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BATCH LACTIC ACID FERMENTATION
ON LIGNOCELLULOSIC HYDROLYSATE:
IDENTIFICATION OF PHYSIOLOGICAL MODEL*

Karel MELZOCH, Jaroslav VOTRUBA', Mojmir RYCHTERA, Véra HABOVA

Institute of Chemical Technology — Department of Fermentation Chemistry and
Bioengineering, Prague; nstitute of Microbiology, Czech Academy of Sciences,
Prague, Czech Republic

Abstract: The effect of lignocellulosic hydrolysate of crushed corn cobs on the
fermentation kinetics of Lactobacillus casei and Lactobacillus lactis in a batch
culture was studied. From computer-aided analysis of data a simple physiological
model of the process was derived relating to bacterial growth, lactic acid forma-
tion, utilization of two different sources of nutrients and inoculum size. The pa-
rameters of the model represent the effect of preparation of media on the
physiological activity of both used strains of bacteria.

lactic acid; batch fermentation; Lactobacillus; physiological model; lignocellu-
losic hydrolysate

Crushed corn cob hydrolysate is a promising substitute of sugar in lactic
acid fermentation (Rychtera et al., 1990). A mathematical model taking
into account essential physiological functions may be used as a tool of fast
transfer of technology based on sugar to that employing the hydrolysate.

The first generation of models (Luedeking, Piret, 1959; Hanson,
Tsao, 1972) was proposed on simple kinetics and mass balances of
biomass, sugar and product. Leh and Charles (1989) applied the above
mentioned model in a batch fermentation of whey permeate and found that
the parameters must vary with the medium composition. Yang etal. (1988),
Ishizaki et al. (1989, 1992) and Nielsen et al. (1991) successfully ap-
plied the modelling of lactic acid production on other strains than Lactoba-
cillus. Although a number of other papers (Borzani et al., 1990;

* This research was supported by grants from the Grant Agency of Czech Republic (Grant
No. 510/94/0648) and from EC Project Copemnicus (No. ERB-CIPA-CT94-0205).
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Goncalves etal,, 1991; Venkatesh etal., 1993; Acuna et al., 1994)
studied the kinetic of lactic acid batch fermentation by lactic bacteria, no one
presented a clear cut expression from the standpoint of product inhibition
and medium composition variations.

The objective of this study was to develop a simple structural model, suit-
able to evaluate the effect of changes of the medium on the physiology of
two different strains of Lactobacillus.

MATERIAL AND METHODS
Organisms

Lactobacillus lactis 447 and Lactobacillus casei, subsp. rhamnosus 1753
(Culture Collection of Diary Microorganisms, Prague) were maintained by
monthly subculture on the MRS medium supplemented with 2% calcium
carbonate powder and afterwards stored at 4 °C.

Media

MRS medium was used for the maintaining of cultures and for biomass
accumulation.

The complete medium (CM) for batch cultivations contained (g/1): glu-
cose 50 or 100; yeast extract (Imuna, Sarigské Michalany, Slovak Republic)
20; peptone (Imuna) 10; KH,PO, 2; sodium acetate 5; ammonium citrate 2;
MgS0,.7H,0 0.2; MnSO, 4H,0 0.05; pH was adjusted to 5.8.

Lignocellulosic hydrolysate (LH) was prepared by enzymatic hydrolyses.
Crushed comn cobs (kernels removed) after steam expansion were mashed in
citrate buffer pH 5.0 (100 g/1) and treated with 7.7 g/l enzyme preparation
with 260 U/g cellulolytic activity (Cellulase VUPP 4/88, Research Institute
of Food Industry, Prague, Czech Republic) at 45 °C for 24 h. Obtained hy-
drolysate containing 74 g/l glucose was used as a carbon source only, glu-
cose concentration was adjusted at 50 g/l and other components were
supplemented in the same amounts like those in CM. To remove cellulolytic
enzymes and macromolecular substances the part of LH was filtered through
a UF-membrane CPD 20 (DDS, Denmark).

All media were sterilised by autoclaving at 120°C for 20 minutes.
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Growth conditions

Organisms were grown in a glass stirred fermenter with working volume
500 ml. The pH value of the cultures was automatically maintained at 5.8
and the temperature was set at 37 °C. The fermenter was seeded by washed
centrifuged cells cultured in conical flasks containing 100 ml of CM on ro-
tary shaker (2 Hz) at 37 °C for 20 h.

Analyses

Glucose, lactate, ethanol and other fermentation products in media and
culture supernatants were determined by HPLC (Laboratory Instruments
Co., Prague, Czech Republic) on a column filled with Ostion LG KS 0800
(strongly acidic cation exchanger) in H-cycle which was used with 0.005M
H,SO, as eluent at 65 °C, and with refractive index detector (Melzoch et
al,, 1994).

Biomass was measured as dry weight using the method of Herbert et al.
(1971).

Mathematical model development

During preliminary evaluation of experimental data we found that the pro-
duction of lactic acid was proportional to the consumption of reducing su-
gars. The production of lactic acid ceases when the sugars are exhausted.
There is the apparent sugar limitation of product formation.

On the other hand, the growth of biomass was not limited by carbon
source, neither inhibited by lactic acid produced. Having analysed the spe-
cific growth rate, we have discovered that there is a short lag phase at the
beginning of cultivation and the specific growth rate reaches the maximum
between the second to fourth hour of fermentation, depending on inoculum
size. Then, apparently, the growth is limited by some nutrient in the complex
medium. The maximum cell density is dependent on the quality of used me-
dium.

These findings can be summarised in a simple physiological model as fol-
lows.

Balance of sugars (S,):

dSy/dt = ~k; S, X/ S, +Ks) [1]
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Balance of product (L):

Balance Of biomass (X):

dX /dt= px (3]

For the description of specific growth rate, we used the concept of “meta-
bolic activity functional®, originally introduced by Powell (1968) and later
applied by Volesky and Votruba (1992) in the modelling of anaerobic
production of solvents by Clostridium acetobutylicum.

According to this approach, the specific growth rate may be expressed as
a linear function of intracellular RNA concentration.

p =const (RNA—-RNA_.) [4]
where RNAmin — RNA content in nongrowing-resting cells

Roels (1980) summarised the experimental data from different cultiva-
tions and found that such a relation may be generalised for bacteria growing
either in aerobic or anaerobic conditions. Equation [4] may be therefore used
to express the physiological potential of unlimited growing microbial popu-
lation. When a substrate limitation has to be considere, then according to
Powell (1968), the right-hand side of Eq. [4] has to be multiplied by term
that represents a limiting barrier. The simple hyperbolic term is often recom-
mended (Volesky, Votruba, 1992). The final formula, describing the
above discussed physiological phenomena may by rewritten in the following
way:

where y — dimensionless RNA concentration

y=RNA/RNA_._ | [6]

To complete the description of cell growth it is necessary to formulate the ba-
lance of RNA, We assume that the RNA is formed when the amount of nu-
trients in the medium guarantees the growth. Such a situation may be easily
expressed by a direct proportionality between the concentration of limiting

4
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substrate and by the total rate of RNA formation (note that total RNA con-
centration in the culture is RNA X) as follows:

d RNA X) / dt =k, S, RNA X (7]

After simple algebraic manipulation with complex derivative on left hand
side, dividing by X and introducing of for 1/X dX/dt we receive the final
relation for dimensionless RNA concentration y:

dy/dt=kyS,y— Wy (8]

The initial condition for y at the beginning of fermentation expresses the
physiological state of a culture. When y(0) equals 1, it means that the initial
growth rate is zero and inoculum is represented by nongrowing — resting
cells. When y(0) is higher than 1, then it is considered that fresh and growing
cells are used for inoculation. On the other hand, when y(0) is lower than 1,

I. The basic characteristic of batch lactic acid fermentations

$,(0) X(0) X L

Batch Organism Medium

[g17]

1 L. lactis CM 47 1.3 6.0 37
2 L. lactis CM 93 1.9 44 69
3 L. casei CM 54 0.4 11.3 41
4 L. lactis LH 56 1.3 5.8 36
5 L. casei LH 51 . 0.5 11.0 41
6 L. casei LH(UF) 51 0.5 4.5 12
7 L. casei LH 51 0.4 11.0 40
8 L. lactis LH 47 0.4 5.9 27
9 L. lactis CM 53 0.4 11.3 52
10 L. lactis CM +E 92 1.9 3.6 74
11 L. lactis CM 92 1.9 43 74
12 L. lactis LH 47 0.5 7.3 36
13 L. lactis LH(UF) 47 0.5 7.3 31

CM + E = CM with addition of cellulolytic enzymes (7.7 g.I"!)
LH(UF) = LH filtered through UF-membrane
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then the part of cell biomass is considered as dead. In our study, we consid-
ered that y(0) equals 1.1. It means, we supposed the slow growing cells at
inoculum.

For simulation purposes, we have to complete the model by the balance of
unknown, growth limiting substrate S,. It was suitable to assume that the rate
of unknown substrate consumption is proportional to the growth rate. Be-
cause the yield coefficient for S, is unknown we can assume it as one and
during parameter estimation to evaluate the unknown initial value of S,(0).

Balance of growth limiting substrate (S,):
ds, /dt=-dX /dt ' [9]

Based on the collection of 13 batch data sets (Table I), the unknown pa-
rameters of the model were estimated by computer program BIOKIN (Vo -
lesky, Votruba, 1992) and the results are summarised in Table IL

RESULTS AND DISCUSSION

The single batch fermentations including basic experimental data are
characterised in Table I. Figures 1 and 2 compare the results of computer

II. The parameters of the model

Batch k; k, k, Ks Ks, Yus, | SO
1 261 | 0582 | 0306 | 1592 | 00483 | 0.803 | 481
2 275 | 0398 | 0472 | 5136 | 00831 | 0812 | 228
3 267 | 0348 | 0282 | 17.53 | 13.48 0.738 | 11.88
4 145 | 0362 | 0.146 | 1674 | 1521 0.594 | 4.57
5 191 | 0487 | 0211 | 1295 | 2489 0.835 | 9.08
6 233 | 0832 | 0132 | 3438 | 24.89 0.823 | 9.28
7 264 | 0437 | 0115 | 2855 | 0076 | 0684 | 592
8 239 | 1081 | 0162 | 1281 | 2157 0.893 | 6.16
9 258 | 0880 | 0229 | 9.2 | 2849 1.030 | 10.13
10 385 | 0436 | 0433 | 5165 | L125 | 0847 | 162
11 223 | 0581 | 0242 | 1235 | 0708 | 0869 | 223
12 267 | 1121 | 0078 | 2614 | 4198 | 0846 | 7.62
13 188 | 038 | 018 | 1129 | 7772 | 0910 [ 7.41
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1. Comparison of experimental data
in a batch cultivation of L. lactis and

" with the mathematical model (lines)
— Synthetic medium (CM) was used
troughout

2. Comparison of experimental data
in a batch cultivation of L. casei
with the mathematical model —
Synthetic medium (CM) was used
troughout

concentration of sugar — spheres;
biomass — triangles; lactic acid —
squares

simulation and experiments performed in synthetic medium (Batch No.1 and
3 in Table I and II). It appears that the cultivation of L. /actis (Fig. 1) was
faster than that of L. casei (Fig. 2) but the difference was caused by different
size of inoculum. As follows from Table II, the estimated kinetic parameters
were of the same magnitude. However, the strain L. casei could better utilize
the growth supporting substrate S, from synthetic medium, as shown in Ta-
ble II in sixth column. Figures 3 and 4 (Batch 4 and 5 in Table I and II)
compare the physiological activity of both strains when the lignocellulosic
hydrolysate medium was used. Evidently, the duration of lactic fermentation
is twice longer than that performed with synthetic medium, but the differ-
ences between growth parameters of both strains and yield of lactic acid
were similar.

Table II summarises the results of parameter estimation. It was surprising
that the kinetics and stoichiometry of product formation and sugar consump-
tion were for both strains and different media similar. The mean yield of
produced lactic acid from utilised sugar (¥, /s, ) was about 0.822 £0.103 g
per g, when compared with theoretical value which is 1 g lactic acid per 1g

7



Potrav. Védy, 14,1996 (1) : 1-11

3. Comparison of experimental data in
a batch cultivation of L. lactis with the
mathematical model. — Lignocelullosic
hydrolysate medium (LH) was used

4. Comparison of experimental data in
a batch cultivation of L. casei with the
mathematical model. — Lignocelullosic
hydrolysate medium (LH) was used

concentration of sugar — spheres;
biomass — triangles; I_actic acid —
squares

> 40} T
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hexose. The maximum specific rate of product formation (k;) was 2.46
*0.55 g lactic acid per 13gDW of biomass per 1 h. The mean value of Ks ;
which may be taken as a measure of sugar limitation of lactic acid formation
was about 23 + 15 g sugar per litre. On the other side, the kinetic of growth
shows the dependence on the medium composition. Generally, the mean
value of k3, which characterises the physiological potential of growth, was
for complete medium (CM) two times higher than that for enzy matic hydro-
lysate of corn cobs (LH). The apparent concentration of unknown growth
limiting substrate S,(0) was higher for L. casei when compared with L. /ac-
tis. It may be explained by higher metabolic potential of L. casei to utilise
the nutrients for growth from both media (CM and LH). The similar depend-
ence was found for the value of Kg which characterises the growth limita-
tion by unknown substrate S,.

The addition of cellulolytic enzymes to synthetic medium (Batch No. 10)
caused the decrease of both S,(0) and K s, It may be deduced that the en-
zymes interact with unknown growth supportmg substrate and partially in-
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hibit its utilization. The experiment performed on the production LH me-
dium, which was clarified by ultrafiltration, supports that hypothesis.

List of symbols
k, kinetic constant characterizing sugar uptake [h7™]
k, kinetic constant characterizing growth of microorganisms [h"]
ky kinetic constant characterizing dynamics of RNA

formation [m®h! kg_I]
K, K Kkinetic parameters characterizing the substrate limitation [kg m™ ]
L' 7 concentration of lactic acid [kg m ]
RNA  mass fraction of RNA in the biomass :
S, concentration of sugar [kg m™ ]
S, concentration of unknown growth supporting substrate [kg m™3]
t time [h]
X concentration of biomass [kg m ]
y dimensionless variable defined by Eq. [6] -]
Y, Lss, yield coefficient -]
H specific growth rate [h"]
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Produkce kyseliny mlé¢né ve vsadkové fermentaci
na lignocelulozovém hydrolyzatu: Identifikace fyziologického modelu

Prace se zabyva studiem produkce kyseliny mlé&né buitkami Lactobacillus casei
a Lactobacillus lactis ve vsadkové fermentaci. Fermentace byly provadény v biore-
aktoru pfi konstantnim pH 5,8 + 0,1 a teplot& 37 °C na dvou rozdilnych typech médii

10
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- na kompletnim médiu (CM) a na lignocelul6zovém hydrolyzatu (LH). V obou pfi-
padech zdrojem uhliku a energie byla gluké6za. Gluk6za obsaZena v LH byla ziskdna
enzymovou hydrolyzou drcenych kukufi¢nych oklaski, které byly nejprve podrobe-
ny parni expanzi (rozvléknéni lignocelulozového komplexu a &asteéné naStépeni he-
miceluloz) a poté byla celulosa $t&€pena za i¢asti celulolytickych enzymil na glukézu.

