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Enzymatic Hydrolysis of Protein Wastes from Carp (Cyprinus carpio)
Processing and the Separation of Hydrophobic Peptides*

ALEXANDRA PROSKOVA, Jikf KUCERA and FRANTISEK VACHA

Food Research Institute Prague, Prague; Research Institute of Fishing and Hydrobiology
of the South-Bohemian University, Faculty of Agriculture, Ceské Budejovice, Czech Republic

Abstract

PROSKOVA A., KUCERA J., VACHA F. (1999): Enzymatic hydrolysis of protein wastes from carp (Cyprinus carpio) processing
and the separation of hydrophobic peptides. Czech J. Food Sci., 17: 161-165.

Fish meat of carp (Cyprinus carpio), eel (Anguilla vulgaris), trout (Salmo gairdneri), pike (Esox lucius), tench (Tinca vulgaris),
white bream (Blicca bjoerkna), perch (Perca fluviatilis), Scardinius erythrophthalmus, and Leuciscus rutilus, was hydrolyzed
with the use of proteolytic enzymes. Carp meat hydrolyzate was studied in greater detail. The yield of the process was optimized
with the aim to get low-molecular-weight products. The peptides obtained in this way were tested for ACE (Angiotensin
Converting Enzyme) inhibitory activity. Finally the ACE inhibiting peptides were separated by chromatography on high basic
anion exchanger and by hydrophobic chromatography on phenyl-Superose (Pharmacia Biotech.). Histidine containing peptides,
known as an efficient remedy for gastric ulcer treatment, were separated by IMAC (Immobilized Metal-ion Affinity
Chromatography) on IDA-Cu agarose (Imino-Di-Acetyl — substituted agarose saturated with cupric ion). The separation of ACE
inhibiting peptides by hydrophobic interaction chromatography on phenyl-Superose was successful and the highly active
peptides were obtained. IMAC on cupric ions does not separate the His-peptides, but separates all low-molecular weight
peptides on the account of terminal amino groups. The method developed is believed to be useful for the laboratory scale
preparation of ACE inhibiting peptides.

Key words: freshwater; fish; waste processing; enzymatic hydrolysis; ACE inhibition; peptides; hydrophobic interaction chro-

matography

Fish are a food with high nutritional value. Fish meat
contains proteins with almost ideal amino acid composi-
tion and fat that contains a high concentration of favo-
rable w-3-polyunsaturated fatty acids (BLACKMORE et al.
1995) and many other beneficial components (e.g., MAT-
TILA et al. 1995; KARAKOLTSIDIS et al. 1995).

Large quantities of fish are processed industrially each
year and the unutilized parts, the frame with rests of meat,
viscera, etc., are unpleasant wastes which are easily de-
stroyed by microorganisms. The unpleasant smell and ugly
view are also the “by-products” of fish processing facto-
ries.

Protein hydrolyzates were proved to contain bioactive
peptides (IMOTO et al. 1981) angiotensin-converting-en-
zyme inhibitors with hypotensive effect, or histidine con-
taining peptides efficient in stomach ulcer treatment. His-
tidine containing peptides also show other activities, like
their positive influence on the heart rhythm (GILL et al.
1990). Insulin-stimulating peptides were separated from

tryptic hydrolyzate of bovine serumalbumin by hydro-
phobic chromatography (UENO et al. 1985). The IMAC
(Immobilized Metal-ion Affinity Chromatography) is an
efficient way for separation of histidine containing pepti-
des (HEMDAN et al. 1989).

We have, therefore, started a project concentrated on the
hydrolysis of fish processing wastes and utilization of the-
se by-products for the preparation of bioactive peptides.

MATERIAL AND METHODS

All fish were obtained from the Research Institute of
Fishing and Hydrobiology of the South-Bohemian Uni-
versity, Faculty of Agriculture in Ceské Budgjovice.

Alcalase NOVO 2,4 L, type FG, serine alkaline protease,
were products of of NOVO Nordisk, Copenhagen, Den-
mark.

Sorbents Phenyl-Superose and Superose 12 were pro-
ducts of Pharmacia Biotech Uppsala, Sweden, Imino-dia-

*The work was supported by the National Agency for Agricultural Research (NAZV) of the Czech Republic, grant No. EP7310.
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cetyl agarose was the product of SIGMA. HEMA-BIO
1000Q was quarternized anion exchanger, product of Tes-
sek Ltd. Prague, Czech Republic.

ACE inhibitors activity was determined according to
the method of MATSUI et al. (1992) and calculated as the
amount of material needed for 50% inhibition (ICso)‘

The protein concentration was determined according
to HARTREE (1972).

IMAC (Immobilized Metal-ion Affinity Chromatography)
was carried out according to the method of HEMDAN et
al. (1989).

Hydrophobic interaction chromatography was carried
out principally according to the method of BELEW et al.
(1985) in which the concentration of ammonium sulfate
was optimized.

All chromatographic experiments were carried out with
the use of FPLC equipment, model LCC 500, Pharmacia,
Uppsala.

Amino acid composition of fish meat was determined
with the use of amino acid analyzer, model AAA T 339
(Mikrotechna, Prague, Czech Republic).

RESULTS AND DISCUSSION

Amino acid composition of meat of selected fresh-wa-
ter fish species was determined by standard method using
amino acid analyzer model AAA T 339 (Mikrotechna, Pra-

gue, Czech Republic). The amino acid composition of such
meat is summarized in Table 1. Histidine content is high
in pike, perch and carp. The hydrophobic amino acids,
which are present in ACE (Angiotensin-Converting-En-
zyme) peptide inhibitors, were found at higher concentra-
tions in the meat of trout, carp, and perch. Sulfur-contai-
ning amino acids are present namely in perch and carp.
The fish most frequently used in the Czech Republic is
carp. This fish is, according to the amino acid composi-
tion, convenient for the hydrolysis to bioactive peptides
as well as to peptides appropriate for further plastein syn-
thesis with the addition of other amino acids or related
compounds. We have, therefore, studied the hydrolysis
of carp muscle in greater detail.

For any enzymatic hydrolysis two protocols are possi-
ble. In the first case, a larger amount of enzyme is applied
at an appropriate concentration and the reaction proce-
eds for a shorter time. The energy expenses are shorte-
ned, but the enzyme consumption is higher. This protocol
are useful namely if the enzyme is cheap and the most
important expenses is the energy consumption. The se-
cond possible protocol is the use of a low dose of enzyme
with the appropriate prolongation of the reaction time. In
the process with the more expensive enzyme this protocol
should be applied. We have tested both methods. The
method A used the lower dose of enzyme (0.3% of the
weight of meat) and the reaction was carried out at 50 °C

Table 1. Amino acid content of different fish meat [g/100 g DM]

Carp Eel Trout Pike Tench Scardinius Perch

(Cyprinus (Anguilla (Salmo (Esox (Tinca erythro- (Perca Leuciscus
Amino acid carpio) vulgaris)  gairdneri) lucius) vulgaris)  phthalmus Sluvialis) rutilus
Aspartic acid 6.08 5.11 5.79 6.89 5.58 5.24 8.55 6.63
Threonine 2.82 2.63 2.87 3.2 2.59 2.26 3.74 2.38
Serine 2.09 2.05 2.19 2.48 2.39 2.16 29 2.09
Glutamic acid 6.85 6.58 6.14 9.31 6.92 6.76 10.73 8.54
Proline 1.93 1.77 2.58 2.66 2.11 1.76 1.83 1.57
Glycine 2.66 3.03 1.94 3.18 3.04 3.08 4.16 2.48
Alanine 3.28 3.18 2.28 443 3.59 3.75 5.61 331
Valine 2.97 2.58 2.67 33 2.63 2.85 4.06 2.36
Methionine 2.12 1.73 1.67 2.52 1.9 2.13 3.15 2.46
Isoleucine 2.75 2.32 2.46 3.14 23 2.8 3.93 4.09
Leucine 4.44 3.83 4.11 5.15 4.16 495 7.34 441
Tyrosine 225 22 21 3.54 2.8 3.93 4.62 232
Phenylalanine 2.21 2.24 1.62 3.2 2.49 2.79 4.07 3.52
Histidine 237 2.33 243 2.63 2.06 1.97 2.57 2.53
Lysine 5.15 4.76 453 6.63 5.3 4.99 7.7 6.24
Arginine 4.46 4.16 3.82 4.49 3.77 3.11 8.48 423
Cysteine 0.71 0.6 0.58 0.7 0.7 0.7 0.84 0.82
Sum 55.14 51.1 49.78 67.45 5433 55.23 84.22 59.98
Protein
in DM base [%]  77.3 60.9 69.2 84.5 78.9 78.9 90.2 834
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at pH 9.0 for 17 hours. In the method B the enzyme dose of
2% of the weight of meat was applied at the same tempe-
rature and pH and the reaction proceeded for 1 hour. The
optimum time was taken from the work of MATSUI et al.
(1993), after verification with shortened tests (lower num-
ber of experiments). The degree of hydrolysis was deter-
mined according to the amount of peptides soluble in 0.3M
trichloroacetic acid. The optimum time for the method A
was 15 hours, for the method B 50 minutes. Both methods
give the same degree of polymerization, which need not
be the same peptide composition. In the following work
we have used the method B, as the enzyme used — Alcala-
se, is relatively cheap and produced in large quantities.

We have hydrolyzed the meat of carp, the viscera of
carp, and the meat of perch (Perca fluviatilis) and white
bream (Blicca bjoerkna). All the hydrolyzates were tes-
ted for ACE inhibitory activity without any purification.
The results are summarized in Table 2. Data obtained by
MATSUI et. al. (1993) and inhibition activity of common
antihypertensive remedy Captopril are included for com-
parison. Inhibitor activities are given as IC, (mg protein
per ml). The value means the amount of protein (in mg)
necessary for 50% inhibition of the enzyme.

Table 2. ACE inhibitory activity of crude hydrolyzates of fish
meat

Hydrolysis ICs,
Hydrolyzate of method [mg protein/ml]
Carp meat A 4.08
Carp meat B Nd
Carp viscera B 0.81
Perch meat B 0.91
Cejnek maly meat B Nd
Sardines according to
Marsut et al. (1993) (ID: 118) - 0.61
Capropril - 5.25x 1076

Nd - value cannot be determined

The results shown in Table 2 indicate the IC, value
comparable with the hydrolyzate of sardines described
elsewhere and are remarkably lower compared with the
Captoprill. It means that the hydrolyzate can be used as
supporting aids in hypertensis without any risk of over-
dosing. The hydrolyzate can be then used as food additi-
ves for functional food.

Hydrophobic chromatography of peptides obtained from
fish meat by enzymatic hydrolysis

ACE inhibiting peptides are known to contain a large
amount of hydrophobic amino acids. As such, these pep-
tides can be easily separated with the use of hydrophobic
interaction chromatography. The pH used in hydropho-
bic interaction chromatography is usually near the neut-
rality. The adsorption is promoted by high ionic strength,

for which the ammonium or potassium sulfate is used most
commonly. Desorption is achieved first by the decreasing
ionic strength and secondly by the elution with water
solution of isopropanol up to 30% concentration or ethy-
lene glycol up to concentration of 60%. We have applied
the protocol of BELEW et al. (1985) with the optimization
of ammonium sulfate concentration.

The column of Phenyl Superose was equilibrated with
0.05M phosphate pH 7.0 containing, after optimization
of sorption/elution pattern, 1.7M ammonium sulfate. The
concentration of ammonium sulfate in the sample was
adjusted to the same value by addition of solid ammoni-
um sulfate. The sample was then injected into the column.
After washing the column with starting buffer the hydro-
phobic peptides were eluted with the same buffer without
ammonium sulfate. The elution with more effective elu-
ents, like isopropanol or ethylene glycol, was not neces-
sary. The typical course of chromatography is shown in
Fig. 1 and the IC; of active fractions obtained from the

134 active fraction

Deteclor response [mV]
-]

0 50 100 150 200
Retention time [min|

Fig. 1. Typical course of hydrophobic interaction chromatog-

raphy of enzymatic hydrolyzate of carp viscera

chromatography of different hydrolyzates are summari-
zed in Table 3. The inhibition activity for ACE increased
by hydrophobic chromatography remarkably as illustra-
ted with the lower IC, value shown in Table 3.

Table 3. ACE inhibition activity of hydrolyzates purified by
hydrophobic interaction chromatography

Hydrolysis I1Cy,
Hydrolyzate of method [mg protein/ml]
Carp meat A 0.08
Carp meat B 0.3
Carp viscera B 0.02
Perch meat B 0.03
Cejnek maly meat B 0.05

Strong anion exchanger chromatography of fish meat
hydrolyzate

Some literature data show the highly acidic peptides to
be also efficient ACE inhibitors (e.g., MATSUI et al. 1993).
As the hydrophobic peptides usually are very bitter, the
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acidic peptides have the advantage of pleasant taste. We
have, therefore, separated the acidic peptides with the
use of chromatography on highly basic anion exchanger
— HEMA-BIO 1000 Q containing quarternized amino
groups. The column was first equilibrated with 30mM Tris-
HCl buffer pH 8.5. Then the sample of hydrolyzate in the
same buffer was applied and the column was washed with
the starting buffer. After elution of all the unadsorbed
protein, the column was eluted with the linear gradient of
sodium chloride concentration (0 to 0.4M) in the same
buffer. Typical course of the chromatography is shown in
Fig. 2. The inhibition constant of the active fraction was
one order in magnitude lower compared with that of the
hydrophobic peptides, but still utilizable for pre-
paration of functionalized food. The IC, was 1.5 pg/ml.

600}

=
&
%
£ 400 active fraction
8
8 200
&

0 10 20 30 40 50 60

Retention time [min]

Fig. 2. Typical course of strong anion exchanger chromatogra-
phy of enzymatic hydrolyzate of carp meat

Application of IMAC for histidine-containing peptides
from enzymatic hydrolyzate of carp meat

Histidine-containing peptides are frequently used as
supporting material for the stomach ulcer treatment. For
these peptides the IMAC and IDA-Cu sorbent is the opti-
mum way of separation. The neutral pH is used for ad-
sorption and elution is usually achieved with decreasing
pH (HUBERT & PORATH 1980). IDA-agarose column was
first saturated with copper ions and then equilibrated with
50mM phosphate pH 7.5 containing 0.5M NaCl. After equi-
libration the sample of carp meat hydrolyzate in the star-
ting buffer was applied and the column was washed with
the same buffer. Finally, the adsorbed peptides were elu-
ted with 50mM Tris-HC] buffer pH 3.0. Peptides obtained
in this way were analyzed for the content of histidine using
amino acids analyzer. No differences in relative content of
histidine were detected between peptides separated by
IMAC and the starting peptides. The reason is supposed
to be the fact that the terminal amino group in peptides is
as active as the histidine in such low molecular weight
peptides. No enrichment with histidine can be achieved
in this way.

164

Molecular weight distribution of enzymatic hydrolyzate
of carp meat

The hydrolysis of carp meat using Alcalase enzyme
leads to active ACE inhibitors namely after enrichment by
means of hydrophobic interaction chromatography. The
practical application is connected with the maximum mo-
lecular weight of peptides to be transported from digesti-
ve tract to blood stream. Therefore we have finally deter-
mined the molecular weight distribution of hydrolyzate of
carp meat by gel permeation chromatography (Table 4).
The higher molecular weight fraction is detected at the
value approximately 9800. This agrees with usual molecu-
lar weight of polypeptides obtained by medium range hyd-
rolysis. This fraction is not active. The ACE inhibition
activity is connected with peaks at molecular weight ap-
proximately equal to 1100 and 770 Da, which signify the
oligopeptides containing six to nine amino acids residu-
es. The relative concentration of individual peaks shows
that the low-molecular-weight parts account to 58% of
total, which signifies the deep hydrolysis. The active part
of hydrolyzate is 35% of total weight according to this
determination .

Table 4. Molecular weight distribution in hydrolyzate accord-
ing to gel permeation chromatography.

Component Elution volume Molecular weight
Cytochrom ¢ 13.23 12 400
Vitamine B, 16.78 1355
Cytidine 18.06 243
Carp meat hydrolyzate 13.68 9827

16.49 1117

16.97 768

18.38 259

19.78 87

Conclusion

The enzymatic hydrolyzate of carp meat and viscera, as
well as perch and white bream (Blicca bjoerkna) meat
shows the relatively high formation of peptides with ACE
inhibitory activity. The separation of such peptide inhibi-
tors with the application of hydrophobic interaction chro-
matography gives the product of practical applicability
for preparation of functionalized food supporting the treat-
ment of hypertension without any risk of overdosing. The
IC,, of inhibitory peptides is high enough for functionali-
zed food and low enough not to be dangerous in higher
dose.

The separation of highly acidic peptides from the same
hydrolyzate leads to active fraction with lower IC; com-
pared with hydrophobic peptides, but without any bitter
taste. That fact could be of advantage for practical use.

IMAC does not separate the histidine rich peptides,
probably for the reason of high relative concentrations of
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terminal primary amino groups in such small peptides,
which is at least as effective for adsorption on IMAC
sorbents as the histidine-containing peptides.

The prepared hydrolyzates proved to be applicable in
functionalized food and increase the utilization of some
underutilized fish products in this way.
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PROSKOVA A., KUCERA J., VACHA F. (1999): Enzymovi hydrolyza bilkovinnych odpadii ze zpracovini kapra (Cyprinus
carpio). Czech J. Food Sci., 17: 161-165.

