A. SALLAI, FLOUR LABORATORY, CEREAL RESEARCH

IxstITUTE, Szeged, for making the percentage and ash content data of the milling frac-
tions available.
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BOOK REVIEW

Studies of food microstructure

Scanning Electron Microscopy, Inc. (P. O. Box 66507.
AMF. O’Hare, I11., 60666) 1981; 342 pages

For the more exact understanding of structural properties, stability and con-
sistency of the products in the food industry and to determine the method and the time
of the effective control, the scanning electron microscopy, this new method of great pro-
mise has increasingly gained ground. The relevant results of experiments in this field are
summarized in this book.

The book is divided into 4 parts. In part 1, the preliminary operations necessary to
the examination by electron microscopy of foods and the general information on the
technique are described. In part 2, results of the microstructure of meat and those of
investigations into the connections of fine structure with the stability are to be found.
In part 3, the results of experiments on microstructure of gels and dairy products are
discussed. In part 4, informations on the microstructure of foods of plant origin, such as
soy applied products, wheat and flour produced therefrom, are given.

Results gained in the above field can be studied in the book comnsisting of 342
pages. Several pictures made by electron microscopy are included, which show the differ-
ent structures. Considering that the material of the book is based on the subject-matters
from 1979 to 1981 of journal Scanning Electron Microscopy and follows the editing prin-
ciples of journals, several references and abstracts are given in addition to the scientific
achievements.

E. Kovics
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PRODUCTION OF PROTEIN ISOLATES
FROM EXTRACTED SUNFLOWER GRITS

M. DEMECZKY, Z8. SzIGETI and K. VASARHELYI-PEREDI

(Received: 13 June 1981; revision received: 21 October 1981; accepted: 25 March 1982)

The aim of our work was to produce protein isolates free of fibre from sun-
flower seed grits, a by-product of sunflower oil manufacture, while the residual
grits remain suitable for use as fodder. To achieve this six protein isolation tech-
nologies were developed. The products of these technologies are of different prop-
erties and can be utilized in the food industry. The basic technology (T 1) in-
volves alkaline extraction of proteins, their precipitation by acid, centrifuging
and drying of the precipitate. The total protein content of the product is 849,.
If the protein precipitate after decantation is exposed to enzymic hydrolysis
(T 2) prior to centrifuging, the water-soluble part of the isolate increases to 809,.

The direct enzymic extraction of sunflower seed grits was attempted, too
(T 3). The extract was precipitated by acid and dried. The total protein content
of the product was 669,, while the water-soluble protein amounted to 379%,.

The protein content as obtained by the basic technology (T 1) could be
increased to 889, by washing the protein precipitate with ethyl alcohol (T 4).
The latter treatment caused a substantial improvement of colour and of the micro-
biological condition.

A substantial improvement in colour may be achieved by using a 59%, solu-
tion of MgCl, for extraction (T 5). The product of this technology is of 759, protein
content, white in colour.

If the solution of 2.49%, protein content, obtained by alkaline extraction,
is neutralized and concentrated four-fold by a membrane separation technique
(T 6) and spray-dried, the product contains 67%, protein and is easily soluble in
water.

The material and protein balance of the various technologies was exactly
determined and the products were evaluated. Thus, it was established that by
all six technologies about 30-409, of the protein content of the sunflower grits
could be isolated. Losses were lowest in the membrane separation technique.
The residual fibrous by-product contained about 28-349, protein.

By alkaline dissolution of the protein content of the extracted grits, and
by spray-drying the neutralized product, a protein isolate of good quality, free
of fibres and suitable for animal feed, was obtained.

Production of high quality feed and of protein isolate for human con-
sumption by the basic technology was attempted on pilot plant scale, too. The
results of this work are also given below.

In recent years world population has increased enormously. This in-
crease makes it more and more difficult to provide food for the population.
In view of solving this problem the exploration of new protein sources is
imperative.

The production of protein of animal origin is aggravated by the circum-
stance of its costs being 4-10 times higher than that of plant protein.
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The grits gained from extracted seeds are poor in oil. The extracted
grits are important as feeding stuffs (MARINOV & ANGELOVA, 1973). However,
since their protein content is high it is worth while to study the possibility
of producing from them protein isolates suitable for human consumption or
high grade, fibre-free animal feed.

In various countries of the world the problem of converting oil seeds
directly into protein for human consumption, is resolved. Since the first soya
protein concentration plant has been put into operation (1949) a great mass
of information has been collected on the technology, (DEMECZKY & SzIGETI,
1974; DEMECZKY & Sz1GETI, 1975) the conditions of industrial processing and
on the consumer acceptance of the product (BArra, 1977; BEsaNcoN, 1977;
Bouquin, 1977; FreEmine & Sosurki, 1977; FrENcH, 1977; JOHNSON &
SNYDER, 1978; R1IEDEL, 1977; SAvI, 1978; STARON, 1977; WoLF, 1977). Future
trends in the utilization of the protein content of oil seeds may be deter-
mined on the basis of the works of the authors mentioned above.

The success of the utilization of soya protein in various food items
stimulated the interest in the utilization of other oil seed proteins for human
consumption. The sources studied among others were: sesame, coconut meal,
peanut (BALASUBRAMANIAM & SIHOTANG, 1979; CHEN et al., 1979; DENDY &
Grimwoop, 1973). Cotton seed became recently one of the raw materials
studied (HENSLEY & LAawnON, 1977; THOMPSON, 1978). Gossipol was removed
from cotton seeds by extraction or hydrolysis. Lately rape seed meal has
aroused interest (AMAN & GILLBERG,1977; GiLL & TuNG, 1978; GiraULT, 1973;
Kobpagopa et al., 1973; PaszrRowsKki, 1977) as well as the utilization of sun-
flower seed protein (BAU & DERBY, 1980; BAUDET & MOssE, 1977; REAMA &
RA0,1979; SHCHERBAKOV, 1977; SOSULKI & FLEMING, 1977 ; SHTOISHAVLIEVICH
etal., 1977; ViricH et al., 1977). These proteins, due to the high percentage of
their sulfur containing amino acids, are of high interest for the food industry.
Sunflower seed is free of every kind of substance unwholesome to human
health.

1. Materials and methods

The raw material used in the experiments was the benzene-extracted
sunflower seed meal. First class meal (42.34+0.5%, protein content) was used
in the laboratory experiments. In industrial experiments a mixture of grade
I and II extracted sunflower seed (protein content 39.2 +0.6%,) meal was used.

The main point of protein isolation is the extraction of protein from the
sunflower seed meal and the precipitation of the fibre-free protein from the
solution.
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1.1. Methods used for protein isolation in the laboratory

In each of the six technologies 1200 g of extracted sunflower seed meal
was used. To set the pH, 5 N NaOH solution or 4 N HCI solution was used.
To hinder oxidative polymerization of the polyphenols present in sunflower
seed, in some of the technologies a 0.25%, Na,SO; solution was used as anti-
oxidant. The protein extract was separated from the fibrous by-product by
centrifuging and the latter dried at 105 °C. Each technological process was
repeated seven times.

Basic technology (T 1): The sunflower seed meal was extracted at room
temperature for 1 h with a tenfold amount of a solution containing antioxidant
and set at 10.5 pH. The slurry was centrifuged and filtered. The protein ex-
tract thus obtained was precipitated at its isoelectric point at pH 3.8. After
sedimentation the sediment was separated from the acid effluent by decanta-
tion and centrifuging and finally dried by lyophilization.

Basic technology with enzymic hydrolysis (T 2): This technology is iden-
tical with the basic technology up to the point of sedimentation of the protein
precipitate. Hereafter the sediment was separated from the liquid by decant-
ing and the pH was set at 7.5. Pronaz, a proteolytic enzyme (CHINOIN,
Budapest) was added to obtain 8-9 degrees Anson. Hydrolysis was carried
out at 40 °C for 1 h. The enzyme was inactivated at 90 °C and the product
was dried by lyophilization.

Direct enzymic extraction of the meal (T 3): The meal was extracted in
tenfold amount of water containing antioxidant and Pronaz for 1 h at 40 °C
and pH 7.5. Then the suspension was heated to 90 °C to inactivate the enzyme.
After centrifuging and filtering the protein was precipitated at pH 3.1 and
sedimented. The sediment was then decanted and dried by lyophilization.

Basic technology combined with ethyl alcohol treatment (T 4): In this technol-
ogy the centrifuged protein precipitate was washed in 300 ecm? 969, ethyl
alcohol at room temperature for 20 min under blending. The centrifuged
alcohol was regenerated while the protein was dried by lyophilization.

Eaxtraction of the meal with MgCl, solution (T 5): The meal was extracted
with a 59, solution of MgCl, for 1 h at room temperature and pH 7.0. After
centrifuging and filtration the protein content was precipitated at pH 2.0.
The sediment was settled, decanted, centrifuged and dried by lyophilization.

Membrane separation concentration of the alkaline extracts (T 6): The al-
kline protein extract was neutralized and centrifuged. The clear protein solu-
tion was applied to a flat-membrane apparatus of 0.1 m?® permeable surface
at a pressure of 10 bar. After washing the concentrate with water the pre-
viously centrifuged precipitate was re-added and the mixture was spray-dried.
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1.2. Method applied in industrial-scale edible protein isolation

In a tank of 2500 dm3 capacity fitted with blender 200 kg extracted
meal were mixed with 1800 dm?® of an 0.259, Na,SOj solution. The pH of
the mixture was set at 10.5 with about 10 dm? 409, NaOH and after 1 h
separated in a NOGS-325 type decanter at 2600 rpm. The by-product of
the procedure is a dense suspension and it was dried on an alfalfa drier. The
decanted liquid phase was filtered through a basket water-filter and was
pumped into a tank of 2500 dm? capacity and its pH was set with about 16 kg
concentrated HCI solution at 3.8.

The precipitated protein was separated on an Alfa-Laval separator. The
liquid phase was drained, while the dense phase was collected. The dense
phase was neutralized in a tank fitted with a blender with about 3 kg of
a 40% NaOH solution. The neutral suspension was then spray-dried. The
block scheme of the industrial process is shown in Fig. 1.

1.3. Method applied in the production of fodder protein on industrial scale

An amount of 1.6 tons of extracted sunflower seed meal of 399, protein
content was processed by the following method. In a tank fitted with mixer
and of 2000 dm?® capacity 1800 dm® of water was introduced. To this 5.0 kg
anhydrous sodium sulfite were added under mixing. Then 200 kg of extracted
sunflower meal were added and the pH was set exactly at 10.5 with about
11 dm3 of a 409, NaOH solution. After a 1-h extraction period the slurry

Water ——— | Extraction Contrifuns Wet by-product Drvi
Na,SO0; —— | pH 10.5 ; entrifuging | —> rying

NaOH solution T
Alkaline protein extract Fibrous by-product
l ) Acidic pre- ; .
Filtration M cipitation of Protein S::}t:;fuge
solution protein slurry :th g t
pH 3.8 with water
HCI solution l»
Protein suspensi
el S Acidic
i effluent
Protein main product < Drying

Fig. 1. Block scheme of the pilot plant production of sunflower seed protein for human
consumption
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Wat
o Extraction ifugi Wet by-product .
NaOH solution pH 10.5 —> | Centrifuging | ———————— | Drying
-_—

Alkaline protein extract

4
l Fibrous by-product
. : Clear . . Protein .
Filtration S Neutralization ==k Spray drying
HC1 solution .
e e——— Hydrolysis |—— : v
o Y Protein main
product
enzyme T

Fig. 2. Block scheme of the industrial production of sunflower seed protein for animal feed

was separated on a NOGS-325 type decanter. The alkaline extract was strained
into a mixing tank of 3 m?® capacity and its pH was set at 7.5 with a con-
centrated HCI solution.

Half of the neutral protein suspension thus obtained was dried directly
on a spray-drier. The other half of the suspension was hydrolyzed with enzyme
in the following way: the suspension was conducted into Fryma containers
of 2000 dm? capacity. To each container 1.8 kg Pronaz enzyme was added,
the temperature was raised to 40 °C. After 30 min hydrolysis the container
was heated to 80 °C and kept at this temperature for 15 min to inactivate the
enzyme. The liquid was spray-dried on an Anhydro equipment.

The residual sunflower seed meal as a by-product of decanting, was
dried on an alfalfa drier. The block scheme of the process is shown in Fig. 2.

1.4. Methods used in analysing the products of the various technologies

Determination of the solids content. Direct drying at 1054-2°C was
applied according to the pertinent HUNGARIAN STANDARD (1977).

Determination of protein. The method of Kjeldahl was used (LAszrITy,
1968) and a Kjel-Foss automatic analyzer.

Determination of the soluble solids. Five g of the air-dried sample were
extracted with a predetermined amount of distilled water for 1 h on a shak-
ing apparatus at room temperature. The amount of distilled water was cal-
culated to provide 200 cm? at 5 g solids content. After extraction the extract
was centrifuged and the liquid filtered. To the second extraction half of the
original volume of water was used. The centrifuged and filtered liquids were
united, measured and their solids content was determined.
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| Table 1
Comparison ‘o:f.th,e characteristics
" . N Production of the protein
Sign of Protein extract
::ech? ooy DL EXrerIan, from the extract
nology
mode efficiency (%) mode efficiency (%)
T1 Basic technology Alkaline
pH=10.5 4842 p pH=3.8 724-2
9 i
T2 Basic technology combined Alkaline E
with enzymic hydrolysis pH=10.56 4842 B pH=3.8 7242
(5]
]
~
T3 Direct enzymic extraction Enzymic 2‘
pH=17.6 5042 | 3 pH=3.1 6342
-~
<]
~
T4 | Basic technology and alcoholic Alkaline 2"
treatment pH=10.5 4842 = pH=3.8 7242
2
T35 | Extraction with MgCl, solution Salty
pH=17.0 4942 pH=2.0 6642
T 6 | Concentration of the alkaline Alkaline Membrane
extract by membrane separa- pH=10.5 484-2 separation 8645
tion technique pH=17.0

* without spraying and extraction loss
b percentage of meal protein

Table 2
Properties of the products obtained
g eiik%:ul?)fg . — Dry(;:s;tter Protei(lz/:;)‘ntent
Tl Basic technology 9543 894-2
T2 | Basic technology with enzymic hydrolysis 8943 6742
T3 Direct enzymic extraction of the meal 944-2 7043
T4 Basic technology with alcoholic treatment 974-2 914-2
TH Extraction of the meal with MgCl, solution 96+1 7841
6 Membrane separation concentration of the 9344 7245
alkaline extract

* percentage of solids
b percentage of protein content
¢ scatter below 19
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of laboratory technologies

Protein content | Protein content | motal loss during Protein obtained in
Protein in the main of the main of the production the main and in by-
Drying method product as percentage product by-product product
of protein in the meal
%
3343 844-4 3441 9 80P
g 3842 6042 3441 10 . 85b
3
-]
=
% 3343 664-3 3141 9 74>
=Y
-
3042 884-2 3441 11 77
3343 7541 2841 10 78P
Spray drying
4246 6745 3441 102 780

by laboratory technologies

STih e Protein soluble Sulfurous acid (C1-) content R
(%)* in water content expressed in NaCl R
(653 (%)* (%)® Brightness Wavelength

%) (mu)®

912 4420 0.06--0.02 1.3--0.2 76 379

8242 8042 0.30--0.01 3.94-0.6 66 582

4045 3741 0.34-4-0.01 5.2--0.3 22 578

844 2490 0.15--0.10 0.884+0.2 79 576

2941 61 0.044-0.01 13.54-0.6 81 578

7144 6745 0.42--0.05 2 68 579

4 deviation of measurements: + 6
¢ deviation of measurements: + 2
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Determination of the soluble protein. This process differs from the previous
one only in calculating the amount of water to 5 g protein (200 cm? per 5 g)
and the protein content of the combined extracts was determined.

Determination of the sodium chloride content. The potassium thiocyanate
method according to HUNGARIAN STANDARD (1972) was applied. Results give
the total chloride content expressed as sodium chloride.

Determination of the sulfurous acid content. The rapid iodometric method
in accordance with HUNGARIAN STANDARD (1972) was applied. The sulfurous
acid content is equal to the potassium iodide solution used up.

Measurement of colour. The colour co-ordinates were measured on a Lovi-
bond Tintometer. From these the wavelength, brightness factor and visual
density were calculated.

Determination of the in vitro digestibility. The enzymes: hydrochloric
acidic pepsin and pancreatin were used according to the method of BraD
(1967).

2. Results

2.1. Comparison of laboratory techniques

The characteristics of the protein isolating technologies are compared
in Table 1. In Table 2 the properties of the isolates as obtained by the differ-
ent technologies are shown.