Byl sledovén vliv pouZiti lignocelulé6zového hydrolyzatu pfipraveného z kukufi¢-
nych oklaski na kinetiku vsadkové fermentace. Na zédklad& po¢itatem fizené analyzy
dat ziskanych z 13 fermentaci byl odvozen jednoduchy fyziologicky model biopro-
cesu, ktery popisoval zdkladni fyziologické funkce obou bakteridlnich kmeni tyka-
jici se rustu kultury mléénych bakterii, tvorby kyseliny mlé¢né, utilizace glukozy
v zavislosti na typu pouZitého média (dvou rozdilnych zdroji Zivin) a dale na veli-
kosti a kvalité inokula. ‘

Z uvedenych dat vyplynulo, Ze riist biomasy neni limitovan zdrojem uhliku
(glukézou), ani inhibovan produkovanou kyselinou mléénou aZ do vyéerpani cu-
kerného zdroje v médiu. V pritb&¢hu fermentace dochazi k limitaci ristu biomasy
neznamym substratem. Pfekvapujicim faktem bylo zjisténi, Ze kinetika a stechi-
ometrie tvorby kyseliny mlé&né a spotfeby cukru byly pro oba kmeny mléénych
bakterii a na obou typech médii téméf shodné.

kyselina mlé&na; vsadkova fermentace; Lactobacillus casei, Lactobacillus lactis; fy-
ziologicky model; lignocelulézovy hydrolyzat
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THE CHANGES IN DIETARY FIBER CHARACTER
AFTER THE EXTRUSION OF CEREALS*

Pavia LUKESOVA, Josef PRIHODA, Bozena MACKOVA

Institute of Chemical Technology — Department of Biochemistry and Microbiology,
Prague, Czech Republic

Abstract: Total dietary fiber, insoluble and soluble parts of dietary fiber were
determined in the samples of crisp bread and in the mixtures of raw materials for
their extrusion. AOAC method was used with the Fibertec E laboratory instru-
ment for the enzymatic hydrolysis of starch and protein. The TDF was not af-
fected by extrusion so deeply as IDF and SDF. The samples with wheat bran
showed in one set of samples the greatest, in the other set the lowest decrease of
TDF content in material after extrusion. IDF content was decreased in all cases,
SDF content was decreased in the sample with vegetables only, in the other sam-
ples it was increased after extrusion.

dietary fiber; extrusion; Fibertec E

Despite many discussions concerning the dietary fiber (DF) composing
parts and respective methods of determination especially of soluble and in-
soluble fiber, two main aspects are important for the consumers and nutri-
tionists. First, any definition should respect the fact that dietary fiber is
primarily defined as non digestible part of food and that any method of determi-
nation should give the results as close to this definition as possible. Second, we
need much more information concerning the dietary fiber content for the con-
sumers as soon as possible irrespective of the methods used that do not precisely
classify the chemical substance of composing parts. A study of chemical
substances should be obviously a matter of scientific study for many years,
but most effective information for consumer is more general information
given in time and reflecting the physiological role of fiber.

This work is the first part of a larger study of the effect of processing on
dietary fiber content and on its changes in some foods based on cereals.

* Supported by Grant Agency of the Czech Republic Grant No. 511/93/2247.
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A dietary fiber definition

The term dietary fiber was introduced by Hipsley in 1953 to cover what
had eaylier been called unavailable, e.g. undigested carbohydrates of plant
foods. In 1972 Trowell defined dietary fiber as the undigestible plant cell
wall material, but later on restricted the definition to include only lignin and
the plant polysaccharides that are not digested by enzymes secreted in the
human digestive tract. On the other hand, undigestible polysaccharides not
related to the cell wall, such as gums and mucilages as well as food additives
of this nature, are also included in such a dietary fiber concept (Selven-
dran, Robertson, 1990).

As we have seen at ICC Conference 1995 in Vienna a lot of scientists are
working on definition and method for determination of dietary fiber. In the
United States, the Food and Drug Administration (FDA) and U.S. Depart-
ment of Agriculture (USDA) issued final food labelling regulations in Janu-
ary 1993. For nutritional labelling, AACC Methods 32-05 (corresponding to
AOAC Method 985.29) and 32-07 (AOAC Method 991.43) have been rec-
ommended for DF analysis by both agencies (Lee, Prosky, 1994).

Based on scientific findings, Lee and Prosky have proposed the expansion
of the definition of dietary fiber to include resistant oligosaccharides, in ad-
dition to currently included nonstarch polysaccharides, resistant starch, and
lignin. They have also proposed a new term resistant oligosaccharides,
which is defined as oligosaccharides that are resistant to hydrolysis by hu-
man alimentary enzymes. The term resistant oligosaccharides can be used
synonymously with the term unavailable oligosaccharides.

They expect that certain types of oligosaccharides can be claimed for die-
tary fiber in future, if the unavailability in the healthy human upper gastroin-
testinal tract and the resulting physiological action similar to other dietary
fiber components are fully proven. They want to point out that oligosaccha-
rides that are hydrolysed in the upper gastrointestinal tract of normal healthy
human subjects, such as lactose, maltotriose, and maltotetraose cannot be
classified as resistant oligosaccharides.

Along this line analytical methodology should be tuned to fully recover
resistant oligosaccharides as well as resistant starch in the dietary fiber
analysis. In some previous papers, they addressed the issue of incomplete
recovery of resistant starch with the current dietary fiber methods. Until a
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reliable methodology is developed to meet the new definition of dietary fi-
ber, current dietary fiber methods should continue to be used for dietary fi-
ber labelling. They want to emphasise that this new definition would not
affect the dietary fiber values of most food products.

Composition of dietary fiber

Currently, total dietary fiber (TDF) is plant material that is not digestible
by appropriately chosen enzymes that mimic the human alimentary system
(Stauffer, 1993). TDF is split into two components: soluble dietary fiber
(SDF) and insoluble dietary fiber (IDF). Insoluble dietary fiber is not soluble
in hot water. The group of IDF mostly contains these components: cellulose,
hemicellulose, lignin, products of Maillard reaction and resistant starch. So-
luble dietary fiber is soluble in warm or hot water, but is reprecipitated when
that water is mixed with four parts of ethyl alcohol. This group contains
mainly B-glucans, pentosans, pectic substances, gums of plant origin, some
bacterial polysaccharides and synthetic derivatives. Certain groups of gums
have both soluble and insoluble species.

Total dietary fiber is important in calculating energetic value of foods
containing these materials. Insoluble and soluble forms have somewhat dif-
ferent functional characteristics that influence physiological effects. The in-
soluble fiber fraction is known to have a mechanical effect on the intestinal
tract, whereas the soluble fraction seems to be more responsible for meta-
bolic effects, which affect primarily carbohydrates and lipid metabolism
(Ralet etal., 1990). It has been speculated that dietary fiber plays a role in
the reduction or prevention of diseases of the colon such as constipation,
appendicitis, cancer, haemorrhoids, and ulcers. It may also be responsible
for preventing or delaying the onset of metabolic diseases such as the vari-
ous vascular diseases, heart disease, hypertension, obesity, and diabetes, and
may ameliorate the effects of endocrine diseases, hiatal hernias and dental
caries.

Methods of determination

The two general strategies to measure dietary fiber are commonly termed
gravimetric and chemical methods. Both these methods employ a series of
steps to selectively extract nonfiber components from the test material. In
gravimetric procedures, the weight of the fiber residue is corrected for the
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most likely contaminants such as ash and protein, and the remainder is as-
sumed to be dietary fiber. In chemical procedures, the chemical components
of fiber in the residue are quantified through a series of specific assays. The
weight of the residue is used to calculate the amounts of the chemical compo-
nents of fiber in the original material (Vollendorf, Marlett, 1991).

At present, the most widely used methods are the enzy matic-gravimetric
AOAC official method (AOAC,1990) and the enzymatic-chemical Englyst
method. New modifications of the AOAC method are continuously proposed
by several authors and the present Englyst method is also the result of diffe-
rent reviews.

Effect of heat processing on the DF

Most foods containing DF are processed in one way or another before con-
sumption, as well as the physico-chemical properties of the fiber. Being
highly dependent upon such properties, the physiological effects of DF may
also be altered by processing (Asp et al., 1986).

Processing may alter the content and properties of DF in different ways:
1. Leakage to the processing water of soluble DF, or ions — especially

calcium - interacting with the fiber.

2. Formation of acid insoluble material such as Maillard reaction products
that add to the lignin content.

3. Formation of enzyme resistant starch fractions that add to the dietary fiber
polysaccharides.

4. Fragmentation of dietary fiber components by hydrolysis of glycosidic
bonds within DF polysaccharides and other constituents. This may lead to
increased solubility of fiber, decreased dietary fiber content if low mole-
cular weight fragments are formed, and loss blood glucose lowering effect
of guar is abolished when the polysaccharide is depoly merized.

Effect of extrusion

Extrusion cooking may change the content, composition and physiologi-
cal effects of dietary fiber in various ways. First, starch could undergo modi-
fication and form enzyme-resistant fractions, which have acted in vivo as
dietary fiber (Bjorck et al., 1986). Second, degradation of dietary fiber to
low molecular weight fragments would diminish its content and hence re-
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duce its benefits. Third, macromolecular degradation of fiber may increase the
solubility and change the physiological effects of fiber (Lue et al., 1991).

Authors studying the effect of extrusion on the content of dietary fiber
observed different results. Bjérck et al. (1984a, b) reported a slight in-
crease in TDF after extruding white and whole meal wheat flour. The same
result was found in extruded whole meal barley by Ostergard et al.
(1989). In contrast, Siljestrom et al. (1986) and Schweizer and Rei-
mann (1986) found no changes in TDF content when extruding wheat
flour. Fornal et al. (1987) reported decreased contents of cellulose and
lignin in extruded starch mixtures of buckwheat and barley. Studying the
extrusion cooking of high-fiber cereal, Sandberg et al. (1986) reported
that mild extrusion conditions did not change the content of nonstarch poly-
saccharides but decreased the amount of Klason lignin (Lue et al., 1991).
Wang et al. (1993) described that after extrusion, TDF was significantly
decreased only in the wheat bran low-condition sample, but IDF was lower
in extruded wheat and wheat bran than in the raw samples. Soluble dietary
fiber tended to increase in the extruded samples. Decreased TDF, decreased
insoluble dietary fiber, and increased soluble dietary fiber in extruded prod-
ucts could be the result of disruption of covalent or noncovalent bonds in the
carbohydrate and protein moieties, leading to smaller, more soluble molecu-
lar fragments.

It seems that differences in dietary fiber content depend on extrusion con-
ditions as well as on the processing material (Lue et al., 1991).

MATERIALS AND METHODS

The first set of the samples of extruded crisp bread was obtained from
industrial production at the industrial one-screw extruder in EXTRUDO
Company in Belice (South Bohemia). The second set of the samples was
obtained from experimental laboratory extrusion in Massy (France). Two-
screw extruder was used in this case.

The complex mixtures of raw materials for extrusion were sampled at the
time of feeding the extruder. An average processing time of material in ex-
truder was checked to get the product from the same material as was fed to
the extruder. The breads were ground at the laboratory mill until the size of
all particles was less than 0.5 mm.
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The No. 1 set of the samples: TDF, IDF, and SDF content was determined
in three types of crisp bread and the raw materials used for their production:
The Caraway Bread, The Graham Bread, and Setuza, Usti nad Labem The
Vegetable Bread.

The No. 2 set of the samples: TDF content was determined in crisp bread
from wheat flour T550 and crisp bread from wheat flour T550 with wheat
bran and in the raw materials used for their production.

A mixture for The Caraway Bread is based in main part on wheat meal
with some part of rice and rye flours. The Graham Bread is based mainly on
wheat meal with small addition of wheat and rye bran. The Vegetable Bread
contains mainly a rice flour with the addition of some dried powdered vege-
tables.

The samples extruded in Massy were the traditional extruded crisp breads
made either from wheat flour or from that with the addition of wheat meal.

Principle of AOAC method (985.29)

Determination of TDF. Food samples were ground, fat-extracted if they
contained > 5% fat, and then weighed duplicate 1g samples into 400 ml
beakers. Samples were gelatinised with Termamyl (heat-stable a-amylase,
No. A3306, Sigma Chemical Co.), then enzymatically digested with pro-
tease (No. P3910, Sigma Chemical Co.), and amyloglucosidase (No. A9913,
Sigma Chemical Co.), to remove protein and starch. Four volumes of EtOH
(95% vv) were added to precipitate soluble dietary fiber. Total residue was
filtered, washed with 78% ethanol, 95% ethanol, and acetone. After drying,
the residue was weighed. One duplicate was analysed for protein, and an-
other was incinerated at 525 °C and ash was determined. Total dietary fiber
is the weight of the residue less the weight of the protein and ash.

Determination of IDF. The method for determination of IDF is the same
as for TDF. The only modification is omitting of addition of EtOH. Samples,
after incubation with amyloglucosidase were filtered, washed with H,O,
95% ethanol, and acetone. After drying the residue was weighed. One dupli-
cate was analysed for protein, and another was incinerated at 525 °C and ash
is determined. Insoluble dietary fiber is the weight of the residue less the
weight of the protein and ash.

Determination of SDF. To the filtrate from the determination of IDF,
4 volumes of EtOH (95% v/v) were added to precipitate soluble dietary fi-
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ber. Total residue was filtered, washed with 78% ethanol, 95% ethanol, and
acetone. After drying, residue was weighed. One duplicate was analysed for
protein, and another was incinerated at 525 °C and ash is determined. Sol-
uble dietary fiber is the weight of the residue less the weight of the protein
and ash.

All other conditions as described in the AOAC Method were respected.

RESULTS AND DISCUSSION

Different types of extruded crisp bread were analysed as well as the com-
plex mixtures of raw materials used for extrusion. Two or in some cases
three parallel determinations were done with each of the samples (Table I).

I. No. 1 set of samples. The results of TDF, IDF and SDF determinations (% in d.m.)

TDF IDF SDF
Material
average average average
1. The Caraway Bread
- raw 6.6, 6.8 6,7 6.4, 6.6 6.5 0.5,0.7 0.6
- product 6.7,6.8 6.8 4.5,5.0 4.8 1.8, 1.3 1.6
2. The Vegetable Bread
2.6,2.7 0.4,1.2
—raw 3.7,3.9 3.8 28 1.9 2.6 13, 1.6 1.1
— product 3.5,3.6 3.6 1.9, 1.9 1.9 0.6, 0.7 0.7
3. The Graham Bread
10.1,9.4
= s 2 2.2
raw 9.8.9.7 9.8 7.5,8.0 7.8 2.0,2.3 2.2
— product 8.2,7.7 8.0 6.1,7.8 7.0 2.7,2.6 2.7

It can be seen from Table I that extrusion had no effect on the TDF content
in samples 1 and 2, but in samples 3, there is a decrease of TDF content in
extruded product from graham mixture. As sample 3 contained a greater part
of bran, and results have confirmed the part of conclusions of different
authors that found out the decrease of TDF in extrudates with bran.
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Compared with the IDF contents of the raw materials in samples 1, 2, 3
IDF decreased after extrusion in all three samples. The SDF content de-
creased slowly in sample 2, but increased in samples 1 and 3.

The decrease of IDF content in samples 1 and 2 was similar (approxi-
mately 25%) and was considerably higher than the decrease in sample 3. In
general, a conclusion that the content of IDF decreasing in the extruding
process has been confirmed, but the degree of decrease is considerably af-
fected by the components of extruded mixture.

The main difference between sample 3 and remaining two samples was in
the content of flours (in samples 1 and 2 more flours in total including a part
of rice flour) and bran (in sample 3 almost no flour, mostly wheat meal and
small part of bran). Surprisingly, thermal treatment and pressure caused de-
gradation of meal and bran fiber components was lower than the IDF degra-
dation in other materials with lower part of bran fiber.

The increase of SDF in samples 1 and 3 can be considered as a conse-
quence of partial degradation of IDF that could be turned to SDF. The com-
position of SDF in sample 2 probably considerably differed from that of the
other samples. Much greater part of pectins can be expected in vegetable
components in this sample and extrusion caused changes led probably to
their destruction.