Maso z ryb — kapr (Cyprinus carpio), ihot (Anguilla vulgaris), pstruh (Salmo gairdneri), §tika (Esox lucius), lin (Tinga vulgaris),
okoun (Perca fluvialis), perlin (Scardinius erythropht halmus) a plotice (Leuciscus rutilus) — bylo hydrolyzovéno za pouziti
proteolytickych enzymi. Detailné&ji bylo studovédno masa kapra. Proces byl optimalizovén s cilem dostat produkty o nizké
molekulové hmotnosti. Takto ziskané peptidy byly testovany s hlediska ACE (Angiotensin Converting Enzyme) inhibi¢ni ak-
tivity. Nakonec byly peptidy s ACE inhibi¢ni aktivitou separovany chromatografii na silném anexu a hydrofobni chromatografii
na fenyl-Superose (Pharmacia Biotech). Peptidy obsahujicf histidin zndmé jako prostfedek pouZivany na Zalude¢ni viedy byly
separovany pomocf IMAC (Immobilized Metal-Ion Affinity Chromatography) na IDA-Cu agarose (Imino-Di-Acetyl substituovana
agarosa saturovand méd'natymi ionty). Separace ACE inhibujicich peptidii hydrofobni chromatografii na fenyl-Superose byla
uspésna a byly ziskany velmi aktivni peptidy. Pomoci IMAC s m&d’natymi ionty nebyly oddéleny histidinové peptidy, ale byly
ziskany vSechny nizkomolekularni peptidy sorbované na zékladé& koncovych aminoskupin. Touto vyvinutou metodou je mozné
ziskavat peptidy s ACE inhibiéni aktivitou v laboratornim mé&Fitku.

Kli¢ova slova: rybi odpad; zpracovéani odpadu; enzymaticka hydrolyza; ACE inhibice; peptidy; hydrofobni chromatografie
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Niacin Determination in Meat and Offals by HPLC and its Comparison
with Microbiological Assay

MARIE HOLASOVA and Ev4 MASKOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract

HOLASOVA M., MASKOVA E. (1999): Niacin determination in meat and offals by HPLC and its comparison with
microbiological assay. Czech J. Food Sci., 17: 166-170.

A simple high performance liquid chromatography method for the determination of available niacin in meat and offals is de-
scribed. Acidic and subsequently enzymatic hydrolysis is applied to liberate niacin. The interfering accompanying substances are
removed by passing the hydrolysate through a Silica-cart C18. Ion-pairing reversed phase liquid chromatography using a Separon
SGX C18 column and mobile phase consisting of 200 ml methanol, 800 ml acetate buffer pH 3.9 and 5 x.10~> mol
tetrabutylammonium bromide is used to separate the vitamin. Niacin is detected by a diode array detector operating at 261 nm.
The detection limit is 0.5 mg of niacin in 100 g sample. The mean recovery is 98.6% and the coefficient of variation 10.0%. The
method was applied in the analysis of pork, beef and chicken meat, pork kidney and liver, and liver paté. The results were

consistent with the data obtained by microbiological assay, being 9% less on the average.

Key words: determination; HPLC; meat; offals; niacin; nicotinic acid

Niacin belongs to the vitamin B group. It is the generic
descriptor for two vitamers, nicotinic acid and nicotina-
mide, which are systematically named as pyridine-3-car-
boxylic acid and pyridine-3-carboxamide. All plant and
animal tissues require niacin in the form of nicotinamide
nucleotide coenzymes for normal metabolism, and the vi-
tamin is therefore present in foods of both plant and ani-
mal origin. In plant foods it predominates as a chemically
bound nicotinic acid, in animal foods in the form of nico-
tinamide. Yeast, meat and offals are the major natural sou-
rces of niacin. The roasted coffee beans also belong to
the main sources of niacin, owing to the formation of ni-
cotinic acid due to the thermal decomposition of alkaloid
trigonelline (BALL 1994).

The microbiological assay utilising a strain of Lacto-
bacillus plantarum is conventionally used for the deter-
mination of niacin. This method is contained in both CSN
56 0051 and AOAC standard methods (SULLIVAN & CAR-
PENTER 1993). AOAC standard methods also include a
colorimetric method using cyanogen bromide which yi-
elds a coloured pyridinium derivative that can be quanti-
fied spectrophotometrically (SULLIVAN & CARPENTER
1993). Both methods have certain disadvantages. The
microbiological assay is very time-consuming and its re-
sults can be influenced by sample components stimula-
ting or suppressing microbial growth. The disadvantage
of the colorimetric method consists in the toxicity of cya-
nogen bromide. In addition, the reaction is not specific to
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niacin, as cyanogen bromide reacts with all substituted
pyridines (VIDAL-VALVERDE & RECHE 1991). Capilla-
ry electrophoresis (WARD & TRENERRY 1997; DIAZ-
POLLAN & VIDAL-VALVERDE 1998) and ATR-FTIR
spectroscopy (WOICIECHOWSKI et al. 1998) were also
used for niacin determination in foods.

Much attention has been paid to the application of HPLC
for the determination of niacin in foods within several
recent years. Generally, the procedure involves acidic, en-
zymatic, or alkaline hydrolysis, the separation of interfe-
ring substances, and the HPLC determination of nicotinic
acid. CHASE et al. (1993) used only acidic hydrolysis in
the analysis of fortified foods. To determine available ni-
acin in foods, it is necessary to include both acidic and
enzymatic hydrolysis (WARD & TRENERRY 1997; VIDAL-
VALVERDE & RECHE 1991). TYLER & GENZALE (1990)
applied alkaline hydrolysis for the determination of total
niacin in beef, semolina and cottage cheese.

Due to the non-specific detection of nicotinic acid at
the wavelength ranging from 250 to 265 nm, the separa-
tion of interfering substances is the prerequisite for the
determination of the natural content of niacin. Vidal-Val-
verde successfully applied Dowex 1-X8 acetate resin. The
CN cartridge failed to remove interfering substances and
the use of a C18 cartridge did not yield sufficient recove-
ry (VIDAL-VALVERDE & RECHE 1991). However, the C18
cartridge proved useful in purification after alkaline hyd-
rolysis following the adjustment to pH 7 (TYLER & GEN-
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ZALE 1990). VAN NIEKERK et al. (1984) solved the puri-
fication of samples by the application of the column swit-
ching technique.

A suitable selection of chromatographic conditions is
of basic importance for the determination of nicotinic acid,
due to the possible presence of interfering substances. Ion-
exchange chromatography could be applied in fortified
foods (CHASE et al. 1993), ion-pairing in reversed-phase
systems proved useful for the determination of the natu-
ral content of niacin (VIDAL-VALVERDE & RECHE 1991;
TYLER & GENZALE 1990; OETLES & HISIL 1993).

The object of this study was to propose a simple and
reliable HPLC method with suitable sample isolation and
purification for the determination of niacin in meat, of-
fals and products from these. The results were compared
with the data obtained by the microbiological assay.

MATERIAL AND METHODS
Equipment and Chemicals

a) Apparatus: a liquid chromatograph HP1090 with a di-
ode array detector (Hewlett-Packard) set at the wave-
length of nicotinic acid maximum, i.e., 261 nm was
used. A column 250 by 4 mm packed with Separone
SGX C18 (5 um) (Tessek), was used for separation.

b) Clean-up cartridges: cartridges Silica-cart SGX C18
(60 um), column height 10 mm (Tessek), were used.

¢) Mobile phase: 5 x 10-*mol tetrabutylammonium bro-
mide (Fluka) in 1 litre of a 2 : 8 mixture of methanol
and acetate buffer pH 3.9 (1 x 102 mol/l).

d) Nicotinic acid (Sigma): stock solution 1g/1 was further
diluted to 100 pg/ml.

e) Takadiastase enzyme suspension: 10 g of takadiastase
was filled with distilled water to 100 ml.

Sample Extraction

A sufficient amount of a homogenised sample (1-10 g
containing 50-1000 pg of niacin) was hydrolysed with
30 ml of sulphuric acid (0.5 mol/l) in an autoclave at 121°C
for 60 min. After cooling, pH of samples was adjusted to
4.5 with 2M sodium acetate, and 5 ml of a freshly prepa-
red suspension of takadiastase was added to each sample.
The samples were then incubated at 37°C for 15 hrs. Once
cooled, the samples were filled to 100 ml with acetate
buffer of pH 3.9 (1 x 10"2 mol/l) and filtered. Along with
the samples, the standard solution of nicotinic acid con-
taining 100 or 1000 pg of niacin was treated identically.

Extract Purification

Three cartridges Silica-cart C18 assembled to a series
were consecutively washed with 2 ml of each methanol,
water and acetate buffer pH 3.9. Subsequently, 10 ml of
the filtrate was passed through the connected cartridges;
the first 8 ml were discarded, the last 2 ml were collected
as a sample for the determination of nicotinic acid. The

filtrates of the standard solution of nicotinic acid were
treated in the same way.

Determination of Nicotinic Acid

The purified filtrates obtained were analysed by HPLC
on a column Separon SGX C18, with spectrophotometric
detection at 261 nm. The flow rate of the mobile phase
was 0.8 ml/min, the volume of sampling loop was 20 pl.

Microbiological Assay

The CSN 56 0051 method (CSN 1987) was used. Here
niacin is released from the food matrix by acidic hydroly-
sis. The amount of acids produced by Lactobacillus plan-
tarum strain ATCC 8014 after incubation is determined
by titration. The Vitamin nicotinic acid assay broth
(Merck) was used for determination.

RESULTS AND DISCUSSION

Samples of pork, beef and chicken meat, pork kidney
and liver, and liver paté, used for the analyses, were pur-
chased in a retail network.

The chromatographic conditions of the determination
were optimised using a nicotinic acid standard. Due to
the polar character of nicotinic acid, the application of
the normal phase chromatographic systems would produ-
ce long retention time values. Alternatively, the low affi-
nity to the stationary phase in reversed phase chromato-
graphic systems results in the elution of nicotinic acid with
the solvent front. Ion-pairing reversed phase chromato-
graphy makes it possible to modify retention time in or-
der to eliminate the interference of accompanying sub-
stances as much as possible. Whereas the use of heptane
sulfonic acid as counterions proved practical for the de-
termination of nicotinamide (TAKATSUKI et al. 1987),
tetrabutylammonium bromide (TBAB) suitably modifies
the elution parameters of nicotinic acid. It was verified
during the optimisation of the composition of the mobile
phase that the retention time increases with the decrease
of methanol concentration and with the rising concentra-
tion of TBAB in the mobile phase. The influence of TBAB
concentration in the mobile phase on retention time is
shown in Table 1. Other factors substantially influencing
retention parameters are pH of mobile phase and column
temperature. VIDAL-VALVERDE & RECHE (1991) even
give individual optimum combinations of column tempe-

Table 1. Influence of TBAB concentration in mobile phase on
retention time of nicotinic acid

TBAB concentration [mol x 10°/1]  Retention time [min]

7.4
7.7
83
9.5

wm W N -
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Table 2. Influence of pH of mobile phase on retention and re-
sponse of nicotinic acid

Table 3. Influence of treatment conditions on nicotinamide
hydrolysis

PH of mobile Retention time Relative Hydrolysis Residual nicotinamide
phase [min] response time [min] temperature [°C] [%]
39 9.5 1.00 15 115 53
43 9.7 0.98 30 121 21
5.0 11.1 0.92 45 121 9
5.6 11.9 0.80 60 121 0

rature and sample pH for the determination of niacin in
various samples. Under the experimental conditions of
our analyses, we found that the pH value of the mobile
phase significantly influenced detector response, as do-
cumented by Table 2, in addition to retention time and
peak shape. When working without a thermostatted co-
lumn, the influence of temperature would probably mani-
fest in moderate shifts of retention time values. Conside-
ring the interference of accompanying substances and the
peak shape, the mobile phase containing 5 x 10~ mole
tetrabutylammonium bromide in 1 litre of the 2 : 8 mixtu-
re of methanol and acetate buffer pH 3.9 (1 x 1072 mol/)
proved optimal. Under these conditions, the linear respon-
se of the detector with the concentration range of nicoti-
nic acid ¢ = 2-20 pg/mli of injected solution was verified,
corresponding to the equation: response = 29.3¢ + 0.33.
The detection threshold equals 5 ng of nicotinic acid. The
detection treshold is characterized by ratio of peak high
and baseline noise equal to 5. Considering the dependen-
ce of results obtained on chromatographic conditions, a
sample of the nicotinic acid standard was regularly inclu-
ded into the analyses of real samples.

A direct extraction by methanol can be used for the
extraction of niacin from food matrix. In this case a pa-
rallel determination of nicotinic acid and nicotinamide is
carried out, being more demanding as to sample purifica-
tion. Alkaline hydrolysis is utilised in the determination
of total niacin. Free or available niacin is determined af-
ter acidic or enzymatic hydrolysis (BALL 1994). There is
certain variation in the literature data as for the condi-

Il

1
I!

401 g)
(mAU]

Nicotinic acid

Time [min]

tions of acidic hydrolysis. The AOAC procedure for the
microbiological assay includes hydrolysis with 0.5M
H,S0, at 121°C for 30 min, the CSN procedure recom-
mends the same conditions for 60 min. The liberation of
bound forms with diluted HCI under autoclaving at 121°C
for 15 min (VIDAL-VALVERDE & RECHE 1991), eventu-
ally with the addition of 6 ml H,SO, (1 + 1) at 121°C for
45 min (CHASE et al. 1993) was described. In our experi-
ments hydrolysis with 0.5M H,SO, was tested. It was
found that a standard preparation of nicotinamide, hydro-
lysed with 0.5M H,SO, at 121°C for 30 min, still con-
tained 21% of the starting amount. A 60-min hydrolysis
was needed for the total release of nicotinic acid. The
influence of conditions on the hydrolysis of nicotinamide
is shown in Table 3.

The UV detection at 261 nm, i. e., in the absorption
maximum of nicotinic acid, is strongly non-specific. It is
necessary for a successful analysis of complex food ma-
terials to remove accompanying interfering substances.
The way of purification must therefore be selected care-
fully to be efficient enough and yield satisfactory recove-
ry. Both these requirements were met by the use of the
cartridge Dowex 1-X8 acetate resin (VIDAL-VALVERDE
& RECHE 1991). However, the procedure required the
evaporation of eluate and the transfer to mobile phase,
prior to injection. Looking for an easier procedure, we
tested the use of the cartridge Silica-cart C18. The appli-
cation of a single cartridge did not result in a satisfactory
removal of interfering substances, but a column assem-
bled of three cartridges (30 mm) produced very good re-
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Fig. 1. Effect of purification in the analysis of pork liver: a) sample without purification step and b) sample after purification on

Silica-cart C18
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Fig. 2. Chromatogram of niacin: a) pork, b) pork with addition of nicotinic acid
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Fig. 3. Chromatogram of niacin in chicken breast

sults. Volume optimisation showed to be crucial. After
the passage of more than 6 ml of filtrate through the co-
lumn, the concentration of nicotinic acid in the eluate is
stable, with recovery reaching 98%. In the analyses the
first 8 ml of eluate were discarded and the following 2 ml
were collected as a sample for injection. The increase of
the discarded or collected volume causes the fall of puri-
fication effect because the captured interfering substan-
ces gradually elute from the column. An example of the
purification of a pork liver sample is shown in Fig. 1.

Recovery was measured by a standard addition of
500 pg of nicotinic acid to the samples of pork liver prior
to hydrolysis and amounted 98.6 + 1.1%. The reproduci-
bility of the method was evaluated by replicate determi-
nation (n = 5) of niacin in samples of chicken meat with
the coefficient of variation 10.0%.

Table 4. Comparison of niacin determination by HPLC and
CSN methods

Content of niacin [mg/100 g]

Sample CSN HPLC
Pork (ham) 6.6 6.2
Beef (rump) 15.4 135
Chicken breast 7.7 7.0
Pork liver 5.5 5.0
Pork kidney 33.1 124
Liver paté 3.2 3.9

The optimised procedure was used for the determina-
tion of niacin in pork (ham), beef (rump) and chicken
(breast) meat, pork liver and kidney, and liver paté sam-
ples. The results are displayed in Table 4, the examples
of separation in Figs. 2 and 3. Except for liver paté, all
results obtained by HPLC methods were lower than those
acquired by the CSN method, averaging 9% less. A line-
ar regression analysis comparing the HPLC (y) and CSN
(x) method gave the equation y = 0.8462x + 0.7367, with
the correlation coefficient of 0.998. The results are well
correlated with the published results comparing HPLC
and AOAC methods in analysing samples of fortified ce-
real products and infant formulas (CHASE et al. 1993),
where microbiological assay yielded data 11% higher than
HPLC. In beef sample analyses, TYLER & GENZALE
(1990) also found HPLC values lower than those obtai-
ned by microbiological method.
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Byla vypracovana jednoduch4 metoda pro stanoveni vyuzitelného niacinu v mase a vnitinostech. Pro uvolnéni niacinu z potra-
vinové matrice byla aplikovana kyseld a enzymova hydrolyza. Interferujici doprovodné latky byly odstranény za uZiti kolon Sili-
ca.cart C18. Pro vlastni stanoveni kyseliny nikotinové byla uzita chromatografie na kolon& Separon SGX C18 v iontové-parovém
usporadéni. Mobilni f4ze obsahovala 5 x 107> mol tetrabutylamonium bromidu v 1 1 smési methanolu a octanového pufru (pH
3,9) v poméru 2 : 8. Niacin byl detekovan spektrofotometricky pii 261 nm. Detekéni limit metody €ini 0,5 mg niacinu ve 100 g
vzorku. Metoda vykazuje zpétny vytézek 98,6 % a variacni koeficient 10,0 %. Metoda byla aplikovana pfi analyze veprové-
ho, hovéziho a kufeciho masa, vepfovych ledvin a jater a jatrové pastiky. Ziskané vysledky velmi dobfe (korelacni koeficient

r = 0,998) koreluji s vysledky mikrobiologického stanoveni a jsou v priiméru o 9 % niz3i.
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Purification and Immobilization of Soybean (Glycine max) Urease*
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Abstract

KMINKOVA M., KUCERA J. (1999): Purification and immobilization of soybean (Glycine max) urease. Czech J. Food Sci.,

17:171-175.