In the course of the in vitro digestibility tests it became apparent that
the digestible raw protein content of the isolates, except that obtained by
membrane separation, did not differ significantly from their total protein
content. Thus, the protein content of the protein isolates may be completely
hydrolyzed with the enzymes pepsin and pancreatin. The protein content of
the isolate obtained by membrane separation technique is digestible to 91 £19

2.2. Results of industrial-scale processes

By processing 200 kg extracted sunflower seed meal of 43.89, protein
content, 48.5 kg isolate of 75.39, protein content was obtained. In the course
of the process 74.4 kg by-product of 25.59, protein content was obtained.
The properties of the protein isolate are summed up in Table 3.

The in vitro digestible protein content of the product is 82.34+0.19%.

2.3. Results of industrial-scale isolation processes of protein for animal feed

The properties of the products are contained in Table 3. In the course
of analyses it was established that no significant difference was found between
the in vitro digestible raw protein and the total protein content, therefore
the total raw protein content is digestible to 1009.
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Table 3
Properties of protein products obtained in industrial experiments
Solids content Protein content Soluble solids
Eroinos (%) (%) (%)*
Protein isolate for human consumption 93.7+0.8 75.34-0.6 67.21+0.1
Protein isolate free of fibre for animal 95.04-0.2 49.8-4-0.1 55.2+1.9
feed
Hydrolyzed protein for animal feed 93.84-0.6 49.0-45.1 64.44-5.1
Protein solubl Sulf id -
_— el LT T
(%P (%)°
Protein isolate for human consumption 67.8-4+0.1 0.1140.02 2.84-0.6
Protein isolate free of fibre for animal 57.24-3.0 0.994-0.02 7.84-0.7
feed
Hydrolyzed protein for animal feed 85.54-0.8 0.844-0.01 5.64-0.4

4 9/ of solids content

b o/ of total protein content
¢ calculated as SO,

4 calculated as NaCl

3. Conclusions

3.1. Comparison of laboratory technologies for producing protein isolates of dif-
ferent functions

Important differences in the efficiencies of the individual technologies
were not found, but losses were lowest in the membrane separation technique.
The efficiency of protein extraction was the highest with the direct enzymic
process. The protein recovery from the protein extracts was highest with the
membrane separation technology.

The most important factor in judging the technologies is the properties
of the product. The isolate of highest protein content was obtained from the
protein suspension produced by the basic technology and treated with ethyl
alcohol. With technologies utilizing enzymic hydrolysis the protein content
of the main product is lower. As regards solubility in water of the product,
differences were significant. The main product of highest solubility was
obtained by enzymic hydrolysis and membrane separation. The colour of
the products varied from light brown to white. The isolate obtained by ex-
traction with MgCl, had the lightest colour. The odour and flavour of the
products is pleasant and reminds one of salted sunflower seed and their di-
gestibility is satisfactory.
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3.2. Conclusions drawn from the experiences of industrial-scale production

The experiences hitherto gained prove that the extraction of sunflower
seed protein may be carried out on simple equipment economically. The two
crucial and at the same time mechanically most difficult points of the technol-
ogy are the separation of the protein suspension and the drying of the dense
protein slurry. The experiments have shown the Alfa-Laval BRPX 213-355
separator and the Anhydro spray drier to meet the requirements.

The utilization of sunflower seed meal as a raw material of vegetable
protein is important because it is available continuously in large quantities
as an industrial by-product and at the same time it is the only oil seed which
does not contain any unwholesome or toxic agent.

*
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The results of physicochemical experiments conducted over several years
with batch and continuous processes are described.

As an introduction the quality characteristics of wastewaters from the
dairy products industry are reviewed, and the conclusions of general validity are
presented in seven paragraphs.

Of the continuous experiments based on the batch results only those con-
sidered. representative are described, together with the equipment and method
used. The results obtained are analysed in detail mainly for their potential prac-
tical implications. In wastewater treatment practice three methods were found
practicable for destabilizing the lyophilic colloidal protein solution. The proteins
thus coagulated viz. the chemical precipitate obtained can be separated by flota-
tion and sedimentation. Operational parameters revealed flotation to be the
superior one of the two. The choice between the two processes is governed by the
method. of coagulation adopted, further by uses of the resulting sludge and by
the size of the plant. In general, phase separation by flotation in combination
with coagulation at the isoelectric point (with metal ion or LNS as the coagulant)
seems preferable at larger plants, whereas at minor plants lime precipitation
(accellerating the process by metal ions) followed by sedimentation appears ad-
visable.

Milk is one of the most important staple foods of man and this explains
the rapid development of the group of industries processing it. In Hungary,
steadily growing volumes have been handled by about 80 plants ranging in
capacity from 10 to 250 thousand litre per day, producing varying volumes
of wastes under a correspondingly wide spectrum of site and recipient condi-
tions. No uniform methods of treatment could thus be developed, explaining
to a certain extent also the fact that the wastes management problems are
still largely unresolved.

In Hungary, any wastewater to be acceptable for being discharged into
a recipient stream is required by law to meet to following criteria:

CcoD 50-150 mg 11
fats 2- 10 mg 11
suspended solids 100-500 mg 1—1

the actual values depending on the severity of pollution in a particular area.
In the case of public sewers, the corresponding limit values are 400, 60 and
75 mg per litre, resp., beyond which the plant producing the effluent is obliged
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to pay a pollution fine, or a progressively rising sewer rate (ORDER OF THE
CouNciL OF MINISTERS 1969 ; ORDER OF THE NATIONAL WATER AUTHORITY 1970;
ORDER OF THE COUNCIL OF MINISTERS 1975; ORDER OF THE COUNCIL OF MINIS-
TERS, 1978). ‘

Of the total volume of dairy wastes amounting to 8 million m® per day,
round 809%, (6.4 million m?® per day) are discharged into a communal sewer
system, while the remaining 20%, (1.6 million m® per day) into a recipient
stream. The heavy pollution caused in the public sewers lends priority to the
development of a technology by which the efficiency of primary treatment
can be improved substantially over the normal level. The importance of the
problem is underlined by the fact that very few sewer networks terminate
in a plant providing full biological treatment, and the existing plants are
often overloaded. Intensive pretreatment at the processing site is thus war-
ranted also in order to relieve the load on the public sewage treatment facil-
ities.

A research project was launched accordingly toexplore the basic phenom-
ena by detailed laboratory experiments based on the familiar principles
of physicochemical wastewater treatment, and starting from the results
obtained to develop by pilot plant experiments the technically—economically
most efficient design.

1. Wastewater parameters

The main parameters of the wastewaters to be treated are shown in
Table 1 indicating the extreme and — where available — the mean values as
well (Gou et al., 1978; SHABI, 1974; ToékO0sS, 1981; WARTBURTON et al., 1979)
As will be perceived from the tabulated data, the average concentration of
the wastewaters from the different types of processing plant is almost identical.
Presuming modern manufacturing methods, the wastewaters from cheese
making are slightly stronger, while those produced when making powdered
milk somewhat weaker than the normal dairy effluents. The relative pro-
portions of the water components are also virtually identical, the wastewaters
containing largely the same amounts of the pollutants that can be retained
on filter paper and which are thus mainly colloidal in character. It will be
concluded also that the composition of dairy wastes in Hungary does not
exceed the range of values mentioned in the international literature.

The majority of pollutants is present in colloidal form. The purpose of
physicochemical treatment is to neutralize the forces which tend to stabilize
the colloids and to separate the aggregates formed. In the wastewater, just
as in the milk proper, several disperse systems are present simultaneously,
which interact with each other. As regards wastewater technology, the two
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main systems of interest are the complex system of protein colloids and the
fat emulsions. These latter are stabilized by the proteins. This is why the fats
can be separated, once the proteins are separated (LAszTiTY, 1968; WOLFRAM,
1977).

2. Review of the literature

Chemical treatment of dairy wastes has found no widespread applica-
tion, since the bulk of the polluting substances is present in dissolved form,
so that but moderate removal rates could be attained. Moreover, the natural
colloid solutions are difficult to break down, the wastes are not detrimental
to sewers, and consequently the sewer rates, or pollution fines were up to
recent times less costly than the construction of expensive treatment facilities.
From the sparse literature on the subject it is inferred that iron or aluminium
salts applied alone, or in combination proved here again most effective,
occasionally supplemented by the addition of some flocculant. Adjustment
to the proper pH is evidently essential. Chemical treatment is normally fol-
lowed by air- or electroflotation. Sporadic attempts using electrocoagulation
have been reported on. In laboratory experiments an aluminium anode was
used following coagulation with iron(III) chloride (50-100 mg 1~') and sedi-
mentation. This treatment resulted in COD, BOD; and fat removal rates
of 78, 84 and 959%,, respectively (To6xos, 1978).

With reference to existing facilities, the manufacturers of treatment
equipment claim reductions of 70-85%, in BOD;, 90-959, in fats and 80-
859%, in suspended solids, further complete protein removal. The main unit
operations of the treatment process realized in one of the dairies in Hungary
according to a licence by ICI (England) are as follows: neutralization (hydro-
chloric acid and hydrated lime), addition of aluminium sulphate (120 mg 1~ 1)
and lime (40 mg 1) and finally electroflotation. Direct current (D. C.) of
38V voltage is used for the electrolysis of water. The cathode is stainless steel,
while the anode is made of titanium coated with lead dioxide. The service life
of the electrode grid is one year on the average.

Another method accomplishes two objectives, namely recovery of valu-
able substances coupled with a substantial reduction of concentration, evident-
ly by a considerably more complicated process. In the first stage the proteins
are precipitated with digestible organic sulphate esthers, such as glucose tri-
sulphate. The precipitate and other insoluble substances are separated by
flotation or sedimentation. In the second stage, the dissolved phase is passed
through a cation exchanger, where the amino acids, polypeptides are recovered.
Hereafter the carbohydrates are removed from the effluent by anion exchange
(JPRGENSEN, 1970; MATOV, 1967; SHERMAN, 1979; SorLymos, 1978; STROM,
1971).
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Table 1
The qualaty
COD BOD, Fats (solvent extract)
(& 17 (g 171 (CRa)
s s : : 0.9-3.2 0.6-2.56 0.3-0.7
Dairies catering for the population 94 16 S T
oh PR 1.4-5.0 0.7-3.3 0.2-0.7
eese manufacturing 37 5T &7 =
. . 0.7-2.8 0.6-2.1 0.15-0.36
Powdered milk manufacturing 53 T3 ——
0.4-6.0
, Mixed products 0.5-6.6 S

(Summary of data published in the literature)

Although not related directly to the subject under consideration, it
should be noted that the dairies are often interested in the removal of fats
only. This is why flotation is anticipated to play a relatively important role
in this group of the food industry. The correctness of this assumption is re-
flected by the growing number of methods registered with the patent office
(FENYVES, 1978).

The methods described in the foregoing are expensive.

3. Experiments

3.1. Laboratory experiments. The primary aim of the laboratory experi-
ments was to study the chemical parameters of flocculation. The main param-
eters controlling the process dre the type(s) of chemical, the necessary feed
rate, the optimal pH of the medium and the length of the reaction period.

These experiments were performed in jars of 1 1 volume. The contents
(raw wastewater -+ precipitant) were stirred first for 1 min at 84 rpm., sub-
sequently for 5 to 10 minutes at the reduced rate of 60 rpm. Stirring was
followed by a settling period of 30 to 60 minutes.

The wastewater used in these experiments was obtained from a dairy
catering for the population of the capital.

The efficiency of treatment was determined by chemical analyses per-
formed according to the specifications detailed in COMECON Standard
Methods of Water Analysis (VizGAzDALKODASI KuraTé INTEZET, 1975).

3.1.1. Results of laboratory experiments. The chemicals listed in Table 2
were used alone, or in different combinations at different feed rates in the
laboratory experiments. Each alternative was tested on the same wastewater
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of dairy effluents
: Total Total i Sedimented solids in Imhoff
N by K’(‘:’}‘l’il) mgtliod %;‘}tf?;’ iy meadibi - pH jar in 60’
&1 &1 (em*1-1)
0.015-0.06 0.3-0.7 1.1-2.7 0.4-1.7 6.8-7.0 B
0.04 0.4 2.2 1.3 6.9
0.01-0.05 0.3-1.0 4-8 9.9
0.04 0.63 6.3 &
0.01-0.05 0.2-0.565 N -
0.025 0.36 a -
0.02-0.08

sample by 5 experiments, the results of which agreed to within 45 per cent
under identical conditions. The mean value of these data is mentioned here-
after as a single result.

The main coagulants (iron and aluminium) proved successful, especially
in combination with hydrated lime. The precipitates obtained with iron salts
were of superior stability, but higher amounts of iron lent colour to the efflu-
ent.

It is known from the literature on the treatment of surface water and
domestic sewage that at very high colloid contents the ranges of flocculation
and coagulation coincide (Stumm, 1977). For the food industry in general
a coagulant feed rate of round 60 mg 1-! is mentioned as the value where
coagulation begins. Rapid coagulation occurs at feed rates from 100 to
600 mg 11, while the optimal range is between 200 and 400 mg 1~! (ANDER-
SON, 1971). Since no details have been published, we have determined the
lowest feed rates for aluminium and iron salts as coagulants at which poly-
hydroxide compounds develop >d in the optimal pH range corresponding to
the isoelectric point,aswell as in the case of precipitation with lime at pH = 11.
In this latter case the efficiency was improved by adding a metal ion. The
range of chemical concentrations indicated may be regarded optimal, since
although higher feed rates result in higher removal rates, the improvement
18 in no proportion with the additional expenditure. To attain a pH of 10-11,
the feed rate of Ca(OH), must be from 0.5 to 1.0 g 1-1. The experiments were
made with wastewater having a concentration (strength) normally encountered
in this branch of industry. The results showed a 60-70%, reduction in COD
after 60 minutes settling in the beaker. The general trend of the relationship
between chemical feed rate and COD removal is illustrated in Fig. 1.
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Table 2

Chemicals tested in the experiments

Primary coagulants Polyelectrolytes \ Bentonites

Al,(SO,); - 18H,0 PEI Yugoslavian No. 1

FeCl; - 6H,0 PAA | Yugoslavian No. 2
FeSO, - TH,0 D444 K | Istenmezé activated with
P 411 K } sodium carbonate
P 2935/a | Istenmezé with 259, sodium
P 2830/74 \ carbonate
P 423 K | Mdd bentonite
Floconit | Istenmezé, activated 290
Sedipur A Wine clarifier
Sedipur T-1 Kaoline
Sedipur TF-5
Sedosan

Perfectamyl A-5114/2
Perfectamyl A-5114/3
Perfectamyl A-5114/4
Starch ether

Separan N-10
Praestol 444/K

Others: Ca(OH), as single precipitant and for pH adjustment
L-Sulphonic acid (for protein precipitation)
Herkoflock (for sludge concentration)
for pH adjustment: H,SO,, NaOH and Ca(OH),

The flocculating effect of the different anion and cation active poly-
electrolytes was studied in special detail, but the experiments, in which the
flocculants were used alone produced negative results. The polyelectrolyte
Praestol 444/K was the only one showing promising effects. After charge
reversal with the main coagulant, results similar to those mentioned in the
foregoing were obtained. Bentonites could not be used alone, either.

After the foregoing general review and evaluation, the results con-
sidered typical and used subsequently will be presented in detail.

The experimental results have been plotted in Fig. 2, demonstrating
the correctness of the chemical feed rates indicated as optimal in Fig. 1. The
experimental results were on the average identical at both pH values, as
regards treatment efficiency and precipitated COD alike. Nevertheless, it may
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be concluded that the results obtained at basic, higher pH values were more
consistent. In the acidic range, at lower pH values the treatment efficiency
obtained with both iron chloride and aluminium sulphate varied by 20 to
25%,, while the COD of the raw wastewater ranged from 800 to 4800 mg 1~ 1.
At higher pH values the variation in efficiency was 12 to 159%,, while the
strength of the raw wastewater varied between 1800 and 4 800 mg 1-'. When
using calcium as the precipitating agent, the addition of a metal ion is essential
for improving the settling properties of the precipitate and thus the quality
of the effluent. The feed rate is higher than in the case of precipitation in the
acidic range at the isoelectric point. It should be noted here that the pH range
from 10 to 11 is not positively superior, since similarly good results have been
obtained at a pH of 7 and 8 as well (Fig. 2).

The polyelectrolytes used in combination with the basic coagulants alu-
minium and lime were PEI (0.32mg 1-1),PAA (0.05 mg 171),P 444 (3.2mgl 1),
P411 K (9-10 mg 1-1), P 2935 A (0.68 mg 1-1), P 2830/74 (0.6 mg 1Y),
P423 K (4 mg 1), Floconit (2 mg 171), Sedipur A (3 mg 1-1!) and Herkoflock
(2 mg 1~1). The concentrations indicated were found to produce optimum
results. In the case of some polyelectrolytes higher feed rates failed to
improve the settling behaviour of the flocs. The improvement in removal
rate over that attained in the reference experiment was no more than 10
to 159%,.