The results of TDF determination in extrudate based on wheat flour or
wheat flour and bran are given in Table II.

II. No. 2 set of samples from ENSIA Massy. Average TDF content (% in d.m.).

TDF
Material
number of samples average
Wheat -—raw 2 2.3
— product 2 1.5
Wheat with bran — raw 8 24
- product 2 23

In the samples from two-screw extruder TDF was determined only. A
mixture of wheat flour with bran was used to testify a reproducibility of TDF
determination. In this case eight repeated measurements were carried out
(Table III). In the other cases two repeated measurements were done.
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IIL. Reproducibility of TDF determination (% in d.m.)

Number of measurements 1 2 3 4 5 6 7 8

Content of TDF 2.8 24 | 22 2.1 24 23 22 2.6

The results showed different effects than with one-screw extruder regard-
ing the changes in TDF content in comparison with raw mixtures. On the
other hand TDF content of wheat flour mixture decreased considerably (ap-
proximately to 2/3 of original content). '

The accuracy of the method of determination of TDF content was 0.3%
TDF of dry solid matter (P = 99%).

Conclusions

Significant changes in IDF, SDF, and in some cases in TDF content were
found out as a consequence of extruding process, but the changes consider-
ably differed due to the composition of mixtures. The results obtained with
one-screw or two-screw extruder differed too.

TDF content decreased significantly after extrusion only in crisp bread
Graham from one-screw extruder and in wheat-flour extrudate without bran
from two-screw extruder.

IDF content decreased in all cases after extrusion of crisp bread. A de-
crease was similar in Caraway and Vegetable crisp bread (approx. 25%) but
less significant in Graham (approx. 10%).

SDF content was decreased after the extrusion of Vegetable crisp bread
only, in the other samples it was increased after extrusion.
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Zmény v charakteristice vlakniny potravy po extruzi obilovin

Ve vzorcich extrudovaného kiehkého chleba a v surovinach pro jeho vyrobu byly
stanoveny obsahy celkové vlakniny potravy (TDF), nerozpustné vldkniny potravy
(IDF) a jeji rozpustné &asti (SDF). Ke stanoveni bylo pouZito pfistroje Fibertec E
(Tecator) a metody AOAC (985.29). V podstaté jde o enzymovou hydrolyzu $krobu
(termostabilni o-amylsou a amyloglukosidasou) a bilkovin (proteasou) a nasledné
gravimetrické stanoveni obsahu TDF. Po enzymové hydrolyze se ke vzorku pfida
Etyindsobny objem etanolu (95 % obj.) ke sraZeni rozpustnych sloZek vlakniny
potravy a vzorek se piefiltruje. Zbytek na filtranim kelimku se promyva a sui a sta-
novuje se v ném popel a zbytkové bilkoviny. Hodnota TDF se vypocte podle nasle-
dujiciho vzorce: TDF = hmotnost zbytku — (hmotnost bilkovin ve zbytku +
+ hmotnost popela).

IDF se stanovi modifikovanym postupem: analyzovany vzorek se po enzymové
hydrolyze odfiltruje a zbytek na filtraénim kelimku je vlastn& IDF, ktera jesté obsa-
huje popel a zbytek bilkovin. Vzorek se déle zpracovava podle AOAC metody pro
TDF. Pro stanoveni SDF se k filtratu, ktery obsahuje SDF, pfida etanol za u¢elem
srazeni rozpustnych sloZek. Vzorek se potom opét pfefitruje a dale se postupuje jako
u metody pro stanoveni TDF a IDF.

Vzorky pro stanoveni byly ziskany z jedno3nekového extruderu z béZné vyroby
firmy EXTRUDO, s.r.o. Be€ice (kiehky chléb kminovy, zeleninovy a Graham)
a z dvousnekového extruderu v laboratofi ENSIA v Massy (Francie). Vysledky uka-
zaly, Ze obsah TDF nebyl vyznamné zménén vlivem extruzniho procesu s vyjimkou
vzorku s vysokym obsahem p3eniénych otrub (chléb Graham) od firmy Extrudo
(tab. I) a vzorku z p3eni¢né mouky z ENSIA Massy (tab. II). Pfitom v3ak obsah TDF
ve vzorku s otrubami (ENSIA) se pfili§ nezménil.

Obsahy IDF se ve viech pfipadech pii extruzi snizovaly, u kiehkého chleba kmi-
nového a zeleninového cca o 25 % a u Grahamu cca o 10 %. Obsahy SDF se po
extruzi vyrazné zvysily u kminového chleba, méné u Grahamu. U zeleninového kieh-
kého chleba, ktery obsahuje urcity podil kofenové zeleniny, se obsahy SDF sniZily.
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Pro stanoveni TDF byla zji§fovéna pfesnost méfeni pti osmkrat opakovaném sta-
noveni. Pro zvolenou pravdépodobnost 99 % byla pfesnost méfeni + 0,3 % TDF. Pro
stanoveni SDF a IDF nebyla pfesnost dosud stanovena, lze v3ak pfedpokladat, Ze
zejména u stanoveni SDF bude chyba stanoveni v&tsi.

vldknina potravy; extruze; Fibretec E
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MIGRATION OF POLYETHYLENE TEREPHTHALATE OLIGOMERS
FROM PACKAGING INTO FOOD SIMULANT LIQUIDS*

Jaroslav DOBIAS, Michal VOLDRICH, Milan PROKS

Institute of Chemical Technology — Department of Food Preservation
and Meat Technology, Prague, Czech Republic

Abstract: Phthalic acid isomers migrating into water simulants were determined
after their isolation and silylation by gas chromatography. PET oligomers in
water food simulants were hydrolysed by alkali, the released isomers of phthalic
acid were quantified by the same procedure as above. To determine the PET
oligomers in olive oil the simulant containing PET oligomers was hydrolysed in
methanolic KOH solution, the liberated phthalic acid isomers were methylated
and analysed by gas chromatography. The migration of phthalic acid isomers of
analysed PET samples into water food simulants ranged from 0.9 to 4.7 ug/dmz.
The PET oligomers migration into water food simulants was in the range 0.10 to
0.81 mg/mz, in the case of olive oil it was from 1.15 to 3.46 mg/dmz.

packaging; plastics; polyethylene terephthalate; migration; oligomers

Polyethylene terephthalate (PET) is a polymer widely used in food pack-
aging. Considering its generally low content of low molecular weight com-
ponents, which are capable of migration into a package content, it is utilised
for production of bottles for packaging of mineral water, soft drinks, wine
and recently also spirits. Due to its excellent thermal stability up to 220 °C
PET is suitable for packaging of conventional and/or microwave cooked
foodstuffs in the form of thermoformed trays and dishes as well as films for
oven roasting bags.

The largest group of substances transferring from PET into food consists
of PET oligomers (Castle et al., 1989). These compounds are low molecu-
lar substances, from trimers up to nonamers. Shino (1979a, b) found that
cyclic trimer forms about 81% of it, the rest contains mainly cyclic tetramer
and pentamer, but traces of higher cyclic oligomers from hexamer up to

* Supported by the Grant Agency of the Czech Republic grant No. 509/93/1099 .
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nonamer were also proved in simulating liquids and/or foods after migration
tests. Besides those cyclic oligomers small amounts of linear oligomers from
dimers up to pentamers were found, but possibility of migration of higher
homologues is not excluded (Castle et al., 1989; Begley et al., 1990;
Begley, Hollifield, 1990). The amount of other migrants, i.e. acetal-
dehyde, ethylene glycol and terephthalic acid, etc., is much lower.

In our laboratory we systematically study the migration from food pack-
age materials (Kaladova etal, 1995; Voldfich etal., 1995). The aim of
presented work was to evaluate the PET oligomers migration from several
packaging materials used in the Czech Republic.

METHODS AND MATERIAL

Samples

The following packaging materials were tested:
i) Tairilin PET FCB4® (Nan Ya Plastic Corporation, Taiwan) PET virgin
resin in granules used for bottle blowing,
ii) Stretchblown bottles (2 1) for carbonated beverages made of Tairilin PET
FCB4® (TOMA s.r.0., Nehvizdy, Czech Republic),
iii) PET biaxial oriented film (thickness 420 pm) for tray production (Tech-
noplast a.s., Chropyné, Czech Republic).

Determination of Migration of Terephthalic and Isophthalic Acid
into Water Food Simulating Liquids

2 dm? of PET bottle wall or film cut to pieces 2 x 2 cm as well as 7.25 g of
PET granulate (weight equivalent of 2 dm? of PET bottle wall) were refluxed
in 100 ml of distilled water, 15% ethanol and 3% acetic acid for 60 minutes.
The same samples were stored in distilled water for 10 days at 40 °C. After
this treatment polymer materials were removed and the simulants were acidi-
fied to pH 2. The isomers of phthalic acid were extracted by diethyl ether
(3 x 30 ml). Mixed extracts were reduced in volume by evaporation in a
water bath under the Snyder column and then dried in a vacuum rotary
evaporator at laboratory temperature. The residue was dissolved in 100 pl
of dry pyridine and 100 pl of benzoic acid solution in pyridine (20 mg/ml)
were added as the internal standard. After addition of 200 pl of BSTFA
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(N,O-Bis(trimethylsilyl)-trifluoroacetamide) the phthalic isomers were sily-
lated for 20 minutes at laboratory temperature. Then 1 pl of reaction mixture
was injected into a gas chromatograph. Analysis conditions were as follows:

Chromatograph: capillary gas chromatograph HRGC 5300 (Fisions Instr., UK)
Detector: FID

Column: capillary column HP1 (Hewlett Packard, UK), length 50 m, internal
diameter 0.25 mm

Chromatographic software: CSW (DataApex s.r.0., Czech Republic)
Carrier gas: nitrogen, flow rate 0.6 ml/min
Temperatures: injector port 250 °C
detector 280 °C
column 200280 °C, 8 °C/min
Split ratio: 1 : 20.
Results were calculated using internal standard method.

Determination of PET Oligomers Migration into Water Simulants

Migration tests were carried out as described above. The simulant with
released PET oligomers was evaporated using a vacuum rotary evaporator to
volume 20 ml at 40 °C. Potassium hydroxide (5 g) was then added and sam-
ple was closed in flasks and stored at 95 °C for 48 hours with occasional
shaking. Then the solution was neutralised using 15 ml of 6M sulphuric acid,
500 pl of benzoic acid in 0.01M KOH (0.1 mg/ml) were added as the internal
standard and solution was extracted by 40 ml of diethyl ether. The organic
phase was dried over sodium sulphate and evaporated in a vacuum rotary
evaporator at laboratory temperature. The residue was dissolved in 100 pl of
dry pyridine and the following process was as mentioned above.

Determination of PET Oligomers Migration into Olive Oil

The method according to Castle et al. (1989) was used. The samples of
packaging materials (2 dm? or 7.25 g of granulate) were in contact with olive
oil (100 ml) under following conditions: 10 days at 40 °C, 60 minutes at
100 °C, 121 °C, 150 °C and 175 °C. After migration test the aliquot of olive
oil (6 g) along with 10 pl of benzoic acid in 0.01M aqueous potassium hy-
droxide (20 mg/ml) as an internal standard was hydrolysed with 0.2M potas-
sium hydroxide in methanol (10 ml) at 65 °C for 5 hours. Then boron
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trifluoride etherate was added (2 ml) and the solution was heated again at
65 °C for 5 hours. Then 40 ml of diethyl ether were added to the methylation
mixture, sample was twice extracted by water (2 x 50 ml) and once by aque-
ous solution of sodium sulphate (50 ml of a half-saturated solution). The
organic phase was then dried over sodium sulphate and the solvent was
evaporated under vacuum. The residue was dissolved in acetonitrile (50 ml)
and three times washed by hexane (3 x 50 ml). The acetonitrile phase was
evaporated under vacuum, the rest was dissolved in 1 ml of diethyl ether and
1 pl of this solution was injected into gas chromatograph. The analysis con-
ditions were as described for determination of migration of phthalic acid iso-
mers into water food simulating liquids, only the temperature programme of
the chromatograph oven was as follows: 150-250 °C, 8 °C/min.

RESULTS AND DISCUSSION

The results mentioned in this article are based on five parallel tests and
data given in all tables are in the form x + sd, where x is an arithmetical mean
and sd is a standard deviation.

The results of migration of terephthalic acid and isophthalic acid into
water food simulating liquids are summarised in Tables I and II. The migra-
tion levels for monomers of terephthalic acid were found in the range 0.9 to
4.7 pg per dm?, and for monomers of isophthalic acid from 0.2—0.7 pg/dm?.

I. Migration of terephthalic acid and isophthalic acid into water food simulating liquids
[ng.dm=2] after 60 minutes at 100 °C

Sample Simulant Isophthalic acid Terephthalic acid
distilled water 0.4+02 0.9+0.3
PET granulate 15% ethanol 0.5+0.3 3.6+1.1
3% acetic acid 0.5+0.2 21+15
distilled water 0.4+0.1 20+14
PET bottle 15% ethanol 0.7+0.2 4.7+2.1
3% acetic acid 0.4+0.1 1.8+ 0.9
distilled water 03+0.2 1.1+0.8
PET film 15% ethanol 0.3+0.2 21+05
3% acetic acid 0.2+0.1 1.4+0.8
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II. Migration of terephthalic acid and isophthalic acid into distilled water [ng.dm™2] after
10 days at 40 °C

Sample Isophthalic acid Terephthalic acid
PET granulate 0.4+0.1 0.7+0.3
PET bottle 04 +£0.2 0.9+0.3
PET film 0.2 +£0.1 09+03

These values are slightly higher than generally published data, when migra-
tion of terephthalic acid into food simulants was found at level < 2 pg/dm?
for water, acetic acid and 15% ethanol, and about 3 pg/dm? for 50% ethanol
and about 5 pg/dm? for olive oil (Tice, McGuinness, 1987; Steiner,
1990).

The levels of migration of PET oligomers into food simulants are given in
Tables IIT and IV. It is obvious that under different test conditions the migra-
tion levels for distilled water changed from 0.20 to 0.41 mg/dm?, for 15%
ethanol from 0.62 to 0.81 mg/dm? and for 3% acetic acid in the range 0.44 to
0.72 mg/dm?. As expected the migration into olive oil was much greater, i.e.
from 1.15 to 1.98 mg/dm?. Higher temperature caused an increase of PET
oligomers transfer into olive oil so that after 1 hour at 175 °C migration le-
vels up to 3.5 mg/dm? were found (Table V). Considering the obtained re-
sults they are in good agreement with published data on migration of PET
oligomers into food simulants (Castle etal., 1989; Begley etal., 1990).

The method of determination of PET oligomers on the basis of their con-
version in food simulant to the monomer terephthalic acid was found to be
very useful for study of migration processes in PET packaging materials. It

III. Migration of PET oligomers into food simulating liquids [mg.dm=2] after 60 min at 100 °C

Simulant PET granulate PET bottles PET film
Distilled water 0.31 £0.10 0.41 £0.22 0.20 +0.15
15% ethanol 0.79 £0.21 0.81 £0.60 0.62 +0.22
3% acetic acid 0.44+0.18 0.72 £0.40 0.71 £ 0.29
Olive oil 1.82 +0.93 1.98 +£0.89 1.15 £ 1.05
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IV. Migration of PET oligomers into distilled water and olive oil [mg.dm™2] after 10 days 40 °C

Simulant PET granulate PET bottles PET film
Distilled water 0.10 £ 0.62 0.32+£0.73 0.15 £0.31
Olive oil 1.94 + 0.88 1.79 £ 0.48 1.83 £ 0.84

provides results precise enough for practical purposes and it is much simpler
than chromatographic methods for individual oligomers monitoring.
Obtained results for PET oligomers migration are very close to the overall
migration level that is characteristic of polyethylene terephthalate (Kala-
¢ova etal, 1995; Tice, McGuinness, 1987). It is confirmation of the
fact that PET oligomers form the majority of substances migrating from the
polymer into food during storage and/or handling of food products.