Urease (urea amidohydrolase, EC 3.5.1.5) was isolated from soybean with 58% purity as judged by gel chromatography on
Superose 12HR 10/30. The purification was done using an affinity sorbent — phenylurea bound to bead cellulose. The results were
compared by the commonly used chromatography on urea covalently bound to epoxy-Sepharose and other new affinity sorbent
— urea covalently bound to cyanurchloride-activated bead cellulose. Resulting purified enzyme was immobilized on diethylene-
triamino-substituted bead cellulose by the glutaraldehyde method. The activity yield was as high as 7.36%, specific activity
35 230 per g of immobilized enzyme (DM basis) and 2467 per mg of bound protein (DM basis). The immobilized enzyme was
stable in the presence of pancreatin. This implies that the urease purified and immobilized in this way can be proposed for

avoiding urea from physiological fluids.

Key words: soybean urease, purification, phenylurea affinity chromatography, immobilization

Urease (urea amidohydrolase, EC 3.5.1.5) is one of the
enzymes frequently used in biochemical and biomedical
analysis for the determination of urea in biological fluids.
The enzyme hydrolysing urea to ammonia and carbon di-
oxide was found in all living cells. Legumes, such as jack
bean (Canavalia ensiformis) (MENDES et al. 1988; SUNG
et al. 1989) which is serologically similar to the enzyme
from soybean (POLACCO & HAVIR 1979), cyanobacteria,
such as Anabaena cylindrica (ARGALL et al. 1992), bac-
teria, such as Helicobacter pylori (ICATLO et al. 1998) or
Lactobacillus fermentum (KAKIMOTO er al. 1990), and
molds, such as Aspergillus niger (SMITH et al. 1993) or
Schizosaccharomyces pombe (LUBBERS et al. 1996), and
many others, all produce remarkable amounts of urease.

Ureases of different species are usually separated and
purified by very similar methods. The separation/purifi-
cation protocol contains usually the thermal precipitation
taking the advantage of the relatively high thermostabili-
ty of the enzyme (ARGALL et al. 1992; SUNG et al. 1989).
Anion exchange chromatography (LUBBERS et al. 1996) is
usually used as the next step, followed by hydroxylapati-
te chromatography (ARGALL et al. 1992). Heparinoid affi-
nity sorbent was used for affinity chromatography of ure-
ase from Helicobacter pylori (KAKIMOTO et al. 1990),
but more frequently immobilized substrate is used as an
affinant (MENDES et al. 1988). The epoxy-activated Se-
pharose was used for immobilization of urea and the re-

sulting affinity sorbent was used for purification of jack
bean urease (MENDES et al. 1988).

Urease was also immobilized using many known me-
thods. The enzyme was entrapped in crosslinked gelatin
film (BOLLMEIER & MIDDLEMAN 1979) or polyvinyl-al-
cohol membrane (CHEN et al. 1994). The adsorption of
urease on polystyrene granules was also used for enzy-
me immobilization (ERNST 1988), as well as covalent bin-
ding to glutaraldehyde activated chitosan (KRAJEWSKA
etal. 1990) or functionalized silica (LTUBINSKII ez al. 1982).
Microencapsulation inside cellulose material (ONYEZILI
1988) and covalent binding to the inner surface of nylon
tubing (RISTAU et al. 1985) are believed to be efficient in
clinical use of immobilized urease.

The most important application of urease is in detoxifi-
cation of biological fluids (ERNST 1988; RISTAU et al. 1985)
and biochemical analysis. The immobilized urease is ap-
plicable for extracorporeal detoxification of blood serum
(ONYEZILI 1988), or as a peroral remedy (RISTAU et al.
1985). The enzyme electrode was constructed for the po-
tentiometric determination of urea in biological fluid using
immobilized urease (GIL et al. 1992).

In the present work we have purified urease from soy-
bean extract using two affinity sorbents, the urea bound to
cyanurchloride activated bead cellulose and phenylurea
bound to bead cellulose. Both sorbents were compared and
the phenylurea sorbent was found to give better results.

*The work was supported with the grant of National Agency for Agricultural Research (NAZV) of Czech Republic, grant No.

EP0960006255.
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The purified soybean urease was then immobilized on
glutaraldehyde-activated diethylene-triamino-bead cellu-
lose and the immobilized enzyme was characterized. The
stability of immobilized urease in the presence of pancre-
atin was also determined. The stability in gastro-intesti-
nal tract can be the advantage in peroral application for
blood serum detoxification .

The aim of this work was i) to develop the efficient affi-
nity sorbent for single step purification of soybean urea-
se based on urea derivatives, and ii) to immobilize the
purified urease for possible application as remedy for lowe-
ring the urea level in blood serum in the case of renal
insuficiency.

MATERIAL AND METHODS

Soybean was obtained in a local shop.

The affinity sorbents, the cyanurchloride bound urease
as well as bound phenylurea, were customarily syntheti-
zed by Iontosorb comp., Usti n. Labem, CR.

The bead-cellulose-bound diethylene-triamine (Ionto-
sorb DETA) was the product of the same company.

Pancreatin used for testing of immobilized urease stabi-
lity was the product of SIGMA Fine Chemicals with the
activity guaranteed to be at least 3x U.S.P. specification
(cat. No. P 1625).

Column Superose 12HR 10/30 for FPLC was a product
of Pharmacia Uppsala, Sweden.

All chromatographic experiments were carried out with
the use of FPLC, model LCC 550, Pharmacia Uppsala, Swe-
den.

Commercial urease from SIGMA Fine Chemicals was
used for comparison.

All other reagents were products of Lachema Brno CR,
reagent grade.

Protein concentration was determined by the method of
HARTREE (1972) and urease activity by the method of PO-
LACCO and HAVIR (1979).

RESULTS AND DISCUSSION

Extraction: 30 g of soybean was left in 240 ml buffer
(0.1M Tris-malate pH 7.0, containing ImM EDTA and ImM
mercaptoethanol) overnight. Then the mixture was disin-

tegrated and stirred for 1 hour at room temperature. After
extraction, the suspension was first filtered through ny-
lon cloth followed by the filtration through filter paper
(black label) in cold room (5°C) for removing mainly the
fat present in extract. Filtrate was then centrifuged (20 mi-
nutes, 14 000 x g). 125 ml of crude extract was obtained in
this way. The crude extract was then further purified by
thermal precipitation (20 minutes, 50°C) and left still for
another I hour in cold, centrifuged and filtered as before.
Resulting clear solution was acidified to pH 6.0 (0.1M HCI)
and left to stand for 45 minutes at 5°C. The resulting sus-
pension was then centrifuged and pH of supernatant
(120 ml) was readjusted to 7.0 with the use of sodium bi-
carbonate. Resulting solution was lyophilized and then
stored at 5°C. 1 g of soybean gives the total activity of
83 100 U as a mean value from five experiments. Lyophili-
zed urease had the specific activity of 885.5 U/mg protein
(mean value from five experiments).

Affinity chromatography: Two different affinity sor-
bents were used for the purification of urease extracted
from soybean. The first was urea covalently bound to
bead cellulose with the aid of cyanurchloride activation.
Only the most reactive chlorine of cyanurchloride was
used for enzyme immobilization. The other was inactiva-
ted in the usual way. The second affinity sorbent used in
this comparison was phenylurea bound directly to cellu-
lose beads. The asymmetrically substituted urea is known
as a potent urease inhibitor. Both columns were run at the
same conditions. The column (1 x 2.6 cm) was equilibra-
ted with the starting buffer (0.1M phosphate pH 7.0 con-
taining 1mM EDTA and 1mM mercaptoethanol) and the
sample (lyophilized extract of soybean urease) was then
injected (700 ul, 23 000 U/ml, 26 mg protein/ml). The co-
lumn was washed with the starting buffer to the low con-
stant detector response and the adsorbed enzyme was
eluted with 0.5M urea in the same buffer. The course of
chromatography with the use of cyanurchloride-bound
urea is shown in Fig. 1a and that with the use of phenyl-
urea bound directly is shown in Fig. 1b. Both sorbents
give good results, but as seen from the figures and re-
sults, the phenyl-urea sorbent gives the product of better
quality. The results of both affinity chromatographies are
summarized in Table 1.

Table 1. The comparison of affinity chromatography of soybean urease on urea bound to cyanurchloride activated bead cellulose
and on phenylurea bound to bead cellulose (column 1.0 x 2.6 cm)

Protein Total Total Activity Specific
Purification step Volume  concentration  protein  Activity activity yield activity
[ml] [mg/ml] [mg] [U/ml) [U] [%] [U/mg protein]
Extract 0.7 26 18.2 23465 16425 100 902
CNC-urea chromatography 13 0.16 2.08 341 4435 27 2130
Extract 0,7 26 18.2 23465 16425 100 902
Phenylurea chromatography 6.4 0.16 1.024 1343 8596 523 8395
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Fig. 1a. Affinity chromatography of soybean extract on urea
bound to cyanurchloride-activated bead cellulose.

Bioaffinity sorbent containing the phenylurea bound
to bead cellulose was shown to be better compared with
that of urea itself bound with cyanurchloride to bead cel-
lulose. This sorbent gives better results even in compari-
son with the literature data for traditional affinity sorbent
—urea bound to epoxy-agarose gel (MENDES et al. 1988).

The purification process was then repeated with the
approximately ten times larger load of crude extracts. The
purity of the product prepared in this experiment was de-
termined by the gel permeation chromatography on Su-
perose Column 12HR 10/30. The result is shown in Fig. 2.
The integration of active peak shows the enzyme to be
58% pure.

Immobilization of purified soybean urease: The sup-
port — Iontosorb DETA (5 g), was activated in 100 ml of
0.1M phosphate pH 6.5 (100 ml) by the addition of 25%
glutaraldehyde (10 ml). After stirring of the mixture at 38°C
(2 hours) the activated Iontosorb DETA was separated
by succion and washed first with the operating buffer
(200 ml) and finaly with 0.1M phosphate pH 7.0. Activa-
ted support was used immediately for immobilization.
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Fig. 2. Gel permeation chromatography of urease separated by
the way of affinity chromatography on phenylurea-bead cellu-
lose

Fig. 1b. Affinity chromatography of soybean extract on phe-
nylurea-bead cellulose sorbent

0.5 g of activated support was suspended in 50 ml of
0.1M phospate pH 7.0 and different amounts of lyophili-
zed urease were added (0.1, 0.2, 0.4 and 0.6 g of lyophili-
zed enzyme per 0.5 g of activated support) for the immobi-
lization. The mixture was stirred for 4 hours at 25°C. After
that time the bound enzyme was filtered off and washed
with the operating buffer. The product (0.5 g) was then
washed with excess volume of 0.1M NaHCO, pH 8.5 and
then suspended in the same buffer (5.5 ml). 0.003 g of
sodium borohydride was then added and pH was adjus-
ted to 8.5 with the use of 0.1M HCI. The reduction took
place at 30°C under stirring for 2 hours. The product was
then washed with water and with the buffer for activity
determination (0.1M Tris-malate pH 7.0 containing 1mM
mercaptoethanol and ImM EDTA).

The results obtained with different amounts of enzyme
are summarized in Table. 3. The optimum result was obta-
ined at the enzyme load 0.4 g/g of support and process
with this amount of crude enzyme was repeated in larger
quantity. The results are summarized in Table 4. The im-
mobilized enzyme was lyophilized and stored in cold.

The stability of immobilized urease in the presence of
pancreatin was then tested. Pancreatin SIGMA was used
in this experiment. 2 mg of pancreatin was dissolved in
5 ml 0.IM phosphate pH 7.9 and the pH was adjusted to
8.2. Then 30 mg of immobilized urease was added and the
volume was adjusted to 10 ml. The mixture was then stir-
red at 37°C for 2 hours and the remaining urease activity
was determined. Only 11.2% of starting activity was lost
after pancreatin treatment in comparison with 4.1% activi-
ty lost in the thermal treatment at the same conditions
without pancreatin. The result shows the high stability of
immobilized urease in the presence of pancreatin.

CONCLUSION

Affinity chromatography of soybean urease on two
sorbents was described and compared. Phenylurea di-
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Table 2. The yield and purity of the preparative-scale purification of soybean urease

Protein Total Total Activity Specific
Purification step Volume  concentration  protein  Activity activity yield activity
[ml] [mg/ml] [mg] [U/ml] U] [%] [U/mg protein]
Crude extract 125 30.2 3775 30080 3760 000 100 996
Thermal precipitation 125 25.6 3200 32640 4 080 000 108.5 1275
Affinity chromatography 175 2.05 33875 11577 2026 060 53.8 5980

Table 3. Characteristics of immobilized soybean urease as function of urease load (0.1 g of urease sample is equal to 33 700 U of

urease activity)

The amount of lyophilized urease Activity Specific activity Activity yieldv
used for immobilization [g] [U/g support] [U/mg bound protein] [%]

0.1 116 81.9 9.2

0.2 1516 402 454

0.4 1862 412 44.55

0.6 1225 1434 16.2
Table 4. Characterization of soybean urease immobilized on

the bead cellulose substituted with diethylene-triamine (Ionto-

sorb DETA) References

Property Value
Activity applied [U/g support] 171 896
Activity obtained [U/g support] 12 649
Immobilized activity yield [%)] 7.36
Protein applied [mg/g support] 163.2
Protein obtained [mg/g support] 4.73
Immobilized protein yield [%)] 1.45
Specific activity of soluble urease

[U/mg protein] 1053
Specific activity of immobilized urease

[U/mg protein] 2674

rectly immobilized on bead cellulose which is produced
by Iontosorb factory was proved to give better results
regarding the yield and resulting specific activity in com-
parison with the urea bound to bead cellulose via cyan-
urchloride produced by the same company. Comparing
with the literature data published for the urea bound to
epoxy-activated agarose gel or heparinoid-agarose (see
literature cited above) the phenylurea gives also higher
yield and higher specific activity of urerase compared with
the other sorbent. The phenylurea bound covalently to
bead cellulose was proved to be an optimum sorbent for
urease, at least that of soybean.

Immobilization of soybean urease on glutaraldehyde-
activated Iontosorb DETA shows the good immobili-
zation yield and activity convenient for clinical use and
analytical application. The stability in the presence of pan-
creatin is believed to be also of importance.
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KMINKOVA M., KUCERA J. (1999): Purifikace a imobilizace ureasy séji (Glycine max). Czech J. Food Sci., 17: 171-175.

Ureasa (mo&ovina aminohydrolasa, EC 3.5.1.5) byla izolovéna ze s6jovych bobil s ¢istotou 58 % stanovenou gelovou chromato-
grafii na koloné& Separose 12HR 10/30. Purifikace byla zaloZena na afinitni chromatografii extraktu s6ji. Byly pouZity dva nové
afinitni sorbenty — fenylmo&ovina vazand kovalentné a modovina vazané prostfednictvim kyanurchloridu. Nosi¢em pro oba
sorbenty byla perlové celulosa. Takto purifikovany enzym byl imobilizovéan kovalentni vazbou na diethylen-triamino-perlovou
celulosu s pouzitim glutaraldehydu. Vytézek vazané aktivity byl 7,36 % vloZené aktivity a specificka aktivita vdzaného enzymu
byla 35 230 jednotek na 1 g susiny imobilizovaného enzymu a 2 467 jednotek na 1 mg vazanych bilkovin. Imobilizovany enzym
byl stabilni v pfitomnosti pankreatinu a miiZze byt proto pouzit k odstranéni mocoviny z fyziologickych tekutin.
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Energy and Nutrient Value of Selected Delicatessen Salads*

Eva MASKOVA, VLASTA FIEDLEROVA, MARIE HOLASOVA and JANA RYSOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract

MASKOVA E., FIEDLEROVA V., HOLASOVA M., RYSOVA J. (1999): Energy and nutrient value of selected delicatessen
salads. Czech J. Food Sci., 17: 176-181.

Nutrient content of 11 kinds of mayonnaise salads (potato, Italian, delicate, camping, red cabbage, bean, Iceland, Camembert,
Dutch, fish, egg), 6 non-mayonnaise salads (carrot, cabbage, maize, to-fu, spring, summer) and 2 kinds of rolls (plain, whole-
meal) was evaluated. All samples were analysed for basic composition, content of selected vitamins (B}, B, B, niacin, C, E, A,
total carotenoids, carotenes) and minerals (Na, K, Ca, Mg, Fe, Cu, Zn, P, I). Finally, the contribution of consuming an average
100g serving of a salad and one roll to the fulfilment of the recommended daily allowances (RDA) of some observed nutrient
factors for an adult person was estimated. A 100g serving of a salad mostly supplies the human organism with 10% or less of the
recommended daily allowances of observed vitamins and minerals. With the exception of riboflavin and calcium, whole-meal
rolls are a better source of vitamins and minerals than plain rolls.

Key words: fast food; salad; roll; basic composition; thiamin; riboflavin; vitamin B; niacin; vitamin C; vitamin E; vitamin A;

minerals

The fast food products, also including delicatessen sa-
lads, presently play an irreplaceable role in the nutrition
of a number of people in this country, particularly of the
younger generation. Fast foods are mainly produced by
world-famous corporations like McDonald’s, Kentucky
Fried Chicken, Pizza Hut, or Dunkin’s Donuts. These
mammoth retail chains offer a long-established menu of
foods only scarcely influenced by the country where the
particular dining facility is located. Due to their rather
long tradition world-wide, data on the nutrient composi-
tion of a number of their products are available (GREEN-
FIELD et al. 1981, 1982; WILLS & GREENFIELD 1980,
1982; WILLS et al. 1985).

This is not the case of delicatessen salads, belonging to
the fast foods most frequently consumed in the Czech
Republic. Though this food habit has its long tradition in
this country, and remains popular, comprehensive data on
the nutrient value of these products are lacking both in
the literature and in the Food Tables of the Society for
Nutrition (PERLIN et al. 1992, 1993).

In this study nutrient contents of 11 kinds of mayonnai-
se salads, 6 kinds of non-mayonnaise salads, and 2 kinds
of rolls were evaluated. All samples were analysed for
basic composition, content of selected vitamins (B,, B,,
Bs’ niacin, C, E, A, total carotenoids, carotenes) and mi-
nerals (Na, K, Ca, Mg, Fe, Cu, Zn, P, I). Subsequently,

the contribution of consuming an average 100g serving
of a salad and one roll to the fulfilment of the recommen-
ded daily allowances (RDA) of some observed nutrient
factors was estimated.

