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PREPARATION AND CHARACTERISATION
OF A DEXTRAN-LYSOZYME CONJUGATE*

Alexandra PROSKOVA, Marija GOTTVALDOVA, Jivi KUCERA

Food Research Institute Prague, Prague, Czech Republic

Abstract: Hen egg lysozyme was attached to dextran or Ida-dextran (Imino-
-Diacetic Acid) after activation of the polysaccharide by using a periodate
oxidative method. The soluble dextran-lysozyme conjugate was purified by
gel permeation chromatography. The conjugate enzyme has greater thermal
stability compared with native lysozyme, but the antibacterial spectrum is
unchanged. The activity yield was 27% only, which is probably done by
crosslinking of the activated polysaccharide with the enzyme as a poly-
functional reagent.

lysozyme; dextran; covalent immobilization; bactericidal enzyme conjugate

Lysozyme in the presence of polysaccharides or EDTA is known to modify
its activity against different microbial strains. Moreover, naturally occurring
glycoproteins and carbohydrate-free enzymes that have been covalently
attached to insoluble polysaccharide supports often have stability properties
that are superior to those of carbohydrate-free enzymes (e.g. Bustos et al.,
1996; Fagain et al., 1994). Even di- or oligosaccharide substituted enzy-
mes show higher thermal stability, compared with native ones. We therefore
predicted that conjugates prepared by coupling of lysozyme to dextran or
iminodiacetic acid substituted dextran might show the improved stability of
the corresponding insoluble conjugate and might show broader antimicrobial
spectrum. In this paper, the method of preparation of lysozyme-polysaccha-
ride conjugate and antimicrobial activity against a set of model micro-orga-
nisms is described.

* This work was supported by grant of the Grant Agency of Czech Republic, grant
no. 525/96/0523.
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MATERIAL AND METHODS

Lysozyme (food grade) was from Pro.Med.Cs company, Prague, CZ.
Dextran (mol. weight approx. 5.10°) and Sephadex G-100 from Pharmacia,
Uppsala and iminodiacetic acid from Koch-Light Suffolk.

Protein concentration was determined according to Hartree (1972). Ly-
sozyme activity was determined according to Prockop and Davidson
(1964) based on nephelometric determination of the lysis of Micrococcus
luteus under standard conditions. 1 unit of lysozyme activity is the amount of
the enzyme causing a decrease of optical density 0.001 at 546 nm.

Dextran concentrations were measured by the phenol-sulfuric acid method
(Dubois etal., 1956).

Iminodiacetic acid is covalently bound to dextran by the modification of
original Poraths method (Hubert, Porath, 1980). Dextran (50 g) was
dissolved in 2M Na,CO; (500 ml) and epichlorohydrin (1.0 ml) was added.
Reaction mixture was stirred for 6 hours at 50 °C and dialysed against three
changes of 2M Na,COj;. Iminodiacetic acid (5 g) was then added to the dia-
lysed reaction mixture and reaction continued for another 6 hours. Second
dialysis was carried out against distilled water and dialysed product was
lyophilised. This IDA-dextran was used without further purification.

Dextran or IDA-dextran were oxidised with periodate and hen egg lysozy-
me was covalently bound to activated polysaccharide according to
Sanderson and Wilson (1971). The only difference in the binding pro-
tocol was the use of Sephadex G-50 for product separation instead of filtra-
tion. The product was then reduced using natrium borohydride and separated
on Sephadex G-50 again.

RESULTS

A sample of the product (50 mg) was chromatographed on Sephadex G-50
and the column fractions were analysed for carbohydrate, protein, and lyso-
zyme activity. Most of the enzyme activity was eluted at the void volume of
the column, associated with dextran (see Fig. 1 for dextran-lysozyme conju-
gate) similarly for both conjugates. A control run, in which appropriate
amounts of dextran and lysozyme were mixed and subjected to Sephadex
G-50 chromatography on the same column, showed that the mixture is sepa-
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1. Chromatography of lysozyme-dextran conjugate on Sephadex G-50 (mg of reducing sugars
per ml for dextran and enzyme units 10~ for lysozyme as concentration)

rated under such conditions (Fig. 2). Thus, it was concluded that the lysozy-
me had been covalently attached to the dextran or IDA-dextran. Analysis
showed the dextran-lysozyme conjugate contains 72% carbohydrate and
26.8% of the specific activity of the native enzyme (calculated on the protein
base). Similarly, the IDA-dextran lysozyme was shown to contain 67%
carbohydrate and 24.5% of the specific activity of the native enzyme.

pH activity curves for lysozyme and its dextran conjugates were determi-
ned by measurement of the decrease in turbidity of suspension of Micro-
coccus luteus (by the same method as the determination of lysozyme activity
was carried out) in the phosphate buffer (0.1M) of various pH values. The

[. Comparison of the action of lysozyme, dextran-lysozyme conjugate and IDA-dextran-lysozy-
me conjugate on Micrococcus lureus, Pseudomonas putida 7 and Saccharomyces cerevisiae in
standard conditions

Microonzanim L{y:;zp:;e Dextr[ixl-!lﬁ_slc;zymc IDA-dc;(:;r:-_ll);sozyme
Micrococcus luteus 1280 1360 1420
Ps. putida 7 0 118 6
S. cerevisiae 0 0 98
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2. Chromatography of dextran and lysozyme mixture on Sephadex G-50.(dimensions the same
as in Fig. 1)

pH-activity curves of lysozyme and dextran-lysozyme conjugate were close-

ly similar, but that of IDA-dextran-lysozyme conjugate shows pH profile
shifted to the alkaline region (Fig. 3).
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3. pH activity curves of lysozyme, lysozyme-dextran conjugate and lysozyme-IDA-dextran
conjugate
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4. Heat stability of lysozyme and lysozyme conjugates at 55 °C, pH 6.3

Activity determination was carried-out by the same method as described in
the previous part but using Gram-negative bacteria Pseudomonas putida
strain 7, Saccharomyces cerevisiae instead of Micrococcus luteus as testing
micro-organisms and dextran-lysozyme and IDA-dextran-lysozyme conju-
gates as enzymes. The activities found are summarised in Table I.

To determine heat stability the solution of lysozyme and lysozyme conju-
gates (approx. 0.05 mg protein/ml) in 0.06 M phosphate pH 6.3 were heated
to 55° C and samples removed at intervals for activity determinations (Fig. 4).

DISCUSSION

During the initial attempts to activate soluble dextran with concentrations
of epichlorohydrine similar to those used for activation of insoluble poly-
saccharides (Porath, 1976), rapid, irreversible precipitation of the poly-
saccharide took place during the activation procedure. This was considered
to be a result of cross-linking of polysaccharide chains by side reaction. K a-
gedal and Akestrom (1971) experienced similar problems during activa-
tion of soluble dextran with cyanogen bromide, prior to coupling of
compounds like insulin, and found that the insolubilization during activation
could be prevented by using lower concentrations of cyanogen bromide. We
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also have found that such conditions give satisfactory results in activation
with epichlorohydrine.

Gel chromatography of the products on Sephadex G-50 showed that the
enzyme activity emerged from the column at the void volume, associated
with dextran (Fig. 1 and 2). Only trace of activity was present at the normal
position of elution of lysozyme, indicating that virtually all the enzyme had
been conjugated. The interaction between lysozyme and dextran clearly
involves covalent linkages, as a mixture of lysozyme and dextran was sepa-
rated by gel chromatography under the same conditions (Fig. 3)

The specific activity of lysozyme in both conjugates, after separation, was
27 and 25% for dextran-lysozyme and IDA-dextran-lysozyme conjugates,
respectively.

A study of the effect of pH on the activity of lysozyme and dextran-lysozy-
me conjugate showed this to be closely related for both forms of the enzyme.
On the opposite, the IDA-dextran-lysozyme conjugate has pH optimum
shifted to the higher value. We suppose this to be done by the two carboxylic
groups present in imino-diacetic acid (Fig. 4).

Lysozyme is thermally stabilised by both, the dextran and IDA-dextran
binding.

Lysozyme was shown to be slightly active against yeasts in the presence of
EDTA (Pavlowskii et al., 1976)) and against Gram-negative bacteria in
the presence of polysaccharides (Nakamura et al., 1992). As shown in
Table I, the IDA-dextran lysoZyme conjugate (with the properties similar to
EDTA) was not active against yeast (Saccharomyces cerevisiae) (approx.
6.9% of the activity against Micrococcus luteus), nor was dextran lysozyme
conjugate active against Gram-negative bacteria Pseudomonas putida (8.6%
of the activity against M. luteus). The activities determined (Table I) are too
low for practical purposes, but show the way of promising modification.
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Priprava a charakterizace konjugiatu dextran-lysozym

Vaje¢ny lysozym byl kovalentné navazan na dextran a imino-diacetyldextran. Oba
polysacharidy byly pfed vazbou aktivovany oxidaci jodistanem. Po vazbé& lysozymu
byl konjugét stabilizovan redukci natrium borohydridem. Takto pfipravené rozpustné
konjugéty jsme purifikovali gelovou chromatografii na Sephadexu G-100. Prokézali
jsme, Ze se dobfe oddéli jak od o nesubstituované dextranu, tak i od nenavazaného
lysozymu. Ziskané konjugaty maji vyrazné& vy33i termostabilitu, ale jejich antibakte-
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rialni spektrum zistava nezménéno. VytéZek vazané enyzmové aktivity je pomémé
nizky (pouze 27 %). Toto je pravdépodobné zplsobeno siténim aktivovaného polysa-
charidu jako bifunkénim (polyfunkénim) ¢inidlem.

lusoym; dextran; kovalentni imobilizace; baktericidni enzymovy konjugat

Contact address:

Ing. Alexandra Pro§kova, Vyzkumny ustav potravinarsky Praha
Radiova 7, 102 31 Praha 10, Cesky repubika
Phone: +420 2 702 315, fax: + 420 2 701 983, e-mail: vupp@vupp.anet.cz
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INITIAL FREEZING POINT VS. COMPOSITION OF FRUITS*

Zbynék MAYER, Milan HOUSKA

Food Research Institute Prague, Prague, Czech Republic

Abstract: It was tried to correlate the initial freezing point of fruits with their
dry matter composition by using a quite simple linear relationship between the
initial freezing point on the one hand and the molality of soluble solids on the
other. Such relation AT= Kfm, was originally derived on the basis of Clausius-Cla-
peyron equation and Raoult’s law for the freezing point depression of dilute
aqueous solutions of non-electrolytes. It turned out that such a simple rela-
tionship can be used for a rough estimation of the initial freezing point of
various fruits as long as the molality value does not exceed ca. 1 mol/kg.

fruits; initial freezing point; composition; soluble solids; correlation

Freezing point is one of the fundamental thermophysical characteristics of
foods. Its knowledge is of importance in freeze-concentration processes, in
analyzing the freezing and thawing of various foods or in the determination
of effective molecular weight of food systems. The value of the freezing
point also indicates the susceptibility of the food to microbial growth; the
lower the initial freezing point, the more microbiologically stable the food.
Moreover, the initial freezing point is a key characteristic of the food,
indispensable for COSTHERM calculations.

The COSTHERM software is a very powerful tool for the prediction of
thermal properties of foods as a function of temperature (Miles et al.,
1983). One of the key input parameters is the initial freezing point. This phy-
sical property should be known and input into the program, otherwise the
program will use a default value. The original version of COSTHERM pro-
vided only four very approximate estimates of the initial freezing point,
based on the moisture content of the food in four broad categories, namely
moist, semi-moist, semi-dry and dry.

* This work was supported by a grant from the European Union, project No. ERB CIPA
CT 93-0240.
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Our project (Hleda se spoluprice s primyslem, 1995; An international joint
research project..., 1996; Nesvadba, 1997) should enhance the quality of
the COSTHERM program and enable the user to evaluate the thermal pro-
perties with higher precision. For this reason, we collected the initial freezing
point and composition data of different foods from literature sources
(Hou3ka, Mayer, 1996). The subsequent step was the general correlation
between the freezing point on the one hand and the corresponding composi-
tion on the other hand with the final objective to enable the prediction of the
initial freezing point of foods. The results were already submitted for publi-
cation (Miles etal., to be published).

The original compilation of initial freezing points (HouSka, Mayer,
' 1996) was made mostly from review papers and monographs (Cubik,
Maslov, 1965; Woolrich, Bartelett, 1965; Heldman, 1975;
Lewis, 1987; Heldman, Lund, 1992) and involved various food
commodities, e.g. fruits and vegetables, meat and meat products, milk and
dairy products, fish and sea products, eggs etc. Now, we have completed the
freezing point data compilation from prime literature sources as well. In the
present paper, we will concentrate especially on fruits.

Historical and theoretical background

Original data on the initial freezing point of fruits can be found in a number
of papers (Smith, 1931; Rjutov, Veselova, 1939; Short, Bart-
lett, 1944; Staph, Woolrich, 1951; Fikiin, Fikiin, 1995). They
were generally experimentally determined together with specific heat
content and/or heat capacity in connection with the research on the food be-
haviour in the solid-liquid phase transition region. The literature data
concerning the initial freezing points are usually cited together with moisture
contents of the respective foods (Shafiur Rahman, 1995). The prime
efforts to express somehow the dependence of freezing points on other
factors (e.g. composition) were therefore such as to represent them as a
function of water (or dry matter) content. Thus, Fikiin et al. (1970) and
Fikiin, Fikiin (1995) established a linear relationship and quadratic pa-
rabolic relationship between the cryoscopic temperature (initial freezing
point) and dry matter content (or carbohydrates content) of fruit juices and of
grapes, respectively. Similarly, Chang and Tao (1981) suggested a para-
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bolic dependence of the freezing point of fruits and vegetables upon their
moisture content. However, the regression dependence proposed by them is
inconsistent with their own data (Chang, Tao, 1981).

Guegov (1980) found a linear correlation between the cryoscopic tempe-
rature and the soluble solids content of fruits and vegetables. The cryoscopic
points were measured for a great number of samples by thermal analysis, the
corresponding soluble solids content (x;) of each sample was determined by
refractometry. There was a linear relationship between cryoscopic tempera-
ture (z,) and x; which was described by #.=0.36 — 0.175 x; for x; in the range
3.5 +27%.

Gane (1948) studied the freeze-concentration of several fruit juices and
published data on their freezing points and specific gravities in dependence
upon total solids concentration. When the concentration/freezing point data
are plotted, there results a series of straight lines if concentrations are
expressed as total soluble solids weight per 100 g water. The juices, in fact,
behave as if they were solutions of non-dissociating solutes with a molecular
weight of about 180.

Riedel (1949) investigated refraction indices and freezing points of a
number of fruit juices at various concentrations and compared them with
corresponding data for aqueous solutions of glucose and saccharose. The
freezing curves (the freezing point vs. dry matter content dependence) of
fruit juices lay between those of glucose and sucrose solutions, more closely
to glucose solution curve in accordance with prevailing monosaccharide over
disaccharide contents in the fruit juices investigated.

Chandrasekaran and King (1971) presented a method for predicting
solid-liquid phase equilibria in multicomponent aqueous sugar solutions
through the use of ideal-solution concepts. The method is illustrated in terms
of the limiting thermodynamic equilibrium freezing behaviour of fruit juices
and predictions are compared with experimental data. The dissolved solid
contents of most natural fruit juices lie between 5 and 15% by weight. The
dissolved solids are largely mixtures of common sugars — two monosaccha-
rides (D-fructose and D-glucose) and one disaccharide, namely sucrose. The
percentages of these three sugars vary widely from one type of juice to
another and even from one variety to another of the same juice. Since soluble
carbohydrates make up between 89 and 98% wt. of the total dissolved solids,
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~ the juices were treated, to a first approximation, as quaternary systems of the
three major sugars and water. The predictions of initial freezing point vs.
total dissolved solids content for typical apple juice and orange juice make-
up were compared with reported experimental data for apple and orange
juice.

Chen and Nagy (1987) investigated thoroughly the prediction and corre-
lation of freezing point depression of aqueous solutions by means of
extending the thermodynamic theory of an ideal solution to characterize real
solutions. The freezing point depression is one of so-called colligative pro-
perties which depend on the number but not the nature of particles in a
system. Several formulations of freezing point laws are available in the lite-
rature; all have been derived on the basis of the Clausius-Clapeyron equation
which follows from the second law of thermodynamics (Brdic¢ka et al.,
1972). The approximate form of the Clausius-Clapeyron equation is as
follows:

-RTy.T,

AT—Tlnaw [1]

where: T = Ty — T — freezing point depression
T, — freezing point of pure solvent
T, — freezing point of solution
R - constant of the ideal gas law
AH — average molar heat of fusion between 7, and T,
ay — water activity

For a small value of the freezing point depression (FPD), the following
approximate equation can be obtained:

—RT(z, K

where: K = 1000 Kf (Kf is the cryoscopic constant of water which equals
1.86 °K.kg/mol)

My, — molecular weight of water

This simplified equation [2] was used as the basis for developing models
for both ideal and non-ideal systems (Chen, Nagy, 1987).
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According to Raoult’s law, water activity ay, is related to the mole fraction
of water in solutions. For an ideal solution, i.e. a very dilute concentration,
Raoult’s law of water activity may be written as:

it gt te et (3]

where: Xs — solute concentration in weight fraction
E - ratio of the molecular weight of water (M) to the molecular weight of
solute (M)
By substituting equation [3] for ay, in equation [2], the corresponding FPD
equation becomes:

AT =K |t s [4]
For dilute aqueous solutions with ay, approaching unity, this equation can
be further simplified by substituting the first two terms of the Taylor series

development for the logarithmic function (Rektorys, 1973) and
rearranging the right-hand side of the equation:

K Xg

AT = ————rrt

(5]

Chen (1988) studied the initial freezing point of concentrated orange juices
as a function of soluble solids concentration, i.e. the so-called equilibrium free-
zing curve. The total soluble solids in orange juice are mainly sugars and organic
acids. The measured freezing point depression (FPD) data were generally grea-
ter than those predicted from the ideal FPD equation based on the Raoult’s
law. The deviations from the ideality were attributed to the water-binding
property of solute molecules and modified Raoult’s law was used:

Ky X

AT = X~ x,) M5

(6]

where: AT =Tp - T) - the FPD
T, — freezing point of pure water
T, - freezing point of orange juice
Xg — mass fraction of solutes
Mg~ effective molecular weight of all constituent solutes
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Ky = 1860 is the van’t Hoff’s constant and b is mass of bound water per unit
mass of solids (Schwartzberg, 1976).