V. Migration of PET oligomers into olive oil [mg.dm~2] after 60 minutes at different tempe-

ratures

: Temperature [°C] PET granulate PET bottles PET film
100 1.82 +0.93 1.98 £ 0.89 1.15 £ 1.05
121 1.95+0.78 2.11+1.14 1.35 +0.85
150 253+1.13 3.02+1.32 1.77 £ 097
175 3.32+1.55 3.46 +1.81 2.11 +1.76

The obtained results confirmed the good thermal stability of PET packag-
ing materials.
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Migrace oligomeru pi)lyetylenteraftalétu z obalu
do modelovych roztoka potravin

Cilem prace bylo sledovani specifické migrace izomeril kyseliny ftalové a oligo-
mert polyethylentereftalatu (PET) u obalil na bazi PET, tj. lahvi, granulatu pouZitého
pro jejich vyrobu a biaxialn& orientované folie urené pro vyrobu tepelné tvarova-
nych misek, do potravin za pouZiti modelovych roztok a jejich vzajemné porovnani.
Migrace byla stanovovana do destilované vody, 15% etanolu a 3% kyseliny octové
jako vodnych simulantii a do olivového oleje jako simulantu tuénych potravin za
podminek doporu¢ovanych smémicemi Evropské unie.

Izomery kyseliny ftalové uvolnéné do vodnych simulantii byly stanoveny po izo-
laci a pfevedeni na silylestery plynovou chromatografii. Oligomery PET po migraci
do vodnych modelovych roztoki byly hydrolyzovény v alkalickém prostfedi a uvol-
néné izomery kyseliny ftalové byly analyzovany postupem uvedenym vyse. Oligo-
mery PET v olivovém oleji byly hydrolyzovany v alkalickém prostiedi za
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pfitomnosti metanolu, uvolnéné izomery kyseliny ftalové byly pfevedeny na metyl-
estery, izolovany a stanoveny plynovou chromatografii.

Nalezené hodnoty migrace izomeri kyseliny ftalové do vodnych simulanti se po-
hybovaly v rozmezi 0,9—4,7 pg/dm?, u oligomer PET byla zjisténa migrace do vod-
nych simulantii v rozmezi 0,10-0,81 mg/dm2 a do olivového oleje v rozmezi
1,15-3,46 mg/dm*

obaly; plasty; polyetylentereftalat; migrace; oligomery
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FILTRATION OF FINE PARTICLES FROM DENSE SUGAR
SOLUTIONS*

Zdenék BUBNIK, Pavel KADLEC

Institute of Chemical Technology — Department of Carbohydrate Chemistry
and Technology, Prague, Czech Republic

Abstract: The work deals with filtration of fine particles from dense sugar solu-
tions which are further used for crystallization of white sugar. Use of continuous
thickening filters with the continuous creation of filter cake from fine particles
of calcium carbonate belongs to new design of this filtration operation. The re-
sults of application in industrial operations are complemented with laboratory
investigations the properties of filtration cake and the ability of precipitated par-
ticles to create the filter cake.

filtration of sugar solutions; sugar technology; fine particles; thickening filters

Filtration of Dense Sugar Solutions in Sugar Manufacture

Filtration of dense sugar solutions before crystallization is a significant
operation of sugar technology. The perfect separation of insoluble particles
is a condition for the high quality of the final product and requires efficient
filtration devices including subsidiary filtration materials.

Different types of filters are currently being used for industrial filtration
of concentrated sugar solutions. Especially the following ones belong to
them: automated filter presses (Muchin, 1986; Twaite et al., 1983), disc
flooding filters, candle filters (Junker, 1984), low pressure strainers and
some others (Schult, Schoppe, 1981; Bubnik et al., 1989). Kiesel-
guhr is commonly used as a filtration aid, often combined with adsorption
decolorizing material, e.g. activated carbon. Great demands are imposed on
effectivenes even on the operation of the filtration station due to the high
concentration of filtered solutions (60—75% dry substance), their high vis-
cosity and view to fine colloids difficult to separate. Similar high require-
ments on filtration of dense sugar solutions are posed in processes with

* Supported by the Grant Agency of the Czech Republic grant No. 510/93/0956.
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decolorization by ion exchange. If technical sugar solutions are used for
modern industrial chromatographic separation (e.g. system Simulated
Moving Bed), next filtration degree must follow which is realized mostly by
means of ceramic membranes.

Design of a New Filtration Procedure

One of the new ways presented in this work is utilization of continuous
thickening filters commonly used in sugar production and other technolo-
gies. These devices are used especially as the first degree of continuous fil-
tration of sugar juices after carbonatation, i.e. juices containing less than
20% dry substance. 4—5% of these juices are represented by suspension of
calcium carbonate and precipitated and adsorbed impurities. The tested con-
tinuous filters KZF-50 were manufactured by ZVU Hradec Kréalové, a.s.
(Czech Republic) and they are illustrated in Fig. 1. They are usual products
with the filtration area 50 m?, their construction and function is well known
from the literature.

1 - juice input
2 - filtrate output

3 - mixed filter cake output
4 - reverse washing

¢[D [l
o \(
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T 363— =
t 1. Filter KZF 50

34



carbonatation

thick juice ~ water
sludge

b > 5

] kieselguhr

filtrate e

- 4

il
b
LB

2

|
a7 J
N-"J

|

l | i {6 J
sluge ' - 1
recirculation t | - k < H i :
y 2 E l ) 1 ! mixed
i 3 i R 'l.. 1 w; : ﬁlte: cake
e { e
6 , SO0 TS
ST T TN TS ) R kB >

F1, F2 and F3 — filters KZF 50; 2 — carbonatation sludge recirculation; 3 — suspension reservoir; 4 — homogenization tank; 5 — mixing tank;
6 — filtrate collector

g 2. Filtration station

1—€€ (1) 9661 ‘#I ‘APA “Aenod



Potrav. V&dy, 14, 1996 (1) : 33-41

Another modified technological operation carried out in this work is re-
placement of still utilized kieselguhr. Continuous creation of filter cake from
fine particles of calcium carbonate belongs to the new design of this filtra-
tion operation. The calcium carbonate results from controlled precipitation
of lime milk with carbon dioxide directly in the sugar solution.

All the arrangement of the testing filtration station is shown in Fig. 2.
The basic part of the station are three pieces of thickening filters KZF-50 (F,
- to F3). Filtered juice comes at first into the mixing tank (No. 5) where sus-
pension of calcium carbonate is fed from purification. It is previously con-
centrated in the homogenization tank (No. 1). Activated carbon is also added
into the mixing tank and if needed even the suspension of kieselguhr pre-
pared in tank No. 4. Filtrate is collected in the collector (No. 6). The reverse
washing of the filters is done from the collector.

Laboratory Experiments — Properties Study of Filtered Solutions
and of Utilized Carbonatation Sludge

Laboratory measurements preceded the full-scale experiments. In the ex-
periments filtration properties of prepared suspensions and used carbonata-
tion mud were studied. The following are considered: filtration rate, ability
of used carbonate precipitate to form the filtration cake of necessary proper-
ties and the cake sedimentation rate needed for successful operation of the
thickening filters. As far as the new procedure is concerned, all the labora-

I. Properties of the filtration cake

Kieselguhr CELIT Carbonatation cake K ratio
Weight
m, [g] cake volume | coefficient | cake volume | coefficient KK
V, [ml] K_[ml/g] V; [ml] K, [ml/g] Tk
0.50 1.6 3.2 0.6 1.2 2.7
1.00 3.2 3.2 1.3 1.3 2.5
1.50 4.6 3.1 2.0 1.3 23
2.00 6.3 3.2 22 1.1 29
2.50 7.6 3.0 2.8 1.1 2.7
3.00 9.2 3.1 3.2 1.1 2.9
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tory experiments were carried out in parallel with application of the car-
bonatation sludge as well as with the standard kieselguhr application, aimed
at comparing them. The conditions modelling the sugar factory operation
were selected for measurements.

Ability of Formation of Filtration Cake

The ability of sludge to form the filtration cake is of crucial importance for
its final properties (especially porosity) in the application in the process of
filtration. We may define this ability represented by the coefficient K [ml/g]
as volume of the cake ¥}, [ml] formed by the unit weight (m, = 1 g) of the
filtration material:

K=Vilmg (1]

The sludge from the 2nd carbonatation was used for measurements, which
is an almost pure precipitate of calcium carbonate. The experiments run at
the temperature 80 °C with the sample of thick juice of the dry substance
content 56.7%. Their results are summarized in Table I and Fig. 3.

67 cake volume ¥ [ml]

3. Ability to form
the filter cake

(S
1

carbonatation cake

-

0 1 2 ' g 4
Weight of filtration material m[g]

Sedimentation Ability of the Filtration Cake

Sedimentation ability of the filtration cake and/or its parts is important for
control of the filtration cycles of the thickening filter. This ability was meas-
ured by means of the determination of sedimentation rate of the different
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I. Sedimentation rates of filtration cake (cake sedimentation)

Cake weight [g] 0.5 1.0 1.5 20 2.5
Kieselguhr [m/s] 0.075 0.072 0.078 0.073 0.083
Carbonatation sludge [m/s] 0.081 0.083 0.081 0.074 0.089

parts of the filtration cake weighing from 0.5 to 2.5 g in the sample of the
thick juice of dry substance 56.7% and temperature 80 °C. The results are
summarized in Table II.

Filtration Properties of Thick Juice Suspension

Filtration properties of juices and suspensions in sugar analyses are ex-
pressed by means of so called Filtration coefficient Fk which is defined by
the relation:

Fk=0.5 (t1- 2) ' 2]

where #) and 1, are times needed for getting a certain volume of filtrate

Fk is measured by a standard method using the filtration apparatus with
the following parameters: filtration area 2 cm?, underpressure 400 mm Hg
and temperature 65 °C. Juice is stirred with magnetic mixer and the time of fil-
tration of the juice volume is between 0—2 ml (time ;) and between 4—6 ml
(time ¢,). The upper limiting weighed amount 5 g of filtered medium was
chosen for the experiments. Four different thick juice samples of the same
dry substance content were used for measurement. The results are listed in
Table III.

II1. Filtration rate

‘ Kieselguhr CELIT Carbonatation cake Ratio Fk
utee 1 1, Fk, f t Fk, Fk/Fk,
1 18.0 30.2 6.1 39.4 71.8 16.2 2.7
2 22.8 35.4 6.3 55.0 90.5 17.8 2.8
3 22.2 35.8 6.8 47.2 83.1 18.0 2.6
4 25.5 41.3 6.9 57.3 105.2 23.9 3.0
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Full scale Experiments — Evaluation of Operation
of the Testing Filtration Station

All weight and concentration data allowing the complete weight balance
were continuously observed during evaluation of the filtration station
(Fig. 2). Values characterizing quality of filtered solutions and their filtra-
tion properties were further observed. Parameters of the filtration station as
to its energy consumption, control, regulation and personnel requirements
were also investigated.

Filtered juice temperature ranged between 76 and 80 °C, temperature
decrease in the filtration station was about 10—-15 °C, juice dry substance
varied between 56 and 64%. Carbonatation cake addition was chosen in the
amount so the final insoluble dry substance content in juice ranged from 2 to
5%. Because of the high color of the juices activated carbon has been added.

The station performance has been maintained in the continuous run al-
ways for several days when the station output varied between 10 and 15 m*/h
at the filtration pressure up to 45 kPa. When the pressure exceeded this value
the output dropped sharply (even to 3 m*/h) and the filter has been put out of
operation and regenerated.

DISCUSSION AND RESULTS

The laboratory tests confirmed the possibility to utilize the filtration prop-
erties of carbonatation cake from the 2nd carbonatation for filtration of thick
juice. Compared to the so far used kieselguhr the carbonatation cake shows
the same sedimentation rate (Table II). It is important for utilization of thick-
ening filters. Cake volume formed by the same weight of kieselguhr and car-
bonatation sludge was in the case of kieselguhr 3 times higher (Table I),
which was expressed in the results of filtration tests. Filtration rate repre-
sented by the filtration coefficient Fk (Table III) was in the observed juice
samples 2.6-3.0 times lower with the carbonatation cake compared to kiesel-
guhr. In view of the sufficient capacity of used filters, this filtration rate de-
crease is not a limiting factor.

The results of full-scale experiments in the sugar factory proved in the
tests of continuous thickening filters with carbonatation cake from the 2nd
carbonatation, a possibility to apply this procedure. The main requirement,
removing of fine dispersed particles before crystallization was fulfilled. The
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obtained filtrate was clear. Compared to using kieselguhr the filtration cycle
got shorter as it was expected. To keep the filtration rate it was necessary to
increase more the filtration pressure even to 100 kPa. From the initial aver-
age filtration output 15 m3/h this value got as low as 3—5 m*/h when it was
necessary to regenerate the filter. Due to the juice delay in the device for
2-7 h it is necessary to maintain its good thermostability. Otherwise in-
creased content of colorants appears. When using the carbonatation cake it is
also required to evaluate regularly its filtration properties and to keep the
standard way of precipitation in the purification.

The application of described filtration procedure will depend in individual
cases on the equipment and capacity of the concerned filtration station and
further on the economic profit from replacement of kieselguhr with waste
lime cake.
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Filtrace jemnych ¢astic z hustych cukernych roztoku

Préce se zabyva filtraci jemnych &astic z hustych cukemych roztoki, které se déle
pouzivaji ke krystalizaci bilého cukru. Dokonal4 separace nerozpustnych &astic je
podminkou pro dosaZeni vysoké kvality produktu a vyZaduje naro¢na a u¢inna fil-
tra¢ni zafizeni véetné pomocnych filtraénich materiali: Jednim z novych fe3eni, pre-
zentovaném v této praci, je vyuZziti kontinualnich zahustovacich filtri b&Zné
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pouZivanych pfi vyrob& cukru i v jinych technologiich. K novému fe$eni této filtraéni
operace patii 1 kontinuélni vytvafeni filtratniho kola¢e z jemnych &astic uhli¢itanu
vapenatého, tvofeného fizenym sraZenim hydroxidu vapenatého oxidem uhli¢itym
piimo v cukerném roztoku. Je popsén navrh a moZnosti aplikace uvedeného filtra¢-
niho procesu v provoznich podminkéach. Vysledky jsou doplnény laboratornimi vy-
zkumy vlastnosti filtraéniho kolage a schopnosti sraZenych &astic uhli¢itanu tvofit
filtradni kola¢ potfebnych vlastnosti.

filtrace cukernych roztoki; cukerné technologie; jemné &astice; zahustovaci filtry
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EFFECT OF SOAKING AND COOKING ON THE MECHANICAL
PROPERTIES AND SENSORY TEXTURE OF LENTILS*

Jana DOSTALOVA, Lenka KALINOVA, Marian CIGANIK', Milan HOUSKA',
Jan POKORNY

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Prague; !Institute of Food Research Prague, Prague, Czech Republic

Abstract: The effects of the soaking time (1 h, 2 h, 3 h) and the cooking time
(15 min, 30 min, 45 min) on the weight increase, mechanical properties and sen-
sory texture of Canadian green lentils were determined. Both the soaking and the
cooking contributed to the weight increase, but the concentration of salt during
cooking (0%, 1%, 2%) had no importance. The colour, the odour and the flavour
were not affected by soaking and cooking conditions. Mechanical properties (In-
stron measurements) depended on the weight increase, but the regressions were
strictly nonlinear. The results obtained at the compression of 20% were linearly
related to the sensory hardness, while those corresponding to the 40% compres-
sion were linearly related to the disintegration during chewing. In both case, in-
dividual seeds differed in their hardness so that the Instron measurements had to
be repeated 19 up to 33 times in order to improve the reproducibility.

lentils; soaking; cooking; hardness; texture

The texture of legumes is usually rather hard so that proper soaking and
sufficient cooking time are necessary (B hatty, 1988). In the literature, the
addition of salt at the end of boiling is recommended to improve the texture
of cooked legumes. In the case of lentils, the seed coat contains outer pali-
sade and inner parenchyma layers like other legumes, but the subepidermal
layer is formed by hourglass cells, particularly surrounding the hilum, and
the entire seed coat of lentils is thinner than seed coats of most other legumes
(Hughes, Swanson, 1986). The surface of seed coat is uneven with
conical papillae. The unique structural characteristics may contribute to the
decreased hardness of lentils.