In combination with aluminium as the primary coagulant we conducted
experiments with the product Deriton (40 mg 1-1) used normally for clarify-
ing wine, Yugoslavian bentonite No. 2 (10 mg 171), Istenmez8 bentonite acti-
vated with 259, sodium carbonate (80 mg 1~!), Yugoslavian bentonite No. 1

Bl = pH=5.3
Dairy industry NEEn - Al,(S0,);18H,0
e 5'3}F Cl;6H,0
1200‘ \ "‘DH:” eLizoh,
": 10001 &
2 =
= g
8 800 - 3 s
o 8
600 1 :
=
4004
200

0 T T T T T T
0 100 200 300 400 500 600mgl”
Fig. 1. The chemical feed rate vs. COD removal relationship (dairy industry)
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Fig. 2. Results of experiments with dairy wastewater

(60 mg 1-1) and Istenmezd sodium carbonate bentonite (160 mg 171) and all
produced satisfactory results. The two latter proved especially effective, reduc-
ing the COD by 80-85%,. The settling behaviour of the precipitate could be
improved effectively by adding small amounts of the polyelectrolyte Herko-
flock.

The improvement obtained with flocculation promoting additives over
the treatment using aluminium, or iron + calcium hydrate is thus insufficient
to warrant the increased cost.

Sodium lignine sulphonate of high molecular weight is effective in pre-
cipitating the proteins around the isoelectric point only. In the medium main-
tained accurately at this pH value, intensive flocculation was observable, but
the small flocs formed were impossible to separate by sedimentation. The
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commercial grade sulphite liquor was highly contaminated with carbohydrates.
This is the reason why at feed rates higher than 300 mg 1~ the reduction
of proteins and fat content was not accompanied by a substantial reduction
of the COD.

The quality of the treated effluent fluctuated between wide limits and
the moderate treatment efficiency was considered unsatisfactory. The COD
of the raw wastewater ranged from 880 to 4800 mg 1~!, while that of the
treated effluent from 300 to 2300 mg 1-1.

The experimental results obtained with the combination of chemicals
producing the highest COD removal efficiency were plotted graphically (Fig. 3)
and assuming the relationship to be a linear one, the regression equations were
determined. The lower and upper validity limits of the equation were specified.
Hereafter we have calculated also the correlation coefficient for each regres-
sion equation. The correlation will be seen to be a very close one. In this way
we have succeeded in verifying the correctness of linear regression, further
the close correlation between the COD of the raw wastewater and the amount
of COD removed from the treated effluent (Fig. 3).

The experiments made with wastewaters from a cheese factory yielded
very poor results. The combinations of chemicals found most effective were
as follows: aluminium sulphate -+ lime, or sodium hydroxide together with

Validity range Equation of regression curve
mgl' COD Correlation coefficient (r)
Y A1,(50,);, 200-400mg r',pH=10-11
1800mg 1" =X =5000mg(~ Y=-260+0.836X
40007 . s i r=0.997
==~ FeCly, 200-400mg,pH=10-11 =0.
1800mg 1! X S 5000 mg !
— == Al,(SO; )5, 200mg,pH=5.3-5.5
= . 800mg ' SX =5000mg 1!
o Y=550+0.479X
g€ 30001 —..— sulphite liquor, 200mgt™!,pH=3.5 ~ =099
o 800mg "' X £5000mg 1! /,; s
= +
SN IR FeCly, 200mg 1!, pH=5.2-5.3 - 08
g 800mg ' <X =5000mg 1! - - .-‘(.-"‘?
: O
w 2
@ 2000 P Y=308+ 0.43X
a ot r=0.972
8 i
~ L Y=199+0.45X
=" =
/?/ r=0.963
1 000 - _/__,’,\*" )
/,.::/
P
0 T T T T T X
0 1000 2 000 3000 4000 5000

RAW WASTEWATER COD(mg lt‘)
Fig. 3. Linear regression equations for dairy wastewaters
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P 44 K (3.2 mg 1 ') and Herkoflock (0.2 mg 17!) produced a COD removal
of 459, while Istenmezs activated — 290 — bentonite (80 mg 1-!) + Herko-
flock (0.2 mg 1-1) removed 559, of the initial COD. (For the sake of clarity
and to facilitate applications in practice the measurement data plotting on
the regression lines have been omitted. It is proposed to deal with these
separately within the more theoretical comparative treatise on the effluents
from the poultry- and meat industries.)

3.1.2. Conclusions from the laboratory experiments. Having analysed the
results of the laboratory experiments, the following conclusions have been
arrived at:

1. The efficiency of the coagulation—flocculation process is hardly affect-
ed by the choice between media with acidic, or basic pH values. It should be
noted, however, that the results obtained in basic media, i.e., in the range of
higher pH values, are slightly better and at the same time more consistent.
Thus it will be appreciated that the pH has a dominant effect on the physical
properties of the flocs, since it influences their formation and aggregation,
further their size, stability and settling behaviour.

2. The optimal chemical feed rate was found to be specific for the type
(composition) of the wastewater to be treated, but to remain unchanged
between wide limits (500-6009,) of raw water strength. In other words, when
using a particular coagulant at a constant feed rate, the treatment efficiency
is hardly influenced by the strength of the raw wastewater.

Highest COD removal rates can be attained with several combinations
of chemicals.

3. The amount of pollutants removed was found to increase in linear
proportion with the strength of the wastewater treated. In other words,
a relatively constant treatment efficiency can be expected. Evidently, the
same close correlation exists between the raw wastewater and the treated
effluent as well.

4. At the optimal attainable removal efficiency, aluminium sulphate and
iron chloride coagulants are suited to most widespread use.

5. The bentonites and most polyelectrolytes are alone ineffective for
precipitating the colloidal proteins. The polyelectrolyte Praestol 444/K was
alone found to produce satisfactory results.

6. Owing to its carbohydrate content, sulphonic acid performed slightly
poorer than expected. The precipitate formed was highly unstable and im-
possible to remove by sedimentation.

7. The foregoing conclusions may be regarded to be of general validity.
The experiments with wastewaters from the poultry and meat industry yielded
similar results. Examined together with the results on dairy wastes it is of
interest to note that major fluctuations in treatment efficiency (COD removal)
are due mainly to differences in the type (composition) of the wastewater,
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Fig. 4. Flow diagram of flotation treatment

rather than to the strength thereof, or to the choice of chemical found success-
ful, or of the pH.

3.2. Pilot-plant experiments. The immediate objective of the pilot-plant
experiments was to substantiate the results obtained at laboratory scale and
to find the most effective method of separating the precipitate from water. The
experiments were controlled by the results of chemical analyses performed im-
mediately on the site.

After lengthy experimental measurements and several modifications of
the design, two models were developed eventually. The flow diagram of flota-
tion treatment is shown in Fig. 4.

The main data of the flotation cell are as follows:

Net volume: 23  litres
Effective flotation surface: 7.08 dm?2
Side length (without diffuser extension,

or bottom): 0.3 m

The continuously arriving material was rapidly mixed for 1.5 to 8 min-
utes over the upper section of the flocculator, with inflow rates varying from
20 to 100 litres per hour. The stirrer speed found optimal for this purpose was
found to be 150 rpm. The time available for the formation of flocs in the
lower section ranged from 7 to 35 minutes.

The operating parameters were not adjusted to variations in wastewater
strength. The specific operating parameters, together with the hydraulic load
rates, have been compiled in Table 3.

Owing to conditions particular to this experiment tap water was saturat-
ed with air in the saturation tank, instead of the effluent commonly used in
industrial practice. Consequently, the effluent characteristics to be mentioned

Acta Alimentaria 12, 1983



174 TOOKOS: WASTEWATER TREATMENT

Table 3
Specific operating parameters and hydraulic load rates
Flotation water Sewage inflow (1h=7)
n-1
20 | 40 | e 8 | 100
Recirculation ratio 10 33 20 14.3 11 9.1
20 50 33 25.0 20 16.7
| S
Retention time 10 0.77 0.46 0.33 | 0.29 0.21
(hours) 20 0.57 0.38 0.29 0.23 0.19
Hydraulic loading rate 10 0.42 0.71 0.99 1.27 1.55
(m3m~%2h"1) 20 0.56 0.85 1.13 1.41 1.69
Table 4
Correction factors to parameters and load rates
Sewage inflow (1 h—1) 0 20 40 60 80 100
Flotation water (1 h—1) 10 1.5 1.24 L1% 1.12 1.1
Flotation water (1 h—1) 20 2.0 1.50 1.33 1.26 1.2

subsequently must be converted to actual cases using the correction factors
given in Table 4.

The relationship between the hydraulic data of the flotation device and
the suspended solids content of the inflow are expressed in terms of the ratios
A/S (air: suspended solids), giving at the same time a fair picture about the
unit operating costs of flotation. Using flotation water of checked saturation
and a pressure maintained constant at 4.5 4-0.5 bars during the experiments,
the dissolved air content was found to be 1.26 g 1~'. The A/S ratios made
dimensionless by using identical mass units were obtained using this figure
and were entered into the tables to be mentioned later.

During the experiments the equipment was regarded to start operating
under steady conditions, reached in a time after starting up twice as long as
the retention times given in Table 3.

The flow diagram of sedimentation treatment is shown in Fig. 5.

The main data of the sedimentation equipment are as follows:

volume of the conical part: 10 litres,
volume of the cylindrical part: 17 litres.
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Fig. 5. Flow diagram of sedimentation treatment

Mixing tank
(pH adjustment)

Hydraulic retention time calculated for the conical part: 2 hours, at
a wastewater flow of 5 1 h—! adopted as the design discharge. Under these
conditions the surface loading rate is 0.059 m® m~2 h—'. The circular pipe
draining the effluent has been adjusted to the net volume of the sedimentation
tank of v = 12 litres.

The main hydraulic parameters of the sedimentation tank in operation
are shown in Table 5.

In order to maintain the pH accurately at the desired value, automatic
pH control devices were installed into both (flotation and sedimentation)
equipments. The transducer was mounted in the central part of the flocculator.

3.2.1. Results of the pilot-plant experiments. A representative sample of
the experimental results obtained will only be presented here, together with
the related flotation and sedimentation characteristics.

The wastewater used originated from the same plant as in the case of
the laboratory experiments.

Parallel to the continuous plant experiments of extremely high water
demand, the separation behaviour of the precipitate was investigated at
reduced scale. Susceptibility to flotation treatment was found to be highest
if the particles carried a positive electrokinetic charge of specific magnitude.

Table &

Hydraulic characteristics of the clarifier equipment

l
Inflow (1 h—1) ‘ 6.8 13.2
Retention time (h) | L8 0.92
Surface loading rate (m® m=2 h—1) 0.08 0.15656
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Table 6
Treatment of dairy
4 Feed rat Sin Treatment COD Sin
(hpmical utec (mg1) | (mgl-1) om (mg1™) | (mgi-Y

Flotation without treatment — 153 8.8 2050 153
FeSO, - TH,0 200 153 9.9-10.1 2050 648
400 153 9.7- 9.9 2050 750

500 1563 10.2-10.4 2050 820

600 153 9.8-10 2050 815

LNS 100 120 3.2- 3.3 2120 421
250 120 3.0- 3.2 2120 576

350 120 3.2- 3.3 2120 5256

AL,(S0,), - 18H,0 200 153 9.9-10 2110 670
300 170 5.5 2200 660

400 153 9.8-10.1 2110 750

600 1563 9.7-10 2110 750

800 153 9.8-10.2 2110 920

FeCl, - 6H,0 200 130 9.7-10 1950 645
300 130 9.8-10.1 1950 710

300 170 5.2 2200 760

400 130 9.7- 9.9 1950 730

Praestol 10 165 4.2 1786 2756

Symbols: see Table 7

The hydrogen ion concentration, which influences the magnitude of the zeta-
potential, is thus a factor that can be optimized. The optimum pH was ob-
tained for aluminium, iron(IIT) and Praestol 444/K as 5.0-5.5, 4.8-5.5 and
4.2, respectively. The settling behaviour of the precipitate is, evidently, much
poorer at these pH values than in the range of higher hydrogen ion con-
centrations.

In the flotation treatment experiments summarized in Table 6, the rate
of flotation water flow was invariably constant at 10 1 h—'. The wastewater
inflow is characterized by the following data: flotation without chemical
additive, treatment with L-sulphonic acid, addition of Al(IIT) and Fe(III):
40 1h™', treatment with Fe(II): at 20 and 40 1 h—!. Surprisingly good fat
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wastes by flotation

e - s Dried ) ’
e A Geniid | gl | wels | tmeih 51(‘2/%9 o
165 0.21 | 0.09 l 920 22 17 T 55
| : |
1
165 ! 0.10 0.18 | 1220 245 21 e 40
165 0.04 0.42 930 16 17 8.3 55
165 0.04 = 440 120 = 7.2 78
165 0.04 0.46 480 38 13 - 77
225 0.075 0.24 980 11 s ‘ e 54
225 0.055 0.32 1040 12 A 51
225 0.060 0.30 1080 13 | O B 49
\ | -

235 0.047 0.38 630 28 s - 70

= 0.0378 0.466 760 27 = 7.1 65
235 0.042 0.42 580 39 — 4.0 73
235 0.042 0.42 580 39 s 4.0 73
235 0.034 0.52 440 86 — 4.1 79
193 0.049 0.36 485 113 & 5.1 75
193 0.044 0.40 445 75 = . 77

- 0.0328 0.536 720 30 = 6.2 67
193 0.043 0.41 420 90 13 5.4 78

= 0.0908 0.193 620 5 = 7.2 65

removal figures were obtained (89%,) by flotation treatment without any
chemical additive (COD removal: 559,). These experiments were performed
with the objective of obtaining a better understanding of the phenomena, so
that the results may be regarded as promising only. Flotation treatment in
combination with some chemical is likely to remove 70 to 759, of the COD,
except for L-sulphonic acid, where the COD removal rate was 50 to 609,.
As in the case of the laboratory experiments higher aluminium and iron feed
rates were necessary in the basic pH range (lime treatment), but the results
were more consistent, better and the precipitate was more stable.

The experiments with sedimentation treatment were performed with
substantially the same wastewater loading rates. In the experiments sum-
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Table 7
Treatment of dairy
: Feed rate Sin Treatment COD, Sin
Ohemioal wed (@g1-) (mg 1-7) (pH) (mg 17 (mg1-7)
FeCl, - 6H,0 150 182 6.7 1650 520
200 165 9.8-9.9 2260 911
300 182 7.2 1650 575
300 182 74 | 1650 5756
400 165 9.8-9.9 2260 1060
FeSO, - TH,O 600 165 9.7 2260 1110
1
Al,(S0,), - 18H,0 ‘ 300 182 7.2 1650 421
300 182 71 1650 400
800 165 10.1 2260 885

Symbols used in Tables 6 and 7:

Sin = 8 nded solids in the raw waste
COD;, = COD of the raw waste
- = Suspended solids in sample taken from the bottom tap of the flocculator
Faty, = Fat content (solvent extract) from the raw waste
A8 = Ratio of air to suspended solids (S;,)
CODgyt = COD of effluent
et = Suspended solids in effluent
Fates = Fat content (solvent extract) of the effluent

Loading rate = Amount of suspended solids kilogrammes per 1 m? surface and per hour

marized in Table 7 the wastewater inflow rate was varied from 6.8 to 32.51h1.
At these flow rates and with the wastewater quality parameters indicated
in the Table, the results of treatment were comparable to those obtained by
flotation treatment.

3.2.2. Conclusions from the pilot plant experiments. Among the food in-
dustry wastewaters those produced at dairies represent a typical group. The
main pollutants are present in emulsified and colloidal forms. The effec-
tiveness of physicochemical treatment depends primarily on the success at
which the proteins stabilizing also the fat emulsion can be precipitated. The
lyophilic colloidal solutions of the proteins can be destabilized in several
different ways, but in wastewater treatment only those tested by us are of
practical interest. These can be classified into three main groups:

1. Flocculation around the isoelectric point of the proteins (e.g. pre-
cipitation with sulphonic acid).

2. Coagulation with the conventional primary coagulants [ A1, FeTD
Fe™], in the optimal pH range for the formation of polyhydroxide compounds
(sweep coagulation).
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wastes by sedimentation

Fatjn Loading rate CODegg¢ Sett Fategs Dried sludge COD removal
(mg1-1) (kg m=*h-1) (mg1-1) (mg1-1) (mg1-7) (%) (%)
— 0.143 500 10 - 1.9 69
248 0.149 390 95 18 — 81
— 0.161 445 22 - 1.9 73
— 0.229 405 9 — - 75
248 0.089 270 22 5 1.6 88
248 0.094 450 24 13 1.8 80
. 0112 | 360 5 - 2.3 78
— 0.154 420 26 — 2.0 74
248 0.072 530 29 15 1.0 76

3. Precipitation with lime, at pH above 10.

Precipitation with lime does not guarantee alone the coagulation of
caseine. For this reason the primary coagulant must be added not only in
order to separate the precipitate, but because the denaturation of the proteins
is substantially accomplished in this stage. The effectiveness of coagulation—
flocculation, as well as the value of the operational parameters depend strongly
on the pH. This can be traced back to the electrokinetic charge carried by the
submicroscopic and microscopic particles. The fundamental prerequisite of
coagulation—flocculation at the isoelectric point is to create within the protein
structure the amino acid form which is neutral towards its surroundings.
In the case of dairy wastes this takes place in the 4.3—4.7 pH range.