The amounts of bound water b for three sorts of concentrated orange juices
were in the range 0.15 to 0.40 kg/kg solids.

The hydration theory was further developed by Chen (1989) and used for
adequate explanation of deviations of colligative properties in sucrose solutions
from those predicted by the ideal solution laws. It is the hydration of solute or
molecular association by hydrogen bonding between hydroxyl groups and water
which is mainly responsible for these deviations (Chen, 1987).

Besides, an alternative semi-empirical FPD equation was used by Chen et
al. (1990):

KXg (1+CX;)

AT = (7]
(1-Xg) M

where: C — coefficient of solute-solvent interaction

In this paper, freezing points of orange juices and model sugar-acid-water
systems at various solute concentrations were investigated using models of
solution theory. The observed FPD values of citrus juices were lower than
those of the model system of comparable average molecular weight. The
differences were characterized by a parameter which accounted for the solute-
-solvent interactions. Models with generalized values were presented which
allowed the prediction of equilibrium freezing curves of fruit juices based on
proximate sugar-acid composition.

Considering citrus juices as a multi-component system of fructose-glucose-
-sucrose-citric acid-water, the effective molecular weight can be calculated
according to the relation:

n
PIR
Mg e (8]
Y, (X/M;)
i
where: Megr — effective molecular weight of all constituent solutes

X - mass fraction of solutes
i —denotes the i-th component
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The effective molecular weights calculated in this manner on the basis of
proximate composition agreed very well with those determined previously
by the FPD method (Chen, 1988). These results indicated that the sugar-acid
constituents can account for the effective molecular weight of citrus juices whereas
the effects of other constituents, such as insoluble pectic substances, are negligible.

Probably, one of the most thorough investigations in this field was carried
out by Matsuoka (1992), who measured the freezing point depression of
several natural fruit and vegetable juices at various concentrations, along
with the FPD values of aqueous solutions of their individual components, i.e.
glucose, fructose, sucrose, citric acid, malic acid and tartaric acid, and the
FPD values of model quasi-juices, artificially prepared from pure substances
according to tabulated proximate composition. By comparing the effective
molecular weights calculated on the basis of the chemical composition with
those — evidently lower — evaluated from the respective freezing point
depression, it was obvious that the afore-mentioned organic acids must have
dissociated and thus contributed to greater FPD. As for the three sugars and
their mixture, the predicted and actual effective molecular weights agreed
within max. 3% at concentrations up to 10% wt.

Miles et al. (to be published) developed a universal relationship which
takes into account the effect of all constituents, including organic acids, mi-
neral substances and their possible dissociation, as well as the effect of
bound water upon the freezing point of diverse foods.

Experimental

It follows from the foregoing explication that the major part of efforts to
correlate the initial freezing point with chemical composition concerned,
hitherto, fruit or vegetable juices rather than fruits as such. We decided the-
refore to try it by using the ever simplest relation [5], in slightly modified form [9],
according to which the freezing point depression in dilute solutions of non-
electrolytes is proportional to molecular concentration of the solute expressed as
so-called molality mg, i.e. the number of moles per 1 kg of solvent:

1000 X

1= A-xgM; 1S

(9]
bearing in mind that for water as solvent 7o= 0.
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If we regard a fruit consisting just of water and soluble solids as a sort of
quasi solution we are able to estimate its freezing point provided we know
the composition of the solute and the molecular weights of individual
components which are, for the most part, monosaccharides, disaccharides
and organic acids. The proximate composition data can be found in
appropriate food composition tables; we used mostly those by Skurichin
and Volgarev (1987) and by Souci et al. (1989).

As for the initial freezing points, these data were excerpted mostly from
prime literature (Rjutov, Veselova, 1939; Short, Bartlett, 1944;
Staph, Woolrich, 1951; Fikiin, Fikiin, 1995) and partly completed
from the most recent compilation by Singh (1995).

Thus, the procedure was as follows: the initial freezing points T, as well as
the corresponding soluble solids contents X¢ were retrieved from the lite-ra-
ture and the effective molecular weights were calculated according to equa-
tion [8] by using the proximate composition data found in food composition
tables.

RESULTS AND DISCUSSION

The figure (Fig. 1) represents the plot of literature values of the initial free-
zing point against appropriate values of the apparent molality calculated just
as explained in the preceding paragraph by using the tabulated composition
data. In this first approach only monosaccharides (glucose, fructose and
sorbose), disaccharide (sucrose) and organic acids (citric, malic, tartaric and
oxalic) were taken into account as soluble solids. The slope of the straight
line equals the value of the cryoscopic constant Kf of water, namely 1.86.

It is obvious that the experimental points lie for the most part in satisfacto-
ry proximity of the theoretical straight line, which is quite remarkable when
we realize that a whole fruit is faraway from the concept of a dilute aqueous
solution just for which the simple relationship [9] is fully valid. As for the
scatter of individual points around the straight line, we must consider that
just one proximate composition was used for each sort of fruit although, in
fact, the actual composition may considerably differ in individual cases in
dependence on fruit variety (Schobinger, 1978), maturity stage
(Gurney, 1937; Sawyer, 1963) or even on the location in one and the
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1. Initial freezing point of fruits as a function of apparent molality

same fruit; it was found that e.g. in apples, pears or oranges, the sugar
content increases in the direction from peduncle to calyx and in the equato-
rial plane from centre to surface (Ulrich, 1956).

In the light of these facts it can be stated that the agreement between theory
and reality is fairly good, especially at lower apparent molalities below
1.0 mol/kg, i.e. up to 15-20% wt. of soluble solids for the major part of fruit
sorts. At higher concentrations above this value of about 1.0 mol/kg, the de-
viations from the straight line are somewhere greater, such as in the cases of
sour cherries or grapes. As for sour cherries, it is perhaps the quite high
content of organic acids which, in addition, might have dissociated to some
extent, which is responsible for the somewhat higher value of the freezing
point depression. Regarding the data for grapes, it is clear that the molal
concentration is too high insomuch that the simple relationship [9] is no
more fully valid. A similar downward departure from the Raoult’s law is
quite frequent for sugar solutions (Chirife et al., 1980). Grapes as such
consist for the most part of monosaccharides which represent about 90% wit.
of their dry matter content. In this regard it is no wonder that the data for
grapes lie rather on the equilibrium freezing curves of D-glucose and
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D-fructose solutions (Riedel, 1949; Chandrasekaran, King, 1971).
Thus, the values of freezing point experimentally found by Riedel (1949)
for glucose solutions (e.g. —4.8 °C for 29.5% wt. concentration, which
corresponds to molality of ca. 2.3 mol/kg) are quite consistent with data for
grapes in this paper (Fig. 1).

Conclusion

The extremely simple relationship [9] can be used for a rough estimation of
the initial freezing point of various fruits as long as the molality value does
not exceed cca. 1 mole/kg. More sophisticated and complicated calculations
cannot give rise to a greater estimate precision unless the precise chemical
composition of the fruit in question is known.
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Symbols

W water activity -]
b mass of bound water per unit mass of solids [kg/kg]
(& coefficient of solute-solvent interaction -]
E ratio My, / Mg -]
AH average molar heat of fusion between 7 and 7 [J/mole]
K, cryoscopic constant of water [°K.kg/mole]
mg molality [mole/kg]
M e effective molecular weight of all constituent solutes [kg/mole]
Mg molecular weight of solute [kg/mole]
My, molecular weight of water [kg/mole]
R constant of the ideal gas law [J/mole/°K]
T, freezing point of pure solvent (water) [°C]
T, freezing point of solution (fruit) [°C]
Xg mass fraction of solutes [kg/kg]
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Poéateéni bod tuhnuti a sloZeni ovoce

Pocéte¢ni bod tuhnuti je jednou ze zékladnich termofyzikéalnich charakteristik
potravin. Jeho znalost je duleZit4 jak pro potravinafské inZenyrstvi, napf. pfi fe3eni
zmrazovani a rozmrazovani potravin nebo jejich uchovévéni, tak i z hlediska mikro-
biologické kvality. Po¢ate¢ni bod tuhnuti je sou¢asné i kli¢ovou vstupni veli€¢inou pro
vypodet tepelnych vlastnosti, napf. pomoci programu COSTHERM.

Je zfejmé, Ze potateéni bod tuhnuti zavisi na obsahu vody v potraviné, ale nejen na
ném. V uvahu je tfeba vzit i sloZeni su$iny, zejména jejich rozpustnych sloZek. V této
praci jsme se zabyvali korelaci mezi po¢ate¢nim bodem tuhnuti 7) riznych druht
ovoce a jeho sloZenim. Proto jsme shromazdili idaje o 7} zejména z piivodn{ primarni
literatury a k tomu vyhledali v renomovanych tabulkach sloZeni odpovidajici udaje
o obsahu jednotlivych komponent. K tomuto postupu nés vedla skuteénost, Ze autofi
puvodnich praci zabyvajicich se méfenim 73, nikdy pfesné sloZeni, kromé& obsahu
vody nebo sudiny, neuvadéji.

Pro korelaci v tomto prvnim pfibliZzeni byl pouZit maximélné& zjednodu3eny vztah
[9], plivodné odvozeny pro zfedéné roztoky neelektrolytl, podle kterého je snizeni
bodu tuhnuti, resp. vlastni bod tuhnuti v pfipadé vody jako rozpoustédla, pfimo imér-
ny molalit€ rozpusténé latky. Postup byl takovy, Ze do rovnice [9] byl dosazovén
pocatecni bod tuhnuti 7 a k tomu pfisluiny obsah rozpustné susiny Xs z pavodni
literatury, zatimco za molekulovou hmotnost rozpusténé latky Mg byla dosazovana
efektivni molekulova hmotnost M. vypoditana podle rovnice [8] na zakladg tabelo-
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vaného sloZeni rozpustné susiny pro dany druh ovoce. V Gvahu byly brany pouze
monosacharidy (glukdza, frukt6za a sorbit), sachar6za (disacharid) a kyseliny citro-
nova, jable¢n4, vinné a §tavelova. Do grafu byly vyna3eny po¢atecni body tuhnuti 7}
proti efektivni molalité, coZ je hodnota zlomku na pravé strané rovnice [9]. V pfipadé
platnosti uvedeného vztahu by tyto body mély leZet na teoretické pfimce prochézejici
pocatkem se smérnici rovnou Ky = 1,86 (kryoskopické konstanta vody).

VétSina experimentélnich bodi opravdu leZi v blizkosti této pfimky, coZ je dosti
pozoruhodné uvédomime-li si veliky rozdil mezi zfedénymi vodnymi roztoky, pro
které byl vztah [9] odvozen, a kusovitym ovocem. Pokud jde o rozptyl jednotlivych
bodu kolem ptimky, je tfeba uvézit, Ze pro kazdy druh ovoce bylo pouZito pravé jen
jedno tabelované sloZeni, zatimco ve skute&nosti se aktudlni sloZzeni muZe pfipad od
pfipadu zna&né lisit v zavislosti na odriidé ovoce, stupni zralosti a dokonce i na ruz-
nych mistech v jednom a tomtéZ plodu.

Celkové je mozZné konstatovat, Ze shoda mezi teorii a skutecnosti je docela dobra,
zvlasté pak pfi niz8ich hodnotach efektivni molality cca do 1 mol/kg, coZ u vétSiny
druht ovoce odpovida asi 15-20 % hm. rozpustné su$iny. Pfi vy33ich koncentracich
jsou jiz odchylky vétsi a Ize také zaznamenat odklon od teoretické pfimky smérem
k niz§im bodim tuhnuti, coZ plati zejména pro vinné hrozny. Podobné odchylky od
Raoultova zakona jsou oviem pro vodné roztoky cukrii o obdobné koncentraci zcela
bézné. Vinné hrozny obsahuji z nejvétsi ¢asti monosacharidy, které tvofi okolo 90 %
jejich susiny. Je proto zcela pfirozené, Ze experimentalni body pro hrozny leZi prak-
ticky na rovnovazné kfivce tuhnuti vodnych roztoku glukézy a fruktézy. Experimen-
talni Gdaje o bodu tuhnuti roztoku glukézy, publikované Riedlem (na pfiklad —4,8 °C
pfi koncentraci 29,5 % hm., coZ odpovida molalité cca 2,3 mol/kg), jsou konzistentni
s hodnotami pro vinné hrozny v této préci (obr. 1).

Zavérem lze konstatovat, Ze jednoduchy vztah [9] a popsany postup je moZné po-
uzit pro pfiblizny vypocet pocate¢niho bodu tuhnuti riznych druhti ovoce, pokud hod-
nota molality vyrazné& nepfevysi cca 1 mol/kg. Zvy3eni pfesnosti vypoétu nelze dosahnout
slozitéj$imi vzorci, pokud neni znamo pfesné sloZeni pro dany konkrétni pfipad.

ovoce; po¢ate¢ni bod tuhnuti; sloZeni; rozpustna su$ina; korelace
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DISTRIBUTION OF TOCOPHEROLS AND TOCOTRIENOLS
IN THE MAIN PRODUCTS OF WHEAT AND RYE MILLING

Marie HOLASOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract: Tocopherols and tocotrienols were analyzed using HPLC and vita-
min E content calculated in wheat and rye and in the main end products of
milling of wheat and rye, i.e. wheat germ, wheat and rye flours with different
ash contents, wheat grit and bran. The samples were taken in an industrial mill.
In wheat germ fraction o~ and B-tocopherols were cumulated, contributing by
94.6% to the total tocol content. Tocol content was four times higher in germ
than in wheat. Both the concentration of tocols and the tocopherol contributions
in flours increased with increasing extraction of flours. Wheat germ, bran and
high extraction flour were better sources of vitamin E than grain and low
extraction flours. The concentration of tocols was three times higher in rye bran
than in rye grain, with a-tocotrienol contribution increased. Vitamin E activity
of rye flours were lower than that of grain.

tocopherols; tocotrienols; vitamin E; wheat; rye; milling products

Tocopherols (T) and tocotrienols (T3) are naturally occurring vitamin E
active tocols. They are important antioxidants and radical scavengers partici-
pating in prevention of chronic and cardiovascular diseases, cancer and stro-
kes (Packer, Fuchs, 1993). The biological activities and antioxidant
influence of the individual isomers differ (Serbinova etal., 1991; Linji
etal., 1993; Qureshi etal., 1991).

Cereal grains are good sources of vitamin E. Vitamin E contents in wheat,
rye and oats range from 14.7 to 17.1 mg/kg. For barley average content
23.7 mg/kg was found (Holasov4 etal., 1995). Tocopherol and tocotrienol
contents of different fractions of kernel differ from each other. Analysis of
hand dissected oats fractions indicated that the germ was the location for
most of o- and y-tocopherols. Tocotrienols were concentrated in the
endosperm (Peterson, 1995). In wheat kernel fractions - and B-tocophe-
rols were almost exclusively in the germ, o-tocotrienol was mostly in bran
and PB-tocotrienol was equally distributed between the bran and the
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endosperm (Morrison et al., 1982). In similar experiments with barley
kernel Peterson found a high concentration of a-tocopherol and significant
quantities of B-tocotrienol in the germ, whereas barley hulls and endosperm
had substantial concentrations of tocotrienols (Peterson, 1994).

In the process of milling bran and germ are removed yielding starchy
endosperm. The sequence of milling, sifting and aspiration processes is used
resulting in a number of millstreams of varying composition. Final flours of
defined ash content are obtained using blending of millstreams. The objecti-
ve of this study was to examine distribution and enrichment of tocopherols
and tocotrienols in the main products of wheat and rye milling obtained in an
industrial mill.

MATERIAL AND METHODS

Samples of wheat and wheat milling products and rye and rye milling pro-
ducts were collected during the milling process in the industrial mill Odko-
lek, Prague. The collection was repeated, samples were combined and two
combined samples were analyzed. The samples represent the most common
end products of milling technology used in the Czech Republic, i.e. wheat
germ, wheat flours T 4000, T 1000, T 530, T 450, wheat grit T 450 and wheat
bran. In milling of rye flours T 1700 and T 930 and rye bran were obtained.
The numbers designating flours show the approximate contents of ash in %
multiplied by 10°. Standards of c.-, B-, y- and 8-tocopherols and tocotrienols
were purchased from Merck.

The grain, germ and bran samples were homogenized by milling, flour
samples were analyzed directly. Room temperature saponification and di-
ethyl ether extraction were applied for tocol isolation (Piironen et al.,
1984). Evaporated samples were dissolved in n-hexane and analyzed by
HPLC. The liquid chomatograph HP 1090 and fluorescence detector HP
1046 A together with 7um Separon SGX column (250 x 3.3 mm) were used.
Mobile phase consisted of n-hexane and 2-propanol (99 : 1, v/v). Fluo-
rescence detector was set at 290 nm excitation and 330 nm emission wave-
length. The tocopherol and tocotrienol contents were calculated from peak
areas using standard curves of appropriate tocols (Holasova et al., 1995).
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The vitamin E content expressed in mg of o-tocopherol equivalents (o.-TE)
was calculated according to Mc Laughlin and Weihrauch (1979).

RESULTS AND DISCUSSION

Samples were analyzed for tocopherol and tocotrienol contents and their
vitamin E concentrations were calculated. The biological activities of indivi-
dual isomers were taken into account. Tocol separation obtained under the
above mentioned experimental conditions is demonstrated in Fig. 1. Results
of analysis of wheat and wheat milling products are summarized in Table I.