* The project within the frame of the programme CIPA-CT92-4020, and partially supported by
the Grant Agency of the Czech Republic, No. 101/93/0625.
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The soaking reduces the cooking time in the case of both beans and lentils.
The soaking in sodium bicarbonate solution reduced the necessary cooking
time for lentils, but increased it for faba beans (Singh et al., 1988). Dehull-
ing reduced the cooking time of lentils to a greater extent than soaking. The
soaking in water, and to a greater extent, in 4% salt solution — for the study
of texture, lentils were soaked in deionized water (Bhatty “et al., 1983) -
increased the hydration coefficient, seed weight, protein solubility, in vitro
digestibility, and reduced the cooking time as well (Abou-Samaha etal.,
1985). Lentil starch has high water binding activity because of high relative
content of amylose (Schoch, Maywald, 1968).

The cooking quality was influenced by high levels of mineral nutrients,
especially sodium and potassium ions in the seed (Wassimi etal., 1978).
Phytic acid seems to have great effect on the cooking quality of lentils
(Bhatty, 1989) by binding polyvalent metal ions, however, the phytic acid
phosphorus was not correlated with cookability (E1-Said, E1-Shir-
beeny, 1981). Perhaps, the available phosphate, produced by hydrolysis of
phytic acid, might improve the cooking quality of lentils (Bhatty,
Slinkard, 1989). Calcium and magnesium ions released from phytates are
bound to pectins in the cell wall, and the resulting bond can bind cells to-
gether, increasing thus the hardness (Vindiola etal., 1986). These factors
should be further studied.

We were interested in the effect of soaking and cooking time of lentils on
mechanical properties of cooked product, and on the effect of mechanical
hardness on the sensory texture of cooked lentils. Shorter soaking time re-
sulted in lower content of imbibed water, and thus, longer cooking time was
necessary to achieve proper texture (Antunes, Sgarbieri, 1979).

MATERIAL AND METHODS

Lentils were a commercial product with large green grains (First quality),
packed by Senguar® Co. in December 1994. The composition (g/kg dry
weight): protein 235, carbohydrates 580, fat 22, ash 25, dietary fibre 39.

Determination of mechanical properties

The apparatus INSTRON 1140 was used, equipped with the HP-85B unit.
The geometry of grain compression between two parallel disks (diameter
48 mm) was used. The rate of movement of the upper disk was 50 mm/min,
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while the lower disk was not moving. The upper (mobile) disk was con-
nected to the force measuring device. The initial distance between the two
disks was 8 mm. The force necessary for compression by 20% and 40% of
the initial height of sample, respectively, was measured. The height of non-
compressed sample was measured at the same time (indicated by an increase
of force from 0 to 1% scale), using the intervals of 50 N, 100 N, and excep-
tionally, 200 N, respectively.

Sensory evaluation

Sensory characteristics were determined under conditions specified by the
international standard (ISO, 1985) in standard test booths (ISO, 1988). The
panel of sensory assessors consisted of persons trained according to the in-
ternational standard (ISO, 1987) with the experience of at least 6 months in
texture evaluation; their immediate fitness to assess was tested every day.
They were instructed on the type of method used, and they were trained with
use of the particular procedure in at least 5 sessions. Unstructured graphical
scales (100 mm long) were used (ISO, 1978), whose orientation was defined
by verbal description at the two ends of the scale. The following charac-
teristics were evaluated: colour acceptance (0% = excellent, 100% = rather
bad), odour acceptance, and flavour acceptance (the same hedonic descrip-
tions). The texture was evaluated using intensity scales: hardness (0% = very
soft, 100% = very hard) and disintegration of the sample during chewing
(0% = easily, 100% = only with difficulty).

Sociological study

The acceptability of legumes was tested among college students, using
preprinted questionnaires. Respondents had to rank peas, beans and lentils
according to the acceptability. From the total of 415 respondents, 20 did not
consume legumes and 19 gave erroneous responses (Ms M. Novosadova
collaborated in the survey).

The statistical softwares Excell and STATISTICA were used. The prob-
ability level was P = 0.95. Linear correlation coefficients are expressed as r.

Procedure

Samples of lentils (100 g) were soaked in 300 ml water for 1 h, 2 h, or3 h,
respectively. The soaked samples were cooked in water containing 0 g, 10 g
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or 20 g sodium chloride per kg of dry lentils, respectively, for 15 min, 30 min
or 45 min. The weight increases were determined both after soaking and af-
ter cooking.

RESULTS

Results on the acceptability of legumes are shown in Table I (the number
of responses: N = 376). Cooking experiments were performed in the dupli-
cate under identical conditions. The determination of INSTRON hardness,
measuring the minimum of 19 separate seeds, and the sensory assessment
was based on 12—18 responses. The results on weight changes, INSTRON

1. Preference of legumes among students

Ranking Peas Beans Lentils
1 68 116 192
2 132 133 111
3 176 127 73
Sum 860 763 633

and sensory analyses are summarized in Tables II and III, respectively. The
respective standard deviations are given in Table IV and Table V for instru-
mental and sensory measurements, respectively (average values are given in
the tables, i.e. dependence of standard deviations on the soaking time is the
mean for all cooking times, and dependence of standard deviations on the
cooking time is the mean for all soaking times investigated). They are nearly
the same in all cases.

DISCUSSION

The consumption of legumes is very low in the Czech Republic, which is
not desirable from the standpoint of protein consumption and diversification
of the diet. Therefore, the acceptability of legumes was studied in the popu-
lation of students who belong to the most progressive groups of consumers.
Lentils were found the most perspective legume (Table I). Therefore, their
changes during cooking were studied.
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I1. Effect of soaking and cooking conditions on the weight increase and mechanical properties

of lentils
Salt content | Soaking | Cooking Weight Compression by Height h
[%] time [h] | time [min] | increase [%] 20%(N) | 40% (N) [mm]

15 84 12.1 43.0 3.0

1 30 112 11.8 36.7 3.1

45 125 77 12.5 3.4

5 15 111 8.1 17.0 3.4
2 30 134 5.6 12.0 3.5

45 144 4.0 6.9 3.7

15 116 6.4 13.1 36

3 30 140 5.3 8.2 3.6

45 156 4.0 6.4 3.6

15 82 11.2 35.4 3.1

! 30 122 9.1 24.5 3.0

45 160 9.0 13.6 33

i 15 97 9.0 19.6 33
2 30 140 10.0 19.3 33

45 159 53 8.3 3.5

15 118 5.4 10.9 3.5

3 30 146 3.2 6.9 3.6

45 167 2.8 5.7 3.5

15 84 10.3 31.6 32

1 30 124 8.0 19.0 3.2

45 160 59 8.4 3.4

5 15 102 10.0 19.9 3.2
2 30 142 44 10.3 3.5

45 152 4.4 10.3 35

15 113 7.5 18.2 33

3 30 144 39 7.6 3.6

45 169 2.9 5.3 37
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III. Effect of soaking and cooking on sensory characteristics of lentils

Salt con- | Soaking C(:;:nking Aceeptanility. (%] Hardness | Chewing

tent [%] | time [h] [min] colour odour | flavour (%] (%]
15 41 40 45 63 64
1 30 46 36 42 53 46
45 39 41 42 30 26
5 15 35 34 36 45 41
2 30 35 30 28 37 30
45 36 31 40 37 29
15 38 33 36 49 47

3 30 35 34 35 35 30 .
45 34 28 31 26 20
15 42 29 55 71 71
1 30 29 23 39 50 46
45 32 27 31 24 18
y 15 31 31 49 66 61
2 30 33 23 35 28 27
45 22 26 26 37 17
15 32 25 39 54 47
3 30 32 23 23 34 24
45 31 22 32 20 12
15 41 30 43 65 64
1 30 35 31 33 53 49
45 33 26 30 30 25
g 15 32 29 42 64 63
2 30 30 25 28 36 30
45 28 26 29 33 28
15 30 31 35 48 44
3 ' 30 31 26 27 35 31
45 30 23 23 17 13

The soaking and cooking times of green Canadian legumes were relatively
short, compared with older brown varieties produced in this country. Lentils
increased in weight by 84—-169% during the relatively short soaking and
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IV. Coefficient of variation in the determination of mechanical properties of cooked lentils

Conditions Compression 20% Compression 40% Height [h]
Soaking
1 hour 50 74 11
2 hours 55 81 9
3 hours 63 72 10
Cooking
15 min 40 72 8
30 min 54 82 11
45 min 80 72 10
V. Standard deviations of means of sensory assesments
Conditions Colour Odour Flavour Hardness Chewing
Soaking
1 hour 3 3 3 3 3
2 hours 3 3 3 3 4
3 hours 3 3 3 3 3
Cooking
15 min 3 3 4 3 4
30 min 3 3 3 3 4
45 min 3 3 3 3 3

VI. Correlation coefficients between the mechanical and sensory characteristics

Linear
Dependent variable (y) Independent variable (x) correlation
coefTicient (r)
Sensory hardness force at 20% compression 0.717
Resistance on chewing (logarithm) | force at 20% compression (logarithm) 0.727
Sensory hardness force at 40% compression (logarithm) 0.800
Resistance on chewing force at 40% compression (logarithm) 0.805
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F20 = the force needed for the compression by 20% (N) ; W = the weight increase (%)

1. Relation between the weight increase and the force needed for the 20% compression

cooking (Table II), which is in agreement with the data reported for lentils
(135%) in the literature (Pequignot etal., 1975). As expected, the condi-
tions of soaking and cooking had no effect on the colour; the odour and on
the flavour of cooked lentils (Table III). Surprisingly, the concentration of
salt during the cooking was found unimportant (at least in the range of 1-
2%), contrary to peoples experience. Modern readily cooking varieties are
not probably influenced by lower concentrations of sodium chloride during
cooking. Higher salt concentrations would perhaps have more effect
(Abou-Samaha etal., 1985), but they would not be desirable because of
their unfavourable effect on blood pressure.
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F40 = force needed for the 40% compression [N]; F20 = force needed for the 20% compression [N]

2. Relation between the force needed for the 20% and for the 40% compression
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DC = the disintegration during chewing (% of the graphical scale); SH = the sensory hardness
(% of the graphical scale)

3. Relation between the sensory hardness and the resistance towards disintegration of chewing

High variability was found in the Instron measurements of hardness
(Table IV) if single seeds were measured. Therefore, the analysis had to
be repeated 19 up to 33 times. The reproducibility of sensory assessment
was better (Table V) as the morsel contained many individual lentil seeds.
Nevertheless, the analysis was based on 16—18 responses in order to elimi-
nate the individual variability in response.
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SH = the sensory hardness (% of the graphical scale); F40 = the force needed for the 40%
compression [N]

4. Relation between the sensory hardness and the force needed for the 40% compression
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The mechanical measurements (Table II) indicate the resistance at the
compression levels of 20% and 40%, respectively. Forces necessary to ob-
tain the compression are relatively high, as 4.0 kg/g is considered as the limit
between readily cooked and poor cooked lentils, when the shear force after
Kramerwasused (Bhatty, Sinkard, 1989; Bhatty etal., 1983, 1984).
The conditions of determination were of course not identical. We were inter-
ested in differences measured at values corresponding to real forces occur-
ring in the mouth cavity during consumption of cooked lentils.

Both the soaking time and the cooking time were important. The cooking
time was linearly correlated with weight increase (» = 0.863), with de-
creased sensory hardness (» = —0.856) and the disintegration at chewing
(r = —0.852). The linear correlations were found between the weight in-
crease and mechanical properties (as determined with use of Instron), as they
were r =—0.759 and r = —0.831 for the 20% and 40% compressions, respec-
tively. The relation between the weight increase and the mechanical hard-
ness is shown for the force at the 40% compression (Fig. 1). The regression
slightly deviated from the linearity. Values obtained at the 40% compression
were in no simple relation with those obtained at the 20% compression
(Fig. 2), even when the correlation coefficient was very high (» = 0.912).

Values from the two methods of sensory texture assessment were closer to
linearity (» = 0.992), as shown in Fig. 3. Values obtained by the estimation
of hardness were in linear regression to values obtained by chewing the sam-
ple (Table VI). The sensory hardness was in approximately linear regression
with the mechanical hardness measured at the 20% compression, while the
easiness of disintegration at chewing was in a linear correlation with the va-
lues obtained at the 40% compression. The regression between the force
needed for the 40% compression and the sensory hardness showed devia-
tions from the linearity (Fig. 4). The results show the possibility to express
the sensory texture on the basis of mechanical measurement, using the In-
stron apparatus.
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Vliv maceni a vaieni na mechanické vlastnosti a senzorickou texturu folky

Kanadska zelena ¢ocka byla zkouména z hlediska zm&n b&hem naméageni a vafeni.
Byly zvoleny doby méceni 1, 2 a 3 hodiny a vafeni 15, 30 a 45 min. Pfi vafeni byl
stanovovan také vliv koncentrace chloridu sodného (0, 1 a 2 %).

Byl zjidtovan pfiriistek hmotnosti, ktera zavisela na dob& maceni i na dobé& vafeni,
ale nezavisela na obsahu soli ve vodé pfi vafeni. Podle ofekavani nemély podminky
maceni a vafeni vliv na barvu a viini uvafené ¢ocky, ale prekvapivé se neprojevily
ani na chuti, u niZ nebyl pritkazny ani vliv obsahu soli. Pfi stanoveni mechanické
pevnosti na pfistroji Instron byla stanovena sila potfebna ke stladeni jediného zma
020 a 40 %. Vzhledem k velké variabilité¢ pevnosti jednotlivych zm bylo nutné
analyzu opakovat aZ 33krat, aby se ziskaly pouZitelné vysledky.

Aby se eliminoval vliv individudlni variability hodnotitell, byla senzorick4 ana-
lyza opakovana 12-18krat. Mechanicka pevnost, vyjadiena jako sila potiebna pro
stlateni 0 20 %, nebyla v jednoduchém vztahu se silou potfebnou pro stlageni o 40 %.
Obé tyto sily znaéné zavisely na podminkach maceni a vafeni, ale zavislost na zméng
hmotnosti nebyla zcela lineamni a byla zatiZena zna¢nou variabilitou. Senzoricka tex-
tura byla hodnocena s pouZiti nestrukturovanych grafickych stupnic. Byla hodnoce-
na jednak tvrdost, jednak rozpadavost sousta pfi Zvykani. U prvni hodnoty byly
pozorovany odchylky od linearity pfi stanoveni zavislosti na pfiriistku hmotnosti,
kdeZto u rozpadavosti pfi Zvykani byla zavislost skoro GpIné linedrni. Tvrdost stano-
vena senzoricky byla v linedmim vztahu k sile potfebné pro stladeni o 20 %, nikoli
v3ak pfi stlaceni 0 40 %. Rozpadavost pfi Zvykani byla naopak v linedrim vztahu se
silou potfebnou pro stlateni o 40 %, nikoli v3ak se silou potfebnou pro stlafeni
0 20 %. Pres zna¢nou variabilitu se ukézalo, Ze existuji prikkazné vztahy mezi me-
chanickymi vlastnostmi zjisténymi na pfistroji Instron a texturou zjit€nou senzoric-
kou analyzou.