Lignine sulphonic acid acts on the one hand as precipitant, on the other
as polyelectrolyte. In performance it was in no way superior to Praestol
444/K.

Although for reasons of economy no additive was used to accelerate
settling, it should be noted that the addition of polyelectrolytes in small
quantities is warranted by the fact that the floes precipitating at the pH
corresponding to the isoelectric point are very small and highly dispersive.
These properties make them difficult to separate. The optimal pH level is
determined by the anionic, kationic, or neutral character of the polyelectrolyte
applied. When using a flocculant carrying a negative charge, the charge on
the protein must be reversed slightly (from negative to positive) by the proper
adjustment of the pH. In the case of lignine sulphonic acid this means that
the pH must be lowered by about 1 unit below the pH corresponding to the
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isoelectric point. The extent of lowering depends slightly on the concentration
of the lignine sulphonic acid as well. E.g. when using L-sulphonic acid at the
feed rate of 100 mg 1! the optimal pH is 3.8, whereas at 200 mg 1! it is 3.2.

“Sweep coagulation” which forms the second group of methods is affect-
ed by the electrokinetic potential mainly through the separation susceptibility
of the precipitate, as well as through the important physicochemical in-
fluences.

The flotating micro-bubbles enter into the closest contact with the
precipitate to be separated if the coagulate carries a weak positive charge.
The optimal pH of flotation is between about 5.4 and 5.6 for both aluminium
and iron hydroxide. This agrees well with the familiar zeta-potential rela-
tionship described in the literature (GruTscH & MarraTT, 1976). At this pH
separation by precipitation—sedimentation is substantially more difficult, since
the precipitate tends to rise to the surface. Settling behaviour is improved by
raising the pH.

Confirming the results of the laboratory experiments, the pilotplant
experiments with continuous flow have also demonstrated that the highest
COD removal efficiency can be attained by several different combinations
of chemicals and that the chemical concentrations vs. efficiency function
resembles a saturation curve. (Owing to secondary contaminations the L-sul-
phonic acid is an exception to this.) The correlation between optimal hydro-
gen ion concentration, optimal chemical concentration and treatment effici-
ency — which controls the effectiveness of coagulants — is shown in Table 8.

Transferring the data of Table 8 to local conditions it is concluded from
our experimental data that for treating more highly concentrated, stronger
wastewaters lime precipitation, while for developing a technology aimed at
the recovery of protein feed, some kind of flocculation at the isoelectric point
is the potential solution.

Table 8

Correlation between treatment efficiency and chemical feed rate
for dairy wastewaiers

Chemical pH o ‘ Eﬁz%’:;‘ i

- - - (mg{“) D
L-Sulphonic acid 3.4-3.6 150-200 60-65
Praestol 444K 4.5 8- 10 62-65
FeCl, - 6H,0 5.2-5.4 200-250 63-65
10-11 250-350 75-78
Al,(SO,), - 18H,0 5.2-5.6 200-250 62-77
10-11 400-500 72-73
FeS0, - TH,0 RS 400-500 60-70

|
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3.3. Operational assessment of coagulate separation

Concerning precipitate separation the methods examined can be classi-
fied into two categories:

1. The main mass of the precipitate is formed by the coagulated—floc-
culated pollutants.

2. Besides the coagulants the precipitate contains important amounts
of foreign matter which strongly affect the separation properties. These in-
clude Al(OH);, Fe(OH)j, lime. The first group comprises the methods, which
are based on coagulation at the isoelectric point. The aggregates formed in
this process contain proteins and fats which have specific gravities lower than
water. In the majority of cases these can be separated by flotation alone.
The precipitates formed in “sweep coagulation” and lime precipitation belong
to the second group, since these contain substantial amounts of coagulant and
can, therefore, be separated besides flotation by sedimentation as well.

By comparing the operational parameters of continuous air-bubble flota-
tion and the Graever clarifier, the following conclusions may be arrived at:

— There is a significant difference between the retention times needed
to attain the same suspended matter concentration in the effluents from the
two facilities. Consequent therefrom, the loading rate of flotation may be
higher, normally up to five time as high as of the clarifier.

— Under identical coagulation conditions, the quality of the effluents
from both kinds of treatment unit is also identical.

— Flotation is substantially more stable in operation.

The flotation susceptibility of precipitates formed during the different
coagulation processes is described by the ratio of flotation air to the sludge
formed, i.e., by the A/S ratio. In terms of this ratio we have found that the
hydroxide precipitate obtained with aluminium sulphate and iron(III) chloride
(in the 2.5-5.4 pH range) floats most readily and that this process is the most
stable one. Adopting 30 mg 1=! as the still acceptable concentration of sus-

Table 9
Flotation behaviour of the precipitates from dairy wastewaters
Coagulant PH A/S (Ig)ga;d&x:% lx;;itle)
FeCl, - 6H,0 5.2—- 5.4 0.0218 0.80
LNS 3.2- 3.6 0.030 0.6
AL (S0,), - 18H,0 10-10.2 0.031 0.54
Praestol 444/K 4.5— 5.2 0.06 0.30
FeSO, 10-10.1 0.05 0.37
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pended solids in the effluent, the A/S ratios for precipitates resulting with
different coagulants have been compiled in Table 9.

It should be noted that very good settling efficiencies have been attained
in the Graever clarifier at retention times as low as 20-30 minutes. Their
inclusion into the treatment process appears to be preferable to the horizontal,
or vertical flow clarifiers normally applied.

When comparing clarification and flotation, substantial differences were
experienced in the dry residue of the sludge formed. With proper sludge
removal the lowest concentration observed was 59,, but values as high as
12 and even 159, were also measured.

In contrast to these figures, the dry substance in the sludge from clari-
fiers was 1 to 39, only. The comparison of these operational parameters of
air-bubble flotation and the Graever clarifier indicates thus positively the
superiority of the flotation equipment.

The choice between the proper method of precipitate separation should
also be governed by the consideration that the recovery of the valuable protein
and fat pollutants precipitated from the wastewater, makes them suited
— after proper stabilization — to reduce the costs of the process, which is im-
possible in the case of the conventional treatment methods. Beneficial use
of the sludge formed is possible with the coagulation processes at the iso-
electric point alone, since these products contain no substances which would
be harmful in animal feed. In such cases the precipitate can be separated
by flotation only. Owing however, to the high costs of installation and to the
complicated technology involved, these methods can be suggested for treating
larger wastewater volumes only, where the by-products can be p -ocessed
further without undue difficulty.

At minor plants the method based on lime precipitation appears to be
practicable for wastewater treatment. The large volume of useless sludge is
undesirable, but this is offset by the fact that owing to the high hydroxide-
ion concentration the effluent is of better bacterial quality. Moreover, the
process is more simple and safe to control.

4. Conclusions

The results of physicochemical experiments conducted with batch and
continuous processes over several years are described.

As an introduction the quality characteristics of wastewaters from the
dairy industry are reviewed, and the major results published in the literature
on the subject are summarized.

Following the presentation of the results of batch-type bottle experi-
ments, the conclusions of presumably general validity are presented in seven
paragraphs.
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Of the continuous experiments based on the batch results only those
considered representative are described, together with the equipment and
method used. The results obtained are analysed in detail mainly for their
potential practical implications. In wastewater treatment practice three
methods were found practicable for destabilizing the lyopihlic colloidal
protein solutions. The protein thus coagulated, viz., the chemical precipitate
obtained can be separated by flotation and sedimentation. The operational
parameters revealed flotation to be superior of the two. The choice between
the two methods is governed by the method of coagulation adopted, further
by uses of the sludge resulting and the size of the plant. Phase separation
by flotation in combination with coagulation at the isoelectric point (with
LNS, or metal ion as the coagulant) seems preferable generally at larger
plants, whereas at minor plants lime precipitation (accelerating the process
by metal ions) followed by sedimentation appears advisable.

Literature

AxDERSON, F. (1971): A physico-biological treatment system for food industry waste-
-waters. Environ. Pollut. Manage., 1, 56—60.

FexvyvEs, J. (1978): Tejipari szennyvizek zsirtalanitdsénak kisérletei wj rendszerii le-
vélaszté berendezéssel. (Experiments on removing fat from dairy wastewa ers
by a new separator system.) Bdnyaterv Kozl., (67-68), 11-17.

Gou, P. H. M., FowLIg, P. J. & Jank, B. E. (1978): Activated sludge treatment of
wastewaters from dairy products industry. EPA-600/2-78-188. pp. 178-202.

GrutscH, J. F. & Marrarr, R. C. (1976): Optimize the effluent system. — Part III.
Electrochemistry of destabilization. Hydrocarbon Process., 55, 221-230.

JorRGENSEN, E. S. (1970): New process for purification of wastewater from food industry.
International Congress on Industrial Wastewaters. Stockholm.

LAszriry, R. (1968): Elelmiszeriparok. (Food industries). Tankényvkiadd, Budapest.

MaTov, B. M. (1967): Ob izpolzovanii elektrolizacii pri koagaljacii i flotacii. (On electrol-
ysis treatment by coagulation and flotation). Izv. vyssh. ucheb. Zaved. Pishch.
Tekhnol., 2, 84-86.

OrDER of the Councin of MINISTERS (1969): A szennyvizbirsdgrél. (Wastewater fining.)
MT 40/1969. XI. 25.

ORDER of the NATIONAL WATER AUTHORITY (1970): A szennyvizek kozcsatorndba torténd
bevezetésérél. (Discharging wastewaters into publie sewers.) OVH 2/1970. XII. 31.

ORDER of the CounciL of MINISTERS (1975): A kozmdives vizelldtds és a kozmiives csator-
ndzds szabdalyainak kiaddsdrél. (Publication of the regulations concerning public
water supply and public sewerage.) MT 27/1975. X. 30.

ORrDER of the CouciL of MiNisTERs (1978): A szennyvizbirsdgoldssal kapcsolatos egyes
jogszabdlyok mddositdsdrdsl. (Amendment of some regulations on wastewater fining.)
MT 28/1978. V. 26.

SHABI, F. A. (1974): Characteristics and treatment of dairy and meat effluents. Effluent
& Wat. Treat. J., 14, 130—139.

SEERMAN, R. J. (1979): Pretreatment of proteinaceous food processing wastewaters
with lignin sulphonates. Fid Technol., 33, 50-53.

SorLymos, Gy. (1978): Szennyvizkezelési problémék megoldédsa a Veszprémi Tejiizemben.
(Solutions of wastewater treatment problems at the Veszprém Dairy Plant.)
Elelm. Ipar, 32, 446-451.

STROM, A. (1971): The disposal of dairy effluent. Milk Ind., 1, 12-17.

Stoumm, W. (1977): Some theoretical aspects of flocculation theory. Gas, Wasser, Abwas-
ser, 57, 134—138.

Toéxos, I. (1981): Az élelmiszeripari szennyviztisztitds és utétisztitds intenzivebbé téte-
lére vonatkoz6 médszerek vizsgélata. Részjelentés. (Methods for intensifying the

3 Acta Alimentaria 12, 1983



184 TOOKOS: WASTEWATER TREATMENT

successive treatment stages of food industry wastewaters. Report.) Research
Centre for Water Resources Development, Budapest.

Todbxkos, I. (1978): Nagyszennyezettség{i élelmiszeripari szennyvizek fizikai és kémiai
tisztitdsa. (Physicochemical treatment of highly polluted food industry waste-
waters.) HElelm. Ipar, 32, 245-251.

VizeazDALKODASI TUDOMANYOS KUTATOINTEZET (1970): KGST Egységes vizvizsgdlati méd-
szerek, 1. rész. Kémiai moédszerek. (ComecoN Standard Methods of water analysis,
— Part 1. Chemical methods.) ViTuki, Budapest.

WARTBURTON, D. J., CLARCE, R. M. & MELCER, H. (1979): An alternative treatment
system for dairy shed wastewaters. Prog. Water Technol., 11, 1-10.

Worrram, E. (1977): Kolloidika. (Colloidics.) Tankoényvkiad6, Budapest.

Address of the author:

Dr. Ildiké Tooxos Research Centre for Water Resources Development
H-1095 Budapest, Kvassay J. u. 1.
Hungary

Acta Alimentaria 12, 1983



Acta Alimentaria, Vol. 12 (3), pp. 185—197 (1983)

ENDO-POLYGALACTURONASE IN TOMATO PROCESSING
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In the course of tomato processing by the warm technology of enzyme treat-
ment the effect of temperature (30, 40, 45°C), the period of incubation (30,
60 min), and the concentration of endo-PG (0.05, 0.1, 0.2%,) were investigated
on the juice yield, the dry matter content and viscosity of the tomato juice, the
straining loss, the duration of the concentration and the dry matter content and
the yield of the final product.

No significant differences were found in the investigated parameters when
the period of incubation was prolonged to 60 min.

The increase of the endo-PG concentration from 0.05% to 0.1%, improved
all the investigated parameters, but a further increase of the enzyme concentra-
tion (0.29,) did not prove to be advantageous in the course of tomato processing.

The treatment of crushed tomatoes with 0.19%, endo-PG decreased very
highly significantly (by 11-269,) the straining loss, and the period of concentra-
tion (by 12-559%,) when compared to those of the untreated samples at all the
three investigated temperatures, for 30 min incubation. The dry matter yield
of the final product (tomato paste), obtained from a unit quantity of fresh tomato,
was very highly significantly (by 13-169%,) and significantly higher than those
of the control at 30, 40 and 45 °C, resp.

The particle size distribution of the tomato paste produced by the use
of endo-PG on industrial scale was also determined. It was found that endo-PG
treatment resulted in an increase in the particles in the range of smaller particles
(10-20, 10-30 pum) at the expense of the larger ones (30-70, 40-90 um).

To facilitate the concentration of tomato juice of the tomato varieties
bred for mechanical harvesting, crushed tomatoes were treated with endo-PG.

In the laboratory experiments the enzyme treatment resulted in a lot
of beneficial effects (ZETELAKI-HORVATH & GATAI, 1978) which were success-
fully reproduced on industrial scale, too (Czuxkor et al., 1977).-

On industrial scale the enzyme was fed together with the crushed toma-
toes into the tank cars at the field stations of the canning factories, where
it developed its effect on the tomato substrate during transportation. This
incubation period varied from 1 to 3 hours depending on the distance between
the pre-processing station and the factory. The temperature of tomato in the
tank car varies between 12-20 °C according to season.

In canning factories, having no field stations, the entire tomato process-
ing operation must be carried out in the plant. In this case the period of
enzyme treatment must be minimized in order to not delay much the process-
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ing rate. The period of enzyme treatment can be shortened by the increase
in enzyme concentration and the temperature of incubation.

The aim of this work was to determine the suitable parameters of endo-
PG treatment in the case of pre-heated crushed tomato substrate.

1. Materials and methods

1.1. Enzyme preparation

An enzyme preparation, obtained from Aspergillus awamori at the
Central Food Research Institute, Budapest and sterilized by gamma radiation
(ZerELAKI-HORVATH & Kiss, 1978) was used. The activity of the preparation
was adjusted to 300 1 h—! g—!, and determined by viscosimetry (ZETELAKI-
HorvArH & Vas, 1972).

1.2. Tomato variety

Tomatoes of Peto Mec variety were used as substrate.

1.3. Parameters of the enzyme treatment

1.3.1. Warm technology. Temperature: 30, 40 and 45 °C. Endo-PG con-
centration: 0, 0.05, 0.1, 0.2%,. Duration of the enzyme treatment: 0, 30 and
60 min.

1.3.2. Cold technology. Crushed tomatoes were incubated with 0.19, endo-
PG at 15 °C for 120 min.

1.4. Method of enzyme treatment

Tomatoes were ground in a meat grinder and portioned into 10 liter
glass dishes. Samples were incubated at 30, 40 and 45 °C in a water bath and
mixed continuously at an agitation speed of 200 rpm. At the end of the in-
cubation periods, the enzyme was inactivated by heating in a water bath
at 80 °C for 15 minutes. After inactivating the enzyme, the crushed tomatoes
were strained through a 0.5 mm screen. The obtained tomato juice was con-
centrated in a Rotadest (at 60 °C, and 80 kPa) apparatus.

1.5. Evaluation of the enzyme treatment of tomatoes

1.5.1. Determinations in the strained juice.
1.5.1.1. Juice yield. — The juice yield was determined and given in cm3.
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1.5.1.2. Dry matter (DM ). — DM content was determined and its quanti-
ty given in per cent, while the total DM obtainable from a certain amount
of tomato was given in g.