[. Tocopherol and tocotrienol contents[mg/kg] in wheat and wheat milling products

Sample Tocols o-T a-T3 B-T B-T3 |Vitamin E
Wheat grain 43.6 9.8 4.5 5.1 242 14.4
Wheat germ 181.4 104.0 1.6 67.0 82 - 132.2
Wheat bran 75.5 12.9 11.4 6.6 442 21.2
Wheat flour T 4000 104.4 37.0 9.3 18.9 39.2 49.3
Wheat flour T 1000 38.1 12.8 2.5 6.7 16.1 16.8
Wheat flour T 530 19.9 3.8 1.2 22 12.7 5.7
Wheat flour T 450 17.4 28 1.0 1.9 11.4 44
Wheat grit T 450 15.4 L.5 1.0 0.9 12.0 28

Contributions of the individual isomers to the total tocol content are de-
monstrated in Fig. 2. The analysed wheat grain contained 43.6 mg/kg of total
tocols. This value corresponded to the interval found in our former experi-
ments (Holasov4 et al., 1995). B-tocotrienol contributed by 55.5% to the
total content and it was the dominant isomer in wheat tocols. In addition to
B-tocotrienol, a-tocotrienol was also present, they together amounted to 66%
of total tocol content. Wheat germ was rich in - and B-tocopherol, their
contribution represented 94.6% of the total content.The content of tocols was
four times higher in germ than in wheat. The concentration of tocols in wheat
bran was approximately double when compared with grain. The distribution
of individual isomers in bran was, however, comparable with that of
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1. Separation of tocols in wheat grain by HPLC with fluorescence detection

grain.The contents of tocols in various flour sorts and tocopherol proportions
in the total tocol contents increased with the increasing extraction of the
flours. Whereas in the flour T 450 tocopherol content amounted only to
15.6%, in high extraction flour T 4000 it reached 53.5%. Vitamin E content
that takes into account the biological activities of the individual isomers was
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2. Contribution of tocopherols and tocotrienols to the tocol content in wheat and wheat milling
products
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nearly ten times higher in germ in comparison with grain. An enrichment was
found also in high extraction flour T 4000 and in bran. Low extraction flour
types and grit exhibited on the contrary lower vitamin E contents than that in
grain. These results agreed well with the value that Piironen observed in
wheat flour samples (Piironen et al., 1986). Value of total tocols found in
our experiments for wheat germ milling fraction was lower in comparison
with that for hand dissected germ analyzed by Morrison et al. (1982),
contributions of individual isomers were, however, comparable.

Analytical results of rye and rye milling products are compiled in Table II
and grafically demonstrated in Fig. 3. The level of total tocol content in rye
was comparable with that in wheat. Tocotrienols contributed by 59% to the
total tocol content with a-tocotrienol prevailing. Tocol content in bran was
almost three times higher than in grain, this increase was accompanied by an
enrichment of a-tocotrienol. Contributions of individual isomers in flour
were similar to that in the grain. In flour T 930 a slightly higher proportion
of a-tocopherol was found. Vitamin E activity of rye bran is somewhat
higher than of rye grain, in flours a decrease in vitamin E contents equalling
to 58-71% was found.

[1. Tocopherol and tocotrienol contents [mg/kg] in rye and rye milling products

Sample Tocols o-T o-T3 B-T B-T3 | Vitamin E
Rye grain 39.2 12.9 14.9 32 8.2 19.1
Rye bran 118.4 12.8 66.8 33 35.5 359
Rye flour T 1700 36.3 10.3 14.1 28 9.1 16.1
Rye flour T 930 247 9.9 6.9 22 5.7 13.1

The results indicate that tocopherols are cumulated in the germ fraction
during the course of processing of wheat. The resulting flours are rich in
tocotrienols. Contributions of tocopherols to the total tocol contents in flours
increase with the increasing extraction of flours. Both total tocol contents
and vitamin E contents in wheat germ and in bran are substantially higher
than in wheat grain. They are significantly lower in flours with the exception
of high extraction sort. Similarly in rye milling, bran with enhanced tocols
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3. Contribution of tocopherols and tocotrienols to the tocol content in rye and rye milling
products

and vitamin E contents are obtained. Rye flours are also enriched with to-
cotrienols. Vitamin E concentrations are lower in flours than in rye grain.

The results confirm differentiation of tocopherol and tocotrienol concentra-
tions within grain kernel and are in good agreement with published data
(Morrison etal., 1982; Piironen et al., 1986). The experiments provide
data on tocopherol, tocotrienol and vitamin E concentrations in most
common Czech end products of wheat and rye milling.
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Distribuce tokoferolii a tokotrienolii v hlavnich produktech mleti
p3enice a Zita

Tokoferoly a tokotrienoly patfi mezi pfirozené tokoly, které vykazuji aktivitu vita-
minu E. Biologicka aktivita a antioxida¢ni efekt jednotlivych izomeru se lii. Obilo-
viny jsou dobrym zdrojem vitaminu E, zastoupeni jednotlivych izomeri v obilném
zrnu je viak nerovnomérné.

V procesu mleti se ziskdvd michanim jednotlivych pasazi fada mouk o rizném
obsahu popele a dale separovené kli¢ky a otruby. Pfedmétem préace bylo uréit distri-
buci tokoferoli a tokotrienoll v hlavnich produktech mleti pSenice a Zita ziskanych
pfi mleti v primyslovém mlynég.

V ramci experimentalni prace byl stanoven obsah tokoferoli a tokotrienoli a vy-
pocitan obsah vitaminu E v p3enici a v nejb&éZnéjsich produktech mleti p3enice — p3e-
ni¢nych kli€cich, p3eni¢nych otrubach, pseni¢né krupici T 450 a v p3eni¢nych
moukach T 4000, T 1000, T 530 a T 450. Déle byly analyzovany vzorky Zita, Zitnych
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otrub a zitnych mouk T 1700 a T 930. Vysledky jsou sumarizovany v tab. I a Il
a procentualni zastoupeni individualnich izomeru je zndzornéno na obr. 1 a 2.

Z vysledku je patrné, ze ve frakci pSeni¢nych kli¢kt jsou kumulovany a- a B-toko-
feroly, jejich obsah predstavuje 94,6 % celkovych tokoli. Obsah tokolu je v kli€cich
pfiblizné &tytikréat vy3si neZ v p3enici. Celkovy obsah tokolu i podil tokoferolt sledo-
vany u pSeniénych mouk vzrist4 se zvy$ujicim se stupném vymleti mouk. P3eni¢né
klicky, pSeni¢né otruby i vysoce vymletd mouka T 4000 jsou lep§im zdrojem vita-
minu E neZ zrno a nizko vymleté mouky. Zitné otruby maji obsah tokolu t¥ikrat vy3si
neZ Zito a jsou ve srovnani se zrnem obohaceny o o--tokotrienol. Zitné mouky obsa-
huji méné vitaminu E neZ Zito a Zitné otruby.

tokoferoly; tokotrienoly; vitamin E; pSenice; Zito; mlynské produkty

Contact address:

Ing. Marie Holasova, Vyzkumny udstav potravinafsky Praha
Radiova 7,102 31 Praha 10, Ceska republika
Phone: + 420 2 702 331, fax: + 420 2 701 983, e-mail: vupp@vupp.anet.cz
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ISOLATION AND CHARACTERISATION OF THE PROTEOLYTIC
ENZYMES OF CARP HEPATOPANCREAS*

Milena KMINKOVA, Zdenék MOUCKA, Jii KUCERA

Food Research Institute Prague, Prague, Czech Republic

Abstract: Proteolytic enzymes (trypsin, chymotrypsin, aminopeptidase and
carboxypeptidase A and B) were separated from carp hepatopancreas, purified
and partially characterized. Aminopeptidase was separated from other enzymes
by gel chromatography on Sephadex G-100 (this enzym is an object of our next
study). Chymotrypsin and trypsin were separated to two active components
(chymotrypsin I and II and trypsin I and II) by ion exchange chromatography on
DEAE-cellulose. Trypsin I and chymotrypsin I were not adsorbed on this sorbent
in contrast with trypsin II and chymotrypsin II, which were eluted from the co-
lumn with NaCl gradient. Isoelectric points, optimum temperature and pH were
determined for chymotrypsin I and II, trypsin I and II and carboxypeptidase A
and B. The carp enzymes had similar properties to those of other water animals.

carp; proteolytic enzymes; purification of proteases; characterisation of protea-
ses; trypsin; chymotrypsin; carboxypeptidase A; carboxypeptidase B

Plenty of enzymes are produced commercialy for their application in food
industry, food and fodder analysis, fodder processing and for their further
application in biochemistry and biotechnology (Anon, 1984). The bovine
or pork viscera is frequently used as source of enzymes. Very little attention
was paid to the viscera of other domestic animals. The least used viscera are
that of fish and some other water animals. It is pitty because fish, oyster or
molluscs enzymes have very interesting properties. Usually such enzymes
have higher specific activity, their activity start at lower temperature etc.
(e.g. Ramakrishna, 1987; Raae,Walther, 1989)

In the present paper separation, purification and properties of hepato-
pancreatic proteases of carp hepatopancreas are reported with the aim to uti-
lize wastes of fish processing.

* The work was supported by the Grant Agency of Czech Republic, Grant No. 509/95/06045.
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MATERIAL AND METHODS

Material

Carp viscera were taken off from fish in the factory of Rybafstvi, Lahovice
near Prague, CR.

Sephadex G-100 was product of Pharmacia, Uppsala, Sweden, DEAE-cellu-
lose 200 and CM-cellulose were products of Iontosorb, Usti n. Labem, CR.

All other reagents were products of Lachema, Brno, CR, quality “Reagent grade*.

Scaninng spectrophotometer Philips, model PU 8730 was used for the de-
termination of all enzyme activities. Amicon ultrafiltration system, model
202 served for desalting and concentrating the samples. FPLC, Pharmacia,
Uppsala, model LCC 500 was used for chromatographic experiments. Iso-
electric focusing was carried-out on the Multiphor II equipment, Pharmacia,
Uppsala.

Extraction procedure

Hepatopancreas was separated from other tissues, homogenized, and
storred at =30 °C before use. After thawing (20 hrs at +6 °C) 1 000 g of
hepatopancreas was stirred at 4 °C for 2 h with 1 500 ml of 10mM Tris-HCI
buffer pH 7.9 containing 10mM CaCl,. Homogenate was centrifuged
(2 000 g, 60 min) and the sediment was reextracted with 550 ml of the same
buffer for 1 h at 4 °C and centrifuged again. Both supernatants were mixed
and used for further work.

The extract was clarified by the acidification. The pH of collected superna-
tants was adjusted to pH 5.0 using 2M sodium acetate and acidified superna-
tant was then stirred for 30 min in ice bath. The precipitate was separated by
centrifugation and clear supernatant was readjusted to pH 7.9. Zymogenes
were then activated for 14 h at 25 °C.

Clear solution after enzyme activation was precipitated with solid ammo-
nium sulphate to 80% of saturation at 4 °C. Precipitate was separated by
centrifugation and dissolved in small amout of starting buffer (10mM Tris-HCl
pH 7.9 containing 10mM CaCl,) and desalted by diafiltration (membrane PM 10).

Assay of enzymatic activity

N-benzoyl-L-tyrosine ethylester was used as substrate for chymotrypsin
(Rick, 1974) and hippuryl-L-phenylalanine and hippuryl-L-arginine for
carboxypeptidase A and carboxypeptidase B, respectively (Appel, 1974).
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Trypsin activity was determined with the aid of Bio-La-Test set produced
by Lachema Brno, CR using N-o-tosyl-L-arginine-4-nitroanilide as substra-
te.

Isoelectric focusing

Isoelectric focusing was carried out on vertical polyacrylamide gel (7.5%)
electrophoresis with 1M phosphoric acid as anodic and 1M NaOH as catodic
buffers. Electrophoresis was carried out at current 8 mA and potential 15 V.
The proteins were stained using Coomassie Blue G-250 after fixation with
salicylic and trichloroacetic acids. The pH gradient in polyacrylamide gel
was determined by sectioning of the gel (0.5cm pieces), extracting with
distilled water and determined pH of the extract.

Gel chromatography

Clear extract was applied on the Sephadex G-100 column (2.6 x 30 cm,
flow rate 18 ml/h) in 10mM Tris-HCI buffer pH 7.9. Leucine-aminopeptida-
se is the only enzyme in this group which have molecular weight higher than
100 kDa and it is eluted from Sephadex G-100 column in the void volume.
Other fractions were collected and concentrated by ultrafiltration (membrane
PM 10).

DEAE-cellulose chromatography

Concentrate from the previous operation was applied on the DEAE-cellu-
lose column (2 x 10 cm), equilibrated with 10mM Tris-HCI pH 7.9 buffer,
containing 10mM calcium chloride, flow rate was 60 ml/h. Bound enzymes
were eluted stepwise with 0.14, 0.3 and 1M NaCl in the above buffer.
Unbound and bound fractions were pooled, concentrated and dialysed
by ultrafiltration against 10mM Tris-HCI buffer pH 6.0, containing 10mM
calcium chloride.

The first fraction was concentrated and applied to a CM-cellulose column.

CM-celullose chromatography

The pH of fractions from DEAE-celullose column was adjusted to 6.0 and
the sample was applied to the 2 x 8 cm CM-celullose column, equilibrated
with 10mM Tris-HCI pH 6.0 buffer, containing 10mM calcium chloride.
Adsorbed fractions were eluted with 1M NaCl in starting buffer after
washing-out the unadsorbed proteins.
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The pH optimum

It was determined by this way: the reaction was started by addition of the
enzyme sample to the synthetic substrate dissolved in the buffer of various
pH.

The temperature dependence of enzyme activity

It was detemined by two ways:

1. The reaction was started by the addition of enzyme sample to the substrate
dissolved in buffer at different temperatures. The change of the reaction
rate per min was measured for the time unit and for temperature 30 °C in
10 min. '

2.The enzyme alone was heated for 10 min at selected temteratures and the
activity was estimated as usually.

RESULTS

The leucineaminopeptidase was separated first from other enzymes on the
column Sephadex G-100 and its separation and properties will be described
elsewhere. After the separation on the DEAE-cellulose column (Fig. 1) we

100 1
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fraction

1. Chromatography of the extract of carp hepatopancreas free of Leu-aminopeptidase on
DEAE-cellulose at pH 7.9 (numbers 1-9 show pooled fractions)
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. Enzyme activities in unbound and bound fractions obtained by DEAE—cellulose chromato-
graphy

T Activity in effluent (% of total activity applied) Isoclc.:ctric
unbound fractions bound fractions point
Chymotrypsin I 63.5 - 7.1
Chymotrypsin II - 8.5 4.9
Trypsin I 11.8 - 7.9
Trypsin II - 54.9 4.8
Carboxypeptidase A 79.1 6.1 6.9
Carboxypeptidase B 88.1 8.1 6.5

found that two types of trypsin and chymotrypsin have been present. This
assumption was confirmed by the different isoelectric points of enzymes,
which hydrolysed the same synthetic substrates (Table I).

Trypsin and chymotrypsin were designated I and II, respectively,
according to the binding of these enzymes to DEAE-cellulose. Chymotrypsin
is mainly unadsorbed on DEAE-cellulose while trypsin is mainly adsorbed.
We suppose that two types of peptidades carboxypeptidase A and carboxy-

50 000 B wypsin 7400

5 £ chymotrypsin =
= 40000 =
a 1300 -3
3 g
S 30000 2
£ oo 2
3 20000 B
2

=
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0 4
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2. Trypsin and chymotrypsin activity in pooled fractions obtained from DEAE-cellulose column
(pH 7.9)

355


Carboxypeptida.se

Potrav. Védy, 15, 1997 (5) : 351-362

5T [ carboxypeptidase A 10
= carboxypeptidase B @
< 44 18 m
2 2
2 2
g 34 +6 ‘2
2 &
9 <)
=] J )
d 24 4y
Q
kS “a
z 2
&1 T2 &
8 g
0 4 Sy + + 0
1 2 3 4 5 6 7 8 9
fraction number

3. Carboxypeptidase A and B activity in pooled fractions obtained from DEAE-cellulose co-
lumn (pH 7.9)

peptidase B are presented. The occurrence of these enzymes in crude extract
is relatively low. The loss of them during separation is high too. We have
analyzed, therefore, the main fraction only.

The unadsorbed fractions 1, 2 and 3 contain both carboxypeptidases, chy-
motrypsin I and trypsin I. The main part of adsorbed fractions 4 and 5 is
formed with carboxypeptidase B. Trypsin II is presented mainly in the 6th
fraction (Figs. 2 and 3). Isoelectric points of two chymotrypsins, two trypsins
and carboxypeptidase A and B are shown in Table I.

The chromatography on the CM-cellulose was the next step of separation.
Unbound fractions from DEAE-cellulose were applied on CM-cellulose co-
lumn. Two peaks were obtained. The first peak included the 1., 2., and 3.
unbound fractions and the second peak the 4., 5. and 6. eluated fractions. The
unbound fractions contained mainly chymotrypsin I, both carboxypeptidases
and smaller part of trypsin I. After elution (the fractions 4., 5. and 6.), the
carboxypeptidase A and trypsin I were obtained (Figs. 4 and 5).

