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Acta Alimentaria, Vol. 16 (1), pp. 3—27 (1987)

OUTLINE OF A SYSTEM FOR THE SELECTION
OF THE OPTIMUM STERILIZATION PROCESS
FOR CANNED FOODS

I. CALCULATION METHODS

I. KORMENDY

Department of Canning Technology, University of Horticulture,
H-1118 Budapest, Ménesi u. 45. Hungary
(Received: 5 October 1984; revision received: 3 September 1985;
accepted: 28 December 1985)

A system is presented for the selection of the best sterilization process from
a finite number of process variations. The system has been planned for application
to canned foods in industrial practice. Some new calculation methods for the
determination of temperature and property fields within the processed food
material are also described. Adequate computer programmes have been developed
for practical use. The following fields are treated in detail: The transfer of heat
in the food material solely by conduction. The transfer of heat dominantly by
strong natural convection.

Some new methods are also included for the calculation of property changes.
These enable a wide range of other than first order variations to be calculated.
The concept of ‘‘slowest heating point” is also revised and substituted by a more
exact term.

Keywords: heat transfer, optimum sterilization process, canned foods,
computer programme

Many publications deal with the optimization of heat treatment (steriliza-
tion, pasteurization) processes (e.g. Lunp, 1977, 1982; TH1JSSEN & KOCHEN,
1980; OnwLsson, 1980). However, these only investigate property changes in
the processed food and are not suitable for direct industrial use. Thus, the
calculation of loads and stresses acting on the container are not included in
these publications. Generally, first order kinetics are used, though in some
cases other orders are also applied (LaBuzaA, 1979; Sacuy & KAREL, 1980;
Horax & KEessLEr, 1981). It therefore became unavoidable to develop and
extend the methods currently applied for the calculation of property changes.

The optimization system proposed here applies to industrial heat treat-
ment processes for food material preserved in cans. It is evident that certain
previous results and concepts have also been included in the synthesis. Those
parts of the system which can be regarded as more or less well elaborated are
as follows:

a. Method for generating standardized process versions for the hydro-
static sterilizers used in Hungary. Among other things, the computer
programme calculates the retort (ambient) temperature as a function
of heat treatment time, for a selected transport velocity (KORMENDY,
1985).
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4 KORMENDY: OPTIMUM STERILIZATION PROCESS

b. Methods for the calculation of temperature and property fields for
cylindrical containers, if heat is propagated exclusively by conduction
in the foodstuff.

¢. Methods for the calculation of temperature and property fields for
cylindrical containers, if heat is transferred dominantly by strong
natural convection in the container.

d. Methods for the evaluation of data measured for temperature—time
relations during sterilization.

e. Development of methods for the measurement and calculation of
deformations vs. load relations in containers (KORMENDY, 1982; DELI,
1982; FErENCZY & KORMENDY, 1984).

The above results, though designed to work inside a complete system,
can be efficiently used separately and independently, too. It should be noted
that relevant research activity can also be coordinated by applying the prin-
ciples of the system. Points b and ¢ from the above results are presented here
in sections 2 and 3, while Point d will be treated in a subsequent publication
(Part IT of this series). Those parts of the system, which are related to the
objective function (see Section 1) have not been elaborated so far and are
only on a conceptual level.

The explanation of a number of terms will be given before the more
detailed descriptions. The term “process version’” means basically a selected
variation of the temperature and pressure of the heat transfer medium around
the container as a function of time. The term “property of the food material”
should be understood in a fairly general way: Microbe concentration, enzyme
activity, vitamin content, mechanical and sensory properties, etc. ‘“Property
value” is a quantity attributed to or calculated for a specified property.

1. Description of the system

The structure of the system is presented in Fig. 1, and works in the
following way:

Step 1: A finite number of process versions are generated. The versions
are in conformity with the sterilizing apparatus, they satisfy capacity (number
of containers per time) requirements, and are in harmony with previous
treatments.

Step 2: Calculation of temperature and property values as functions of
space and time coordinates (temperature and property field calculations)
within the container. In addition, certain special tasks are carried out at the
end of properly chosen time intervals: The determination and storage of extreme
values in the temperature and property fields. The calculation and storage of
temperature and property averages.

Acta Alimentaria 16, 1987



KORMENDY: OPTIMUM STERILIZATION PROCESS 5

Step 3: Examination of the extreme values and averages of the properties.
The question considered here is whether these remain within the acceptability
domain specified by the proper limiting (PL) values. If so, then Step 4 follows.
If not, then the version in question is dropped and the system returns to Step 1,
where the next version will be generated.

Step 4: Calculation of the load on the container. For cans the load is
typically the difference between the inside and outside pressures.

Step 5: Examination of the load on the container. If the load on the
container is less than the previously stated limiting value (CL), then Step 6
follows. If not, then the version in question is dropped and the system returns
to Step 1.

Step 6: Evaluation of the objective function. The objective function
should mainly represent the quality of the food material.

Step 7: Comparison of the value of the objective function in the current
version with the previous best value. If the new value proves to be better (re-

START

NO
YES
@ A
@
<>
gy 7o A

Fig. 1. Flow chart of a system for the optimization of sterilization processes for canned

foods. 1: process version generation; 2: calculation of temperature and property fields;

3: examination of the property limits; 4: container load calculation; 5: examination of

the container load limits; 6: evaluation of the objective function; 7: comparison of the

current (new) and former (best) values of the objective function; 8: and 9: storage of the

data of the better version; 10: answering the question, whether the process version in
question is the last one; 11: printing out all data of the best version

Acta Alimentaria 16, 1987



6 KORMENDY: OPTIMUM STERILIZATION PROCESS

presenting higher quality), then Step 8 follows. If not, then Step 9 will follow.

Steps 8 and 9: All necessary data belonging to the best version are stored,
while those of the other are lost.

Step 10: The question raised is whether the current version is the last
one. If so, then Step 11 follows. If not, the system returns to Step 1 for the
next process version.

Step 11: All necessary data pertaining to the best version are displayed
and printed. The procedure ends.

2. Heat propagation by conduction in cylindrical containers
Calculation of temperature and property fields

2.1. Common principles

Two methods have been elaborated. One serves for temperature and
property field calculations in infinite cylinders, the other for finite cylinders.
Both methods include appropriate computer programmes and are based on an
explicit version of elementary heat balances for cylindrical coordinates. Axial
symmetry and convective boundary conditions are assumed for both methods.
The basic concepts of the procedures were taken from the relevant literature.
Recently more sophisticated (and presumably more accurate) methods have
also been used (NAVEH et al., 1983); however, these are probably less convenient
for practical application at present. The following principles are common to
both methods.

The heat capacity of the container has been neglected, though the tem-
perature variation through the container wall perpendicular to the inside sur-
face is taken into account. Heat conduction in the wall in other directions is
neglected. The Biot number is defined in the following manner:

E
B — -“A— Eqn. [1]
where
1 A

In the case of an infinite cylinder, £ = R, while for a finite cylinder
E = R at the cylindrical surface and £ = H|2 for the end plates.

The arrangement of the nodal points is illustrated in Figs. 2 and 3.The
distance between the nodes is constant in both the radial and axial directions
(4r, AR). The cross-sections of the elementary bodies formed for the heat
balances are indicated in the figures by hatching. The heat balance for an
interior annulus results in the following equation, if only radial heat conduction

Acta Alimentaria 16, 1987



KORMENDY: OPTIMUM STERILIZATION PROCESS 7

is present:

T 1 Ar
4 ;.I,n M [(Tl—l,n e Tl.n) (1 + 0.5 r—l-] —
3

) (Tl,n = TH—l,n)

1—0.5 A—T” . Eqn. [3]

41
where 1 <! < L.
The result for an elementary cylinder under the same conditions is:

5 4
AT, = E e D) Eqn. [4]
In the above equations M, is the radial module calculated by the formula
Ar?
YT Eqn. [5]

Obviously, the module is the reciprocal value of a special Fourier number.

Both methods are constructed in such a way that two subsequent paired
values of heat treatment time-ambient (retort) temperature (¢, T's ;5 #:44,
Ty, j+1) are connected by a linear relation and the latter is approximated by
a step-wise function as illustrated in Fig. 4.

Figure 4 shows a time—temperature relation, which is typical for a batch
retort. The empty circles represent the time—temperature data introduced as
expedient by the person carrying out the calculation. The time interval
At; = t;, — ¢; is always a multiple of the elementary time step 4¢;. The Biot
numbers can also he varied in each time interval. Thus, it is also possible
to calculate cases where the container moves through various ambient mediums
with differing heat transfer properties. The initial temperatures at the nodal

2R
<5 |
I NNN
Bi | _®
—a | Pz
%
nodes I
|
=1 2 L L+l

Fig. 2. Geometry and location of the nodal points for the “infinite cylinder”. A: cross-
section of the elementary annulus at the cylindrical surface; B: cross-section of an interior
anrulus; C: cross-section of the elementary cylinder

Acta Alimentaria 16, 1987



8 KORMENDY: OPTIMUM STERILIZATION PROCESS

Bi,
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Fig. 3. Geometry and location of the nodal points for the “finite cylinder”. A, B and C:

see legend to Fig. 2; D and G: cross-sections of the elementary annuli located at the cylindri-

cal surface and at one of the end planes; E and H: cross-sections of elementary annuli,

interior in the radial direction, located at one of the end planes; F and I: cross-sections of
the elementary cylinders at one of the end planes

T e
Bij1 Bij+2
'(ﬁ-m- ------- O\
Tn jo G %
\\
i Q
\\
\
N
A
\
\
\,
tig t', min

]

Fig. 4. Tllustration of retort temperature vs. heat treatment time and its approximation
by a step-wise function within a time interval. Circles (o) illustrate paired data to be en-
tered by the operator
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KORMENDY: OPTIMUM STERILIZATION PROCESS 9

points must be known and included in the calculations. The programmed
calculation of the temperature and property fields requires the input of the
following data:

— Integers (L, N) for the calculation of nodal distances (4r, 4k)

— Geometric parameters of the container (R, H, s)

— Thermodynamic properties of the food and the container (a, 4, 4;)

— Reaction kinetic properties of the food material

— Initial temperatures of the food

— Retort temperatures at appropriate heat-treatment times

— Biot numbers or convective heat transfer coefficients for the outside
surface of the container

The Bi = 0 or az = 0 indicates heat insulation at the surface in question.
It is therefore also possible to calculate the temperature equalization and the
associated property variations within insulated containers.

So-called dimensionless temperatures can also be calculated by sub-
stituting the appropriate Fourier number (e.g. Fo = at/R?) for time and the
appropriate values of 7', and 7'; (e.g. T, = 1 and T'; = 0).

The property values or their equivalents (e.g. F-values) are also calcu-
lated at the nodal points immediately after the determination of the tempera-
ture increment at the same point for the A¢’ elementary time step. However,
the results are not displayed until the previously stipulated (input) process
times. These results include the extreme values of temperature and proper-
ties (together with their locations) and the averages based on the total
volume (or mass).

2.2. The infinite cylinder

This method can be used to solve industrial problems where the cylinder
is sufficiently long compared to its diameter, or heat insulation can be assumed
at both end surfaces.

The nodal points and elementary bodies are illustrated in Fig. 2. The
number of divisions (L) must be at least 2. The heat balances are grouped in
three types, and the relevant elementary bodies (their cross-sections) are
marked by 4, B and C in Fig. 2. Equation [3] is valid for interior annuli (B),
while Eqn. [4] is valid for the elementary cylinder (C). The subscripts of the

temperatures ‘“r” and ‘“n” have been omitted, as they are superfluous here.
The heat balance for the superficial annulus results in

8

A=yt 3M,(1 — 0.25 Ar/R)

[Bi(Ty, — T,)Ar/R —

— (T, — T,)(1 — 0.547|R)] — %AT; Eqn. [6]

Acta Alimentaria 16, 1987



10 KORMENDY: OPTIMUM STERILIZATION PROCESS

Here the surface temperature (associated with / = 1)is denoted by 7', instead

of T,. The AT5 in Eqn. [6] is calculated from Eqn. [3] by substituting I = 2.

The value of the module (2/,) is calculated separately for each time inter-

val (4t;) in a programmed manner. The calculation takes into account the

stability criterion according to Cro¥Fr and LiLLEY (1977). As a result two (lower)
limits are observed:

M, >4, [7]

and

(8Bi — 4.5)4r/R + 10
Y230 0.2541/R) 18]
Relation [7] is deduced from Eqn. [4], and Relation [8] from Eqn. [6] by
selecting temperatures without an upper comma according to Fig. 7 (A) and
Fig. 5.

However, Relation [7]has been replaced by the criterion M, >> 6, which
results in smaller elementary times steps (4¢') and a better approximation to
the “real temperature’.

The programmed calculation of the module is now carried out in the
following way: The known data are R; L or Ar as Ar = R|L; a, Bi, At.

The first approximate value of the module is denoted by M;. The first
step is to calculate the value of the right hand side of Relation [8]. If this
value is less than 6, then further calculations will proceed with M; = 6. If not,
then the actual value of the right hand side of Relation [8] will be denoted as
M/ and used for further calculations.

The next step is to introduce the value of M; into the left hand side of
Eqn. [5] and to calculate the first approximative value of the elementary time

|
|
|
|
|
|
|

.
T 1
T
=T, o
o
s]
5 °
0 x
o
5 (Arldr ;
9 |
: R
i
L I

Fig. 5. Set of temperatures for the deduction of Relation [8] from Eqn. [6] according to
Cro¥r and LitLey (1977). Critical elementary body: Surface annulus A in Fig. 2

Acta Alimentaria 16, 1987



KORMENDY: OPTIMUM STERILIZATION PROCESS 11

step. Next, the time interval (A4¢) will be divided by the approximative value
of the elementary time step and the result will be rounded up to the next
higher integer (C). These steps are integrated in the following formula:

adt
Ar?

¢ = INT

M 1] Eqn. [9]

The final values of the elementary time step and the module are then:

At = £ E [10]
=0 qn.
and
Ar?
M’—:EC' Eqn. [11]

The time interval is thus a whole number multiple of the elementary time step.
For example, if R = 0.05 m, L =5, Ar = 0.01 m, Ar/R = 0.2, a = 8.4 X
X 107%m?2 min—1, Bi = 8 and 4¢ = 5 min, then

(8Bi — 4.5)47/R + 10
3(1 — 0.25 Ar/R)

8.4x10-9x5
O=INT |22 168 41| = INT 4.28 = 4

=17.68>6 and M; = 7.68

A = 5[4 = 1.25 min

0.012

= m 4 = 9.5238

It follows from Relation [8] that at above M| = 6, there is a linear relation
between M; and Bi and higher M, values are associated with higher Biot
numbers. Therefore, the computer time for high Biot numbers is unfavourably
long and the case Bi — oo cannot be treated. However, one advantage of this
arrangement is that one of the nodal points is located on the surface of the
cylinder (7', = T',).

The method is only valid for property changes which have first order
reaction kinetics. Property values are calculated in the following way: Each
property needs the knowledge of four reaction kinetic parameters, which are
the reference temperature (7',), the z-value (z), the lower limit temperature
(Ty) and the decimal reduction time at 7', (D,). The programmed calculation
results in equivalent heat treatment times, e.g. F-values, and these have to
be transtormed into property values. For a given nodal point, first the tempera-
ture increment and the new temperature are calculated, immediately followed
by the calculation of the increment of the heat treatment equivalent, for each

Acta Alimentaria 16, 1987



12 KORMENDY: OPTIMUM STERILIZATION PROCESS

previously stated property. The approximate formula
T, T—T,

1 T-T,
AF':E W F LT AP Eqn. [12]

is applied and the increment is added to the previous equivalent for the nodal
point. If

T2 o, [13]
then AF" = 0.

Results are only displayed at heat treatment times where time-tempera-
ture data are introduced into the programmed calculation. The results are
as follows:

Surface temperature (7',)

Mean temperature (77,,)

Central (axis) temperature (7',)

For the 1st property:

Surface equivalent (#;)

Mean equivalent (¥,,,)

Central (axis) equivalent ()

For the second property:

Surface equivalent (F,)

Mean equivalent (#,,,)

Central (axis) equivalent (F,,)

ete.
The calculation of the mean (or average) property value is done by first
transforming the local equivalents into relative property values using the

relation
Y =10 7P Eqn. [14]

The concept “relative property value’ is explained in Section 2.3. This
is followed by the calculation of the average relative property value (Y ),
using the same simple algorithm with which the mean temperature was cal-
culated. The next step is inverse transformation using the relation

P =—Dlog¥, Eqn. [15]

For the first treatment time (usually ¢/ = 0) the initial temperature at each
nodal point must be given by the operator. The mean temperature is calculated
in this case, too, and all the values usually printed out at the end of the time
intervals are displayed, though in this case all the equivalents are equal to

Acta Alimentaria 16, 1987



KORMENDY: OPTIMUM STERILIZATION PROCESS 13

\\ _ A;
\\ dA/dt A=A, T=const.
\\ 2
N /
N
~
~
~
\\\
\\\
Ai 110 =B
0 X
0 % t

Ai
= g dA/dt A=A, T=const

Fig. 6. Illustration of the fictitious decimal reduction time. 1: zero order variation of
property A; 2: fictitious first order variation of property A, when the initial rate of change
is equal to that for the zero order variation

zero. Property changes following zero order kinetics can be also treated, if
the changes are moderate, by introducing a fictitious decimal reduction time,
given by the equation

i

D, = —In 10 4 Eqn. [16]

di |a=a,T=T,

The zero order variation is approximated here by first order kinetics as illu-
strated in Fig. 6.

If D, is positive, then the relative property value diminishes in time,
while negative D, results in increasing relative property values, as illustrated
in Fig. 8 for p =1 (or p = 0). The F/D, is found on the abscissa and the F
equivalent is equal to the heat treatment time at the reference temperature.

2.3. The finite cylinder

The method for the finite cylinder has been planned to solve industrial
tasks where different convective heat transfer coefficients exist at the cylindri-
cal surface and at the lower and upper end plates. If any of the three heat
transfer coefficients is zero, then heat insulation is assumed at the surface in

Acta Alimentaria 16, 1987



14 KORMENDY: OPTIMUM STERILIZATION PROCESS

question. For example, if oz, = 0 at the end plates, then the case of the infinite
cylinder can be treated. If e, = 0 at the cylindrical surface, then we face the
case of the infinite slab. If there are different heat transfer coefficients at the
lower and upper end plates, then the temperature distribution in the axial
direction will be asymmetrical to the bisectional plane of the cylinder.

The nodal points and elementary bodies are illustrated in Fig. 3. The
number of divisions, both in the radial (L) and axial (V) directions must be
at least 2.

No nodal points are located at the surfaces and the distance of the nearest
nodal point to the relevant surface is half the nodal point distance in both the
radial and axial directions (4r/2, A4h/2). The heat balances can be grouped in
six versions and the related elementary bodies (their cross-sections) are denoted
by 4, ..., F in Fig. 3. The elementary bodies marked G, H, I belong to the
same version as the bodies D, K, F.

The heat balance for the annuli at the cylindrical surface (4, D and ¢
in Fig. 3) results in the following equation, if heat is propagated only in the
radial direction:

, 1 2BipAr|R
Alran = M,[ (1 — 0.54r/R)(2 + Bi,Ar|R) Tr = Tn) —
D, e B Eqn. [17
e ( Lin = 2,n) o= 0.5AT/R qn. [ ]

The corresponding equation for the elementary bodies at the end sur-
faces (D, £, F, @, H and I in Fig. 3), if heat is propagated only in the axial
direction, is:

. _ L [_2BidhH
win =31, | 1+ Bi AbJH

At the lower end surface: n = 1, d = 2 and Bi, = Bi,.
At the upper end surface: n = N + 1,d = N and Bi, = Bi,.

The following equation is obtained for elementary bodies which are not
located at the end surfaces (4, B and C in Fig. 3), if heat is propagated only
in the axial direction:

(TR - Tl,n) = (Tl,n S Tl,d)] Eqn. 18]

1
ATh,l,n == M_h (Tl,n-—l o 2Tl,n + Tl,n+1) Eqn [19]
Here 1 << n < N.
The temperature increment at the nodal points is calculated from the following
equations, if heat is propagated in both the radial and axial directions:
For elementary body 4 (I = 1,1 < n << N), by adding Eqns. [17] and [19]:

Ti,n == Tl,n = AT" 1.5 -+ ATI';,I,n Eqn [20]

T,

Acta Alimentaria 16, 1987



KORMENDY* OPTIMUM STERILIZATION PROCESS 15

For the elementary body B (1 <!<L, 1 <n<N), by adding Eqns [3]
and [19]:

Tip =Ty =AT1 1+ ATh0 Eqn. [21]

r.ln

For the elementary body C (! =L + 1, 1 <n < N), by adding Eqns [4]
and [19]:

Tisin —Top1n =47 110 + 4T 1410 Eqn. [22]

For the elementary bodies D and G@ (! =1, n =1 or n = N + 1), by adding
Eqns [17] and [18]:

V=R Al s+ AT Eqn. [23]

r,,n

For the elementary bodies £ and H (1 <!<L,n=1or n=N + 1) by
adding Eqns [3] and [18]:

Tin =Ty =W, g+ Theo Eqn. [24]

For the elementary bodies ¥ and I { =L + 1, n =1 or n =N + 1), by
adding Eqns [4] and [18]:

T;_-i-l,n = TL+1.n = AT;,L+1,n + AT;:,L—}-l,n Eqn. [25]

In the above equations Bi, is the Biot number for the cylindrical surface.
This can be calculated by substituting « = «, and £ = R into Eqn. [1]. Bi,
and Bi, are the Biot numbers for the lower and upper end plates and are
calculated by substituting « = e, or « = &, and £ = H/2 into Eqn. [1].

The radial module M, is the same as for the infinite cylinder, while the
axial module M, is calculated by the equation

AR

= Eqn. [26]

It is obvious that the ratio of the two modules depends only on the values
of Ar and 4h. The test of stability resulted in the relation:

M,
Mh

JL24+3(

Ar)2
=4+3hﬂ [27]

when the same principles were applied as for the infinite cylinder (CrRoFT &
Ltrey, 1977).

Relation [27] was deduced from Eqn. [25] and refers to elementary
bodies F or I in Fig. 3 when temperatures without a comma are chosen in
accordance with Fig. 7. Bi, or Bi, — oo was also introduced in Eqn. [25].

The programmed calculation of the module rests on the same principles
as that for the infinite cylinder and Eqn. [9], [10] and [11] are valid in this

Acta Alimentaria 16, 1987



16 KORMENDY: OPTIMUM STERILIZATION PROCESS

Lower end surface:n=1 Lower end Upper end
Upper end surface: n=N+1 surface surface

' {

T
c |
!
T T2 E[
g
T %l
[ 7]
| :
Ar J ar Ahl2 A | Ah Ahl2
| |
I |
[ l
A B

Fig. 7. Set of temperatures for the deduction of Relation [27] from Eqn. [25] according

to Crorr and Lirrey (1977). Critical elementary body: Elementary cylinder at one of

the end planes, marked by F or I in Fig. 3. A: variation of temperature in the radial
direction; B: variation of temperature in the axial direction

case, too. The axial module has the value:

Ah)2
M, = 217] M, Eqn. [28]

This method, in contrast to the method for the infinite cylinder, can be
applied without difficulty to high Biot numbers. Thus, any of the cases
Bi, — oo, Bi, — oo or Bi, — oo can easily be approximated and handled.

The calculation of the property values is carried out using a more ad-
vanced method. Each property needs five reaction kinetic constants (7', 2, p,
T,, D,). Three of these (T,, z, T'y) have the same meaning as in the method for
the infinite cylinder. p is the dimensionless constant for the reaction order.
D, can only be interpreted as the decimal reduction time in the case of first
order reactions (p = 1). Otherwise it has a somewhat different meaning and
will therefore be called the ‘‘time constant’”’ at the reference temperature
(see later).

The method is suitable for types of property variations, which are
described in the case of first order kinetics (p = 1) by the differential equation

dY In10

W — D Y > Eqn. [29]
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or, if p =< 1, according to

dYy 1

2 e o S e
e 1 —p)D Y Eqn. [30]

p can be called the constant for the reaction order and has values in the range
— oo < p < + oo. Y is the relative property value, according to

sl

i

Y=

Eqn. [31]

where A, is the initial value of the property and 4, is an expediently chosen
constant. The time constant D depends only on the temperature. The solution
of Eqn. [29] at constant reference temperature (7',), the initial condition being
t=0, A=A, and Y =1, and substituting the symbol ¢ by F, results in
Eqn. [14]. If p == 1 the solution of Eqn. [30] is
Yil=p =] — Di, Eqn. [32]
The above solutions are illustrated in Fig. 8 for different values of p.
Negative F|D, indicates a negative value of D,, which is the time constant at
the reference temperature. Figure 8 also shows that very different types of prop-
erty changes can be described in this way. If p =1 and D > 0, the time
constant is the well-known ‘“‘decimal reduction time”. If p = 1 and D < 0,
D can be called the ‘“‘decimal multiplication time’”. In other cases (p 5= 1),
taking a time interval having the absolute value of D, the absolute value of
the change in Y17 will be unity at constant temperature.
The calculation of the time constant—temperature relation or of the
decimal reduction time follows the Bigelow theorem:
_T-T,
D=Dlo * Eqn. [33]

The solution of the problem, when temperature varies in time, is obtained
by substituting Eqn. [33] into Eqn. [29] or [30]. This is followed by the separa-
tion of the variables and by integration on both sides of the equations, ¢ =0,
Y =1 as the initial condition.

The result for p = 1 from Eqn. [29] is:

1 . TEY=T,
5 J 10z dr Eqn. [34]
3

0

IgY = —

and for p s« 1 from Eqn. [30]:

1 ¢ T@)-T,
Yi-P—1 —J 10 7 dt Eqn. [35]
r
0
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It is obvious when comparing Eqn. [34] with Eqn. [14] and Eqn. [35] with
Eqn. [32] that the definite integral in the above relations is equal to 7.

In the system used for calculating property variations there are altogether
six constants, 4,, A p» % D> T, and D,, which have to be determined experi-
mentally. 7, is generally selected by some kind of common agreement. The
experiments are usually measurements of the property value as a function of
time at different constant temperatures. Five constants: 4,, Ay 2,9, D, can
be found by the least squares method. 7' is the lower limit temperature. At this
temperature property changes in time are so small, that they are negligible.

According to this method, instead of equivalent times the relative prop-
erty values are calculated at the nodal points: The calculation of the tempera-

b 4
‘3 p=‘| &1 s
G i [
N 3+
O
If p#1
i
y=(1-2)1Pp
., ( Dr)
NG I
24 it p=1
P=<y F
Y =10 Dr
p=-2
P—-t:-i *y P— to= -
i p=05
p=2 Q p=-05
\ 2
p-15 A
0 A\t =
20 EL 0 1 2 £
Dr
D=0 D> 0
O
%
4 4

Fig. 8. Variation of the relative property value (Y) vs. /D, at different parametric
values of the reaction order (p)
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ture increment (A7) and the new temperature is followed by the calculation
of the increments of the equivalents (4F’). Next the relative property values
are transformed by means of Eqn. [32] (p 5= 1) or Eqn. [14] (p = 1) into the
corresponding equivalents and the increments of the equivalents are added
to these values. The next step is the calculation of the new relative prop-
erty values (Y') by inverse transformation.

However, instead of Eqn. [12] and Relation [13] a previously published
method is used (KORMENDY, 1982, 1982a) for the calculation of AF’. The
method is based on the approximation that the temperature variation is linear
within the time increment (A4¢').

Results are only displayed when time-temperature data are introduced
into the calculation, as for the infinite cylinder. The results displayed are
the following:

Serial numbers (/, n) for the nodal point of the maximum temperature

The value of the maximum temperature (7',,y)

Average temperature (7',,)

Serial numbers (I, n) for the nodal point of the minimum temperature

The value of the minimum temperature (7',;,)

For the 1st property:

Serial numbers (/, n) for the nodal point of the maximum relative prop-

erty value

Maximum relative property value (Y yayx)

The average of the relative property values (Y ,,)

Serial numbers (/, ) for the nodal point of the minimum relative property

value

Minimum relative property value (¥ ;,)

The same results are displayed for the 2nd and all further properties.

A special algorithm has been developed to find the maximum and mini-
mum values, together with the associated serial numbers (/, n), and to calculate
the average.

It is obvious that the concept of “‘slowest heating point”” has been radi-
cally replaced by the concept “locations of the extreme values”. The locations
of the extreme values may move as the heat treatment time advances. For
instance, if the heat transfer coefficients at the end plates differ (x, == o),
then the location of the minimum temperature when heating the container
(the “‘slowest heating point”’) will move along the axis of the cylinder.

The computer programme has been so constructed, that all temperatures
and optionally the relative property values are printed out at the end of the
calculations. It is therefore possible to continue the calculations at a later time,
beginning with the end-state of the former calculations.

The various steps in the programme are illustrated in Fig. 9.
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START
Find, compute, print:
Enter: L, N, R, H,q, £, Tmin, (1,n) for Tmin ,
As.Sp.Sa,Sb. T,

Y Trmax, (1,n) for Tmax
Enter the number of the YmirT,(l,n) tor Ymin

properties (7

Y Ymax (1,n) for Ymax

Enter for each property:
Nz, P, 15, D

Q=

Arethere any more data?

\

Enter:T; for each nodal point

O '
 J Print: Ty for each nodal
point A

Enter foreach j: t, ’TR, o(Rp,

%Rg, %Rb, Y

Print: Y, for the selected

Compute for each j: Bi, property
Mc, Mp, &Y T, Yia

END

Fig. 9. Flow chart of the calculation programme for the “finite cylinder”

3. Strong natural convection in cylindrical containers

Under “‘strong natural convection” we mean that, except for a negligibly
thin layer at the boundary surface, the temperature within the container is
almost the same everywhere at a given time. Thus, a single temperature, the
average, characterizes the whole content of the container.

Besides geometric data such as the radius of the inner surface (R), the
volume of the foodstuff (V) and the thickness of the container wall (s), the
following physical properties are needed for the calculations: the thermal
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conductivity (1), specific heat (c), density (), coefficient of volumetric
expansion (ay) and dynamic viscosity of the liquid foodstuff (%), thermal
conductivity of the container wall (4;). Suitable average values have to be
substituted for all physical properties, except for dynamic viscosity, where
the temperature dependence of viscosity has to be taken into account. Seven
paired data for viscosity vs. temperature between 20 and 140 °C must be
introduced for the calculations. The data are stored and interpolation is based
on the relation:

log,yn = A, + 4,/ (T + 273.15) , Eqn. [36]

where 4, and A, are constants and their values depend on the end values
of the interpolation range.

The convective heat transfer coefficients for the outside of the container
(xg) or the relevant Biot numbers (Bi) are also needed. The calculations give
the average temperature within the container (7',,) as a function of heat treat-
ment time, if the initial temperature within the container (7';) and the ambient
temperature (7'y) as the function of heat treatment time are known. The Biot
number is assumed to be constant within each time interval, as in cases of
heat conduction in cylindrical bodies (see Fig. 4).