1.5.1.3. Viscosity. — Specific viscosity was determined in an Ostwald type
viscosimeter. The calculation was carried out by the following equation:

St t"sample
e t"water
where:
teample = flow time (s) of the fruit samples,
tyater — flow time (s) of the water.

1.5.1.4. Straining loss. — Dry weight of the residue on the screen was
determined and expressed as per cent of the treated crushed tomatoes (w/w).

1.5.2. Measurements from the tomato concentrate

1.5.2.1. Dry matter — obtained from a certain amount of tomato juice
was given in g.

1.5.2.2. Consistency. — The consistency of the tomato concentrates was
tested by spreading of a certain amount of sample in an Adams type consistom-
eter (Vas & FABr1, 1958), as given in our previous work (ZETELAKI-HOR-
VATH & GATAT, 1977).

1.5.2.3. Concentration period. — Duration of the concentration of the
tomato juice in a vacuum evaporator, necessary for obtaining total con-
centration of the juice (concentration to the limit of condensability), was
determined after different enzyme treatments and was given in minute.

1.5.2.4. Particle size determination of the tomato concentrate. — The size
of the particles in the tomato concentrate was determined by sedimentation
technique as given in our previous papers (ZETELAKI-HORVATH & URBANYI
1978; ZETELAKI-HORVATH, 1980).

2. Results

2.1. The effect of endo-PG treatment on the straining loss

With the exception of the lowest enzyme concentration at 30 °C, the
treatment of crushed tomatoes with endo-PG resulted in a significant, highly
significant and very highly significant decrease in the straining loss, when
compared to the untreated samples (Fig. 1).

The lowest straining loss was obtained after an enzyme treatment at
40 °C with 0.19, endo-PG for 60 min. Nearly the same straining loss was
attained, when 0.2% endo-PG was used for 60 min at 45 °C.
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Fig. 1. The effect of enzyme treatment on the straining loss as a function of the endo-PG
concentration and the incubation period. Significance of differences between the strain-
ing loss obtained with and without enzyme treatment
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Fig. 2. The effect of enzyme treatment on the specific viscosity of the tomato juice as
a function of the endo-PG concentration and incubation period. Significance of differ-
ences between the specific viscosities obtained with and without enzyme treatment
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2.2. The effect of endo-PG treatment on the viscosity of the juice

The specific viscosity of the tomato juice decreased as a result of the
enzyme treatment at every temperature when 0.05 and 0.19, endo-PG were
used in the case of both incubation periods (Fig. 2).

Increase in the enzyme concentration, the temperature and the incuba-
tion period equally decreased the viscosity of the tomato juice. The use of
0.05%, endo-PG for 60 min at 45 °C resulted in the lowest specific viscosity
of the tomato juice. The use of 0.29, endo-PG at 40 and 45 °C caused an in-
crease in the specific viscosity in comparison to the other enzyme treated
samples, while at 45 °C when treated with 0.29, enzyme for 60 min, the
specific viscosity of the juice increased so much that it exceeded that of the
control.

2.3. The effect of endo-PQ treatment on the dry matter content of the juice

Endo-PG treatment of the crushed tomatoes resulted in the highest
DM content of the juice when 0.19, endo-PG and 40 °C temperature were
used with an 30 min incubation period (Fig. 3). Similar DM contents of the
juice were obtained with the use of 60 min incubation period and 0.29, endo-
PG.

No significant differences were found however, when DM contents of
the juice of the untreated samples were compared with those of the endo-PG
treated ones.
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Fig. 3. The effect of enzyme treatment on the dry matter content of the juice as a func-
tion of the endo-PG concentration and incubation period. Significance of differences
between the DM content of juices obtained with and without enzyme treatment
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2.4. The effect of endo-PGQ treatment on the juice yield

The juice yields after endo-PG treatment at 30 and 40 °C increased
highly significantly (in the case of both incubation periods and every enzyme
concentration) when compared to the untreated samples. When samples were
incubated for 60 min with 0.1 and 0.29, endo-PG at a temperature of 45 °C,
the juice yields were only significantly higher than those of the untreated
samples (Fig. 4).

The juice yield obtained when a 40 °C temperature, 60 min incubation
period and 0.1%, endo-PG concentration was used, proved to be significantly
higher than the other good yields obtained at 30 and 45 °C temperature and
with 0.29, enzyme concentration. There was no significant difference between
the juice yields obtained at 40 °C with 0.1 and 0.29, endo-PG, respectively.

2.5. The effect of endo-PG treatment on the amount of DM obtained in the juice

In comparison to the untreated control samples the quantities of DM
obtained in the juice increased significantly when crushed tomato samples
were incubated at 30 and 40 °C with 0.1 and 0.29, endo-PG for 30 min. Very

Incubation (min)

Mo M3 MAso

Level of significance

AR 2K I 3 E 3 Bk IR SR 2 2 il B 2 E A
L IE R IR 8] LR B RN »*
30°C 40°C 45°C
14004 r . r
4
RREL i A
- ] |
&
~ 1000+
o % ]
d %
> 800+
o
= 600 A
2
5
400
200
0- 005 01 02 005 01 02 0.05 01 02

ENDO-PG CONCENTRATION (%)

Fig. 4. The effect of enzyme treatment on the juice yield as function of the endo-PGr
concentration and incubation period. Significance of differences between the juice yields
obtained with and without enzyme treatment
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Fig. 5. The effect of enzyme treatment on the amount of dry matter, recoverable in the

juice, as a function of the endo-PG concentration and incubation period. Significance

of differences between the amounts of dry matter obtained with and without enzyme
treatment

highly significant differences were found between DM quantities obtained
without enzyme treatment and with 0.1 and 0.29, endo-PG during 60 min
incubation periods (Fig. 5).

No significant difference was found between the amount of DM obtained
at 40 °C with 0.1 and 0.29%, endo-PG treatment for 60 min, while the amount
of DM obtained at 30 °C with 0.2%, endo-PG treatment for 60 min proved
to be significantly lower.

2.6. The effect of endo-P@Q treatment on the length of the concentration period

It was found in the laboratory experiments, that the enzyme treatment
decreased considerably the length of the concentration period, necessary to
attain a final limit of condensation. At 30 °C the incubation with 0.1 and
0.29, endo-PG for 60 min resulted only in a very highly significant and highly
significant decrease in the concentration period related to those of the un-
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Fig. 6. The effect of enzyme treatment on the duration of the concentration period as
a function of endo-PG concentration and time of incubation. Significance of differences
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Significance of differences between the DM contents obtained with and without enzyme
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treated samples, while incubation of the samples at 40 and 45 °C, decreased
very highly significantly the concentration period with every enzyme con-
centration and both incubation periods used (Fig. 6).

The shortening of the concentration period is of great importance in
industrial scale production from the point of view of economy and the increase
of processing capacity at the peak of the season.

2.7. The effect of endo-PG treatment on the DM content of tomato concentrate

Samples of the untreated and endo-PG treated tomato juice were totally
concentrated in Rotadest vacuum evaporators. It was found in the course of
our work that the enzyme treated samples could be concentrated better than
those of the control (Fig. 7).

The DM content of the tomato concentrate could be increased with the
enzyme treatment at every temperature used.

Of the investigated temperatures, the incubation of the crushed toma-
toes at 45 °C with endo-PG, resulted in a tomato concentrate of the lowest
DM content.
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Fig. 8. The effect of the enzyme treatment on the amount of dry matter obtained from
a certain amount of tomato as a function of the endo-PG concentration and the time

of incubation. Significance of differences between the dry matter contents obtained with
and without enzyme treatment
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2.8. The effect of endo-PG treatment on the amount of DM obtained in the con-
centrate

In comparison to the untreated samples, the total DM, obtained from
a certain amount of tomato, increased significantly and very highly signifi-
cantly with the use of 0.1 and 0.29, endo-PG for both 30 and 60 min at all
the three temperatures used (Fig. 8).

Related to the untreated samples, the enzyme treatment (with 0.19
endo-PG for 30 min at 30, 40 and 45 °C) resulted in a 13-169, higher amount
of DM. The increase of the incubation period to 60 min in most cases increased
further the quantity of DM.

2.9. The effect of endo-P@ treatment on the consistency of the tomato paste

The consistency of the samples was investigated by the spreading test
of the tomato concentrates after diluting them to the same DM content.

It was found that tomato concentrates prepared by enzyme treatment
spread significantly, highly significantly and very highly significantly less
than those of the untreated ones (Fig. 9).
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Fig. 9. The effect of enzyme treatment on the consistency of tomato concentrate as

a function of the endo-PG concentration and the time of incubation. Significance of
differences between the DM contents obtained with and without enzyme treatment
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The consistency of the tomato concentrates obtained by different enzyme
treatments, did not differ significantly from each other.

2.10. The effect of endo-PQ treatment on the particle size of the tomato paste

Tomato concentrates prepared on industrial scale in different parts of
the country (Mosonmagyarévar and Szeged) were tested by sedimentation
technique to determine their particle size distribution. Both series of samples
originated from a mixture of different tomato varieties.

Samples originated from Mosonmagyardvar were prepared by warm
technology, when crushed tomatoes were treated with 0.19% endo-PG for
30 min at 45 °C (Fig. 10).

After determining the particle size distribution of the different tomato
concentrates, it was found that the enzyme treatment increased the frequency
of the particles in the range of small sizes (10-40 um) at the expense of the
particles belonging to a range of larger particles (50-100 um).

The frequency of the particles in the case of warm technology was the
highest at a size of 40 um for both the enzyme treated and the untreated
samples. The frequency of the small particles belonging to sizes of 20, 40 and
30 pm, increased significantly and very highly significantly, respectively,
compared to those of the untreated samples.
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Fig. 10. The effect of enzyme treatment on the particle size distribution of tomato con-
centrates obtained without and with enzyme treatment (endo-P(G 0.19%,, 45 °C for 30 min)
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Fig. 11. The effect of enzyme treatment on the particle size distribution of tomato con-
centrates obtained without and with enzyme treatment (endo-PG 0.19%,, 15-20 °C for 2-3 h)
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Samples from Szeged were prepared by cold technology, when the enzyme
treatment was carried out in tank cars during the transport period of the
crushed tomatoes from the field station to the factory (with 0.19, endo-PG
for 2-3 h at 15 °C).

When the particle size distribution of the final product (tomato con-
centrate) was investigated, in the enzyme treated samples the frequency of
particles in the range of 10-30 um was higher (Fig. 11) while in the range of
40-90 um lower.

The frequency of the 10 and 20 ym particles was significantly and highly
significantly higher in the enzyme treated samples than in the untreated ones.

3. Conclusions

It was found in our previous work that the endo-PG treatment of toma-
toes (a traditional variety [K3] and a variety bred for mechanical harvesting
[Peto Mec]) at the temperatures of 15, 20 and 25 °C had a beneficial effect
on tomato processing.

When compared to the control samples the enzyme treatment increased
the amount of DM obtainable from a unit quantity of tomato (1-39,), de-
creased the straining loss (1-39%,) and the length of the concentration period
(15-259,) as well (ZETELAKI-HORVATH & GATAI, 1978).

As a result of endo-PG treatment of the crushed tomatoes, the stability
of the tomato juice could also be improved (ZETELAKI-HORVATH & GATAIL,
1977). The enzyme treated tomato juice was stable longer than five months
while in the untreated juice fibrous particles sedimented in several days.

The improved stability of the tomato juice obtained previously is in
agreement with the results of other authors (Sur¢ & Ciri¢, 1968; PILNIK,
1969; Grampp, 1969) and with the results of our sedimentation experiment
obtained in this work. Namely the particle size distribution of the enzyme
treated samples changed so, that the frequency of the small particles increased
considerably at the expense of the larger ones, both at environmental (15 °C)
and higher (45 °C) temperatures as well.

In this work the enzyme treatment was carried out at temperatures of
30, 40 and 45 °C in order to minimize the time of incubation. It was found
that the increase in the duration of incubation from 30 to 60 minutes caused
no significant differences in the values of the investigated parameters in the
majority of the experiments.

The increase of the endo-PG concentration from 0.05 to 0.19; decreased
significantly the specific viscosity of the juice, while increased highly signifi-
cantly the juice yield and the DM content of the juice and very highly signifi-
cantly the amount of DM obtainable in the final product.
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Further increase of the endo-PG concentration (from 0.1 to 0.29,) did
not prove to be advantageous.

Increase in the temperature of incubation from 30 to 40 °C showed
positive effect on the most important parameters, while with a further in-
crease of the temperature to 45 °C no better results could be obtained.

Endo-PG treatment with 0.19, endo-PG at 30-40°C for 30 min de-
creased the straining loss by 11-269, and the time of concentration by 12-
55%,. The shortening of the period of concentration means an increase in the
processing capacity and a decrease in the energy consumption, necessary for
the production of a unit amount of tomato concentrate.

As a result of the decreased straining loss by endo-PG treatment the
amount of DM obtained in the produced tomato paste increased highly signif-

icantly (at 40 °C) and significantly (at 30 and 45 °C).
*

Thanks are due to the late Professor Karoly Vas for his valuable sug-
gestions and encouragement.
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The dietary fibre content of carrot samples was examined using a modi-
fication of the Hellendoorn enzymatic method, whereby the pectin content dis-
solved out in the course of the analysis was determined as the difference between
the pectin contents of the original sample and the water-insoluble dietary fibre,
and this value was used to correct the value of water-insoluble dietary fibre.
Fractionated dissolution and the carbazol colour reaction, followed by extinction
measurements were used to determine the pectin content. For the purposes of
comparison, the crude fibre content was also determined using the Weende method.
The water-insoluble dietary fibre was decomposed into crude hemicellulose and
crude lignocellulose components by fractionated decomposition. The quantity
of water-insoluble dietary fibre, dietary fibre corrected for dissolved pectin con-
tent, and the components were studied in carrots divided into three groups accord-
ing to mass. The distribution of these components within the carrot samples was
also examined.

The mean value of water-insoluble dietary fibre content obtained for car-
rots of the variety Gonsenheim on a dry matter basis was 24.04-0.29%,, the dietary
fibre content 30.94-0.59%, the crude hemicellulose content 10.54-0.19%,, the crude
lignocellulose content 14.5+40.6%, and the pectin content expressed as galactu-
ronic acid 11.04+0.29%,.

No correlation could be found between the mass of the carrot samples and
the value of dietary fibre just as between the mass of the samples and the quantity
of components of the water-insoluble dietary fibre.

A significant difference at the P = 5%, level of probability was found
between both the water-insoluble dietary fibre and the corrected dietary fibre
values and that of crude hemicellulose when studying the xylem and the tissues
of the cortex and phloem separately.

The carrot (Daucus carota) is one of the most important vegetables in
Hungary. Large quantities of carrots are used both directly in the households
and after processing by the preserving and refrigeration industries. It is of
particular importance in infant nutrition and hospital diets. DoBszay and
SARKANY (1974) recommended carrots for the dietotherapeutic treatment
of infants suffering from diarrhoea. EAstwoop (1978) considers carrots to be
the most effective vegetable for the dietary treatment of diverticulosis.

A significant proportion of the dry matter content of carrots is made up
of fibre, according to the new conception, dietary fibre, which is the part
of the plant which cannot be hydrolysed by the human digestive enzymes,
and which consists mainly of the cellulose, hemicellulose, lignin and pectin
compounds found in the cell walls. These undergo partial decomposition by
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the bacteria in the colon, but during their sojourn in the digestive tract they
exert an effect on intestinal activity, and consequently on the metabolism,
due to their various physicochemical properties. The most important of these
is the water-binding capacity of the hydrophilic polysaccharides, the cation
exchange ability of certain acidic polysaccharides and the bile salt adsorption
ability of lignin and the pectins (SPILLER et al., 1975). In consequence, the
reduction in the transit time is held to be a proven advantage of dietary fibre,
resulting in a curative effect on a number of illnesses (constipation, diverti-
culosis). The beneficial effect of dietary fibre is suspected, though not proved
for a number of other diseases (e.g. cancer of the colon, diabetes, haemorrhoida,
etc.) (InsTITUTE OF FoOD TECHNOLOGISTS, 1979).

The role of carrots in dietotherapy is associated with the favourable
composition of its dietary fibre content, a large proportion of which is pectin,
giving it excellent water-binding capacity: a value of 23.7 g water per g fibre
was found by RoBERTSON and co-workers (1980a). This is in agreement with
the statement by Eastrwoop (1978), who reported that carrot fibre was cap-
able of binding 20-30 times its own mass of water. Carrot fibre also has excel-
lent bile salt adsorption ability, which RoBERTSON and co-workers (1980b)
found to depend on the degree of maturity. These authors also found an in-
crease in the ion exchange capacity of carrot fibre parallel with an increasing
degree of maturity (ROBERTSON et al., 1980a). Nevertheless, the dietary fibre
content of carrot does not depend either on the variety or on the degree of
maturity, nor is there any difference in the contents of the main components,
cellulose and lignin (ROBERTSON et al., 1979).