MATERIAL AND METHODS

The respective samples of delicatessen salads and rolls
were purchased in the network of delicatessen shops and
supermarkets in various locations of the city of Prague.
Those kinds of salads were selected that are traditional,
offered under the same name in a number of shops, are
frequently demanded, and supposedly have a stable reci-
pe. The following samples were collected: mayonnaise
salads (potato, Italian, delicate, camping, red cabbage,
bean, Iceland, Camembert, Dutch, fish, egg), 6 non-
mayonnaise salads (carrot, cabbage, maize, to-fu, spring,
summer). Average weight of one piece of plain roll (43 g)
and whole-meal roll (49 g) was found, to which the re-
spective nutrient values were related. The samples of sa-
lads and rolls were homogenised in a blender and stored
at —18°C until analyzed. The samples were subjected to
the following determinations :
basic composition: dry matter, ash, protein, fat, sacchari-

de content and energy value of the sample
thiamin (B,): thiochrome method CSN 56 0052

*The research was supported by the project of the National Agency for Agricultural Research No. EP 096098 6257.
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riboflavin (B,): lumiflavine method CSN 56 0054

vitamin B : microbiological assay with Saccharomyces
uvarum ATCC 9080, CSN 56 0056

niacin: microbiological assay with Lactobacillus planta-
rum ATCC 8014, CSN 56 0051

vitamin C: titrimetric method CSN 56 0050

vitamins E (a-tocopherol) and A: HPLC method with fluo-
rescence detection, after alkaline saponification and
extraction of non-saponifiable matter

carotenoids: spectrophotometric determination, after al-
kaline saponification and extraction of non-saponifi-
able matter

carotenes: HPLC method with DAD detection, after al-
kaline saponification and extraction of non-saponifi-
able matter

minerals: dry ashing
Na, K, Ca, Mg, Fe, Cu, Zn - flame AAS
P - spectrophotometry
I - mineralisation by alkaline dry ashing, photometry

The results were obtained by duplicate determination

of individual factors in single salad samples except pota-

to and camping salads and plain roll, where two indepen-

dent samples were used for analyses.

RESULTS AND DISCUSSION

The results of the nutrient evaluation of delicatessen
salads and rolls are given in Tables 1-3. Table 1 presents
the basic composition and the calculated energy value of a
100g serving of salads and 1 piece of roll, Table 2 shows
the content of some vitamins and Table 3 the content of
selected minerals in observed samples.

The content of fat ranged from 0.2 to 31 g/100 g, being
high in all mayonnaise salads, in other samples it always
depended on the amount of plant oil added. With the ex-
ception of Dutch and Camembert salads with protein con-
tent approximately 10 g/100 g, other kinds were inferior
to very poor sources of proteins. The content of sacchari-
des in salads fluctuated between 1.4 and 15.8 g/100 g,
higher values were found in products with a higher por-
tion of potatoes, beans and maize. The energy values of
100g salad servings varied enormously. They were found
low in vegetable salads, high in salads with higher con-
tent of mayonnaise.

The fat and protein content of rolls is very low, the con-
tent of saccharides approximately corresponds with the
expected values (about 31 g in 1 roll).

Tablel. Basic composition and energy value of 100 g salad or 1 roll

Water Fats Saccharides Proteins Energy value
Sample [e] [e] [e] [e] [k7] [keal]
Mayonnaise salads
Potato 73.2 10.8 13.2 1.8 679.3 162.4
Italian 67.0 17.8 10.5 3.1 923.4 220.7
Delicate 64.4 224 53 6.0 1066.7 254.9
Camping 69.8 174 5.0 5.7 859.2 205.4
Red cabbage 79.3 11.8 5.8 1.7 586.7 140.2
Bean 58.8 19.4 14.8 5.7 1107.8 264.8
Iceland 59.6 29.8 BT 6.6 1301.4 311.0
Camembert 55.7 31.0 1.4 10.1 1401.3 334.9
Dutch 53.4 30.6 29 10.9 1425.8 340.8
Fish 59.9 27.0 5.1 6.0 1240.1 296.4
Egg 73.4 15.7 4.0 55 773.2 184.8
Non-mayonnaise salads
Carrot 93.2 0.2 5.0 0.8 106.2 25.4
Cabbage 82.7 5.2 92 1.5 385.7 92.2
Maize 777 3.2 15.8 2.1 430.8 102.9
To-fu 79.4 2.0 9.6 6.6 356.0 85.1
Spring 79.6 9.6 5.5 2.9 518.6 123.9
Summer 89.6 1.4 3.2 49 194.1 46.4
Rolls
Plain roll 52 0.6 31.5 49 648.4 154.9
Whole-meal roll 7.8 0.8 31.9 6.4 688.9 164.7
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Table 2. Vitamin content in 100 g of salad or 1 roll

Sample B, B, B Niacin C E A Carotenoids ~ Carotenes
[mg]  [mg] [mg]  [mg] [me] [me] [ngl [meg] [mg]
Mayonnaise salads
Potato 0.06 0.02 0.12 0.6 traces 2.8 0 0.53 0.38
Italian 0.04 0.06 0.22 1.0 0.2 7.2 13 0.66 0.37
Delicate 0.08 0.06 0.07 1.1 0.0 238 6 0.39 0.08
Camping 0.06 0.05 0.10 1.0 0.0 4.0 0.62 0.12
Red cabbage 0.03 0.02 0.06 0.2 0.0 29 0 0.20 0.05
Bean 0.08 0.06 0.06 0.3 0.0 49 0 0.07 0.02
Iceland 0.04 0.05 0.06 0.3 0.0 7.4 27 0.21 0.15
Camembert 0.06 0.21 0.05 0.7 0.0 10.9 65 0.13 0.05
Dutch 0.05 0.22 0.07 0.5 0.0 7.1 59 2.19 0.56
Fish 0.04 0.08 0.07 0.5 0.0 11.6 12 0.56 0.50
Egg 0.05 0.13 0.09 0.4 0.0 3.6 28 0.24 0.04
Non-mayonnaise salads
Carrot 0.02 0.05 0.17 1.0 0.0 0.3 0 5.79 5.67
Cabbage 0.03 0.02 0.13 0.3 0.2 2.8 0 0.47 0.43
Maize 0.06 0.05 0.12 1.1 0.0 1.4 3 240 0.29
To-fu 0.06 0.05 0.13 0.7 0.0 0.8 0 1.95 0.70
Spring 0.09 0.04 0.17 0.8 3.1 0.7 0 1.12 0.22
Summer 0.04 0.04 0.14 0.4 <0.2 1.4 0 2.14 1.09
Rolls
Plain roll 0.04 0.04 0.03 0.7 0.0 0.5 0 0.05 0.02
Whole-meal roll 0.08 0.03 0.06 0.8 0.0 0.7 0 0.05 0.01

As can be read from Table 2, the content of observed
hydrophilic vitamins (B], Bz, Bs‘ niacin, C) was very low
both in salads and rolls. The values of thiamin ranged from
0.02 to 0.09 mg/100 g. The content of riboflavin was de-
pendent on the presence of milk-derived products, speci-
fically cheese, in the sample. This is why it reached its
maximum in Camembert and Dutch salads (up to 0.22 mg
per 100 g). The values of vitamin B " in salads fluctuated
in the range of 0.05 to 0.22 mg/100 g, the highest content
being determined in Italian salad and some vegetable sa-
lads. The levels of niacin ranged from 0.2 to1.1mg/100 g.
Due to vitamin C instability, this factor was only found in
traces, or was absent, in all samples studied. Vitamin Cis
oxidized to the high extent already during the raw mate-
rial chopping. Very similar data on the content of some
hydrophilic vitamins were also found by WILLS and
GREENFIELD (1982) in potato and bean salads offered by
Kentucky Fried Chicken, by DONG et al. (1980) in salads
served to U. S. Armed forces, and by MNUKOVA (1980)
in the carrot salad supplied to canteen feeding. The valu-
es of all hydrophilic vitamins in rolls were very low. Thi-
amin and vitamin B showed higher contents in whole-
meal roll, confirming the data by ERBERSDOBLER (1997).
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The content of observed lipophilic vitamins in salads
fluctuated substantially. The levels of total carotenoids
and carotenes very much depend on the presence of their
very rich sources, particularly of carrot and paprika. High
levels of these factors were therefore found in carrot sa-
lad (about 5 mg/100 g) and other, predominantly vege-
table items. The share of carotenes in total carotenoids
ranged from 12 to 98%, reaching its maximum in carrot
salad. Carrot, with most abundant o- and B-carotenes (HEI-
NONEN 1989), is the dominant source of carotenoids in
this salad. On the other hand, the levels of vitamin A found
in the samples were very close to null. Only the salads
containing cheese, eggs, or fish are the sources of vitamin
A. Very low values of vitamin A were also found by WILLS
and GREENFIELD (1982) in potato and bean salads by
Kentucky Fried Chicken. The content of vitamin E was
well correlated with fat content and ranged from 0.3 to
11.6 mg/100 g. High levels were found in mayonnaise
salads. The levels of observed lipophilic vitamins in rolls
were very low or null.

Table 3 presents the content of observed minerals in
salads and in rolls. Their levels mostly corresponded to
the raw materials used. The values of sodium fluctuated
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Table 3. Mineral content in 100 g of salad or 1 roll

Na K Ca Mg Fe Cu Zn P I
Sample [mg]  [mg] [mg]  [mg] [me] [me] [meg] [meg] [ne]
Mayonnaise salads
Potato 202 160 17 10.0 0.64 0.102 0.21 36 5.6
Italian 312 266 16 15.0 0.52 0.057 0.49 57 5.6
Delicate 454 140 22 9.8 0.65 0.051 0.82 85 8.8
Camping 515 142 27 10.1 0.43 0.047 0.74 83 8.9
Red cabbage 320 131 30 1.5 0.29 0.028 0.14 25 4.2
Bean 220 155 44 19.0 1.24 0.066 0.56 80 6.0
Iceland 610 134 21 10.8 0.33 0.022 0.26 66 18.1
Camembert 461 121 114 8.7 0.69 0.032 1.04 153 8.6
Dutch 589 83 182 10.2 0.85 0.042 1.23 183 18.4
Fish 522 88 27 7.4 0.44 0.037 0.38 64 10.9
Egg 303 148 25 9.6 0.52 0.041 0.44 77 14.6
Non-mayonnaise salads
Carrot 44 237 29 11.2 0.29 0.022 0.27 31 0.5
Cabbage 296 143 44 8.1 0.34 0.019 0.13 22 14.9
Maize 226 177 13 16.2 0.80 0.039 0.40 57 6.0
To-fu 561 212 48 30.9 1.33 0.123 0.70 104 13.2
Spring 448 204 40 15.9 0.49 0.038 0.29 56 1.5
Summer 103 196 25 8.4 0.27 0.055 0.15 31 6.6
Rolls
Plain roll 259 55 21 9.2 0.39 0.047 0.28 53 1.2
Whole-meal roll 551 86 21 18.3 0.83 0.098 0.60 85 1.5

between 44 and 610 mg/100 g, being higher mainly in
products containing fish and soy meat. The levels of po-
tassium ranged from 83 to 266 mg/100 g. The content of
calcium in salads usually was very low (about 20-50 mg
per 100 g), only in salads containing cheese it exceeded
100 mg/100 g. Magnesium levels reached 19 mg/100 g or
less, except for to-fu salad with 31 mg/100 g. The iron
content of salads was not mostly significant (0.27 to
0.85 mg/100 g), with the maximum, approximately 1.3 mg
per 100 g, in bean and to-fu salads. Copper values in sa-
lads were mostly low (0.02 to 0.12 mg/100 g), as well as
those of zinc (up to 0.6 mg/100 g). The products contai-
ning cheese and smoked meats only showed zinc values
of approximately 1 mg/100 g. The levels of phosphorus
were found low (up to 100 mg/100 g), only the Camembert
and Dutch salads reached higher values because of cheese
content. Iodine content of salad samples ranged between
0.5 and 18.4 ng/100 g, being particularly low in vegetable
salads because of the negligible content of this factor in
vegetables. Higher values are the result of addition of in-
gredients of animal origin (cheese, egg, fish meat) and
particularly of the use of iodized salt in their preparation.

The levels of all observed minerals in rolls were low
and mostly corresponded with the raw materials used.

Doubled values of magnesium, iron, and zinc were found
in whole-meal rolls as compared with plain rolls. These
data are in keeping with the paper by ERBERSDOBLER
(1997). Negligible amounts of iodine in rolls indicate that
no iodized salt was used for their production.

Figs 1 and 2 offer a comparison of the content of selec-
ted nutrients in 100g serving of salads and in one roll, as
related to the recommended daily allowances (RDA) for
an adult person. Not all the observed nutrient factors are
included because the Food and Tobacco Product Law No.
110/1997 Sb. does not determine their recommended daily
allowances. Fig. 1 shows the contribution of 100 g of a
salad to the supply of recommended daily allowances. It
was compiled from minimum, average, and maximum
values of the content of respective nutrient factors obtai-
ned by the analysis of all 17 salads. The data make it ob-
vious that a 100g serving of a salad will not bring more
than 15% of the recommended daily allowances of all
observed vitamins, except for vitamin E. In fact, most
values were close to 5% of the recommended daily allo-
wances. The content of vitamin E is very dependent on
the type and quantity of the plant oil used, the values the-
refore ranged between 3—-116% of the recommended dai-
ly allowances. One 100g salad serving does not contribu-
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te more than 10% of the recommended daily allowances
of selected minerals to the organism, except for Camem-
bert and Dutch salad contributing some 23% of calcium
and phosphorus.

Fig. 2 shows that neither plain roll nor whole-meal
roll contributes significantly to the fulfilment of the re-
commended daily allowances of selected nutrients. The
content of all observed nutrients in rolls did not exceed
10% of their recommended daily allowances. However,
it should be stressed that, except for calcium and ribof-
lavin, consuming whole-meal rolls rather than plain
rolls covers their recommended daily allowances more
fully.

It can be concluded that the analysed delicatessen sa-
lads, with some exceptions, have low saccharide content
and all the non-mayonnaise samples also have low fat con-
tent. On the other hand, it is necessary to warn against
high fat content and consequently high energy value of
mayonnaise salads.
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Fig. 2. Content of selected nutrients
in 1 roll related to RDA

In most cases, delicatessen salads in 100g servings sup-
ply the human organism with no more than 10% of the
recommended daily allowances of selected vitamins and
minerals. The exceptions are vitamins A, C, Bl and nia-
cin, their content in salads being even lower. On the other
hand, the majority of mayonnaise salads are a sufficient
source of vitamin E considering its recommended daily
allowances. As for the content of calcium and phosphorus,
out of the observed salad samples, Camembert and Dutch
salads were rather good sources of these factors. Whole-
meal roll is a better source of vitamins and mine-
rals than the plain roll, except for riboflavin and calcium.
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Lahiidkové salaty se fadi k vyrobkiim rychlého obéerstveni konzumovanych prevazné v Ceské republice, ale doposud nejsou
znamy udaje o jejich nutriéni hodnoté. Bylo provedeno nutriéni hodnoceni 11 druhlt majonézovych salati (bramborovy, vladsky,
pochoutkovy, kempink, hanacky, fazolovy, islandsky, hermelinovy, holandsky, rybi, vaji¢kovy), 6 salti bez majonézy (mrkvo-
vy, zelny, kukufiény, tofu, jarni, letni) a 2 riznych druhil pediva (béZné a celozrnné typu kornspic). Ve vyrobcich bylo experi-
mentalné zjiSténo zakladni sloZeni, obsah nékterych vitaminii (B,, B,, B, niacin, C, E, A, karotenoidy, karoteny) a mineralnich
latek (Na, K, Ca, Mg, Fe, Cu, Zn, P, I). V koneéné fazi byl odhadnut pfinos konzumace priimémé 100g porce salatu a 1 kusu
peciva k naplnéni denni doporuéené davky nékterych sledovanych vyzivovych faktori. Vysledky nutriéniho hodnoceni lahtidko-
vych saltl a pediva jsou uvedeny v tab. 1-3. Obsah vybranych Zivin ve 100g porci salatu a 1 kusu peéiva vzhledem k jejich
doporucené denni ddvce pro dospélého ¢lovéka je uveden na obr. 1 a 2. Analyzované lahiidkové salaty maji, az na vyjimky, nizky
obsah sacharidii a viechny nemajonézové vzorky i nizky obsah tukil. Naopak viechny majonézové salaty vykazaly vysoky obsah
tukii a energetickou hodnotu. Salaty ve 100g porci dodaji lidskému organismu ve vét$iné pfipadit maximalné do 10 % doporuge-
né denni davky vybranych vitaminii a mineralnich latek. Vyjimkou jsou vitaminy A, C, B, a niacin, jejichZ obsah v saltech byl
jesté nizsi. Naopak vétdina majonézovych saldti je dostateCnym zdrojem vitaminu E vzhledem k jeho doporuéené denni dévce.
Hermelinovy a holandsky salat obsahuji ve 100g porci pfiblizné 23 % denni doporuéené davky vépniku a fosforu. S vyjimkou
riboflavinu a vapniku je peivo typu korn3pic lep$im zdrojem vitamini a mineralnich latek neZ bézné petivo.

Kli¢ov4 slova: salat; petivo; zékladni sloZeni; thiamin; riboflavin; vitamin B; niacin; vitamin C; vitamin E; vitamin A; mineralni

latky
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Detection of Sunflower and Soybean Oil Adulterated with Rapeseed Oil

IVAN BOHACENKO and ZDENA KOPICOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract

BOHACENKO 1., KOPICOVA Z. (1999): Detection of sunflower and soybean oil adulterated with rapeseed oil. Czech
J. Food Sci., 17: 182-187.