The temperature optima are summarized in Table II. The incubation of
trypsin was performed in 14mM CaClz' which is necessary for its function.
Other enzymes, including chymotrypsin, did not need the calcium ions for
optimum activity. Trypsin I kept its activity after heating up to 60 °C for
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I1. The temperature optima of selected proteolytic enzymes of carp hepatopancreas

Incubation with substrate

Incubation without substrate

Enzyme temperature conditions temperature conditions
optima [°C] [ 1 | time [min] | CaCl, mM] | P™2FC] [ tH | time [min] [cacl, (mM]
Chymotrypsin I 34-35 8.2 3 -
Trypsin 58-60 82 10 14 54-56 8.1 10 14
Trypsin II 55-56 8.2 10 14 55 8.1 10 14
Carboxypeptidase A 48-49 17 2 -
Carboxypeptidase B 43-49 7.7 2 -
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4. Trypsin and chymotrypsin activity in pooled fractions obtained from CM-cellulose column
(pH 6.0)

10 min, trypsin II up to 56 °C. The activity maximum for chymotrypsin [ was
34-35 °C only. Both carboxypeptidases had the same optimum 48-49 °C for
the 2 min incubation. Temperature optimum of trypsin, incubated without
substrate in the same conditions,was somewhat lower 54-55 °C for trypsin I
and 55 °C for trypsin II, respectivelly.

III. The optimum pH of selected proteolytic enzymes of carp hepatopancreas

Conditions of the reaction
E gH Substrat
Ay optimum | temperature time CaCl, Dot
[°C) [min] [(mM.I""]

Chymotrypsin I 8.0-8.3 25 3 0 BTEE
Trypsin I 8.0-8.2 30 10 14 TAN
Trypsin II 8.1-8.5 30 10 14 TAN
Carboxypeptidase A | 7.6-7.9 25 2 0 H-L-Phe
Carboxypeptidase B | 7.6-7.9 24 2 0 H-L-Arg

BTEE - N-benzyl-L-tyrosine ethylester
TAN - N-tosyl-L-arginine p—nitroanilide
H-L-Phe - hippuryl-L-phenylalanine
H-L-Arg — hippuryl-L-arginine
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5. Carboxypeptidase A and B activity in pooled fractions obtained from DEAE-cellulose co-
lumn (pH 6.0)

The pH optimum of chymotrypsin I and trypsin I was 8.0-8.3, 8.0-8.2,
respectively. Higher pH optimum was obtained for trypsin II — 8.1-8.5. Both
carboxypeptidases give the same value of pH optimum 7.6—7.9 (Table III).

Kinetic constants were calculated from substrate concentration and starting
reaction rate using the least square method (Table IV).

I'V. Kinetic constants of chymotrypsin I and trypsin II of carp hepatopancreas

.2 Conditions of the reaction
Enzyme Km [mM] (mM.min™"] oH temperature | substrate conc_:tlmtration
[°C] [mM.1]
Chymotrypsin I 0.96 0.35 8.2 25 0.03-2.14
Trypsin II 0.12 1.6 8.2 30 0.02-2.50
DISCUSSION

Carp chymotrypsin was separated to two isozymes, acidic (pI 4.9) and
almost neutral (pI 7.1) one. Similarly trypsin was separated to two isozymes
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with pI 4.8 and 7.9. Compared with the similar enzymes of other cold-
-blooded animals, these two groups, the more acidic and more alkaline
isoenzymes seems to be frequently found in these kind of animal for example
in work of Croston (1965), Gibson and Dixon (1969). In Atlantic cod
two chymotrypsins with plI 5.8 and 6.2 respectively were found
(Assgeirsson, Bjarnson, 1991), two chymotrypsins and two trypsins
with pI 5.6, 6.4 and 5.3, 6.0, respectively (Raae, Walther, 1989). Even
four strong anionic trypsins with pI lower than 3 were isolated from crayfish
hepatopancreas (Kimet al., 1991). On the other hand, trypsins and chy-
motrypsins of warm-blooded animals are all alkaline (see e.g. Bri-
teux-Grégoireetal., 1966; Charles etal., 1963; Harris et al., 1969;
Koide, Hofmann, 1969).

The occurrence of carboxypeptidase A and B in crude extract is relatively
low. The loss of these two enzymes during separation is relatively high. Very
low levels of these enzymes were also found in the carp hepatopancreas
(Cohen et al., 1981). Carboxypeptidase A activity was almost competely
lost during the ion-exchange chromatography on DEAE-celulose.

Surprisingly both trypsins, but not chymotrypsin I (chymotrypsin II was
not studied in this case), have relatively high temperature optimum, similar
to some microbial serine proteases (Pétra,1970; Folk, 1970). The pH
optima, on the other hand, are similar to appropriate enzymes of warm-bloo-
ded animal.
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Izolace a charakterizace proteolytickych enzymi v hepatopankreatu kapra

Proteolytické enzymy (trypsin, chymotrypsin, aminopeptidasa a karboxypeptidasa
A a B) byly izolovany z hepatopankreatu kapra homogenaci v 10mM Tris-HCI pufru
pH 7.9 v ptitomnosti 10mM CaCl; a ¢ifenim v kyselém prostiedi. Gelovou chroma-
tografii na Sephadexu G-100 byla oddélena aminopeptidasa (tento enzym bude pied-
métem samostatné prace). Ostatni proteasy byly dale déleny na DEAE-celulose. Byly
ziskany izoenzymy: chymotrypsin I a II, trypsin I a II. Chymotrypsin I a trypsin I
nejsou na sloupci DEAE-celulosy sorbovany, chymotrypsin II a trypsin 1l jsou eluo-
vany gradientem iontové sily. [zoelektrickou fokusaci byly zjiStény tyto izoelektrické
body pro chymotrypsin I 7,1; chymotrypsin II 4,9; trypsin 1 7,9; trypsin II 4,8; karbo-
xypeptidasa A 6,9 a karboxypeptidasa B 8.1. Optimalni pH bylo pro chymotrypsin I
8,0-8,3, pro trypsin I 8,0-8.2, pro trypsin II 8,1-8.5, pro karboxypeptidasu A 7,6 -7,9
pro karboxypeptidasu B 7,6—7,9. Optimalni teploty (°C) byly pro chymotryp-
sin I 34-35, pro trypsin I 58-60, pro trypsin II 55-56, karboxypeptidasu A 48-49
a pro karboxypeptidasu B 48—49. Vlastnosti chymotrypsinu I nemohly byt stanove-
ny pro velmi nizky obsah tohoto enzymu v extraktu. Z podobného divodu byly sta-
noveny kinetické parametry pouze u chymotrypsinu I (K, = 0,96, V, = 0,35)
a trypsinu II (K, = 0,12, V;, = 1).

kapr; proteolytické enzymy:; purifikace proteas; charakterizace proteas; trypsin; chy-
motrypsin; karboxypeptidasa A; karboxypeptidasa B
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AFLATOXINS IN FEED, THE POSSIBILITIES OF FEED
DETOXIFICATION AND ITS INFLUENCE ON NUTRITIVE VALUE*

Ivan BOHACENKO, Zdenék VESELY, Petr HOMOLKAI

Food Research Institute Prague, Prague;IResearch Institute of Animal Production,
Prague-UhFinéves, Czech Republic

Abstract: Detoxification of corn semolina, which was intentionally contamina-
ted with aflatoxins By, B,, G, and G,, by extrusion process and by the addition
of an aqueous solution of NH; under varied temperature and exposure, was exa-
mined. The results make it possible to recommend to practical workers a simple
and inexpensive method of detoxification by the addition to the feed of 2% NH;,
a consequent storage for 1 week at 20 °C in a closed space (e.g. PE bags) and
the final aeration and drying. This way enables to decrease the content of all
types of aflatoxins by 85 to 95%, which is comparable with detoxification
carried out by extrusion with the addition of 1% NH,. Chemical analyses and in
vivo experiments with cannulated cows show that the feed treated in this way
does not lose nutritive value; in fact, degradability of nitrogen and intestinal
digestibility of nitrogen and dry matter not digested in the rumen are increased.

feed; aflatoxins; decontamination; extrusion; ammonia; nutritive value

Aflatoxins By, B,, G, G5, M, and M, belong to the most followed-up afla-
toxins. The aflatoxins of the B and G types are direct metabolites of moulds,
primarily of those of the genus Aspergillus, and can occur in a number of raw
materials, food and feed, namely in nuts and grain. As the occurrence of the
most toxic aflatoxin B, generally surpasses other kinds, its content in feed is
approved within the following limits (Min. of Agric., 1995):

A general limit is 20 pg/kg, in extracted grouts except for peanut 30 pg/kg,
in peanut grouts 70 pg/kg; in feed intended for cattle and sheep 50 pg/kg, for
lactating cattle, sheep and goats 10 pg/kg, for young poultry 2 pg/kg, for
trout 0.5 pg/kg and for other fish 5 pg/kg.

It is obvious that if the content of aflatoxin B in feed raw materials only
slightly exceeds the above-mentioned limits, it is possible to substitute the

* The study was supported by grantNo. 0117 from the National Agency of Agricultural Research.
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process of decontamination e.g. by mixing the contaminated raw material
with other, non-contaminated material, or to use this for other groups of ani-
mals, as frequently practised. Of course, a general principle must be taken in
consideration: prevention, i. e. a strict adherence to the technologies inhibi-
ting an infection by, and the reproduction of, toxigenic microorganisms, is
the most efficient way how to minimize the danger of any contamination
with aflatoxins.

In the degradation of aflatoxins, it must be pointed out that they are rather
resistant to high temperatures and chemical procedures currently used in feed
production technologies. Research and the practical application of its results
have been existing for several decades, as shown by a number of reviews
(e.g.Samarjeewa etal., 1990; éimkové, Pribela, 1994;Basappa,
Shantha, 1996). On the basis of these reviews, detoxification methods can
be classified as physical, chemical, physicochemical and microbiological
ones, or are their combinations.

Physical methods are primarily those utilizing the effect of high temperatu-
res between 100 and 250 °C, microwave heating (Pluyer et al., 1987;
Farag et al., 1996), ionizing radiation (Van Dyck, 1982;
Hooshmand, Klopfstein, 1995) and extrusion (Grehaigne et al.,
1983). Aflatoxins are also unstable to light and UV radiation (Ruprich,
1992).

Out of the chemical methods, the use of a number of compounds with oxi-
dative or hydrolytic effects was described (Mercado etal., 1991; Tabata
et al., 1994), when the lactone cycle of aflatoxins is disintegrated and the
resultant compounds are substantially less toxic.

Physico-chemical methods are those utilizing the adsorption of aflatoxins
to activated carbon, bentonites, zeolites and various synthetic ion exchangers
(Ramos etal.,, 1996; Galvano et al., 1996).

In recent years attempts have been made to detoxify aflatoxins microbiolo-
gically, e.g. by help of Flavobacterium aurantiacum (Line et al., 1994).

Most of the methods listed are not considered as promising for practical
feed production because very expensive technologies are involved, or the de-
contamination procedure is so drastical that it significantly limits the conse-
quent use of the feed. The ammoniation, when aflatoxin B, is converted into
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aflatoxin D, which is 130 times less toxic, is considered as the only method
of practical importance (Park, 1993a; Cong Ying Weng etal, 1994).
For practical use two procedures are recommended, i.e. ammoniation at
high temperatures and pressures, or ammoniation at an ambient temperature
and pressure (Park, 1993b). In the first case the addition of ammonia
amounts to 0.2-2%, temperature 80-120 °C, pressure 0.24-0.34 MPa, and
the reaction time 20—60 minutes. In the second case, the content of ammonia is
increased to 1-5%, and the reaction time takes 1421 days. In both alternatives
detoxification effect equals 90-95% of the original content of aflatoxin B,.

The aim of our experiments was to propose a fast and sufficiently effective
detoxification of aflatoxins, which can be easily used in the local agricultural
practice, and to follow the changes in nutritive values of such decontamina-
ted raw materials intended for feed production.

MATERIALS AND METHODS

The analyses to determine the content of aflatoxins were carried out based
on the method of immunoaffinity extraction of aflatoxins and their conse-
quent determination by HPLC method with fluorescent detection following
derivatisation (Vesely, Bohacenko, 1995).

The artificially contaminated samples were prepared from commercially
produced maize grits without any content of aflatoxins. In a Slitre glass jar,
1 kg of grits was mixed with 30 ml chloroform containing the experimental
dose of aflatoxins B, B,, G; and G,; the chloroform solution was added
gradually while the grits.were stirred continually. After the chloroform solu-
tion was added, the glass jar was closed and the content was further mixed
for additional 30 min. Later on, chloroform was evaporated in a fume hood.

The treatment of the contaminated maize grits with ammonia was carried
out similarly, i.e. by gradual admixture of the respective amount of the 25%
aqueous ammonia solution to the grits treated while stirring the grits conti-
nually.

The influence of extrusion on the content of aflatoxins B, B,, G, and G, in
contaminated maize grits, both untreated and containing 1% ammonia,
was tested by help of a laboratory-type one-worm extruder Brabender
DCE 330 under the following conditions: moisture content, 15%; tempera-
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ture 200-208 °C; treatment in the heated sector of the extruder 20 s; drying
at 60 °C 1 hr. The results of the decontamination of three samples differing
in the level of aflatoxin contamination are shown in Table I.

The detoxification of the samples of contaminated maize grits by the
treatment with 2% NH, was carried out in closed PE bags kept either in the
laboratory at ambient temperature ca. 20 °C, or in a climatised box at 50 and
80 °C. The exposure lasted either 24 or 168 hrs. After that time ammonia was
evaporated in two steps, first in a fume hood at ambient temperature for
12 hrs, and then in the drying oven for 1 hr at 60 °C. The results are summa-
rised in Table II.

To determine the changes in the nutritive value of the maize grout under the
conditions simulating the detoxification proper of aflatoxins by the addition
of NH,, the following alternative samples were prepared:

untreated grout,

grout with 2% NH, kept at 20 °C for 1 week,
grout with 2% NH, heated to 50 °C for 24 hrs,
grout with 2% NH, heated to 80 °C for 1 week.

When choosing these alternatives, we supposed that alternatives 2 and 3
were sufficient for effective detoxification, and alternative 4 represented a
treatment at extreme parameters. All samples were then analysed at the Re-
search Institute of Feed Industry in PeCky to provide basic feed evaluation
(Table III) and then in the Food Research Institute Prague for their contents
of amino acids (Table IV).

To examine the influence of the feed treatment with ammonia on its nutri-
tive value under normal and increased temperatures, experiments on cannu-
lated cows were also carried out at the Research Institute of Animal
Production, Department of Nutrition Physiology at Prague-Uhfinéves.

In alternative 1 (untreated grout) and 4 (representing maximum temperatu-
re and time exposure, see above), degradability of nitrogen compounds and
of dry matter was determined. This determination was done by the method in
sacco (Vencl, Simak, 1986) on a dry cow (black pied cattle) and fitted
with a large rumen cannula. Feed samples, contained in bags made of po-
lyester tissue, were incubated in the rumen for 2, 4, 8, 16, 24 and 48 hrs. The
calculation of effective degradability (Orskov, McDonald, 1980) was
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done by help of the computer program DEGPIC compiled by Komprda and
PospiSil — Table V.

The determination of intestinal digestibility of nitrogen and dry matter
undegraded in the rumen was done by help of the “mobile bag® method
(Frydrych, 1992). Dry cows (black pied cattle) were used as experimental
animals. Two of them, fitted with a large rumen cannula (inner diam. 12 cm)
served for the preparation of undegraded residues of feeds and other two,
with a simple T cannula in the proximal part of the duodenum, were used for
the determination of intestinal digestibility of nitrogen and dry matter
undegraded in the rumen.

All the four above-mentioned alternatives of ammonia-treated maize grout
were tested. The intestinal digestibility of nitrogen and dry matter was calcu-
lated by help of the formula

(A-B)/A*100
where: 4 — amount of nutrient entering the gut
B — amount of nutrient residues after the passage through the gut

The digestibility value of nitrogen was obtained after the determination of
its reduction in the dry matter of feed contained in respective bags, when the
mean and other basic statistical parameters were calculated (Table VI).

-

RESULT AND DISCUSSION

The detoxification of maize grits artificially contaminated with aflatoxins
B,. B,, G, and G, carried out by extrusion processing proved that the extru-
sion alone did not cause the desirable decrease of these compounds (Table I).
In samples with low content of aflatoxins the decrease amounted to 25 to
42%, in samples with higher level of contamination to 0 to 33%. It is also
possible to state that extrusion eliminates the B type aflatoxins less than
those of the G type. The above-mentioned table also shows that a more
substantial decontamination was reached through extrusion with the addition
of 1% NH;, when the residual content of aflatoxins in the products treated in
this way practically did not exceed the limits approved for the sensitive spe-
cies of domestic animals. In the B type aflatoxins the decrease of the starting
content reached 85 to 89%, in the G type 93 to 98%.
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1. Effect of extrusion process on the content of aflatoxins in contaminated maize grits

Sam- Content of aflatoxins [g.kg" ']
ple B B2 G G2
No.

REREAENEYENSEEFNEEYSRY BN
1 [100] 75|12 12| 82| 1510367 |07 |89 (52|02
2 201|199 36 | 226|195 | 34 [205 (173 | 1.5 [ 152|125 | 04
3 |402 (402 | 52 | 452|422 | 5.1 412 (346 | 1.6 |31.6 [21.7 | 0.4

| = prior to extrusion; 2 = after extrusion; 3 = after extrusion with 1% NH,

As to the aflatoxin detoxification caused by the effect of the aqueous
ammonia solution under various temperatures and exposure times, it is
obvious from Table II that it is possible to achieve very good results under
these conditions, in line with the published data, and that this decontamina-
tion effect increases with rising temperatures and longer exposures. From the
practical viewpoint, the most important result may be seen in the fact that the
addition of 2% NH; to maize grits at 20 °C and 7 days exposure can lower the
starting content of B aflatoxins by 86 to 88% and G aflatoxins by 95 to 98%,
i.e. to the same level which is reached when the extrusion and ammonia pro-
cessing are used, and muc_h higher investments and operational costs are re-
quired.