The purpose of the present research was to determine whether the dietary
fibre content of carrots depends on the size of the carrot, and to discover
whether the dietary fibre content of the xylem and phloem differs within
the carrot.

1. Materials and methods

1.1. Experimental material

Carrots of the Gonsenheim variety grown at Vecsés were chosen as the
model for the experiment, and samples were taken every two weeks in October
and November 1980. Some of the examinations were also carried out on car-
rots of unknown variety bought from retail traders in December 1980.

1.2. Preparation of samples

On each occasion of sampling half of the sample was divided into three
groups according to mass (30-50 g, 80-100 g, 150-200 g), while the other half
was separated manually into two parts, so that the xylem and the phloem,
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including the cortex, could be studied separately. The separated groups of
samples were prepared for analysis by homogenisation for 5 minutes in a
Blender-type mixer.

The dry matter content of the samples was determined by drying to
constant weight at 10542 °C.

For the purposes of comparison, the crude fibre content of the samples
was also determined using the Weende method.

1.3. Determination of dietary fibre and its components

The enzymatic method elaborated by HELLENDOORN and co-workers
(1975) was employed for the determination of dietary fibre. However, since
the water-soluble compounds are dissolved out in the course of this treatment,
the quantity of water-insoluble dietary fibre (“‘indigestible residue’) obtained
as the result of enzymatic decomposition was corrected with the amount of
pectin dissolved out during the determination (HorvATH-MosoNyIet al., 1981).

The water-insoluble dietary fibre was separated into crude hemicellulose
and crude lignocellulose fractions using the method proposed by ELcuAzLY
and THOoMAS (1976), taking all the polysaccharides which can be hydrolysed
by 5% (v/v) H,SO, as crude hemicellulose. The remaining crude lignocellulose
contained cellulose, lignin and insoluble mineral substances. Further separa-
tion of this fraction was not carried out, since relevant literature, without
exception, gives the lignin content of carrot as “‘trace” (max. 29, on a dry
matter basis), in addition to which the determination of lignin is considered
to be the least reliable and least accurate step in the analysis (ROBERTSON
et al., 1979; SOUTHGATE, 1978; THEANDER & AMAN, 1979; VAN SoEsT, 1963).
Our measurements showed that the acid-insoluble mineral content of the
crude lignocellulose fraction did not exceed 0.49, of dry matter, so this also
was ignored in later stages.

The dietary fibre content of carrot was compared to the crude fibre
content.

1.3.1. Determination of water-insoluble dietary fibre (‘‘indigestible resi-
due’). 50 g homogenized sample was mixed with 100 mg pepsin dissolved
in 50 em® 0.2 mol per dm?® HCI (activity: 2500 units per mg according to
Anson) and the mixture was incubated at 40 °C for 18 hours, then neutralised
with 4 mol per dm? NaOH. 50 cm® pH 6.8 phosphate buffer, in which 100 mg
pancreatin (with a decomposing strength 4 times that of trypsin and 6 times
that of amylase) and 300 mg sodium dodecyl-sulphate had previously been
dissolved, was then added and the mixture was kept at 40 °C for an hour,
after which the pH was adjusted to 4.5 with 4 mol per dm? HCI. It was then
centrifuged at 3000 rpm for 30 min. The residue was washed with water and
acetone, then suspended in 100 cm? acetone, filtered through a glass filter and
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washed with ethanol. The ethanol was evaporated at room temperature and
the water-insoluble indigestible residue was measured gravimetrically after
drying at 10542 °C for 5 hours and cooling.

1.3.2. Determination of the components of water-insoluble dietary fibre.
The indigestible residue was suspended in 10 em? 59, (v/v) H,SO,, then kept
over a boiling water bath for 2.5 hours after the addition of a further 10 cm?®
59, (v/v) H,S0,. The water evaporated was replaced several times. After
cooling to room temperature it was mixed with 30 cm? ethanol and left to stand
for 10 minutes before filtering through a glass filter. The residue was washed
free of acid with 509, ethanol, then washed in acetone and ether, and left
to stand until the ether had evaporated. It was then dried in a 100 °C drying
cabinet for 2 hours, left to cool and weighed. The weight loss represented the
crude hemicellulose content and the residue the crude lignocellulose content.

The course of the analysis is illustrated in Fig. 1.

1.3.3. Determination of the quantity of pectin dissolved out. In order to deter-
mine the amount of pectin compounds dissolved out in the course of enzymatic
digestion, the pectin content of the original material and that of the indigest-
ible residue remaining after the enzymatic decomposition were determined,
after which the water-insoluble dietary fibre value was corrected with the
difference in the two results.

The soluble sugars which would disturb the evaluation were removed
from the experimental material by extraction with 859, ethanol, after which

Carrot pulp
|

pepsin treatment
40°C, 18 h

pancreatin treatment
40°C,1 h

centrifugation

residue supernatant

water-insoluble dietary fibre
(“indigestible residue’’)

hydrolysis with 5%, (v/v) H,SO,

100 °C, 2.5 h
filtrate
residue filtrate
crude crude
lignocellulose hemicellulose hydrolysate

Fig. 1. Course of determination of water-insoluble dietary fibre content and separation
of the components
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fractions containing water-soluble pectin compounds, oxalate-soluble pectates
and pectinates, and alkali-soluble protopectins were prepared by fractionated
dissolution (Rouse & ATkiNs, 1955; CENTRAL Foop RESEARCH INSTITUTE,
1973). The determinations were carried out on these fractions using the carba-
zol colour reaction and extinction measurements at 530 nm after McComs and
McCrEADY (1952).

The determination of pectin was carried out as follows: 10 g experi-
mental material was boiled for 20 minutes with 85%, ethanol under a reflux
condenser, and then it was cooled and filtered. The extraction was then
repeated. The alcohol-insoluble residue was dried in the air and ground to
a powder. 0.5 g of the air-dry powder was shaken for 30 minutes in 40 cm3
water, then centrifuged at 3000 rpm for 20 minutes. The supernatant con-
tained the water-soluble pectin compounds. The residue was shaken with
20 cm?® 0.759%, ammonium oxalate solution for 30 min and centrifuged. The
supernatant contained the pectates and pectinates. The supernatant obtained
after shaking the residue with 20 cm?® 0.1 mol per dm® NaOH for 30 minutes
and centrifugation contained the protopectins.

One em? of each fraction was added to 6 cm? portions of cooled ce. H,SO,,
boiled for 10 min on a water bath, cooled and brought into reaction with 0.5 cm3
0.159, carbazol solution (dissolved in 959, ethanol). After standing for 15 min
the extinction of the solution was measured at 530 nm.

The calibration curve was prepared from galacturonic acid monohydrate
in the manner described above.

2. Results

The results of analyses on carrot samples divided according to mass and
those separated into two parts (xylem and cortex 4 phloem) are illustrated
in the following tables and figures. All the values are given as a % of dry
matter, together with the standard deviations.

A total of 6 analyses were carried out on carrots separated into two
parts.

Samples of Gonsenheim carrots taken every two weeks in October and
November 1980 are marked 1, 2, 3 and 4, while samples of carrots of uniden-
tified varieties bought from retail traders in December 1980 are marked
5 and 6.

For the examinations according to mass, samples were taken from
Gonsenheim carrots on a total of four occasions, twice in October and Novem-
ber 1980.

The mean values, each obtained from an n = 5 series for the analysis
of the dietary fibre content, dietary fibre components and crude fibre con-
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tent of carrot samples of the Gonsenheim variety, taken at the same time,
are contained in Table 1, together with the standard deviations.

Mean values from 3 parallel measurements on each of 4 samples of
different ages for the dietary fibre corrected with the quantity of dissolved

Table 1

Analytical data of dietary fibre and crude fibre content of carrots
Mean and standard deviation values of five parallel measurements as a 9, of dry matter

Component analysed %
Water-insoluble dietary fibre 24.04-0.2
Crude hemicellulose 10.540.1
Crude lignocellulose 14.540.6
Pectin content of the sample 11.140.2
Pectin content of the water-insoluble dietary fibre 5.564-0.2
Pectin dissolved out 5.64-0.2
Corrected dietary fibre content 30.94-0.3
(indigestible residue - dissolved pectin)
Crude fibre 9.44-0.2

Table 2

Analytical data of fibre in Gonsenheim carrots of different weights
Mean and standard deviation values of three parallel analyses carried out on samples
taken every two weeks on a total of four occasions, as a %, of dry matter

Pectin content

Mass of Water-insoluble | Pectin content of water-in- Pectin dissolved | Corrected dietary Crude fibre
sample dietary fibre of sample soluble dietary out, fibre (%)
® | (%) (%) fibre (%) (%)
; (%)

30- 50 | 25.34-0.4 | 10.84-0.5 5.340.2 5.54-0.5 30.840.8 | 10.04-0.6
80-100 | 25.04-0.3 11.64-0.4 5.540.2 6.14-0.5 31.14+0.6 8.9--0.4
180-200 | 25.340.4 10.7-4-0.4 5.24-0.2 5.540.4 30.8--0.6 8.54+0.4

Table 3

Analytical data for samples from various parts of Gonsenheim carrots

Mean and standard deviation values for three parallel analyses on samples taken every
two weeks on a total of four occasions, as a % of dry matter

A = cortex + phloem, B = xylem

Pectin content
‘Water-insoluble | Pectin content of water- Pectin dissolved Corrected Crude fibre
Sample dietary fibre of sample insoluble dietary out dietary fibre %)
(%) (%) fibre (%) (%)
(%)
A 25.040.7 11.340.2 5.340.2 6.04-0.3 31.04-0.7 9.4-40.3
B 27.84-0.3 12.440.6 5.94-0.2 6.5+40.6 34.34-0.6 9.24-0.1
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pectin, and for the crude fibre content of Gonsenheim carrot samples divided
into three groups according to mass are given in Table 2.

Mean values for the dietary fibre content corrected with the amount
of dissolved pectin, and for the crude fibre content of samples taken from
the xylem and the cortex 4 phloem of Gonsenheim carrots are contained in
Table 3.

The crude fibre, water-insoluble dietary fibre, crude hemicellulose and
crude lignocellulose contents of carrot samples taken at different times and
separated according to mass are summarized in Table 4.

The crude fibre, water-insoluble dietary fibre, crude hemicellulose and
crude lignocellulose contents of carrot samples of the variety Gonsenheim and
of an unidentified variety separated intotwo parts and examined at different
times are presented in Table 5.

The data given in Tables 4 and 5 are each the means of 3 parallel analyses,
together with the relevant standard deviations.

The data in Table 4 showed no definable tendency, but from those in
Table 5 it could be observed that the data obtained from the analysis of the
xylem (B) were always greater in value than those obtained from the analysis
of the cortex + phloem (A) taken from the same sample. Consequently, these

Table 4
Water-insoluble dietary fibre components and crude fibre

content of Gonsenheim carrots of various masses
Mean and standard deviation values for three parallel analyses as a % of dry matter

Mass of Crude fibre Water-insoluble Crude Crude
sample (%) dietary fibre hemicellulose lignocellulose
®) (%) (%) (%)

30— 50 8.340.4 25.240.4 9.24-0.2 16.040.6
1 80-100 7.640.2 25.84-0.5 11.04-0.1 14.84-0.8
180-200 7.04-0.6 23.8+40.3 9.54-0.2 14.340.8

30— 50 13.04-0.3 25.74-0.6 10.94-0.3 14.840.56
2 80-100 13.64-0.3 256.564-0.2 9.84-0.2 16.7-40.7
180-200 14.94-0.4 25.140.6 10.040.2 15.14-0.56

30- 50 9.24-0.4 26.54-0.2 9.94-0.1 16.64-0.8
3 80-100 8.740.3 23.64-0.1 8.340.1 15.34-0.6
180-200 8.64-0.1 27.040.3 11.940.2 156.14-0.6

30- 50 | 90.440.5 | 23.640.2 | 11.140.3 | 12.540.7
4 80-100 | 10.540.2 | 25.14+0.1 | 12.340.3 | 12.840.6
180-200 | 10.04-0.3 | 25.34-0.2 | 12.340.3 | 13.040.6
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Table 5

Water-insoluble dietary fibre components and crude fibre
content of samples prepared from various parts of the carrot
Samples 1—4 were taken from Gonsenheim carrots at various
times, while samples 6 and 6 are from an unknown variety.

A = cortex -} phloem, B = xylem

Mean and standard deviation values of three parallel analyses as a % of dry matter

" Water-insolubl Crud Crud
Sample Cru(do; §1 P ;iet:ry ﬁl;lre i hemicellglom ligno;lll:lose
° (%) (%) (%)
, A 5.940.2 22.2-+0.3 9.64-0.2 12.64-0.6
B 9.74-0.2 31.8+0.4 12.8-4-0.2 19.04+-0.5
|
2 A | 6.11+0.3 22.34+0.3 8.44-0.1 13.94+0.5
B 9.3+0.2 24.04-0.1 9.940.2 14.1-4+0.5
3 A 10.44+0.4 27.240.2 8.04-0.1 19.240.7
B 12.740.3 28.84-0.3 8.8-4-0.1 20.04-0.6
" A 8.340.3 26.74-0.2 13.14-0.1 13.64-0.8
B 9.24-0.3 28.14-0.2 13.84-0.1 14.34-0.7
8 A 8.840.2 43.54+0.4 24.94-0.3 18.6-+-0.5
B 9.740.1 50.64+0.56 30.64+-0.2 20.04-0.9
8 A 14.84-0.3 41.04-0.2 28.1+4+0.1 12.94-0.6
B 16.14-0.1 50.94-0.3 34.84-0.2 16.14-0.2
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Fig. 2. Water-insoluble dietary fibre content of the xylem and the cortex -+ phloem of
four carrot samples of known variety and two of unknown variety, as a %, of dry matter,
together with the standard deviation. Each column represents the mean of three parallel



HORVATH-MOSONYI et al.: DIETARY FIBRE IN CARROTS 207

351 [T xylem
P71 cortex+phloem =

w
o

i
o
L

CRUDE HEMICELLULOSE (%)
3 S

N

:ﬂ%@%

5

6

NUMBER OF SAMPLE

Fig. 3. Crude hemicellulose content of the xylem and cortex -}- phloem of four carrot
samples of known variety and two of unknown variety, as a 9, of dry matter, together
with the standard deviation. Each column represents the mean of three parallel analyses
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Fig. 4. Crude lignocellulose content of the xylem and cortex - phloem of four carrot
samples of known variety and two of unknown variety, as a %, of dry matter, together
with the standard deviation. Each column represents the mean of three parallel analyses

values were subjected to separate analysis of significance and illustrated in

column diagrams.

The water-insoluble dietary fibre content, the crude hemicellulose
content and the crude lignocellulose content of the xylem and cortex 4 phloem
of carrot samples 1, 2, 3, 4, 5 and 6 are depicted in Figs. 2, 3 and 4, respec-

tively.

The pectin content of the xylem and cortex + phloem of carrot samples
1, 2, 3, 4, 5 and 6 is illustrated in Fig. 5, expressed as galacturonic acid.
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Fig. 5. Total pectin content of the xylem and cortex - phloem of four carrot samples

of known variety and two of unknown variety, expressed as galacturonic acid, as a 9, of

dry matter, together with the standard deviation. Each column represents the mean
of three parallel analyses

3. Conclusions

It was found from the analyses that the dietary fibre content of carrot
was always several times greater than the crude fibre content, and that the
water-insoluble dietary fibre content of samples prepared from the cortex -
phloem of the carrots was lower at the P = 59, level of probability than that
in samples prepared from the xylem. When the water-insoluble dietary fibre
of each sample was decomposed into its crude hemicellulose and crude ligno-
cellulose components, higher values were obtained in all cases for the xylem,
though the difference was only significant, in all samples at the P = 59, level
of probability, for the crude hemicellulose content. Significant differences for
the crude lignocellulose and pectin contents were only found in two cases, but
the tendency was observable here, too. The data of the t-test carried out to
determine the significance are summarized in Table 6.

Table 6

Student’s t-test for the comparison of different parts of the carrot
The difference between the amount in the cortex -+ phloem and that in the xylem
formed the basis for comparison
(n =3, teap;. = 4.3)

teale.
Component analysed

Sample 1 ‘ Sample 2 | Sample 3 i Sample 4 | Sample 5 Sample 6

Water-insoluble dietary fibre 19.2 5.4 ‘ 4.4 5.0 11.1 27.4

Crude hemicellulose 11.3 6.7 5.7 5.0 15.8 29.9
Crude lignocellulose 8.2 0.3 0.9 0.7 1.0 5.0
Pectin 10.6 1.4 1.8 2.1 3.4 11.1
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Thus, the distribution of dietary fibre was not found to be uniform in
the carrot samples examined; the xylem contains significantly more dietary
fibre than the rest of the carrot. This difference was probably the consequence
of differences in the hemicellulose content. In all cases there was found to be
a tendency for all the dietary fibre components studied to be present in larger
quantities in the xylem. Examinations of a larger number of samples from
different varieties of carrots are needed to determine unambiguously whether
the difference is also significant for the pectin and crude lignocellulose values.