¢ocka; maceni; vafeni; tvrdost; textura

Contact address:
Ing. Jana Dostalova, CSc., Vysoka $kola chemickotechnologicka,

Ustav chemie a analyzy potravin, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 3264, fax: 02/311 99 90, e-mail: fpbt-office@vscht.cz
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DETERMINATION OF 1,4-DIHYDROPYRIDINE ANTIOXIDANTS
IN EDIBLE OILS*

Zuzana REBLOVA, Ludmila TROJAKOVA, Jan POKORNY

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Prague, Czech Republic

Abstract: The 1,4-dihydropyridine antioxidants diludine (2,6-dimethyl-3,5-
-diethoxy-1,4-dihydropyridine) and cyclohexyldiludine (2,6-dimethyl-3,5-di-
-menthyl-1,4-dihydropyridine) were determined in edible oils. They were ex-
tracted with 90% aqueous methanol (diludine) or 95% aqueous methanol
(cyclohexyldiludine) from refined rapeseed oil with fair yield. The two 1,4-dihy-
dropyridines can be determined in the extract with use of reversed-phase high-
performance liquid chromatography (HPLC) with the UV detection at 230 nm or
with higher sensitivity at 370 nm or still several times higher sensitivity with an
electrochemical (EC) detector at 0.9 V using a graphite cell. Ascorbyl palmitate
and tocopherols give no response while tert. butyl hydroxyanisol (BHA) and di-
tert. butyl hydroxy toluene (BHT) are co-eluted. The repeatability is satisfactory.

diludine; cyclohexyldiludine; antioxidants; rapeseed oil; HPLC; electrochemical
detection; 1,4-dihydropyridines

A series of 1,4-dihydropyridine derivatives, related to nicotinic acid, were
synthetized, possessing pronounced hydrogen-donating properties (Du-
burs et al., 1970). They were found active in biological membranes
(Dubur et al., 1975), acting both as free radical inhibitors (Tirzit,
Dubur, 1972) and as singlet oxygen deactivators (Tirzit et al., 1981).
They inhibited the autoxidation of cholesterol (Tirzit et al., 1978). They
were efficient as synergists of a-tocopherol in methyl oleate (Tirzit,
Dubur, 1977, Tirzit et al., 1983). The antioxidant activities of different
3,5-dicarbonyl derivatives of 2,6-dimethyl-1,4-dihydropyridines were com-
pared in methyl oleate at the concentrations of 0.75-and 3.0 mmol/l under
free access of oxygen (Tirzitis et al., 1988).

* Supported by COPERNICUS CIPA-CT94/0211.
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Diludine (2,6-dimethyl-3,5-diethoxycarbonyl-1,4-dihydropyridine) is
used as an antioxidant in pharmaceutical preparations and for the stabiliza-
tion of carotene. We have observed (Koufimska et al., 1993; Farni-
kovi et al., 1995) efficient inhibition of polyunsaturated oils with diludine
and cyclohexyldiludine. The latter derivative, better soluble in edible oils,
was found satisfactorily active (Farnikova et al., 1995) in rapeseed and
sunflowerseed oils. .

For the application of 1,4-dihydropyridine derivatives in foods and phar-
maceutical preparations, it is necessary to develop a suitable analytical
method. Therefore, we tested the application of HPLC provided with a UV
or an EC detector.

MATERIAL AND METHODS

The 1,4-dihydropyridine derivatives (diludine and cyclohexyldiludine)
were synthetized in the Institute of Organic Syntheses, Riga, Latvia. Ascor-
byl palmitate, BHA, BHT (Koch-Light), and a-tocopherol (Slovakofarma,
Hlohovec, Slovakia) were used. Commercially refined rapeseed oil had the
acid (AV =0.05) and peroxide (PV = 1.0 mval/kg) values conform with the
requirement, and had good sensory value (acceptability rating: 60% of the
graphical scale).

Conditions of the HPLC analysis: The apparatus HP 1050 (Hewlett-
-Packard), provided with an isocratic pump and the automatic sampler were
used; column: HP 200 mm x 4.6 mm, packed with Hypersil ODS (C,g) — 5 um;
detectors: UV detector, measuring at 230 nm and 370 nm; electrochemical
detector (EC) HP 1094A, provided with a graphite electrode, operation
potential 0.9 V — range 0.2-1.2 V; mobile phase for the UV detector: metha-
nol-water 900 : 100; mobile phase for the electrochemical detector: methanol—
—water 900 : 100, containing sodium acetate (50 mmol/l) and sodium chlo-
ride (5 mmol/l); flow rate: 1 ml/min; room temperature; injected sample: 10 pl.

RESULTS AND DISCUSSION

Extraction of Antioxidants

The antioxidants were dissolved in fresh refined rapeseed oil to produce
0.02% solutions. Water, aqueous methanol and anhydrous methanol were
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used as extraction solvents. The sample (10 g) was dissolved in 60 ml of
light petroleum (boiling interval: 40-60 °C), and extracted three times: twice
with 20ml portions, and the once using 10 ml of solvent. The lower layer was
filtered through a paper filter into a 50 ml volumetric flask, which was then
filled up with methanol. The content was mixed, and used for the injection.
The calibration curve was prepared using 0-80 mg diludine and cyclo-
hexyldiludine, respectively, in 1 1 of methanol. The concentration/response
relations were highly correlated: » = 0.9835 for diludine and » = 0.9944 for
cyclohexyldiludine. The effect of solvent on the yield of 1,4-dihydropyridi-
nes is shown in Table 1. The yield obtained with 90% and 95% methanol for
diludine and cyclohexyldiludine, respectively, were considered as optimal.

I. Effect of the methanol concentration in aqueous methanol on the yield of 1,4-dihydropyridi-
nes (3 extractions)

Methanol content [%] Yield [%)] of diludine Yield [%] of cyclohexyldiludine
0 0 0
10 0 0
20 0 0
30 0 0
40 3.98 0
50 25.15 0
60 46.07 0
70 59.27 12.06
80 66.65 37.04
90 76.94 66.13
95 55.03 80.86

The yield is improved by repeating the extraction five times with 20ml
portions of the solvent, filtering the combined extracts into a 100ml volumet-
ric flask, and injecting into the HPLC. The calibration curve was prepared
with 0-50 mg/l in 90 % aqueous methanol in the case of diludine (correlation
coefficient » = 0.9993), and in the same range in 95% methanol in the case
of cyclohexyldiludine (correlation coefficient » = 0.9999). The average yield
of diludine was 95.57%, that of cyciohexyldiludine was 85.48%.
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In the case of anhydrous methanol as solvent, the lower phase contained
light petroleum, interfering with the subsequent chromatographic determi-
nation. Therefore, the solvent was evaporated from the filtrate, the dry resi-
due was dissolved in methanol, and filled up to 50 ml. The extract obtained
with anhydrous methanol was heavily contaminated with oil, and therefore,
the use of 100% methanol is not recommended.

The extraction of control rapeseed oil, containing only natural antioxi-
dants, mainly a-tocopherol and y-tocopherol, showed that no EC-active de-
tectable substances were co-eluted.

HPLC with UV Detection

Both 1,4-dihydropyridines showed two absorption maxima in the UV re-
gion: (1) at 230 nm (A = 2.9 for diludine and A = 2.2 for cyclohexyldiludine,
respectively) and (2) at 370 nm (A = 1.6 for diludine and A = 1.2 for cyclo-
hexyldiludine, respectively); the values were measured in methanolic solu-
tions (50 mg/l) of diludine and cyclohexyldiludine, respectively. The
detection limits are given in Table II.

II. Detection limits of the HPLC determination of 1,4-dihydropyridines

Substance tested UV at 230 nm [g] UV at 370 nm [ng] ECat 0.9 V [ng]
Diludine 0.16 1.35 0.30
Cyclohexyldiludine 0.46 3.20 1.00

HPLC with EC Detection

The mobile phase starts showing the decomposition above the potential of
0.53 V, but the decomposition in not yet fast enough even at 0.9 V, allowing
the measurement at the operation potential of 0.9 V. The peak height de-
pended on the operation potential (Fig. 1), the optimum value being V=0.90 V.

The detection limits are given in Table II, showing sensitivities higher at
370 nm than at 230 nm with the UV detector, however, the EC detector is
more specific and several times more sensitive even than the UV measure-
ment at 370 nm.

An example of the separation is given in Fig. 2a (the retention times being
Rt = 3.7 min and Rt = 9.5 min for diludine and cyclohexyldiludine, respec-
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Operation potential

1. Effect of operation potential on peak height in the case of the HPLC with EC detection

tively). In presence of other antioxidants, BHA and BHT passed into the
extract. While BHT is well separated from the two diludines (Rt = 7.5 min),
BHA (Rt = 3.5 min) is eluted with diludine in the same peak (Fig. 2b). The

a) a =1n absence of other antioxidants
1 1 — diludine
2 — cyclohexyldiludine

b = in presence of BHT, BHA, AP
and tocopherols
1 — diludine and BHA
2-BHT

.»«..-J\,—J 3 —cyclohexyldiludine

b)

5 10 -T 2. Separation of dihydropyridines

9



Potrav. Vé&dy, 14, 1996 (1) : 55-61

following capacity factors (k) were obtained: diludine £ = 0.53, cyclohexyl
diludine £ = 2.8, BHT k= 2.1, BHA k = 0.51. Ascorbyl palmitate and o-to-
copherol give no response, which is in agreement with no response of the
blank containing rapeseed oil with natural contents of tocopherols.

The repeatability of the method was determined using the extraction with
five batches of the solvent (200 ng of the substances were injected for each
analysis). Each analysis included separate extraction. The relative standard
deviation for diludine was 1.76 %, the value for cyclohexyldiludine was
3.33 %, which is in fair agreement with other methods for the determination
of antioxidants in fats and oils.
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Stanoveni 1,4-dihydropyridinovych antioxidantu v jedlych olejich

Pro stanoveni 1,4-dihydropyridinovych antioxidanti diludinu a cyklohexyldiludi-
nu v fepkovém oleji je k extrakci pro prvni antioxidant vhodny 90% vodny metanol
a pro druhy 95% vodny metanol. Extrakt pak miiZe byt rozdélen s pouZitim HPLC
na obracenych fazich s UV detektorem pii 230 nm nebo s ve&tsi citlivosti pfi 370 nm.
Citlivost se jesté nékolikrat zlepsi pouzitim elektrochemického detektoru s grafito-
vou elektrodou pii 0,9 V, a to s uspokojivou opakovatelnosti. Za t&chto podminek
nedavaji askorbylpalmitéat ani tokoferoly Zadnou odezvu, zatimco BHA a BHT se
extrahuji a stanovi.

diludin; cyklohexyldiludin; 1,4-dihydropyridiny; fepkovy olej; antioxidanty; HPLC
s elektrochemickou detekci

Contact address:

Ing. Zuzana Réblova, Vysoka Skola chemicko-technologicka,

Ustav chemie a zkougeni potravin, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 3182, fax: 02/311 99 90, e-mail: fpbt-office@vscht.cz
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CHANGES OF PHOSPHOLIPASE D ACTIVITY DURING RAPE SEED
DEVELOPMENT AND PROCESSING*

Zuzana NOVOTNA, Olga VALENTOVA, Zdenék SVOBODA', Walter SCHWARZ',
Jean-Claude KADER?, Jan KAS

Institute of Chemical Technology — Department of Biochemistry and Microbiology,
Prague; ISetuza, Usti nad Labem, Czech Republic; 2Laboratoire de physiologie
cellulaire et moleculaire des plantes, U.R.A. — C.N.R.S. Paris Cedex 05, France

Abstract: Phospholipase D (PLD, E.C.3.1.4.4) activity was measured during the
development of winter rape seed var. Lirajet in relation to geographical location
of plant cultivation. These experiments were performed within the harvest of the
year 1994. Significant differences in the PLD activities were found for the green
and brown seeds when compared to the fully matured seeds. The subcellular
distribution of PLD during the ripening process was also investigated. Finally
PLD activity variations were measured within the oil processing in six subse-
quent steps of rape seed oil production.

rape seeds; phospholipase D; oil seed maturation; localization; plant oil processing

Oilseeds are ancient crops having many uses as food and fodder and re-
sources for a diverse industrial applications covering production of plastics,
fuels, detergents, lubricants and cosmetics. Rape seed represents one of the
most important oil seeds in EC and Central Europe where almost 1/3 of the
total world crop is harvested (30 millions of tons in 1991). The world pro-
duction increased by more than one third at the last decade (Murphy,
1993). On a worldwide production basis rapeseed ranks fifth among vegeta-
ble oils (after soybean, sunflowerseed, peanuts and cottonseed). In the Czech
Republic, rape seed is surely the oil seed number one (production of about
1/2 milions of tons per year).

Rape seed oil contains according to the recent studies (Hougen et al.,
1985) 0.8-3.5% of lecithin, the main components of which are phosphatidyl-
choline, phosphatidylethanolamine and phosphatidylinositol. All mentioned

* Supported by Grant Agency of the Czech Repubic grant No. 205/94/0598.
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phospholipids are potential substrates for phospholipase D, a lipolytic en-
zyme hydrolysing the phosphorus ester linkage between 1,2-diacylglycero-
-sn-3 phosphate and the hydrophilic alcohol substituent. The product of this
enzyme reaction is phosphatidic acid which affects in an undesirable way
industrial oil processing and flavor of final product. In soybeans (Schal-
field, 1985) phosphatidic acid has been found in larger amounts in deve-
loping seeds. The content of phosphatidic acid increased in soybean
phospholipids stored at high temperature and humidity. It seems to be evi-
dent that the content of phosphatidic acid in oilseed itself and during the
processing as well, is dependent on phospholipase D activity.

MATERIALS AND METHODS
Plant Material

Winter rape seed, variety Lirajet, harvested in 1994 at six localities (Cer-
veny Ujezd, Staiikov, Svitavy, Jaromé&fice, Kujavy, Vysoké u Pfibrami) and
in 1995 at the locality Cerveny Ujezd was collected in different stages of
maturity. Seeds were stored at —85 °C. Samples from oil processing were
taken on 25th of May and 25th and 26th of October 1995 in Setuza a. s.

Assay of PLD Activity

Substrate emulsion: 40 mg of L-a-phosphatidylcholine, type X-E from
dried egg yolk (Sigma) were dissolved in 0.05 ml of ethanol and the solvent
was evaporated under nitrogen atmosphere. Then 0.33 ml of 1.83M CaCl,
solution and 0.67 ml of 0.4M Tris acetate buffer pH 6.0, containing 13mM
sodium dodecylsulfate (SDS), were added. The mixture obtained was emul-
sified on vortex for 2 min.

Incubation: The reaction mixture containing 0.1 ml of 0.2M MES (2-N-
-Morpholinoethanesulfonic acid) buffer pH 6.0, 0.1 ml of substrate emul-
sion, 0.02 ml of 0.173M SDS and 0.2 ml of the sample was incubated at
37 °C for 10 min. Enzyme reaction was terminated by adding 0.2 ml of
50mM ethylenetetraacetic acid (EDTA) in 1M Tris-HCI buffer pH 8.0 and
subsequent boiling for 5 min.