I1. Effect of temperature and duration of exposure on the content of aflatoxins in contaminated
maize grits when 2% NHj is added (heated to 80 °C for 1 week)

Temperature Exposure Content of aflatoxins [ug.kg"]

[°C] [hrs] G B Ga B,
Untreated 20.5 20.1 15.8 22,6
20 3.3 8.7 24 10.1
50 24 1.3 1.5 0 0.2
80 0.8 0 0 0.1
20 1.1 29 03 2.8

50 168 0 0 0 0

80 0 0 0 0
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As the treatment of feed with alkaline substances under higher temperatu-
res may cause unwanted changes in their nutritive value either by the de-
composition of some compounds or by the mutual interactions of the
proteinaceous and saccharide components, this aspect was also followed up
in the suggested detoxification by direct treatment with ammonia. The re-
sults of the analyses shown in Table III indicated the possibility of the fixa-
tion of ammonia in feed, manifesting by the cc. 25% increase of the content
of nitrogenous compounds, i.e. from the starting 9.2% up to 12.33 % de-
pending on the temperature and exposure time. Analogically, the content of
the digestible nitrogenous compounds increased from 7.57 to 10.06%. Other
parameters of the feed treated remained practically unchanged, which is
important particularly in the metabolised energy as the deciding indicator of
feed usability.

During detoxification the content of some amino acids in the feed slightly
changed, again depending on the temperature and exposure time used
(Table IV). In practical use, where alternative 2 (20 °C for 1 week) would be

III. Nutrition values of maize grout under the conditions simulating aflatoxin detoxification
with NH3

Determination hligative
1 2 3 4
Dry matter [%] 89.41 88.68 89.46 90.15
Ash [%] 1.50 1.47 1.50 1.44
Fat [%] 5.28 4.98 4.83 5.33
N-compounds [%)] 9.20 10.79 10.96 12.23
Digestible N-compounds [%] 7.57 8.93 9.05 10.06
Starch [%] 59.16 60.57 60.30 61.22
Reduced sugars after hydrolysis [%)] 1.64 10.09 0.73 1.00
Acid number of fat [mg KOH/1 g] 47.10 57.71 32.04 48.74
Metabolised energy [MJ/kg] 13.32 13.63 13.52 14.08

Alternative 1: untreated grout

Alternative 2: grout with 2 % NH, kept at 20 °C for 1 week
Alternative 3: grout with 2 % NH, heated to 50 °C for 24 hrs
Alternative 4: grout with 2 % NH,
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IV. Amino acid content of maize grout under the conditions simulating aflatoxin detoxification
with addition of NH3 (g AK/100 g)

Amino acid Alternative
1 2 3 4
Aspartic acid 0.60 0.65 0.56 0.62
Threonine 0.33 0.38 0.32 0.33
Serine 0.35 0.45 0.38 0.36
Glutamic acid 1.42 1.51 1.33 1.42
Proline 0.76 0.79 0.73 0.75
Glycine 0.39 0.42 0.37 0.38
Alanine 0.62 0.71 0.59 0.65
Valine 0.67 0.71 0.52 0.57
Methionine 0.39 0.24 0.21 0.24
Isoleucine 0.42 0.28 0.29 0.33
Leucine 1.10 0.99 0.91 1.01
Tyrosine 0.74 0.70 0.60 0.65
Phenylalanine 0.62 0.48 0.46 0.56
Histidine 0.30 0.30 0.29 0.21
Lysine 0.40 0.33 0.31 0.21
Arginine 0.61 0.57 0.52 0.45
Cystine 0.018 0.013 0.014 0.011
Total 9.74 9.42 8.40 8.15

Explanation: Nos. of alternatives see Table III

the most perspective procedure, the content of methionine and leucine
decreased by 35%, and phenylalanine and lysine by ca. 20%.

In the in vivo experiments carried out on cannulated cows, the effective
degradability of proteins of maize grout (alternative 1) reached 68.3% and
that of the grout with high temperature and exposure time load (alternative 4)
78.0%, i.e. increased by 9.7% (Table V). This increase of degradability was
probably caused by nitrogen enrichment during feed treatment. This was
indicated by the increased content of nitrogen after the treatment, which is
easily degradable, belonging to the soluble fraction a. On the other hand, the
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degradability of dry matter was lowered by 3%, i.e. from 78.5% in untreated
grout to 75.5% in treated grout.

The positive influence of treatment with ammonia was also manifested in
the determination of the intestinal digestibility of nitrogen and dry matter
(Table VI). It was particularly significant in the digestibility of dry matter,
which increased from 82.7% in untreated grout to 91.3% in grout treated
with ammonia at 20 °C for 1 week, i.e. by 10.5%, or to 98.1% in grout treated with
ammonia at 80 °C for 1 week, i.e. by 15.7%. The increase of the digestibility of
nitrogen was markedly lower, i.e. by ca. 3% in all treatment procedures. .

In conclusion it is possible to say that the detoxification of feed contamina-
ted with an increased amount of aflatoxins can be carried out with a suffi-

V. Degradability of nitrogen and dry matter of the treated maize grout determined by in sacco
method

Incubation Degradability of nitrogen [%)] Degradability of dry matter [%]
[hrs] Alt 1 Alt4 diff. Alt 1 Alt4 diff,
2 332 54.6 21.3 34.7 38.1 34
4 314 478 16.4 34.0 33.7 -0.3
8 303 51.7 21.3 48.6 434 -52
16 54.7 69.2 14.5 76.3 68.5 -7.8
24 81.7 88.9 7.2 92.9 85.4 -1.5
48 89.0 94.1 5.1 96.9 96.3 -0.6
k 0.035 0.035 0.035 0.035
303 47.0 26.0 29.5
b 64.6 50.9 71.0 843
c 0.050 0.051 0.073 0.042
sty R M n |
eD 68.3 78.0 9.7 78.5 75.5 -3.0

Nos. of alternatives see Table III

k — the rumen out rate (constant used 0.035)

a — easily degradable fraction of soluble proteins easily washable from the bags
b — fraction of unsolvable, but potentially degradable proteins

¢ — degradation constant (speed of fraction b)

eD — effective degradability
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VI. Intestinal digestibility of nitrogen and of residual dry matter of treated maize grout determi-
ned by mobile bag method

Incubation| Passage Nitrogen digestibility Dry matter digestibility
Alter- | .
native | M OW through 0 "
rumen cow gul n X SD v n X SD v
1 A, B A, B 8 | 94.08 |0.6058|0.3670| 8 | 82.86 |2.4081 |5.7988
2 A A 4 | 96.50 (1.2400|1.5384| 4 | 91.35 [3.0700 [9.4097
3 A,B A,B 9 |96.16 | 1.0983 [1.2063 | 9 | 92.64 |2.1431 |4.5928
4 AB AB 8 | 97.56 |1.7100)12.9241| 8 | 98.07 |1.4800 |2.1962

Nos. of alternatives see Table III.
n — No. of bags; x — mean digestibility; SD — standard deviation; v — variation coefficient

cient effect (85-95%) by the addition of 2% NH3, its consequent storage in
closed space for 1 week, aeration and drying. The achieved degree of de-
contamination is in keeping with the published data by the authors from
other countries. This procedure does not influence the nutritive value of the
feed treated, and the degradability of nitrogen and the intestinal digestibility
of nitrogen and dry matter increases. For these reasons it is possible to re-
commend it for practical detoxification of smaller amounts of contaminated
raw materials which are intended for the production of mixed feed.
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Aflatoxiny v krmivech, moZnosti detoxikace a jeji vliv na nutriéni hodnotu

Mezi nejvice sledované aflatoxiny patfi aflatoxin By, B, Gy a G2, M a M, pfiéemzZ
aflatoxiny skupiny B a G jsou pfimymi metabolity plisni, pfedev§im druhu Aspergil-
lus. Vzhledem k tomu, Ze se mohou vyskytovat nejen v fadé surovin a potravin, ale
téZ v krmivech, zejména obilovinéch a jadrovinach, bylo cilem na3ich pokust jednak
navrhnout rychly a dostate¢né& u¢inny zptisob detoxikace aflatoxinu, efektivné vyuzi-
telny v nasi zemé&dé€lské praxi, a déle sledovat zmény nutriéni hodnoty takto dekonta-
minovanych surovin uréenych pro krmivaiské pouZiti.

Byla ovéiena detoxikace kukufiéné krupice uméle kontaminované aflatoxiny B,
B2, G a G2 jednak extruznim procesem a déle pfidavkem vodného roztoku NHj za
riznych teplot a doby expozice. Na zéklad€ dosaZenych vysledki 1ze pro praxi dopo-
rucit jednoduchy a finanéné nenaroény zpusob detoxikace, provadény pfidavkem 2 %
NH; na hmotnost krmiva, naslednym skladovanim jeden tyden pii 20 °C v uzavieném
prostoru, napf. v polyetylenovych pytlich, a koneénym odvétranim a dosudenim. Tim-
to zplisobem lze sniZit piivodni obsah v3ech typu aflatoxini cca o 85-95 %, coZ je
srovnatelné s idaji zahrani€nich autorii. Chemickymi rozbory a pokusy in vivo na
kanylovanych kravach bylo prokdzano, Ze u takto upraveného krmiva neni vyrazné
ovlivnéna jeho nutri¢ni hodnota a naopak dochazi ke zvy3eni degradovatelnosti dusi-
ku a zvy3eni intestinalni stravitelnosti dusiku a su3iny, které nejsou degradovény
v bachoru.

krmivo; aflatoxiny; dekontaminace; extruze; amoniakalizace; nutri¢ni hodnota

Contactn address:

Dr. Ivan Boha&enko, Vyzkumny dstav potravinaisky Praha
Radiova 7, 102 31 Praha 10, Ceské republika
Phone: + 420 2 702 331, fax: + 420 2 701 983, e-mail: vupp@vupp.anet.cz
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BARVA OVOCNYCH JOGURTU

Colour of Fruit Yoghurts
Ludmila PROKUPKOVA, Pavia NOVOTNA

Food Research Institute Prague, Prague, Czech Republic

Abstract: The colour parameters of standard fruit preparations for yoghurt were
measured by using colorimeter CR-300. The influence of parameters of measure-
ment (thickness of the product layer, outer light conditions and washing of the
sensor window) were studied to avoid the errors in colour measurements. The
colour parameters of white yoghurts with different fat content was also measured.
These samples were mixed with fruit preparations coloured by different amount
of colour (Carmina for red fruits, Turmeria for yellow sort of fruits). The
influence of colour additive concentration on colour parameters was studied for
different fruit preparations and resulting mixture yoghurt—preparation. Fat
content of yoghurt used for mixing has no influence on colour parameters of
mixture (fat content between 1.2-3.2%).

colour; yoghurt; fruit; colour additives; Turmeria, Carmina

Abstrakt: Pfi méfeni byly zjist€ny hodnoty parametri barvy standardné pfipra-
venych polotovari pro vyrobu ovocnych jogurti s kusovym ovocem a samot-
nych bilych jogurti s riznym obsahem tuku. Déle byly sledovany podminky
méfeni, které by mohly ovlivnit vysledky méfeni, a moZnosti pfidavku barviva
(carmina pro €ervené ovoce a turmerie pro Zluté druhy ovoce). Porovnéni vlivu
tu¢nosti na vyslednou intenzitu barvy ovocnych jogurti naznacilo, Ze sloZeni
jogurtu ve sledovaném rozsahu (xf= 1,2-3,2 %) nema vliv na barvu finalniho
vyrobku. Dobarvovanim ovocného zakladu byly zjistény zavislosti koncentrace
barviva na vysledné intenzit& barvy ovocného jogurtu.

barva; jogurt; ovoce; barviva; turmerie; carmina

Vizualni hodnoceni je u ¢lovéka vyznamné ovlivnéno celkovym barevnym
vzhledem pozorovaného pfedmétu ¢&i jevu. Jogurty patii k produktiim, které
jsou vétdinou prodavany v neprithlednych obalech, a piesto je jejich barva
pro konzumenta velmi dilezitym kvalitativnim znakem. Vyslednou barvu
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ovocnych jogurtl 1ze upravovat n€kolika zpiisoby. Jednim z nich je mnozZstvi
barveného ovocného polotovaru, dal§im pak pfidavek barviva.

Na barvu findlniho vyrobku maji vliv dal$i faktory souvisejici s technolo-
gickym postupem vyroby. Jde napf. o obsah tuku, skladovaci podminky,
teplotu (zejména u vyrobki, u nichZ dochazi k tepelnému zpracovani po pfi-
davku barevné slozky). Mimoto se vyznamné projevuje doba, kterd uplyne
mezi tepelnym zakrokem a chlazenim. V pfipadé chlazeni po naplnéni do
spotiebitelskych obali se uplatiiuje i rychlost chlazeni vzhledem k velikosti
obalil a tedy otdzky prestupu tepla (Helming, Kessler, 1978)

Objektivni méfeni barvy bylo pouZito jako efektivni postup pro praktické
kvalitativni hodnoceni barevnych vlastnosti béhem vyroby. Pii souasném
méfeni barevnych parametri systému CIE byl zji§tén pokles svétlosti L* z4-
visly na rostoucim obsahu ovoce. Ve v8ech pfipadech (v€etné piidavku me-
run€k) doslo k nariistu hodnot parametru pro ¢ervenou barvu a. se zvy$enim
pfidavku ovoce. Naopak v pfipad€ parametru b* pro Zlutou, resp. modrou
barvu doslo k nariistu absolutnich hodnot u merunék a boriivek, u jahod hod-
nota parametru b* s ristem obsahu ovoce poklesla (Ulberth et al., 1993).
Kromé uvedenych faktori ma na vyslednou barvu ovocného jogurtu vliv
i obsah tuku. Pfi porovnavani pfidavku 35 % dobarvovaného jahodového py-
ré do jogurtu ze sbiraného (odstfedéného) mléka, plnotu¢ného mléka a sme-
tany bylo zji§téno, Ze rostouci obsah tuku sniZuje intenzitu barvy, pficemz
druh barvy (celkovy vzhled a sytost) jsou ovlivnény jen slabé (Otte, 1987)

MATERIAL A METODY

Ke sledovani vlivu barvy ovocného polotovaru a pouZiti barviv na vysled-
nou barvu jogurtu s riznym obsahem tuku bylo pouZito celkem pét druhi
kusového ovoce od firmy ZD Lib¢any (tab. I) a ¢tyfi druhy bilych jogurti
(tab. II) od niznych vyrobci. Ovocné polotovary byly pfipraveny svafenim
ovoce s vodou a cukrem. Vzhledem k nevyrazné barvé i chutnosti takto vy-
robeného polotovaru bylo pfiddno aroma a barvivo. Pro ¢ervené druhy ovoce
(napf. jahody, maliny) bylo v tomto piipadé€ pouZito pfirodniho barviva car-
mina CC-500-WS. Vlastnim barvivem je karminova kyselina (Davidek et
al., 1990). Ke Zlutym druhiim ovoce (napi. meruiiky, ananas) bylo pfidano
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[. Vzorky ovocnych polotovari — Samples of fruit preparations

Druh ovoce! Oznaeni Sarze’ Kéd vzorku®
Jahoda lesni* 0JDJ 960930/1 Il
Jahoda lesni OSDJ 96091972 12
Jahoda lesni OSDJ 960924/3 13
Jahoda lesni OSDJ 960924/4 Ja
Jahoda zahradni® OSDJ 960912/4 1z
Vigeit® + vanilka’ OSDJ 960818/4 \'2
Malina® OSDJ 961023/2 MA
Ananas’ OSDJ 961022/2 A
Meruiika'® 0SDJ 960910/3 ME
Meruiika DIA TS 960806/1 MD
Malina (bez barviva a aromatu’ l) MN
Ananas (bez barviva a aromatu) AN

Ifruit sort; Zbatch no.; >sample code; *forest strawberry; Sgarden strawberry; ®sour cherry; "va-
nilla; 8raspberry; ®pineapple; '%apricot; !'without addition of colour and flavourings

Zluté ptirodni barvivo turmerie neboli kurkumin. Podle doporu&eni vyrobce
byl ovocny jogurt pfipravovan pfidanim 15 % ovoce k bilému jogurtu.

K hodnoceni barvy bylo pouZito kolorimetru MINOLTA CR-300, ktery
umoziuje mé&feni za podminek dvou svételnych zdroji (C a D65).

Parametry mé&feni

Geometrie D/0° — svételny paprsek dopada na povrch vzorku po difiznim
rozptyleni, odréZi se a dopad4 na méfici prvky pod ihlem 0°.

2° standardni pozorovatel — prostorovy uhel, pod kterym je zachycovan od-
raZzeny paprsek dopadajici na filtry.

Sonda o priiméru 8 mm s plastovym krytem.
Bily standard (pfislusenstvi kolorimetru):

zdroj L* a* 2
C 98,03 -0,27 2,42
D65 98,03 -0,18 2,42
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I1. Vzorky bilych jogurti — Samples of white yoghurts

Jogurtl V}'Irobced Obsah tuku® [%] | Kéd vzorku’
Nizkotuény? Jesenické mlékarny’ Bruntal 2 J
Danone light Danone Benesov 1,2 DL
Danone Danone Benesov 3 D
Hollandia-selsky? Karlovy Vary 3.2 H

lyoghurt; 2low-fat; 3cottage; producer; *Jesenické dairies; °fat content; sample code

Meéfeni byla hodnocena pro barevny systém CIELAB, ktery lze popsat ja-
ko kulovy prostor. Vzdjemné kolmé osy trojrozmérného prostoru charak-
terizuji parametry achromatické (stupnice $edi od bilé po Cernou vyjadiuje
svétlost L*) a chromatické (zdkladni barvy). Dvojice barevnych os popisuje
dvé dvojice dopliikovych barev: Cervenou (+a*) — zelenou (—a*) a Zlutou
(+b*) — modrou (-b6*). VSechny redlné barvy jsou pIn€¢ charakterizovany
hodnotami t€chto tfi soufadnic, pfi¢emz rostouci absolutni hodnota znamena
zvySeni intenzity sledovaného parametru.