The calculation is based on the following differential equation:

iy
dt

STy —T,,)— ocV 0, Eqn. [37]

which is the result of a simple heat balance for the food material. The same
simplification regarding the container have been adopted here as for heat
conduction in Para. 2.1. Therefore, Eqn. [1] and [2] are assumed to be valid.
The Biot number is calculated by substituting # = R. The overall heat transfer
coefficient is then calculated by the relation:

1 1)-1 1 1 B>
s (;sz] —[(‘37+m 7] ° el
where
R
Nu — “”i.._. Eqn. [39]

The calculation method is based on the solution of Eqn. [37] under the fol-
lowing conditions: The variation of the ambient temperature and the overall
heat transfer coefficient within the time interval (4¢)) are approximated by a
linear function. The average temperature in the container (7',)) at the begin-
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Tib
°C| min’
TR,]H
120 01
b; bj+
o—
80— Ta Trm,jat
—0.05
Tmj
40
tl tl” t,(mln)
= Atj=12.5

4 s

Fig. 10. An example of strong natural convection within the container. Linear variation
of the retort temperature vs. heat treatment time within given time interval. The com-
puted variation for the average food temperature and the velocity coefficient

ning of the time interval (¢;) is known. The solution is

Triyyz— T -
Tonpr = [M'—RJ =il g~ Tm,j)] e tmits

bm'i Atj
T, T, .
+Tgp0— RZJF—_I‘ Y = Eqn. [40]
m,j =%j
and
1
bm,j == E(bj S bj+1) Eqn. [41]

The velocity coefficient of heat exchange b is simply proportional to k:

N
b= W k Eqn. [42]
which is naturally valid for the averages (b,,, &,,), too.
Figure 10 illustrates an example for the variation of Ty, T',, and b within
a time interval. The Nusselt number is calculated using the following formula
(Hmppink et al., 1976):

Nu=EK(@Gr - Pr\"=K(B.|T,—T,)", Eqn. [43]
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where
s 5

ni

B = Eqn. [44]

Thus, R has been chosen as the characteristic length in the Grashof number.
The value of 7 is always that associated with the temperature H(T'; + T',)).
The calculation is made after the following pattern:
Step 1: The calculation of 7', if T',,, T',, and « are known. The method is based
on the relation:

«(Tp —T)=e, (T, —T,) Eqn. [45]

which is valid since the heat capacity of the container has been neglected.
After substituting « and «,, from Eqn. [1] and [39] and Nu from Eqn. [43]
followed by rearrangement and reduction, Eqn. [45] is transformed into the
following formula:

KB™ =
Tp,—T,= TITS — Tm| T, -7, Eqn. [46]

T is the only unknown value here, because the dynamic viscosity in B depends
only on 7', as T, is known. The solution of the equation is obtained in an
iterative manner as illustrated in Fig. 11. The figure illustrates the version
Ty >T,. The difference T, — T, is divided into 10 intervals and the itera-
tion begins with 7’5 = T, increasing the value of 7's by 10-YT', — 7T',) in
each step. The current value of 7’5 is substituted into both sides of Eqn. [46].
If the right side of the equation is greater than the left side, then one step
backwards is made and the procedure is repeated, this time increasing the
value of T'; by 10-%(T', — T',,). The procedure is continued using smaller and
smaller intervals until the interval is less than a prescribed value, say 103 °C.
The same procedure is used when 7', << 7',,, but here negative steps are taken
from T, = .

Step 2: The calculation of b, when 7', T, x and 7' are known. First Nu is cal-
culated from Eqn. [39], then k£ from Eqn. [38] and b from Eqn. [42].

Step 3: The calculation of b, ; and T',, ; .1, if 4¢;, T, Tp iy, Ty ; and o
(or Bi;) are known. The procedure starts with the calculation of 7' ; and b,
through Step 1 and Step 2. The substitution of b,, ; = b; into Eqn. [40] gives
the first approximation of 7', ; ;. Then follows the determination of the first
approximation of 7' ; ., and b,,, by repeating Step 1 and Step 2. The first
approximation of b,, ; is obtained from Eqn. [41] and when this is substituted
into Eqn. [40] the result is the second approximation of 7', ., and conse-
quently of b,,,. The procedure is repeated until the relative difference between
two consecutive average velocity coefficients (b7, ; and by, ;) is less than a
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j

‘C
Pl Ll

o] *

{ o
0 N

B T 1 T N s
0 Tm Ts Tr T (C)

Fig. 11. Tllustration of the iteration for finding 7' in Eqn. [46]. 1: the left side of
Eqn. [46] vs. T'%; 2: the right side of Eqn. [46] vs. T'%

prescribed value according to

bll S b/
md ol | 0,001 [47]
<

The consecutive average velocity constants within a single time interval are
always calculated using the same value of b; in Eqn. [41]. Fig. 10 illustrates
the results of this calculational procedure.

Nomenclature

Thermal diffusivity (m? min=1)

Property value

; Initial value of a property

p Property constant (see Eqn. [31])

Ay Constants in Eqn. [36]

b Velocity coefficient (see Eqn. [42]) (min~1)

bms by, by, Average of the velocity coefficient (see Eqns [41]and [40]) (min—1)
B Notation for the right hand side of Eqn. [44] (°C~1)

Bi Biot number (see Eqn. [1])

Biy, Biot number at one of the end plates of the cylinder. The » = a indi-
cates the lower and /& = b the upper end plate

c Specific heat of the food material (J kg=! °C—1)
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Number of elementary time steps within a time interval (see
Eqns. [9], [10] and [11])

Abbreviation for “container limits” in Fig. 1

Time constant (p = 1) or decimal reduction time (p = 1). See
Eqns. [29], [30] and [33] (min)

The same as D at the reference temperature (min)

Characteristic length in dimensionless parameters (m)

Equivalent heat treatment time (min)

Fourier number

Acceleration of gravity (m s—2)

Grashof number

Length of the finite cylinder (m)

Overall heat transfer coefficient referred to the surface of the food
material (W m~2°C~1, J min=! m~2°C~1) in Eqns. [37] and [42]
The average of %

Dimensionless constant in Eqns [43] and [46]

Serial number of the nodal points in the radial direction (1 <! <L -+
b 1)

Number of divisions in the radial direction for the allocation of the
nodal points

Dimensionless exponent in Eqns. [43] and [46]

Axial module according to Eqn. [26]

Radial module according to Eqn. [5]

Approximate value of M,

Serial number of the nodal pointsin the axial direction (1 < n <
e < 1)

Number of divisions in the axial direction for the allocation of the
nodal points

Nusselt number (see Eqn. [39])

The constant for the reaction order (see Eqn. [30])

Prandtl number

Abbreviation for “property limits”

Radius of a nodal point with the serial number 7 (m)

Radius of the cylinder (m)

Thickness of the container wall (m)

Surface area of the finite cylinder (m?)

Time (min)

Time as an integration variable in Eqns. [34] and [35] (min)
Temperature (°C)

Initial temperature (°C)

Lower temperature limit for the calculation of equivalent time or
relative property value (°C)
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Reference temperature (°C)

Ambient temperature (retort temperature, °C)

Surface temperature as an iterational variable (see Eqn. [46], °C)
Temperature at a nodal point at the end of an elementary time
step At' (°C)

Volume of the cylinder (m?)

Relative property value (see Eqn. [31])

Relative property value at the end of an elementary time step 4¢’
Constant in Eqn. [33], positive temperature difference for the
decimal reduction of D (°C)

Heat transfer coefficient according to Eqn. [2] (W m~2°C~1)
Heat transfer coefficient at the outside surface of the container
referred to the surface of the food material (W m—2 °C—1)
Coefficient of volumetric expansion for the food material (°C—1)
Increment of the equivalent heat treatment time in time step
At (see e.g. Eqn. [12], min)

Distance of the nodal points in the axial direction (m)

Distance of the nodal points in the radial direction (m)

Time interval, i.e. difference between two consecutive heat treat-
ment times introduced into the calculations (min)

Elementary time step (see Eqn. [10], min)

Temperature increment in the time step A¢" (°C)

Temperature increment at a nodal point, if heat is propagated only
in the axial direction (see Eqns [18] and [19], °C)

Temperature increment at a nodal point, if heat is propagated only
in the radial direction (see Eqns [3], [4] and [17], °C)
Temperature increment at the cylindrical surface of the infinite
cylinder (see Eqn. [6], °C)

Dynamic viscosity of the liquid food material (Ns m~2)

Thermal conductivity of the food material (W m—1 °C—1)
Thermal conductivity of the container wall (W m—=1°C—1)

Density of the food material (kg m~3)

Refers to the lower end plate of the cylinder (Bi, s, «, o)

Refers to the upper end plate of the cylinder (Bi, s, «, xy)

Refers to the axis of the cylinder (#,T')

d = 2 or N in Eqn. [18]

Serial number referring to heat treatment times introduced into the
calculations and to other related quantities, either introduced or
calculated (b, b,,,, Bi, C, ¢, T,,, Ty, T, 4t, At', o)

Refers to the serial number of the nodal points in the radial direc-
tion, increasing towards the axis (1 </ <L + 1)
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m Refers to an average (b, ¥, k, T, Y)

min Refers to a minimum quantity (7', Y)

max Refers to a maximum quantity (7, Y)

n Refers to the serial number of the nodal points in the axial direction,
increasing towards the upper end plate (1 <n <N + 1)

» Refers to the cylindrical surface of the finite cylinder (Bi, s, a, ap)

s Refers to the cylindrical surface of the infinite cylinder (7', F), or

the surface of the food material (7")

Literature

Crort, D. R. & Lirriy, D. G. (1977): Heat transfer calculations using finite difference
equations. Applied Science Publishers, London, pp. 103-109.

Der1, L. (1982): Belsé nyomds mérése és szamitdsa konzervdobozokban. (The measurement
and calculation of pressure within cans.) Thesis. University of Horticulture,
Faculty of Preservation Technol., Budapest, Hungary.

Ferenczy, 1. & KOrMENDY, I. (1984): Konzervdobozok deforméciéjanak mérése az
anyagtakarékossdg érdekében. (Measuring the deformation of cans for material
saving.) Klelm. Ipar, 38, 173-180.

HippiNg, J., ScHENEK, . & Bruin, S. (1976): Natural convection heating of liquids in
closed containers. Appl. Scient. Res., 32, 217-231.

Horaxk, F. P. & KEssLER, H. G. (1981): Thermische Thiaminschédigung. Eine Reaktion
2. Ordnung. Z. Lebensmattelunters. w.-Forsch., 173, 1-6.

KOrRMENDY, L. (1982): A hikezeléssel torténd tartdsitas korszerd ipari technolégidi. (Modern
industrial processes for preservation by heat-treatment.) Lecture’s proceedings.
University of Horticulture, Budapest, Hungary.

KormENDY, I. (1982a): Az anyagok hoékezelés alatti véltozdsaival kapcsolatos tjabb
szemléleti és szamitdsi ismeretek. (New conceptions and calculations in connection
with changes during the heat-treatment of food materials.) Elelm. Ipar, 36,
361-370.

KOrMENDY, I. (1985): Eljards osztott hidrosztatikus sterilezé berendezések (OHS) {izemi
technoldgiai véltozatainak gyors el6éllitasdra. (Method for the fast generation of
process versions for hydrostatic sterilizers with serially connected water columns.)
Konzerv Paprikaipar, (3), 89-92.

LaBuza, Z. P. (1979): A theoretical comparison of losses in foods under fluctuating
temperature sequences. J. Fd Sci., 44, 1162-1168.

Luxp, D. B. (1977): Design of thermal processes for maximizing nutrient retention.
Fd Technol., 31, (2), T1-78.

Lunp, D. B. (1982): Applications of optimization in heat processing. Fd Technol., 36, (7),
97-100.

Naves, D., KorELMAN, 1. J. & Prrug, 1. J. (1983): The finite element method in thermal
processing of foods. J. Fd Sci., 48, 1086-1093.

OHLssON, T. (1980): Optimal sterilization temperatures for sensory quality in cylindrical
containers. J. Fd Sci., 45, 15617-1521.

Sacuy, I. & KArer, M. (1980): Modelling of quality deterioration during food processing
and storage. F'd Technol., 34, (2), 78-85.

TH1IssEN, H. A. C. & KocrEN, L. H. P. J. M. (1980): Calculation of optimum steriliza-
tion conditions for packed conduction type foods. J. Fd Sct., 45, 1267-1272, 1292.

Acta Alimentaria 16, 1987






Acta Alimentaria, Vol. 16 (1) pp. 29—43 (1987)

INFLUENCE OF SUBSTRATE ON THE F-2 AND
T-2 PRODUCTION OF FUSARIUM SPECIES

1. EFFECT OF CORN AND RICE SUBSTRATES

A. Bapawry, A. HarAsz, J. SAWINSKY and E. Kozma

Central Food Research Institute, H-1022 Budapest,
Herman Ott6 ut 15. Hungary
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Twenty-one identified strains of Fusarium sp were examined for their
ability to produce F-2 and T-2 toxin on sterilized, moistened rice and corn
grains. The following strains were used: F. culmorum (234 B/5, 234 B/7, 13, 15, 25),
F. graminearum (977/12, 11, 8, 15, 39/3), F. moniliforme (187 B/19, 228 B/9),
F. tricinctum (20, 21, 17, 204/10) F'. roseum (908 B/1, 8, 908 B/6, F. semitectum (14)
and F'. sporotrichioides (16).

The F-2 and T-2 toxin production was confirmed by GLC and estimated
by TLC. The strains of individual species produced the following amounts F-2
toxin per kg of corn: 4 strains of F. culmorum (0.77 to 205.10 mg), 3 of F. grami-
nearum (8.07 to 50.70 mg), 2 of F. moniliforme (5, T to 16.00 mg) 2 of F. roseum
(2.82 to 8.56 mg), F. semiutectum 27.5 mg and F. sporotrichioides 7.01 mg and one
strain of F. tricinctum produced 1.44 mg T-2 toxin. On rice we found the fol-
lowing amounts of F-2 toxin per kg: 2 strains of F. culmorum (53.43 to 1166.13
mg), F. moniliforme (5.39 mg), 3 strains of F. graminearum (15.54 to 453.11 mg),
one from each of F. semitectum and F. sporotrichioides (0.12 and 0.37 mg, re-
spectively) while F. roseuwm did not produce any toxin, but in the case of . tri-
cinctum T-2 toxin production was 119 mg per kg.

Keywords: F-2 toxin, T-2 toxin, Fusarium species, substrate dependence

Species of Fusarium, such as Fusarium roseum, Fusarium tricinctum, and
Fusarium oxysporum produce mycotoxins known as zearalenone (MIrRocHA et
al., 1971) and trichothecenes (BAMBURG & STRONG, 1971). Fusarium culmorum,
Fusarium graminearum (CHRISTENSEN et al., 1965) and Fusarium moniliforme
(MirocHA et al., 1969) were reported as zearalenone producers. URRY and
co-workers (1966) confirmed the toxic compound to be an enantiomorph of
6-(10-hydroxy-6-oxo-trans-1-undecenyl)-f-resorcyclic acid lactone and named
it zearalenone (Fig. 1).

It is the most frequently encountered mycotoxin in cereal grain. BATA
and co-workers (1983) reported that in some countries of Eastern Europe,
Fusarium plays an important role in fungal deterioration of feed quality
and in animal diseases caused by mycotoxins. Feed may often be infected
by several fungi, moreover the same fungal species often produces several
fusariotoxins.

On the other hand, T-2 toxin (Fig. 2) is one of a family of closely related
compounds produced by several Fusarium species. BAMBURG and STRONG
(1971) reported also that T-2 toxin and related compounds have been impli-
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Fig. 1. Chemical structure of zearalenone 6-(10-hydroxy-6-oxo-trans-1-undecenyl)-
f-resorcylic acid lactone

H H H
! :
H,C b O _ '
; OH
0
H
1 ] —
g ! :
CHCH, CO0 | CHy
st | 0 CO CH;,
d CH,0CO CH,

Fig. 2. Chemical structure of T-2 toxin (3-hydroxy 4, 15 diacetoxy-8-[3- methylbutyryl-
oxy]-12,13-epoxy-trichothec-9-ene)

cated with a disease, known as the moldy corn toxicosis of swine, symptoms of
which include refusal to eat, loss of weight, digestive disorders and diarrhoea,
ultimately leading to death.

Aim of the present investigation was to study the growth and mycotoxin
production of several identified Fusarium strains isolated from various grains
such as corn and rice. Detection and determination of mycotoxin production
were performed by thin-layer chromatography and confirmation was done by
gas liquid chromatography. We studied the influence of different substrates
and the effect of different strains on mycotoxin production.

1. Materials and methods

1.1. Investigated Fusarium strains

Species Strains

Fusarium culmorum 234 B/5, 234 BJ7, 13, 15, 25
Fusarium graminearwm 977/12, 11, 18, 15, 39/3
Fusarium moniliforme 187 B/19, 228 B/9
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Fusarium tricinctum 20, 21, 17, 204/10
Fusarium roseum 908 B/1, 8, 908 B/6
Fusarium semitectum 14

Fusarium sporotrichioides 16

Cultures used in the present investigation were obtained from Mycotoxin
Laboratory of the Central Food Research Institute, Budapest, Hungary. Strains
were identified according to BootH (1971), BANHEGYT and co-workers (1985).

Prior to use all the strains were subcultured on potato-dextrose agar for
14 days at 25 °C and stored at 4 °C according to ISHII and co-workers (1974).

1.2. Investigated substrates

1.2.1. Preparation of corn substrate. Corn was cooked for 30 min at boiling
temperature in excess of water. Three hundred g of the cooked grain were
put into a 1000 cm?® Erlenmeyer flask and sterilized at 120 °C for 15 min.

1.2.2. Preparation of rice substrate. One hundred g of polished rice were
soaked in tap water for 1 h, transferred to a 500 cm® Erlenmeyer flask and
sterilized at 120 °C for 15 min.

1.2.3. Inoculation of the substrate. The sterilized corn and rice samples, resp.,
were inoculated with 2 cm? cell suspension (10° cell cm~3) of identified Fusarium
strains subcultured on potato-dextrose agar for 14 days at 25 °C. Samples
were prepared in duplicates.

We prepared corn cultures with 15 and rice cultures with 12 different
Fusarium strains (see Table 1).

1.2.4. Incubation of the samples. The inoculated samples were incubated
at 20 °C for 7 days followed by 14 days at 8—-12 °C and again at 20 °C for the last
7 days. At the end of the incubation period the samples were heavily overgrown
by mycelium. Cell propagation and toxin production was stopped by drying
the samples overnight in a pan at 60 °C.

1.2.5. Extraction of F-2 from corn and rice cultures. We used the partly
modified method of MirocHA and co-workers (1974). Twenty five g dry, ground
sample was moistened with 7.5 cm? water and mixed thoroughly. The wet sample
was extracted with ethyl acetate in a Soxhlet equipment for 7 h and the extract
was evaporated (rotavapor) to near dryness. The residue was redissolved in
25 cm® CHCI; and transferred into a 250 cm3 separating funnel and 10 cm® 1 N
NaOH was carefully added. To avoid the formation of an emulsion we rotated
the funnel gently. When the layers separated the bottom layer (CHCl,;) was
drained into a second 250 cm?® separating funnel and the treatment was repeated
with 10 cm® 1 N NaOH. The second CHCIl, layer was discarded. The combined
aqueous layers were extracted with 2x5 em® CHCI, in a separating funnel.
The CHCI, layers were discarded.
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Table 1

Identified Fusarium species investigated for mycotoxin production on mowst
autoclaved rice and corn

. ¢ No. Substrate
Fusarium species of strains® Rice

g
B

F. culmorum 13

S

234 B/6
234 B/7

&
++ A+

F. graminearum i |
15 -
18
39/3
977/12

<

F. moniliforme 187 B/9
228 B/9

F. roseum 8
908 B/1 -
908 B/6

F. semitectum 14

F. sporotrichioides 16

L+
o+ |+ |+ + |+t

F. tricinctum 17
20

21

204/10 -

+++ |+ |+

2The strains were collected by J. SAwiNsKy, Mycotoxin Laboratory of the Central Food
Research Institute, Budapest, Hungary

The pH of the aqueous layer was adjusted to 9.5 by adding 2 N H,PO,
and the sample was extracted with 15 cm® CHCl,. The separated CHCl, layer
was drained through a column filled with anhydrous Na,SO, (5 g). The parti-
tion procedure was repeated twice and afterwards the aqueous layer was
discarded.

The CHCI, layer was evaporated to dryness, and the residue transferred
into a screw cap vial with 1 cm?® acetone and dried with nitrogen.

1.2.6. Separation of F-2 by thin-layer chromatography (TLC). For the
TLC separation of F-2 silica gel plates of 20 X 20 cm size and 0.25 mm thickness
were used (Polygram Sil G) after activation at 110 °C for 30 min.

The crude extract from para. 1.2.5. was dissolved in 200 ul acetone, from
this samples of 10, 20 ul volumes were applied to the start line of the plate. Zeara-
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lenone standard solution (50 ppm) was applied to identify the F-2 on the TLC
plate. Beside the control F-2 spot (10 ul) from the standard toxin solution
further 10 ul were as internal standard superimposed on one of the samples.
Plates were developed with the following solvent systems:

— toluene—ethylacetat—chloroform 95:55:50 (v/v)

— chloroform-acetone 97:3 (v/v).
After development plates were heated for 5 min at 120 °C.

1.2.7. Detection of F-2 on TLC plates

1.2.7.1. Detection of F-2 by UV light — Plates were observed at A = 366
and 254 nm. At 366 nm zearalenone shows faint blue spot with an R; value of
0.5. At 254 nm the toxin shows a bright blue colour (StoLoFr et al., 1971,
ErPLEY, 1968).

1.2.7.2. Detection of F-2 toxin by colour-reagent — We sprayed the plates
with 19, 4-methoxy-benzene-diazonium-fluoroborate (SArUDI, 1974) and
heated for 10 min at 110 °C. Spots of zearalenone turned into red-brown.

1.2.8. Identification and quantitation of F-2 and T-2 by gas-liquid chro-
matography (GLC). Mycotoxin extracts were separated on TLC plates and
detected under UV light (paras. 1.2.6.,1.2.7. and 1.2.9., 1.2.10., respectively).
The detected spots were scraped off and extracted with acetone. The extract
was evaporated to dryness and the residue redissolved in 200 pl acetone.

For GLC Carlo Erba Fractovap type 2300 equipment with flame ioniza-
tion detector was used under the following conditions: 2000 mm, glass column
length, 2.3 mm i.d., packed with 3%, OV-17 on 80-100 mesh Gaschrom Q
(Appl. Scientific Lab. Inc.). Retention time of F-2: 21'40” at 274 °C; of
T-2: 20”35” at 269 °C. Nitrogen flow rate: 30 cm® min—1. Injector temperature:
250 °C, chromatographic separation was started at 180°C and heated to
280 °C, heating rate: 4 °C min—1. Sensitivity: 0.05 ug per ul for standard F-2
and standard T-2 as well. Peaks were evaluated with the help of a calibration
curve.

For the calibration curve standard solutions of 1 ug per ul were prepared
of both toxins in acetone. Different aliquots were taken from the stock solu-
tions, and evaporated to dryness under nitrogen stream. Twenty ul TRI-SIL/BT
reagent was added to the residue, and after 20 min at 60 °C 1 ul of it was
injected into GLC; then 0.2, 0.4, 0.6, 0.8, and 1 ul of F-2 standard and 0.1,
0.2, 0.3, 0.4, 0.5 ug of T-2 standard, respectively were injected onto GLC.
The procedure above was repeated three times for each concentration.

The height of peaks were measured in mm and the regression equa-
tion was calculated.

The equation of calibration curve for F-2 toxin:

¥.= 0,016 2
r = 0.99
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and in the case of T-2 toxin:
Y = 0.0023 2 +0.112
r = 0.99

Y = injected standard sample (ug)
x = the height of peaks (mm).

The recovery of both kinds of toxin was 709, when 150 ug per kg of F-2
and T-2 toxin, respectively, were added.

1.2.9. Extraction of T-2 toxin from corn and rice substrate. Ten g ground
sample was extracted with 200 cm?® ethylacetate for 2 h at room temperature.
To improve efficiency the mixture was shaken repeatedly (330 min). The
solvent phase was separated by filtration on filter paper Whatman No. 1. The
residues were extracted with 200 cm? methanol for 2 h at room temperature
and separated. The two extracts were combined and evaporated to oily liquid
residue and redissolved in 100 cm?® 339, aqueous methanol. After further
defatting with petroleum ether (3 x 50 cm?®) the aqueous phase was evaporated
to dryness in rotavapor heated by a glycerol bath.

1.2.10. Separation of T-2 toxin by TLC. The T-2 extract prepared accord-
ing to para 1.2.9. was dissolved in 200 cm? acetone. From the crude extracts and
standard T-2 solution (50 ppm) 10-10 ul were applied to the start line of silica
gel plate 10 X 20 cm in size and 0.25 mm thickness (silica gel 60, Merck). Plates
were developed in toluene-ethyl acetate-909, formic acid 6:3:1 (KIRCHNER,
1978).

1.2.11. Detection of T-2 on TLC plates. T-2 spots were detected by spraying
the plates with 209, H,SO, in 96 %, ethanol and heating for 10 min at 110 °C.
In UV light 2 = 366 nm T-2 shows blue green fluorescent spots (KAMIMURA
et al. 1981).

2. Results

2.1. Recovery of F-2 toxin from corn samples

To determine recovery (%) of F-2 toxin from the grains, a corn sample
was infected with F-2 standard methanol solution (50 ppm), from this stock
218.7 ul were used for 25 g sample to obtain a concentration of 350 ug per kg.
Extraction was done according to para. 1.2.5. and determination by TLC. The
recovery as mean value of 5 parallels was 739, (Table 2). The lowest concen-
tration detectable by this method was 150-180 ug per kg.

2.2. Recovery of F-2 toxin from rice samples

Rice samples infected with pure zearalenone at a concentration of 350 ug
per kg were extracted as given in para. 1.2.5. F-2 was separated from the crude
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Table 2

Recovery and lowest TLC-detectable concentration of F-2 and
T-2 toxins from corn and rice samples

) Added R % Lowest detectable concentration
Mycotoxin (ug pere kg) corn o rice (ug per kg)
corn
Zearalenone 350 73 4+ 2.9 71 4 2.8 150—180 160—190
T-2 toxin 500 70 4- 2.7 70 + 2.3 100—250 200—260

Recovery 9, based on 5 determinations -+ standard deviation of measurements

extract and determined by TLC (see paras. 1.2.6. and 1.2.7., respectively). The
recovery as mean value of 5 parallels was 719%, the lowest detectable concen-
tration 160-190 ug per kg (Table 2).

2.3. Recovery of T-2 toxin from corn samples

Corn sample was infected with toxin T-2 at a concentration of 500 ug
per kg. After extraction as given in para.1.2.9.the crude extract was separated
(para. 1.2.10.) and the toxin determined by TLC. As a mean value of 5 parallels
recovery of the added toxin was 709, the lowest detectable concentration
200-250 pg per kg (Table 2).

2.4. Recovery of T-2 toxin from rice samples

Rice samples infected at a concentration of 500 ug per kg were separated
and T-2 determined by TLC. As given in Table 2 recovery was found to be
70%, the lowest detectable concentration of T-2 was 200-260 ug per kg.

2.5. Sensitivity of TLC method for F-2 detection

Sensitivity as the smallest amount (ug) of toxin per spot was determined
in the case of pure zearalenone as well as in the case of crystalline F-2 added
to grain samples (350 ug per kg) and extracted from corn and rice, respectively.

The F-2 was detected under UV light and confirmed by Sarudi reagent.
As shown in Table 3, from pure F-2 solution 0.03 ug per spot was the smallest
detectable amount.

In the case of F-2 added to a grain sample the sensitivity is poorer, as
the lowest detectable amount is 0.04 ug per spot. The decrease of sensitivity
is due to the pigment content of the grain extract which causes a faint colour
on the plate.
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2.6. Sensitivity of T'LC method for T'-2 detection

The lowest amount (ug) of T-2 toxin spot was 0.05 ug in the case of
pure toxin solution and 0.07 ug T-2 in the case of solutions prepared from
infected grain samples (Table 3). The decrease of sensitivity is the same as in
the case of F-2 toxin and is due to the pigment content of the grain extract
which lowers the detectability of the toxin.

2.7. F-2 production of Fusarium sp. on corn

The amounts of F-2 produced were quantitated by GLC and are shown

in Table 4.
Table 3
Sensitivity of the TLC method for F-2 and T-2 determination

Pure toxin
solution Standard toxin

Mycotoxin Detection 50 ppm added to grain
(ug per spot) extract

Zearalenone UV/254 nm, 0.03 0.04
confirmed by
Sarudi reaction

T-2 toxin UV/233 nm, 0.05 0.07
confirmed by
209, H,S80,

Table 4
Zearalenone production of Fusarium species on wet autoclaved corn and rice

Detected concentration

Fusarium species Strains No. (mg per kg)*
corn rice
F. culmorum 234 B/5 121.2 53.4
234 B/7 205.0 NI
13 0.8 NI
15 57.3 NI
25 NI 1166.1
I'. semitectum 14 27.5 0.1
F. sporotrichioides 16 7.0 0.37
F. roseum 908 B/6 2.8 NI
908 B/1 NI ND
8 8.5 NI
F. graminearum 977/12 50.7 15.5
14 8.07 NI
18 4.0 NI
39/3 NI 137.18
F. moniliforme 228 B/9 5.7 5.39
187 B/19 16.0 NI
F. tricinctum 204/10 2.6 ND
17 150.0 ND

* Determinations were made by GC in two parallels (duplicate)
NI: Not investigated
ND: Not detectable
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Fig. 3. Separation and detection of F-2 toxin from corn and rice samples. Developing

system: Cl;-ethanol (97:3). Detection: sprayed with Sarudi reagent. Application: to

spots 1, 2, 3, 4 corn samples strain No. 8, 234 B/7 and 15-20 ul from each; to spots 5, 6

rice samples strain No. 234 B/5 and 25-20 ul from each; to spot 7 corn samples strain
No. 4 + 10 ul F-2 standard; to spot 8 F-2 standard (50 ppm) 10 ul, Ry = 0.5

¢

Fig. 4. Separation and detection of F—2 toxin from corn and rice samples. Developing

system: toluene-ethylacetate-CHCI; (95:55:50). Treatment: sprayed with Sarudi reagent.

Application: to spots 1, 3 rice samples strain No. 228 B/9 and 21-20 ul from each; to

spots 2, 4, 5 corn samples strain No. 908 B/6, 228 B/9 and 18-20 ul from each; to spot 6

6 ul from extracted corn strain No. 18 +4 10 ul F-2 standard; to spot 7 10 y{)‘i"‘&
standard (50 ppm) R; = 0.49
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J

min 20 15 10 5

Fig. 5. GLC chromatogram of extracts of moldy corn culture No. 3, showing the peak of
F-2 toxin
F-2
min 20 15 10 5

Fig. 6. GLC chromatogram of extracts of moldy corn culture No. 6, showing the peak of
F-2 toxin
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F-2

min 20 15 10 5

Fig. 7. GLC chromatogram of extracts of moldy corn culture No. 7, showing the peaks of
F-2 and T-2 toxin

min 20 15 10 5

Fig. 8. GLC chromatogram of extracts of moldy rice culture No. 5 showing the peak of
F-2 toxin
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JUa LA

1 L 1

min 20 15 10 5

Fig. 9. GLC chromatogram of extracts of moldy rice culture No. 3, showing the peak of
T-2 toxin

2.8. F-2 production of Fusarium sp. on rice

The F-2 toxin yields obtained are shown in Table 4, quantitation was
made by GLC.

2.9. T-2 production of Fusarium tricinctum strains on corn and rice

The T-2 toxin production of F. tricinctum strains is shown in Table 5.
The GLC chromatograms of the investigated corn and rice samples are shown
in Figs. 3 to 9.

3. Discussion
3.1. Influence of the substrate on F-2 production

Results summarized in Table 4 show that depending on the substrate
the same strain produces highly different amounts of zearalenone under
identical conditions. All investigated strains except F. culmorum 25 yielded
higher toxin quantities on corn. According to BorTArLIiCcO and co-workers (1983)
corn appears to be a more appropriate substrate than rice for mycotoxin pro-
duction. However, the highest zearalenone content was found on rice substrate
inoculated with F. culmorum 25 (1166 mg per kg).

This result agrees with MArRAsAs and co-workers (1979) who reported
that zearalenone could be found in 4 out of 5 F. culmorum strains, ranging
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from 320 to 1400 mg per kg. CALDWELL and co-workers (1970) reported F-2
production of three F. tricinctum strains in the range of 0.2-6.0 mg per kg,
much lower than our findings of 2.59 to 150.00 mg per kg. As in both cases
corn was used as substrate this great difference shows a high variability even
within the same strain.

3.2. Influence of the strain on F-2 production on corn and rice substrates

Table 4 shows F-2 concentrations measured on different corn and rice
substrates. We took into consideration only those species from which more
than one strain was investigated. F. graminearum produced mycotoxin on
corn in the range of 4.0-50.7 and on rice between 15.5-453.0 mg per kg. These
results are better than those reported by THIEL and co-workers (1982) (8.9-13.7
mg per kg on corn) but lower than the maximal yields of SHERwWoOD and
PEBERDY (1974), which were 500-2000 mg per kg.