Determination of choline: The concentration of choline released by PLD
action was determined using choline biosensor (Vrbova et al., 1993):
0.1 ml of the incubation mixture was added to the stirred reaction vessel
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(30 °C), containing 1.4 ml of 0.1M Tris-HCI buffer pH 8.0. The amount of
choline was measured with the inserted sensor and calculated from a calibra-
tion curve constructed from the responses measured for the standard solu-
tions of choline chloride. The enzyme activity was calculated in
international units U (1 U was defined as 1 pmol of choline produced per
minute).

Preparation of Extracts

5 g of rape seeds in different stages of maturity or samples from the indi-
vidual steps of oil processing were ground three times for 20 s (on the coffee
grinder), suspended in 25 ml of 0.05M Tris-HCI buffer pH 7.4 containing
ImM EDTA and 1mM DTT (dithiothreitol) and shaken for 45 min at 4 °C.
The mixture was filtered through a cheese-cloth and centrifuged at 17 600 g
at 4 °C for 30 min. The floating fat cake was removed and the supernatant
was used for the activity measurement.

Preparation of Microsomal Fraction

5 g of rape seeds in different stages of maturity were ground as described
above and suspended in 25 ml of 0.05M Tris-HCI buffer pH 7.4 containing
0.5M sucrose, ImM DTT and 1mM EDTA. After shaking for 30 min at 4 °C
the homogenate was filtered through cheese-cloth and centrifuged at
11 300 g for 20 min. Pellets and floating fat cake were removed. Supernatant
(crude extract) obtained was centrifuged at 105 000 g for 60 min. All the
operations were carried out at 4 °C. Supernatant was referring to cytosolic
fraction. Sedimented microsomes were resuspended in 1 ml of Tris-HCI
buffer pH 7.4 mentioned above.

Determination of Proteins
Protein content in the analysed samples was determined by the Bradford
method (Bradford, 1975) in the format adapted for microtitre plate reader.
RESULTS AND DISCUSSION
Determination of PLD Activity during Seed Maturation

Samples of rape seed variety Lirajet were gradually harvested during seed
development at six different localities in the Czech Republic. The first sam-
ples of green seeds were collected at the beginning of July, two weeks before
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anticipated “full combine harvester maturity“, the last samples at the begin-
ning of August, one week after the harvest of fully matured seeds. The acti-
vity of PLD was measured in the seed extracts and calculated either per g of
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1. Changes of the PLD activity during seed maturation (Lirajet, 1994)
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seeds or per mg of protein (specific activity). Results of these measurements
are presented in Fig. 1 (A, B). The effect of distinct planting area on the
amount of extracted activity was more apparent for the first two ‘stages of
seed maturity (green and brown seeds).

PLD activity determined in the green non-matured seeds was found in the
range from 3.0-5.5 U/g of seeds or 0.2-0.5 U/mg of protein. Brown, non-
matured seeds, collected in the middle of July, showed the activity (per g of
seeds) 1.5 times higher than the green ones. PLD activity of fully matured,
black seeds increased to 11-14 U/g of seeds, and shows approximately three
times higher activity than found in green seeds. In accordance with our ex-
pectation, due to the higher production of proteins during the seed develop-
ment, the increase of specific activity was not significant.

Subcellular Distribution of PLD Activity in Different Stages of Seed Maturity

Owing to the proven activity fluctuations, more detailed study of the
changes in the distribution of soluble (cytosolic) and bound (microsomal)
form of rape seed PLD has been provided (Lirajet, C. Ujezd, 1995) in diffe-
rent stages of seed maturity. Results summarized in Table I show a signifi-
cant increase of the total activity within the process of ripening which is
caused by the activity rise in soluble fraction (more than 10 times higher in
black seeds). Total activity of microsomal fraction remains at the same level.
Specific activity of the soluble PLD in green and brown seeds is almost the
same and increases rapidly in the fully matured black seeds. In contrast the
specific activity of microsomal fraction remained almost unchanged within

I. Subcellular distribution of rape seed PLD activity during the seed development

14 days 7 days

before full maturity before full maturity Matured seeds

Fraction of
PLD total | total | spec. | total | total | spec. | total | total | spec.
prot. |activity |activity | prot. [activity |activity | prot. |activity |activity
(mg] | [U] ([U/mg]| [mg] [ [U] |[Umg]| [mg] | [U] |[U/mg]

Crude extract | 29.0 7.9 0.3 699 | 185 0.3 87.8 | 95.0 1.1

CytosolicPLD | 21.8 7.1 03 55.2 18.1 0.3 724 | 79.2 1.1

Microsomal

PLD 1.6 0.5 03 1.9 0.5 0.3 2.7 0.6 0.2
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the whole maturation process. The ratio of the total activity of cytosolic and
microsomal PLD for matured seeds of the variety Arabella (Valentova et
al., 1994) corresponds to that found for var. Lirajet.

Monitoring of PLD Activity in Different Steps of Oil Processing

The activity of PLD was also monitored during the industrial oil process-
ing at six stages of the process. The first sampling was performed in May
1995. It means that the oil was produced from the rape seeds stored for about
nine months in the storage tank. The PLD activity in the processed seeds
depends on the time of storage. During the nine month storage of seeds at
20 °C the PLD activity drops to 50% of the value measured after three month
storage (Fig. 2). The second set of samples was taken in October 1995 in the
two following days (i.e. three months after harvest).

PLD activity in the “old* seeds remained during processing at the same

20 - W May 1995 2. Changes of the PLD
™ Oct-95 activity during oil
15 1 00ct-95 processing

PLD activity | L/g of sample)
o o

o
I

l;vmﬁ*w |

L. the seed entering the process (fat content 42%, water 7%, 15-25 °C)

I1. the seeds after steaming (fat content 42%, water 7.5%, temperature increases by10-15 °C)

I11. the seeds are grinded — flakes (fat content 42%, water 7.5%, approx. 35 °C)

IV. the flakes after conditioning (fat content 42%, water 7.5%, temperature 85-90 °C)

V. press cake (fat content 20%, water 7%, high pressure within hundreds of magnitude of atp.)

VI crush after extraction of the press cake by isohexane (fat content 2.8%, water 12%
temperature finally increases to 110-130 °C)

I I 1]

level up to the fifth step (treatment with high temperature and pressure),
while in the seeds stored about three months the activity dropped to a half
in one case after the third step of processing. The absolute value, however,
corresponds well with those activities measured for the “old“ seeds. In the
second case, no activity was found after the third processing step. When
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comparing with the results reported recently (Valentova et al., 1994) the
PLD protein in its “natural” environment is more stable under the conditions
during processing. Partially purified enzyme is totaly inactivated after
10 min at 60 °C. PLD activity is even increased by 25% at the third step
(flakes) of the process and in following steps in some samples the enzyme is
not inactivated even by the temperature higher than 90 °C, most probably
due to unequal heat distribution. In these cases the activity decreased drasti-
cally only when treated with isohexane.

Conclusions

The screening of PLD activity in rape seed var. Lirajet grown at different
localities in the Czech Republic showed activity variations for non-matured
seeds (green and brown), while fully matured seeds (black) exhibited practi-
cally the same activity values independently on the place of harvest.

Total PLD activity in the extracts increased more than 10 times during the
seed maturation. The main action was found in the soluble form (cytosolic
PLD) for all maturation stages. It still remains to be determined if the acti-
vity increase is due to the activation of PLD protein or the increased produc-
tion of this protein.

Monitoring of the PLD activity within the oil processing showed that the
enzyme keeps his ability to produce phosphatidic acid at least up to the third
or fourth step of the industrial process. It means that the amount of phospha-
tidic acid within the oil production is increasing up to the enzyme inactiva-
tion.
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Zmény aktivity fosfolipasy D béhem zrani a zpracovéni semen Fepky

Repka je v celosvétovém métitku jednou z nejdilezit&jsich olejnin, jeji produkce
se v poslednim desetileti zvy3ila o tretinu. V Ceské republice je jeji ro&ni produkce
okolo piil milionu tun.

Repkovy olej obsahuje asi 0,8-3,5 % lecithinu, jehoZ hlavnimi slozkami jsou fos-
fatidylcholin, fosfatidylethanolamin a fosfatidylinositol. V3echny tfi jmenované fos-
folipidy jsou potenciélnimi substraty fosfolipasy D (PLD, E.C.3.1.4.4), ktera
katalysuje hydrolysu fosfoesterové vazby mezi 1,2-diacylglycero-sn-3 fosfatem
a hydrofilnim substituentem. Jednim z produkti této enzymové reakce je kyselina
fosfatidova, jejiZ pfitomnost ovliviiuje senzorické vlastnosti finalnich produkti a pii-
sobi ur¢ité technologické problémy pii zpracovani oleji.

Aktivita fosfolipasy D byla sledovéana v pritb&hu zrani ozimé fepky odriidy Lirajet
v zavislosti na geografickych podminkach p&stovani. Uréité rozdily v naméfenych
aktivitach byly nalezeny pro nezrald semena. U zralych semen byly hodnoty aktivit
srovnatelné. Déle byl sledovan pomér cytosolické a mikrosomalni formy PLD u se-
men o rizném stupni zralosti. Tento pomér se u zralych semen vyrazné zvy3uje.

Zmeény fosfolipasové aktivity byly také sledovany v priitb€hu vyroby fepkového
oleje. Lze konstatovat, Ze fosfolipasa D ziistava aktivni v pritb&hu procesu po pomér-
né dlouhou dobu. K jeji Gplné inaktivaci dochézi vétSinou aZ v zavéreénych fazich

vyroby.

fepka; fosfolipasa D; zrani olejnatych semen; lokalizace; priimyslovéa vyroba fepko-
vého oleje

Contact address:

Ing. Zuzana Novotna, Vysoka $kola chemicko-technologicka — Ustav biochemie
a mikrobiologie, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 3120, fax: 02/311 99 90, e-mail: fpbt-office@vscht.cz
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PREHLEDY ‘

BAREVNE ZMENY BEHEM ZPRACOVANI BRAMBOR*

Michal VOLDRICH', Jana ZACKOVA, Lenka VOTAVOVA, Josef VACEK?,
Frantisek KVASNICKA, Pavel KADLEC

Vysokd $kola chemicko-technologickd — Ustav chemie a technologie sacharidi
a 'Ustav konzervace potravin a technologie masa, Praha;
< Vyzkumny tstav brambordfsky, Havlickiv Brod, Ceska republika

Béhem technologického zpracovani nebo kulindrni Gpravy konzumnich brambor
dochézi k barevnym zménam, které mohou byt do ur¢ité miry Zadouci, protoZe jsou
pro dany zplsob upravy charakteristické a spotiebitel je ofekava. VétSinou viak
tyto barevné zmény mohou negativné ovliviiovat kvalitu a prodejnost vyrobku
(Rybacek, 1988). Vedle dalsich vlastnosti, jako je obsah suSiny a Skrobu, je ten-
dence k barevnym zménam velmi dileZita pro vybér hliz k uréitému zpiisobu zpra-
covéni. Barva duZzniny bramborovych hliz pfed tim, neZ se projevi barevné zmény,
je dana obsahem karotenoidnich barviv, podle kterého je moZné rozlisit ,,b&loma-
sé€* a ,,Zlutomasé* odriidy brambor. B&éhem zpracovéni se uplatni barevné zmény
vyvolané tvorbou intenzivné zbarvenych produkti. Po oloupani, d&leni apod. to
jsou reakce enzymového hnédnuti. Pfi suSeni a zejména smaZeni se uplatiiuji reak-
ce neenzymového hnédnuti a posledni skupinou barevnych zmén je tzv. Cemani po
uvafeni (,,post cooking blackening®).

Enzymové hnédnuti

Tmavnuti vyvolané enzymovym hn&dnutim nastdvéd po mechanickém poskozeni
bunék erstvych brambor pfi loupéni, krajeni, strouhani apod. PoruSeni bunéénych
struktur umoZni kontakt pfitomnych enzymi polyfenoloxidas (PPO) se substratem
— s fenoly a vzdudnym kyslikem. Zpocatku se hlizy barvi ¢ervenohnédé, pozdéji
vznika tmavohnédé aZ cemohn&dé zbarveni. Enzymové je pouze prvni &ast reakei,
hydroxylace monofenoli (napf. tvorba 3,4-dihydroxyfenylalaninu z tyrosinu)
a oxidace difenolil na chinony. Dal$i reakce zahmujici Siroky komplex zmén, kte-
rého se Ucastni 1 dalsi sloZky, jsou neenzymové (Kadam et al., 1991b). Kone¢-
nym produktem reakci jsou polymerni pigmenty oznafované jako melanin.

Hlavnim substratem polyfenoloxidasy brambor jsou kyselina chlorogenové a ty-
rosin, pfi¢emz z modelovych pokusi je ziejmé, Ze zejména oxidace tyrosinu vede

*  Financovano z grantd Grantové agentury CR &. 509/94/0736 a 509/93/0419
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ke vzniku intenzivnéji zbarvenych produktii (Mapson et al., 1973). Podobn& jako
v piipadé dalsich technologicky vyznamnych plodin nachylnych k enzymové oxi-
daci neni ani u brambor zcela jasné, ktery faktor — aktivita pfitomnych enzymi
nebo obsah a sloZeni fenoll — je pro barevné zmény vyznamné&jsi. N&které prace
uvadéji jako limitujici obsah tyrosinu (Gray, Hughes, 1978), podle jinych je
intenzita barevnych zmén dana aktivitou pfitomné PPO, celkovym obsahem feno-
14, obsahem bazickych aminokyselin, susiny, kyseliny chlorogenové (Amber-
ger, Schaller, 1975). Tendence k enzymovému hn&dnuti je ovliviiovana
1 dalsimi faktory, jako jsou klimatické podminky, sloZeni piidy, podminky kultiva-
ce apod. Jak uvadéji Mapson etal. (1973), vy33i sraZky vedou k vy33im skloniim
k hnédnuti. Pfidavek draselnych hnojiv vyvolal sniZeni obsahu tyrosinu, aktivity
PPO a vedl k redukci enzymového hn&dnuti (Mondy et al., 1967). Vy35i pfisun
dusiku zvy3oval tendence hliz k hn&dnuti (Mondy, Koch,.1978). Jiné prace
(Amberger, Schaller, 1975) v3ak souvislost mezi hnojeni a enzymovym
hn&dnutim nepotvrdily. Matheiz, Belitz (1977) a Amberger, Schaller
(1975) spojuji sklony k enzymovému hn&dnuti zejména s odriidou brambor, pfi-
¢emzZ do jisté miry se mohou uplatnit také dalsi vlivy, jako jsou klimatické podmin-
Ky, hnojeni a dal3i.

Dispozice k hnédnuti zévisi také na zpisobu manipulace s hlizami a jejich vysta-
veni mechanickému naméhéni, které miZe vést ke zranéni hliz i bez viditelnych
znamek na povrchu a tim k vnitfnim barevnym zmé&nam, které se nevyvinou bez-
prostfedné po nérazu, ale dosahuji maxima po tfech dnech. Enzymové hné&dnuti je
Casto fazeno mezi obranné mechanismy rostlinnych pletiv, poSkozeni hliz v ur¢i-
tém fyziologickém stavu miiZe vyvolat zvy3Seni intenzity respirace v okoli porang-
ni, zvy3$eni aktivity polyfenoloxidas i nariist obsahu fenolil a tim se zvy3i sklony
hliz k barevnym zménam (Voldfich et al., 1995).