Erucic acid, o-linolenic acid and brassicasterol were tested as markers proving the adulteration of sunflower and soybean oils
with rapeseed oil. The results of the analyses of plant oils showed that erucic acid can only be used as a marker of such adultera-
tion by massive additions of rapeseed oil. The reason of this is its low and fluctuating content in oils produced from non-erucic
rapeseed (rapeseed oils in quality ”00“ - averaging 0.4% of total fatty acids). This was a source of difficulties in cases where low
additions of rapeseed oil were determined and the content of erucic acid fluctuated near the detection limit of the analytical
method used. Similarly, c-linolenic acid can only be used as a supporting marker of the presence of rapeseed oil, due to the
permitted range of its content in sunflower oil. Brassicasterol appeared as a highly indicative marker, which was lacking in both
sunflower and soybean oils, but was found in rapeseed oil, averaging 1400 mg/kg. Its peak could be identified very easily in
chromatograms, with the possibility of calculating the probable amount of rapeseed oil added. A spot-check survey of the
incidence of this kind of plant oil adulteration was carried out in retail outlets. Its results indicate that sunflower and soybean oils
of both local and foreign provenance, or their mixtures, containing lesser to major addition (3-25%) of rapeseed oil, are sold

rather frequently in this country.

Key word: adulteration; sunflower oil; soybean oil; rapeseed oil; brassicasterol; erucic cid

Food adulteration is presently a world-wide problem.
The countries with advanced economy have paid much
attention to it in the long run, from the viewpoint of both
trade relations and consumer protection. After the switch-
over of the Czech Republic to the market economy sys-
tem, connected with the acceptance of international trade
conditions (especially those of the European Union), the-
se aspects are also increasingly implemented in this envi-
ronment.

Plant oils belong to the food commodities with their
authenticity closely observed. The adulteration of more
expensive plant oils by cheaper oils has been known for a
long time (GROB 1993; YAMAZAKI et al. 1994) and a
number of methods for its unequivocal proof were wor-
ked out (FIRESTONE 1997; GROB et al. 1994a, b, c; WHI-
TE 1997). The countries producing plant oils as one of
their most significant export commodities (e.g., Italy,
Spain, and Greece) play an important role here. They are
exceedingly interested in proving oil authenticity, especi-
ally in olive oils (JIMENEZ DE BLAS et al. 1996; PALLO-
TA 1994).

The respective kinds of refined and non-refined oils
differ from one another in various aspects. One of them is
the abundance of fatty acids, but the utilization of this
parameter for the determination of oil authenticity may
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often be rather problematic. The reason is a wide permit-
ted range of their percentage in various oils (procedural
regulation No. 328/1997 Sb. of the Act No. 110/1997 Sb.),
which complicates the identification of the violation of
permitted limits.

The differentiation of oils according to the compositi-
on of their sterol fraction, which is so characteristic of
each plant oil, showed to be more indicative. The content
of its components, i. e., of respective sterols, fluctuates
within a much narrower range than in fatty acids, and if
there is any foreign oil contained, its presence can be pro-
ved more easily in this way. However, it is necessary
to point out that desterolized oils, which are obtained
by strong conditions of refining, e.g., by bleaching at
150-180°C with 5-7% earth added, are also used for adul-
teration. MARIANI et al. (1992) demonstrated that a part
of the sterols is adsorbed to the earth, the other part is
dehydroxylated, predominantly producing the olefinic de-
gradation products. Modern analytical methods are able
to detect even this malpractice because it is possible to
determine sterol degradation products in desterolised oils
that are used for adulteration (BIEDERMANN et al. 1996;
GROB et al. 1994a, b).

Finally, it should be mentioned that other analytical tech-
niques also are introduced to prove the authenticity of
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plant oils. Near infrared spectroscopy (NIR) (WESLEY et

al. 1995, 1996), isotopic methods using gas chromato-

graphy coupled to an isotopic ratio mass spectrometer

(GC-C-IRMS), site-specific natural isotopic fractionati-

on studied by nuclear magnetic resonance (SNIF-NMR)

(ROYER et al. 1997), and pyrolysis mass spectrometry

(PY-MS) (GUILLOU et al. 1997) can be mentioned.

The methods developed for the determination of fatty
acids and sterols in plant oils mainly include gas chroma-
tography (GC) and high pressure liquid chromatography
(HPLC) techniques, often combined with pre-purificati-
on by thin layer chromatography (TLC). To determine
fatty acids with the GC method, oils are first re-esterified
in an acid or alkaline way, when their methyl esters are
obtained. The sterol fraction is most frequently obtained
from the unsaponifiable fraction, which can be further ana-
lysed by help of GC, HPLC, GC-MS, GC with pre-purifi-
cation on TLC or LC-GC (ABOU HADEED et al. 1990;
ALONSO et al. 1997; AMATI et al. 1971; FREGA et al.
1992).

Even though in other countries the authenticity of olive
oils is most frequently assayed, we directed our attention
to proving the adulteration of sunflower and soybean oils
by the admixture of rapeseed oil for the following rea-
sons:

« these three oils are most frequently consumed in this
country, whereas olive oil should be rather considered
as a luxury, having only limited consumption;

« sunflower, soybean and particularly rapeseed oils are
produced in the Czech Republic, but also imported ei-
ther in original packaging, or in bulk and subsequently
bottled locally;

» the average price of rapeseed oil is lower than that of
sunflower or soybean oil;

« rapeseed oil of local provenance is easily accessible
because sufficient sources of raw material for its pro-
duction are available in the Czech Republic.

We decided to use two markers for the proof of the adul-
teration by rapeseed oil, i. e., erucic acid and brassicaste-
rol, which should be lacking in both sunflower and soy-
bean oils. The content of o-linolenic acid could also serve
as a supporting marker in sunflower oil, because its pre-
sence in sunflower oil should not exceed 1.5%, whereas
in rapeseed oil it ranges from 6 to14%. The o-linolenic
acid is not suitable as a marker for tests of soybean oil,
because it is contained in that oil within the range of
4-11% (see the procedural regulation No. 328 cited abo-
ve). The purpose of this study was_to implement and vali-
date analytical methods for the determination of these sub-
stances, and to survey the local market for the preliminary
evaluation of the incidence of this kind of adulteration.

MATERIAL AND METHODS

The analyses were carried out by help of a gas chroma-
tograph HP 5890A with FID detection (Hewlett Packard),
injection: split 20 : 1, carrier gas: nitrogen 4.8.

Standards: Erucic Acid Methylester, purity min. 99%
(SIGMA); Fatty Acid Methylester Kit — saturated and un-
saturated, purity min. 99% (SIGMA); Brassicasterol,
1 mg/1ml CH,Cl,, purity min. 95% (LARODAN); Dihyd-
rocholesterol (3B-OH-50-cholestan), purity min. 95%
(SIGMA); B-Sitosterol Practical: from soybeans, 40%,
containing campesterol and stigmasterol (SIGMA).

Chemicals: Hexan SupraSolv for organic trace analy-
sis (MERCK); Diethylether GR ACS (MERCK); Metha-
nol LichroSolv for chromatography (MERCK); Ethanol
for UV spectroscopy (LACHEMA); Isopropyl alcohol p.a.
(LACHEMA); Pyridin p.a. >99% (MERCK); Hexame-
thyldisilazan (HMDS) purum >98% (FLUKA); Trimethyl-
chlorsilan (TMCS) purris. >99.5% (FLUKA).

The following 45 oil samples were purchased for the
survey of the retail network: 11 rapeseed oils, 20 sun-
flower oils, 10 soybean oils and 4 oils declared as mixtu-
res of sunflower and soybean oils. Out of these, 35 were
produced in the Czech Republic and 10 were imported.

Determination of Fatty Acids

Fatty acid methyl esters were prepared by a modified
method (BANNON et al. 1985).

A sample oil (0.3 g) was simmered with 25 ml of 0.2%
solution of KOH in methanol. After the reaction was ter-
minated, fatty acid methyl esters were extracted twice by
20 ml of diethyl ether and the combined ether layers were
washed with water to neutral reaction. After a careful eva-
poration of the extracting agent the residue was dissolved
in 5 ml of isooctane and used for analysis by capillary gas
chromatography under the following conditions:

Column: DB-23 (60 m x 0.25 mm X 0.25 pm); tempe-
rature: injector 220°C; detector 300°C; constant column
200°C; total time of analysis 55 min; column flow rate
1.62 ml/min

The following analytical parameters for erucic acid were
found: detection limit 0.03 % of total fatty acids and rela-
tive standard deviation of 10 determinations RSD_ =
3.72%.

Determination of Brassicasterol

Determination was carried out by a modified method
(AOAC 1990; SLOVER et al. 1983).

Oil sample (0.5 g) of the plant oil tested was saponified
by boiling with 4 ml of concentrated KOH solution
(60 g/40 ml water) in 20 ml of alcohol solution (etha-
nol : methanol : isopropylalcohol =95 : 5 : 5) for 1 hr. The
unsaponifiable fraction was extracted into hexane, and
subsequently purified with water until the alkaline reacti-
on disappeared, and then desiccated with sodium sulpha-
te. A 0.2 ml aliquot of a solution of dihydrocholesterol
(concentration 1 mg in 1 ml of hexane) was used as an
internal standard. After the evaporation of the solvent by
help of a rotatory vacuum evaporator at a temperature not
exceeding 50°C the residue was silanized with 0.3 ml of
silylating agent (pyridine : HMDS : TMCS =9 :3: 1).
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After 15 min the sample was analyzed by the capillary
gas chromatography method under the following conditi-
ons:

Column: DB-5 (30 m x 0.25mm x 0.25 pm); tempera-
ture: injector 300°C; detector 320°C; constant column
270°C; column flow rate 1.25 ml/min; total time of ana-
lysis less than 40 min.

The result shown is the mean of two parallel determi-
nations.

The following analytical parameters for brassicasterol
were found: detection limit 30 mg/1 kg oil and relative
standard deviation of 10 determinations RSD = 3.60%.

Yield calculated from five independent determinations
of dihydrocholesterol as an internal standard: 95-110%.

RESULTS AND DISCUSSION

The implementation and validation of the analytical
methods for fatty acid and brassicasterol determination
in plant oils, as described above, were carried out.

The use of erucic acid as a marker to prove the presen-
ce of rapeseed oil in sunflower or soybean oil, or in their
mixtures, cannot be recommended without any reservati-
on. The results shown in Table 1 indicate that its content
in rapeseed oils examined, which were manufactured from
non-erucic rapeseed, was very low, averaging 0.40% of
total fatty acids (max. 0.99%; min. 0.16%).

Table I. Content of analytical markers in samples of local
rapeseed oils obtained from retail outlets

Fatty acid
a-linolenic erucic Brassicasterol

Sample % of total FA % of total FA [mg/kg]
1 7.90 0.25 1461.87

2 8.89 0.29 1457.25

3 8.59 0.28 1544.01

4 7.78 0.27 1472.93

5 6.76 0.32 1412.37

6 7.62 0.27 1401.30

7 7.37 0.99 1476.58

8 5.90 0.18 1320.03

9 4.83 0.16 1304.91
10 7.38 0.97 1516.90
11 8.48 0.30 1111.65
Average 7.41 0.39 1407.25

Consequently, it can be expected that the addition of
10-15% rapeseed oil to sunflower oil, a significant amount
from the point of adulteration, will probably result in the
erucic acid content ranging from 0.04 to 0.06%. Yet this
quantity of erucic acid is at the sensitivity limit of the
method used, apart from the fact that the results can be
subject to rather significant error. This fact is in confor-
mity with our data on the content of this compound in
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sunflower and soybean oils obtained from food retail out-
lets (Table 2), when in many cases erucic acid not detec-
ted though the other marker, brassicasterol, was found at

Table 2. Content of analytical markers in sunflower and soybean
oils obtained from retail outlets

Fatty acid
o-linolenic erucic Brassicasterol
Sample % of total FA % of total FA [mg/kg]
Local sunflower oils
1 1.65 0.10 343.56
2 1.43 0.03 265.34
3 1.89 0.07 313.33
4 0.53 0.03 89.91
5 1.71 0.05 310.85
6 1.42 0.06 257.82
7 0.60 0.03 147.64
8 0.21 n.d. n.d.
9 0.27 n.d. 4241
10 0.22 n.d. n.d.
11 0.30 n.d. 48.72
12 0.46 n.d. 107.06
13 0.38 n.d. 52.00
14 0.18 n.d. 26.56
15 0.29 n.d. 67.05
Imported sunflower oils
16 1.02 0.07 234.52
17 0.07 n.d. n.d.
18 0.11 n.d. n.d.
19 0.11 n.d. n.d.
20 0.14 n.d. n.d.
Local soybean oils
1 6.21 n.d. 137.43
2 5.74 n.d. 29.59
3 6.86 n.d. 97.07
4 5.94 0.03 260.70
5 6.62 n.d. 99.61
Imported soybeans oils
6 8.00 n.d. n.d.
7 5.87 n.d. n.d.
8 5.47 n.d. n.d.
9 743 0.27 1150.31
10 5.49 n.d. 145.21
Mixture of soybean and sunflower oils
1 3.40 n.d. 159.74
2 3.62 0.03 232.40
3 3.30 n.d. 170.87
4 291 n.d. 152.59

n.d. - below detection limit
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Fig. 2. Gas chromatogram of the unsaponifiable fraction of
sunflower oil containing brassicasterol

easily detectable concentrations. It can be concluded that
erucic acid as a marker could be applied only in cases of
massive additions of non-erucic rapeseed oil.

The evaluation of the content of o-linolenic acid, a sup-
porting marker in the adulteration proof of sunflower oil
by rapeseed oil, represents a similar situation. Based on
the results of analyses shown in Table 2, it can be stated
that its content exceeding 0.7% of total fatty acids indica-
ted with rather high probability the addition of more than
10% of rapeseed oil. Also, it was observed that this coin-
cided with the decrease of linoleic acid below 60% and
the increase of oleic acid above 20%. Yet it is very diffi-
cult to use these data for an unequivocal proof of this way
of sunflower oil adulteration. The respective fatty acid
pattern, or its changes, fall into the approved fluctuation
tolerances (linolenic acid max. 1.5%; linoleic acid 20~75%:
oleic acid 14-65%, see the above-mentioned procedural
regulation No. 328/1997 Sb.).

Brassicasterol can be used as an indicative marker of
the adulteration of refined sunflower and soybean oil with
non-desterolised rapeseed oil. Its peak could be easily
identified on chromatograms (Figs 1-3). In addition, as
its concentration is determined in terms of mg/kg oil, the
probable amount of rapeseed oil added can be calculated.
As the content of brassicasterol in this oil averaged
1400 mg/kg (Table 1) and the sensitivity of the method
used by us equalled 30 mg brassicasterol per kg oil, it
follows that the presence of rapeseed oil can be detected
starting from a 2% admixture.
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As for the local market survey, the results shown in Tab-
le 2 indicate that
out of 15 samples examined of domestic sunflower oils,
13 samples were proved to contain brassicasterol cor-
responding to the addition of about 3 to 25% of rapese-
ed oil;
three out of five samples of imported sunflower oils
were authentic, one sample contained brassicasterol in-
dicating an addition of some 17% of rapeseed oil;
all five domestic soybean oil products contained bras-
sicasterol at the amount corresponding to some 2 to 19%
of rapeseed oil added;
three out of five imported soybean oils were authentic;
however, one product rather corresponded to rapeseed
oil by its content of brassicasterol and its fatty acid pat-
tern;

* an addition of about 10 to 17% of rapeseed oil was found
in all four domestic products declared as mixtures of
sunflower and soybean oils.

Even this random survey of domestic oil retail, natural-
ly not considered as fully representative, proved that sun-
flower and soybean oils, or their mixtures, adulterated with
alarger or smaller additions of rapeseed oil, are currently
sold. Consequently, attention should be paid to the moni-
toring of the authenticity of these products.
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Souhrn

BOHACENKO 1., KOPICOVA Z. (1999): Priikaz fal¥ovéni slune&nicového a s6jového oleje olejem Fepkovym. Czech J. Food
Sci., 17: 182-187.

Byla ovéfena moZznost vyuziti kyseliny erukové, a-linolenové a brassicasterolu jako markert pro falSovani slunecnicového
a sGjového oleje olejem fepkovym. Z vysledki analyz rostlinnych oleji vyplynulo, Ze kyselinu erukovou jako marker tohoto
zpusobu falSovéani 1ze vyuZit pouze pro identifikaci masivnich pfidavkil fepkového oleje. Diivodem je jeji nizky a rozkolisany
obsah v olejich vyrabénych z bezerukové fepky (fepkové oleje kvality “00“ — v priiméru 0,4 % z celkového zastoupeni mastnych
kyselin). To pak &inilo obtiZe pfi stanoveni v pfipadech niZ8ich ptidavki fepkového oleje, kdy se obsah erukové kyseliny pohyboval
na hranici citlivosti ndmi pouZité metody. Kyselinu a-linolenovou lze rovnéZ vyuZit pouze jako podpiirny marker pfitomnosti
fepkového oleje vzhledem k rozmezi jejiho povoleného obsahu ve sluneénicovém oleji. Jako vysoce pritkazny marker se projevil
brassicasterol, ktery neni ve slune¢nicovém ani sdjovém oleji obsaZen, zatimco v fepkovém oleji jej bylo nalezeno v priiméru
1 400 mg/kg. Jeho pik byl na chromatogramu velmi dobfe identifikovatelny, navic je moZné vypoditat pravdépodobny pfidavek
fepkového oleje. Na zakladé vysledki namétkového priizkumu trhu provedeného za iéelem posouzeni &etnosti vyskytu tohoto
zplisobu faldovéni Ize konstatovat, Ze u nés jsou ¢asto prodévény sluneénicové a s6jové oleje domdci i zahraniéni provenience,
resp. jejich smési, obsahujici vétsi ¢i mensi (3-25%) pfidavek fepkového oleje.