We found in agreement with data in the literature, that even closely
related strains show very different F-2 toxin producing capacity. For instance
we found one F. roseum strain which did not produce zearalenone at all on
rice. Standard deviation of mycotoxin production determined in 5 parallel
samples inoculated with 5 different strains is, in the average, about 259 of
the mean value. Thus differences in the measured F-2 values (Table 4) seem
to be significant. However, it is noticeable that mycotoxin production even
of the same strain under identical conditions and on the same type of sub-
strate varies with time. In a later experiment the detected F-2 values differ
considerably from those of the first experiment. Possible explanations for this
phenomenon could be a different pretreatment of the grain or the change in
the F-2 producing capacity of the strains during the year. This needs further
investigations.

3.3. T'-2 production of F. tricinctum strains

In the literature F. tricinctum has been reported to produce a variety
of mycotoxins including several trichothecenes (BaAMBURG & StRONG, 1971;
LANDSEN et al., 1978; ILus et al., 1977; MirocHA & CHRISTENSEN, 1974).
BorraLico and co-workers (1983) reported F-2 and T-2 toxin production in
F. culmorum, F. graminearum and F. tricinctum strains isolated from cereals
in Italy.

Our experiments agree with data in the literature. Among the investi-
gated F. tricinctum strains we found F-2 production on corn ranging from
2.59-150 mg per kg and T-2 production in the range of 1.4-119 mg per kg on
both corn and rice.
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Table 5

Production of T-2 toxin by Fusarium tricinctum strains on moist
autoclaved corn and rice

: z 3 T-2 toxin

Fusarium species Strains No. Substrate (g per ¥x)
F. tricinctum 204/10 corn 1.44
F. tricinctum 17 corn ND
F. tricinctum 21 rice 119.00
F. tricinctum 20 rice ND
F. tricinctum 17 rice ND

* Determinations were made by GC in duplicate
ND: Not detectable

F. tricinctum 17 does not produce T-2 either on corn or on rice. Strain
No. 21 has a good productivity on corn, while No. 204/10 produces small
amounts of F-2 (2.69) and T-2 (1.4 mg per kg).

The other species used in our experiments have not been examined for
T-2 production until now.
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Three species of Fusarium were tested for their ability to produce zearalenol
on wet autoclaved corn and rice. They belonged to the following strains:

F. culmorum 234 B/15, 234 B/7, 15, 25, F. graminearum 977/12, 11, 39/3
and F. rosewm 8, 908/11. These strains of individual species produced the following
amounts of zearalenol on corn: 3 strains of F. culmorum 480 to 1680 ug per kg,
2 of F. graminearum 213 to 500 ug per kg and F. roseum 580 ug per kg. On the
other hand the following amounts of the toxin were produced on rice: 2 strains of
F. culmorum 400 to 8800 ug per kg, 2 of F. graminearum 1200 to 1920 ug per
kg and F. roseum 350 ug per kg.

Keywords: Fusarium species, zearalenol, rice, corn

Zearalenol (6-(6,10 dihydroxyundecyl)-f-resorcyclic acid-u-lactone) is one
of the naturally occurring derivatives of zearalenone isolated from Fusarium
(HaGLER et al., 1979). The structure of zearalenol is shown in Fig. 1.

MirocHA and co-workers (1979) found zearalenol in addition to zearale-
none in samples of problem feed, and as products of metabolism in animals
(M1rocHA et al., 1981). The oestrogenic effect of zearalenol is 4-5 times higher
than that of zearalenone (MIrROCHA et al., 1978).

StrpaNovic and SCHROEDER (1975) reported the isolation of zearalenol
from cultures to F. roseum “‘Gibbosum’” and F. rosewm semilectum grown on
moist autoclaved sorghum or cracked corn. The aim of our investigation was
to determine

— the zearalenol synthesizing ability of three F-2 producing Fusarium

species and

— the substrate effect on zearalenol production.

1. Materials and methods

1.1. Organism and culture preparation

The strains selected for the investigation were F-2 producer and were
obtained from the Mycotoxin Laboratory of the Central Food Research Insti-
tute, Budapest, Hungary. The strains belong to F. culmorum, F. graminearum
and F. rosewm species as summarized in Table 1.
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OH

Fig. 1. Chemical structure of zearalenol

Table 1

Fusarium species investigated for zearalenol production on moist autoclaved corn and
rice grain

Substrate

Fusarium species Strains No. - e

corn Tice
F. culmorum 234 B/5 -+ +
F. culmorum 234 B/7 + —_
F. culmorum 25 — -+
F. culmorum 15 - —
F. graminearum 977/12 -+ +
F. graminearum 11 - —
F. graminearum 39/3 — +
F. roseum 8 + e
F. roseum 908 B/1 — +

The strains were identified according to Boorsn (1971).

Prior to use, all the strains of Fusarium species were subcultured on
potato-dextrose agar for 14 days at 25 °C followed by storage at 4 °C accord-
ing to IsHir and co-workers (1974).

1.2. Preparation of corn and rice subsirales

Corn was cooked for 30 min at boiling temperature in excess of water.
Three hundred g of the cooked grain was put into an Erlenmeyer flask and
sterilized at 120 °C for 15 min. One hundred g of polished rice was soaked in
tap water for 1 h then transferred into an Erlenmeyer flask and sterilized at
120 °C for 15 min.

The moisture content after autoclaving was between 50 and 55 9%,.

1.3. Conditions of substrate inoculation and culture incubation

The sterilized corn and rice samples were inoculated with 2 em? cell
suspension of identified Fusarium strains subcultured on potato-dextrose agar
for 14 days at 25 °C. Samples were prepared for F. graminearum 977/12 and
F. culmorum 234 B[5 on rice and corn, resp, (Table 1).
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The inoculated samples were incubated at 20 °C for 7 days followed by
14 days at 8-12 °C and again at 20 °C for the last 7 days. At the end of the
incubation period the samples were heavily overgrown by mycelia.

Cell propagation and toxin production was stopped by drying the samples
overnight at 60 °C.

1.4. Extraction of zearalenol from corn and rice cultures

The F-2 toxin extraction method of MiIrocHA and co-workers (1974) was
modified for zearalenol extraction. Twenty five g dry ground sample was mois-
tened with 7.5 cm?® water, extracted with ethyl acetate in a Soxhlet equipment
for 7 h and the extract was evaporated (rotavapor) near to dryness. The residue
was redissolved in 25 cm?® CHCI,, transferred into a 250 cm? separating funnel
and 10 cm® 1 N NaOH was carefully admixed. To avoid emulsification the
funnel was gently rotated. When the layers separated the bottom layer (CHCl,)
was drained into a second 250 cm?® separating funnel and the treatment was
repeated with 10 cm3 1 N NaOH. The second CHCI; layer was discarded, the
combined aqueous layers were repeatedly extracted with 2x5 cm® CHCl,
in a separating funnel. The CHCl, layers were discarded. The pH of the aqueous
layer was adjusted to 9.5 by adding 2 N H,PO, and again extracted with
15 em3 CHCI,. The separated CHCI, layer was drained through a column filled
with anhydrous Na,SO, (5 g).

The partition procedure was repeated twice and afterwards the aqueous
layer discarded while the CHCl, layer was evaporated to dryness. The residue
was transferred into a vial with 1 cm? acetone and dried with nitrogen.

1.5. Separation of zearalenol by TLC

For TLC separation of zearalenol silica gel plates of 20 x 20 cm size and
0.25 mm thickness were used (Polygram Sil). Layers were activated by heating
at 110 °C for 30 min.

The crude zearalenol extracts from the previous step were dissolved in
200 ul acetone. From these samples 10, 20 ul volumes were applied to the
start line of the plate. Zearalenol standard solution (50 ppm) was also used
to identify zearalenol. 10, 12.5 and 15 ul zearalenol standards were run. Plates
were developed in CHCl,—-ethanol (97:3). After development plates were heated
for 5 min at 120 °C.

1.6. Detection of zearalenol by UV light

Plates were observed at 2 = 366 and 254 nm. Zearalenol shows faint
blue colour with R¢ = 0.4. At 254 nm the toxin shows bright blue colour.
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1.7. Detection of zearalenol by colour reagent

The plates were sprayed with 19, 4-methoxy-benzene-diazonium-fluoro-
borate in water (SARUDI, 1974) and heated for 10 min at 110 °C. Spots of
zearalenol turned into red-brown.

1.8. Quantitation of zearalenol by overpressure layer chromatography (OPLC)

For the determination of zearalenol by OPLC Chrompres 10 overpressure
layer chromatograph (Labor MIM, Budapest, Type OE-306) was used. Samples
were run on Kieselgel 60 F,;, layer with impress sealed edges in chloro-
form-acetone (9:1). Thickness: 0.25 mm, cushion pressure: 10 bar, tempera-
ture: 25 °C.

Extracts of corn and rice samples prepared as given in 1.4 were dissolved
in 200 ul acetone. Aliquots of 10, 20 ul were applied to the start line of the
plate. Ten, 12.5 and 15 ul of zearalenol standard solution (50 ppm) was also run
for identification and quantitative determination of the toxin by OPLC.

After developing the plates were sprayed with 19, 4-methoxy-benzene-
diazonium-fluoroborate (SARUDI, 1974) and heated for 10 min at 110 °C. Spots
of zearalenol turned into red-brown.

2. Results
2.1. Recovery of zearalenol added to corn and rice samples

To corn and rice samples prepared according to para. 1.2 pure zearalenol
was added at a concentration of 350 ug per kg. The toxin was extracted and
separated from the crude extract as given in paras. 1.4 and 1.5 and determined
by OPLC. As shown in Table 2 the recovery was approx. 679, in both cases.

2.2. Separation and detection of zearalenol by TLC

For the estimation of zearalenol by thin-layer chromatography, culture
extracts were applied to the chromatographic plates together with various
amounts (10, 12.5 and 15 ul) of zearalenol standard solution (50 ppm).

Table 2

Recovery of zearalenol added to corn and rice

i Added Rec %)
Aycotoxin (ug pel"3 kg) corn RS rice
Zearalenol 350 68 4+ 2.1 67 + 2.5

Recovery based on 5 determinations; + standard deviation of measurements
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Fig. 2. Separation and detection of zearalenol from corn and rice samples. Developing
system: chloroform—ethanol (97:3). Treatment: spraying with Sarudi reagent. Applied
amounts: No. 2, 3, 9 rice samples 3 ul, 10 ul, 20 ul; No. 4, 6, 7, 8, 10 corn samples 20 ul,
each; No. 1, 5, 11, 12 zearalenol standards (50 ppm) 20 ul, 12 ul, 7.5 ul, 10 pl. R; value: 0.4

Figure 2 shows the separation and detection of zearalenol from corn and
rice sample extracts.

2.3. Determination of zearalenol by OPLC

Figure 3 shows the separation of the toxin by OPLC after development
with Sarudi solution (para.1.8). The R¢ value of zearalenol was 0.24. The amounts
of toxin in the extract dilutions were determined by comparing colour intensity
of sample spots on the plate with those of the standards. Table 3 shows the
zearalenol production of Fusarium species on moist corn and rice cultures.

2.4. Sensitivity of TLC and OPLC methods for zearalenol

To determine sensitivity of TLC method we investigated the lowest
detectable zearalenol amount per spot. Pure 50 ppm toxin solution was applied
to the plate in the range of 1-10 ul. After development the toxin was detected
in UV light and by Sarudi reagent. The results on Table 4 show that the sen-
sitivity of the method was 0.03—0.04 ug.

o
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00p0090QQO0O0O0OQ OO0 O
00 90 ¥ ®08% 5

1 2 34 5 6 7@ 9 100 12 13 1415 16

Fig. 3. Separation and quantitation of zearalenol by OPLC. Developing system: chloro-

form-acetone (9:1). Applied amounts: No. 1, 6, 10, 15, 16, zearalenol standards (50 ppm)

7.6 pl, 7.6 pl, 10 pl, 12 ul, 12 ul; No. 11, 12, 13, 14, 2 rice samples 20 ul; No. 3, 4, 5, 7, 8,
9 corn samples 20 ul. R¢ value: 0.24
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Table 3

Zearalenol production of Fusarium species in moist corn and rice cultures

Zearalenol®

Fusarium species Strains No. (ug per kg)

corn rice
F. culmorum 234 B/b 1680 400
F. culmorum 234 B/7 1140 NI
F. culmorum 256 NI 8800
F. culmorum 15 480 NI
F. graminearum 977/12 500 1920
F. graminearum 11 213 NI
F. graminearum 39/3 NI 1200
F. roseum 8 580 NI
F. roseum 908/B1 NI 350

@ Determinations were made by OPLC, mean value of duplicate determinations is given.
NI: Not investigated

Table 4

Sensitivity of the TLC method for zearalenol determination

Detecti Standard zearalenol Standard toxin added to
. ) 20 4l grain sample
2564 nm UV 0.04 0.05
Sarudi reaction 0.03 0.04
Table 5

Sensitiwvity of the OPLC method for zearalenol determination

3 Standard zearalenol Standard toxin added to
Defeachion. (ug) 20 ul grain sample
264 nm UV 0.04 0.05
Sarudi reaction 0.02 0.03

The effect of extractable compounds on the sensitivity of the TLC method

was measured with zearalenol samples dissolved at a concentration of 50 ppm
in grain extract prepared according to para. 1.4. Volumes of 1-10 ul were
applied to the plate. After development the toxin was detected as given in
para. 1.7. In the case of grain extract the sensitivity of the method is de-
creased to 0.05-0.04 pg as a result of separation.

The sensitivity of OPLC method was determined in a similar way as in

the case of TLC. The lowest detectable zearalenol quantities were found to be
0.04 ugin UV light and 0.02 ug with Sarudi reagent. The effect of grain extract
causes a decrease in the sensitivity of OPLC determination (Table 5).
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2.5. Zearalenol production on corn substrate

As shown in Table 4, all the investigated strains produced zearalenol on
corn. The highest amounts were synthesized by two F. culmorum strains, 1680
and 1440 ug per kg, respectively. The third F. culmorum strain, the F. grami-
nearum strains and the investigated F. rosewm were much less effective in
zearalenol production. The lowest amount — only 213 ug per kg — of the toxin
was found in F. graminearum No. 11 culture.

2.6. Zearalenol production of Fusarium species on rice substrate

Each of the investigated Fusarium strains produced zearalenol on rice
substrate (Table 5). Highest concentration was found with F. culmorum No 25
(8800 ug per kg) and F. graminearum 977[12 (1920 ug per kg), respectively.

3. Discussion

3.1. The suitability of TLC and OPLC methods for zearalenol determination

The developed extraction method gives an acceptable recovery for
zearalenol (679,) on both grains. After an appropriate separation of the crude
extract on silicagel TLC plate, the toxin sample is ready for quantitative
determination.

Sensitivity of the TLC method is 0.05 ug per spot, using CHCl,—ethanol
(97 : 3) as developing system. In the case of OPLC CHCl,-acetone (9 : 1) is
a suitable solvent.

The lowest detectable amount is 0.02 pg per spot of zearalenol. The
developed method enabled us to determine zearalenol from rice or corn at
concentrations of at least 140 ug per kg.

3.2. Effect of Fusarium species on zearalenol production

F. culmorum strains produced the highest concentrations of toxin on
both substrates (1680, 8800 ug per kg). The investigated F. rosewm strains
were weak producers (580 and 350 ug per kg). Among the three F. graminearum
strains two (977/12 and 39/3) synthesized high amounts of the toxin (1920 and
1200 ug per kg) on rice and two strains (11 and 977/12) produced low quantities
(213 and 500 ug per kg) on corn, respectively.

These findings agree with the examination of F-2 and T-2 production of
Fusarium strains (BADAWEY et al., 1987). Among the same species strains can
show a great variation in toxin production efficiency.
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3.3. Effect of substrate on zearalenol production of Fusarium species

F. culmorum 234 B[5 produced a zearalenol concentration of 400 ug per
kg on rice, but 1680 ug per kg on corn.

F. graminearum, however, was more active on rice (1920 ug per kg) than
on corn (500 ug per kg). These findings agree with those of MirocHA and co-
workers (1979) on zearalenol production on oats and corn (4.0 ug per g and
0.15 pg per g, respectively) and with our observations on F-2 production of
Fusarium strains (BADAWEY et al., 1987). It is interesting but not surprising
that F. culmorum 234 B[5 produced also in the case of F-2 higher toxin amounts
on corn (121.25 ug per kg) than on rice (53.43 ug per kg).

However, F. graminearum 977/12 did not prefer rice to corn for F-2
production but was also more active on corn. So it seems to be no correlation
between F-2 production and zearalenol production of Fusarium strains in
respect to substrate preference.

As zearalenol is several times more active oestrogenic compound than
F-2 (MmocHA et al., 1979) the fact that both corn and rice are possible sub-
strates for zearalenol producing Fusarium strains is of great practical impor-
tance. The OPLC method gives an easy way for routine estimation.
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Proteins from rapeseed (three varieties), extracted with water or salt solutions
(5% K,S0,and 109, NaCl) were heated at 80 °C and 100 °C. The precipitates were
examined, using thermal analysis and infrared spectroscopy. Analysis of the thermo-
analytical curves of the precipitates showed that the losses in mass (TG curve)
in the range of 400-800 °C temperature were irreversibly dependent in case of
the precipitates obtained (80 °C and 100 °C), on proteins extracted with 109,
NaCl, as compared with the precipitates obtained from proteins extracted with
water or 5%, K,S0,. Similarly different dependences were observed in protein
precipitates from salt extracts with NaCl during the analysis of relationship
between absorptions Amide I and II and the band at 1090 cm™!. The stated
differences depended mainly on the protein fractions and not on the variety of
the rapeseed.

Keywords: thermal analysis, infrared spectroscopy, heat-denatured
proteins

In the previous work, the different thermal properties of rapeseed pro-
teins, extracted with water or salts, were described. Differences were found in
the thermal stability of the proteins and in the mineral composition of thermally
denatured protein precipitates (KLEPACKA et al., 1983).

The analysis of protein precipitates presents difficulties as only a small
group of analytical techniques is suitable for their examination. Of these
methods, the use of thermal analysis seemed to be promising to study protein
denaturation (KArMAs & DiMarco, 1970; MisHIN & GARBUZOV, 1951; STEIM,
1965).

In the present work, the results of studies on the comparison of certain
properties of the protein in three varieties of rapeseed are given, namely:
classical rapeseed, rapeseed of low and doubly low erucic acid content. To study
thermally denatured proteins in form of precipitates, thermal analysis and
infrared spectroscopy were used.
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1. Materials and methods

1.1. Materials

The studies were conducted with three varieties of rapeseed: classical
variety (Gérczanski), variety of low erucic acid content (Quinta) and va-
riety of double low — low glucosinolate, low erucic acid content (Start).

1.2. Methods

The investigations were carried out on the precipitates formed by heat
treatment (at 80 °C or 100 °C for 30 min) of water soluble proteins (WSP)
and salt soluble proteins: 109, NaCl (SSP-NaCl) or 5%, K,SO, (SSP-K,S0,).
The techniques applied were identical with those in the previous work
(KLEPACKA et al., 1983).

The precipitates were exposed to thermal analysis, using Paulik—Paulik—
Erdey derivatograph. The experimental conditions were as follows: weight of
the samples from 33 mg to 94 mg, DTA 1/3, DTG 1/5 at a heating rate of 9 °C
per min. The samples were heated to 800 °C. Determination was conducted
under nitrogen atmosphere.

The IR measurements were performed with Zeiss spectrophotometer,
model IR-75. About 1 mg of the precipitates was pressed into tablets with
KBr (250 mg), then desiccated above P,0;. The conformation structure of
denatured proteins, band of half-width Amide I and beta form content, were
determined according to CHIRGADZE and co-workers (1973) and CHIRGADZE
and BrAZANIKOV (1974) and Mivazawa and co-workers (1962).

2. Results

The results of thermal analysis of the precipitates are presented in Fig. 1.
We analysed four curves recorded on the derivatograph: curve of differential
thermal analysis (DTA), curve of change in temperature (T), curve of thermo-
gravimetry (TG) and curve of derivative thermogravimetry (DTG).

It was established that the differences between the thermoanalytical
curves of the precipitates from the studied rapeseed varieties were not significant.
Hence, in Fig. 1, the results obtained for the precipitate of only the variety
of doubly low erucic acid content, are shown. The data showing the differences
in weight losses of the samples are presented in Table 1. The loss of weight in
the temperature range of 120-140 °C was dependent on the loss of water.
In the particular samples, the loss in weight was found to be in the ranges
from 4.19, to 7.79%, and from 4.9 9, to 12.1 9, respectively, for the precipitates
obtained at 80 °C and 100 °C, respectively. Similar effects in the temperature
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Table 1

Loss in substance weight (%) of the protein precipitates

1 i
Tem, tare Derature Samples of precipitates from

range of of protein s ¢ .
i i ter solubl i 1t solubl te salt solubl t
an(x:lé')sls denatglratxon wal soluble proteins sal (5100}72 ;T ;)0!'8 ins (851‘)%0 If’s%r?)ems
(o] LEAR DL (0] LEAR DL (o] LEAR DL
120-140 80 4.1 5.9 7.3 7.1 6.4 7.7 5.7 5.7 5.0
100 5.8 7.8 7.1 12.1 7.2 5.7 5.3 4.9 6.5
220-400 80 57.5 52.4 52.9 55.9 54.4 45.0 50.7 54.6 50.0
100 47.8 45.3 52.4 43.9 52.0 50.0 57.5 53.1 52.6
400-800 80 11.0 13.1 1107 16.4 12.5 16.7 15.9 11.3 13.3
100 13.1 14.1 13.1 10.6 8.0 14.3 19.7 13.6 13.1

Varieties of rapeseed: C: classical; LEAR: of low erucic acid content; DL: of doubly low
erucic acid content

range of 110-140 °C were observed by MisHIN and GArRBUZOV (1951) during
the examination of proteins.

In the temperature range of 220-400 °C considerable weight losses
amounting to 579, were observed.

When analysing the differences in weight losses as obtained in the tem-
perature range of 400-800 °C (Table 1), greater differences appeared in the
precipitates obtained by heating the extracts WSP and SSP-K,SO, at 100 °C,
than by heating them at 80 °C (excepting the doubly low variety). Reverse
dependence was observed in the samples obtained by heating the NaCl extracts.
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I

Fig. 2. IR spectrum of the precipitate formed by heat treatment (100 °C, 30 min) from
protein extracted with 5%, K,SO, from classical rapeseed. The precipitate was pressed
into a pellet with KBr
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Table 2
Spectral parameters of some amide bands of the protein precipitates
Samples of precipitates from

Temperature
of protein . . e
Ind 5 ter solubl t salt solubl te 1t solubl tes
ex dennto;ugatlon ‘water soluble proteins (51(6‘11}0 %a}g"(; 1ns sal (;(?A, il Keisl())l"o) 1ns
(o) LEAR DL C LEAR DL C LEAR DL
Band half-width 80 50 50 50 43 43 36 43 36 50
Amide I4,/, ecm~! 100 50 50 50 50 50 43 50 50 50
In content 80 18 19 18 19 19 19 18 19 18
Beta form (9%,) 100 18 18 18 19 18 18 18 19 19
Aamide ,/A1090 cm™ 80 116 113 112 L10 111 112 1.11 1.06 1.04
100 1.09 1.1 1.07 1..15 117 1.156 1.06 1.04 0.96
A amide 11/ 1060 G 80 113 112 113 1.07 1.08 1.08 1.10 1.04 1.03

100 1.08 1.08 1.07 1.15 1.15 1.13 1.02 1.01 0.94

Varieties of rapeseed: C: classical; LEAR: of low erucic acid content; DL: of doubly low
erucic acid content; A: absorption

The weight losses in the precipitates obtained at 80 °C were higher than in the
precipitates obtained at 100 °C.

The thermal effect, weakly marked on the shoulder of the DTA curve
in the temperature range of 230-250 °C, was visible in the analysed samples,
with the exception of the proteins precipitated at 100 °C from the NaCl extracts.

Infrared spectroscopy revealed in all the samples, that the frequencies
of vibrations appear at the same wavenumbers. For example, a spectrum is
given in Fig. 2. In the spectra, the characteristic frequencies of amide vibra-
tions at 1635 cm~! (Amide I) and at 1500 cm~! (Amide IT) were observed and
this is in accordance with the data of CHIRGADZE and co-workers (1973).

The half-width of Amide I band in the range of 36-50 cm~! probably
indicates the contribution of polypeptide segments in beta and random forms.
They are in conformity with the results of KosTyrAa and co-workers (1984).
The range of Amide V band, at 650 cm~! confirms also the presence of the
random form (M1ivAzawA et al., 1962).

The relationship between the absorption of Amides (I and 1I) and the
band at 1090 cm~! depended mainly on the extraction medium of proteins
(Table 2). The precipitates obtained in extracts WSP and SSP-K,SO, showed
higher values of the measured ratio in the samples denatured at 80 °C than at
100 °C. The precipitates obtained in the SSP-NaCl extract gave the reverse
relationship.

3. Discussion

Data of thermal analysis show that about 509, of the examined pre-
cipitates were decomposed at 220-400 °C. This is a consequence of the degrada-
tion of amino acids and proteins. KArRMAS and DimMarco (1970) showed when
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studying thermoprofiles of amino acids and proteins, that in the temperature
range of 230-300 °C, amino acids become carbonized, sublimated and decom-
posed. Also, L1EN and NAWAR (1974) in their studies on the thermal decomposi-
tion of certain amino acids in the temperature range of 180-270 °C found that
their degradation results in formation of such compounds as ammonia, propane,
carbon dioxide, acetone, piridine and acetonitrile. Certain amino acids are
capable of sublimation in the temperature range of 205-280 °C (Karmas &
Dimarco, 1974). This phase change of amino acids is probably responsible for
the observed endothermal effects in DTA curve in the temperature range of
230-250 °C.

In the temperature range of 400-800 °C the tendency of increasing or
decreasing of weight losses of the precipitates (at 80 °C and 100 °C) are depend-
ent on the solvent used for protein extraction. It is assumed that weight losses
in the discussed temperature range are related to the mineral composition of
the protein precipitates and they confirm the results of our previous work
(KrerackA et al., 1983). That study showed that the particular protein frac-
tions isolated with water or salts are capable of forming combinations with
phosphorus and other mineral compounds, during heating at 80 °C or 100 °C.
Further confirmation of different properties of SSP-NaCl, as compared with
WSP and SSP-K,S0, was absence of endothermal effect in the temperature
range of 230-250 °C in DTA curves from the precipitate at 100 °C and dif-
ferential relationship in the measured absorption ratio of Amide I and II and
the band at 1090 cm~*. Supposedly the band at 1090 cm~! derives from the
group of phosphoric esters (from phytates) associated with proteins. Decrease
in phosphorus content in precipitates obtained by denaturation of proteins
extracted with NaCl (at 100 °C) (KLEPACKA et al., 1983), probably caused the
increase in dependence between Amides I and II and the band at 1090 cm~1.

4. Conclusion

On the basis of the conducted studies on denatured proteins at 80 °C or
100 °C it was established that the observed differences were dependent mainly
on the extracting agents, i.e. on the protein fractions. Two values

— weight losses in the TG curve in the temperature range of 400-800 °C,

— ratio between Amides I and II and the band at 1090 cm ™1
revealed the reverse dependence of denatured SSP-NaCl at 80 °C and 100 °C,
as compared to those of WSP and SSP-K,SO,. On this basis it may be assumed
that the SSP-NaCl forms different network structure during denaturation (at
80 °C or 100 °C), as compared with WSP and SSP-K,SO,.

The differences between the studied rapeseed varieties were insignificant,
they did not appear in the thermal analysis and in spectral analysis, only
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dependences of Amides I and II and the band at 1090 cm~1, were observed.
The variety of doubly low erucic acid content revealed lower values of the
measured ratio than the other two varieties.

Literature

CHIRGADZE, Y. N., SHEsTOPALOV, B. V. & VENYIMANOV, S. Y. (1973): Intensities and
other spectral parameters of infrared amide bands of polypeptides in the beta
and random forms. Biopolymers, 12, 1337-1351.

CHirGADZE, Y. N. & Brazanikov, E. (1974): Intensities and other spectral parameters
of infrared amide bands of polypeptides in alfa-helical form. Biopolymers, 13,
1701-1712.

Karmas, E. & Dmvarco, G. (1979): Dehydration thermoprofiles of amino acids and
proteins. J. Fd Sci., 35, 615-617.

Krepracka, M., NiTtECKA, E. & BUuraczEwskaA, I. (1983): Thermal changes of rapeseed
proteins. Proc. 16th ISF (International Society of Fat) Congress, Budapest, p. 745.

Kostyra, E., Kozrowska, H. & Kostyra, H. (1986): Changes of physico-chemical
properties of rapeseed protein in the technological processing of the concentrate.
Acta Alimentaria Pol. (In press).

LieN, Y. & NAwAR, W. (1974): Thermal decomposition of some amino acids: alanine and
beta-alanine. J. Fd Sei., 39, 914-916.

MisHiN, V. & GarBuzov, A. (1951): Thermography of protein substrates. Biokhimiya,
16, 416-419.

Mivazawa, T., Masupa, Y. & FukusHmMA, K. (1962): Chain conformation of amide V
band of polypeptides. J. Polym. Sci., 62, S 62— 64.

SteEmM, J. M. (1965): Differential thermal analysis of protein denaturation in solution.
Arch. Biochem. & Biophys., 112, 599-604.

Acta Alimentaria 16, 1987



MR

L

=3




Acta Alimentaria, Vol. 16 (1), pp. 61—65 (1987)

STUDIES ON EUCALYPTUS SEED
PROTEIN FRACTIONATION
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Three protein fractions and one glycoprotein fraction with molecular
weights of 295 000, 240 000, 170 000 and 65 000, respectively, were separated from
Bucalyptus hybrida seed protein by SDS-polyacrylamide gel electrophoresis.
Amino acid composition of these snrotein fractions including glycoprotein and
carbohydrate composition of the glycoprotein fraction were determined. Three
protein fractions contained 17 amino acids including 10 essential amino acids
while glycoprotein fraction contained 8 amino acids and 359, carbohydrates.

Keywords: Fucalyptus hybrida, seed protein fractionation, polyacrylamide gel
electrophoresis

Recently, eucalyptus (Eucalyptus hybrida) is being widely planted in
different forests of India for its rapid growth and valuable pulpwood. There-
fore, seeds are available in large quantities in different local forests which are
up till now unexplored. The fatty acid composition and nutritional potentiality
of the seed oil has been reported earlier (MANDAL et al., 1984a, 1985) from our
laboratory. The protein content of the defatted eucalyptus seed cake varied
from 13.5 to 14.29%, and its balanced amino acid composition suggests that it
might be a valuable supplement in animal feed (MaxDAL et al., 1980, 1982,
1984b, 1984c, 1984d). On this basis, the eucalyptus seed protein may be of
commercial importance. Therefore, further informations on the seed protein
fractions, their molecular weight and amino acid composition are highly needed.
In this communication, we report the results of such a study.

1. Materials and methods

Eucalyptus hybrida (Myrtaceae) seeds were collected from the local forests
of Burdwan (W.B.), India and completely defatted by repeated solvent
(hexane) extraction and dried in air at room temperature.
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1.1. Isolation and fractionation of seed protein

Seed protein was extracted with 0.5 mol NaCl in 0.025 mol TRIS-glycine
buffer (pH 8.3) by shaking in centrifuge tube for 1 h using seed meal to solvent
ratio of 1 : 20 (w/v). Extract was clarified by centrifugation at 10 000 g for
15 min and then dialysed against 0.025 mol TRIS-glycine buffer (pH 8.3)
for 15 h. The extract was pooled and made up to a known volume and used
for electrophoresis. The nitrogen content of the extract was determined by
the micro-Kjeldahl method (AOAC, 1970) and protein content was calculated
using a factor of 6.25. Sodium dodecyl sulphate (SDS)-polyacrylamide gel
electrophoresis was performed according to the procedure of WEBER and
OsBORN (1969) with minor modification. In the procedure used, protein extract
was treated with 0.19%, SDS in 0.025 mol TRIS-glycine buffer (pH 8.3) for 2 min
at 100 °C. An aliquot containing 200 ug protein was applied on each of the gels
Electrophoresis was carried out using 7.5 9%, acrylamide gels in 0.025 mol TRIS-
glycine buffer (pH 8.3) for 8 h at 5 mA per tube. Marker proteins used were
11 S protein fraction (300 000) of sunflower seed protein, pyruvate kinase
(230 000), aldolase (160 000) and human serum albumin (68 000). Gels were
stained in 0.259%, Comassie Brilliant Blue-R 250 in MeOH-H,O-AcOH
(5—4-1, v/v). Destaining was accomplished with the same solvent in ratio
of 5-88-7 (v/v). Glycoprotein fraction was localized by periodic acid-shiff
(PAS) test following the method of SmiTH (1968), which gave a magenta colour
indicating the presence of glycoprotein.