Obranou proti reakcim enzymového hnédnuti miiZe byt také spravna manipulace
s hlizami a technologie zpracovéni. K ur¢itému sniZeni intenzity prib&hu barev-
nych zmén vede oloupéani — odstranéni peridermu, vrstvy pod slupkou, ktera je
vzhledem k nejvy3§imu obsahu fenolovych latek a enzymi k hn&dnuti nejcitlivé;si
(Clark et al., 1957). Oplachnuti narusenych buné&k z povrchu oloupanych, déle-
nych brambor a uloZeni hliz pod vodu (zamezeni pfistupu vzduchu) vyznamné
omezi barevné zmény (Burton, 1989). Casova prodleva mezi oloupénim a tepel-
nym zpracovanim by méla byt co nejkrat3i, enzymova oxidace miZe prob&hnout
bez zjevnych znamek a nasledujici inaktivace enzymi barevnym zmé&n4m nezabra-
ni. SniZeni teploty na 0-5 °C zpomali rychlost 3ednuti, kterd je nejvy3si kolem
40 °C a téméf zanedbatelna pii —20 °C. Uinnym zpiisobem inhibice barevnych
zmén je termoinaktivace polyfenoloxidas, které jsou pomémé termolabilni a jsou
inaktivovany pfi teplotach kolem 80 °C. Chemické zpiisoby prevence hnédnuti za-
hrnuji zejména pouZiti sifi¢itanl (oxidu sifi¢itého, pyrosifi¢itani), thiold, kyseliny
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askorbové a smési kyselin. Oxid sifi¢ity a sifi¢itany maji komplexni G¢inek (redu-
kuji chinony, tvofi s chinony stabilni nebarevné produkty, inhibuji enzym), jsou ve
srovnani s ostatnimi ¢inidly nejuinné;jsi a jsou zatim s vyhradami tolerovany (pfi
dodrZeni limitnich koncentraci ve vyrobcich) (Voldfich et al., 1993). Z dalSich
latek nachézi uplatnéni zejména smési kyselin (citronové, fosforedné), jejichz uci-
nek spoiva v okyseleni a chelataénich vlastnostech, ve srovnéni se sifi¢itany je
jejich u¢inek niZsi. Kyselina askorbova redukuje oxidované chinony zpét na feno-
ly, proto plisobi pouze do¢asn& (Muneta, 1981; Dimpf, Somogyi, 1975).

Neenzymové hnédnuti

Pfi tepelném zpracovani brambor (smaZeni, pe€eni, sudeni) probihaji dva typy
reakci neezymového hnédnuti vedouci k pigmentaci, tj. karamelizace a Maillardo-
vareakce (Kadam et al., 1991). Vlastni degradace cukrii (karamelizace) se vzhle-
dem k energetické naro¢nosti uplatiiuje méné&, vyznamné&j3i pro barevné zmény je
Maillardova reakce a komplex navazujicich zmén. Pfi obvyklych teplotach smaZe-
ni (165-170 °C) probiha hnédnuti cukrii pouze v pfitomnosti aminokyselin, vyraz-
né&;j3i hnédnuti je pii teplotach kolem 100 °C pfi suleni bramborové kaSe a v pfipadé
dlouhodobého skladovani vyrobkll z brambor za normalni teploty (Burton,
1989). V modelovych smésich je rychlost Maillardovy reakce dana koncentraci
aminoslouceniny (Gray, Hughes, 1978), ale v bramborach jsou a-aminoslou-
¢eniny zfidkakdy limitujicim faktorem, proto intenzita barevnych zmén zavisi ze-
jména na obsahu redukujicich cukrii (Kadam et al., 1991a), s vyjimkou smaZeni
za vy33ich teplot (220 °C), pfi némz ve vét$i mife degraduje také sacharosa a vy-
voj barvy je zévisly na obsahu v3ech sacharidii (glukosy, fruktosy a sacharosy).
Vliv na barevné zmény maji také dalsi latky pfitomné v hlizach, kromé& aminoslou-
¢enin je to zejména kyselina askorbova, ktera se ucastni barevnych zmén. Vliv dal-
Sich faktori je zfejmy také z uvadénych korelaci mezi obsahem redukujicich cukrii
a intenzitou barevnych zmén, které se pohybuji od 0,32 do 0,9 (Kadam et al.,
1991). Kromeé sloZeni je prib&h zmé&n zavisly také na zpiisobu zpracovani. Reakce
je urychlovéna teplotou, napf. ¢im vy33i je teplota smaZeni, tim rychlejsi a inten-
zivné&jsi je tvorba zabarveni produkti. Podobné se projevi také podminky su3eni
a doba a teplota skladovani v pfipadé suSené bramborové ka3e.

Z praktického hlediska jsou reakce neenzymového hnédnuti vyznamné zejména
pro smaZené vyrobky. Prevence barevnych zmén spo¢iva hlavné ve vybéru vhod-
nych surovin pro zpracovani. Napf. doporu¢eny maximalni obsah redukujicich
cukrit v bramborach pro pfipravu lupinkii by nemél piekroéit 0,2 %, naopak pro
dosaZeni ofekavané barvy by nemél byt nizsi nez 0,1 %. V pifipadé hranolki je
maximalni doporuéeny obsah redukujicich cukrii niz8i — pod 0,8 % (Kadam et al.,
1991b). V této souvislosti jsou vyznamné zmény obsahu cukrll v hlizach b&hem
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skladovani, zejména kumulace redukujicich cukri v hlizach skladovanych za niZ-
Sich teplot. Obsah takto vytvofenych cukril je moZné sniZit prodychanim pfi zvy3e-
ni skladovaci teploty (na 15-20 °C) né&kolik tydni pfed zpracovanim. Tendence
kumulovat cukry, resp. je prodychat je od odriidy k odridé riiznad (Poppr etal,,
1995). Kromé& vybéru hliz s nizkym obsahem cukni, pfipadn& prodychani nakumu-
lovanych sacharidii patii mezi metody inhibice barevnych zmén: vymyti cukrii
a dalSich prekursorii hnédnuti pfed smaZenim horkou vodou (uvedeny postup viak
vede k vy33i absorbei tukil pfi smaZeni), horkym roztokem chloridu sodného, za-
blokovani karbonylovych skupin o3etfenim sifi¢itany, oxidace glukosy glukosaoxi-
dasou (Kadam et al., 1991b). Popsény byly také dalsi zplisoby: ponofeni
syrovych brambor pfed smaZenim do roztoku kyseliny chlorovodikové, smési ky-
selin citronové a fosforeéné a daldi bez vysvétleni mechanismu u¢inku (zfejmé
inhibuji enzymové zmény b&hem piipravy platki nebo hranolki.. Barevné zmény
je moZné omezit také optimalizaci podminek smaZeni — teplotou lazng, ukoncenim
smazeni na vysledném obsahu vody mezi 6 a 10 % (Kadam etal., 1991b).

Cernini (tmavnuti) po uvaieni

Tmavnuti po uvafeni se projevuje u vafenych brambor, zejména v pfipadé vafeni
citlivych odriid brambor ve vodé nebo v pafe. Obéas se Eernani projevi také u pred-
smazenych nebo jinak tepelné upravenych mraZenych hranolkd, u pasterovanych
brambor a susenych brambor (bramborové kase) (Gray, Hughes, 1978). Pfi¢i-
nou barevnych zmén je tvorba komplexi kyseliny chlorogenové se Zelezem béhem
vafeni a jeho oxidace béhem chladnuti, pfi které vznikaji zbarvené komplexy kyse-
liny a trojmocného Zeleza (Huhges, Swain, 1962). Podle podminek mohou byt
rizné: monofenolat pfi pH 5,5 (zeleny), difenolat pfi pH 6,5 (3edomodry) a trifeno-
lat pii pH 7,5 (hné&dy). V bramboréch pievlada Sedomodry difenolat. Zbarveni se
projevi zejména v peridermalnich vrstvach t&sné pod slupkou s nejvy33im obsahem
kyseliny chlorogenové. Intenzita zbarveni souvisi také s dalsi distribuci kyseliny
chlorogenové v hlize; jeji koncentrace je nejvy3ssi v bazalni ¢asti, nizsi ve vrcholo-
vé &asti a nejnizsi uprostied hlizy. Schopnost tvofit zbarvené komplexy se Zelezem
maji i dalsi orto-fenoly, kromé kyseliny chlorogenové to v bramborach jsou kyse-
lina kavova, esculetin a dal3i, ale vzhledem k obsahu kyseliny chlorogenové je jeji
vliv na vyvoj barvy prevladajici. Sklony k &ernéni zaviseji i na obsahu kyseliny
citronové, jable¢né a fosfati a dalgich chelata&nich latek v hlizach, které maji
schopnost vazat Zelezo do komplexii (Hughes, Swain, 1962; Kadam et al,,
1991b). Zjednodusend intenzita éernani je pfimo umérna koncentraci Zeleza,
kyseliny chlorogenové a pH a nepfimo im&rna koncentraci kyseliny citronové
a fosforetné. Nejlépe pak vychazi korelace mezi pomé&rem kyseliny chlorogeno-
vé/citronové a tmavnutim (Mondy etal., 1991).
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Vedle komplexi orto-fenolil a Zeleza miiZe k barevnym zmé&nam po uvafeni pii-
spivat také tvorba oxidovatelnych komplexi kyseliny askorbové se Zelezem. Na-
chové zbarveny komplex kyseliny askorbové s dvojmocnym Zelezem, ktery
oxidaci tmavne, popsal Muneta (1981).

Podobné jako enzymové hn&dnuti jsou sklony k ¢emani po uvafeni ovliviiovany
fadou dalsich faktorii: odriidou, ptidou, hnojenim a sezénou. Pfi zjist'ovani vzajem-
ného plisobeni ukazatelil na tmavnuti dosli autofi ¢asto k protichiidnym vysledkiim.
Vy33i sklony k tmavnuti po uvafeni byly pozorovany ve vlhkych a studenych le-
tech, pii vy3$3im poméru dusiku a drasliku. Jak uvadéji Hughes a Evans (1967),
brambory pé&stované v piidach s vy33im obsahem organického materidlu a niZ8im
obsahem drasliku tmavly vice neZ brambory p&stované v piidach s niz§im obsahem
organickych latek a vy$3im obsahem drasliku. Sklony k tmavnuti se zvy3uji se skla-
dovanim brambor (Mi¢a et al., 1984).

V ptipadé tmavnuti po uvafeni je jedinou moZnosti prevence vybér odrid s nej-
niz8im sklonem k ¢ernéni. Podminky skladovani a zpracovani musi byt takové, aby
nedochazelo k po3kozeni hliz, které miiZe vyvolat nariist obsahu fenoli a tim také
zvy3eni rizika barevnych zmén.
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Colour Changes during the Processing of Potatoes

The processing quality of potatoes associated with structure, composition and
culinary properties include pigmentation — the tendency to colour changes during
the technological and/or culinary processing of tubers. The following ways of co-
lour changes occur during the potato processing: enzymatic browning reactions,
non-enzymatic browning reaction and after-cooking blackening. Enzymatic brow-
ning is based on the polyphenoloxidase (PPO) oxidation of phenols in native tis-
sues (peeled, cut potatoes, peeled chilled potatoes, etc.). The intensity of colour
changes depends mainly on tyrosine and o-diphenols (chlorogenic acid) concentra-
tion, PPO activity in tubers. Non-enzymatic browning is important for fries, and
chips. The limiting factor affecting the colour intensity is the content of reducing
sugars (and ascorbic acid, sometimes sucrose) in processed potatoes. The course of
colour changes during the frying also depends on the temperature of oil bath and
duration of processing. The after-cooking blackening takes place when tubers are
cooked and cooled. During cooking complexes of chlorogenic acid and iron ions
are formed, during subsequent oxidation grey-black products are formed. The for-
mation of coloured products is affected by several factors, the most important is the
ratio of chlorogenic and citric acid in tubers.

processing of potatoes; colour; enezymatic and non-enzymatic browing reaction;
after-cooking blackening reaction
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FROM THE SCIENTIFIC LIVE

EURO FOOD CHEM VIII
“Current Status and Future Trends in Analytical Food Chemistry*

The latest event organized by the FECS-WPFC took place in Vienna, September
18.-20., 1995. Almost three hundred and fifty participants from thirty one different
countries attended the meeting held at the Technical University, in the Austrian
capital. A highly efficient and motivated team of students from the Institut fiir Bio-
chemie und Lebensmittelchemie in Graz and from the Institut fiir Analytische Che-
mie in Vienna helped with organization details and ensured a smooth-running
programme throughout.

Guided by the FECS-WPFC Secretary, Professor Werner Pfannhauser, the con-
ference staged thirty seven lectures and one hundred eighty poster presentations
and all delegates received the proceedings and a list of participants on registration.
This was all the more remarkable given the organizers’ policy of accepting last
minute poster communications until August. '

The three volumes of the proceedings *(ISBN: 3-900554-17X) provide an infor-
mative and authoritative statement of analytical food chemistry as we approach the
end of the century, each volume contains a table of contents and author and subject
(keyword) indexes. Volume 1 contains the plenary lectures and oral communicati-
ons, Volume 2 the poster presentations addressing Sampling and Sample preserva-
tion and Chromatography and other coupled techniques, whilst the final volume
deals with poster presentations about Sensor techniques, Spectroscopic methods
and Bioaffinity methods (Section 5), as well as the aforementioned Last minute
posters.

The five sections listed above provided the themes underpinning the five sessi-
ons of the conference. All posters were displayed throughout the conference, with
ample time for discussion during the moming and aftemoon breaks and at lunch
time. For the first time in the history of Euro Food Chem series, prizes were awar-
ded by the scientific committee for the three best poster presentations. This proved
a very difficult exercise for the panel, but eventually the first, second and third
prizes were awarded by Dr. Reto Battaglia, chairman of the FECS-WPFC to paper
on “Mobilization and analytical availability of drug residues in food*, on the “Ap-
plicability of neutron activation analysis (NAA) in quantitative determination of
some essential and toxic trace elements in food articles and on “A biosensor for
the rapid determination of flatulence causing oligosaccharides in pea“.

* Copies of the proceedings are available and may be ordered directly from Prof. G. Sontag,
Institut Analytische Chemie, Wahringer Str. 38, 1090 Wien
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The conference was of a high scientific and technological standard, providing
ample opportunities for the interchange of scientific information and discussion of
specific topics of interest to participants. Two of the fields which promise the most
exciting developments appear to be chiral-sensitive separation methods and poly-
merase chain reaction (PCR) analytical techniques, although the need for increased
attention to multivariate methods in the study of complex food-based matrices was
also evident.

From our country these contributions were presented: Kassahun B. W., Velisek
J., Davidek J.: Glucosinolates and their degradation products in cooked cabbage,
Voldfich M., Marek M., Kvasni¢ka F.: A biosensor for rapid determination of
Suctulence causing oligosaccharides in pea and Hochel K., Malkova K., Demne-
rova K., Fukal L., Polstein M., Skvor J., Rauch P.: ELISA for detection of Salmo-
nella in Foodstuffs.

The meeting was graciously opened by the Austrian Minister of Health and Con-
sumer affairs, Dr. Christa Krammer, who paid tribute to the recently retired Cha-
irman of the FECS-WPFC Prof. Peter Czedik-Eysenberg. Thereafter, Prof.
Pfannhauser drew the participants’ attention to the developments in analytical food
Chemistry since Euro Food Chem I, held in Vienna in 1981. Later in the progra-
mme, the participants attended the reception in the Rathaus and the conference din-
ner was held at Laxenburg Castle.

The meeting provided an ideal opportunity for colleagues and friends of Prof.
Czedik and Prof. Wemer Baltes (Technical University, Berlin), the Chairman of
the Scientific Committees of previous Euro Food Chem meetings for their unique
contribution to the development of European food chemistry over the last two de-
cades. It was therefore fitting that during the conference Prof. Czedik was presen-
ted with the Special Medal of the Food Chemistry Group of the UK’s Royal
Society of Chemistry for “outstanding services to European food chemists®.

Prof. Jifi Davidek
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