In carrot samples of the same variety, stored for the same length of
time, but of different mass or size, no difference could be demonstrated in
the content of dietary fibre or of its components.

The value obtained for the water-insoluble dietary content of carrots
are in good agreement with the values published by SourHGATE (1978),
ScuwEIZER and WiRscH (1979) and ANDERSON and CLYDESDALE (1980) for
raw carrots.

It seems probable on the basis of these examinations that the xylem
and the cortex -+ phloem tissue of carrots are not entirely equivalent from
a nutritional point of view, since the data show the xylem to contain less
B-carotene, but more dietary fibre. For carrots of the same variety and age,
the mass or size of the carrot does not influence the dietary fibre content.
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EFFICIENCY OF DIFFERENT MUTAGENIC TREATMENTS
AND THE PROTOPLAST FUSION TECHNIQUE
IN PRODUCING METHIONINE-RICH MUTANTS
FROM YEASTS

A. Muavap, A. HaLAsz, B. MATRAT and 1. SZALMA-PFEIFFER

(Received: 28 October 1981; revision received: 14 January 1982; accepted:
11 February 1982)

Four industrially important yeast strains (Candida guilliermondii, Saccharo-
myces lactis, Kluyveromyces lactis, Kluyveromyces fragilis and Kluyveromyces
marxianus) were treated with UV light, gamma radiation and nitrous oxide, aiming
at producing methionine rich mutants. UV treatment proved to be highly effi-
cient in this regard and stable mutants with methionine content of up to 809,
higher than that of the parent strain, Kluyveromyces fragilis 1068, were produ-
ced. Of the strains tested Kluyveromyces fragilis 1068 gave the best results with UV
treatment.

The protoplast fusion of auxotrophic mutants of Saccharomyces lactis and
Kluyveromyces lactis were also tried for the same purpose.

Hybrids of Saccharomyces lactis with significantly higher methionine con-
tent than that of the parent strains were also obtained. Kluyveromyces lactis
hybrids proved better than Saccharomyces lactis, as in addition to the high methio-
nine content, their protein content also increased. With Saccharomyces lactis,
increases in methionine content were accompanied by decrease in protein content.

Among the novel food sources presently being developed and studied,
single-cell protein from yeasts holds a prominent role (CHEM & PEPPLER,
1977). In fact yeasts are highly efficient producers of protein from different
carbon sources, they show an elevated level of protein content ranging from
38.0 to 709, of dry weight (FAO, 1970) and have a reasonably high lysine
content as well as sufficient amounts of threonine and tryptophane. But
a common characteristic of the most important yeast proteins is their defici-
ency in methionine and cysteine (ANN & MILLER, 1979).

The importance of methionine rests with its role in the transamination
reaction as a CHj-donor and sulphur source in protein synthesis.

Methionine deficiency also causes the presence of B; antivitamin (Cor-
NICELLI, 1978). Therefore an adequate methionine quantity in vivo is neces-
sary for the conversion in the complex of vitamins B. Although the addition
of synthetic amino acids, missing from a protein, improves the biological
value of the latter (WAWRzYCKA, 1979), but it was found (TrEvis, 1979) that
in monogastric animals (i.e. pigs) nutrients enriched with yeast protein gave
better results than nutrients fortified with synthetic free amino acids. There-
fore it is believed that the need exists for proteins rich in limiting amino acids
(like methionine) in a bound form in the protein molecule rather than in their
free forms.
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In this work, it was attempted to produce yeast with higher methionine
content. The methionine content was measured as its ratio in the total dried
yeast biomass. Protein and nucleic acid contents were taken into considera-

tion, too.

1. Materials and methods

1.1. Yeast strains used

Candida guilliermondii 812
Kluyveromyces fragilis 732
Kluyveromyces marxianus 857
Kluyveromyces fragilis 1068
Saccharomyces lactis NCYC 671
Saccharomyces lactis NTACY 290

Kluyveromyces lactis 1223 VM37
Kluyveromyces lactis 1224 Cap 2
Kluyveromyces lactis 1225 K9

Kluyveromyces lactis 1226 K9-01

1.2. Culture media

Components:

1.2.1. Glucose yeast extract medium
Glucose
Yeast extract
Agar

1.2.2. Sulphur-rich medium

MgSO,

KH,PO,
Na,HPO, - 12H,0
Na(Cl

(NH4)‘2SO4
Glucose

Yeast extract

Agar

1.2.3. Sulphur-deficient medium

Urea
MgSO,
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— Bratislava CCY 51-1-2

Bratislava CCY 21-40-1

His.-mutant
His.-mutant
Met.-mutant
Met.-mutant

From the
Czechoslovakian
collection

From the
collection
of Szeged

Concentration
(g dm—3)

10
5
20

0.10
0.14
0.80
1.00
4.00
20.00
5.00
30.00

1.93
0.0025
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KH,PO,
Na,HPO, - 12H,0
NaCl

Glucose

Agar

1.2.4. Selective minimal medium
(NH,),80,
KH,PO,
MgSO,
Glucose
Agar
Wickerham’s vitamin sol.

1.2.5. Osmotically stabilized mineral

Medium OSM
(NH,),S0,
KH,PO,
MgSO, - 7TH,0
Glucose
Wickerham’s vitamin sol.
Agar

1.2.6. Osmotically stabilized yeast extract

Medium OSY (Oxoid)
Glucose
KCl
Agar
1.2.7. Osmotically stabilized agar

Medium OSA
Agar
CaCl,

1.2.8. Synthetic broth

as in 1.2.2. except that no agar was added

1.2.9. Pretreatment solution (A)

Hydroxy-methylaminomethane (IRIS)

Mercaptoethanol
EDTA

1.2.10. Medium for Leuconostoc mesenteroides

after ANTOMISSKI

0.14
0.80
1.00
20.00
30.00

5.00
1.00
0.5
10.00
30.00
1.00

5.00
1.00
0.5
10.00
1.00
15.00

10.0
0.6 mol
20.0

1.5
0.3 mol

0.1 mol
1.0
5.0 mmol
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1.3. Mutagenic methods

1.3.1. UV treatment. A suspension from a 26-h culture of the strain to
be tested was prepared. Cell concentration was determined with a haemacytom-
eter. 0.1 cm?® quantities of the dilution containing 102, 103, 104, 10° and
108 cells per cm?, respectively, were spread over the surfaces of pre-poured,
solidified yeast extract media in Petri dishes.

The inoculated Petri dishes were then exposed to UV light (from a
Tungsram, Germicide type lamp of 15 W) at 30 cm distance, for 0-300 s at
30-s intervals so that Petri dishes with higher cell concentrations were exposed
to UV for longer periods. The Petri dishes were immediately placed in the
dark until transferred to incubators at 30 °C for 72 h. After the incubation
period, the colonies were counted, checked by replica plate method on min-
imal, sulphur-rich and sulphur-deficient media. Colonies which failed to grow
on the minimal medium were isolated as auxotrophic mutants and were
further tested for the missing amino acid and for their stability, while the size
of the colonies growing on sulphur-rich and sulphur-deficient media were
compared. Colonies growing better on the sulphur-rich medium were pre-
liminarily isolated for further examination for their methionine content.
Colonies isolated were maintained on yeast extract agar slants until fully
examined.

1.3.2.Gamma irradiation. Suspensions of cell concentrations of 102,103,104,
10°, 10% and 107 cm —3 were prepared as described in 1.3.1. Five cm? quantities
from each dilution were transferred into presterilized glass ampoules in dupli-
cate and were heat-sealed. The ampoules were irradiated in a %°Co (89 kGy h—1)
instrument for 3.5, 7, 10.5, 14 and 17.5 min corresponding to radiation doses
of 0.5, 1, 1.5, 2 and 2.5 kGy, respectively.

Ampoules of higher concentration were exposed to higher doses so that
the survivors were countable when plated. Cells were then treated in the same
manner as described in 1.3.1. »

1.3.3. NaNO, treatment. This method was carried out as follows:

1. A Petri dish with pre-poured, solidified yeast extract medium was
streaked with yeast to be treated and incubated at 30 °C for 24 h.

2. From the 24-h culture, a loopful was inoculated into a conical flask
with synthetic broth of pH 4.5. The culture was shaken for 24 h at 30 °C.

3. The cells were centrifuged, then washed twice with 0.99, NaCl solu-
tion and centrifuged.

4. The cells were suspended in 0.99, solution of NaCl shaken for 2 h.

5. Amounts of 5 cm?® were transferred in a series of 7 conical flasks.
Five cm?® of the NaNO, solution and 5 cm? of acetate buffer were added to each
flask. Phosphate buffer was added to the first flask after 10 minutes, to the
second after 20, 30, 60, 90 and 120 minutes, respectively.
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The addition of phosphate buffer inhibits the action of NaNO,. There-
fore the actual NaNO, treatment time is that between the addition of NaNO,
and the phosphate buffer. Then 10 cm?® were centrifuged and cells were washed
with a 0.99%, NaCl solution.

6. Five cm?® of the original suspension were diluted with distilled water
to obtain the cell concentration of the treated samples and were also centri-
fuged.

7. Cells from each treatment and the control were suspended in 5 cm3
synthetic broth and incubated at 30 °C for 72 h.

8. Viable cells were counted on plates of yeast extract medium and were
further tested as in sulphur-rich and deficient media.

Only methionine-rich colonies were investigated, no investigation was
carried out for auxotrophic mutants.

1.4. Protoplast fusion technigue

Cells were propagated by the shaken culture method at 30 °C for about
10 h. Growth was stopped at the exponential growth phase which was neces-
sary for producing high yield fusions. Cells were separated by centrifugation,
the supernatant was discarded and precipitated cells were pretreated with
a solution A (as in 1.2.9) in order to enhance the cell wall digestion. Cells
were suspended in this solution for 14 min and were then centrifuged.

A fresh solution of 0.6 mol KCl and 19, snail enzyme was prepared.
The solution was filtered using a filter paper of 0.22 nm porosity. The centri-
fuged cells were then mixed with 10 cm?® of the snail enzyme solution.

The freeze-dried enzyme of Helix pomatia was used to digest the cell
walls (FERENCZY et al., 1976). Holding the suspension at a constant tem-
perature of 30 °C for 30-40 min caused 1009, protoplast formation from the
yeast cells. The formation of the protoplast and the digestion of the cell wall
was followed up by microscopic examination.

Protoplasts were then separated from the enzyme solution by centrif-
ugation and washed with 0.3 mol CaCl, solution. A dilution of a cell density
of approximately 5x 107 cm 2 was prepared, using the Biirker chamber from
each parent strain.Then equal quantities of both dilutions were mixed together
with 309, polyethylene glycol (PEG) Mw 4000 and 0.69, CaCl, solution. The
mixture was left to stand for 10 min. During this period cell aggregation was
followed by microscopic examination. Dilutions of 10%, 10° were prepared and
0.2 cm?® of each was plated on 20 cm?® pre-poured solidified OSY media in
Petri dishes at 42-44 °C. Similarly, Petri dishes of OSY and OSM media were
also inoculated, all incubated at 30 °C for 72 h, then examined and counted.
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1.5. Determination of methionine content

1.5.1. Biological assay method. Thirty mg of dried yeast biomass was di-
gested in sealed ampoules with 4 cm?® of 6 N HCI, for 24 h at 105 °C. The
acid was evaporated at 40 °C in an oven under vacuum for 24 h, the residue
was then dissolved in distilled water and filtered. Methionine content was
determined according to BARTON-WRIGHT (1972) by using Leuconostoc mesen-
teroides P50 auxotroph as a test organism.

1.5.2. Thin-layer chromatography. The acid hydrolysed yeast as in 1.4.1
was run on a thin-layer of silica-gel with a solvent of n-butanol-acetic acid—
water (80 : 20 : 20). The chromatograms were finally checked by a video-
densitometer (DEVENYI, 1977).

1.6. Determination of total amino acid content

Yeast hydrolysed similarly as in 1.5.2 was used in an MIM (Hungary)
Aminochrom type automatic amino acid analyzer. :

1.7. Determination of the nucleic acid content

Twenty four mg of sand-ground dried yeast were heated for 20 min at
100 °C with 40 em? of perchloric acid, the optical density of the centrifuged
supernatant was then measured at 270 nm using Specord type photometer.

1.8. Statistical evaluation

All data presented are the mean of three replicates. The significance of
differences was calculated by Student’s method from which the significance
was determined from the appropriate tables.

One asterisk (*) indicates a significant difference at a probability level
of P> 959, while two asterisks (**) indicate that the difference was highly
significant at a probability level of P > 999%,.

2. Results
2.1. Treatment with UV light

Candida guilliermondii 812 was treated in 32 cases with UV light. From
the 2080 colonies tested, 14 auxotrophic mutants were isolated. From these
only one Arg— and one Lys~ mutant were successfully maintained, the rest
back-mutated after 1-3 weeks. From the total number of colonies tested on
sulphur-deficient media, 25 colonies showed bigger sizes on the sulphur-rich
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Methionine, protein and nucleic acid content of 4 UV treated
Candida guilliermondii 812 strains compared to the parent strain

Table 1

Methionine Total protein Nucleic acid
UV treatment (% dry mass) (% dry mass) (% dry mass)
‘S) %, %, %,

Parent (70) 0.704-0.07 59.304-3.0 10.8-+1.0
120 0.83-40.08% 41.204-2.1* 6.2-4-0.6%
180 0.80-+0.08 52.004-2.5 5.640.6%
240 0.85-4+0.09* 43.004-2.1* 6.34-0.6*

300 0.88-+0.09* 39.004-2.0%* 7.340.7

* Significantly different from the value obtained in the parent at P > 959,
X,, X, and X are the means of 5 parallels with + standard deviations

media. These were checked for their methionine content and only four of them
were found to have a methionine content higher than that of the parent strain
(Table 1).

Kluyveromyces fragilis 732 and 1068 and Kluyveromyces marxianus 857
were also treated with UV light. Individuals were selected according to their
methionine content. Kluyveromyces fragilis 732 and Kluyveromyces marxianus
857 treated for 120 s showed the highest sulphur requirements. The slight
increase in methionine content of Kluyveromyces marxzianus 857 was impaired
by a 309, increase in its nucleic acid content. While one colony from Kluy-
veromyces fragilis 1068 showed 809, increase in its methionine content compared
to the parent strains, the nucleic acid content was not changed. Although
Kluyveromyces fragilis 732 showed high frequency of colonies growing better
on sulphur-rich media, no increase in their methionine content was noticed.
Three auxotrophic mutants were also obtained, two from Kluyveromyces fragi-
lis 732 and one from the 1068, but all had reverted when examined after
one week.

2.2. Gamma irradiation

Candida guilliermondii 812 and S. lactis 571 and 290 were treated with
gamma radiation. From 1210 colonies of Candida guilliermondii and from 270
colonies of Saccharomyces lactis examined, neither methionine-rich nor auxo-
trophic mutants were obtained.

2.3. NaNO, treatment

Using this method neither auxotrophic nor methionine-rich mutants
could be obtained out of 1400 colonies tested.
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2.4. Protoplast fusion results

2.4.1. Protoplast fusion between auxotrophic markers of Saccharomyces
lactis 571 and 290.

Selected colonies showed two fusion hybrids with a methionine content
70-759, higher than that of the parent strains, but their protein content
dropped by 24-309%,. Biotin content was nearly doubled in one of the fusions
(Table 2).

2.4.2. Protoplast fusion of Kluyveromyces lactis auxotrophic markers.

Three mutants were used: 1223 His—, 1224 His— and 1226 Met .

The fusion of 1223 4 1226 resulted in the selection of four colonies
numbered 4, 11, 12 and 15 which showed a methionine content higher than
that of the parents (Table 2). No significant change was noticed in the nucleic
acid content.

The other fusion of 1226 + 1224 produced only one colony which was
slightly higher in methionine content than that of the parents.

The protein content of all selected fusion hybrids was higher than that
of the parents but they kept a nucleic acid content close to that of their
parents (Table 2).