1.2. Amino acid analysis

The gel bands were extracted with 0.1 mol NaOH and N content in the
aliquot was determined by micro-Kjeldahl method (AOAC, 1970). A suitable
quantity of the aliquot (1.5 mg N) was taken and neutralized by the addition
of 0.1 mol HCL Concentrated HCl was then added to bring the final concen-
tration to 6 mol HCI and the contents were hydrolysed by refluxing for 24 h
in evacuated tubes. The hydrolysate was then filtered and excess acid was
removed by repeated evaporation under reduced pressure. For the determination
of sulphur containing amino acids, the samples were first oxidized with per-
formic acid for 18 h according to the method of Lewis (1966) before acid
hydrolysis. Residues obtained upon acid hydrolysis and evaporation were
dissolved in citrate buffer (pH 2.2). The amino acids were analysed in a
Beckman amino acid analyser using M—72 type resins.

1.3. Carbohydrate analysis

Glycoprotein fraction recovered from gel band was hydrolysed for 10 h
at 100 °C with 2 mol H,SO, in evacuated tube. The excess acid was neutralized
by adding solid BaCO, and filtered. The filtrate was concentrated and applied
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to a column (0.5X5 cm) of dowex-50x 2(H*) and washed with water. The
washings were concentrated, subjected to paper chromatography (n-butanol-
pyridine—water, inratio of 2:2:1) according to the method of SmiTH and SEAKINS
(1976) and sugars were identified from their R¢values referring to those of stan-
dard samples. Baturated aqueous solution of aniline hydrogen oxalate was used as
staining reagent. Quantitative estimations of sugars were done by PhOH-
-H,SO, method (DuBo1s et al., 1956).

2. Results

Electrophoretic patterns of eucalyptus seed protein and those of standard
proteins are shown in Fig. 1. It is evident from the electrophoretic pattern
that eucalyptus seed protein consists of three protein fractions, I, IT and III
of molecular weights of 295 000, 240 000 and 170 000, respectively, and one
glycoprotein fraction (IV) of 65 000. The nitrogen percentage of these fractions,
I, IT, IIT and IV were 14.2, 13.6, 14.0 and 10.3, respectively. The distribution
of protein fractions as percentage of total recovered protein was: fraction I
(295 000), 39%; fraction I1 (240 000), 13%; fraction III (170 000), 35% and
fraction IV (65 000), 139%,. Amino acid composition of the protein fractions
including glycoprotein are given in Table 1. The results revealed that protein
fractions, I, IT and III contain 17 amino acids including 10 essential amino
acids while glycoprotein fraction (IV) consists of 8 amino acids with higher
levels of threonine (26.4 g per 16 g N) and serine (16.4 g per 16 g N). The carbo-
hydrate content of the glycoprotein fraction (IV) was 359, and it gave glucose
(28.39%), galactose (18.19%,), glucosamine (5.49%,), mannose (31.69,), mannitol
(12.49%) and xylose (4.29,) on acid hydrolysis.

300 000 ;
230 000 D L
160 000 Il
68 000 D "

A B

Fig. 1. Electrophoretic patterns of reference proteins and eucalyptus seed protein

A. Reference proteins (from top to bottom): 11 S fraction (300 000) of sunflower seed

protein, pyruvate kinase (230 000), aldolase (160 000) and human serum albumin (68 000);

B. Eucalyptus seed protein (from top to bottom): fraction I(295 000), fraction IT (240 000),
fraction III (170 000) and fraction IV (65 000)
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Table 1

Amino acid composition (g per 16 g N )* of eucalyptus seed protein fractions

Fractions
Amino acids
I II I Iv

Glycine 2.0 3.6 2.3 6.8
Alanine 2.0 3.0 3.1 5.6
Threonine 0.6 0.3 1.2 26.4
Serine 0.7 0.9 2.0 16.4
Valine 1.0 0.8 3.0 9.2
Leucine 6.6 5.2 4.3 —
Isoleucine 2.1 2.3 1.1 —
Proline 1.0 1.1 2.2 5.4
Phenylalanine 2.1 2.1 3.1
Methionine 0.8 0.6 0.1 —
Cystine 0.5 0.6 0.3 —
Histidine 2.8 257 2.6 -
Tyrosine 2.8 1.6 2.4 8.8
Arginine 10.1 10.9 11.4 —_
Lysine 5.3 5.1 4.4 —
Aspartic acid 7.0 8.7 9.4 9.3
Glutamic acid 28.3 26.3 29.4 —

* Values not corrected for any destruction due to acid hydrolysis
— :not present

3. Conclusions

Eucalyptus seed protein fractionation by SDS-polyacrylamide gel electro-
phoresis showed three protein fractions and one glycoprotein fraction present
therein. Studies on some plant seed proteins such as sunflower (BAUDET &
Mossg, 1977), soybean (WoLF, 1977), mustard (Brassica juncea) (GURURAJ
Rao, 1980) and guar (Cyamopsis tetragonoloba) (NATH, 1980) shows that they
generally consist of four to six fractions. It is not surprising, therefore, that
our study has shown that eucalyptus seed protein consists of four fractions
including one glycoprotein fraction.

The amino acid composition of the protein fractions varied from one
another and also from the seed protein itself (MaNDAL et al., 1982). It was found
that protein fractions (I, II and III) contain same number of amino acids but
amino acid contents differ from fraction to fraction. The amino acid composi-
tion of the glycoprotein fraction (IV) was completely different from those of
other protein fractions. The amino acids threonine and serine were the major
components along with glycine, alanine, valine, tyrosine and aspartic acid as
the minor ones. It is probable that in glycoprotein fraction (IV), threonine
and serine are mainly involved in amino acid-sugar linkages. Thus higher levels
of amino acids, threonine and serine in fraction IV indicate the presence of
large numbers of 0-glycosidic linkages between sugars and amino acids, threo-
nine and serine. It is in this context that the sum of amino acid contents
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(g per 16 g N) of the protein fractions including glycoprotein fraction, varied
in the range of 75.98 to 88.04. This lower value is probably due to destruction
of some amino acids during acid hydrolysis.

It could be of interest to determine the structure of carbohydrate moieties,
the nature of the bonds linking them to the peptide and the probable distribu-
tion of these units in glycoprotein fraction of eucalyptus seed protein. Such
studies are in progress and the observations made will be reported in a later

communication.
*
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EFFECT OF WATER FROM DIFFERENT SOURCES
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Ten water samples were collected from different locations of the Eastern
Province in Saudi Arabia. They represent tap water, springs and wells water,
potable treated water and sea water. The pH, total salinity, contents of phosphate,
chloride, calcium, magnesium, sodium, potassium, iron, zine, and copper were
determined in all samples. Effect of water source on rheological properties of two
levels of extraction of hard Saudi wheat flour was studied using the Farinograph
and the amylograph. Quality of breads prepared thereupon was evaluated by mea-
suring the specific loaf volume, crust and crumb colours, symmetry, grain, break
and shred, and texture. As expected, it was found that sea water contained the
highest salinity and mineral content, followed by tap water, whereas the treated
water showed the lowest salinity and mineral content. It was shown that the
higher the salinity of water, the higher the stability of doughs and peak viscosity
of water—flour suspensions. The best bread quality was obtained with waters
having total salinity between 1000-1500 mg per kg; quality suffering a decrease
towards the higher margin.

Keywords: wheat flour, water analysis, bread quality

Water is the major ingredient in breadmaking, forming more than 50 9,
of the dough (MALEKI et al., 1980) and 359, of bread (WArT-BERNICE &
MERRILL-ANNABEL, 1975). It is necessary for gluten formation (BLoksMma,
1971), starch gelatinization (SANDSTEDT, 1961) and to provide medium for
the multitude of interactions occurring throughout the bread-making process
(PoxntE, 1971). In the final product it plays a significant role in bread staling
(ASEMAN, 1976) and in keeping qualities. Kind and concentration of the dis-
solved salts affect water absorption by the flour (GaraL et al., 1978), dough
fermentation by baker’s yeast (SNELL & FORTMANN, 1962), dough machinability,
and texture of the finished product (MaTz, 1972).

Owing to the well designed policy of the Saudi Government, the Kingdom
has been declared self-sufficient in wheat and flour (ANoN., 1985a). A Certificate
of Honour was granted to the Saudi Minister of Agriculture and Water by the
FAO in November 1984 (ANON., 1985b). Evaluation of water sources in Saudi
Arabia and their influence on Saudi flour doughs and bread making is therefore
important.
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The main water source in Saudi Arabia is the ground water, formed
essentially from rainfall (AL-BEsHR, 1983). Rainfall is very low and unpredict-
able. Runoff is therefore irregular and storage of surface water is almost negli-
gible. Two thirds of the Kingdom is believed to be underlain by sedimentary
formations, of which sandstone and limestone are the main sources of ground
water (EL-KmaTIiB, 1980). The ground water is available in form of natural
springs, shallow wells or otherwise artesian wells.

Municipal water is drawn from ground water, and chlorinated for house-
hold use. Its high salt content, however renders it unpotable. Drinking water
depends on commercially treated water, locally or otherwise imported bottled
water or mineral water.

Another water source of increasing significance for domestic and indus-
trial purposes in coastal cities, is the desalinized water. Except for bottled
water, breadmaking in the Kingdom utilizes water from all of the above-
mentioned sources depending on location and size of the oven or bakery.

The present work investigates effect of water sources on breadmaking
to find out how far each source would suit this process. Since salt is added
during dough preparation, and due to world water scarcity and particularly
in Saudi Arabia, sea water is likewise tried. This would also help comparison
with water of low salt content.

1. Materials

1.1. Water samples

Ten water samples representing the above-mentioned sources were collected
from the Eastern Province in Saudi Arabia, as shown in Table 1. Samples were
kept in deep freezer until utilized. Deionized water was used as control.

Table 1

Source of water samples investigated

Sample Source Location
No.
Control Deionized water College Lab.
1 Municipality water Al-Khobar
2 Municipality water Al-Dammam
3 Municipality water Al-Ahsa (Hofuf)
4 Municipality water Al-Ahsa (Mobarraz)
5 Natural spring Al-Ahsa (Ein-ul-Harra)
6 Artesian well Al-Ahsa (Qatar Road)
7| Artesian well Al-Ahsa (Eastern Villages)
8 Treated water Al-Khobar
9 Treated water Al-Hofuf
10 Arabian gulf water Al-Khobar
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Table 2
Recipe of loaf bread prepared

Ingredients Amount (g)
Flour 100
Water as required®
Sugar 3
Salt 2
Yeast 2
Glyceride monostearate 0.5
Ascorbic acid 0.005

@ The quantity determined by the farinograph

1.2. Flour samples

Two samples representing the commercially available Saudi flour of 859,
and 759, extraction rates were obtained (Saudi Mills Co., Dammam).

1.3. Other bread ingredients

Sugar, salt, yeast, glyceride monostearate and ascorbic acid (Table 2)
were added as indicated under “bread making”.

2. Methods
2.1. Water analysis

Three determinations were carried out on each sample.

2.1.1. Total salinity. Salinity is measured as total salts (in mg per kg)
by an Electric Conductivity Meter, Model MC-1 (Electrical Instruments
Ltd., Surrey, England).

2.1.2. Metal content. Content of four major and four trace metals is deter-
mined by atomic absorption spectrophotometry (EL-SEHAARAWY, 1979) in a
Perkin Elmer AAS, Model 603 using air/acetylene flame. Lanthanum oxide
is added to overcome interference with calcium determination (EL-SHAARAWY,
1971).

2.1.3. Sulphate. Sulphate is determined according to the AOAC (1980)
gravimetric method.

2.1.4. Chloride. Chloride is determined volumetrically by titration with
silver nitrate (USDA, 1954).

2.1.5. pH. pH is determined using a pH meter.
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2.2. Rheological properties of the dough

Water absorption and mixing behaviour of the doughs prepared with
different water samples were measured in a Brabander farinograph. Brabander
amylograph is utilized to measure pasting and viscosity properties of the flour.
Methods of the AACC (1976), were followed. Two determinations were
carried out on each sample.

2.3. Bread making

Panned bread was prepared by the method of TsEx and Tane (1971) in-
volving the one step mixing of all ingredients (salt is not included in the dough
prepared from sea water). Water was added as determined by the farinograph
for optimum consistency. After mixing, the dough was cut, manually punched,
and kept in fermentor (National MFG Co., Lincoln, Nebr.) at 32 °C for 15 min.
It was then molded in aluminium molds and kept back to proof in the fermentor
for further 45 min; after which time it is baked at 218 °C. Three loaves were
produced from every sample, and each used separately for weight and volume
determinations.

2.4. Assessment of bread quality

Loaf weight was determined to nearest 1 g. Volume was measured by the
seed displacement method (AACC, 1976). Sensory attributes of the bread were
determined organoleptically by ten panelists selected from the college staff,
following the Multiple Comparison Method (Kramer & Twica, 1979) and
a centrigrade scoring scale.

3. Results and discussion

3.1. Water analysis

Results of water analysis are presented in Tables 3 and 4. Maximum min-
eral content allowed by the SAUDI ARABIAN STANDARDS ORGANIZATION (1984)
in drinking water is also cited for comparison.

Table 3 shows that the pH values of all water samples fall within a narrow
range of 7.7-8.2, thus within that defined by the Saudi Standard. No correla-
tion between water salinity, anionic or cationic content of water and its pH
value is noted.

As expected, sea water shows very high content of salinity, sulphate,
chloride, calcium, magnesium, sodium and potassium. Among other samples,
Al-Khobar municipal water, followed by the Dammam sample show highest
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Table 3

Acidity and salinity of water samples

71

Total

Sample " Sulphates Chlorides
Source and location pH value salinity
No. (g per kg) (mg per kg) (mg per kg)
Control Deionized water, Lab. 5.85 2.6
1 Municipality, Khobar 7.72 2 464 778 1101
2 Municipality, Dammam 8.12 2143 593 972
3 Municipality, Hofuf 8.19 1 248 411 439
4 Municipality, Mobarraz 7.94 1116 390 327
5 Springs, Mobarraz 7.98 1436 543 569
) Well, Qatar Rd 8.12 11562 395 394
7 Well, Villages 7.94 1 140 376 346
8 Treated, Khobar 8.13 438 127 116
9 Treated, Hofuf 7.70 282 49 82
10 Gulf water, Khobar 7.89 33 920 3804 20 751
Saudi standard Max. range 6.5-9.2 1472 400 600
for drinking water
Optimum 7-8.5 200 200
Table 4
Metallic content of water samples
(mg per kg)
Sag:’;?le Source and location Ca Mg Na K Zn Fe Co Mn
1 Municipal, Khobar 93 53 375 23 0.07 — — -
2 Municipal, Dammam 88 45 326 19 0.3 — — —
3 Municipal, Hofuf 73 40 200 14 0.714 — — —
4 Municipal, Mobarraz 53 28 150 12 0.10 — — —
5 Spring, Mobarraz 70 33 200 14 0.04 — —_ 0.1
6 Wells, Qatar Rd. 60 40 175 12 0.26 — — 0.1
7 Wells, Villages 58 33 175 12 0.02 — — —
8 Treated, Khobar 4 2 3 3 006 — — —_
9 Treated, Hofuf 2 1 1 2 004 — — —_
10 Gulf, Khobar 4600 1800 10095 568 0.06 0.3 0.1 0.1
Saudi standard for Max. 200 30 not given 15 1 1.6 5
drinking water Optimum 75 or 150 53 0.1 0.05 0.056
—: Nil

levels of salinity, sulphate, chloride, calcium and magnesium, evidently ex-
ceeding those set for drinking, and particularly for bottled water. Two maxima
for magnesium concentration are set in the Saudi project, depending on sulphate
level. Thus up to 30 mg per kg water is allowed at a sulphate concentration of
250 mg per kg, whereas 150 mg per kg are tolerated at lower sulphate concen-
trations. Only the former level is cited in Table 4, since sulphate concentrations
of all the samples (except that of the treated) are much higher than 250 mg

Acta Alimentaria 16, 1987



2 MESALLAM et al.: WATER EFFECT ON RHEOLOGICAL PROPERTIES

per kg. Magnesium content of the two treated water samples, concurrently of
low sulphate level, is however, extremely low. Likewise are concentrations of
total salinity and of other minerals determined. This is conceivable from the
ion-exchange treatment applied. It is to be noted that no level for sodium nor
for potassium is set in the pertinent Saudi Standard.

As for concentration of the trace metals zinc and manganese, all samples,
including sea water, lie within the allowed limits. Except for sea water, all
other samples proved practically void of detectable levels of iron or copper.

It may be concluded that municipal water of either Khobar or Dammam
do not meet Saudi specifications for drinking water, whereas all water samples
of Al-Ahsa, including those from wells, are considered acceptable or at least
marginal from the salts point of view. It is worth mentioning however, that
both Khobar and Dammam enjoy in the moment drinking water from the
desalination project in Azizeyya, which started pumping after completion of
this investigation.

3.2. Dough mixing characteristics

Table 5 shows that water absorption capacity is higher for the higher
extraction flour, possibly due to its larger content of highly imbibing pentosans
(EL-WAKEEL et al., 1975).

Examination of Tables 3, 4 and 5 indicates no correlation between water
absorption and its pH value. However, water absorption is found to decrease
slightly with increase of total salinity and content of individual ions, particu-
larly potassium, in water. This is most clear from comparison of the two ex-
tremes, i.e. the sea water and the deionized water (having salt content of only
25 mg per kg). This agrees well with earlier findings. Water absorption was

Table 5

Effect of water from different sources on the mixing properties of Saudi wheat flour
(determined by farinograph)

769 extraction flour 859 extraction flour
e Mixing  Stability p i ce M o Mixing  Stability o Aolane.
sorption ~ time time time index  sorption time time time index
(%) @ @)  @n ®BU) (%) ity i) (min)  (B.U)
Control 68.9 8 16.0 2225 30 75 5.25 9.6 18.00 50
1 67.56 10.0 19.76 25.0 20 73.8 6.75 12.50 20.50 50
2 67.3 9.50 19.00 24.0 25 74.0 6.50 12.00 19.75 50
3 68.2 9.25 17.756 23.5 30 74.1 6.256 11.76 19.25 50
4 68.8 8.76 17.75 23.0 30 74.5 6.00 10.75 18.75 50
5 68.1 9.25 17.75 23.0 30 74.4 6.26 11.50 19.00 50
6 68.8 8.75 17.256 23.0 30 74.8 6.00 11.25 18.75 50
7 68.8 8.75 17.00 23.0 30 74.6 6.00 10.75 18.50 50
8 68.8 8.25 16.50 22.7 30 74.9 5.60 9.75 18.00 50
9 68.8 8.26 16.50 22.7 30 74.9 5.50 9.75 18.00 50
10 65.8 14.00 30.00 40.0 70.0 9.00 13.00 30.00 20

Acta Ailmentaria 16, 1987



MESALLAM et al.: WATER EFFECT ON RHEOLOGICAL PROPERTIES 73

reported to decrease with content of sodium chloride alone (GALAL et al., 1978;
VETTER, 1981; SALOVAARA, 1982), or when replaced at 209, and 409, levels
with chlorides of potassium, calcium or magnesium, or sulphates of sodium or
magnesium (SALOVAARA, 1982). The latter author found insignificant variations
in water absorption among samples of different salts. However, MorAD and
co-workers (1981) reported increased absorption with ground water of higher
hardness than tap water.

Dough mixing time (indicated as development or peak time), stability,
and break-down time, all show general increase with water salinity, anionic and
cationic content (Table 5). Moreover, they are higher for the lower extraction
flour. Table 3 and 5 indicate no clear effect of water pH on rheological proper-
ties of the dough. However, TSEN (1966) reported a decrease in dough resistance
between pH 4.2. and 7.3. Differences in resistance among our doughs may
therefore be attributable solely to variations in mineral content of water.
In fact, pH values of doughs were almost constant at 5.5., indicating some buf-
fering action. Ground water, compared to the softer tap water of some Egyptian
cities was reported to increase mixing and stability times of the dough (MoraD
etal., 1981). Different salts were found to result in different effects. Thus sodium
chloride strengthened the dough (GALAL et al., 1978) as did when partially
replaced by magnesium or sodium sulphate (SALovaArA, 1982). Replacement
of sodium chloride by potassium chloride or magnesium acetate showed no
significant effect, whereas replacement by magnesium or calcium chlorides
weakened the dough (SALOVAARA, 1982).

Effect of electrolytes on dough rheology may be explained on basis of
gluten aggregation (SALOVAARA, 1982). Jons may enhance either protein asso-
ciation or dissociation to become dominant (BENNETT & EwART, 1965).

Mixing tolerance index (MTI) shows an elevated value with the higher
extraction rate (Table 5). This may be explained by the higher protein content
of the 859, extraction flour.

Except for sea water, other water samples do not affect the MTI of the
859, extraction flour. The same holds true with the 759, extraction flour only
with water samples having salinity of up to 2000 mg per kg. At higher salt
concentrations, the MTI decreases significantly. This depressing effect is most
profound with sea water, where MTI shows more than 509, depression with
the high extraction flour and becomes unmeasurable with the low extraction

type.
3.3. Viscosity of flour suspensions

Comparison of flour suspensions prepared with deionized water and
sea water (Table 6) shows significant increase with salinity in pasting time and
temperature and in peak viscosity of suspensions of both degrees of flour ex-
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Table 6
Effect of water from different sources on the viscosity of flour water suspensions
759% Extraction 859% Extraction
Pasting Peak viscosity Pasting Peak viscosity
Sample
No. Tem- Tem- Tem- Tem-
pera- Time pera- Time pera- Time pera- Time
ture (min) B.U. ture (min) ture (min) B.U. ture (min)
(&%) (°C) °0) (&)
Control 55.5 17 460 83 35.5 57.0 18 260 75 30
1 57.6 18 620 86 37.56 61.0 21 300 81 34
2 57.6 18 610 85 37.0 60.0 20 290 79 33
3 57.0 17 590 84 36.5 59.0 19 275 78 32
4 57.0 17 580 84 36.0 58.5 19 270 79 32
b 57.0 17 580 84 36.0 58.5 19 280 77 32
6 56.5 1 550 84 36.0 58.5 19 280 7 31
v/ 56.5 17 540 84 36.0 58.0 19 275 i 30
8 55.5 17 480 83 35.5 87.5 18 260 75 30
9 55.56 17 470 83 356.5 57.6 18 260 75 30
10 66 24 870 93 42.0 69.0 26 555 94 42
Table 7
Effect of water from different sources on bread volume
Sample ‘Weight Volume Specific volume
No. ® (cm?) (cm®g-1)
Control 236 490 2.08
1 221 510 2.31
2 236 545 2.31
3 233 642 2.76
4 226 612 2.1
5 220 557 2.53
6 240 605 2.52
7 221 557 2.52
8 227 550 2.42
9 223 550 2.47
10 228 280 1.23
Table 8
Scoring of panned bread as affected
Scores given for bread pre-
Total
Ulasacter gr?xdae Control i b 2 3
x 48 x +s x ts x +9
Loaf volume 20 14 1.05 14 0.67 16 0.94 17 1.16
Crust colour 10 8 0.82 8 0.94 9 0.94 9 0.94
Symmetry 10 T 1.15 6 1.16 of 0.94 8 1.05
Bread shred 10 7 1.05 6 1.05 7 1.05 8 0.94
Grain 20 12 1.16 12 1.33 12 1.15 15 1.05
Texture 20 12 1.16 10 1.15 12 1.7 16 1.16
Crumb colour 10 8 1.15 8 0.82 8 1.35 8 1.18
Total scores 100 68 3.83 64 2.21 70 2.31 81 2.98

n = 10 panelists
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traction. The other suspensions show slight though steady increase in these
values with water salinity.

However, pasting time of the 759, extraction flour is practically constant
at salinity values below 2000 mg per kg. It is known that increase in viscosity
of flour suspensions is directly related to quantity and swelling properties of
flour starch and gluten (BROOKE, 1939).

3.4. Bread quality

As expected, use of sea water significantly decreased loaf volume, weight,
and specific volume (Table 7). Deionized water, on the other hand, is found to
yield small bread, hence, too, of low specific volume, and undesirably high
compactness.

Absence of dough tightening salts would lead to sticky doughs (BrowN,
1939). Evidently, mineral contents of lower than 500 mg per kg or higher than
2000 mg per kg water yield bread of low volume and/or high weight, hence of
low specific volume. Water samples having 1000-1500 mg per kg salts proved
to produce enhanced specific volumes. Which of the studied electrolytes is more
responsible for better results needs further investigation. Calcium, sulphate
and bicarbonate had been identified as potential factors affecting dough fer-
mentation by yeasts (SNELL & ForTMANN, 1962). Sodium chloride and other
salts present normally in water were shown to have significant effect on dough
machinability and texture of the finished product (MATz, 1972). Sodium bicar-
bonate or magnesium oxide were reported to affect fermentation and decrease
loaf volume only when added at concentrations exceeding 1000 mg per kg or
500 mg per kg for the two salts, respectively (BLoksma, 1971).

Results surmised from the specific volume determinations are confirmed
by the sensory panel (Table 8), as indicated from scores given to loaf volume,
grain and texture.

by water from different sources

pared with different water samples

4 5 6 7 8 9 10
X +s x +s8 x ts X +8 x +s X +s x *s
17 1.05 16 0.94 17 1.15 16 0.94 15 1.15 15 1.15 8 .52
9 0.67 9 1.256 9 0.82 8 1.05 8 0.67 8 0.67 6 0.94
9 0.82 8 1.25 8 1.05 9 1.05 7 0.94 7 1.05 5 1.14
9 0.94 7 0.67 8 1.15 9 0.82 8 0.94 8 0.94 2 1.15
16 1.15 15 1.15 18 1.25 18 1.16 14 1.05 14 1.15 4 0.94
18 1.06 15 1.76 18 1.15 18 1.16 12 1.49 13 1.33 4 1.05
8 1.15 8 1.15 8 1.33 8 1.05 8 1.05 8 1.156 6 0.92
86 3.33 178 3.06 85 3.06 86 3.5 72 3.09 73 2.7 34.1 2.04
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Moreover, bread prepared with water of 1000 to 1500 mg per kg salt
content is shown to have the best symmetry, break and shred, and overall
acceptability. Except for bread prepared with sea water, crust and crumb
colours are apparently not affected by changes in mineral content.

In conclusion, water having 1000-1500 ppm salts would be most suitable
for bread making. Neither municipality water of Khobar or Dammam, nor
treated water used for drinking in Saudi Arabia falls in this category. Further
investigation is recommended for testing partially desalinized sea water.

*

The kind assistance of Dr. MusTaArA ABU RADY of the Soil & Water Department,
King Faisal University in carrying out metal determination in water is gratefully
acknowledged.
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A computer-coupled autoanalyzer-fermentor system was developed for on-
line studying of microbial metabolism. Phosphate consumption, and other param-
eters were investigated in three fermentation processes. Phosphate consumption
in the primary metabolism was monitored in Methylomonas sp. and Saccharomyces
cerevistae fermentations, and metabolic changes were studied in bacitracin
— secondary metabolite — fermentation. The computer-coupled system was
capable to realize the minimal variance control of phosphate level during the
microbial process. It has been demonstrated that the system is suitable for on-line
data processing and control, and for the analysis of synthetic and industrial fer-
mentation media. It provides useful information for further development of the
fermentation of primary and secondary metabolites. It can be flexibly applied
to various analytical purposes and to the study of different quality fermentation
broths.

Keywords: on-line monitoring, on-line control, phosphate concentration,
fermentation, microbial metabolism

The automation of fermentation systems has been lagging at least ten
years behind the general development of chemical industry. This lag is mainly
due to the immense complexity of microbiological systems in comparison to
the mechanism of chemical conversion. The number of parameters to be meas-
ured and controlled is much higher. Controlling the pressure, temperature and
rate of supply is not sufficient, measurement of at least part of the reacting
molecules and products formed is also required. Current methods seem to be
suitable for solving hardware and software problems of fermentation process
control, the main challenge facing experts today is the development of ap-
propriate chemical sensors. A new pathway is the application of computer-
coupled discrete sensors (gas chromatography, mass spectrometry, HPLC,
cytofluorography, autoanalyzer, etc.). In this paper we wish to present our
results with an on-line system of computer-coupled autoanalyzer-fermentor
developed in our laboratories.

There are relatively few publications available on the analysis of fermen-
tation broths by means of an autoanalyzer. Some of these (Roy & BuccAFruURiI,
1980; HécYE & Nacy, 1981; Mor et al., 1974) present only off-line analysis
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and even with on-line systems, application to process control is rather rare
(DEAN & STEWART, 1979).

An explanation for this may be the prolonged dead-time of autoanalyzers:
3 to 30 min between sampling and peak evaluation. Since, however, fermenta-
tion is a prolonged process, such dead-time may be considered permissible.

The fundamental problem is taking samples from the fermentation broth,
as a pure liquid sample has to be obtained from a three-phase disperse system.
For separation of the solid fraction as well as the cells and bubbles various
methods have been developed: continuous dialysis (ROHR et al., 1976; ZABRIS-
KIE & HUMPHREY, 1978; VOGELMANN et al., 1974; CHOTANI & CONSTANTINIDES,
1982; VALENTINI & RAGAZZANO, 1982); sedimentation (LEIsoLA & KAUPPINEN,
1978; Osamo & LEisora, 1979; LeisorA et al., 1979); continuous filtration
(Mor & FIECHTER, 1974; LEISoLA & KAUPPINEN, 1978; LEISoLA et al., 1980;
KuHLMANN et al., 1982; HiLL & THOMMEL, 1979; IMMING et al., 1982; KuHL-
MANN et al., 1984; ScEMIDT et al., 1984, 1985; SCHEPEL et al., 1984). In our sys-
tem mainly continuous dialysis, and in some cases also continuous filtration
have been applied (Pfics et al., 1985).

In developing our system our aim was to attain flexibility. As a result,
the system developed can be flexibly changed i.e., by exchanging the reaction
module it can be used for analyses of different components, on the other hand,
by modification of the sampler unit, it is adaptable for the analysis of different
broths. In the course of our investigations, we tested the system by application
of a reactor module for the measurement of the inorganic phosphate and studied
three different fermentation processes. The measurement of phosphate con-
centration was justified by the simplicity of the method and by its role in con-
trolling primary and secondary metabolism.

1. Materials and methods

1.1. The measuring system

The measuring system was composed of the following units:

— Fermentor: 3 dm? Biotec fermentor body with measuring and control
systems developed in our laboratory (VERES et al., 1981).

— Computer: TRS-80 microcomputer with laboratory-made interface and
valve control (SzIGETI et al. 1986).

— Autoanalyzer: Contiflo analyzer (Labor MIM, Hungary) with a samp-
ling unit equipped with magnetic valves (Fig. 1).