VYSLEDKY A DISKUSE
Podminky méreni

Pro jednotlivé ovocné polotovary byly zjistovany podminky méfeni
a moznosti jejich ovlivnéni. Podstatnou podminkou kvalitniho méfeni je za-
jiSténi, aby mezi plochou sondy a povrchem vzorku nevznikla vzduchova
bublina, ktera vyrazné zkresluje vysledky méfeni. Podobné problémy vyvo-
lavaji kousky ovoce. Tvofi barevnou nehomogenitu, coz ovliviiuje vysledky
méfeni. Tento problém se nejvyraznéji projevil u vzorku s ananasem a mali-
nami. Nejveétsi rozptyl hodnot méfeni se projevil u nebarvenych polotovart,
kde se vyrazné neuplatiiuje ptidané barvivo a kontrastni body jsou zfeteln&jsi
proti méné vyraznému pozadi. Vysledky méfeni barevnych parametri stan-
dardné piibarveného kusového ovoce a jejich smérodatnych odchylek jsou
uvedeny v tab. [ITa IV.

Stanoveni ,,nekonecné optické vrstvy*

Na pocatku byla zjist'ovana nutna vyska vrstvy vzorku, vzhledem k moz-
nému ovlivnéni barevnych parametri interakci odrazu od podlozky, tj. stano-
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I1I. Hodnoty barevnych parametri standardné pfibarveného kusového ovoce — The values of
colour parameters of fruit lumps added colour in standard way

Druh ovoce' L* a* b* AE
Ananas? 23,22 1,87 7,54 75,03
Meruiika® 20,61 6,49 7,61 77,89
Meruiika dia 21,40 4,42 7,69 76,96
Jahoda lesni? 1 17,32 10,16 0,10 81,42
Jahoda lesni 2 15,76 12,10 -0,40 83,24
Jahoda lesni 3 16,10 12,28 -0,04 82,92
Jahoda lesni 4 15,91 12,47 -0,03 83,14
Jahoda zahradni® 15,89 12,17 -0,33 83,13
Malina® 16,93 15,01 0,72 82,55
Viseri/ 16,44 13,41 -0,25 82,77
Ananas nebarveny® 22.77 3,19 4,57 75,37
Malina nebarvena’ 18,13 14,08 1,25 81,19

Ufruit sort; 2pineapple; 2apricot; *forest strawberry; Sgarden strawberry; Ssour cherry; "raspber-
ry; ° pineapple without addition of colour; *raspberry without addition of colour

veni tzv. nekonecné optické vrstvy. Pro vzorky ovocnych polotovari bylo
pouzito standardniho svételného zdroje C. Z obr. 1 je zfejmé, Ze interakce
odrazu vzorku a bilé podlozky se uplatiiuje zhruba do 25 mm vysky vrstvy
vzorku. Dal$i pribéh zavislosti je vice méné konstantni. Pro vzorky jogurtl
(a pro v8echna dal$i méfeni) byla stanovena nekone&na opticka vrstva za po-
uziti standardniho zdroje D65. Proto byly porovnany absolutni hodnoty ba-
revnych parametni za pouziti zdroje C i D65. Z pfikladu sledovanych hodnot
svétlosti (obr. 2) je zfejmé, Ze v tomto piipad€ jsou rozdily hodnot mezi obé-
ma zdroji zanedbatelné (ostatni druhy ovoce se chovaji obdobné€). Stejné ja-
ko v pripad€ barevnych parametrii a* a b* byl rozdil hodnot L* mezi zdroji
C a D65 maximalné 0,5 jednotky.

Vy$ka vrstvy vzorku jogurtii nutna k objektivnimu méfeni byla stanovena
na nejméné 15 mm.
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IV. Smérodatné odchylky méfeni standardné piibarveného kusového ovoce — Standard deviati-
ons of measurings of fruit lumps added colour in a standard way

Kusové ovoce' L* a* b* AE
Ananas’ 1,27 0,81 0,92 1,23
Merusika’ 0,33 0,4 0,76 0,27
Meruiika? dia 0,11 0,16 0,18 0,11
Jahoda lesni® 1 0,20 0,46 0,31 0,13
Jahoda lesni 2 0,19 0,29 0,27 0,17
Jahoda lesni 3 0,27 0,68 0,22 0,37
Jahoda lesni 4 0,11 0,25 0,11 0,09
Jahoda zahradni® 0,11 0,09 0,19 0,11
Malina’ 0,46 0,22 0,23 0,49
Visedi® 0,26 0,43 0,38 0,21
Ananas neharveny® 1,16 0,44 0,84 1,15
Malina nebarvena'’ 0,78 1,09 1,11 0,68

lfruit sort; 2pineapple; >apricot; “forest strawberry; Sgarden strawberry; Ssour cherry; "raspber-
ry; ° pineapple without addition of colour; *raspberry without addition of colour

BT o1
i | *
- $ %J2
h o x al3
e ‘# + + A 4 +2 % + * *
o = & Wty B wax 14
xJZ
10 + sV
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54
0 t t t t {
0 20 40 60 80 100
vyska vrstvyl [mm]
llayer thickness

1. Stanoveni ,,nekoneéné optické vrstvy* pro Gervené druhy ovoce — Determination of “endless
optical layer* for red sorts of fruit
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2. Porovnani hodnot svétlosti pro rizné zdroje — Comparison of brightness values for various
sources

Priimé&mé hodnoty barevnych parametrii bilych jogurtii jsou uvedeny v tab. V.
Parametr A E (celkové barevné diference) je ddna vztahem

AE= [(avz - ast)z ® (bvz ¥ bst)z +{Ly~ Lst)zlln

a vyjadfuje vzdélenost pravouhlého priimé&tu méfeného vzorku od bilého
standardu. Vysledné hodnoty naznaduji, Ze i tato diference je pro viechny
vzorky jogurtil stejna.

V. Hodnoty barevnych parametri pro bilé jogurty — The values of colour parameters for white
yoghurts

Jogurt' L* a* b* AE

Hollandia 90,63 -3,61 8,71 10,30

Danone 90,79 ; -3,63 8,01 9,78

Danone-light 89,86 -3,86 7,54 10,33

Jesenicky 90,40 —4,08 8,19 10,34
'yoghurt
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3. Zavislost parametru pro Gervenou barvu na obsahu barviva carmina pfidaného k jogurtim
— Relation of the parameter for red colour to the amount of Carmina colour added to yoghurts

Vliv zastinéni a ¢iSténi sondy

DalSimi moZnymi faktory, které by pii méfeni mohly mit vliv na vysledky,
Je zastinéni vzorkovnice a prostoru nad sondou nepropustnou tkaninou a také
¢isténi sondy mezi jednotlivymi méfenimi. Byly sledovany vSechny tfi para-
metry (a*, b*, L*) a bylo zji§t€no, Ze ani zastinéni, ani ist€ni sondy nema
vliv na vysledné hodnoty méfenych parametni. Za danych podminek lze toto
zjiSténi povazZovat za vyznamné z hlediska moZného pouzZiti kolorimetru
v provoznich podminkach.

Barveni jogurtu

Pii hodnoceni vlivu piibarvovani na vyslednou barvu vyrobku byly nejpr-
ve barveny samotné bilé jogurty. K jednotlivym jogurtim byly pfidavany
roztoky barviv v niznych vyslednych koncentracich barviva v jogurtu. U Cer-
veného barviva carmina byla nejvy$§i méfena koncentrace 10krat vy3$si nez
doporucena vyrobcem ovocnych polotovari. VSechny naméfené hodnoty
sleduji pribéh zavislosti, kterou lze popsat rovnici y = 10,101 In (x/0,013)
s korelaénim koeficientem » = 0,983 (obr. 3). U Zlutého barviva turmerie by-
la nejvy$si pfidana koncentrace tfikrat vy$s§i neZ doporucena vyrobcem
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kusového ovoce. Zavislost hodnot parametru pro Zlutou barvu b*, ktery po-
zvolna roste se zvySovanim koncentrace barviva, 1ze popsat vztahem
y = 6,5445 In (x/0,0005) s korelacnim koeficientem » = 0,952. Z uvedenych
zavislosti je moZné vyvozovat, Ze vzhledem k vyznamné shodé pribéhu za-
vislosti barevnych parametri vSech sledovanych jogurtii, nema sloZeni jo-
gurtu (obsah tuku) vliv na intenzitu barvy. Tento fakt je mozZné vysvétlit
malym rozdilem v obsahu tuku, ktery byl pouze 2 %.

Ovocné jogurty — experimentalni barveni

Méfeni vlivu rizné intenzity barvy ovocného zdkladu na vyslednou barvu
ovocného jogurtu bylo realizovano s nebarvenym a nearomatizovanym za-
kladem reprezentujicim Zluté (ananas) a ervené (malina) ovoce. K tomuto
zakladu bylo pfidano riizné mnozZstvi pfislu§ného barviva. Takto ziskany po-
lotovar byl pfidavan k jogurtim v mnoZstvi 15 % z celkové hmotnosti vy-
sledného ovocného jogurtu. Po intenzivni homogenizaci byla méfena barva.

Cervené ovoce, tj. malinovy zaklad kusového ovoce s piidavkem rozto-
ku barviva carmina neukazuje vyznamné systematické rozdily mezi jed-
notlivymi jogurty. Ziskanou zavislost l1ze popsat vztahem y = 3,71 + 30,58x

40
35 T & ¢ %
30 + " *
%

-t

a * + Jesenicky
a* & T 9’9" % Danone
15 ¢ £
,‘; g 4 Danone light
10 +
i x Hollandia

5 i i F-3
0 t t t t t t t L

5B 0,05 0,1 0,15 0,2 025 03 0,35 0,4

koncentrace barviva carmina® [%6]

lconcentration of Carmina colour

4. Zavislost poméru a*/b* na pfidavku barviva carmina k ovocnému zédkladu — Relation of
a*/b* ratio to Carmina color addition to the fruit substance
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(r = 0,982). Pro lep$i moZnost posouzeni vlivu barviva byly vypo&teny hod-
noty poméru a*/b* ktery je na rozdil od absolutnich hodnot jen minimaln&
zavisly na podminl’céch méfeni a tedy lépe vyjadiuje sledovanou zavislost.
Ani zde se neprojevil vliv sloZeni jogurtl na intenzitu barvy ovocného jogur-
tu. Hodnoty poméru a*/b* stoupaji s rostouci koncentraci barviva. Tuto za-
vislost Ize popsat vztahem y = 0,89 e”*’* (» = 0,973) (vliv rozptylu hodnot
pfi vy38ich koncentracich pfidaného barviva) — obr. 4.

Z porovnéni zavislosti samotnych barvenych jogurti (obr. 3) a jogurti
s riizné barvenym zékladem (obr. 4) Ize navrhnout zvy3eni intenzity ¢ervené
barvy pfi zachovani 15% pfidavku ovoce zvySenim obsahu barviva z 0,04 %
na 0,2 % vzhledem k v literatufe popsané zvySené preferenci jogurtl s vyso-
kym obsahem ovocné slozky, tedy vy33i intenzitou barvy.

Pfi ddvkovéni barviva turmerie k nebarvenému ananasovému zékladu se
svétlost t¢émé&f neménila (obr. 5). Parametr 5* pro Zlutou barvu jen velmi po-
malu stoupal (obr. 6). Tuto linearni zavislost je moZné popsat vztahem
y=1,55+162,01x (r = 0,888). Stejné jako ptidavku &erveného barviva car-
mina, i zde se projevila negativné na rozptylu hodnot pfitomnost kouski
ovoce. V pripadé Zlutého barviva bylo méfeni realizovéano pouze do 3,5na-

100 1 ¢ Danone
L* .
= Danone light
=1 A Jesenicky
90 x Hollandia
b 4 +
$ gt & i
85 + *
80 t -+ t —
0 0,005 0,01 0,015 0,02

koncentrace barviva turmerie ! [%6]

Iconcentration of Turmerie colour

5. Zavislost svétlosti na pfidavku barviva turmerie k ovocnému zékladu — Relation of brig-
htness to Turmerie colour addition to the fruit substance
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6. Zavislost parametru pro Zlutou barvu na pfidavku barviva turmerie k ovocnému zakladu
— Relation of the yellow colour parameter to Turmerie colour addition to the fruit substance

sobku doporuc¢ené koncentrace (cca do 0,02 %). Jde o velmi malé koncentra-
ce, které se v8ak projevuji vyraznou vizualni zménou barevné intenzity. To
souvisi i s faktem, Ze pfi aplikaci turmerie se hodnoty L* témé&f neméni na rozdil

25 — ¢ Danone
AE WJesenicky
20 + A Danone light
x Hollandia
15 T i‘ ‘ i
o b
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5+ t t t {
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!concentration of Turmerie colour

7. Zavislost celkové barevné diference na ptidavku barviva turmerie k ovocnému zakla-
du — Relation of total colour difference to Turmerie colour addition to-the fruit substance
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8. Hodnoty celkové barevné diference pro rizné ovocné jogurty — The values of total colour
difference for various sorts of fruit yoghurts

od pfidavki barviva carmina, u néhoz dochazi k jejimu poklesu. Tento fakt
ovliviiuje celkovy vzhled barevného vyrobku y = 11,99 + 152,47x, r = 0,891),
¢imz je velmi ovlivnén hodnotitel/konzument (obr. 7).

Ovocné jogurty — standardni barveni

V posledni fazi experimentu byly porovnivany barevné hodnoty pro jed-
notlivé vzorky ovocnych zékladi (standardné vyrobenych polotovari) ve
smési s jogurty. Ovocny jogurt byl pfipraven z 15 % barveného ovocného
polotovaru a bilého jogurtu. Po dikkladné homogenizaci byly méfeny para-
metry barvy. Ukazalo se, Ze nejniZ§i hodnoty parametru b* pro Zlutou barvu
vykazuje ve smésich se vSemi jogurty ananas. Naopak nejintenzivnéj$i Zlu-
tou barvu vykazuje vzorek s meruiikami. Mezi ¢ervenymi druhy ovoce se
Jjako nejméné intenzivné Cerveny jevi smés vSech jogurti s jahodami lesnimi
1 a jen o0 malo vy$§i intenzitu ma ovocny jogurt s viSnémi.

Obdobnou tendenci vykazuje srovnani celkové barevné diference AE
(obr. 8). Zluté druhy ovoce nabyvaji o malo niZ&i hodnoty (nejnizsi ananas)
neZ ervené druhy ovoce, které maji hodnoty A £ téméf vyrovnané. Na zékla-
dé uvedenych vysledki 1ze konstatovat, Ze barevné se viechny jogurty téhoz
barevného typu jevi stejné. Za téchto podminek je intenzita barvy ovocnych
jogurtli standardizovéana. A to jak pii porovndvani niznych $arz téhoZ ovoc-
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ného druhu (napf. jahoda lesni — Etyfi nizné SarZe, kde jedna vykazovala sa-

mostatné rozdily od ostatnich; ve smési s jogurtem se tyto rozdily stiraji), tak

i u ostatnich druhii ovoce stejného barevného typu (napf. malina, viSen), kte-

ré maji stejnou vyslednou intenzitu barvy jako jahody.

Podrobnéji jsou méfeni a vysledky popsany v technické zpravé (Prokip-

kova, Novotna, 1997).

Zaveéry
Naméiené vysledky lze struéné shmout do nasledujicich bodi:

1. Pfi stanoveni podminek méfeni byla zjist€na tzv. nekone&na opticka vrstva
pro ovocny polotovar minimalné 25 mm a pro bilé jogurty nejméné
15 mm.

2.Porovnani absolutnich hodnot barevnych parametri pfi pouZziti zdroju C
a D65 ukazalo, Ze hodnoty barevnych parametrii se neli§i. Mimoto bylo
zjisténo, Ze zastinéni vzorku a ¢isténi sondy nema vliv na vysledné hodno-
ty stejn€ jako neni rozdilu mezi vysledky, pokud je sonda ¢iSténa po kaz-
dém jednotlivém méfeni nebo po tfech aZ péti méfeni.

3. Aplikace barviv k bilym jogurtiim o rizném obsahu tuku neprokizaly zi-
vislost mezi intenzitou barvy a sloZzenim jogurtu.

4 Piidavky rizn€ barvenych ovocnych zikladi do jogurti naznacuji moz-
nost zvy3eni intenzity barvy zejména u Cervenych druhi ovoce.

5.Méfeni intenzity barvy ovocnych jogurtii pfipravenych ze standardné vy-
robeného kusového ovoce ukazuje na dosaZeni jednotné barvy ovocnych
jogurti.

Seznam symboli

a* barevnostni soufadnice, (+a*) pro €ervenou barvu,

(—a*) pro zelenou barvu ; )
ast barevnostni soufadnice bilého standardu -]
ayz barevnostni soufadnice vzorku - -]
b* barevnostni soufadnice, (+b*) pro Zlutou barvu,

(~b*) pro modrou barvu (-]
bst barevnostni soufadnice bilého standardu -]
by: barevnostni soufadnice vzorku [-]
AE celkova barevna diference (-]
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L¥* svétlost (-]
Lst svétlost bilého standardu [-]
Loz svétlost vzorku [-]
r korelacni koeficient (-]
xf koncentrace tuku v jogurtu [%]

Literatura

DAVIDEK, J. et al.: Chemical changes during food processing. 1. ed. Amstero-
dam-Oxford-New York-Tokyo, Elsevier 1990: 448 s.

HELMING, G. — KESSLER, H. G.: Colour and colour changes of fruit containing
sour milk products. Inst. fiir Milchwissenschat & Lebensmittelverfahrenstech, 33,
1978: 82-000.

OTTE, D.: Effect of fat content on the colour of strawberry yoghurt. Molkerei Zeit.
Welt der Milch, 41, 1987: 296-000.

PROKUPKOVA, L. - NOVOTNA, P.: Barva ovocnych jogurtii. [Technicka zprava
&. 7/360/97.] Praha,VUPP 1997.

ULBERTH, F. - KNEIFEL, W. — SCHAFFER, E.: Colour intensity preferences ob-
served with selected fruit yogurts. Milchwissenschaft, 48, 1993: 15-000.