Klicova slova: falSovani; slunecnicovy olej; sdjovy olej; fepkovy olej; brassicasterol; kyselina erukova
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Teplotni historie chlazeného kurete od zpracovani do kulinarni dpravy
véetné analyzy nebezpeci ristu vybranych mikroorganismii*

MILAN HOUSKA', ALES LANDFELD', JAN STROHALM', KAREL KYHOS', PAUL NESVADBA’

"Vyzkumny ustav potravindrsky Praha, Praha, Ceskd republika; *The Robert Gordon University,
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Abstract

HOUSKA M., LANDFELD A., STROHALM J., KYHOS K., NESVADBA P. (1999): Thermal history of chick
and transport for a FMM-assisted analysis of microbial growth risk. Czech J. Food Sci., 17: 188-195.

during pr ing

The thermal history of chicken carcasses has been measured and analysed in the processing line (cooling tunnel, storage) and
during transport. The effective surface heat transfer coefficient was predicted in these situations, The thermal properties of the
chicken meat were predicted by using modified predictive software COSTHERM2. The simulation of the thermal conduction
problem inside the chicken breast muscle was performed by using the HEATSOLV computational software. The measured and
simulated thermal histories were used and then step by step analysis was carried out using the predictive database Food Micro
Model. Possible growth of the most dangerous pathogenic micro-organisms was predicted.

Key words: chilled chicken; thermal history; hazard analysis; potential growth of micro-organisms

Souhrn

HOUSKA M., LANDFELD A., STROHALM J., KYHOS K., NESVADBA P. (1999): Teplotni historie chlazeného kufete v priibéhu
zpracovini a dopravy v&etné analyzy nebezpe&i ristu vybranych mikroorganismi. Czech J. Food Sci., 17: 188-195.

Teplotni historie chlazenych opracovanych kufat byla experimentalné stanovena od porazky pfes chlazeni, skladovéani, dopravu
az po prode;j. V ivahu byly vzaty nejhorsi redlné historie pro povrchovou vrstvu. S vyuzZitim kovového modelu kufete a numerického
modelovani byly odhadnuty souéinitele povrchového pfestupu tepla (SHTC) pfi chlazeni kufete ve vybraném chladicim tunelu
a pfi dopravé v transportni bedné (volna konvekce v uzavieném prostoru). Tepelné vlastnosti kufeciho masa byly odhadnuty ze
slozeni s vyuzitim prediktivni databaze COSTHERM?2. Simulace vedeni tepla v prsnim svalu kufete byla provedena za zjedno-
dusujicich pfedpokladi s vyuzZitim programu HEATSOLV. Méfené a simulované teplotni historie byly zjednodudeny do tvaru
schodovité funkce a krok po kroku byl analyzovén potencilni riist vybranych patogennich mikroorganismi s vyuzitim predik-
tivni databaze Food Micro Model. Pro stanovenou teplotni historii bylo stanoveno nebezpe¢i riistu zejména pro psychrotrofni
druhy mikroorganismil. Nejméné zvladnutou fazi chladiciho fetézce se jevi prodej, donadka domi a skladovani v domacnosti.

Kliovi slova: chlazené kufe; teplotni historie; analyza nebezpe&i; potencialni rist mikroorganismi

Vyroba chlazenych kufat v posledni dobg& v Ceské re-
publice vyrazné& vzrostla vzhledem k pohotovosti vyrob-
ku ke kulinarni upravé i k lep§im organoleptickym vlast-
nostem v porovnani s mraZenymi kufaty. Tento nérist
produkce byl umoZn&n investicemi do vyrobnich
zafizeni (zejména nova chladici zafizeni pracujici na prin-
cipu chlazeni ledovym vzduchem misto vodnich 14zni).
Na druhé strané se vyZaduje striktni kontrola a fizeni tep-

loty produktu v celém chladicim fetézci, protoze ve spo-
jeni s redlnymi podminkami distribuce a chovanim
spotiebitelli se zvysuje riziko ristu patogennich mikroor-
ganism.

Tato préce se zabyva stanovenim reélné teplotni historie
ve vyrobé, dopravé a distribuci véetné kvantitativni analy-
zy moZzného ristu vybranych patogennich mikroorganis-
mi.

*Préce byla vypracovéna s podporou MZe CR, grant & EP0960006260.
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MATERIAL A METODY
Meéreni teplot, pH a vodni aktivity

K méfeni teplotnich historii byla pouZita pamétové tep-
lotni ¢idla Tynitalk firmy Gemini (Velké Britanie), ktera
byla opatiena ¢idly Pt100 s dobou nabéhu v kapaliné nebo
pevné latce 60 s. Pii méfeni teploty okolniho vzduchu se
tato doba prodluZuje na 10 minut. K méfeni okamzitych
hodnot teploty kufeciho masa na porazkové lince byl po-
uzit digitalni vpichovaci teplomér Therm (Ahlborn Mess-
technik, Némecko).

Hodnoty pH a vodni aktivity kufeci kiZe (bez podkoz-
niho tuku) byly stanoveny v homogenétu pfipraveném
z ruéné oddélené klize z oblasti prsniho svalu kufete v den
odebréni z vyrobni linky. Ke stanoveni pH byl pouzit vpi-
chovaci polovodi¢ovy pHmetr, ke stanoveni aktivity vody
pfistroj Novasina (Svycarsko). Stanoveni bylo provede-
no servisné v laboratofi OHES Kladno.

Stanoveni soutinitele pFestupu tepla

Matematickym modelem teplotni historie kufeciho téla
|1ze stanovit konkrétni priibéh teploty v kazdém misté za
piedpokladu, Ze zndme priibéh teploty okolniho vzduchu
a zejména soucinitel pfestupu tepla (surface heat transfer
coefficient — SHTC). Na znalosti tohoto soudinitele, kte-
ry udava tepelny tok jednotkou plochy pfi jednotkovém
teplotnim spadu a ktery je zavisly na rychlosti proudéni
média okolo télesa, je zavisla presnost vypoctu. Proto byly
hodnoty tohoto souéinitele stanoveny experimentilné
v podminkéch, pro néz modelovéani mé nejvétsi vyznam,
tj. zejména chlazeni kufete ve visu v chladicim tunelu (nu-
cena konvekce pii rychlosti obtékéani vzduchu cca 0,4 az
0,6 m/s) a pii dopravé nebalenych kufat volné leZicich na
polypropylenovych podloZnich miskach v transportni pie-
pravce zakryté folii (volna konvekce v uzavieném pro-
storu).

Hodnoty SHTC byly stanoveny méfenim teplotni his-
torie béhem chlazeni a ohfevu kovového modelu kufeci-
ho téla (méfeno uprostied prsniho svalu a stehna). Kovo-

méfeno — measured
SHTC =4
SHTC=5
SHTC=6

SHTC =7

SHTC =10

Pkt |

200 300

0 100

400 500 (i) 600

Obr. 1. Porovnani teplot pfi chlazeni kovového modelu kufete
s predikcemi pro volnou konvenci (teplota vzduchu 4,4 °C)
— Comparison of cooling temperature of chicken metal model
with prediction for free convention (air temperature 4.4°C)

vy model byl odlit do sédrové formy z cinové pajky (1 : 1
cin : olovo), u niz byla odhadnuta tepelnd vodivost na
50,6 W/m.K a mérna tepelna kapacita 0,177 kJ/kg.K
z hodnot vlastnosti ¢istych sloZek, které udava RAZNJE-
VIC (1985). Naméiené priibéhy byly porovnany s vysled-
ky simulaéniho modelovéani pomoci programu HEAT-
SOLV (NESVADBA1995; ALLEN et al.1997), které bylo
provedeno pro rizné zadané hodnoty souinitele SHTC
(simulace byla provedena pro prsa, jejichz tvar byl zjed-
nodusen do tvaru ploché nekonecéné rozlehlé desky
o tloust'’ce 27 mm, coZ piedstavuje v silném zjednoduse-
ni primérnou tloustku této &asti skutedného kufete). Sou-
¢initel piestupu tepla, pro ktery vypoéteny pritbéh teplo-
ty vykdazal nejlepsi shodu s experimentalnimi daty, byl
povazovan za primérnou hodnotu piisobici pii experimen-
tu. Vzhledem k tomu, Ze byla modelovana kovovi slitina,
tj. velmi tepelné vodivy materidl s mizivou tepelnou ka-
pacitou, bylo mozné vliv tloustky materi4lu zanedbat (pro-
to se experimentuje s takto vodivymi materialy). Pfenos
zjisténé hodnoty SHTC na skute&né kufe je mozny, i kdyz
soudinitel pro skute¢né kufe miZe byt ponékud vétsi diky
zvétSeni prestupu tepla odparem vlhkosti z povrchu. Toto
zvySeni bylo moZné v nafem pfipadé zanedbat, nebot’
odpar pfi plsobicich teplotach prakticky neovlivni pie-
stup tepla (i kdyZ vyrobce chlazenych kufat tento odpar
musi respektovat).

Porovnani vypoétenych a méfenych priibéht teplot pii
volné konvekcei kolem téla kufete v transportni piepravce
je pro chlazeni a ohfev uvedeno na obr, 1 a 2. Z obrazka
vyplyva, Ze nejlepsi shody je dosazeno pro hodnoty SHTC
6 W/m?K pro chlazeni a cca 7 W/m2K pro ohiev. Tyto
hodnoty Ize dale pouZit pro simulaci teplotni historie redl-
nych kufat pfi dopravé za stejnych geometrickych pod-
minek, pokud budeme znét asovy pribéh teploty vzdu-
chu napiiklad v dopravnim prostredku.

Inspekei (obr. 3) bylo stanoveno, Ze nejlepsi shody ex-
perimentélniho pribéhu chlazeni kovového modelu ku-
fete pfi jeho priichodu tunelem s vypoétenymi pribéhy se
dosahne pfi hodnot& SHTC = 30 W/m?.K. Tato hodnota

30
[°C]
25
20
15
——— méfeno — measured
—&— SHTC=6
10 —4&— SHTC=8
—%— SHTC=10
5 —%— SHTC=15
0
0 50 100 150 [min] 200

Obr. 2. Porovnani teplot béhem ohfevu kovového modelu kufete
s predikcemi pro volnou konvenci (teplota vzduchu 25,5 °C)
— Comparison of temperature in heating of chicken metal model
with prediction for free convention (air temperature 25.5°C)
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Obr. 3. Porovnéni méfenych teplot b&€hem chlazeni kovového
modelu kufete v chladicim tunelu s predikcemi programu
HEATSOLYV (teplota vzduchu 1 °C) — Comparison of meas-
ured temperature during cooling in cooling tunnel of chicken
metal model with prediction of software HEATSOLV (air tem-
perature 1°C)

byla pozd&ji pouzita k simulaci priib&hu chlazeni skute&-
ného kufete v témz chladicim tunelu.

VYSLEDKY A DISKUSE
Modelovani a m&Feni teplotni historie chlazenych kurat

Teplotni historie chlazeného kufete (hmotnost 1,1 kg)
byla méfena ve vybraném zavodg&, b&hem dopravy (od
vyrobce k distributorovi) a béhem prodeje. Nejdulezitéj-
§i operaci u vyrobce je chlazeni opracovanych kufecich
tél vzduchem v chladicim tunelu. Proto byla pozornost
zaméfena na tuto operaci a prob&hlo méfeni teplotni his-
torie redlného kufete pfi prichodu chladicim tunelem.
Teplota byla méfena uprostfed prsniho svalu o stfedni
tloustce masné ¢asti 27 mm. Pfi méfeni byla stanovena
téZ rychlost proudéni (0,4-0,6 m/s) a teplota vzduchu
—6 °C. Pro tyto podminky byla provedena simulace pro-
gramem HEATSOLYV. Prsni sval byl opét jako v pfipadé
kovového modelu nahrazen nekone¢nou deskou konstant-
ni tloust'’ky 27 mm. Tepelné vlastnosti kufeciho masa byly
stanoveny programem COSTHERM2 (ALLEN et al. 1997)

rq
30

20

0

0 10 20 30 40 50 [y 60

Obr. 4. Porovnani pritb&hu teplot s predikci pro chlazeni kufete
v chladicim tunelu (teplota vzduchu —6 °C) — Comparison of
measured temperature with prediction for cooling of chicken
in cooling tunnel (air temperature 6°C)
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jako funkce teploty (v rozsahu 040 °C) na zakladé tabe-
larnich hodnot zakladniho sloZeni, ziskanych z tabulek
(voda 75 %, bilkovina 22,8 %, tuk 0,9 %, minerély 0,6 %)
(Soucl et al. 1989). Stfedni hodnoty tepelnych vlastnosti
v uvedeném rozsahu byly stanoveny takto: tepelna vodi-
vost 0,493 W/m.K, mé&rna tepelna kapacita od 3,628 do
3,667 kJ/kg K. Hustota (mérna hmotnost) kufeciho masa
byla méfenim stanovenana 1 071 kg/m®. P#i modelovani
byla pouzita hodnota soucinitele pfestupu tepla SHTC
30 W/m?.K. Tato hodnota se musi stanovit pro kazdy tu-
nel zv14st (zavisi zejména na rychlosti proudéni, tvaru zbo-
Zi, zpusobu obtékani, ale i vihkosti vzduchu apod.). Pfi mo-
delovani byl zanedban odvod tepla do vnitini dutiny
kufeciho téla vzniklé po vyjmuti vnitinosti.

Z porovnani naméfeného a vypoéteného priitb&hu tep-
loty uprostied prsniho svalu kufete v chladicim tunelu
vybraného zavodu (obr. 4) je patrné, Ze se prib&hy pomér-
né dobfe shoduji. To ddv4 moznost pomémé jednoduse
v budoucnu predikovat priibéhy chlazeni v kritickych mis-
tech dalSich druhti driibeZe bez nutnosti ndkladnych expe-
rimentt, resp. predikovat nutny ¢as prichodu kufete dané
velikosti danym zafizenim (rychlost dopravniku) pfi pie-
depsané teploté ve svalu na vystupu ze zafizeni.

Predikované, resp. méfené pribéhy teploty pfi chlaze-
ni v tunelu byly nahrazeny schodovitou funkci (obr. 5).
Toto zjednoduSeni je nutné pii aplikaci soudasné verze
prediktivni datab4ze Food MicroModel (MCCLURE et al.
1994).

Typicky prubéh teploty v prsnim svalu kufete a teploty
vzduchu v jeho okoli v prib&hu dopravy v chladicim voze
jsou uvedeny na obr. 6. RovnézZ tato historie byla nahra-
zena schodovitou funkci nutnou k predikei ristu mikro-
organismu.

Analyza potencidlniho nebezpeéi ristu vybranych
mikroorganismi

Zjednodusena teplotni historie opracovaného téla ku-
fete od jeho porazky aZ do kuchyn& v domécnosti spotte-
bitele je uvedena v tab.1 a 2. Byly vybrany a analyzovany
nejhorsi zjisténé podminky z provedenych experimentt.
V tabulkéch jsou uvedeny jednotlivé operace nebo useky

rCl
30

20

00 10 20 30 40

Obr. 5. Nahrada teplotni historie realného kufete schodovitou
funkci (chlazeni v tunelu) — Substitute of thermal history of
real chicken by step function (cooling in tunnel)

50 [min) 60



Czech J. Food Sci.

Vol. 17, No. 5: 188-195

[°C]
10 ——— teplota v prsou’
: - teplota vzduchu?

Obr. 6. Teplotni historie re4lného kufete b&hem dopravy
v chladicim voze — Thermal history of real chicken
during transport in refrigerated car

ltemperaturc in breast; 2air temperaturc

historie od vyroby aZ do doméacnosti. V prvnim sloupci
je uveden priibézny ¢as, ve druhém stiedni teploty ziska-
né méfenim, ve tfetim doby trvéni jednotlivych tsek his-
torie a v dalSich sloupcich po&ty mikroorganismii jednot-
livych patogent (proskrtnuty Gsek znamen, Ze podminky
neumoziuji modelovat riist, neboli Ze mikroorganismus
neroste). V druhém sloupci pod danym mikroorganismem
se naléza veli¢ina vyjadiujici, jaké procento (souctové)
z doby lag faze uZ absolvoval dany mikroorganismus za
celou dobu sledovani. Tyto idaje byly vypodteny z rovnice
[1] na zéklad€ hodnot lag fazi vypo&tenych pro podmin-
ky jednotlivych Gsek teplotni historie.

Nejvét§imu nebezpeci kontaminace a nejrychlejsim
zménam teploty podléha povrch kufeciho téla. Proto byla
hodnota pH a aktivity vody stanovena pravé pro povr-
chovou vrstvu, tj. pro kuzi. P¥i teplot& 10 °C byly zji§té-
ny hodnoty pH = 5,91 a aktivita vody a = 0,991 (tab. 1

6 — Salmonella
—&— E. coli
S ——— —A— (I botulinum
—%— Cl. perfringens
4| —%— St aureus
—8— Y enterocolitica
i —+— L. monocytogenes
8 3t— . -
o
e
g, o
‘ /_’{j
0

0 10 20 30 40 50 60 70 80 90
[min]

Obr. 7. Predikce mozného ristu mikroorganismi v kufeci kiizi
opH 591 aa, =0,991 za pfedpokladu poate&ni koncentrace
log cfu/g = 1 — Prediction of possible growth of micro-organ-
isms in chicken skin at pH 5.91 and a_= 0.991, starting con-
centration log cfu/g = 1

a obr. 7). V praxi se ¢asto stava, Ze pii pfenosu vychlaze-
ného zboZi do teplejsiho prostiedi se orosi obal vyrobku
a od n&ho i povrch kufete. Proto se za horsi piipad uvazo-
vala aktivita vody a = 1,000 (tab. 2 a obr. 8).

K analyze byla pouzita prediktivni databize Food Mi-
croModel verze 2.53 (Leatherhead Food RA, UK). Po&4-
te¢ni koncentrace mikroorganismi byla volena jednotné
pro vSechny testované mikroorganismy log CFU = 1. Pro
analyzu ristu a pfezivani pomoci FMM je to minimélni
vychozi pocet. Modelované prib&hy nejsou ovlivnény
vychozim poétem mikroorganismi, a proto si miZeme
posouvat stanovené pribg&hy vertikaln& podle aktualniho
vychoziho nélezu.

K analyze byly vybrany mikroorganismy, které za uve-
denych podminek (teplota, pH a aktivita vody) vykazuji
mozny rust, pfedstavuji vaZzné zdravotni riziko a v sou-
vislosti s kufecim masem byly uvadény pfipady vyskytu.