For the analysis of different broths two samplers working on identical
principles have been elaborated (Fig. 2). In experiments carried out on syn-
thetic media the sample recycled from an external circulation loop is passed
through the alternative magnetic valves into the continuous dialyzer. (Valves:

Acta Alimentaria 16, 1987



PECS et al.: ON-LINE CONTROLLED FERMENTATION 81

Reichelt Chemie Technik 95115, see Fig. 2/a.) The bacitracin broth contains
solid particles (soy cake, corn starch), therefore the recycling unit was equipped
with a continuous filter and bubble separator (Fig. 2/b).
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Fig. 1. Flowchart of the autoanalyzer system. (D, @, ®: magnetic valves
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Fig. 2. Sampler units. a: for synthetic media; b: for industrial media
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(Valves: Radelkis titrimeter valves, OF-510. Filtermembrane: Sartorius
cellulose acetate membrane-filter, pore diameter: 0.8-1.2 um.) Detailed de-
scription of the structure, operation and software of the system had been
presented in earlier publications (Pfcs et al., 1985; Szicetr et al., 1986).

1.2. Test fermentations

1.2.1. Production of single cell protein (SCP) on methanol base with a
Methylomonas sp. strain. Temperature: 33 °C; pH: 6.8; mixing: 700-1000 rpm,
aeration: 1 vvim. Fermentation media: methanol 10 cm? perdm?, (NH,),S0,1.6g
per dm?; MgSO, - 7H,0 0.36 g per dm? FeSO,.- 7 H,0 0.04 g per dm3
CaCl, - 2 H,0 0.05 g per dm3; NaCl 0.1 g per dm?; H,PO, and the KOH variant.
pH control was carried out with the use of a 12.59%, NH; solution.

1.2.2. Production of baker’s yeast with a Saccharomyces cerevisiae strain.
Temperature: 30 °C, pH: 4.5, mixing: 800 rpm, aeration: 1 vvm. Composition
of media: glucose 30-100 g per dm?, (NH,),SO, 5 g per dm3, MgSO, 0.1 g per
dm?, CaCl, 0.1 g per dm?, NaCl 0.1 g per dm?, biotin 25 ug per dm?, phosphate
level control by addition of 2 g per dm® KH,PO, solution.

1.2.3. Bacitracin fermentation with Bacillus licheniformis mutant strain
(Phylaxia Co.). Temperature: 35 °C; without pH control; mixing: 600-800 rpm;
aeration: 1 vvm. These experiments were carried out in a Biofer type laboratory
fermentor (8 dm? useful volume). The media contained approximately 6 %, solid
granular substances (soy cake and corn starch), ammonium sulphate and other
mineral salts. They contained, however, no phosphate salts, the phosphate
measurable in the broth was derived from natural resources, mainly from soy
cake. In the course of experiments, the following parameters were obtained by
off-line methods: total carbohydrate concentration (glucose measurement after
hydrolysis), free glucose concentration (without hydrolysis), phosphate con-
centration (off-line control measurement), cell concentration (protein concen-
tration after digestion by lysozyme), bacitracin concentration (by biological
titration), phage-titer (for two different types, by plack method).

1.3. Control algorythm

Principles and mode of operation of the minimal variance (MV) adaptive
algorythm applied for controlling phosphate concentration were presented in
a previous paper (PEcs et al., 1985). In the course of the fermentation process
the decrease in phosphate concentration was controlled through the algorythm
by the supply of a calculated amount of concentrated phosphate solution. This
algorythm takes into consideration the changing dynamic characteristics of
the process.
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2. Results and discussion

2.1. Monitoring phosphate consumption in SCP fermentation on methanol base

Our system developed for on-line measurement of phosphate concentra-
tion was first adopted for the measurement of substrate consumption in primary
metabolism. For this purpose we applied Methylomonas sp. production on
methanol carbon source, a process used in a technology currently under devel-
opment in our laboratory for the production of single cell protein. We wished
to monitor phosphate incorporation into the cells and, on the basis of this,
to set up a material balance for batch and continuous fermentation processes.
In addition to the determination of phosphate concentration, pH and dissolved
oxygen measurements were also carried out by the computer system. Optical
density and intermittent measurements of the dry matter content were per-
formed by the off-line method.

In the course of batch fermentation experiments, phosphate incorporation
was studied in balanced growth phases free of limitation (Fig. 3).

Studying the biomass formed as a function of phosphate consumption,
we obtained straight lines in the batch fermentations investigated (Fig. 4),
with the slope showing the yield constant.

The straight lines were found to be nearly parallel and calculated slopes
were nearly identical (Table 1).
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Fig. 3. Cultivation of Methylomonas sp. on methanol. 1: optical density, 2: dissolved
oxygen concentration, 3: phosphate concentration (mg per dm?)
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Fig. 4. Yield curves of three batch Methylomonas sp. cultures

Interceptions of the lines differed owing to the different initial concentra-
tions.

The extent of phosphate incorporation can also be calculated by the
material balance related to the total fermentation time. Addition of the amounts
of phosphate passed into the system with the inoculum or media or supplied
in the course of the experiments, minus the amount measured in the cell-free
liquid at the end of the process, will give phosphate concentration in the cells.
With this method of calculation all errors of concentration and volume measure-
ments will interfere with the results, therefore, total error will be large (Table 1).
In our continuous fermentation experiments two steady states have been
evaluated (the third was washed out). In both cases steady state phosphate con-
centration was hardly detectable, owing to the poor signal/noise ratio, we could
only estimate that the value was around 0-1 mg P per dm?. Presumably this
concentration is in the limiting region, this assumption has not been verified,
however, by further substrate measurements. From the data obtained the

Table 1

Yields of batch experiments with Methylomonas sp.

Calculated yield
(g cell per g P consumed)

from slope from material
balance
K1 36.064 35.2562
Batch experiments K2 37.917 42.60
K3 34.785 39.99
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Table 2

Yields of continuous Methylomonas fermentations

D1 D2

Dilution rate (h—1) 0.176 0.354
Inlet phosphate conc.

(mg P per dm?3) 104 104
Dry matter content

(g per dm?) 3.81 4.15
Outlet phosphate conec. 0-1 0-1
Yield (g cell per g P) 36.99 40.29
Yield (g cell per g methanol) 0.481 0.524

phosphate balance of the steady state can be determined, and from this, the
yields can be calculated (Table 2).

The values thus obtained are approximately in agreement with the results
of batch fermentations. The yields related to methanol are unusually high under
the given experimental conditions. In our assumption, methanol assimilation
and dissimilation in the metabolism of the strain proceed separately (REUSS
et al., 1974), leading to higher energy (ATP) yields than required for cell growth.
This independent dissimilation may be slowed down by the low level of phos-
phate concentration, resulting in higher yields related to methanol.

The results obtained in a series of experiments were checked also by
another method. From the reciprocal values of the yields, phosphate concentra-
tion of the cells can be calculated. Comparison of these values with those
obtained by elementary analysis is shown in Table 3.

The results obtained by different methods proved to be nearly identical.
As corroborated by experimental results, the system is suitable for monitoring
the process of fermentation and for quantitative study of the metabolism.

Table 3
Calculated and measured phosphate content of Methylomonas sp. biomass

Phosphate content (%)

irom material

from slope balance
K1 2.77 2.84
Batch experiments K2 2.64 2.35
K3 2.87 2.50
Continuous D1 2.70
experiments D2 2.45
By elementary analysis 2.563
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2.2. Control of phosphate concentration in the course of yeast production

In the following step the system developed has been further extended:
in addition to the measurement of phosphate concentration, control has also
been realised. With this in view, we first solved automatic phosphate supply by
passing a sterile phosphate solution into the fermentor through computer
controlled magnetic valves. Control was realised by inserting in the software
an algorythm adapted to the dynamics of the process. Minimal variance (MV)
controllers serve to minimize changes in the values of variables related to
preset values. On the basis of previous results, in each cycle of measurement
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Fig. 5. Baker’s yeast propagation with phosphate level control. Initial glucose concentra-
tion: 30 g per dm?®. OD: Optical density. Preset levels of the phosphate: 40 and 50 mg
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(every 7.5 min), the computer renews the parameters of the control model and
determines the extent of interruption, or periods of valve opening. The period
of phosphate measurement from sampling to peak evaluation is altogether
15 min, the frequency of sampling is, however, twice as high, leading to a meas-
urement cycle of 7.5 min.

Test experiments involved the growth of Saccharomyces cerevisiae (baker’s
yeast) under dynamic parameters of phosphate consumption were determined
from the results of monitoring experiments as described above, and on the
basis of this, operation of the hardware and software has been coordinated.
Actual control experiments have been started after completion of this. The first
experiment was set off with 100 mg per dm?® phosphate concentration and 30 g
per dm? glucose concentration, with 40 mg P per dm? as initial set point of the
control. In the fourth hour of the process both cell growth and phosphate con-
sumption ceased after the consumption of glucose. Upon the addition of 100 g
per dm? glucose solution metabolism was restarted and control was in operation
for further 8 h (Fig. 5), the set-point was adjusted to 50 mg P per dm?3.

The second experiment was set off with 100 g per dm? glucose concentra-
tion and 50 mg P per dm? as the set-point for both initial phosphate concentra-
tion and control. In the course of controlling, phosphate concentration showed
periodical fluctuations around the set-point and control was satisfactory
throughout the experiment (more than 10 h) (Fig. 6).

According to the theory of MV controllers, standard deviation of the
controlled variable around a preset value is in agreement with the deviations
in variable measurements. From calibration experiments, the standard devia-
tion of measurements was determined at 50 mg P per dm? concentration, then
from the results of control experiments the standard deviation of phosphate
concentration related to the same set-point has been evaluated. In the second
phase of the first experiment 66 data, and in the control phase of the second
experiment 49 data were investigated. By comparing the standard deviations
of measurement and control with the F-test, we obtain

F (65,22) = 2.621 F (0.95) = 1.89

F (48,22) = 1.116 F (0.95) = 1.91
i.e., in the first case standard deviations differ, thus, the conditions are not
fulfilled by the control, whereas in the second case deviation was not significant,

so the control was actually MV type. The reason of the difference may be that
in the second case the degree of interruption was limited (20 sec. valve opening).

2.3. Study of the metabolism in bacitracin fermentation

Phosphate concentration has a fundamental role in controlling the fer-
mentation of secondary metabolites. It has been stated for various secondary
metabolites (antibiotics, alkaloids, ete.) that no synthesis can be observed in the
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presence of phosphate (MArTIN, 1977). The system developed can be utilized
considering only phosphate concentration, mainly in the production of second-
ary metabolites by fermentation. Our first task was to study the metabolism
and metabolic changes in bacitracin fermentation. Owing to the industrial
fermentation media applied, the system was equipped with a continuous mem-
brane filter and bubble separator (Fig. 2). The computer system performed on-
line data lodging of phosphate and dissolved oxygen concentration and the pH
value, whereas the parameters listed in para. 1.2. were measured off-line.

According to earlier investigations, bacitracin fermentation has 3 phases
(Figs. 7 and 8).

The first is the phase of increasing growth rate, characteristic of de-
creasing pH and dissolved oxygen (DO) values. The end of the phase is indicated
by the consumption of free glucose (RCH), higher pH values and DO stagna-
tion. The end of the second phase is marked by a minimal pH value and the
onset of bacitracin synthesis. The third phase is characteristic of increasing pH
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Fig. 7. Typical bacitracin fermentation without phosphate addition. 1: RCH (A-A-): re-

ducing carbohydrates (%), 2: P (4-----): phosphate concentration (mgP per dm?), 3: DO

(@---@---®) dissolved oxygen concentration (rel.9,), 4: Cell (O— O): cell concentration

(mg Tyr per dm?®, see methods), 5: B (X — X): bacitracin concentration (IU per cm?),
6: pH —@—
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values, intensive production of antibiotic and a decrease in cell concentration.
This picture can be described in further detail by additional parameters ob-
tained on the basis of phosphate concentration measurements (Figs. 7 and 8).

In the lag phase phosphate level seems to be stagnating or may show
some slight increase, which may be attributed to the phosphate ions released
from soy-cake by hydrolysis. In the phase of increasing growth rate, a marked
decrease can be observed in the pH value as well as in phosphate and dissolved
oxygen concentration. After the consumption of free glucose, phosphate con-
sumption also slows down, total consumption can be observed, however, only
about in the middle of the second phase.

2.3.1. Bacitracin fermentation by phosphate addition. In the following
phase, we studied the effect of various methods of phosphate addition upon
metabolism. First, the initial concentration has been raised, then in subsequent
experiments small amounts of phosphate were added after phosphate con-
sumption.

The addition of 100 mg P per dm® phosphate in the form of a KH,PO,
solution before the inoculation resulted in a two-step ‘“‘diauxial” slope of con-
sumption (Fig. 9).
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Fig. 8. Typical three-phase bacitracin fermentation with diauxic phosphate consumption.
Symbols: see Fig 7
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Fig. 9. Bacitracin fermentation with initial phosphate addition (100 mg P ﬁ r dm? in the
form of KH,PO,). The phosphate consumption shows diauxic character. 1: RCH (A— A);
2:pH (....); 3: B(X—X); 4: cell (0O—O0)

In accordance with the above, the first phase ends with glucose limitation,
slowing down the whole process of consumption, which accelerates again after
a period of adaptation. It may be remarkable that almost twice the amount of
phosphate can be completely metabolized, resulting in particularly high cell
concentration. The course of fermentation, later phases of the process as well as
product formation are practically unaltered. The change in the slope of pH
values may be interpreted by higher buffer capacity, which is due to higher
phosphate concentration.

In other experiments, we started phosphate addition after consumption
of the initial amount and endeavoured to achieve steady state and control
at a low phosphate concentration (0-5 mg P per dm?). In this case, however,
control was less accurate then described in the previous section partly because
filtration and bubble separation extended the dead time, and partly because
the supply of phosphate could be solved only with larger amounts (min. 5 cm3
of 3.52%, KH,PO, solution). In tracing the course of experiments (e.g. Fig. 10)
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Fig. 10. Bacitracin fermentation with phosphate addition during the second phase.
Symbols: see Fig. 7, the arrows demonstrate phosphate additions (5, 10 and 20 c¢m? of
3.5629%, KH,PO, solution)

we may state that phosphate was utilized in much higher amounts than before,
which resulted in intensive cell growth.

At a certain point, however, phosphate consumption suddenly ceased as
shown in Fig. 10. In the 18th hour a sudden increase, followed by a slow de-
crease in phosphate concentration was observed. The sudden increase at nearly
steady state phosphate incorporation may be due to a dramatic change in the
metabolism, e.g. limitation of a non-identified component of the medium.
Another effect of phosphate addition is the change in pH value, the decrease
caused by phosphate addition is shown in Fig. 10.

The study of product formation leads to the conclusion — in accordance
with literature data — that the presence of phosphate interferes with the pro-
duction of antibiotics. In batch experiments the formation of bacitracin started
only after total consumption of the phosphate. In the course of phosphate addi-
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Fig. 11. Bacitracin fermentation with phosphate addition. Symbols: see Fig. 7. The
phosphate level is high, the antibiotic formation is very weak

tion, product formation started if phosphate concentration was not higher than
5 mg P per dm3. At higher levels, the formation of products slowed down and
completely ceased at a level of 20-30 mg P per dm? (Fig. 11).
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MANUFACTURE OF BAKERS YEAST IN HUNGARY

L. SAcr

Budapest Distilling Enterprise,
H-1089 Budapest, Diészeghy S. u. 8. Hungary

Two problems are prevailing at present in the manufacture of bakers’
yeast: a. State and future of bakers’ yeast manufacture in Hungary; b. Realiza-
tion of dried yeast manufacture and the introduction of this new product to
the home market.

The use of bakers’ yeast has been steadily increasing during the last 15
years. In 1984 the demand for it was higher than the capacity of the bakers’
yeast producing factory. Demand is not uniform during the year. During
1984 on six occasions were peaks observed outdoing 1.5 times the average
demand. Thus, beyond the average demand the problem of peak demands
had to be solved. Money to build a new factory was not available therefore,
the existing factory was complemented by a plant producing dried yeast.
The advantage of dried yeast over the compressed product is its substantially
longer shelf-life.

NOVELTIES IN BAKERS YEAST PRODUCTION
Gy. FoLLATH

Budafok Yeast and Distilling Factory,
H-1222 Budapest, Gyar w. 5—11. Hungary

In the course of introducing the production of dried yeast a new fermentor
of 75 m? capacity was built in with tubular aeration and programmed nutrient
addition. A new yeast strain has been applied with 159, higher leavening ca-
pacity. The yield of yeast increased, however, at increased costs, because the

Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht
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new strain requires the addition of a higher amount of biotin. The capacity
of the drying equipment is 150 kg per hour. Further possibilities of develop-
ment are: a. introduction of more efficient sterilization in order to reduce the
number of wild yeasts; b. development of a better refrigerating system to
prevent compressed yeast from spoilage; c¢. development of a better yeast strain
than the one used at present, suitable for the leavening of pastries of high and
low sugar content; d. development of heat tolerant and alcohol tolerant strains
by genetic means and thereby reducing the cooling water requirement.

CONTRADICTIONS IN TAXONOMY AND IDENTIFICATION DUE TO
NEW RESULTS

T. DEAK

Department of Microbiology, University of Horticulture,
H-1118 Budapest, Villanyi %t 35—43. Hungary

The taxonomy of yeasts has been substantially changed by results achieved
in recent years in biochemistry and molecular biology (composition of the
cell wall, types of coenzyme Q, DN A base composition and homology, etc.). How-
ever, these methods cannot be used in routine tests. On the other hand, the
results of traditional identification tests do not coincide always with the taxo-
nomic classification based on new methods. The division of the genus Candida
lags behind the possibilities of identification.

POSSIBILITIES OF THE INDUSTRIAL APPLICATION OF MODERN
GENETICS

M. Srprczkr

Department of Genetics, Kossuth Lajos University,
H-4010 Debrecen, Egyetem tér 1. Hungary

Yeasts can be advantageously used as model organisms in basic genetic
research. Improved strains have already been used in the brewing industry
in the 40’s. However, genetically improved bakers’ yeast was patented much
later and the genetics of wine yeasts was studied even later. The methods of
improving yeasts fall into two main groups: classical methods and new methods.
In Hungary the latter methods are used only in basic research, yet it would
pay to introduce them in practice.
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SUGAR METABOLISM IN YEASTS

E. Novixk

National Institute of Public Health,
H-1097 Budapest, Gyali w. 2. Hungary

On investigating the sugar metabolism in 44 yeast species it was found
that beside invertase and alfa-glucosidase other enzymes also participate in the
hydrolysis of sugars. The number of the possible combinations of the metabolic
pathways of individual sugars among the known strains amounts to 125.
In summing up the theoretical study of 200 species and the experimental inves-
tigation of 44 species it can be concluded that our knowledge of the sugar
metabolism in yeast is still incomplete.

YEASTS AS QUALITY CHARACTERISTICS OF FOODS

V. TABAJDI-PINTER

Centre for Veterinary and Food Control,
H-1095 Budapest, Mester u. 82. Hungary

In certain foods spoilage is caused by yeasts, each food having its charac-
teristic species. In recent years various procedures were worked out for each
group of foods to qualify individual batches. The related activities were carried
out in the following grouping: unification of test methods; storage stability
tests; establishment of tolerable yeast level.

Based on the data obtained a clear picture was formed on the contamina-
tion by yeasts of various foodstuffs all over the country. The distribution of the
population of yeast can be characterized by the mean and standard deviation;
the knowledge of standard deviation is necessary to formulate a monitoring
system and to allow the comparison of results.

STUDY OF BAKERS’ YEAST AND BREWERS’ YEAST BY
POLYACRYLAMIDE GEL ELECTROPHORESIS

B. MATRATI and A. HALASzZ

Central Food Research Institute,
H-1022 Budapest, Herman O. w. 15. Hungary

Methods of morphology, physiology and serology may be widely com-
plemented by physico-chemical methods. The electrophoresis of proteins proved
to be a satisfactory method for diagnostics and taxonomy. The aim of this
study was to find the taxonomic range on which yeasts can be separated,
on the basis of their enzyme tests of their protein patterns. Whether these
tests are suitable for the detection of contaminating microbial flora or prove
the purity of pitching yeast were investigated.
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POSSIBILITIES AND RESULTS IN THE IMPROVEMENT OF
BREWERS’ YEASTS

A. MARAZ

Central Food Research Institute®,
H-1022 Budapest, Herman O. u. 15. Hungary

Laboratory methods used in improving brewers’ yeasts: 1. Identification
of genes coding enzymes which participate in the carbohydrate metabolism
in the brewing and detecting their effect; 2. Application of recombinant DNA
technique for the reduction of the level of vicinal diketones causing unpleasant
taste in beer; 3. Analysis by chromosome transfer of the genetic material of
brewers’ yeast; 4. Elimination of the disadvantageous properties of hybrids
produced by protoplast fusion.

DETECTION OF WILD YEASTS IN BREWERY SAMPLES

K. SZENTPETERY

Kébbdnya Brewery,
H-1106 Budapest, Magléds 4t 17. Hungary

Two media used to detect wild yeast were tested in the brewery practice
(LIN-Iand LIN-II-agar). The main components of LIN-I-agar are crysta,l:violet
and a fuchsine-sulphite mixture as inhibitors. This medium is suitable for
the cultivation of Saccharomyces strains. The main component in LIN-II-agar
is copper sulphate as inhibitor. This medium is suitable for the cultivation of
non-Saccharomyces strains. On investigating industrial samples (above all
at the pithing yeast) evaluation was not satisfactory hindered by the growth
of cultured yeast, therefore, heat treatment was applied as a complementing
method. Samples were first kept at 50 °C for 20 min, then cooled down and
inoculated onto the two media. The growth period was 48 or 72 h at 30 °C.
The plates showed colonies originating only from wild yeasts.

DETERMINATION OF VIABLE YEAST COUNT
IN FERMENTING BREWAGE BY MEANS OF REDUCING CAPACITY
E. FArRrAs-SzUGcs

Borsod Brewery,
H-3574 Bécs, Rdkoczi w. 81. Hungary

The TTC reduction method is suitable for determination of the viable
yeast count. Reducing capacity depends not only on the number of viable cells
but on the age of the culture, too. For each sample taken at various times a new

# Present address: Department of Microbiology, University of Horticulture, H-1118
Budapest, Villdnyi ut 35-43. Hungary
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calibration curve has to be constructed. The TTC reduction procedure should be
considered as an indirect method because it gives the reducing capacity of the
yeast culture and not the cell count. In the brewing process, however, the fer-
menting capacity is in closer relation to the quality of the product than the
yeast count.

TRENDS IN REACTOR RESEARCH AND TECHNOLOGY

B. SEVELLA and L. NYESTE

Technical University, Budapest,
H-1111 Budapest, Gellért tér 4. Hungary

Main characteristics of newly developed bioreactors: greater volume,
increase in the oxygen transfer rate, reduction of energy requirement. Compari-
son of the traditional and the new technologies: traditional technologies will be
used in the future as well, beside more developed new ones, just the same as
traditional reactors fitted with mixer will not be everywhere replaced by new
type bioreactors.

GROWTH AND ETHANOL FERMENTING CAPACITY OF YEAST CELLS
ENCLOSED IN GEL

L. Boross, B. SzajAni, Zs. Buzis, B. Porvix, K. DALLMANN, P. PApp,
V. Haumos, Gy. Copr and J. ZsoLT

Department of Biochemistry, Joézsef Attila University,
H-6701 Szeged, Hotvis w. 6. Hungary

Of the methods for immobilizing Saccharomyces cerevisiae cells and to
test their ethanol fermenting capacity enclosing in Ca-alginate gel was found
the most suitable. Changes in the cell count of the enclosed yeast were investi-
gated. The effect of various conditions on the growth of cells enclosed and in
suspension with particular reference to aerobic and anaerobic conditions was
compared.

The carbohydrate metabolising and ethanol producing capacity of the
enclosed yeast cells was found unchanged. Suitable reactors were constructed
which allow to take samples from different places. The gel-enclosed cells were
successfully kept alive during several months. Reactors operating with gel-
enclosed yeast cells were found suitable for the continuous industrial production
of ethanol.
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UP-TO-DATE METHODS OF ALCOHOL FERMENTATION

B. KovAcs

Research Institute of the Distilling Industry,
H-1089 Budapest, Diészeghy S. w. 8. Hungary

Technologies used in the distilling industry to produce alcohol from cereals
and molasses: a. combined method as used in the Budafok Factory for Alcohol
and Yeast; b. continuous preparation of maize and subsequent batch fermenta-
tion as applied in the Szabadegyhédza Combinate. Continuous fermentation
technology with the recirculation of yeasts and stillage. Fermentation of worts
of higher sugar concentration in order to save energy needed for distilling
(Biostil procedure). A complete technology of sweet sorghum processing with
alcohol as one of the products. Requirements on the yeast strains applied in
various technologies.

GENERAL PROBLEMS RELATED TO THE USE OF WINE YEASTS
A. Asviny
National Institute of Wine Classification,
H-1027 Budapest, Bem Jézsef tér 2. Hungary

Selection of wine yeasts started as early as 1901 at the Institute of Viti-
culture and Enology. Eighty seven strains with excellent properties were col-
lected from different wine growing districts. The strains were maintained,
proliferated and distributed to wine growers from all over the country, who
required them.The changes occurring in viticulture in the 70s made new demands
on wine microbiologists. Beside liquid and lyophilized cultures the demand for
active dry yeast is steadily increasing.

STUDY OF PSYCHROPHILIC YEASTS

E. PoLos

University of Horticulture, Institute of Viticulture and Enology,
H-6001 Kecskemét, Kisfai w. 10. Hungary

Mosts with high sugar content (259%,) were fermented at 10 °C and 5 °C
by psychrophilic yeasts. The sugar destruction and ethanol productivity was
observed depending on strains after 6 weeks. Several strains were investigated
and two strains were found best. The fatty acid and lipid composition of nor-
mal and psychrophilic yeasts were also studied. Thin-layer-chromatographic
method was used for separating lipids and GC method for the determination
of fatty acid composition. Based on the results of the experiments a correl-
ation was established between membrane composition and fermentation ability
at different temperatures.

Acta Alimentaria 16, 1987
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POSSIBILITIES OF UTILIZING KILLER YEASTS IN WINE
FERMENTATION

I. WUNSCHE

University of Horticulture, Institute of Viticulture and Enology,
H-6001 Kecskemét, Kisfdi w. 10. Hungary

The Killer toxins discovered in the 60s are macromolecular proteins.
They act on the plasma membrane by changing permeability properties.
They are destroyed by heat treatment and occur in different species. The
effect of various factors on Killer yeasts was studied and the destroying effect
was found to depend on the pH, too. At present 10 Killer toxins of different
types are known. Under suitable conditions genetically improved Killer yeasts

may be used for wine fermenting. This was proven experimentally.

THE ROLE OF YEASTS IN SPARKLING WINE MANUFACTURE

P. SARKANY

Central Food Research Institute,
H-1022 Budapest, Herman Otté ut 15. Hungary

Selected yeast strains are used in pure or mixed cultures according to the
different technologies of sparkling wine factories.

The optimum amount of yeast added to the ground wine and the optimum
viable cell number were experimentally established. Best results are obtained
with large amounts of yeasts with special character containing at least 709,
of young, budding cells. In the case of 2-39, inoculum the optimal viable
yeast count in the wine is 50—-60 million cells per litre.

Five to six months after fermentation the majority of yeast cells in the
sparkling wine is destroyed. After the sixth month the character of the spark-
ling wine begins to develop and it becomes ready in the 9th to 12th month.

If the ground wine is fermented by sparkling wine yeasts and it is stored
in pore-free containers under inert gas the flavour and small characteristics
of the sparkling wine may be developed already after 6 month. Significant
changes were observed during storage in the nitrogen containing components,
thus in the amino acid composition, too.

In Hungary, experiments were carried out to utilize dried active yeasts.
Rehydration operations, the shelf-life of yeast and the uncertain fermenting
capacity hinder the utilization of dried yeast. Young yeast cells are susceptible
to the alcohol content of the ground wine (10-12 v/w). Traditional manu-
facturers of real Champagne hold themselves aloof of applying new methods,
of cell and enzyme immobilization and genetic manipulation.

The character of the sparkling wine is more affected by the quality of
the ground wine, the ripening time and other technological factors than by
differences in the yeast strains.

Acta Alimentaria 16, 1987
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BOOK REVIEW

Engineering properties of foods

(Food Science and Technology Series, Volume 19)
M. A. Rao and S. S. H. Rizvi (Eds)

Marcel Dekker, Inc., New York, Basel, 1986, 416 pages

Engineering properties of foodstuffs are important in the design and operation of
equipments used in food unit operations. The unit operations: fluid flow, heat transfer,
mass transfer, concentration, and dehydration are among the most important operations
in the processing of foods. In these operations, the properties which play an important
role are rheological properties of fluid foods, thermal properties, colligative properties,
mass transfer properties, and thermodynamic properties related to the dehydration of
foods. In addition, knowledge of rheological properties of solid foods will be useful in their
handling and dielectric properties will be useful in applications related to the use of
microwaves such as thawing and sterilization.

Among physical properties of foods, rheological properties related to texture have
been covered extensively along with their sensory properties. These properties are
extremely useful in product development and evaluation, as well as in assessing
consumer response to food. However, in the design and handling of process equipment,
rheological properties in terms of stresses, strains or strain rates are needed.

The book has attempted to provide the definition and theoretical background of
each engineering property, the methods employed in determining the property, and a
reasonable compilation of the values of the property for different foodstuffs.

The seven parts of the book give a review of the significant properties of foods:

— Rheological properties of fluid foods,

— Thermal properties of foods,

— Mass transfer properties of foods,

— Thermodynamic properties of foods in dehydration,

— Rheological properties of solid foods,

— Physicochemical and engineering properties of foods in reverse osmosis and

ultrafiltration,

— Electrical properties of foods.

The book completed with 63 tables, 122 figures, diagrams and contains more than
700 bibliographic references. The lists of symbols help to learn the correlations between
phenomena and properties of foods.
This book will be useful for researchers, practicing engineers and in teaching both
senior level undergraduate and graduate level courses.
I. VarsANYI

Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht



ANNOUNCEMENT

13th INTERNATIONAL SYMPOSIUM OF THE ITUMS—ICFMH &
FECS—WPFC

(Under the auspices of the Ministry of Health, Welfare and Social Security
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of Greece)

5—9 October 1987

In the worldwide problem of foodborne infections and intoxications,
toxins play an important role. New knowledge on the nature and role of
bacterial toxins, conditions for toxin formation in foods and analytical
methods for their identification and quantification will be presented and
discussed at the Symposium. There will also be a short session devoted to
mycotoxins.

As a contribution to the International Drinking Water Supply and
Sanitation Decade (1981—1990) declared by the World Health Organiza-
tion, a part of the Symposium will be devoted to the ‘“Microbiology of
Drinking Water”’. Bacterial indicators, methodology and problems
relating to the bacteriology of non-carbonated bottled waters will be
presented and discussed.

A half day Seminar on ‘“Hygiene in Food Production” for members of the
food industry will also be arranged.

Official language: English.

Statement of interest should be addressed: Prof. J. A. PAPApAKIS, Omirou 24,
10672 Athens, GREECE.

The Organizing Committee



CARIES PREVENTION BY DOMESTIC
SALT FLUORIDATION

By K. Térn

In English. 249 pages, 15 figures. 14 X 21 cm.
Hardcover $18.00/DM 54,—/£14.50
ISBN 963 05 3476 2

In Hungary a series of clinical trials started in 1966 with the aim of testing the
caries-preventive effect of fluoride added to domestic salt in different con-
centrations. Experiments were carried out paralell with three different salt-F
concentrations and as a result caries fell by more than 50 per cent. Investi-
gations confirmed furthermore that fluoridesupplemented salt has the same
effect on deciduous teeth as fluoridated water.

In this book also the physiological aspects of salt fluoridation like daily optimal
intake, tolerable and harmful amounts, drinking habits are dealt with. Finally
the recent results reached in the field of caries prevention are assessed.
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Publishing House of the Hungarian
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Science and Technology
Policies in Finland and Hungary-
A comparative Study

Edited by
K. O. DONNER and L. PAL

In English. 1985. 371 pages, 16 X 23 cm
Hardcover $29.00/DM79.-/£19.75
ISBN 963 05 3977 2

Written by thirty-one Finnish and Hungarian authors, this volume is a first attempt
amongst international science policy ventures to apply a comparative approach in
analyzing the scientific and technological policies of two countries with different
social systems.