Table 2

Comparison of the main components of the parent strains with selected fusion hybrids

|
Methionine Protein Nucleic acid Biotin

EEe i snin 6 trymase). | (% deymem) | (% dyman) | (% dry mam)
Saccharomyces lactis NCYC 571 0.25 58.6 7.3 0.06
Saccharomyces lactis NIACY 290 0.29 57.0 7.3 0.07
Fusion hybrids:

290 4 571 (1) 0.44* 43.3%* 8.8 0.13
290 4 571 (2) 0.49* 40.1%* 6.2 0.08
Kluyveromyces lactis 1223 His™ 0.52 41.0%x* 6.2 -
1224 His— 0.556 45.1%* 5.2 —
1226 Met— 0.60 48.0* 7.1 —
Fusion hybrids
1226 + 1223 (4) 0.61* 49.6% 6.5
(11) 0.95%* 53.8 8.8 =
(12) 0.97** 54.7 6.7 =
(15) 0.67* 55.6 6.1 =
1226 + 1224 (2) 0.61 53.2 6.2 =

* Significantly different from the value of the parent strains at P > 959,
** Highly significantly different from the value of the parent strains at P > 99%
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Table 3
Amino acid composition of 4 fusion hybrids compared to that of the parent strain
Parent strain Fusion hybridsin percentage of dry mass®

o R 1226 4 | 1 | 12 | 15
Lysine 3.36 3.61 4.47 4.67 3.9
Histidine 0.35 0.98 1.07 1.33 1.1
Arginine 2.37 2.16 2.39 2.66 2.21
Asparagine 5.2 3.87 3.7 4.65 4.59
Threonine 2.47 1.95 1.85 2.31 2.36
Serine 1.8 1.72 2.01 1.83 2.09
Glutamine 6.9 5.35 5.37 6.49 6.25
Proline 1.81 1.21 1.85 1.47 1.55
Glycine 2.38 1.85 1.563 1.92 1.97
Alanine 2.74 2.04 2.07 2.19 2.14
Valine 3.2 2.40 2.21 2.8 2.68
Methionine 0.6 0.61 0.95** 0.97** 0.67*
Isoleucine 3.31 1.91 1.61 2.27 2.22
Leucine 5.45 2.76 1.65 3.09 3.26
Tyrosine 2.8 0.99 0.93 0.97 1.18
Phenylalanine 1.86 1.7 1.63 2.01 1.96

# The data are the mean of three parallels
* Significantly different from the value of the parent strain at P > 959,
** Highly significantly different from the value of the parent strain at P > 999,

The total amino acid determination of the four fusions (Table 3) showed
that the lysine content increased in three of them. Histidine increased very
significantly in all fusions with a noticeable decrease in leucine and isoleucine.

Mutant
O FAQ/WHO Reference

1

1 1

| NNNNNNNNNNNN

% protein

-, NSOy PO
1

7

R 00N
NNNNNNAN .
QNNNNNNNNN -

%
/ 1
Lys. Thr Met. His. Val. ileu. Leu. Ph. Trip.

Fig. 1. Comparison of the amino acid content of fuson hybrid (11) with the FAO/WHO
reference volume

Acta Alimentaria 12, 1983



220 MUAYAD et al.: METHIONINE-RICH MUTANTS FROM YEASTS

In the case of the hybrid No. “11”, the value of leucine and isoleucine
dropped below the level recommended by FAO/WHO, but still the methionine
content was well above the FAO/WHO reference value (Fig. 1).

3. Conclusions

In comparing the efficiency of the different methods and techniques
in producing yeast with higher methionine and protein contents, the results
are as follows:

3.1. UV treatment

Out of 2080 strains tested, two mutants with auxotrophic marker were
successfully produced and were stable. The frequency, therefore, was about
0.1%,. The stability of the auxotrophs was 149,. The highest methionine
content was 259, higher than that of the parent strain.

3.2. Gamma wrradiation

From 1480 colonies tested, the frequency of auxotrophic or methionine-
rich mutants production was zero.

3.3. NaNO, treatment

Fourteen hundred colonies were examined without any success.

3.4. Protoplast fusion

Of the Saccharomyces lactis hybrids, only two were selected from 18 colo-
nies tested with higher methionine content but they were lower in their protein
content, while Kluyveromyces lactis showed higher frequency by giving out
4 mutants of 24 tested with protein and methionine contents higher than
that of the parents.

The above results show that the UV treatment was the most efficient
method compared with gamma radiation and NaNO, treatment. In addition
to that the method was not as laborious as the gamma radiation and NaNO,
treatments. NaNO, treatment was found to be very laborious and time
consuming, this increased the probabilities of contamination which hindered
the possibility of examining all the treated cells. This could be the reason
for failing of this method to produce any mutants.
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Gamma irradition did not prove to be more efficient than the NaNO,
treatment as contamination was also frequently experienced, although a
reasonable number of colonies were tested. Not only the different methods
varied in their efficiency in this regard, but the different strains used varied
also in their response to the same treatment. Candida guilliermondii 812 gave
the highest number of auxotrophic mutants, some of which proved to be
stable. While Kluyveromyces fragilis 1068 gave one mutant of highest methio-
nine content compared to the original parent strain.

The results did not enable us to establish at which dose level the UV
was more effective, and for this reason different levels of treatment were
used throughout the experiment.

Compared with the UV treatment protoplast fusion proved to be of
higher efficiency in producing mutants of higher methionine and protein
contents.
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The aim of this study was to estimate the average daily dietary intake
of the Hungarian population of Mn, Cu and Zn micronutrients. Practically all
important components of the diet of the population have been analyzed partly
in an earlier work of the author, partly in this work. Statistical data of the Central
Statistical Office of Hungary about the annual consumption of various food com-
ponents were utilized in the estimation of the micronutrient intake. The separated
data of the Statistical Office for physical workers and for the intellectuals enabled
to estimate the intake of the two classes separately, however the differences in
the micronutrient intake were modest. The daily intake is about 11 mg Zn per
day per person and this amount seems to be sufficient as the assumed require-
ment from Zn is between 10-15 mg per day per person. The situation is less favour-
able in the case of Cu, the intake of which amounts to 1.1 mg per day per person
which seems to be marginal according to international recommendations. The
intake of Mn amounts to less than 3 mg per day per person which seems to be
again just on the margin of the recommended requirement.

The decreased intake of Cu and Mn is attributed to the decreased con-
sumption of cereals and particularly the increased degree of refinement of cereal
products as refined cereal products (white flour) contain much less micronutri-
ents than whole grain wheat bread or brown sorts of bread.

It is well known that some micronutrients are essential for health,
development and fertility of all living beings, inclusively man. Man is supplied
with micronutrients in food and a very small part of them in water. The
dietary habits changed gradually in consequence of industrial development
and this change accelerated very significantly in the course of this century.
There are very great differences between the dietary habits of developed
nations and the nations in the lower brackets of the average national income.
The significant development of the diet of the affluent nations has brought
about unquestionably important benefits, e.g. supply of calories, animal pro-
teins, vitamins, sugar, oil, fats, etc. Serious suspicions arise however that with
this beneficial development some disadvantages might be associated.

Since the beginning of this century the change may be characterized
by the fact that the consumption of cereals, complex carbohydrates decreased
very substantially and the consumption of sugar, animal proteins and animal
fats increased. Generally the consumption of cereal products supplies about
619, of the calories in the diet of the developing nations, however only about
319% in the diet of the affluent nations. (Foop AND AGRICULTURAL OR-
GANIZATION OF THE UNITED NATIONS, 1977). The affluent nations obtain the
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largest part of their calories in animal proteins, animal fats, oils, and sugar.
The majority of our essential mineral requirements is supplied by cereal
grains and their less refined products, e.g. whole grain bread, brown breads,
etc. Not only the total consumption of cereals and cereal products de-
creased very substantially by affluency to less than half since the beginning
of this century but within it the proportion of white refined cereal products
(white bread, dry pastry, etc.) increased, at the expense of mineral elements.

Since it seemed that about 60-70%, of Mn and about 309, of Cu content
of the diet of affluent nations originated from cereals, the influence of milling
and refining upon the micronutrient content of cereal products was investi-
gated in a previous detailed study (SzaLay & MURANYI, 1982).

The Mn content of fine wheat flour with 0.55%, ash content and about
729, extraction yield is only about 1/8 of that of the whole wheat grain and
its Cu content amounts to about 1/3 of that of the grain.

The aim of this study is to determine the average daily intake of the
Hungarian population from Mn, Cu and Zn micronutrients by utilizing the
analytical determination of the content of various food sources carried out
partly earlier (MURANYI, 1977) partly in this study and calculating the intake
by utilizing the consumption data of households published by the Central
Statistical Office (Hungary) (Household Statistics 1978, 1979).

Similar studies were carried out already in some countries. The book
of UNDERWOOD (1971) is treating various data from the USA (Trerox et al.,
1966; SCHROEDER et al., 1966), Holland (BELz, 1960) and the U.K. (HAMILTON
et al., 1972/73). A comprehensive bibliographic survey is compiled from
earlier — often very controversial — data in the book of SCHLETTWEIN-GSELL
and MOMMSEN-STRAUB (1973).

The uptake of Mn, Cu and Zn in North Karelia (Finland) was already
investigated earlier because there is the highest incidence of cardiovascular
diseases in the world (Szaray et al., 1982). Recently a study collecting all
available data appeared on the intake of a large number of mineral elements
in Finland (Ko1vISTOINEN et al., 1980).

In order to find any causal relationship between any deficiency disease
and the change of micronutrient intake, assumedly caused by affluency, it is
necessary to estimate the intake of the average citizen and to estimate how
it changed in the course of this century, further how it relates to the minimum
requirement of the micronutrient in question as far as it is known at all.

1. Materials and methods

Samples of foods were collected from at least 6 different independent mar-
ket sources. They were cleaned, pealed off if necessary, inedible parts were dis-
carded as in households and then weighed first in the wet fresh state, then
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after drying at 105 °C, finally they were ground and homogenized. 5 g samples
were taken out from the much larger powdered sample, for ashing. Ashing
was carried out at 550 °C and the ash was treated with cc HCI and evaporated.
The residue was taken up and diluted to a standard volume with 0.1 N HCI.
This solution was sprayed into an air-acetylene flame of a Beckman 485 Type
atomic absorption spectrophotometer (AAS). The following wavelengths were
used: 279.5 nm for Mn, 324.8 nm for Cu and 213.8 nm for Zn. The mean values
of the six samples were utilized. A large number of analyses were carried out
by MurANyYI1 (1977) and her results are utilized. Results concerning cereals
were taken from the previous publication of SzaLay and MURANYI (1982).

The accuracy of the analytical determinations is usually better than
59, optimally about 19%,. Data on the average consumption of the Hungarian
population in the year 1978 were taken from the publication of the KozponTI
Stariszrikar Hivararn (1979). This very detailed statistics is in principle
suitable to determine the food consumption in kg per year per person for
various food sources of the various occupational strata of society.

These statistical data were collected by interrogation of the popula-
tion of about 241 settlements, each with more than 5000 inhabitants. Alto-
gether 8500 households have been randomly selected. Part of the food was
consumed outside of the households, in restaurants or working place canteens.
This was taken into account in the statistics.

2. Results

Our results are demonstrated in Table 1 for consumption within the
households of physical workers and in Table 2 for the strata of intellectuals.
There are no significant differences between the results related to these two
groups of population.

At the end of these Tables consumption outside the households (restau-
rants, working place canteens, etc.) are added.

In the first column the food sources are listed according to the data
of the K6zrpoNTI STATISZTIKAT HIVATAL (1979).

The determination of the average micronutrient intake meets with great
difficulties and must be regarded as an approximative estimate, only. The
cause of this does not lie with the analysis, because atomic absorption spectro-
metry is very useful, practical and reliable for the determination of these
elements. The problem is inherent in the statistical data. The data werre col-
lected by interrogation of a more or less well chosen sector of the population.
In some countries and studies (e.g. USA), the total amount of food sold to
the population is taken into consideration. However losses occur between
the market and the consumer and thus the actual intake is less than the
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Table 1

Mn, Cu, Zn micronutrient intake of the average Hungarian citizen in workers’ households

Foodstuffs

C

(¢

(kg per year)

(g per day)

Mn

Cu

Mn T Cu I Zn

concentration in ppm intake in mg per day per person

Pork 16.16 44.3 0.23 0.87 39.8 0.010 0.039 1.763
Beef and veal 1.56 4.27 0.40 0.56 59.5 0.002 0.002 0.254
Entrails 3.03 8.30 0.90 2.52 17.5 0.008 0.021 0.145
Mutton 0.80 2.19 0.80 0.80 12.0 0.002 0.002 0.026
Hen 15.34 42.0 0.23 0.27 12.1 0.010 0.011 0.508
Goose, duck 2.56 7.01 0.23 0.27 12.1 0.002 0.002 0.085
Meat products 17.12 46.9 0.23 0.87 39.8 0.011 0.041 1.867
Fish, tinned fish 1.47 4.03 0.57 0.90 6.97 0.002 0.004 0.028

Meats total 58.04 159 0.047 0.122 4.676
Eggs 219.8° 0.6 14" 5.0 5820 0.0084 | 0.003 0.349
Milk 82.39 226 0.03 0.04 3.30 0.0068 0.009 0.746
Cheese 1.36 3.73 0.22 0.32 36.6 0.0008 0.001 0.137
Butter 1.23 3.37 0.02 0.10 1.70 0.0001 0.0003 0.006
Fat 12.78 35.0 0 0.06 0.20 0 0.0021 0.007
Bacon 3.74 10.3 0 0.06 0.20 0 0.0006 0.002
Vegetable oils, margarine 3.43 9.40 0.01 0.03 0.73 0.0001 0.0003 0.007

Fats and oils total 21.18 58.0 0.0002 0.0033 0.022
Bread 85.563 229 5.15 0.62 6.48 1.18 0.142 1.484
Baker’s ware 9.46 25.9 2.97 0.74 4.27 0.08 0.019 0.111

Bakery products total 92.99 255 1.26 0.161 1.595
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Flour

Rice

Dried paste

Pastry
Total

Potatoes

Dry legumes, pulses

Nut, almonds, hazelnut, poppy
Sugar

Cabbage, savoy
Cabbage lettuce
Mushrooms
Cauliflower
Tomato
Carrot, turnip
Sorrel, spinach
Cucumber
Onion
French beans
Green peas
Green paprika
Others

Fresh vegetables total

Pickles

Sauerkraut

23.89
3.90
2.20
2.01

32.0

45.80
1.94
1.02

19.06

7.50
211
0.31
1.07
7.22
8.25
0.57
6.22
6.71
2.07
2.30
5.88
3.89
54.10

1.18
1.78

65.5

10.7
6.03
5.61

87.7

1256
5.32
2.80

52.2

20.6
5.78
0.85
2.93

19.8

22.6
1.56

17.0

18.4
5.67
6.30

16.11

10.7

148.0

3.23
4.88

5.45
10.6

1.52

1.52

0.88
731
24.0

1.84
2.05
2.49
1.12
0.98
2.97
7.79
0.67
1.28
2.08
3.55
1.18
1.89

0.98
1.70

2.37
1.40
1.76
1.76

0.72
6.63
9.27

0.34
0.58
10.9
0.38
0.63
1.42
0.87
0.43
0.63
0.65
2.42
0.52
0.98

0.53
0.27

6.94
23.0

8.60

8.60

2.73
29.7
36.7

2.76
4.02
21.3
5.03
1.22
3.25

9.12 |
1.44

4.58
2.58
10.6
1.42
3.87

3.01
1.85

0.357
0.112
0.009
0.008
0.486

0.111
0.038
0.067

0.038
0.012
0.002
0.003
0.019
0.067
0.012
0.011
0.024
0.012
0.022
0.019
0.020
0.261

0.003
0.008

0.155
0.015
0.011
0.010
0.191

0.091
0.035
0.026
0

0.007
0.003
0.009
0.001
0.011
0.032
0.001
0.007
0.012
0.004
0.015
0.008
0.011
0.121

0.002
0.001

0.455
0.246
0.052
0.047
0.800

0.344
0.158
0.103
0

0.057
0.023
0.018
0.015
0.024
0.074
0.014
0.025
0.084
0.015
0.067
0.023
0.041
0.481

0.010
0.009
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Table 1 (cont.)

Foodstatis e Rl e el W . ...

concentration in ppm intake in mg per day per person

Preserved vegetables 1.81 4.96 2.27 1.67 7.00 0.011 0.008 0.035
Total 4.77 13.1 0.022 0.011 0.054
Apple 14.42 39.6 0.55 0.22 0.48 0.022 0.009 0.019
Peach 3.56 9.78 0.88 0.50 1.36 0.009 0.005 0.013
Apricot 1.44 3.95 0.82 0.62 1.42 0.003 0.003 0.006
Cherry 2.14 5.86 0.77 0.65 0.85 0.005 0.004 0.005
Water-melon 4.46 12.2 0.20 0.20 0.50 0.002 0.002 0.006
Cantaloup 0.44 1.21 0.30 0.50 1.30 0.0004 0.0006 0.002
Strawberry, raspberry, red currant 1.78 4.88 3.06 0.75 2.31 0.015 0.0037 0.011
Pear 2.77 7.59 0.48 0.68 1.18 0.004 0.0052 0.009
Sour cherry 1.82 4.99 1.13 0.82 1.10 0.006 0.0041 0.006
Plum 4.42 12.11 1.00 0.82 117 0.012 0.010 0.014
Grape 3.47 9.51 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>