Doslo 17. 6. 1997

Summary

Five types of fruit preparations were used to study the colour of fruit yoghurts. The
influence of colour added was studied on colour of four commercial types of yog-
hurts. Fruit preparations were produced from fruit, sugar and additives. Their colour
and flavour are featureless. Therefore, the natural or nature-identical flavourings and
colour were added. The colour Carmina CC-500 WS was used for red fruits (e.g.
strawberry, raspberry). The yellow colour Turmerie was added to other fruit types
(apricots, pineapple). The recommended amount 15% w/w of fruit to yoghurt was
used. The colour evaluation was made by using the Minolta CR 300 colorimeter. This
instrument enables the measurement for two light sources C and D65 and the system
CIELAB was used for colour quantification.

We studied different parameters which potentially influence the colour. The main
influencing parameter is a good contact between the surface of the sensor and subs-
tance. The bubble of air should be avoided in this place. Similar problems are caused
by the presence of lumps of fruit in the substance. The strongest influence was obser-
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ved with pineapple and raspberry. The results of measurements of the colour of stan-
dard coloured fruit preparations are shown in Table III, standard deviations are shown
in Table I'V.

The first study was devoted to confirming the minimum height of the sample “en-
dless optical layer from which there is no influence of thickness of the sample on the
measured values of colour dimensions. Fig. 1 shows that the minimum 25 mm is
necessary for fruit preparations colour measurement. The thickness of the sample
layer for yoghurts is 15 mm. The colour of yoghurts used in experiments is charac-
terized in Tab. V. The total colour difference is given by equation AE = [(a,, - ast)2
+(by,— b ++ (Lyy— L)' .

Other possible parameters which can influence the measured colour dimensions are
the light sources coming from outside of instrument and cleaning of the sensor bet-
ween individual measurements of colour. We found that there is no apparent influence
of light coming from ambient space around the instrument and also that the cleaning
of the sensor plate is not substantial for receiving repeatable results.

The influence of colouring was studied by two different ways. Firstly we studied
the influence of colour amount added directly into the white yoghurt. Secondly we
coloured fruit preparations and mixed it with yoghurt and studied colour of these
mixtures. For the first case of coloured yoghurts we found for the red Carmina the
dependence y = 10.101 In (x/0.013) having the correlation coefficient 0.983 (Fig. 3),
which is independent of the sort of yoghurt used. For the yellow colour Turmerie we
found the general equation valid for yellow colour parameter b* the dependence
y = 6.5445 In (x/0.0005) (» = 0.952). The sort of yoghurt (fat content and other para-
meters) had practically no influence on the intensity of the colour.

The second case was studied by adding the prescribed amount of colour into the
fruit preparation and the coloured substance was added into the yoghurt in the
portion of 15% by weight. Received dependence for red fruit showed no influ-
ence of the fruit and yoghurt types y = 3.71 + 30,58x (» = 0.982). For better evalua-
tion of the colour influence the ratio a*/b* was used. This ratio an increases with an
increasing content of the colour. This function can be described by relation
y=0.89 e"?™ (r=0.973) (Fig. 4).

Comparing the dependence of a* of coloured yoghurts on colour content (Fig. 3)
with similar dependence of yoghurt coloured by the fruit preparation (Fig. 4) we can
conclude that we can increase the red intensity by increasing the colour content from
0.04 to 0.2% very dramatically.

For the yellow colour Turmerie added to not coloured pineapple fruit preparation
the brightness was not changed (Fig. 5). Parameter b* increased with increased colour
amount only slowly (Fig. 6). The dependence is linear and can be described by rela-
tion y = 7.55+ 162.01x (r = 0.888). During the application of Turmerie colour the

389



Potrav. Védy, 15, 1997 (5) : 375-390

brightness L* is not changed, on the other hand this parameter decreased with an
increasing content of red colour carmina. By this fact the total colour difference is
influenced.

The last topic of our research was to compare the colour of mixtures of yoghurts
with standard coloured fruit preparations. The results showed that the lowest yellow
parameter b* was received for yoghurt with pineapple. The most intensive yellow
colour was received for yoghurt with apricots. The red fruit preparations mixtures
with yoghurts exhibit the various colour intesity. The lowest intensity was shown for
forest strawberry nr. 1 and for sour cherries. The corresponding tendency can be ob-
served for total colour difference AE (Fig. 8). Here we can see that the yellow types
of fruit exhibit only a slightly lower difference than red types of fruits. We can con-
clude that the yoghurts with the same colour-type of fruit exhibit nearly the same
colour intensity.
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STANOVENI PEVNOSTI GELU OBNOVEN\'{CH Tl';PE[:Ni‘,
OPRACOVANYCH SUSENYCH VAJECNYCH BILKU

Determination of Gel Strength in Reconstituted Hot Roomed
Dried Egg Whites

Karel KYHOS, Jan STROHALM, Pavia NOVOTNA, Milan HOUSKA,
Milos STEPAN

Food Research Institute Prague, Prague, g Deltafoods, Hradec Kralové,
Czech Republic

Abstract: The paper deals with development of a method of determining the gel
strength in reconstituted hot roomed dried egg whites. A universal apparatus
Instron 1140 with a penetrating shaft of cylindrical shape was used. The effects
of gei temperature, deformation rate, pressure during gel cooking and cooling rate
were studied. Comparison of gel strengths measured on another apparatus showed
a good agreement with the results obtained in our experiment. The modulus of gel
elasticity is growing with the time of tempering the egg white in powder form.
The curves of various samples show a large scatter. There is a very close correla-
tion between gel strength and its modulus of elasticity. This fact makes it possible
to develop a nondestructive method of egg white strength measuring. Deforma-
tion at gel rupture was examined. This variable is not related to gel strength.

egg white; hot rooming; gel strength

Abstrakt: K méfeni pevnosti gelu obnovenych tepelné opracovanych susenych
vaje€nych bilkd byl pouzit univerzalni pfistoj Instron 1140 s vnikacim téliskem
vélcového tvaru. Byl studovan vliv teploty méfeného gelu, rychlosti deformace,
tlaku pfi tepelné koagulaci a rychlosti chlazeni. Porovnani pevnosti gelu méfe-
nych na zahrani¢nim pfistroji ukazalo dobrou shodu s nami ziskanymi vysledky.
Modul pruZnosti gelu roste s dobou tepelného piisobeni na bilek v pradkovém
stavu. V pribéhu riznych vzorki je zna¢ny rozptyl. Mezi pevnosti gelu a jeho
modulem pruZnosti existuje velmi tésna korelace. To ddvd moZnost vyvinout
nedestruktivni metodu sledovani pevnosti bilki. Byla sledovéna deformace pfi
prasknuti gelu, ktera je nezévisla na pevnosti gelu.

bilek; tepelné o3etieni; pevnost gelu
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Susené vajecné bilky jsou velmi cennou pifidavnou sloZkou potravin, pro-
toZe obsahuji dilleZité komponenty z hlediska vyZivy a mohou pfispét
1 k ovlivnéni konzistence kone¢ného vyrobku. Technologie jejich vyroby je
naro¢na, nebot’ je vzhledem k jejich termolabilnimu chovani nelze dokonale
pasterovat. Uchova se provadi su§enim, naslednym tepelnym oSetfenim
a skladovanim za vysoké teploty v praSkovém stavu (Cotterill et al.,
1974; Mulder,Bolder, 1988; Northolt et al. 1978).

Tento proces ma za nasledek jednak inaktivaci mozZné pfezivajici mikroflo-
1y, jednak zmény technologickych vlastnosti bilkoviny po obnoveni (Kato
et al., 1990). Jednou z technologickych vlastnosti obnovenych bilki je i pev-
nost gelu vzniklého tepelnou koagulaci. Pro méfeni pevnosti gelu existuje
fada metod. Piehled nejrizné&j$ich metod pro méfeni vlastnosti geli vznik-
lych pfi enzymatické koagulaci mléka uvadéji Havlicek et al. (1981). Ne-
destruktivni metodu pro sledovdni ristu tuhosti gelu mlééné sraZeniny
vyvinuli Celba et al. (1984). Méfeni pevnosti gelii vzniklych zdhfevem va-
je€nych bilka popisuje i firemni literatura (Taiyo Kagaku Co., Ltd, 1988).

U nas se vyrobou suSenych vajecnych bilkii zabyva firma Delta foods, Hra-
dec Kralové. Na zdkladé dohody o spoluprici bylo umoZnéno zavést objek-
tivni méfeni pevnosti gelu téchto materidlii jako modelovy piipad aplikace
vysledki vyzkumu fyzikalnich metod v praxi.

Cilem této prace byl vyvoj metody méfeni pevnosti gelu véetné mapovani
riznych vlivii na tento parametr a ovéfeni dosaZzenych vysledki s vysledky
zahrani¢ni laboratofe.

MATERIAL A METODY

Pracovni potieby a pristroje

Sklenéna kadinka o objemu 600 ml (hmotnost kddinky max. 180 g); sklenény
odmérny valec do 250 ml; sklenénd ty&inka s kulatymi konci (délka
250 mm, primér 8—10 mm).

Laboratorni vahy s rozsahem 0-200 g (pfesnost 0,01 g) METTLER-AE 200

Olejova nebo vodni vyvéva s podtlakem —0,93 bari.

Sklenény exikator s otvorem pro odvod vzduchu, opatfeny kohoutem.

Teplomér s rozsahem 0—100 °C THERM 2230-1 s ¢idlem PT-100.

Vodni 1azeii pro teplotu 20C (min. rozméry 300 x 300 x 300 mm).
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Vodni l4zeii s termostatem pro teplotu 90 °C (nejlépe kovovy vélec o priimé-
ru min 200 mm, hloubka 400 mm), pfikon termostatu MLW-4-UH s vyro-
benou valcovou nadobou podle udanych rozméni min. 2000 W.

CULEN - plastové stiivko (PA materidl) primér 32 mm (Cutisin a. s., Slav-
kov).

Meéfici pfistroj na stanoveni pevnosti materidlii: INSTRON-1140 s tenzomet-
rickym ¢idlem 0-5 N, dfik o priméru 7,94 mm (rozméry na obr. 1) s vy-
hodnocovaci jednotkou HEWLETT-PACKARD 85 B.

Silonovy provaz pro podvdzani umélohmotného stfivka, nizky se Spicatym
koncem a dlouhy ostry kuchyiisky miZ (dortovy).

Charakteristika tepelné opracovaného suseného vajecného bilku

Pfed suSenim se bilek nepasteruje, protoZe pasteratni teplota miZe byt
max. 56,5 °C. Také se nepouziva okyseleni a odcukieni bilku.

Pracovni postup

PFiprava 10% roztoku ze suSeného vajecného bilku: S presnosti 0,05 g nava-
Zime 20 g vzorku suSenych bilki pfimo do 600ml kadinek.

Do odmé&mého viélce (250 ml vzhledem k pfesnosti) odméfime 180 ml pie-
vafené destilované vody. Vodu pfevafime, abychom odstranili zbylé uhlii-
tany, které mohou ovlivnit koagulaci bilkovin.

Do navazeného prasku pfiddme z odméfenych 180 ml cca 20 ml destilova-
né vody. Smés opatrné tfeme sklen€nou tyCinkou na kasi. V husté smési
nesmi ziistat nerozpusténé kousky.

Po dokonalém rozpusténi (utfeni) bilkovin dolijeme zbylou vodu z odmér-
ného valce. Sklenénou ty€inkou za stalého michdni dokonale rozpustime
utfené bilkoviny. Nalepené bilkoviny na ty€ince se snazime bezztratove roz-
pustit v roztoku. Takto pfipraveny roztok nechame stat min. 20 min.

Po vycCefeni roztoku pfeneseme kadinku do exikatoru a pfipojime k olejové
vyvévé. Podtlak vytvafime postupné. Pii —0,85 az 0,93 barech zatne péna
prudce stoupat. V této fazi musime vyvévu rychle odpojit uzavienim ko-
houtu na exikdtoru a 30 s opatrné vpoustime do exikatoru vzduch. Pfi préci
postupujeme opatrné. Pfi prud$im vpusténi vzduchu se miiZe roztok rozstiik-
nout a znehodnotit.
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Po ukonceni vakuovani odebereme vysraZenou pénu z hladiny nejlépe po-
moci polévkové 1Zice.

U vycisténého roztoku zméifime pomoci pH papirki PHAN hodnoty pH
s citlivosti od 5,2—-6,7 a 6,6—8,1. Dobry roztok by mél mit pH 6,3-7.8. Je-li
pH mimo tento rozsah, vzorek dile neanalyzujeme.

Plnéni roztoku do plastovych stfivek CULEN

Pripravime si plastové stfivko CULEN o priméru 32 mm. Spodni konec
pevné podvaZzeme a odstfihneme na délku cca 250 mm. Do stfivka vloZime
na spodni konec cca 10g olovéné zavazi. K popisovani Cisel pro oznaeni
vzorku miZeme pouzit lihovy popisovac. Do stfivka nalijeme cely obsah ka-
dinky a zavazeme jeho druhy konec. Ponechame si pfitom na provaze ales-
poni 10cm oko, za které stfivko se vzorkem zavésime do vodni 1dzné.

Tepelna uprava roztoku vajecného bilku (koagulace)

Trubici s roztokem vloZime na 30 min do vodni 14zn€ o teploté 90 °C. Poté
pfeneseme zkoagulovany gel vaje¢ného

[ bilku do vodni lazné o teploté 20 °C a pro-

) F vedeme vychlazeni po dobu min. 25 min.

‘ U takto pfipraveného vzorku miZeme mé-

I | | fit pevnost gelu.

Meéreni na pristroji INSTRON

Vzorek vyjmeme z chladici 1azné. Na
rovné ploSe odd€élime ostrym noZem (rov-

[
1
1

) 16 ny fez) horni okraj (2—3 cm). Z ostatni &4sti

' 3.5 vzorku nafeZeme tfi stejné kusy po 30 mm,

g 7,94 / N\ 0,5 ’ na nichZ provadime vlastni méfeni pevnos-
60° ti. Sloupneme obal a postavime véleCek na

L’—) méfici pfistroj Instron pod méfici sondu,

hS
10T
o

kterou potfeme silikonovym olejem. Po
30  spusténi méfeni klesa sonda doli, tla¢i na
valeCek, ktery po urcité dob& uvniti prask-

1

1. Detail pouzité geometrie pro méfeni pevnosti
bilkl — A detail view of the geometry used for egg
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ne. V tom okamziku sonda naméfi maximélni silu ptisobeni tenzometrického
¢idla na vzorek. Na obrazovce se vykresli graf zavislosti plisobici sily ' na D
(D je pomér vzdalenosti, kterou sonda urazi ve valecku a vysky valecku — v %).
Pii prasknuti se na grafu objevi maximum. Z kazdého vzorku ziskdme tfi mé&-
feni. V3echny naméfené hodnoty se snimaji, zapisuji do soubori a ukladaji
na disketu.

Vypocet a vyhodnoceni namérenych dat

Po naméfeni stlacovacich kiivek se provedlo vyhodnoceni naméfenych
prib&hii pomoci specidlniho programu CTEPEI, ktery provede nacteni dat
a nalezne maximalni silu a po¢ate¢ni linearni ¢ast. V této €asti prolozi piim-
ku a uréi jeji smérnici tg o. Takto se urc¢i veli¢iny ze viech opakovanych
méfeni a z vypoctenych hodnot se ur¢i primérné hodnota a smérodatna od-
chylka (primér minimalné ze tfi vzorki).

Stredni hodnota maximalni sily byla pfepo¢tena na pevnost gelu podle vztahu:

GS=—F"“‘§/g [1]

tak, aby vysledna hodnota byla v jednotkach g/cmz. Proto je plocha priifezu

diku S dosazovana v cm? (plocha ¢inila 0,495 cm”).

Modul pruznosti byl uréen ze smérnice pfimkové ¢asti zavislosti F~D pod-
le vztahu:

teo . 100
Ee =S [2]

kde: H — pocate¢ni vyska vzorku
d — prumér penetra¢niho diiku

VYSLEDKY A DISKUSE

Na obr. 1 jsou uvedeny rozméry pouzitého diiku k penetraci do vzorku ko-
agulovaného bilku, jeho rozméry jsou uvedeny tamtéZ. Typicky pribé&h de-
formaéni kfivky, tj. zavislosti mezi silou plsobici proti pohybu vnikajiciho
diiku a relativni deformaci mé&feného vzorku D je uveden na obr. 2.

Na obr. 3 je zndzornéno srovnani pevnosti gelu GS naméfenych na viech
vzorcich na pfistroji Instron (VUPP) a na gelometru zahraniéni firmy (zde
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t 2. Typicky pribéh sily pfi penetradnim
méfeni pevnosti bilka — A typical
F L compression curve of penetration
) Ewvig<a measurings of the egg white strength
F aux
D ) L
= D&

byl pouZit dfik o priméru 5 mm). Vysledné hodnoty se li$i cca o 20 %, av§ak

vrw

stfedni hodnota vSech méfeni leZi prakticky na uhlopficce. Ponékud vétsi
rozptyl vykazuji hodnoty pro odbér H, coZ miiZe byt zpisobeno nehomoge-
nitou a tedy chybou pii odbéru vzorki. Tato shoda dava opravnéni predpokla-
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5. Vliv teploty mé&feni (dfik 7,94 mm) — The 6. Vliv rychlosti deformace (dfik 5 mm) —

effect of measuring temperature (shaft 7.94 mm) The effect of deformation rate (shaft 5 mm)
dat, Ze vliv priméru dfiku na naméfené pevnosti gelu je v daném rozsahu
jesté zanedbatelny (pfi dal$im zvétSovani priméru diiku to nelze ocekavat).