From among the several debatable issues of science policy and management dealt
with here, let us mention but a few examples: the institutional system of science and
technology; “official” and actual research and development priorities, the training
of scientific personnel; the ways of financing research and development; the role of
information system, of prognostication and of planning in the research and develop-
ment process; the problems of how to evaluate the research results, and so on.
Structurally, most of the chapters are built up as follows: they start with a common
introduction, on which the general background and setting are given. This is followed
by the Finnish sub-chapter, then comes the Hungarian sub-chapter. Finally, the
chapter is completed with a common conclusion, in which the authors make an
attempt to point out both the differences and the similarities existing in the given
field in the two countries.

Still available:

The Family and its Culture
An investigation in Seven East and
West European Countries

Edited by
M. Biskup, V. Filias, I. Vitanyi

In English. 1984. 496 pages, 11 figures, 126 tables, 3 maps. 17 X25 cm
Hardcover $45.00/DM 115,-/£27.00
ISBN 963 05 3655 2

1828
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INFLUENCE OF SUBSTRATE ON MYCOTOXIN
PRODUCTION OF FUSARIUM SPECIES

II. THE EFFECT OF SOY MEAL

A. BADAWEY, J. SAWINSKY and A. HALASZ

Central Food Research Institute, H-1022 Budapest, Herman Otté ut 15.
Hungary

(Received: 2 July 1985; revision received: 19 February 1986; accepted: 20 March 1986)

Seven identified strains of Fusarium species were examined for the ability
to produce zearalenone F-2 toxin on soy meal of two different moisture contents.
F-2 toxin producers such as F. graminearum, F. moniliforme, F. roseum, F. tri-
cinctum and F. semitectum were inoculated on soy meal substrates of 529, or 689,
moisture content. The samples were incubated for 7 days at 20 °C, for 14 days at
8-12 °C, for 7 days at 20 °C. None of the above strains produced zearalenone on
soy meal substrate.

Keywords: mycotoxin production, Fusarium strain, soy meal

Zearalenone (F-2 toxin) is an estrogenic metabolite produced by various
species of Fusarium. URRY ad co-workers (1966) have identified the molecule
as 6-(10-hydroxy-6-oxo-trans-1-undecenyl)-g-resorcyclic acid lactone (Fig. 1).
ParLyUsIxk (1972) and PaLyusik and Koprik-KovAcs (1975) reported that most
animal diseases caused in the last decades by molds were due to infection by
Fusarium species.

Mycotoxicoses of animals attributable to Fusarium infected cereal grains
include the estrogenic, emetic and feed refusal syndromes in swine are associated
with corn and barley infected by . graminearum (MirROCHA & CHRISTENSEN,
1974).

Zearalenone has been found in corn (both kernels and stalk), wheat,
barley, oats, sorghum, sesame, potato, hay, silage, cassava and commercially

§0

Fig. 1. Chemical structure of zearalenone
[6-(10-hydroxy-6-oxo-trans-1-undecenyl)-f-resorcylic acid lactone]

1* Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht
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formulated processed feed (MIrOCHA et al., 1976; 1977). At present there is
very little information available on the occurrence, relative incidence and
toxigenic potential of Fusarium species on soy meal. Therefore identified
toxigenic Fusarium strains were examined on autoclaved moistened soy meal
to study their potential for mycotoxin production.

1. Materials and methods

Due to the lack of published data regarding the effect of Fusarium species
on soy meal, a preliminary experiment was performed to select the optimal
moisture content for maximal visible growth of Fusarium species.

For this purpose two identified Fusarium strains: F.graminearum 977/12
and F. culmorum 234 B/5 were used. Visible growth was observed every 24 h
for 5 days at different percentages of moisture content. Table 1 shows that
highest visible growth was obtained at 52 and 689, moisture contents. Percen-
tage of moisture means water quantities added to the dry substrate before
autoclaving.

Table 1

Visible growth at 25 °C temperature as affected by moisture in soy meal

Time Moisture (%)
(day) 24 37 46 52 68
Fusarium
graminearum 1 — — — T 4+
2 - = = 4 e
83— — T T
T T e
5 —  — 4+ A
Fusarium culmorum 1 -— — — - -
2 - - T ++ e
3 —  — 4 4
e e = o S
5 —  — At At
Symbols —: No visible growth
T: Trace of visible growth
~: Scattered colonies
+-4: Mycelial growth almost covered the surface
++-: Luxuriant growth covered the entire surface
+-+-+-+: Heavy growth

1.1. Investigated Fusarium strains

Cultures used in the present investigation were obtained from Mycotoxin
Laboratory, Central Food Research Institute (Budapest). Strains were iden-
tified according to BoorH (1971) and BANHEGYI and co-workers (1985).

Acta Alimentaria 16, 1987
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All the strains of Fusarium species were subcultured on potato dextrose
agar for 14 days at 25 °C, followed by storage at 4 °C (IsHi1 et al., 1974).

1.2. Preparation of soy meal cultures

Dry powdered soy meal (100 g) was transferred into a 1 dm? flask and
wetted by adding tap water to obtain 529, moisture content and sterilized at
120 °C for 15 min. Seven samples were prepared and inoculated with identified
Fusarium strains. Another seven samples were prepared with excess of tap
water to obtain 689, moisture content and inoculated.

1.3. Inoculation and incubation period

Sterilized ground soy meal samples at two different moisture contents
were inoculated with identified Fusarium strains (Table 2).

Table 2

Known Fusarium species inoculated on soy meal substrate

Fusarium species Strain No*
F. moniliforme 228 B/9
F. culmorum 234 B/5
F. semitectum 14
F. roseum 908 B/1
F. graminearum 977 B/12
F. tricinctum 17
F. tricinctum 204/10

2 The strains were collected by J.Sawinsky, Mycotoxin Laboratory of the Central Food
Research Institute, Budapest, Hungary

The incubation time and temperature used in the present study were 7
days at 20 °C, 14 days at 8-12 °C, 7 days at 20 °C. At the end of the incubation
period, the moldy soy meal heavily overgrown by mycelium, was dried over-
night at 60 °C and ground.

1.4. Extraction and determination of zearalenone by thin-layer chromatography

1.4.1. Extraction and clean up. Extraction was carried out according to
the method of FrRISCHKORN and co-workers (1978). To 10 g of moldy soy meal
20 g anhydrous Na,SO,, 20 g seasand and 15 cm3 absolute ethanol were added.
The whole mixture was transferred to a mortar and ground for 15 min. Fifty cm?
ethanol was added to the mixture and it was shaken for 20 min: this step
was repeated 3 times. The extract was filtered (Whatman No 1) and evaporated
to dryness using a rotavapor apparatus.

Acta Alimentaria 16, 1987
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The residue was dissolved in 50 cm? methanol-water (50 : 45) mixture
and defatted with three portions of 50 cm? petroleum ether by shaking in a
separatory funnel. The methanol-water solvent was adjusted to pH 13 using
2 N NaOH. After the addition of 50 cm? chloroform, the pH of the methanol—
water solvent was readjusted to 9.5 using 2 N H,SO,.

The toxin was extracted with four 25 cm?® portions of chloroform. The
combined chloroform layers were passed through a column of anhydrous
Na,S0, and evaporated to dryness.

1.4.2. Thin-layer chromatography. The residue as obtained in para 1.4.1.
was dissolved in 200 ul acetone. Ten, 20ul of the samples were applied to TLC
plates (20 x20 ecm, POLYGRAM SIL G) precoated with 0.25 mm silica gel.
Before use the plates were activated by heating for 30 minat 110°C, then cooled
to room temperature. Ten ul of 50 ppm F-2 toxin standard solution was also
run for identification.

2. Results and discussion

The moldy cultures were examined for F-2 toxin production by TLC.
In order to determine the recovery (9,) of F-2 toxin soy meal samples were
injected with pure F-2 toxin at the concentration of 100, 200 ug per kg. Ex-
traction was done according to para 1.4.1. and determination by TLC. The
recovery as mean value of 5 parallels for two concentrations were 83.2 and
84.69%,, respectively (Table 3).

Table 3

Recovery of zearalenone added to soy meal

Mycotoxin (ﬂ:gg:ig) Recovery (%)
F-2 toxin 100 83.2 4+ 3.2
F-2 toxin 200 84.6 4 3.8

The mean value and the value of standard deviation based on 5 determinations

All strains gave negative results i.e. no production of F-2 could be ob-
tained in soy meal cultures. A confirmation was done using Sarudi reagent
(SAwiNskY-AcsApI, 1983). Despite the fact that the investigated Fusarium
strains had given heavy growth of mycelia, F-2 toxin was not detected on soy
meal cultures.

Recently we found that the previously mentioned Fusarium species had
the capacity to grow on corn and rice and to produce varying amounts of
zearalenone (BADAWEY et al., 1987).
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Comparing the results obtained in the present investigation with ground
soy meal and those in our earlier studies with corn and rice, it appears that soy
meal is a poor substrate for F-2 formation as compared to corn and rice.

HESSELTINE and co-workers (1966) inoculated a number of toxin produc-
ing strains of Aspergillus flavus and A. parasiticus on autoclaved cereal and oil
seeds to determine differences in their ability of toxin production. Their results
with 4. parasiticus have shown that soy meal was a poor substrate even under
the best conditions of toxin production.

In a first survey of 866 soy meal samples SHOTWELL and co-workers
(1977) reported that neither zearalenone nor aflatoxin or ochratoxin could be
detected in any of the samples, although zearalenone was detected in various
samples of wheat. Our results agree with the previous reports and support the
well known fact that the nature of substrate is only one of the conditions that
affect mycotoxin producing molds.

The results lead us to suggest that further studies are needed to detect
whether all soy meal varietiesshow the same resistance to F-2 toxin formation.
Incidentally, the present experiments have shown that since the growth of
Fusarium was abundant on soy meal substrate, there is no causal relation
between growth and toxin production.
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Reduction of the microbial cell count in frozen packaged broiler by ioniz-
ing radiation is an advantageous method from the viewpoint of both the consump-
tion and the storage. The effect of a microbiologically optimal radiation dose of
4 kGy on the lipids of broiler was studied by chromatography and spectrophoto-
metry. The results were compared with both untreated and positive control
(radiation dose: 50 kGy). Lipid content of the investigated broilers was 8.6%,
deriving partly from the muscular tissue, partly from the adipose tissue of the
skin.

The amount of free fatty acids — produced mainly by hydrolysis — in-
creased directly upon irradiation. However a similar increase was measured in
untreated samples during storage. Although fatty acids deriving from glycerides
and esters did not show significant changes as the result of 4 kGy radiation,
significant changes were measured on the effect of extremely high (50 kGy) radia-
tion dose. Of the nonsaponifiable compounds the relative amount of the short
carbon chain hydrocarbons increased substantially in the irradiated samples.

Lipid products formed by irradiation (URP) were not detected.

Keywords: irradiation, fatty acids, hydrocarbons, irradiation of frozen
poultry

Foods are suitable for consumption only if they meet the quality require-
ments. One of the requirements is to meet the limit values of microbiology,
particularly the elimination of pathogenic microorganisms. Contamination of
poultry with salmonellae or other pathogens is causing more and more fre-
quently diseases all over the world. According to a Canadian statistics about
179, of all salmonella infections is trasmitted by poultry. Storage stability is
limited also by the high cell count in goods coming from the slaughterhouse.

Jonizing radiation enable desinfection of the packaged, frozen poultry
without losing its sensory value. In this study the lipid-chemical analysis of
the muscular and adipose tissue of frozen broilers treated with a 4 kGy dose of
80Co was carried out as a function of storage time.

The aim of our investigations was to find out whether the radiation
technology applied by the authors, caused, beside meeting the microbiological
requirements, chemical changes in the lipids of the tissues of broilers.

Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht
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Researchers try to elucidate changes in lipids caused by gamma radiation
in model experiments carried out generally with triglycerides or fatty acids.
They draw conclusions from the results of these experiments as to the reactions
occurring in complex systems, such as poultry or other foodstuffs. In a com-
plex system lipids are present together with proteins and other low and high
molecular mass substances, often bound to them, partly in moisture containing
media (meat), partly in fatty media (depot fat).

Products of radiolysis upon irradiation of lipids are mostly derivatives
of triglycerides or fatty acids. Based on model experiments MERRITT and TAUB
(1983) investigated the derivatives of triglycerides, while NAwWAR and HANDEL
(1977) those of phospholipids. A part of the radiolysis products get into the
aqueous phase, the other part into the organic solvent phase during extraction,
depending on the length of the carbon chain or on the polarity of the groups
bound to the hydrocarbon chain. Radiolysis products may be ranked into the
following three groups:

— Compounds of low molecular mass, mostly volatile substances, chiefly
hydrocarbons which are formed by decarboxylation often accompanied by
splitting of the chain. Acids, lactons, aldehydes, ketons and propane diol
diesters may also be formed.

— Group of recombination products: aldehydes, ketons, esters and lac-
tons of longer chain. Hydrocarbons with long chains may also be formed by
decarboxylation from fatty acids or by linking of two molecules.

— The third type of products is formed by oxidative changes, e.g. pero-
xide compounds.

The hydrolytic cleavage of fatty acids may also be accounted for, par-
ticularly with higher radiation doses. This process leads to an increase in the
amount of free fatty acids (MERRITT & TAUB, 1983; VAJDI et al., 1982).

Evaluating the results of the investigations the fundamental findings
summarised by Bassox (1983) have to be kept in mind, too. He found that
the quantity and quality of the products of radiation treatment depends on
the lipid content, on the total fatty acid content and its composition as well as
on the quality of triglycerides and their distribution in the animal studied.
Differences depending on the litter or even on individuals must also be ac-
counted for.

1. Materials and methods
1.1. Irradiation

Frozen broilers, packaged in polyethylene shrink-film were treated
in the panoramic radiation source at the Institute of Isotopes of the Hungarian
Academy of Sciences, (°°Co 3.7 PBq) with an average dose of 4 kGy at
D max per Dmin=1.5. During treatment temperature was —18 to —12°C. Broilers
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were stored between —15 and —18 °C. As an effect of the radiation dose the
number of mesophilic aerobic and psychrophilic microbes was reduced by 2-3
or 4 orders of magnitude, respectively. The number of Enterobacteriaceae
decreased by 4 orders of magnitude. Salmonellae were not found in the irra-
diated samples.

Samples treated with gamma-radiation were compared to the untreated
samples and those treated with the extra large dose of 50 kGy. The latter dose
was used because most radiolytic products at low radiation doses are below
the threshold value of detectability.

The concentration of radiolytic products is in the ppm range. These quan-
tities are of the same order of magnitude as those formed during storage but
lower than those formed upon heat treatment.

1.2. Lipid-chemical analyses

Changes in the lipids were investigated on four times during storage:
on the 2nd, 30th, 105th and 150th day, respectively.

The course of the analyses is shown in Fig. 1. The meat (1) and the skin
-+ adipose tissue (2) of the broilers were separated and each was extracted in
three steps with a chloroform-methanol mixture. The combined extracts were
separated into two phases.

The chloroform containing phase contains tri-, di-, and mono-glycerides,
free fatty acids, sterols and their esters as well as phospholipids.

The upper aqueous phase contains beside the carbonyl compounds
(aldehydes, ketones) acids of short chains, oxi-acids, alcohols and other water
soluble compounds. These will be described in para. 2.1.

1.2.1. Preparation of samples. Frozen broilers, packaged in polyethylene
shrink-film, irradiated and untreated were thawed at room temperature (20—
22 °C). Five chickens of about 1000 g weight of each sample were halfed. Five
halves of each kind were separated into meat and depot fat 4 skin. Both the
flesh (1) and the fatty part (2) were homogenized with a meat grinder.

For lipid extraction 100 g flesh and 50 g adipose tissue were used. Ex-
traction was carried out in three steps with a chloroform-methanol 1 : 1
mixture.

The extracts were combined and filtered, and separated in two phases.
The lower phase, containing methanol, chloroform and a small quantity of
water, contained the lipids.

The lipid containing phase was dried over Na,SO,, filtered and evaporated
under N,. The residue was weighed and used for further analyses (IR, GC,
TLC). Acidity was measured prior to evaporation in aliquots filled up to equal
volume.
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Irradiated chicken

Muscles (100 g) (1)
Fat  (504q) (2)

|
Extraction (CHC13~MeOH)

Water phase

Saponification (KOH/MeOH)

[jctty ocid?l LNon suponihubles]
I

Esterification

Fig. 1. Diagram of the processing of samples

Free fatty acids of the extracted lipids were measured by titration with
alcoholic KOH solution, applying phenolphtalein indicator, in organic solvent
according to the pertinent standard (HUNGARIAN STANDARD, 1981). Calculated
from the amount of 0.05 mol KOH solution used, the free fatty acid content
was given as oleic acid (M., = 282).

1.2.2. Thin-layer chromatography. The composition, purity and the more
evident changes of the extracted lipids were studied by thin-layer chroma-
tography. Kieselgel 60 (Merck) plates were run in a 80 : 20 : 2 mixture of
petroleum ether-diethyl ether-acetic acid solvent system (MaNcoLD &
Marixns, 1960).

Reagents:

— Saturated SbCl; solution in chloroform (STaBL, 1969). This reagent
gives a characteristic violet colour with sterols, but reacts also with
every lipid containing unsaturated bond.

— One 9, solution of vanillin in alcohol containing 109, sulfuric acid
(STaHL, 1969). The vanillin reagent is a developing agent of general
use giving colour reaction with organic compounds.

After spraying with either of the two reagents the plates were heated

to maximum colour intensity at about 70 °C.

1.2.3. Infrared spectrophotometry. The infrared spectrum of the lipid ex-
tracts was taken from their 4 and 209, solutions in carbon tetrachloride using
a 0.61 mm NaCl cuvette. Inthe double lightpath UR-20 (Zeiss, Jena) instrument,
the solvent was used as control. Light absorption of the lipid samples was
measured along the whole spectrum in the wave number range of 500 cm~—1! to
4600 cm™ 1.

1.2.4. Gas chromatography. The fraction containing fats and other lipids
obtained by extraction with a chloroform-methanol mixture was hydrolysed
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according to the modified method of Wacss (1961). The fraction thus obtained
containing fatty acids from glycerides and esters as well as originally free fatty
acids is called the total fatty acid fraction (S). The other product of chemical
fractionation contains the unsaponifiable compounds (hydrocarbons, sterols
ete.) (N).

Fatty acids of long carbon chain, between Cg and C,,, were determined
as methyl esters (CHALVARDJAN, 1964) by capillary gas chromatography.
The CS, solution of fatty acid methyl esters was chromatographed.

The column used was of 15 m length and 250 um inner and 800-820 um
outer diameter Pyrex glass column, given a BaCO, basic treatment and packed
with PEG-1000 (polyethylene glycol). Film thickness of the partition phase
was 0.16 um (GroB et al., 1977).

Chromatograms were taken at 180 °C under H, carrier gas, using a flame
ionization detector (FID). Qualitative evaluation was carried out by comparing
the retention times of standard fatty acid methyl esters or added standard
methyl esters. For quantitative evaluation the peak regions were integrated
and the distribution of individual fatty acids (relative 9,) was compared
(integrator type: Spectra Physics Minigrator).

Changes of the unsaponifiable fraction containing hydrocarbons, sterols,
alcohols of long carbon chain were followed also by gas chromatography.
Measurements were carried out in capillary column with temperature program-
ming. Length of glass capillary column: 16 m, inner diameter: 250 um, partition
phase: OV-101, film thickness: 0.16 um, detector: FID (t = 270 °C). Tempera-
ture program: 50 °C-250 °C, 8 °C min~1, carrier gas: H,, integrator: Spectra
Physics Minigrator.

The fingerprint-like chromatograms obtained from the samples were
compared without exact identification of individual components.

The results were evaluated statistically.

2@ —uz)?

n—1

8 =

§%: value of variance
« : measured value
n: number of parallels
Significance was calculated with the help of Student’s {-test.

(ny — 1) 82+ (mg — 1) 3

8=
Ny + Ny — 2
e z,—7,
1 )2,
,1,+ ______ ’ S
ny Ny

On a P = 0.05 probability level the results are significant when ¢ > 2.78.
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2. Results

2.1. Characterization of the lipid extracts and their changes as a function of
radiation dose and storage time

Each sample — 5 half chickens, 1000 g each — was separated into bone-
less meat and skin with adipose tissue, the former weighing 890 g and the latter
402 g on the average.

The average lipid content of the meat extracts amounted to 5.15%, 4+
=4 0.5%,, while that of the skin and adipose tissue to 42.39, 4 4.3%,.

o
o

3630 cm’!

!

3480cm™
peroxides

@
o

jc-0
SoH
assoc. OH

Transmittance (%)

604

401

-

3100 3300 3500
Wavelength (cm—1)

Fig. 2. Infrared spectrum of the lipid extract in 4%, carbon tetrachloride solution from
non-irradiated broiler meat (0.61 mm NaCl cuvette, control carbon tetrachloride)

900 1100 1300 1500 1700 2500

Lipid extracts contained beside triglycerides as main components, small
amounts of partial glycerides (di- and monoglycerides), free fatty acids, cho-
lesterol and cholesterol ester detected by thin-layer chromatography. On the
2nd day after radiation treatment with 4 kGy no changes were observed in the
meat samples, while in the meat samples treated with 50 KGy the quantity of
free fatty acids and diglycerides increased. On the 30th and 105th day of storage
both the radiation treated and the untreated samples showed a slightly in-
creased free fatty acid and diglyceride content.

In the infrared spectrum of the lipid extracts (Fig. 2) differences were
found between the samples at about 1670 cm~—! wave number corresponding
to the vibration zone of carboxylic acid (C = 0) and at about 3500 cm—*! wave
number. In quantitative analyses the 209, solutions of lipid extracts were
compared.

The extinction values at 1670 cm~! wave number characteristic of free
carboxylic acids are shown in Table 1.
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Table 1

Extinction values of lipid extracts obtained from the muscle tissue and the adipose tissue of
broilers as measured in the absorption zone of free organic acids at 1670 cm = wave number
wn the infrared spectrum

(209 carbon tetrachloride solution, 0.61 mm cuvette)

a) muscle tissue

Dose (kGy)
Bigxaga 0 4 50
(day) N N L
x 8 x 8 x 8
2 0.091 0.0044 0.097 0.0089 0.106 0.0092
30 0.106 0.0125 0.106 0.0053
150 0.106 0.0053 0.107 0.0095
b) adipose tissue
Dose (kGy)
R 0 4 50
(day) ET = e
x s x s x s
2 0.102 0.0089 0.132 0.0182 0.113 0.0061
20 0.114 0.0125 0.123 0.0118
180 0.123 0.0202 0.127 0.0131
Results of ¢-tests:
t-values
Time Dose
(day) Gy muscle adipose
tissue tissue
2 0-4 1.056 2.56
2 0-50 2.56 1.7
30 0-4 0.00 0.91
180 0-4 0.16 0.29

In the case of muscle tissue a non-significant increase was found in the
free fatty acids in the 4 kGy irradiated samples as compared to the untreated
samples. During storage a similar increase was measured in the control sam-
ples, too. No difference between radiation treated and untreated meat samples
was measured after 1 month storage. In the case of adipose tissue the difference
is greater, thus equalization takes a longer time.

Peroxide content of meat lipid extract is not affected by irradiation with
low doses but 50 kGy dose causes an increase (Table 2). In lipids obtained from
adipose tissue peroxide content increases with increasing doses, however, a
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Table 2

Eatinction values of the peroxide compounds in lipid extracts obtained from the muscle
tissue and adipose tissue of broilers as measured in the infrared spectrum at 3480 cm—1
wave number

(209 carbon tetrachloride solution, 0.61 mm NaCl cuvette)

a) muscle tissue

Dose (kGy)
ey ; : "
(day) N = __
x 8 X 8 x 8
2 0.071 0.0024 0.069 0.0024 0.082 0.0026
30 0.045 0.0056 0.045 0.026
105 0.049 0.0020 0.048 0.0012
150 0.057 0.0076 0.066 0.0036
b) adipose tissue
Dose (kGy)
Flias 0 4 50
(day) _ = I
x 8 x 8 x 8
2 0.088 0.0066 0.100 0.0076 0.108 0.0062
30 0.095 0.0046 0.102 0.0095
105 0.095 0.0030 0.092 0.0052
150 0.102 0.0092 0.108 0.0044
Results of ¢-tests:
t-values
Time Dose
(day) G&Gy) muscle adipose
tissue tissue
2 0-4 1.04 2.06
2 0-50 6.74 3.83
30 0-4 0.00 1.14
105 0-4 0.72 0.87
150 0-4 1.83 1.03

significant increase was measured in the case of 50 kGy dose. The difference
between treated and untreated samples disappears during storage. This obser-
vation was substantiated by the results obtained by other peroxid-determina-
tion methods and also by sensory tests (Kiss et al., 1986).

Changes in the KOH titrated acidity of the lipid extracts as a function
of radiation dose and storage time are shown in Table 3.
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Table 3

Acidity. of the lipid extract obtained from the muscle and adipose tissues of broilers as a
function of radiation dose and storage time

(g oleic acid per 100 g lipid extract)

a) muscle tissue

Dose kGy)
P 0 4 50
(day) = = =
% s x 8 x s
2 2.3 0.30 2.4 0.23 4.6 0.61
30 4.2 0.75 5.6 0.92
150 5.0 0.70 4.9 0.75
b) adipose tissue
Dose (kGy)
e 0 4 50
(day) b = = =
x 8 x 8 x 8
2 1.9 0.23 2.3 0.26 4.2 0.10
30 3.0 0.46 2.5 0.30
150 3.5 0.30 3.5 0.30

Results of ¢-tests

t-values
Time Dose

(day) (&Gy) muscle adipose
tissue tissue
2 0-4 0.45 1.99
0-50 5.87 8.49
30 0-4 2.04 1.568
150 0-4 0.17 0.00

Four kGy which is the optimum radiation dose from the point of view
of cell count reduction, does not cause significant increase in the case of meat,
but a dose of 50 kGy results in a two-fold increase of the free fatty acid content.
Free fatty acid content of adipose tissue increased significantly both upon
4 kGy and 50 kGy irradiation dose. During storage in both the control sample
and the irradiated sample increases the free fatty acid content.

2.2. Analysis of fatty acids obtained by saponification

The alkaline hydrolysis of the lipid extracts splits off fatty acids from all
the glyceride and ester type compounds. The hydrolyzed and the originally
free fatty acids form the total fatty acid fraction. The quantity and the com-
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Table 4

Quantity of total fatty acid fraction in the lipid extract from the muscle and adipose tissues
of broilers as a function of radiation dose and storage time

(mg fatty acid per 100 mg lipid extract)

a) muscle tissue

Dose (kGy)
Szoh!;:aege 0 4 50
(day) g = =
x 8 x 8 x 8
2 71.5 2.47 72.5 1.65 85.5 2.34
30 70.5 2.88 73.6 2.92
1056 77.56 2.563 80.0 2.81
b) adipose tissue
Dose (kGy)
Duigs 0 4 50
(day) _ = =
x s x S x s
2 74.0 2.62 74.5 3.01 75.6 3.11
30 73.5 2.17 72.6 2.69
105 76.6 2.00 75.6 2.80
Results of ¢-tests
t-values
Time Dose —_— S
(day) (&Gy) muscle adipose
tissue tissue
0-4 0.58 0.22
2 0-50 7.11 1.03
30 0—4 1.27 0.50

105 04 1.15 0.50

position of the total fatty acid fraction is given in Table 4. The total fatty acid
content extracted from meat increases slightly as an effect of irradiation with
4 kGy. The increase caused by 50 kGy is more substantial. In the case of
adipose tissue changes upon radiation treatment are not significant either as
a function of dose or of storage time.

The chromatogram of fatty acid methyl esters gained from muscle tis-
sues upon treatment with 4 kGy are shown in Fig. 3. No substantial difference
could be observed in the composition of meat fatty acids and that of adipose
tissue concerning quality or quantity.

Irradiation did not cause qualitative changes in fatty acids; new peaks did
not appear in the chromatograms.
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Fig. 3. Gas chromatogram of the fatty acid methyl esters extracted from irradiated
(4 kGy) broiler muscle tissue (stored at —18 °C for 105 days)

Quantitative changes caused by radiation treatment and storage of mus-
cle tissue are shownin Table 5. The changes in the case of adipose tissue are
very similar to those of muscle tissue, so results are not published in detail.

On the second day after treatment with 4 kGy slight, non-significant
changes were observed. Our results are in agreement with the results of Lya-
sovskAyA and PruB’skAYA (1975) who investigated pork meat and found that
6 kGy dose had no effect on the quantitative composition of polyunsaturated
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Table 5

Percentages of fatty acids obtained from the meat tissue of broilers as measured by gas
chromatography as a function of radiation dose and storage time

(at —18 °C)

Storage time (day)

2 30 105
Fatty acid
Dose (kGy)

0 4 50 0 4 0 4
Cm t t t t 0.1 t 0.1
Css 0.1 t 0.1 t 0.2 0.2 0.2
Cie - t t t t t t t
Cys 0.1 t 0.1 t t t t
Crax 1.2 5 0.8 0.8 0.9 0.9 0.7
o - 0.6 0.4 0.3 0.3 0.3 0.2 0.2
Copei 0.4 0.4 0.2 0.1 0.4 0.2 0.4
o 0.2 0.2 0.2 0.1 t 0.2 0.3
Y 1.0 0.6 0.1 0.1 0.1 0.2 0.2
Cres 32.4 32.6 283 289 206 272  27.2
i 9.0 9.6 9.4 9.8 9.5 8.7 7.8
s 0.2 0.3 0.1 0.2 0.2 0.1 0.2
e, t t 0.1 0.1 0.1 0.1 0.1
e 6.4 6.9 2.9 6.0 6.1 6.8 6.9
- IR 38.8 37.6 412 40.0  39.0 387  39.2
Cls. 1 t t t t t t t
(s 9.1 105 11.8 122 1.6 125 129
Craes i b t 0.2 0.2 0.3 0.2 0.2
Cis:3 t t 0.6 t 0.4 0.5 0.5
Cao L - 0.1 0.2 0.1 0.1 0.2
Coversn == = = 0.2 0.2 0.4 0.5

Xx: isomers
t: trace amounts
Y: unidentified compound

fatty acids. Treatment with 50 kGy, on the other hand, caused more substan-
tial changes. The distribution of the main components and the standard de-
viations 2 days after irradiation are illustrated in Fig. 4.

In the 50 kGy irradiation the percentage of palmitic and stearic acids
was lower, while that of C,5., was higher then in the control. The relative
percentage of Cyg ., was not significantly higher in meat but lower in fat. In
the changes found in fatty acid composition, apart from the direct hydrolysis of
triglycerides, an important role is played by other hydrolytic processes wich
increase the breaking down of fatty acids bound in more stable bonds (e.g. in
membranes). This is shown by the increase in the relative quantity of Cj ., in
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Fig. 4. Relative percentage of fatty acids of irradiated and untreated muscle tissue ag
measured by gas chromatography on the second day after treatment (stored at —18 °C)

the muscle tissue upon irradiation and storage. In the case of the free, easily
extracted depot lipids of adipose tissues, changes are of different character. At
the beginning the decrease caused by breaking down is more substantial than
the increase as caused by the hydrolytic processes. In about a storage period of
one month the differences in the control and the radiation treated samples
disappear. The effect of an extremely high radiation dose (50 kGy) on the
distribution of fatty acid components of herring was studied by ApAm and co-
workers (1982). The authors did not find any significant changes in the amount
of mono- and polyunsaturated fatty acids, however pure fatty acids were
destroyed as an effect of 50 kGy dose.

2.3. Non-saponifiable compounds

The chromatogram obtained by capillary gas chromatography of the
non-saponifiable fraction of the lipids extracted with a chloroform — methanol
mixture is shown in Fig. 5.
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Fig. 6. Relative percentage of hydrocarbons with carbon chains shorter than C,, as a
function of radiation dose and storage time

The results obtained for hydrocarbons of chains below C,, are shown in
Fig. 6.

The values for the adipose tissue were significantly higher than those for
the muscles which show that the character and extent of changes depends on
the fat content of the original tissue and on the function of lipids.

In the case of hydrocarbons of short carbon chain the quantity increases
as a function of both storage time and radiation dose. After 105 days of storage
the quantity of short-chain hydrocarbons is the same in the control and in the
radiation treated samples.