7
Salmonella
6 ———=— E. coli /
—A— Cl. botulinum /
5 +———-—x— Cl. perfringens -
—¥— St aureus
4 —e— Y. enterocolitica
2 —+— L. monocytogenes
s
o3

: il PR

30 40

0
0 10 20 50 60 70

80 (min)

Obr. 8. Predikce moZného riistu mikroorganismi v kufeci kiizi
o pH 5,91 aa = 1,000 za pfedpokladu pogate&ni koncentrace
log cfu/g = 1 — Prediction of possible growth of micro-organ-
isms in chicken skin at pH 5.91 and a_ = 1.000, starting con-
centration log cfu/g =1
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Tab. 1. Predikce moZného ristu mikroorganismi v kufeci kizi o pH = 5,91 a @, = 0,991 za predpokladu vychozi koncentrace log cfu/g = 1 — Prediction of possible growth of micro-
organisms in chickem skin at pH = 5.91 and @, = 0.991for assumption of start concentration log cfu/g = 1

Cas' T Casovy krok? Salmonella  E. coli Cl. botulinum  Cl. perfringenes St. aureus Y. enterocolitices L. monocytogenes
Operace® [min] [°C] [min] cfu/lg %It cfug %It cfu/g %It cfu/g %It cfulg %It cfug %It cfu/g %It
Zav&Sovani* 0,5 37 0,5 - - - - - - - - - - - -
Omradovani’ 1 37 0,5 - - - - - - - - - - - -
Pafeni¢ 3 37 2 - - - - - 1 2,7 - - - - - -
Odrezavani krki’ 3,5 37 0,5 - - - - - - - - - - -
Skubéni peti® 8 35 45 - - - - - - - - - - - -
Pievé3ovani® 8,2 35 0,2 - - - - - - 1 13,3 - - - - 1,0 3,2
Kuchani'® 17,7 35 9.5 - - - - - - - - - -
Chladici tunel'! krok'2 1 22,7 32,5 5 = - = = e = 1 16,6 - - - - 1,0 3,3
krok 2 32,7 28 10 1,0 475 1 70 1 1,6 1 21,1 1,0 9 - - 1,0 85
krok 3 44,7 22 12 1,0 862 1 10,9 1 33 1 23,3 1,0 238 - - 1,0 9,1
krok 4 60,7 16 16 1,0 11,0 1 12,8 1 4,5 1 24,1 1,0 27,6 - - 1,0 10,6
krok 5 72,7 12 12 1,0 11,9 1 134 1 4,9 - - 1,0 285 1 1,8 1,0 11,2
Chladici sklad v zavod&'? 1513 8 1440 I, 543 - = 1 23,0 = = 1,1 286 1,5 1275 1,1 42,9
Doprava v chladicim voze!* 2653 4,5 1 140 X = =2 = 1 28,0 - = = = 1,6 13 57,8
Chladici sklad v obchodg!s 2953 2,5 300 - - - - - - - - - - 2 1,1 60,3
Chlazené vitrina v obchodg!® 3673 10 720 1,2 882 1 367 1 43,4 - 1,2 56,5 23 1,1 87,5
Doprava do domacnosti'’ 3793 15 120 1,2 1034 1 482 1 50,8 1 28,5 1,2 78,6 2,4 1,1 97,1
Skladovani v doméci lednici'® 5233 10 1 440 2,0 1 948 1 81,7 - - 1,8 - 5,1 2,5

cfw/g = log cfu/g

— = data mimo rozsah modclu - data outside of range of the modecl

Itime; 2time step; “op ;b

. 5,

g; ®steam h

Ytransport in refrigerated Iorry, 'Scold storage in shop; I‘dlsplay cabinet in shop; '"transport home; '®storage in refrigerator at home

g of feathers; ’slitting of throat; ®huckin of feathers; °rehanging; '°removal of internal organs; !!cooling tunnel; "Zstep; *cooling storage;
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Tab. 2. Predikce mozného riistu mikroorganismil v kufeci kiZi o pH = 5,91, a_= 1,0 za pfedpokladu vychozi koncentrace log cfu/g = | - Prediction of possible growth of micro-organisms
in chicken skin at pH = 5.91 and @, = 1,0 for assumption of start concentration log cfu/g = 1

Cas' T Casovy krok? Salmonella  E. coli CL botulinum  CI. perfring. St. aureus Y. enterocol. L. monocytog.
Operace® [min] [°C] [min] cf/g %It cfug %It cfu/g %It cfulg %It cfuwg %It cfug %It cfu/g %It
Zav&Sovanit 0,5 37 0,5 - - - - - - - - - - - -
Omracovani® 1 37 0,5 - - - - - - - - - - - -
Pateni® 3 37 2 - - - - - - 1 32,6 - - - - - -
Odfezavani krki’ 3,5 37 0,5 - - - - - - - - - - -
Skubani peti® 8 35 4,5 - - - - - - - - - - = =
PrevéSovani® 8,2 35 0,2 - - - - - - 1 459 - - - - 1 49
Kuchani'® 17,7 35 9,5 - - - - - - - - - -
Chladici tunel'' krok!? 1 22,7 33 5 - - - - - - 1 502 - - - - 1 6,7
krok 2 32,7 28 10 1 4,4 1 7.7 1 3 1 56,6 1 31,6 - - 1 10,2
krok 3 447 22 12 1 83 1 12 1 58 1 60,1 1 428 - - 1 134
krok 4 60,7 16 16 1 11 1 14 1 7,4 1 61,5 1 48,5 - - 1 15,7
krok 5 72,7 12 12 1 12 1 149 1 7,9 - - 1 50,0 1 2,1 1 15,8
Chladici sklad v zavodg'? 1512,7 8 1 440 1,1 652 - - 1 289 - - 1,1 948 2 98,0 1,2 79,1
Doprava v chladicim voze!? 2 652,7 4,5 1 140 - - - - 1 34,1 - - - 2,7 1,3 1042
Chladici sklad v obchod&'’ 2952,7 2,5 300 - = = i - = s - - 3 1,7
Chlazena vitrina v obchodg!® 3673 10 720 1,2 106,5 1,1 403 1~ 52,9 - - 1,6 4 24
Doprava do domécnosti'? 3793 15 120 1.7 1,1 529 1 63 1 69,8 19 4,5 2,9
Skladovani v domaci lednici'® 5233 10 1 440 2.5 1,2 103,8 1 100,6 - 2,7 6,5 4,1

cfu/g = log cfu/g
— = data mimo rozsah modelu — data outside of range of the model

Itime; 2time step; *operation; “hanging; Sstunning; ®steam heating of feathers; slitting of throat; ®huckin of feathers; °rehanging; '°removal of internal organs; !'cooling tunnel; 'Zstep; '3cooling storage;
!4transport in refrigerated lorry; cold storage in shop; 'display cabinet in shop; 7transport home; '®storage in refrigerator at home
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Kromé mikroorganismii uvedenych v tab. 1 a2 byl ana-
lyzovan moZzny rust patogenu Campylobacter jejuni, hoj-
né nalézany v kufecim mase. Tento mikroorganismus roste
v zaZivacich orgdnech zejména ptaki. Za podminek uve-
denych v tab. 1 i 2 v8ak pouze pfezivé, resp. dochazi
k pomalému sniZovani jeho vyskytu. Proto jsme se jim
dale nezabyvali, i kdyZ sam o sobé je uvddén vzhledem
k schopnosti pieZivat i pfi nizkych teplotich skladovéani
jako velmi nebezpeény. Nemtize prakticky dojit k jeho
pomnozeni, pokud teploty neptevysi 30 °C. Model prezi-
vani ukazuje na velmi zajimavé zévislosti tohoto déje na
pH a aktivité vody, resp. teploté, Piitomnost tohoto mik-
roorganismu je tedy indikatorem poruseni hygienickych
zé4sad a spravné vyrobni praxe (napf. sekundarni konta-
minace pfi kuchéni), nikoli zpravidla indikatorem poru-
Seni skladovacich podminek.

Samotné predikce riistu probihala tak, Ze v pocate¢nich
modelovatelnych fazich byla vzdy stanovena doba lag fize
daného mikroorganismu pro podminky (teplota, pH, a,)
daného ¢asového kroku a vypoéteno procento absolvo-
véni lag faze pro dany mikroorganismus:

doba
0, =t K

Tato veli¢ina se kumulativné nacité a vypodet se opa-
kuje v nasledujicich krocich, dokud neni dosazeno 100 %.
Jestlize v daném kroku bylo dosaZeno piekroceni 100 %
o0 podstatnou &ast (vice nez 10 %), byl krok rozdélen
a v Casti, ve které jiz doslo k prekroceni 100 %, byl uva-
Zovan rust aktivovaného mikroorganismu bez lag faze
(v FMM lze lag fazi vyfadit). Od této chvile nastava in-
tenzivni logaritmicky riist poétu mikroorganismt. Analy-
za mozného ristu byla provedena pro kmeny Salmonel-
la, Escherichia coli O157:H7, Clostridium botulinum,
Clostridium perfringens, Staphylococcus aureus, Yersi-
nia enterocolitica a Listeria monocytogenes. Vysledky
modelovani jsou podle podkladi FMM vzdy na strané
bezpecnosti. Neni totiz uvazovano s kompetitivni innosti
jinych mikroorganism (kterd v praxi nastivé) a neni uva-
Zovano s omezenou dostupnosti Zivin.

Jak je z tabulek patrné, béhem porazky jsou tak vysoké
teploty, Ze jsou mimo rozsah platnosti modelu ristu vét-
$iny studovanych mikroorganismu. Jestlize pfipustime, Ze
by teplota béhem téchto fazi byla mimé niz§i nez namé-
fena (abychom mohli pouZit modely ristu), zjisti se, Ze
b&hem kratkych intervalt danych operaci nedojde k zddné-
mu podstatnému narastu po&tu mikrobi ani k podstatnému
absolvovani lag faze. Vyjimku tvofi Clostridium perfrin-
gens, které dokézalo absolvovat 24 % (pfi a, = 0,991) az
60 % (pti @, = 1,0) své doby lag faze do konce chlazeni.

Je velmi zajimavé, Ze poméry pfi chlazeni a skladovéni
v z&vodé umoziiuji salmonelam spotfebovat okolo 54 aZ
65 % a mikroorganismu Staphylococcus aureus 28-95 %
doby lag faze (niz8i hodnoty pfi a = 0,991 a vys§i hod-
noty pfi a_ = 1,0).

Nejdiilezit&jsi poznatek této analyzy v3ak je, Ze miZe
dochézet k ristu mikroorganismt jiz b&€hem vystaveni
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zboZi ve vitrinich, b&hem transportu domi nebo zejména
pii nevhodném skladovani v domadci lednicce. Vyrobce
sice deklaruje pozadavek skladovéani chlazenych kufat pfi
teplotach do 5 °C, ale naSe zkuSenosti ukazuji, Ze realné
podminky jsou ¢asto horsi.

Maximalni nértisty a rychlosti riistu byly stanoveny pro
psychrotrofni mikroorganismy Yersinia enterocolitica,
kterd vykazala predikovany nérist na konci sledované
doby az fadu 5 (pfi @, = 0,991) a 6 (pfi a, = 1,0). Pro
salmonely byl zji§tén pouze mirny nartist poctu mikroor-
ganismu ve sledované teplotni historii.

ZAVERY

Analyza riistu vybranych patogennich mikroorganismi
prokézala, Ze vétSina z nich spotiebovala svou dobu lag
faze jiz béhem dopravy a distribuce a u nékterych z nich
byl indikovan rist na pocty, které jsou nebezpeéné lid-
skému zdravi. Proto je tieba, aby teplotni historie chlaze-
nych kufat byla pfisné kontrolovana béhem celé vyroby
a distribuce. Jestlize to néklady dovoli, bude tieba apli-
kovat indikétory teploty nebo integréatory teplotni histo-
rie alespoil na skupinové baleni vyrobku, aby byli pro-
dejci a zakaznici informovani, Ze v daném vyrobku Casto se
vyskytujici mikroorganismus jiZ absolvoval svou dobu lag
faze.

Syrové kufeci maso je tfeba pokladat za potencidlné
infikované patogennimi mikroorganismy, a proto je tfeba
pii zachézeni s nim respektovat zdkladnich deset zlatych
pravidel Svétové zdravotnické organizace.

Bezpeéné tepelné zpracovani (vafeni nebo peceni) je
tfeba aplikovat na chlazené kufeci porce a varovat se kii-
Zové kontaminace tepelné o$etfenych produktt se syro-
vym masem a s nastroji, které s nim pfisly do styku.
U velkych producentii hotovych jidel je tfeba ovéfovat
dostate&né tepelné o3etfeni kontrolou teploty v jadfe nej-
pomaleji prohfivanych €asti, tj. v prsnim, pfipadné ste-
hennim svalu.
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Seznam symboli

a, aktivita vody [-]

CFU poget mikroorganismu (kolonii tvofici jednotka) [-]

pH kyselost [-]

SHTC  povrchovy souéinitel pfestupu tepla [W/m2K]

T teplota [°C]

%lt procento spotifebované doby lag fdze [%])
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NOVE KNIHY

CHEMIE POTRAVIN

Na kniznim trhu se pravé objevila nova kniha Chemie potravin autorského kolektivu vedeného prof. Ing. Janem
Veliskem, DrSc.

Kniha vychézi ve trech dilech forméatu A4 v celkovém rozsahu pfesahujicim 900 stran (cena 730 K&). Je rozd€lena do
12 kapitol, které pokryvaji viechny Giseky chemie potravin (Uvod; Aminokyseliny, peptidy a bilkoviny; Tuky a jiné
lipidy; Sacharidy; Vitaminy; Mineralni latky; Voda; Aromatické latky; Barviva; Pfirozené toxické latky; Aditivni latky;
Kontaminujici latky).

Kapitoly jsou ¢lenény na podkapitoly, které se zabyvaji strukturou a nézvoslovim jednotlivych sloucenin, jejich
vznikem, vyskytem, zménami, vyznamnymi reakcemi, vyZivovymi, toxikologickymi a legislativnimi aspekty.

Technologové v knize najdou podrobné informace o reakcich, ke kterym dochézi pti zpracovani a skladovani potra-
vin, a o zpisobech jak je 1ze ovlivilovat a fidit. Pracovnici distribu¢ni sféry oceni predevsim informace o rychlostech
zmén a podminkéch, které podstatnym zplisobem ovliviiuji skladovatelnost vyrobenych potravin. Kontrolofi se mohou
na zéklad€ popsanych chemickych i biochemickych zmén kvalifikovangji rozhodovat o kritickych fazich jednotlivych
technologickych postuptl, které je nezbytné nutné analyticky sledovat.

Tato zékladni kniha by neméla chybét u Zddného tidiciho a odborného pracovnika potravinafského prumyslu a obord,
které s timto pramyslovym odvétvim souviseji.
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Senzorické hodnoceni jableéné §t’avy oSetfené vysokym tlakem
v pribéhu skladovani*

PAVLA NOVOTNA', HELENA VALENTOVA?, JAN STROHALM', KAREL KYHOS', ALES LANDFELD',
MiILAN HOUSKA'

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

Abstract

NOVOTNA P., VALENTOVA H., STROHALM J., KYHOS K., LANDFELD A., HOUSKA M.: Senzory evaluation of high-
pressure treated apple juice during its storage. Czech J. Food Sci., 17: 196-198.

A storage experiment of apple juice processed with high pressure was made. The comparison of the sensory quality with samples
preserved by freezing and pasteurized was also made. The samples were evaluated on 1, 10 and 30 days after preparation. The
appearance was best for pasteurized juice by heat. The aroma did not show any substantial differences between samples. The best
flavour was found for frozen juice. Intensity of off-flavours was strongest for heat pasteurized juice. Viscosity of all samples was
evaluated to be thin. The smallest changes of total quality were detected for samples frozen and heat pasteurized. The preference
test showed the best sample being frozen juice, the second sample pressurized juice and the third sample heat pasteurized juice.
This order was not affected by the time of storage.

Key words: apple juice; storage; sensory evaluation; high pressure

Souhrn

NOVOTNA P., VALENTOVA H., STROHALM J., KYHOS K., LANDFELD A., HOUSKA M.: Senzorické hodnoceni jabletné
$t’4vy ofetiené vysokym tlakem v prib&hu skladovani. Czech J. Food Sci., 17: 196-198.

Byla provedena zkouska skladovéni vzorki jabledné $t'avy oSetfenych vysokym tlakem v porovnéni se vzorky mraZenymi a tepelné
oSetfenymi. Senzorické hodnoceni jableéné $t'avy se uskutegnilo 1., 10. a 30. den po vyrobeni. Vzhledové nejlépe se jevila §tava
o3etfend teplem. V hodnoceni viiné nebyl mezi vzorky rozdil. Pfijemnost chuti byla nejlepsi u mraZené §tavy. Intenzita pachuti byla
nejsilngjsi u tepelné ofetfené §tavy. Viskozita vzorkl byla hodnocena jako Fidka. Pfi skladovani dochdzi k nejmensim zméndm
u vzorku mrazeného a tepelné osetfeného. Preferen¢nim poradovym testem bylo zjisténo, Ze nejlepsi se vzdy jevil zmraZeny vzorek,
jako druhy vzorek o3etfeny tlakem a nejhorsi byl vzorek tepelné oSetfeny, a to bez ohledu na délku skladovéni.

Klitovi slova: jablko; $tava; skladovéni; senzorické hodnoceni; vysoky tlak

Osetfeni potravin vysokym tlakem je zndmé jiz vice
nez sto let, nejdéle ve vyvoji této technologie je Japon-
sko. Potraviny takto zpracované se svymi senzorickymi
vlastnostmi i z hlediska zachovani vitamint bliZi potra-
vindm Cerstvym. Pfi vysokotlaké technologii se uziva
izostatického tlaku radové stovek MPa po dobu nékoli-
ka minut.