Na obr. 4 je uveden pribé&h efektivniho modulu pruznosti gelu na &ase,
ktery v podstat& kopiruje priib&hy pevnosti gelu métené ve VUPP. Tato sho-
da je potvrzena vzajemnou korelaci (obr. 9). Koeficient korelace dosahl vel-
mi vysoké hodnoty 0,978. Modul pruZnosti mé proti pevnosti gelu vyhodu
v tom, Ze k jeho stanoveni neni nutné gel rozbit. Je tfeba pouze Setrné stlacit
gel cca na 10 % piivodni vysky. Hodnoty mezni deformace, pfi které dochézi
k praskani gelu, jsou u riizn& pevnych geli riizné. Tyto maximélni deformace
pfi prasknuti gelu byly rovnéz zaznamenédvany, av3ak nejsou v této praci ta-
belarn& uvedeny. Hodnoty meznich deformaci jsou jako funkce pevnosti ge-
lu zobrazeny na obr. 10. Jde o m&feni provedena ve VUPP, nebot’ na ptistroji
odbératele lze stanovit tuto veli¢inu jen obtiZng&. Z obrazku je patrné, Ze mez-
ni deformace se pohybuji v rozsahu cca od 25 do 45 % plivodni vysky vzorku
a Ze jsou nezavislé na pevnosti gelu.

Kromé& t&€chto vyslednych parametrii jsme se zabyvali riznymi hypotetic-
kymi vlivy na dosahovanou pevnost gelu. Na obr. 5 je uvedena zavislost pev-
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7. Vliv tlaku pfi vafeni (dfik 7,94 mm, teplota 8. Vliv rychlosti chlazeni na pevnost gelu
20 °C) — The effect of pressure during cooking (dfik 7.94 mm) — The effect of cooling rate
(dfik 7.94 mm, measuring temperature 20 °C) on gel strength, FIRI, shaft 7.94 mm

nosti gelu na teploté méfeni. Gely byly pfipraveny zcela shodné a vliv teplo-
ty méfeni byl prakticky zanedbatelny.

Statistickymi testy s vyuZitim standardnich odchylek a kritickych hodnot
Studentova rozdéleni bylo prokazano, Ze jde v tomto rozsahu teplot o vliv
zanedbatelny.

Vliv rychlosti deformace jiZ zanedbatelny neni, jak je patmé z obr. 6. Pie-
sto pfi pritkkazu statistické vyznamnosti jsme dospéli k zavéru, Ze i tento vliv
je na dané presnosti nevyznamny (toto méfeni bylo provedeno ve VUPP
s puvodni velikosti dfiku 5 mm).

Dal$im suspektnim parametrem, ktery jsme provéfili, byl tlak v obalu pfi
koagulaci bilku. Koagulace byla uskutecnéna jednak se zcela otevienym
obalem bez pietlaku a jednak s izné pevné podvazanymi obaly (neni znam
pfesny pretlak, proto jen kvalitativni vyjadfeni). Jak je patrné z obr. 7, ani
tento parametr nema na pevnost vysledného gelu Zadny podstatny vliv.
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Na obr. 8 je uveden vliv posledniho zkoumaného technologického para-
metru, a tim je rychlost chlazeni gelu z koagulaéni teploty na teplotu 20 °C.
Jde o primérnou rychlost chlazeni ve stfedu vzniklého gelu méfenou za
podminek jednak chlazeni na vzduchu (minimalni rychlost), jednak v 14zni
o teploté 20 °C bez pohybu (standartni podminky) a jednak za podminky in-
tenzivniho sprchovani vodovodni vodou o teploté 8 °C a nisledné temperaci
na teplotu méfeni 20 °C. Jak je z obrazku patrné, ani rychlost chlazeni nema
ve zkoumaném rozsahu patrny podstatny vliv na naméfené pevnosti gelu.

Metodika byla pouZita k priibéZnému méfeni kvality bilkd v priibéhu pas-
terace v suchém stavu.

Zavéry

Byla nalezena spolehlivd metoda méfeni pevnosti gelu tepelné koagulova-
nych za suchého stavu vysokoteplotné€ pasterovanych obnovenych vaje¢nych
bilki. Vliv teploty gelu pfi méfeni pevnosti v rozsahu 15 az 25 °C, vliv rych-
losti chlazeni ve zkoumaném rozsahu parametrii a vliv pfetlaku pfi koagula-
cive stiivkovém obalu jsou zanedbatelné. Vliv rychlosti deformace je mirny,
avsak statisticky nevyznamny. S rostouci rychlosti deformace naméfena pev-
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nost gelu mirné klesé. Zdéanlivy modul pruznosti gelu koreluje velmi presné
s pevnosti gelu.

Bylo dosazeno velmi dobré shody vysledki méfeni ziskanych na pristroji
Instron s vysledky naméfenymi na idajné stejnych vzorcich méfidlem pev-
nosti gelu u zahrani¢niho odbératele.

Seznam symboli

d koncovy prumér diiku vnikajiciho do gelu [m]
D relativni deformace (dréha dfiku od doteku se vzorkem

délené pavodni vyskou vzorku krét 100) [%]
Eef zdéanlivy modul pruZnosti gelu [Pa]
F sila [N]
g tihové zrychleni [m/sz]
GS pevnost gelu [g/cmz, N/mz]
H puvodni vyska vrstvy gelu [m[
t teplota [°C]
o tihel sklonu pfimkové ¢asti kompresni kfivky [°]
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Summary

This paper deals with development of a method of measuring the gel strength of
the reconstituted hot roomed dried egg white. The Instron 1140 with a penetrating
shaft of cylindrical shape was used (Fig. 1). The maximum force was recalculated
by using the surface of the shaft to the gel strength. The elasticity modulus and
maximum deformation at rupture were also determined. A typical compression
curve is shown in Fig. 2. Various parameters potentially influencing the gel strength
of egg white were studied. The influence of gel temperaturel during measurement
on its gel strength is shown in Fig. 5. The influence of deformation rate on the gel
strength is apparent from Fig. 6. Fig. 7 shows the influence of pressure during coo-
king of the gel on the gel strength. Fig. 8 shows the influence of the cooling rate of
the gel after cooking on the gel strength. All the parameters studied had no statisti-
cally important influence on the gel strength of egg white. The substantial influence
on the elasticity modulus of the gels is exerted by the time of tempering. There is a
great scatter between various samples of the gel (Fig. 4). Fig. 3 shows the good
correlation of the standard gel strength measured by a customer on a special instru-
ment determined for measuring the gel strength of cooked egg white and our results.
Fig. 9 shows the very good correlation between gel strength and modulus of elasti-
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city. This correlation enables to develop the nondestructive method of measurement
of the gel strength by using the gentle compression and evaluation of the elasticity
modulus. Fig. 10 shows the maximum deformation measured at rupture of gels on
the gel strength. There is no apparent correlation between those variables.

" Kontaktni adresa:

Karel Kyhos, Vyzkumny ustav potravinafsky Praha
Radiova 7, 102 00 Praha 10, Cesk4 republika
Tel.: + 420 2 702 331, fax: + 420 2 701 983, e-mail: vupp@vupp.anet.cz

402


mailto:vupp@vupp.anet.cz

Potrav. Védy, 15, 1997 (5) : 403404

ZIVOTNI JUBILEA

Profesor Stanislav G a j d u § e k Sedesaitilety

Prof. Ing. Stanislav Gajdusek, DrSc. (narozen 6. fijna 1937 v Kromé&fizi) je
piednim mlékafskym odbornikem, uzndvanym nejen u nés, ale i v zahrani¢i. Je
profesorem mlékarstvi na Mendelové zemédélské a lesnické univerzité v Brné a tedy
dustojnym pokralovatelem véhlasnych profesori mlékafstvi na této vysoké Skole
Josefa Prok3e a Frantidka Sebely.

Oboru mlékafstvi se jubilant upsal na cely Zivot jiZ tim, Ze se prihlasil ke studiu na
Stfedni primyslové $kole mlékarenské v KroméfiZi v roce 1952. Po maturité v roce
1956 byl pfijat ke studiu na Vysoké 3kole chemicko-technologické. V roce 1961
uspésné dokonéil studium na specializaci technologie mléka a tukd a ziskal titul
inZenyra chemie.

Krat8i dobu puisobil jako ucitel na mlékérenské primyslovce v KroméftiZi, poté jako
technolog v JihoCeskych mlékarnach a dale jako odborny asistent na Vysoké Skole
zemé&délské v Ceskych Budgjovicich. Brzy se vSak definitivné usadil v Brn& a piesel
na Ustav laktologie Agronomické fakulty Vysoké skoly zemédé&lské (nyn&jsi MZLU).
V roce 1969 dokonéil pod vedenim prof. Sebely védeckou ptipravu, obh4jil kandi-
datskou disertaci o studiu bilkovin v mléce a ziskal védeckou hodnost kandidata véd
v oboru speciélni zootechnika — mlékaistvi. V roce 1978 obh4jil habilitani praci
o vlastnostech syftidel, £&imz se habilitoval pro obor technologie Zivo€i$nych produkti
a byl jmenovan a ustanoven docentem. V roce 1990 obh4jil doktorskou disertaci
»SloZeni a vlastnosti kravského mléka ve vztahu k jeho prumyslovému zpracovani*
a ziskal védeckou hodnost doktora véd v oboru zemédélsko-lesnickych véd. Vysoko-
Skolskym profesorem pro obor mlékatstvi byl jmenovan v roce 1993.

Prof. Gajdtsek se vénuje mlékaistvi jiZz uctyhodnych 45 let. Za tuto dobu ovladl
dokonale nejen technologii mléka jako sviij zékladni obor, ale i mnohé dalsi obory
s mlékarstvim t€sné nebo vzdélenéji souvisejici. Je uznavan $lechtiteli i chovateli
skotu, je respektovan odborniky ve vyzivé a krmeni skotu, ale i veterinarnimi lékafi,
ponévadZ zn4 velmi podrobné dopady vyZzivy dojnic i jejich zdravotniho stavu na
sloZeni a vlastnosti mléka. Ovladl techniku ziskavani, o3etfovani a zpracovani mléka.
Rozumi mikrobiim jako uZite¢nym spolupracovnikim v technologii mléka, ale i jako
nebezpednym nepféatelim pro technologii i pro lidské zdravi. Dovede pfesvédeive
obhajovat pozici mléka a mlé&nych vyrobku v lidské vyZivé. Pro uvedené znalosti,
ale i pro jednozna¢nost, vystiZnost a srozumitelnost svych pfednéasek je velmi &asto
zvéan na seminéfe a konference pofadané zemédélci, potravinafi i huméannimi a vete-
rindrnimi 1ékafti.

403



Potrav. Védy, 15, 1997 (5) : 403—404

Prof. Gajdusek ma Siroky rozsah piisobnosti na brnénské Mendelové univerzité. Je
vedoucim Ustavu technologie potravin a ¢lenem védecké rady Agronomické fakulty.
Spolupodilel se na znovuziizeni studijniho oboru Technologie potravin na Agrono-
mické fakulté MZLU a je povéfen garanci za dalsi rozvoj tohoto studijniho oboru. Je
¢lenem Akademického sendtu Agronomické fakulty, ¢lenem oborové rady postgra-
dudlniho studia Vlastnosti a zpracovani zemédélskych materiala a produkti a Skoli-
telem doktorandi v tomto védnim oboru.

Bohaté jsou i jeho aktivity mimo vysokou Skolu. Je predsedou komise A pro
hygienu a prvovyrobu mléka Narodniho komitétu Mezinarodni mlékaiské federace
(IDF), ¢lenem védecké rady Vyzkumného tstavu pro chov skotu v Rapotiné, védec-
ké rady Fakulty EOS Vysoké vojenské Skoly ve Vyskové, oborové rady Ekonomika
hygiena vyZivy Vysoké vojenské $koly ve Vyskové a Poradniho sboru Stfedni
primyslové Skoly mlékarenské v Kroméfizi. Externé vyucuje v bakalafském studiu
VyZiva Clovéka na lékafské fakulté Masarykovy univerzity v Bmé.

Bohata je i publikaéni €innost prof. Gajduska. Je autorem nebo spoluautorem asi
250 védeckych a odbornych praci, 16 tituli vysokoskolskych skript, 4 patenti a 21
zlepSovacich navrhi. Prednesl na 150 sdéleni na mezinarodnich i narodnich kongre-
sech, sympoziich, konferencich a seminafich. Je feSitelem 17 vyzkumnych ukoli
a grantovych projekti.

Své studenty, diplomanty a doktorandy vede k dikladnému poznani teoretickych
disciplin potfebnych pro vlastni obor a soucasné je orientuje na dokonalé poznani
jednotlivych iseki mlékafstvi v potravinafské i zemédélské praxi.

Za vSechny spolupracovniky a pfétele jubilanta srde¢né blahopfeji vaZenému kole-
govi Stanislavu Gajdiskovi k jeho Sedesatym narozeninam a upfimné mu pfeji dobré
zdravi, dal$i ispéchy, Zivotni optimismus a hodné osobniho $t&sti a spokojenosti.

Prof. Ing. Ivo Ingr, DrSc.

404



Instructions for authors

~Manuscripts in duplicate should be addressed to: RNDr. Marcela Braunova,
Ustav zemé&dé&lskych a potravinaiskych informaci, Slezska 7, 120 56 Praha 2,
Czech Republic.

Manuscript should be typed with a wide margin, duuble spaced on standard A4
paper. Articles on floppy disks are particularly welcome. Please indicate the editor
programme used.

Text

Full research manuscript should consist of the following sections: Title page,
Abstract, Keywords, a short review of literature (without “Introduction subtitle),
Materials and Methods, Results, Discussion, References, Tables, Legends to figures.
A title page must contain the title, the complete name(s) of the author(s), the name and
address of the institution where the work was done, and the telephone, fax and e-mail
numbers of the corresponding author. The Abstract shall not exceed 120 words. It shall
be written in full sentences and should comprise base numerical data including
statistical data. As a rule, it should not give an exhaustive review of literature. In the
chapter Materials and Methods, the description of experimental procedures should
be sufficient to allow replication of trials. Organisms must be identified by scientific
name. Abbreviations should be used if necessary. Full description of abbreviation
should follow the first use of an abbreviation. The International System of Units (SI)
and their abbreviations should be used. Results should be presented with clarity and
precision. Discussion should interpret the results. It is possible to combine Results and
Discussion in one section. References in the text to citations comprise the author’s
name and year of publication. If there are more than two authors, only the first one
should be named in the text, followed by the phrase “et al.““. References should include
only publications quoted in the text. They should be listed in alphabetical order under
the first author’s name, citing all authors, full title of an article, abbreviation of the
periodical, volume number, year, first and last page numbers.

Tables and Figures

Tables, tigures and photos shall be enclosed separately. The text must contain
references to all these annexes. Figures should be referred solely to the material
essential for documentation and for the understandig of the text. Duplicated docu-
mentation of data in figures and tables is not acceptable. All illustrative material must
be of publishing quality. Figures cannot be redrawn by the publisher. All figures should
be numbered. Photographs should exhibit high contrast. Both line drawings and
photographs are referred to as figures. Each figure should contain a concise, descriptive
legend.

Offprints: Forty offprints of each paper are supplied free of charge to the author.

Authors have full responsibility for the contents of their papers. The board of editors
of this journal will decide on paper publication, with respect to expert opinions,
scientific importance, contribution and quality of the paper.



OBSAH - CONTENTS

ProSkova A., Gottvaldova M., Kucera J.: Preparation and characteri-
sation of a dextran-lysozyme conjugate — Pfiprava a charakterizace konjugatu
QOXITADAEVEOENITL 2. v o wnionm s §5 5 oot 5.8 &' 5oy 56 4 Sodest & 8 & Sthsin 0 & 8 iinss & 5 K woss 321

Mayer Z., Hou3ka M.: Initial freezing point vs. composition of fruits
— Pocate¢ni bod tuhnuti a slozeniovoce ........... ... ... . ... ... 329

Holasova M.: Distribution of tocopherols and tocotrienols in the main pro-
ducts of wheat and rye milling — Distribuce tokoferolu a tokotrienol v hlavnich
produktech mlet! pRenice s ZI «omms o s # oo 5 5 5 0555 5 § & G096 § 5 5 SO § § SR 343

Kminkova M., Mouc¢ka Z., Kucera J.: Isolation and characterisation of
the proteolytic enzymes of carp hepatopancreas — Izolace a charakterizace
proteolytickych enzymu v hepatopankreatu kapra........................ 351
Boha&enko I, Vesely Z, Homolka P.: Aflatoxins in feed, the possibili-
ties of feed detoxification and its influence on nutritive value — Aflatoxiny
v krmivech, mozZnosti detoxikace a jeji vliv na nutri¢ni hodnotu . ........... 363

Prokupkova L., Novotna P.: Barva ovocnych jogurti — Colour of fruit
YORNUIES i 5 v vavems 5 v 5 siems « v S0iain & 5 S S00s & § & G000 & & 5 aoei® v § GEnEE 5.5 5 an 375

Kyhos K., Strohalm J., Novotna P, Houska M., St&pan M.: Stano-
veni pevnosti gelu obnovenych tepelné opracovanych susenych vaje¢nych bilku
— Determination of gel strength in reconstituted hot roomed dried egg whites. 391

ZIVOTNI JUBILEA
Ingr L.: Profesor Stanislav Gajdu8ek Sedesatilety ..................... 403

Védecky casopis POTRAVINARSKE VEDY # Vydava Ceska akademie zem&dél-
skych véd — Ustav zemédélskych a potravinafskych informaci, Praha € Redakce:
Slezské 7, 120 56 Praha 2, tel.: 02/242 579 39, fax: 02/242 539 38, e-mail: fofo@uzpi.cz
@ Sazba: RNDr. Marcela Braunova, Nad Palatou 54, 150 00 Praha 5 € Tisk: UZPI Praha
@ © Ustav zemé&délskych a potravinafskych informaci, Praha 1997

Rozsifuje Ustav zemédélskych a potravinafskych informaci, referat odbytu,
Slezska 7, 120 56 Praha 2


mailto:fofo@uzpi.cz