3. Conclusions

A satisfactory reduction in the cell count of frozen broilers and the elim-
ination of salmonellae can be achieved by irradiation with 4 kGy. Qualitative
and quantitative changes in the lipids caused by radiation treatment with the
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above dose were investigated. The effects of an extremely high dose (50 kGy)
were also studied.

The average fat content of the broilers examined was 8.6%,. Changes in
the muscle tissue and in the skin + adipose tissue were separately studied. On
the second day after irradiation no difference was observed in the untreated
samples and those treated with 4 kGy by TLC. In the samples treated with
50 kGy the chromatograms showed an increase in the amount of diglycerides and
of free fatty acids. The latter change was manifested in the untreated samples
during storage as well. As seen from the infrared spectra the quantity of free
fatty acids increases upon irradiation to a minor extent, however, the increase
measured in the untreated samples during storage is about the same. Peroxide
compounds do not show increase upon treatment with 4 kGy, while they defi-
nitely increase upon treatment with 50 kGy. Acidity did not increase sig-
nificantly upon irradiation with 4 kGy but increased upon storage and as an
effect of 50 kGy dose.

As seen in the gas chromatograms 4 kGy did not cause any significant
changes. Upon treatment with 50 kGy dose the percentage of both palmitic and
stearic acid was lower than that in the control. The C5., content was higher,
while Cy; . , was nonsignificantly higher in meat, but lower in fat. During storage
the importance of hydrolytic processes increased and they promoted the solu-
bilization of fatty acids. In longer storage periods these processes lose signifi-
cance and differences disappear. Hydrocarbon content of the non-saponifiable
fraction depends on the radiation dose. Treatment with 50 kGy caused a sub-
stantial change.

Summing up the results it can be stated that the radiation dose of
4 kGy, suitable for the practice, did not cause the appearance of compounds that
would not have been detectable in untreated samples. During storage similar
lipidchemical changes occurred in both the treated and and in the untreated
samples. This is in accordance with the statements of MErrITT (1972) Who
detected the same volatile compounds in irradiated chickens and in untreated
samples. Certain changes, on the other hand, were eliminated during storage.
This was proven by sensory tests as well (K1ss et al., 1986). Quality and quan-
tity of compounds formed depends apart from the radiation dose on the lipid
content of the original material, on the quality of the lipids and on their func-
tion.
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HIGH-PERFORMANCE LIQUID-CHROMATOGRAPHIC
CONTROL OF THE STANDARD SPECIFICATION
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Classification of commercially marketed ground paprika is based world-
wide on the measurement of the overall pigment content as established by spectro-
photometry subsequent to organic solvent extraction.

The measurable carotenoid content of ground paprika depends largely on
the extracting solvent applied and the wavelength used for determination, thus,
to avoid marketing problems it seemed expedient to study the conditions of
determination as applied in the different countries (solvent used for extraction,
wavelength applied, time of extraction). Investigations were carried out by high-
performance liquid chromatography (HPLC) and spectrophotometry. Based on
the results the use of a three-component solvent (e.g. chloroform-acetone-iso-
propanol, 2 :1 :1) is suggested for extraction instead of the pure apolar solvents
generally applied. Determination is suggested to be made in the 500 to 510 nm
wavelength region. The minimum extraction time was found to be 1 h.

Keywords: HPLC, ground paprika, spectrophotometry

The amount of pigments is considered by both the trade and the industry
to be the most important parameter of the quality of ground paprika. The
price of paprika is determined in many countries among them in Hungary, too,
on the basis of this parameter.

The most simple method to establish the carotenoid content of ground
paprika is the assessment of the pigment content directly from the extent of
light reflection (LUKAcs, 1982). The various spectrophotometric and chroma-
tographic methods are more exact (ROSEBROOK, 1971; HUNGARIAN STANDARD,
1976; BARANYAI & SZABOLCS, 1976; LANGE, 1976; AOAC, 1980; BARANYAIetal.,
1982). These permit of drawing conclusions not only on the amount of the total
carotenoids but also on the amounts of individual carotenoid components.

In the classification of ground paprika it is a requirement all over the
world to determine by spectrophotometry at the iso-absorption point or in
its vicinity, the total carotenoid content. In a great number of countries the
so called ASTA value, calculated on the basis of extraction in acetone, is ac-
cepted, but extraction with iso-propanol is also widely used. In Hungary
benzene is the accepted extraction agent as specified in the relevant standard,
however, petroleum ether b.p. 120 was also tested (ANDRE, 1973; HUNGARIAN
STANDARD, 1976; WooDBURY, 1977; AOAC, 1980).

Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht
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There is a great variation in the wavelength regions of the accepted
methods in different countries (ASTA: 462 nm, Hungarian Standard: 477 nm,
etc.). In consequence of this and the difference in extraction solvents it is
possible that samples of the same carotenoid content are classified in one
country in a lower category than in another country.

Whatever method is used to determine the pigment content the first most
important step is to extract the pigment content in an organic solvent.

In selecting the appropriate solvent the structure of carotenoids (caro-
tenoids are a highly variable pigment group consisting of 3-8 isoprenes con-
taining conjugated double bonds; in paprika the major part of the pigment
group is present bound to fatty acids of higher C content (C,,; C,,)), their
lipophilic character has to Le borne in mind. Further, the 8-109, moisture con-
tent of marketed ground paprika has to be accounted for (SzaBoLcs, 1979;
BAUERFEIND, 1981). Therefore, it was presumed that to extract carotenoids it
would be more expedient to use polar solvent mixtures instead of purely apolar
solvent. However, carotenoids become decomposed to different degrees in dif-
ferent solvents and that has to be kept in mind, too, when selecting solvent.

Taking into consideration all the above points of view it was thought
necessary to review the conditions of measurements (solvents, wavelength of
the measurement, extraction time) to produce reproducible results of pigment
analysis.

High-performance liquid chromatography and spectrophotometry was
used in the investigations and the results were evaluated by mathematical
statistical methods.

1. Materials and methods
1.1. Materials

The material used in the investigations was industrially produced
ground paprika, an identified variety of cultivar Sz-20.

The following solvents of analytical grade were applied: carbon tetra-
chloride (Interkémia, Hungary), benzene (Interkémia, Hungary), petroleum
ether b.p. 120 (Reanal, Hungary), methanol (Reanal, Hungary), acetone (In-
terkémia, Hungary), chloroform (Finomvegyszer Szivetkezet, Hungary),
isopropanol (Reanal, Hungary) and their various mixtures.

1.2. Methods

1.2.1. Extraction. To establish the extracting capacity of the solvents
the method described in HUNGARIAN STANDARD (1976) was applied with minor
modifications. Samples of 0.5 g were extracted in 100 cm? solvent during 0.5, 1
and 1.5 h, respectively.
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Extraction was carried out in the dark, under continuous shaking. The
extracts were then dehydrated over Na,SO,, filtered and an aliquot of the
solvent evaporated in an inert medium (N, gas, at 30 °C). The evaporated
residue was dissolved in acetone and chromatographed by HPLC. The absorp-
tion spectra characteristic of the extracting capacity of individual solvents
were taken with a double beam spectrophotometer (Specord M-40, GDR).

1.2.2. Separation of carotenoid compounds by HPLC technigue. Systems of
reversed phase and applying gradient elution (LANGE, 1976; BARANYAI
et al., 1982) are extremely suitable to the analysis of hydrolysed com-
pounds present in non-esterified form, but do not help much in the analysis
of carotenoids present in paprika in the form of ester. These esters form about
80—909, of the red pigment. Thus, a HPLC technique was applied suitable
to the determination of the esterified colour components in reversed phase sys-
tem under isocratic conditions and thereby to detect the differences between
individual solvents.

Analyses were carried out with a Labor MIM type Liquochrom 2010
apparatus, in an reversed phase system under isocratic conditions.

Column packed with 10 um Chromsil C,g (Labor MIM, Hungary)
Column: 250 X 4.6 mm

Eluent: acetone — water (9 : 1)

Flow rate: 1.4 cm® min—!

Detection at 438 nm

1.2.3. Identification of carotenoid pigments by thin-layer chromatography
(TLC). The identification of the carotenoid compounds separated by HPLC
technique was carried out by preparative thin-layer chromatography (VINKLER
& Ki1szEL-RICHTER, 1972). Each carotenoid ester, separated on Kieselgel plates
was hydrolyzed and the peaks of carotenoids freed of fatty acid were identified
on the basis of their spectrum and their HPLC chromatogram. Identification
of free (non-esterified) capsanthin and capsorubin was carried out by standards
obtained from the University Medical School, Pécs.

2. Results

2.1. Absorption spectra characteristic of the exiracting capacity of the individual
solvents

In parallel to the detailed HPLC analyses the absorption spectra of the
individual solvents, characteristic of the extracting capacity were studied,
too. As seen in Tables 1 and 2 there is a substantial difference between the
wavelengths of the red components at maximal light absorption (Amax) values
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Table 1
Absorbancy at 510 nm

Chloroform—acetone—isopropanol

Instrument: Specord M-40 (GDR)

and the maximum absorption values in various solvents (509-520 nm and
0.375-0.440, respectively). The absorption values characteristic of the extract-
ing capacity of individual solvents were examined at 510 nm. It was found
that the absorption value of carotenoids dissolved in acetone is prominent
(0.440), of those dissolved in solvent mixtures of two or three components is
about the same (0.410-0.420) and those dissolved in benzene, chloroform and

petroleum ether 120, very low (0.375-0.398).

el

12.
14.
13.
15.
16.

R e N )

Table 2

Mazimum absorbancy of the red components

. Benzene
. Petroleum ether
. Chloroform

Acetone

. Isopropanol
. Chloroform-methanol (2 : 1)

. Chloroform-acetone (1 : 1)

. Chloroform-isopropanol (1 : 1)
. Acetone-isopropanol (1 : 1)
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Chloroform—acetone—isopropanol

Standard error: 4 2 nm *
Instrument: Specord M-40 (GDR)
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0.398 - 0.008
0.399 - 0.006
0.376 & 0.008
0.440 & 0.004
0.408 & 0.009
0.428 & 0.006
0.418 & 0.007
0.408 - 0.004
0.422 - 0.008

0.384 --0.007
0.390 & 0.006
0.412 & 0.006
0.422 & 0.007
0.410 = 0.007
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2.2. Characterization of the extracting capacity of individual solvents by the HPLC
technique

The solubility of individual pigment components as affected by the dif-
ferent solvents is summarized in Tables 3, 4 and 5 and Figs. 1, 2 and 3.

In studying the solubility of individual components the distribution by
quantity of free capsanthin, free capsorubin and their esters were accounted for
as functions of individual solvents. (When evaluating the chromatograms chlo-
roform was considered as inner standard because its extracting capacity proved
to be constant during extraction periods of 0.5, 1 and 1.5 h, respectively.)

2.2.1. Analysis of pure solvents. Based on the HPLC chromatograms taken
after 30 min extraction asspecified in therelevant Hungarian Standard great dif-
ferences were found in the carotenoid dissolving capacity of individual solvents
(Table 3, Fig. 1). Taking into account the relative precentage composition of
the total and the total red components the almost identical extracting capacity
of chloroform and isopropanol could be established, while the dissolving capac-
ity of acetone was found to be lower. (As seen in Fig. 1, free capsanthin dis-
solves better in chloroform than in acetone.)

To compare the extracting capacity of benzene as specified for use in
the Hungarian Standard and of acetone, internationally accepted (related to
the total red components) mathematical statistical evaluation was applied.
The extracting capacity of the two solvents, based on ¢ test, differed at the
P =19, probability level ({ — 4.61). The total pigment content as dissolved
in petroleum ether was found relatively high (Table 3) but the proportion of
red components was very low (52.4%,). The amount of red pigments in the
highly apolar CCl, and in benzene was found very low, too (37.9 and 49.79,,
respectively).

In Fig. 4 and Table 6 the carotenoid dissolving capacity of benzene,
acetone chloroform and isopropanol, showing good dissolving capacity
already in the first 30 min, was compared at increasing extraction time increased
only the extracting capacity of benzene which had a very low capacity in
the first 30 min. The dissolving capacity of acetone increased only slightly,
while that of chloroform and isopropanol did not change at all.

2.2.2. Analysis of solvent mixtures of 2 and 3 components. Because of the
reasons as mentioned in the introduction (ground paprika is a heterogeneous
system where the highly lipophilic carotenoids, due to their structure polar to
different degrees, have to get through a hydrophilic medium because of the
moisture content in the ground paprika) it was found expedient to study the
extracting capacity of a highly apolar (CCl,) solvent of very low dissolving
capacity on adding methanol and thereby increasing its polarity
(CCl,-MeOH, 2 : 1) (Fig. 1, Table 3).
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Correlation between the extracting capacity of individual solvents and pigment content

Table 3

Total pigment i?;;};g Total capsanthin Total capsorubin Free capsanthin Free capsorubin Lotal t:ges:nthm Total :&?mbin
Solvent %) (%) %) ) %) %) (%) (%)
X s x s x s x s x s x 8 x s x s
Carbon tetrachloride 47.6 + 4.4 37.8 + 1.7 30.7 4 1.3 7.1 + 0.32 8.0 4- 0.45 2.1 4 0.18 22.7 + 1.9 4.9 + 0.256
Benzene 58.8 + 4.2 49.7 4+ 5.3 40.7 4- 2.0 9.0 + 0.42 11.4 4 0.52 3.0 4 0.21 29.2 + 1.8 5.9 + 0.30
Petroleum ether 81.7 + 5.8 52.3 4 2.6 42.7 4+ 1.8 9.6 4 0.4 7.6 + 0.36 2.7 + 0.30 356.1 4 1.7 6.9 4 0.40
Chloroform 100.0 4 4.5 72.9 + 3.4 60.3 4+ 2.6 12.2 4 0.566 18.56 4 0.70 3.9 + 0.28 42.0 + 2.1 8.3 4+ 0.35
Acetone 77.6 4+ 3.4 64.6 4+ 1.8 54.0 4 2.3 10.6 4- 0.51 13.3 4 0.60 4.0 4- 0.22 40.7 + 2.3 6.5 + 0.26
Isopropanol 100.0 4- 4.6 70.8 4 2.2 59.8 + 2.4 11.0 4+ 0.58 17.1 4+ 0.90 3.3 + 0.19 42.7 + 2.2 7.7 4 0.32
CCl;—methanol (2 :1) 63.9 4 6.5 49.3 4 2.6 40.7 4+ 1.6 8.6 4- 0.36 13.0 4 0.58 3.4 4 0.22 27.6 + 1.6 5.1 4 0.30
Chloroferm-acetone—iso-
propanol (2:1:1) 120.0 + 4.4 87.6 + 3.0 72.56 4 3.2 15.0 + 0.7 23.56 4+ 0.98 5.9 4 0.31 49.4 4 2.8 9.1 4 0.50

Extraction period: 0.5 h;

x: mean value of three measurements; s: standard deviation

Table 4

Correlation between the extracting capacity of individual solvents and the pigment content

Total pigment T,?;;};;g Total capsanthin Total capsorubin Free capsanthin Free capsorubin Toml;atgianmi.u Toml;':g:o rubi
m—— % (%) (%) (%) (%) (%) (%) %)
= s x s x 8 x s x s X s X s X s
Carbon tetrachloride 84.4 4 4.2 58.9+ 2.0 478+ 27 11.040.48 1484+ 0.46 3.7+0.26 33.0421 7.3-4+0.32
Benzene 91.0 + 4.5 62.6 + 1.6 52.3 4 2.4 10.340.51 17.940.72 4.140.20 34.3-4+1.6 6.1 4 0.28
Chloroform 100.0 + 4.8 71.7 + 2.3 58.9 4+ 3.0 12.8 4 0.50 21.3 4 0.88 5.3 4+ 0.23 37.56 4+ 0.90 7.4 + 0.31
Acetone 90.0 4 4.0 70.0 + 1.9 57.7 4 2.10 12.2 4 0.56 21.9 4 0.78 5.2 4 0.22 35.8 4+ 1.0 7.0 4 0.30
Isopropanol 94.1 4 4.9 67.6 4+ 1.7 55.1 428 12.340.49 20.740.89 4.740.24 3434+ 1.80 7.6+ 0.29
Chloroform-methanol (2 : 1) 112.4 + 4.6 80.842.6 67.54 3.2 13.340.68 23.94091 5.440.31 43.641.8 7.840.30
Chloroform-acetone—-iso-
propanol (2:1:1) 123.1 + 4.9 869+ 18 71.54+3.1 1544 0.30 22.040.92 584+ 0.29 494421 9.5+ 0.40

Extraction period: 1 h;

X: mean value of three measurements; s: standard deviation
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Table 5

Correlation between the extracting capacity of individual solvents and the pigment content

Total pigment c;?éﬁ;:g Total capsanthin Total capsorubin Free capsanthin Free capsorubin Lotal :&s:nthin Total ::&iorubin
Solvent (%) (%) (%) (%) (%) (%) (%) (%)
X s x s x s X 8 X ] X s x 8 x 8

Benzene 90.7 + 3.6 67.7 + 2.3 55.3+ 1.9 1244 0.36 22.04 0.8 5.2+ 0.23 332418 7.1+ 0.23
Petroleum ether 86.8 -+ 3.9 66.7 + 2.8 53.1 +1.8 13.6 + 0.40 15.3 4 0.56 4.940.22 37.74+ 1.6 8.74 0.18
Chloroform 100.0 4 4.5 75.3 + 3.1 61.3 4+ 2.6 13.9 + 0.62 20.0 4 0.81 5.3+ 0.30 41.3-4+1.6 8.6+ 0.26
Acetone 82.9 + 3.8 61.7 +2.9 49.7+1.8 12.040.71 19.0+0.76 5.440.29 30.641.9 6.6 4 0.256
Isopropanol 94.2 4 4.6 69.1 +3.0 554-4+20 13.6+0.36 19.9-40.70 5.540.19 354+1.2 8.140.24
Chloroform—methanol (2 :1) 95.4 + 4.2 75.84+24 626 +-24 13.2-40.35 2594+ 0.66 6.3-4+0.28 36.74+ 1.7 6.8 4 0.22
Chloroform-acetone (1 :1) 107.3 4- 4.6 82.0 +3.9 68.54+2.7 13.4+4+3.1 23.640.66 5540.33 449424 7.9+40.35
Chloroform-isopropanol

(13 1) 105.1 4- 4.9 87.843.8 73.3+2.6 14.564 0.30 22.6 4 0.7 5.1 4 0.28 50.6 +2.0 9.4 4 0.40
Acetone-isopropanol (1 :1) 98.4 + 3.4 799435 65.1+24 147405 24.1+40.88 494019 41.0+1.9 9.84 0.41
Chloroform-acetone—iso-

propanol

Al o0 94.8 4 4.2 72.2 +3.1 59.24 2.6 13.0 4+ 0.52 25.1 4 0.8 54+ 0.27 34.1413 7.5+ 0.30

2:12% 114.2 4 5.1 91.4 4 2.7 76.84 3.0 14.6 4 0.60 26.3 4 0.81 5.6 +0.16 50.4 4 2.2 9.0+ 0.35

6ud:l 88.8 + 4.6 69.56 4- 2.8 56.7 4+ 2.3 12.74 0.41 20.340.70 4.840.30 36.44 1.7 7.9+ 0.26

1 42l 106.0 4- 4.0 82.5+356 689-+31 13.6+03 24.240.88 5.340.20 44.74+23 8.24 0.20

13142 91.8 4 3.9 70.0 + 3.6 56.04+29 14.0+0.30 20.9-40.76 5.4-40.30 35.04+ 1.3 8.6 4 0.30

Extraction period: 0.5 h; X: meen value of 3 measurements; s: standard deviation
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Fig. 1. Correlation between the extracting capacity of individual solvents and the pigment content 1. Carbon tetrachloride;

2. Benzene; 3. Petroleum ether 120; 4. Chloroform; 5. Acetone; 6. Isopropanol; 7. CCl,—methanol (2 : 1); 13. Chloroform-—

acetone—isopropanol (2 :1:1) a: total pigment content; b: total red components; c: total capsanthin (free capsanthin and

capsanthin esters); e: free capsanthin (non-esterified); f: capsanthin esters; g: free capsorubin; h: capsorubin esters; extraction
time: 0.5 h
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Fig. 2. Correlation between the extracting capacity of individual solvents and the pigment content 1. Carbon
tetrachloride; 2. Benzene; 4. Chloroform; 5. Acetone; 6. Isopropanol; 8. Chloroform-methanol (2 : 1); 13. Chloro-
form-acetone—isopropanol (2 :1:1) a: total pigment content; b: total red components; c: total capsanthin
(free capsanthin and capsanthin esters); d: total capsorubin (free capsorubin and capsorubin esters); e: free
capsanthin (non-esterified); f: capsanthin esters; g: free capsorubin; h: capsorubin esters; extraction period: 1 h
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Fig. 3. Correlation between the extracting capacity of individual solvents and the pigment content. 2. Benzene; 3. Petro-
leum ether; 4. Chloroform; 5. Acetone; 6. Isopropanol; 8. Chloroform—methanol (2 : 1); 9. Chloroform-acetone (1 : 1);
10. Chloroform—isopropanol (1 :1); 11. Acetone—isopropanol (1 :1); 12. Chloroform—acetone—isopropanol (1:1:1);
13. Chloroform-acetone—isopropanol (2 : 1 : 1); 14. Chloroform-acetone—isopropanol (5 : 4 : 1); 15. Chloroform-acetone—
isopropanol (1 : 2 : 1); 16. Chloroform-acetone—isopropanol (1 : 1 : 2) a: total pigment content, b: total red components,
c: total capsanthin (free capsanthin and capsanthin esters), d: total capsorubin (free capsorubin and capsorubin esters),
e: free capsanthin (non-esterified), f: capsanthin esters, g: free capsorubin h: capsorubin esters. Extraction period: 1.5 h
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Fig. 4. Correlation between the extracting capacity of some solvents and the extraction
period. a: Benzene; b: acetone; c: chloroform; d: isopropanol; e: chloroform-acetone—
isopropanol (2:1 :1)

Table 6
Correlation between the extracting capacity of some solvents and the extraction period

Extraction period (h)

0,5 [ 1,5
Solvent
Total pigment content (%)
x s x 8 x s
Benzene 58.8 1+ 4.2 91.0+ 4.5 90.7 4- 3.6
Acetone 77.56 + 3.4 90.0 + 4.0 82.9 4 3.8
Chloroform 100.0 4 4.5 100.0 4 4.8 100.0 4 4.5
Isopropanol 100.0 4- 4.6 94.1 4+ 4.9 94.2 | 4.6

Chloroform-acetone—
isopropanol 2:1:1 120.0 + 4.4 123.1 4- 4.9 114.2 4 5.1

X: mean value of 3 measurements; s: standard deviation

Comparing by test the extracting capacity of CCl, with that of the
CCl,-MeOH, 2 :1 system in relation to the total red pigment a difference
was found between them at P — 19, probability level (¢ = 6.38, degree of
freedom = 4).

On examining pure solvents it was found that chloroform, acetone and
isopropanol have the highest and fastest dissolving capacity among the solvents
tested thus these solvents were used in the mixtures of 2 and 3 components
(Fig. 5).

In Figs. 2and 3 as well as in Tables 4 and 5, it can be seen that both, the
2- and 3-component solvent mixtures were of very high extracting capacity in
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accordance with expectations. The mixture chloroform-acetone-isopropanol
(2 :1:1) was found particularly good. The dissolving capacity of this mixture
was compared by ¢ test with the extracting capacity of benzene or acetone. The
mixture was found significantly better than the other two solvents at 1 h
and 1.5 h extraction periods.

During 1 h extraction period at the probability level of P = 0.19,,
during 1.5 h at P = 19, level differed the extracting capacity of benzene or
acetone from that of the 3-component mixture. (On comparing the extracting
capacity of benzene and the solvent mixture ¢, = 20.12 and ¢, ; = 5.56 on
comparing acetone and the mixture ¢,, = 13.63 and ¢, ; = 5.61.)

The observation related to chloroform and isopropanol as described in
chapter 2.2.1. was found valid in relation to the chloroform-acetone-isopro-
panol (2 : 1 : 1) mixture, too, in as much as the very high dissolving capacity
found in the first half hour did not change during 1 h or 1.5 h extraction period
(Fig. 4, Table 6).

2.2.3. Comparison of the results obtained by spectrophotometry and HPLC
technique. From Tables 1, 2, 5 and Fig. 3 it is evident that the results of
the two methods differ substantially.

As it can be seen, pigments dissolved in acetone show a very high
absorption while as regards the solubility of individual components acetone is
not the best solvent (isopropanol, chloroform and two-component and three
component mixtures studied gave higher absorption values).

A similar phenomenon may be observed in the case of chloroform. The
absorbance obtained in chloroform at 510 nm is the smallest (0.375) at the same
time its extracting capacity as judged by the HPLC chromatogram of a 1.5 h
extract is almost identical with that of the 2- and 3-component mixtures (Fig. 3).

Acetone

CMoroform 50 10 Isopropanol

Fig. 5. Analysis of the composition of the extraction mixture
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3. Conclusion

The measurable carotenoid content of ground paprika is a function of
the solvent used and of the measuring range applied, therefore the aim of
this study was to examine the conditions of measurement.

The measurements have shown the results obtained by spectrophoto-
metry and high-performance liquid chromatography to differ substantially.
As shown by the spectra (Tables 1 and 2) the absorption of the pigments dis-
solved in acetone is higher than in any other solvent or solvent mixture studied.
At the same time the HPLC chromatograms show that the extraction of ace-
tone is lower than that of chloroform or isopropanol or the solvent mixtures
used. This phenomenon can be explained by the circumstance that during the
processing of paprika oxidation procedures occur as a result of which the pig-
ments in the final product are not identical with the native components
(PEILp & Frawcis, 1971). These components and the yellow xanthophylls
accompanying the red pigments have different effect on the absorbancy in
different solvents. However, the fact that carotenoids are more apt to decom-
pose in acetone cannot be overlooked either. In the evaluation of the HPLC
chromatograms only the red xanthophyll components present in the native
state were taken into account (Tables 3, 4 and 5).

The measuring range of the generally accepted methods is 460-480 nm
while the wavelength showing maximum absorption of the red components is
above 500 nm. Thus, it does not seem expedient to measure the total pigment
content in a lower wavelength range, particularly in case the amount of the red
pigments is of main interest.

In the course of the investigation it was established that during the 30
min extraction period as specified in the HUNGARIAN STANDARD (1976) the
highly apolar solvents (CCl,, benzene, petroleum ether) dissolved a very low le-
vel of the red components. In the opinion of the authors at least 1 h extraction
period is necessary to approximate the dissolving capacity of chloroform or 2-
and 3-component solvent mixtures (Table 6). (In relation to benzene it has to
be kept in mind, too, that the mobility of its electrons may contribute to the
anyway rapid autooxidation of the carotenoids.)

The 2- and 3-component solvent mixtures were found to extract every
pigment group more efficiently than pure, apolar solvents. The extracting
capacity of the chloroform-acetone—isopropanol (2 :1 :1) mixture is partic-
ularly outstanding.

The results are in accordance with the fact that ground paprika is a
heterogeneous system containing appr. 109, moisture and thus the lipophil caro-
tenoids (which can be of different polarity depending on the degree of their
esterification) are extracted from a medium, to some extent hydrophilic
(BAUERFEIND, 1981).
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Pectin can be degraded chemically, enzymatically and mechanically.
Various depolymerized pectin preparations were prepared and some of their prop-
erties are described. Gel filtration chromatography of the degradation products
shows the statistical nature of the degradation and correlates with the viscosity
average molecular weight. There is a good correlation with gelling strength of the
pectin preparations and it appears that breaking strength of gels is more strongly
affected by degradation than elasticity.

Keywords: pectin, gelling strength, gel filtration chromatography, deg-
radiation, viscosity

The food technologist is interested in such studies because the func-
tionality of pectin as food additive depends to alarge extent on molecular weight.
Degradation is a meansto compare properties of pectin preparations which only
differ in molecular weight. The properties considered in this paper are viscosity,
gel-chromatographic behaviour, ion-exchange-chromatographic behaviour and
gelling strength. Molecular weight reduction can be achieved by the action of
enzymes, by chemical agents and by mechanolysis. When using enzymes a
statistical distribution of the molecular weight is only maintained if the speci-
ficity of pectindepolymerases is taken into account (PILNIK et al., 1973; PILNIK
& RomBourTs, 1981).

Endo-polygalacturonase can be used on pectic acid and low esterified
pectin; the enzyme is easily obtained as the sole pectolytic activity in cultures
of the yeast Kluyveromyces fragilis and there is a commercial fungal preparation
which is quite pure (Rohament P, R6hm, Darmstadt, FRG).

Endo-pectate lyase can be used on pectic acid and on low methoxyl
pectin up to 409, degree of esterification (DE). This enzyme is also easily
obtained as sole pectolytic activity from various bacteria.

Pectin lyase needs a very highly esterified pectin as substrate (DE >
70). The enzyme is not easily obtained; it must be isolated from Aspergillus
spp. cultures or from commercial fungal pectinase preparation in which it
occurs together with polygalacturonase and pectinmethylesterase.

Acid hydrolysis gives a statistical depolymerization of pectins of any degree
of esterification. However, it always proceeds together with deesterification.
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Hydroxyl-ion catalyzed pectin depolymerization by f-eliminative split-
ting of glycosidic linkages next to ester groups (ALBERSHEIM et al., 1960) pro-
ceeds statistically with high ester pectin and conditions can be found near
neutrality under which no deesterification occurs.

For laboratory experiments the enzymic methods have the disadvantage
that only small quantities are obtained unless inconveniently large volumes
are used for the reaction and the working-up of the products by alcohol precip-
itation. The situation is better for the g-elimination which can be carried out
in alcoholic suspension.

The most convenient method is mechanolysis (DoNncowski, 1970), in
which pectin is hydrolyzed in the dry state by mechanical action in a vibrating
mill. Quantities sufficient for product consuming gelling experiments can be
obtained and the extent of degradation to be achieved is not limited by the
requirements of working-up procedures. Pectin of any degree of esterification
can be treated without risk of deesterification.

1. Materials and analytical methods

Apple pectins were obtained from Messrs Obipectin Ltd., Bischofszell,
Switzerland:

— Purple ribbon pectin DE 34.19,, polyuronide content 87.0%,;
— Green ribbon pectin DE 62.29,, polyuronide content 86.69%,;
— Brown ribbon pectin DE 72.89,, polyuronide content 84.39%,.