Ve Vyzkumném Ustavu potravinafském v Praze byl
umistén vysokotlaky lis o objemu pracovni komory 1,2 1.
V ramci vyzkumného projektu Stavba zafizeni a vyzkum
vlivu vysokého tlaku na netepelné zpracovani potravin
bylo zapocato s prvnimi vyzkumy oSetfovani potravin

(kusového ovoce, zeleniny a §t'4v) tlakem. Vzorky byly
podrobeny hodnoceni v pritbéhu skladovani, u nékterych
vzorki bylo provedeno mikrobialni a analytické hodno-
ceni (napf. obsah vitamini) (STROHALM et al. 1997). Vel-
mi nad&jné je tlakové zpracovéni u pfirodnich ovocnych
a zeleninovych §t'av.

Predmétem této prace bylo senzorické hodnoceni tla-
kem oSetfené prirodni jable¢né $tavy v pribéhu sklado-
vani. K porovnani byly pfipraveny vzorky oSetfené teplem
a mrazené. Touto tematikou se neddvno zabyvali PA-
RISH (1996), TONELLO, JOLIBERT (1996) a firma GEC
ALSTHOM (firemni literatura).

*Price byla vypracovana s podporou grantu MZe CR &. EP 096 0986259.
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MATERIAL A METODY

Priprava vzorki

K pfipravé vzorki byla pouzita jablka odridy Golden
Delicious skladované v chladimé s fizenou atmosférou
v ZD Lib¢any.

Jablka s vykrajenou stopkovou a kali$ni jamkou byla
rozpilena a nadrcena na kolickovém drti¢i. Stéva byla
vylisovéna na ruénim koSovém lisu s plachetkou. Ziska-
na $t'ava byla naplnéna do PET lahvi o objemu 0,4 I (pro
vzorky oSetfené tlakem a mraZené) a do sklenic Omnia
s uzavérem Omnia (pro vzorky oSetiené teplem).

Cést vzorki naplnénych do PET lahvi byla okamzité
uloZena do mraziciho boxu, kde setrvala do hodnoceni.
Druha ¢ast vzorki byla podrobena o$etfeni vysokym tla-
kem, a to 400 MPa po dobu 10 min. Vzorky naplnéné do
sklenic s uzavérem Omnia byly sterilovéany pfi teploté
80 °C po dobu 20 min a poté vychlazeny na teplotu mist-
nosti +25 °C.

Vzorky byly skladovany v chladniCce, jejiz teplota byla
6x0,5 °C. ZmraZena §t'ava byla uchovavéana v mrazicim
boxu pfi teploté —17 + 0,5 °C. Teplota §t'av pii podavani
byla 20 °C.

Pfi pfipravé vzorkt nebylo pouZito Zadnych konzervaé-
nich ani antioxida¢nich pfipravkd, a proto jiz pfi vyrobé
§t'avy doslo k jejimu zhnédnuti.

Senzorické hodnocenf

Casové rozvrzeni senzorického hodnoceni bylo stano-
veno na 1., 10. a 30. den. Senzorické hodnoceni proved!
Ustav chemie a analyzy potravin na VSCHT v Praze.
Hodnoceni probihalo v hodnotitelskych boxech deviti
osobami zaskolenymi podle ISO 6658. Podavaly se vzdy
vSechny vzorky najednou. Toto uspofadani dovolovalo
zaroven vyhodnotit pofadi preferenci podanych §t'av.
Vsechny vzorky byly pred hodnocenim temperovéany na
teplotu 20 °C.

Hodnoceni bylo provedeno na grafické stupnici o dél-
ce 100 mm v tomto senzorickém profilu:

celkovy vzhled piijemny (0) — nepiijemny (100)
ving velmi dobra (0) — $patna (100)
piijemnost chuti velmi dobra (0) — Spatnd (100)
intenzitapachuti  neznatelnd (0) — velmi silna (100)
viskozita stanovena

srkAnim fidka (0) — hust4 (100)

stanoveni preference vzorki (pofadi 1., 2., 3.)

VYSLEDKY A DISKUSE

Vysledky hodnoceni byly ziskany 1., 10. a 30. den po
zhotoveni. Vysledky senzorického hodnoceni jsou shr-
nuty v piehledné tabulce a jsou vypoéteny jako aritmetic-
ky primeér z deviti hodnoceni. V zévorce jsou uvedeny
také smérodatné odchylky od priméru.

Z tab. 1 a obr. 1-3 je patrné, Ze 1. den skladovani byla
vzhledové nejlepsi st'ava oSetiend teplem. V hodnoceni
vuné neni mezi vzorky rozdil. Pfijemnost chuti je v Cers-
tvé piipravenych, neskladovanych vzorcich nejlepsi
u zmrazeného vzorku a nejhorsi u vzorku osetfeného tep-
lem. Intenzita pachuti je nejsilnéj$i u vzorku o3etfeného
teplem. Viskozita vzorkt je hodnocena jako fidk4 a u vzor-
ku osetfeného teplem je hodnocena jako nejniZ3i.

Pii skladovacim pokusu dochazi k nejmensim zménam
u vzorku mraZeného a tepelné oSetieného. Podrobnéji 1ze
jednotlivé zmény pii hodnoceni 1., 10. a 30. den zjistit
v tab. 1 ana obr. 1-3. U vzorku o$etfeného vysokym tla-
kem jde o pokles hodnot ,k pfiznivéj§im hodnotdm*
u vSech sledovanych ukazateli po 10 dnech skladovani,
pak do 30 dni skladovéni se hodnoty jiz neménily. Vyraz-
néjsi rozdily nastaly u hodnoceni viing a viskozity. U vzor-
ku oSetfeného tlakem dochazi skladovanim ke zlepSeni
chuti. Preferenéni pofadovy test (tab. 1) nebyl z4visly na
dobé skladovéni. Jako nejlepsi se vzdy projevil vzorek
oSetfeny zmraZenim, jako druhy byl hodnocen vzorek
osetfeny vysokym tlakem a jako tfeti byl hodnocen vzo-
rek oSetfeny teplem.

Podrobnéji je o této praci pojednavaji STROHALM et
al. (1998).

Tab. 1. Senzorické hodnoceni vzorki jable¢né §tavy oSetfené riiznymi zpiisoby — Organoleptic evaluation of samples of apple
juice treated under high pressure, frozen or heat pasteurized (arithmetical mean of nine evaluations)

Ofetieni’
vysokym tlakem? zmraZenim’ teplem*

Den hodnoceni? L 10. 30. ¢ 10. 30. 1. 10. 30.
Celkovy vzhled® 52(5) 46(6) 47(6) 59(4) 56(5) 59(3) 29(4) 34(4) 30(4)
Viing? 41(4) 24(4) 25(5) 40(3) 30(6) 32(6) 41(6) 37(6) 30(6)
Piijemnost chuti® 35(5) 27(7) 25(5) 31(5) 30(5) 27(6) 50(9) 47(7) 40(8)
Intenzita pachuti® 17(5) 13(4) 16(4) 15(5) 13(4) 19(7) 32(8) 36(7) 31(8)
Viskozita (srkanim)'? 26(3) 29(5) 17(3) 28(3) 31(8) 23(4) 17(4) 25(7) 21(5)
Preference!! 2 2 2 1 1 3 3 3

V zavorce jsou uvedeny smérodatné odchylky — Standard deviations are given in brackets

Itreatment; 2high pressure; *freezing; *heat pasteurization; day of evaluation; Sgeneral appearance; ’flavour; 3taste acceptability; %off-flavour

intensity; 'Oviscosity (by sipping); preferences
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Obr. 1. Senzorické hodnoceni jablené 3tavy (1. den sklado-
véni) — Organoleptic evaluation of appl juice (1* day of storage)

60

Obr. 3. Senzorické hodnoceni jable&né §tavy (30. den skla-
dovani) — Organoleptic evaluation of apple juice (30% day of
storage)

Zavér

Porovnanim celkovych tvari diagrami senzorického
hodnoceni (obr. 1-4) Ize konstatovat, Ze nejpodobné;jsi
profily hodnoceni vykazuji vzorky oSetfené mrazenim
a tlakem. Od nich se li§i vzorky teplem oSetfené. Pti pou-
ziti kratkodobé priitokové sterilace §t'4vy na vysokou tep-
lotu mimo obal s naslednym aseptickym pln&nim by byla
takto oSetfena §t'4va organolepticky piijateln&jsi nez ste-
rilovan4 v obalu 20 min pfi 80 °C.

V prubéhu hodnoceni nedoslo u Zddného hodnoceného
vzorku k patrnym zméném zpusobenym ¢innosti mikro-
organismu, tj. kaZeni.

O#Setieni Cerstvé jablecné §t'avy vysokym tlakem se zda
byt slibnym zpiisobem zpracovani, zachovavajicim sen-
zorické znaky &erstvého produktu. RovnéZ z energetic-
kého hlediska je tlakové oSetfeni §t'av vyhodn&jsi neZ napf.
pasterace s aseptickym plnénim (HOUSKA et al. 1998).

Obr. 2. Senzorické hodnocent jableéné §tavy (10. den skladovéni)
— Organoleptic evaluation of apple juice (10" day of storage)

Vysvétlivky pro obr. 1-3 — Explanation for Figs. 1-3
=== vyskoky tlak — hight presure

— — zmrazeni — freezing
ofetfeno teplem — heat pasteurization

1 = celkovy vzhled — general appearance

2 = viin¢ - flavour

3 = odestfeno teplem — heat pasteurization
4 = intenzita pachuti — off-flavour intensity
5 = viskozita vzorku — sample viscosity
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KONFERENCE A SEMINARE

XXX. Sympozium o novych smérech vyroby a hodnoceni potravin

Ve dnech 17.-19. 5. 1999 se ve Skalském dvofe konalo jubilejni XXX. Sympozium o novych smérech vyroby
a hodnoceni potravin pof4dané Odbornou skupinou pro potravinaiskou a agrikulturni chemii Ceské spole&nosti che-
mické. Tradiéni odborné akce je pofddana kazdoro&n& od roku 1970. Letos se ji za&astnilo 100 odborniki z Ceské
republiky a ze Slovenska a bylo na ni prezentovano 36 ustnich sdéleni a 56 postert.

Uvodni blok referatt byl zaméfen na problematiku vybéru a validace analytickych metod. Pfednaejici se zaméFili
na definice a principy stanoveni zakladnich pracovnich charakteristik, které bezprostfedné ovliviiuji pouzitelnost
dané metody a kvalitu generovanych dat. Bylo pojednéno o nésledujicich charakteristikach: selektivita a specifi¢nost,
rozsah a linearita, mez detekce a mez stanovitelnosti, pfesnost, citlivost, robustnost. Prakticky pfiklad validace meto-
dy byl demonstrovan na stanoveni stopovych prvki v biologickych materidlech metodou izotopové zied'ovaci hmot-
nostni spektrometrie. Pro validaci metod a pro zkouseni zptisobilosti slouzi téZ mezilaboratorni porovnani. Ugast
laboratoti v mezilaboratornim porovnéni je jednim z kritérii CSN EN 45001 V3eobecna kritéria pro &innost zkuseb-
nich laboratofi. Program zahrnoval informaci o zékladnich principech organizace mezilaboratorniho porovnani i vy-
sledky mezin4rodnich mezilaboratornich testli zptisobilosti zaméfenych na stanoveni dusi¢nant v potravinach. Dalsi
objektivni vlastnosti kazdého méfeni, poskytujici uréité informace o vysledku méfeni a nutnou pro moznost vzajem-
ného porovnani vysledki, je nejistota méfeni. Pro strategii odhadu nejistot v oblasti chemické analyzy neexistuje
jednoznacny jednoduchy navod, ktery by analytika doved] k ziskani celkové nejistoty metody. V ramci bloku byla
demonstrovana ptikladova studie odhadu nejistot pro stanoveni dusiénani metodou HPLC. Tuto problematiku dopl-
nila informace o riziku nadhodnoceni vysledki sekund4rni kontaminaci vzorku pfi stanoveni kyseliny ftalové.

Program sympozia byl z velké ¢4sti zaméfen na metody hodnoceni potravin z hlediska hygienického, nutri¢niho
a senzorického. Velky pocet piispévkil se proto zabyval vyvojem analytickych postupl pro stanoveni zékladnich
i minoritnich sloZek potravin, aditiv i kontaminanti s uzitim chromatografickych, spektrofotometrickych, bioafinit-
nich, senzorickych, mikrobiologickych a fyzikalnich metod. Prezentované prace se tykaly napf. vyuZiti spektrofoto-
metrickych metod na sledovani jakosti panenskych a rafinovanych jedlych tukt a olejii, na stanoveni obsahu amylosy
ve Skrobu, na stanoveni acetylderivatl galaktosy a trehalosy. Metody HPLC byly pouzity napf. pro stanoveni karote-
noidi, tokoferold, vitaminu B, niacinu, rutinu, markerovych sacharidi pro pritkaz fal§ovani instantni kavy, dale pak
biogennich aminti, benzo(a)pyrenu, bisfenolu A a agaritinu. Metodami GC, pfipadné& doplnénymi nékterymi novymi
technikami (GC-MS, nastiik s programovatelnou teplotou vypafovani — PTV, extrakce na tuhou fazi — SPE), byly
stanoveny napf. stopové koncentrace ethylenglykolu ve ving, vicinalni diketony, PCB a nitrosoaminokyseliny v pivu,
estery kyseliny ftalové, trichothecenové mykotoxiny a aktivita pektinmethylesterasy. Pro stanoveni fungicidl imaza-
lilu byla pouzita kapilarni isotachoforesa, pro stanoveni kovii ve viné priitokové galvanostaticka rozpoustéci chrono-
potenciometrie, pro stanoveni zdkladniho sloZeni suseného mléka NIR spektroskopie, pro stanoveni prvki emisni
spektrometrie s indukéné vazanym plazmatem (ICP-OES) a k monitorovani kultivace kvasinek priitokové cytometrie.
Prispévky tykajici se senzorického hodnoceni se zabyvaly napf. uréenim vztahu senzorickych znaki a chemickych
charakteristik vina a vypracovdnim metody méFeni barvy vyrobku v procesu peeni.

Pfispévky z oblasti hodnoceni hygienickeé jakosti potravin tvofily dalsi tematicky okruh programu, ktery byl zahajen
sdélenim o novych prioritach v oblasti hodnoceni kontaminace potravin ve vztahu k Vyhlasce Ministerstva zdravot-
nictvi CR &. 298/1997 Sb. k Zakonu & 110/1997 Sb. i v souvislosti s novymi riziky enviromentalnich kontaminant.
Kromé série referati zabyvajicich se vyvojem vhodnych analytickych metod stanoveni vybranych kontaminanti byla
diskutovéna ot4zka priiniku xenoestrogenti do potravniho fetézce, problematika biogennich aminii ve ving, vysledky
monitoringu kontaminace lovné zvéfe organochlorovanymi polutanty a vysledky monitoringu spotfebniho ko3e
z hlediska obsahu benzo(a)pyrenu.

V nékolika dal§ich sd&lenich byla diskutovéna nutriéni jakost potravin a moZnosti jejiho ovlivnéni. Bylo referovano
napf. o bezpluchém je¢meni jako zdroji nutriéné cennych latek, o ceredlnich smé&sich a jejich hodnoceni, o zdrojich
inulinu a oligofruktosy, o moZnosti zvySeni nutriéni hodnoty obilnich lihovarskych vypalki, o vlivu kulindmi Gpravy
hrachu na obsah a-galaktosidi. Dale byla diskutovéna problematika feSeni jodového deficitu, stability vitaminu B,
a kyseliny listové v obohacené détské vyzivé, moznosti zvy3eni obsahu polynenasycenych mastnych kyselin ve vej-
cich a obsahu polynenasycenych mastnych kyselin ve tkanich kapra.
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Senzorickeé jakosti se tykaly referaty pojednavajici o hodnoceni vybranych tavenych syri, o stanoveni senzorického
profilu k uréeni optimélniho pfidavku glutamanu sodného k riiznym vyrobkiim. Senzoricka jakost byla uvedena i jako
jedno z kritérii hodnoceni vlivu genotypu na vybrané znaky kvality vepfového masa.

Novymi technologiemi a charakterizaci procesii pomoci sledovéani riiznych parametri se zabyvala dalsi skupina
referat. Jednalo se napf. o modelovani technologického postupu extrakce susené Sekanky, o postup pfipravy vlakni-
ny z krmné mouky, o separaci suspendovanych &astic z kapalnych médii pfi zpracovani obilovin v lihovarské techno-
logii pomoci statického spaddového sita. Déle byl sledovén vliv technologickych postupii na jakost koncentrati barviv
izolovanych z ervené fepy.

Z problematiky interakci slozek potravin byly sledovany reakce vybranych oligopeptidii s allylisothiokyanatem
v modelovych systémech, dalgi prace se tykaly identifikace produktii vzniklych Streckerovou degradaci aminokyselin
a Maillardovou reakci v modelovych systémech. Pozornost byla zaméfena na zmény volnych aminokyselin b&éhem
zrani fermentovanych masnych vyrobki i na sledovéani zmén zpisobenych zdhfevem potravin a na vyvoj metod k jejich
charakterizaci (zmény syrovétkovych bilkovin pfi zdhfevu mléka, obsah polymernich triacylglycerola v tucich pfi
smaZeni).

Pravidelnou souéésti programu je diskuse o metodach senzorického hodnoceni spojena s praktickym hodnocenim
nékterych potravinafskych vyrobki. V letosnim roce byly hodnoceny vzorky ceredlnich tycinek, zeleninovych salatd,
vitaminovych népojli, pomazénkového masla a jogurtia. BEhem sympozia se prezentovala firma ChromSpec, spol. s r. 0.

Sbornik souhrni vech sdéleni je k dispozici ve Vyzkumném tstavu potraviniiském Praha, Radiové4 7,102 31 Praha
10-Hostivaf.

Konéni pfistiho, jiz XXXI. Sympozia o novych smérech vyroby a hodnoceni potravin je pldnovéano opét ve Skal-
ském dvore ve dnech 22.-24. 5. 2000.

Marie Holasova, Vlasta Fiedlerova (Praha)
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