DE and uronide content were determined by the titration method (Foop
CuemricaLs Copex 11, 1972) after washing with acid alcohol and neutral alcohol
and drying over night in air. Intrinsic viscosity [n] was obtained by extrapolat-
ing inherent viscosities to zero concentration. Specific viscosities were mea-
sured in an Ubbelohde glass viscosimeter at 30 °C and expressed as (fs-,) per
(to - ¢) where i is the flow time of the solution, ¢, is the flow time of the solvent
(> 70 s) and c is the concentration in g polygalacturonide per 100 cm?®. Mea-
surements were done in a 0.1 mol 1! tris-succinate buffer pH 6.0 with 0.019%,
thiomersal. The molarity refers to succinic acid; dry tris is added to obtain
the desired pH value. This buffer was chosen in preference to others given in
literature because solutions showed no change in viscosity during one day at
room temperature and several days storage under refrigeration. Thus, six
measurements at 0.15g 100 cm™3 concentration spread over 18 hours gave a
standard deviation of 0.036 for an arithmetic mean of 6.993. The standard
deviation for the same pectin at 0.05g 100 cm™3 concentration was 0.055 for
5.69 as arithmetic mean. Straight lines were obtained in all cases (Fig. 4) which
can be expressed as ¥ — ax + b. The b is the intrinsic viscosity from which
viscosity average molecular weights Mv were calculated according to OWENS
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and co-workers (1946): )
[n] = 1.4 X108 My*3*

The Huggins factor was calculated from the equation K’ = a per b2 Optical
density was measured at 232 nm at a concentration of 2.5 mg polyuronide per cm?
distilled water against water. For pectin depolymerized by chemical elimination
a molar extinction coefficient of 5500 mol—! cm~!was used (EpsSTROM & PHAFF,
1961) and for pectin depolymerized by pectate lyase a molar extinction coef-
ficient of 4800 mol—! cm~! (MACMILLAN & VAUGHN, 1964). From the increase
in optical density and the degree of polymerization of the starting material
determined by viscosity, the DP of depolymerized pectins was calculated
according to RomBouTs and co-workers (1970). Multiplication with the average
molecular weight of the polyuronide monomer anhydride gives the number of
average molecular weight Mn. Gel filtration was done over Sephacryl S 300
(Pharmacia) in LKB columns 2137 (2.6 X95 cm) with 5 mg in 0.5 cm? tris-
succinate buffer pH 6 using 200 cm? of the same buffer for elution. The fractions
(1.9 cm?®) were analyzed by an automated colorimetric carbazole assay (van
DEVENTER-SCHRIEMER & PILNIK, 1976). Sephadex S 500 was also used under
the same conditions, but with a smaller column (1.1 60 cm). Ion-exchange
chromatography was done over DEAE cellulose columns according to ANGER
and DoNcOWSKI (1984). Sugar-acid-pectin test gels (400 g) were prepared from
brown and green ribbon pectin (65° Brix, pH 2.2) and calcium pectinate test
gels (300 g) were prepared from purple ribbon pectin (30° Brix; 25 mg calcium
ions as calcium chloride per 100 g gel, pH 3.0) both according to the Foop
CreMIcALs Copex II (1972), except for the weight of the gels. Both types of
gels were measured with the ridgelimeter (an elasticity measurement) allowing
calculations of “jelly grade’” of the brown and green ribbon pectin and of “gel
power’’ of the purple ribbon pectin. Jelly grade determination show excellent
repeatability. A typical series of 7 gels boiled at various times during one week
of a pure brown ribbon pectin gave an average jelly grade of 180.4 with a
standard deviation of 3.1. After measuring, the intact gels were placed in a
cylindrical extrusion cell of the Allo-Kramer Shear Press (KrRaMER & Haw-
BECKER, 1966) and extruded at a preset piston speed. The surface under the
time-force curve recorded during extrusion is a measure of the internal strength
of the gels.

2. Experiments and discussion

2.1. Degradation by pectate lyase

The enzyme used was a preparation isolated from Pseudomonas fluores-
cens GK-5 in our laboratory which has a pH optimum at 9.4 and an absolute
requirement for calcium ions (RomMBOUTS et al., 1978). The reaction is easily
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followed by viscosity and by measuring the extinction at 232 nm, as C5-C4
double bonds are formed by the elimination reaction at the new non-reducing
ends. A 19, solution of purple ribbon pectin was prepared in a 0.1 mol pH
7 Tris-succinate buffer solution by mixing a carefully neutralized 29, aqueous
pectin solution 1:1 with a 0.2 mol 17 buffer solution. The final solution further
contained 0.5 mmol calcium ions (as calcium chloride) per 1000 cm?®. Three
hundred units of pectate lyase were added to 5000 cm? pectin solution and the
reaction mixture was kept at room temperature. On the basis of decrease in
viscosity and increase in E 232 measured in 1 : 10 dilution three batches of
dry pectin were prepared by adding the double volume of acidified ethanol
(709, w/w containing 10%, v/v conc. hydrochloric acid), filtering the precipitate
through a Biichner funnel with a coarse filter paper (S & S 520 b), washing
chloride free with 709, ethanol and finally once with 969, ethanol and once
with acetone. For washing the preparations were transferred from the filter
into a beaker with enough alcohol to allow thorough stirring by magnetic stir-
rer. After 10 min stirring the preparations were filtered again. After drying in
air over night the pectin preparations were ground in a Culatti-mill (0.7 mm
screen). The untreated sample was prepared in the same way without enzyme
addition. The properties of these pectins are presented in Table 1. Not shown
are DE’s which did not change. The depolymerization is also demonstrated by
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Fig. 1. Gel filtration elution diagrams from Sephacryl S 300 of purple ribbon pectins (DE
34.19%) depolymerized by pectate lyase. Codes indicate hours of treatment. Description
of preparations in Table 1

Acta Alimentaria 16, 1987



DEVENTER-SCHRIEMER & PILNIK: PECTIN DEGRADATION 147

40 A

30

20

]

40

30 A

20 A

h

P19

—

Pectin of total (%)

Na OH

l

P43
P73
50 60 70

Molarity of phosphate butter (pH4.8)

Fig. 2. DEAE-cellulose chromatography of purple ribbon pectins (DE 34.1%,) depoly-
merized by pectate lyase. Codes indicate hours of treatment. Description of preparations
in Table 1

Table 1

Properties of pectate lyase degraded low methoxyl pectin (purple ribbon )
(The codes indicate hours of treatment)

Code ] My 4B, Mn
123 4.8 75 330
P 19 1.65 33 950 0.312 21 444
P 43 1.05 24 230 0.608 12 894
P73 0.70 17 900  0.870 9 486

[n]: intrinsic viscosity
Mv: viscosity of average molecular weight
AE: increase in extinction

Mn: average molecular weight
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gel filtration over Sephacryl S 300. Figure 1 shows how the elution volume of
the bulk of the molecules shifts to the included volume. The elution diagrams
of all preparations show a (diminishing) peak of high molecular weight mole-
cules which must be thought to represent molecules not easily attacked by the
enzyme. The preparations were also fractionated in relation to their DE by
ion-exhange chromatography (DEAE cellulose). Results from a gradient elu-
tion are presented in Fig. 2 as block diagrams to allow comparison with frac-
tionations described earlier (van DEVENTER-SCHRIEMER & PILNIK, 1976). It is
seen that degraded pectins are eluted at lower buffer molarities which makes
them appear to be more highly esterified.

2.2. Chemical eliminative degradation

Brown ribbon pectin was treated under the following conditions: 19, pectin
in 0.1 mol I7? tris-succinate buffer pH 6,90 °C. At specific times the reaction
was interrupted by adding acidified alcohol and working-up the precipitate as
described above for enzymatic degradation. The properties of the degraded
pectins are shown in Table 2. There was a slight deesterification. The gel filtra-
tion elution diagrams from Sephacryl S 300 are shown in Fig. 3. In contrast to
the enzymatic degradation there is no fraction of the pectin which remains
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Fig. 3. Gel filtration elution diagrams from Sephacryl S 300 of brown ribbon pectins (DE

72.3%) depolymerized by treatment at 90 °C at pH 6. Codes indicate minutes of treat-
ment. Description of preparations in Table 2
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intact. The diagrams in Figs. 1and 3 confirm the higher molecular weights for
the brown ribbon preparations given in Tables 1 and 2.

Table 2

Properties of ligh methoxyl pectin (brown ribbon) degraded by chemical elimination
at 90°C and pH 6

(The codes indicate minutes of treatment.)

Code DE(%) [ Mv AB,q Mn

B O 72.3 5.10 78 800 — —

B 10 69.7 2.20 54 350 0.056 57 720
B 30 68.3 1.66 37720 0.30 23 543
B 60 67.1 1.10 33180 0.38 19 662

Abbreviations see Table 1.

2.3. Degradation by mechanolysis

Eighteen g of pectin were treated in a vibrating mill (Vibratom SM,
Siebtechnik GmbH, Miihlheim, FRG). The volume of the cylindrical jars is
300 cm3 and is filled to 909, with porcelain cylinders 13 X 13 mm. The vibration
has a frequency of 1420 mm~1* and an amplitude of 1.75 mm. After treatment
the pectin is present as a very fine powder which must be removed from the
cylinders with a fine brush. It is mixed with some ceramic material from abra-
sion but ash content even after prolonged treatment (24 h) remains less than
19,. For some analyses it may be necessary to centrifuge the solutions used.
Table 3 shows the properties of treated pectins. Only DP is changed by the
treatment. Figure 4 shows some viscosity curves of the brown ribbon pectin.
Both intercept and slope decrease with depolymerization. Accordingly, there
is a good relationship between molecular weight and the Huggins factor (Fig. 5).
In Fig. 6 some elution patterns from Sephadex S 500 clearly show the depoly-
merization of the pectins. Similar viscosity average molecular weights (Table
3) give similar elution diagrams. Sugar-acid gels were boiled from the brown
and green ribbon pectin series and calcium pectinate gels from the purple ribbon
series and gelling strength of the preparations determined as jelly grade and
gel power, respectively. The test gels were then extruded through an extrusion
cell of the Allo-Kramer Shear Press and the time-force curve during extrusion
recorded. Table 4 shows the results of these measurements. Although the sugar-
acid gels boiled with depolymerized pectin contained increasing amounts of
pectin to obtain (near) standard gels, based on an elasticity measurement, the
force needed for extrusion in the shear press diminished. This shows that molec-
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Fig. 6. Gel filtration elution patterns from mechanically degraded brown ribbon and
green ribbon pectins. Codes indicate hours of treatment. Description of preparations

in Table 3
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Fig. 7. Jelly grade of green ribbon and brown ribbon pectins degraded by mechanolysis

vs Mv. Description of preparations in Table 3. The jelly grade is expressed as °SAG.

The equations for these plots are: brown ribbon pectin: y = 2.7382z — 47.5 (r = 0.975);

green ribbon pectin: y = 2.57x — 10.4 (r = 0.996); where 2 is MvX10-% and y °SAG.
o @ : brown ribbon pectin, O———Q: green ribbon pectin
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Table 3

Properties of pectins degraded by mechanolysis
(The codes indicate hours of treatment.)

Polyuronide 8
Pectin on ash free — Huggins
batch dry substance DE (%) Mv factor
(%) e

B 0 84.3 72.8 86 200 0.48
B 1 84 4 72.6 77 400 0.42
B 3 84.1 72.6 63 900 0.36
B 4 84.6 72.5 55 900 0.32
B 6 83.6 72.0 51 400 0.27
B 8 83.9 72.4 42 900 0.10
B 12 84.1 71.9 30 800
B 48 84.0 72.0 15 000
G 0 86.6 62.2 79 800 0.568
G 2,6 88.2 61.0 64 100 0.46
G b 88.4 62.2 55 400
G 8 88.1 62.3 41 000
B 0 87.0 34.1 72 600
P 25 87.0 33.6 54 000
P b 86.9 33.1 48 400
P 8 87.0 34.0 33 200

B: brown ribbon G: green ribbon P: purple ribbon DE: degree of esterification
Table 4
Gelling strength of depolymerized pectins of Table 3

g pectin used SAG (%) of gel Jelly Extrusion by
for 400 g test by ridgelim- gradeP shear ;:ress"
gel eterd (mm?)

B O 1.50 20.8 184 118

B 1 1.70 " 21.3 165 110

B3 2.10 22.2 127 90

B 4 2.30 21.5 129 88

B 6 2.70 23.8 85 58

G 0 1.40 21.1 192 116

G 2,6 1.80 20.4 1567 95

G 5 2.20 19.7 135 92

G 8 3.00 21.6 92 68

g pectin used

for 300 g test Gel puwerb
gel
PO 2.40 14.3 152 97.6
P 2,6 2.40 21.6 121 46.0
PS5 2.40 27.8 87 23.0

# describes the elastic properties of a test gel by 9, sagging under its own weight

b describes the gelling strength of a pectin preparation by the quantity necessary to
obtain a standard gel

¢ describes the internal strength of a test gel boiled for *
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ular weight affects inner gel strength (extrusion) more than gel elasticity
and confirms previous work (CHRISTENSEN, 1954) and the practical experience
that pectins of equal jelly grade can have different breaking strengths. The
purple ribbon gels contain all the same amount of pectin, so that such a con-
clusion is more difficult to derive. Figure 7 shows the good correlation which
exists between jelly grades of the brown and green ribbon pectin series and
the viscosity average molecular weight. The gel power figures of the purple
ribbon pectins do not fit a linear curve.

3. Conclusions

Degradation experiments of pectins show the usefulness of methods like
viscosity measurements and gel filtration in connection with the gelling be-
haviour of pectins. They also demonstrate that breaking strength measurements
of gels have greater sensitivity towards viscosity average molecular weight
than elasticity measurements.
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SOLANUM AMERICANUM AS A SOURCE
OF ANTHOCYANINS FOR USE IN FOODS
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From the berries of Solanum americanum, two anthocyanins were extracted
with yields varying from 1.7 to 2.19%. The pigments were identified as malvidin-
-3-sophoroside-5-glucoside and malvidin-3-(di-caffeoyl-sophoroside)-5-glucoside.
The unusually high amount of anthocyanins present in the berries of S. ame-
ricanum makes this plant a potential source of natural pigments for use in foods.
Stability of these anthocyanins in the conditions generally found during food
processing is under study in our laboratories.

Keywords: Solanum americanum, Solanaceae, anthocyanins, food colours

The substitution of artificial colours by natural ones, a desirable objec-
tive, suffers from the lack of natural and economical accessible sources outside
of grape pomace. Therefore as part of our screening program for new sources
of anthocyanins, the berries of Solanum americanum were examined for their
content of pigments since this annual sturdy shrub is easily grown in poor soil
and produces a considerable quantity of small black berries per plant. These
berries are eaten by animals and human beings without any reported ill effect,
a fact which was taken into consideration for the examination of S.americanum
as a potential source of anthocyanins.

1. Materials and methods

The berries were collected in Campinas and surroundings in the months
of November and December.

Authentic samples of malvidin, malvidin-3,5-diglucoside and malvidin-
-3-glucoside used as standards were obtained from Primula japonica (HAR-
BORNE, 1968) by usual procedures of extraction and acid hydrolysis of antho-
cyanins.

1.1. Isolation of anthocyanins

The anthocyanins were extracted in the dark with 0.19%, HCl in methanol
at 5°C. The crude extract was concentrated at 30 °C under reduced pressure
and purified by chromatography on Whatman 3 MM paper with BAW

Akadémiai Kiadd, Budapest
D. Reidel, Dordrecht
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(n-butanol-glacial acetic acid—water), 6 : 1 : 2 and 1%, HCI (conc. HCl-water,
3 :97) as solvents.

The pigments were obtained from the purified extract by chromatography
on No. 1 Whatman paper with four different solvent systems: BAW, 19, HCI,
AWH (glacial acetic acid-water-conc. HCl), 15:82:3 and Bu-HCI
(n-butanol-2N HCI, 1 : 1, upper phase).

1.2. Identification of individual pigments

The anthocyanins were identified by chemical and spectral analysis fully
described in the literature.

Spectral analyses were performed with a Unicam SP 8000 ultraviolet-
-visible recording spectrophotometer (Pye Unicam, UK).

Acid and controlled hydrolyses were done with 2N HCI according to
Fraxcis and HARBORNE (1966), CHEN and Lun (1967) and Francis and co-
workers (1982) and the resulting products identified by chromatographic and
spectral analysis. Peroxide degradation was accomplished by adding 309,
hydrogen peroxide to a methanolic solution of the pigment following the method
of CHANDLER and HARPER (1961) and the produced sugar identified by GLC of
its TMS derivatives, under conditions previously described (BoBzIO et al., 1983).

For the alkaline hydrolysis a methanolic solution of the pigment was
treated under nitrogen with a 2N solution of NaOH, following the method
described by Francis and HARBORNE (1966) and the liberated acid identified
by chromatography on silica G plates.

The total amount of pigments was determined by the method described
by Fraxcis (1982).

2. Results

In order to avoid hydrolysis of the acyl groups, a lower concentration of
HCI (0.19,) was used in the extraction of the pigments.

Paper chromatography of the pigment’s extract indicated the presence of
two anthocyanins. A very satisfactory separation was accomplished with 19,
HCI; the two pigments obtained were designated 4 and B with B present in
very small amounts.

Under UV light both pigments showed dark red fluorescence, indicating
glycosidation in both 3C and 5C positions, confirmed by the ratio E,;o/E; max vis.-
On addition of AICl, no bathocromic effect was observed in the visible
spectra of pigment 4 and B, therefore ruling out the presence of free vicinal
hydroxyl groups in B ring.

The spectral curve of pigment 4 showed two peaks in the UV region at
277 and 320 nm, the latter characteristic of acylated anthocyanins (HAR-
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BORNE, 1964). Pigment B showed only one peak in the UV region at 276 nm,
characteristic of non-acylated anthocyanins.

The properties of pigments 4 and B are summarized in Table 1.

Acid hydrolysis of pigments 4 and B yielded the same aglycone identi-
fied as malvidin by spectral data and by co-chromatography with an authentic
sample of malvidin. Glucose identified by paper chromatography was the only
sugar produced by total hydrolysis of both pigments. A chromatogram of the

Table 1
Characteristic properties for the anthocyanins of Solanum americanum
R x 100 Spectral data
Pi t / 7 Avis. ma
Y paw %[o& AWH BuHCl ﬂu‘j,‘m Amax (nm) 43(' liuuc;l,x E‘z%/o I;:”’ E”%{,E“’
nm,
A 26 32 50 28 darkred 277,320,532 0 14 98
B 20 50 68 5 dark red 276,532 0 16 —

acid hydrolysis products of pigment 4, sprayed with bromocresol green, showed
a yellow spot confirming the presence of an acid in this pigment. Alkaline
hydrolysis of pigment 4 produced caffeic acid identified by co-chromatography
on silica plates with a pure sample of caffeic acid and observing the spots under
UV light before and after exposure to ammonia vapours, and by spraying the
plates with an acidic solution of FeCl, (P1rFERI, 1965).

In spite of this identification we failed to find a peak at 291 nm in the
spectrum of pigment 4, as described by Pomirio and SprovieEro (1972) for
anthocyanins acylated with caffeic acid. Moreover, the absorption peak at 320 nm
found in pigment A4 is consistent with the spectral values obtained in our
laboratory for an authentic sample of caffeic acid (a peak at 326 nm and only
a shoulder at 292 nm). The ratio E,;o/E; maxvis. is indicative of the presence
of two molecules of acid per molecule of pigment (HARBORNE, 1964).

Controlled hydrolysis of deacylated pigment 4 and of pigment B yielded
identical intermediates with characteristics similar to malvidin-3,5-diglucoside
(4, and B,) and malvidin-3-glucoside (4, and B,).

Peroxide degradation of deacylated pigment 4 and of pigment B yielded
sophorose identified by GLC.

The characteristic data for the hydrolysis products of pigments 4 and B
are summarized in Table 2.

The results are consistent with the identification of pigment A4, the
major pigment in the berries of S. americanum as malvidin-3-(di-caffeoyl-
sophoroside)-5-glucoside and pigment B as malvidin-3-sophoroside-5-glucoside.

The amount of anthocyanins in the berries of S.americanum varied from
1.7 to 2.19,, an unusually high amount of anthocyanins.
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Table 2

Characteristic properties for hydrolysis products of the anthocyanins
of Solanum americanum

Aalvesie (4,, B,) (A,, B,) Acid
i (control. hydrol.) (&l hydrol)
19, HCI — 16 (14)¢ 08 (08)f —
AWH — 45 (45)° 30 (30)f —
R¢x 100 BuHCI — 05 (06)° 18 (17)f —
Forestal® 64 (64)¢ — — —
BAW 60 (61)4 34 (34)° 40 (39)f 84 (85)8
PrN® — — — 12 (11)e
TAE® — — — 37 (37)¢
UV fluoresc. — dark red no fluoresc.  blue
Ais: mae. (i) 542 (541)F 534 (535)° 534 (534)f -
Spectral data  Ayy max. (nm) 275 (275)¢ 275 (275)° 275 (276)f —
Adyis.: Act, (nm) 0 0 0 —
Ey/Eavis. max (%) - 14 (16 21 (21)t =

# Forestal: glacial acetic acid—conc. HCl-water (30 : 3 : 10).

b PrN: n-propanol-conc. ammonium hydroxide (1 : 3).

¢TAE: toluene—glacial acetic acid-absol. ethanol (15 : 3 : 1).

Numbers in parenthesis are values obtained with authentic samples of: ¢ malvidin;
¢ malvidin-3,5-diglucoside; f malvidin-3-glucoside; ¢ caffeic acid.

*

One of us (8. C. DE Souza) thanks Fundacao de Amparo a Pesquisa do Estado de
Séo Paulo, for a scholarship.
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Dried apricots, dates, figs and raisins were irradiated at 0.25, 0.50, 1.00 kGy
and stored for 12 months at ambient (28-40°C) and lower temperatures
(20 + 2 °C). The effectiveness of radiation for disinfestation and nature of insects
involved were determined. Changes in ascorbic acid and sensory quality, were
studied. The insect infestation increased during storage and this increase was
much larger at room than at lower temperature. Irradiation dose of 1.00 kGy
completely checked infestation in all the dried fruits throughout the storage.
Treatment with 0.25 kGy and lower temperature was also effective in controlling
the insect population during a storage period of 12 months. T'ribolium castaneuwm
infested the dates and raisins, while the apricots were infested by Corcyra cephalo-
nica and figs by Cadra cautella. Ascorbic acid declined during storage and was
reduced by radiation especially at higher doses. The results of sensory evaluation
revealed higher rating for irradiated than unirradiated controls. It was concluded
that radiation processing of dried fruits in combination with storage at reduced
temperatures is an effective method of providing the consumer with an accept-
able and nutritious produce also outside the season for fresh fruits.

Keywords: irradiation, disinfestation, ascorbic acid, sensoric behaviour,
irradiation of dried fruits

A substantial portion of the fruits, about one fourth of the total produce
is dried during the glut season by sun-drying. Dried fruits are considered a
major source of income and foreign exchange in many countries (INTERNA-
TIONAL TRADE CENTRE, 1973). In Pakistan, almost 1 947 498 tons of fruits are
produced on 487 346 acres of land. A major portion of this comes from the
northern areas of Pakistan. In addition, more than 50 000 tons of different
dry fruits are imported annually from Afghanistan (KHAN et al., 1981).

The spoilage of dried fruits by insect infestation, colour deterioration and
chemical changes during storage is a serious problem especially under humid
tropical conditions such as prevailing in Pakistan (N. A. S., 1978). Occurrence
of extensive losses of food products, during postharvest storage and marketing
has stimulated a great deal of research on radiation disinfestation of stored
grains and dried fruits.

aVisiting TAEA-expert under project PAK/5/15 from Federal Research Centre
for Nutrition, Karlsruhe, Federal Republic of Germany; the reported research was
initiated during the visit from 1 July to 31 August 1982.
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Gamma radiation has been used for insect disinfestation of dried fruits
and nuts by some workers (BROWER & TILTON, 1970; TALHOUK, 1966; GUER-
RIERI, 1975 and SCHEGOLEVA, 1963). However, conflicting results have been
reported as to the insect involved and optimum doses needed for disinfestation.
Present work was undertaken to study the effect of radiation doses in combina-
tion with lower (20 + 2 °C) and room temperature (28-40 °C) storage on the
insect infestation and other quality parameters of dried fruits.

1. Materials and methods

Four dried fruits such as apricots, dates, figs and raisins were obtained
from the local dry-fruit-market at Peshawar. These were sorted for uniform
shape and size and packed in clear polyethylene bags. All the samples were
irradiated at doses of 0.25, 0.50 and 1.00 kGy in a Cobalt-60 gamma irradiator
(Issledovatel” USSR) having a dose rate of 9 kGy h™! and a maximum-mini-
mum-ratio of 2.5. The samples were stored at lower (20 4+ 2 °C) and at room
temperatures (28-40 °C).

Percentage insect damage of dried fruits was determined by weight ac-
cording to CoGBURN (1977). The samples were examined during storage for
the nature of insects infestation following the method of Branp (1978). The
ascorbic acid was determined by titrimetry according to AOAC (1975). Sen-
sory evaluations were conducted by hedonic ratings on a 9-point-scale (LAR-
MOND, 1977).

2. Results and discussion

The effect of gamma irradiation and storage on the infestation of dried
fruits is shown in Table 1. All the samples were examined for insect infestation
fortnightly: however, for the sake of brevity the results have been presented
only for 3, 6, 9 and 12 months storage period. Initially, the samples were free
of any apparent infestation but during storage of 3 months, the insect popula-
tion reached 18, 4, 5 and 39, in unirradiated apricots, dates, figs and raisins,
respectively, kept at room temperature. The infestation increased consistently
during storage. The rate of infestation was generally higher in apricots and
figs than dates and raisins. The unirradiated samples of apricots and figs were
totally infested (1009,) by insects after 6 months. The identification of insects
revealed that T'ribolium castaneum (red flour beetle) was dominant and attacked
dates and raisins. The apricots were infested by Corcyra cephalonica and
figs by Cadra cautella. A radiation dose of 1.00 kGy completely checked the
infestation in all the dried fruits throughout storage at room temperature.
Doses of 0.25 and 0.50 kGy decreased insect infestation, but in all cases after
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Table 1

Effect of irradiation and storage on the wnsect infestation in percent

Dried fruits and storage  Storage period Irradiation dose (kGy)
temperature (months) o it = 00 Insects
Apricot; room temp. 3 18 10 0 0 Corcyra
6 100 80 40 0 cephalonica
9 100 100 90 0
12 100 100 100 0
low temp. 3 4 0 0 0
6 8 0 0 0
9 26 0 0 0
12 50 0 0 0
Dates; room temp. 3 4 0 0 0 Tribolium
6 32 8 62 0 castaneum
9 100 100 82 0
12 100 100 100 0
low temp. 3 0 0 0 0
6 12 0 0 0
9 18 0 0 0
12 22 0 0 0
Figs;  room temp. 3 5 0 0 0 Cadra
6 100 25 17 0 cautella
9 100 100 47 0
12 100 100 100 0
low temp. 3 0 0 0 0
6 10 0 0 0
9 50 0 0 0
12 60 0 0 0
Raisins; room temp. 3 3 0 0 0 Tribolium
6 58 10 [} 0 castaneum
9 100 100 50 0
12 100 100 100 0
low temp. 3 0 0 0 0
6 8 0 0 0
9 15 0 0 0
12 27 0 0 0
Initial infestation : zero
Room temperature: 28—40 °C
Low temperature : 20 + 2 °C
Infestation : ratio of weight of damaged fruits to total weight of sample

12 months of storage at room temperature the insect damage reached 1009,.
It was observed that lower temperature storage alone (20 +2 °C) also slackened
insect infestation. However, the radiation dose of 0.25 kGy coupled with
lower temperature completely checked development of all types of insects
during the storage period of one year. Although published studies carried out at
reduced temperatures are not available, conflicting results have been reported
for controlling insects in dry fruits at ambient conditions. BROWER and TiLTON
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(1970) recommended a dose range of 0.30-0.40 kGy for complete control of
insect development in dry fruits. SCHEGOLEVA (1963) reported that a dose of
0.70 kGy was sufficient to kill most insects. PAPADOPOLOU (1963) recommended
a dose of 1-2 kGy for complete destruction of Plodia, Cadra and Oryzaephilus
species during their various stages of growth and development.

It is known that there is little loss of ascorbic acid during refrigerated
storage of food materials. Changes in the L-ascorbic acid were, therefore,
studied during storage at room temperature only. The ascorbic acid contents
of unirradiated and irradiated dried fruits are presented in Figs. 1-4. The
dashed lines indicate the range of vitamin losses during storage and the effect
of the maximal dose used, 1 kGy. After drying the samples contained 9.47,
3.54, 16.82 and 3.64 mg per 100 g of ascorbic acid in apricots, dates, figs and
raisins, respectively. There was a significant loss of this vitamin during the
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Fig. 1. Effect of irradiation and storage on ascorbic acid contents of dried apricots O:
0.00 kGy; @: 0.25 kGy- +: 0.50 kGy; a: 1.00 kGy (see text for explanation of curves)
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Fig. 2. Effect of irradiation and storage on ascorbic acid contents of dried figs.
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Fig. 3. Effect of irradiation and storage on ascorbic acid contents of dried dates.
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Fig. 4. Effect of irradiation and storage on ascorbic acid contents of dried raisins.
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storage period of 12 months. In the beginning there was no prominent effect
of irradiation for dried figs and apricots but during later storage radiation
contributed to the loss of ascorbic acid. Higher losses were observed at higher
radiation doses while the lower doses had a intermediate effect. As radiation
converts some of the vitamin C to dehydroascorbic acid, the reported changes
are not necessarily of any nutritional importance and are used here only as
a quality index. Ascorbic acid is generally considered radiosensitive. Irradia-
tion also brings about losses in other vitamin contents, like other preservation
method of fruits and the degree of loss is dependent upon the type of fruits,
conditions of irradiation, e.g. temperature, moisture level and the presence or
absence of oxygen (JOSEPHSON et al., 1975). CHOWDHURY and RAEMAN (1973)
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reported that ascorbic acid contents were reduced immediately after irradia-
tion, but the loss was nutritionally nonsignificant. At pasteurization doses
(1-4 kGy), the losses could vary from little to extensive depending on the food
material irradiated. In fresh cherries the loss of ascorbic acid was reported
as 2-39%,, while in lemon it vas 71-909%, with 2-4 kGy doses (MAXIE & SoMm-
MER, 1968). Similarly significant loss of ascorbic acid was observed in dry
fruits by KHAN and co-workers (1981).

Table 2

Effect of irradiation and temperature on sensory quality of dry fruits

Storage period (month)

Dried fruit Storage condition 8 s e 13
Irradiation dose (kGy)

0 0.25 0 0.25 0 0.25 0 0.25

Apricot room temperature 5.2 54 41 4.6 1.2 1.2 1.0 1.0
low temperature 6.2 6.1 6.1 6.4 5.3 5.9 4.8 5.3

Dates room temperature 6.3 5.8 5.0 5.3 4.3 4.5 3.4 4.0
low temperature 6.4 6.5 6.0 6.0 5.7 6.0 5.2 5.7

Figs room temperature 5.2 54 43 48 21 25 14 1.7
low temperature 6.4 6.6 6.2 6.3 5.7 6.1 5.3 5.6

Raisins room temperature 5.3 5.5 3.0 3.9 1.5 21 1.1 1.0
low temperature 6.6 6.7 6.4 6.6 5.8 6.0 5.7 5.8

Mean room temperature 5.5 5.6 4.1 4.6 2.3 2.6 1:7 1.9
low temperature 6.4 6.5 6.2 6.3 5.6 6.0 5.2 5.6

Values are the mean of 6 judgements for overall acceptability for colour, texture
and flavour, 1 : extremely disliked, 9: extremely liked.

Initial scores: apricots 7.3, dates 8.4, figs 8.2 and raisins 8.4.

Room temperature: 28—40 °C, low temperature: 20 + 2 °C.

All the dried fruits were evaluated in a sensory test after every 3 months
by trained panelists. The results of overall acceptability for colour, texture and
flavour are shown in Table 2. It was observed that the storage period had a
significant effect on the appearance of all the samples. The freshly obtained
samples had overall acceptability scores of about 8 which decreased to 3 and
lower scores in all varieties after 12 months storage at room temperature.
The decreases in mean scores were higher in samples stored under room con-
ditions than at lower temperatures. The samples stored at 20 +2 °C were found
acceptable even after one year and received scores of about 5.5 for all varieties.
The irradiation dose of 0.25 kGy had no significant effect on the texture,
taste or flavour of any sample. FArRkAS and co-workers (1974) reported
that the eating quality of dates was not affected significantly by an irradiation
dose of 5.4 kGy and no off-flavour was observed. JAppOU and ArL-Haxim
(1978) also reported that irradiation (0.50 kGy) and heating (323 K) did not
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affect the flavour of dates during their storage. Similarly PAPADOPOULOU (1963)
observed that irradiation with doses of 1-2 kGy showed no deleterious effect
on the texture, appearance and nutritive value of irradiated dried figs. Similar
findings have been reported by KHAN and co-workers (1982; 1983).

3. Conclusion

As a result of these studies it was concluded that a radiation dose of
1.0 kGy was necessary for complete disinfestation of dried fruits. However, due
to increased discolouration, these samples were found unacceptable after 6
months storage. Combination treatment of 0.25 kGy and lower temperature
(2042 °C) was found optimum for longer storage of dried fruits. When the
content of ascorbic acid was used as a quality index it showed a considerable
loss during storage and an additional loss due to radiation processing. How-
ever, radiation processing can extend the period during which dried fruits
are available to the consumer thus ameliorating also the resources for vita-
mins outside the season for fresh fruits.
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