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Antioxidant Activities of Rosemary and Sage Extracts in Rapeseed
and Sunflower Oils*

HUONG THI THU NGUYEN', JAN POKORNY' and JOZEF KORCZAK?

!Institute of Chemical Technology — Department of Food Chemistry and Analysis, Prague,
Czech Republic; *University of Agriculture — Department of Food and Human Nutrition, Poznat, Poland

Abstract

NGUYEN H. T. T., POKORNY J., KORCZAK 1J. (1999): Antioxidant activities of rosemary and sage extracts in rapeseed and
sunflower oils. Czech J. Food Sci., 17: 121-126.

The antioxidant activity of rosemary and sage extracts, obtained with different solvents, was tested in zero-erucic rapeseed oil
and high-linoleic sunflower oil under conditions of the Schaal oven test at 40 °C. Acetone, ethyl acetate and hexane extracts were
found more active than ethanol extracts in both oils. Rosemary extracts were found more active than sage extracts. Rapeseed oil
was stabilized more efficiently than sunflower oil. The antioxidant activities rose linearly with the concentration of antioxidants
in the range of 0.01-0.10% in rapeseed oil, but the relationship was logarithmical in sunflower oil. Antioxidants inhibited
autoxidation reactions during the induction period, proportionally to their concentration. The protection factors showed that the
oxidative stability could not be increased more than twice, applying conventional concentrations of 0.01 to 0.02%, but could be

increased substantially by increasing the content of extracts to 0.05-0.10%.

Key words: antioxidants; rapeseed oil; rosemary extracts; sage extracts; storage stability; sunflower oil

Natural antioxidants are generally preferred by consu-
mers for the stabilization of edible fats and oils against
oxidative rancidity, compared to synthetic antioxidants
(POKORNY 1999). The most widely applied natural anti-
oxidants are tocopherols (KAMAL-ELDIN & APPELQVIST
1996). Among other natural antioxidants, rosemary and
sage extracts have found the most frequent application
(NAKATANI 1987; LOLIGER 1991; RICHHEIMER et al.
1996; ZEGARSKA et al. 1996; POKORNY et al. 1998a, b),
but other herbs and spices are good sources of antioxi-
dants as well (PLUMB et al. 1996; WANG et al. 1998; TA-
KACSOVA et al. 1998). Rosemary and sage extracts are
mixtures of several, partially structurally related substan-
ces as 24 compounds were detected in rosemary and 8 in
sage (CUVELIER et al. 1996), and antioxidant activities of
some phenolic acids present were compared with those of
common synthetic antioxidants (CUVELLIER et al. 1992).
Flavonoids have spme antioxidant activity, but lower than
synthetic antioxidants (KANDASWAMI & MIDDLETON
1997; WANASUDAR & SHAHIDI 1998).

Edible polyunsaturated oils are food materials particular-
ly difficult to stabilize against autoxidation because of a high
rate of chain initiation reactions even under storage condi-
tions. Rosemary oleoresins were found relatively efficient

inhibitors in light-sensitized soybean oil (HALL & CUPPETT
1993). The activity in sunflower oil was better in the case of
rosemary than in sage extracts (POKORNY et al. 1997).

Rapeseed oil is the most widely used edible oil in Cen-
tral Europe. Commercial rosemary extracts were found less
active than TBHQ at high temperatures, but more active
than BHT, BHA or tocopherols for the stabilization of ra-
peseed oil (GORDON & KOURIMSKA 1995a). Mixtures of
rosemary extract and ascorbyl palmitate saved tocophe-
rols under deep fat frying (GORDON & KOURIMSKA
1995b). Acetone or ethyl acetate extracts from rosemary
leaves were found efficient in deep frying of French fries
inrapeseed oil and its mixture with palmolein and silicone
oil (REBLOVA et al. 1999). Sage extracts were found more
active than extracts from thyme, juniper and oregano in
rapeseed oil (TAKACSOVA et al. 1995).

The content of active substances in rosemary and sage
extracts depends on the solvent used for extraction
(POKORNY et al. 1998a, b). The activity depends on the
stabilized system, e. g., activities are very different in bulk
oils compared to emulsions (KORCZAK et al. 1998) or
liposomes (ARUOMA 1997), which is in agreement with
similar experiments in other systems (FRANKEL et al.
1996).

*The research was supported by grant ERBICI 15CT96/1006, and grant No. OK 282, Ministry of Education, Youth and Sports of

the Czech Republic.
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In this paper, we report on the effect of concentration of
rosemary and sage extracts in rapeseed and sunflower oils.

MATERIAL AND METHODS

Extracts were prepared by extraction of dry leaves of
rosemary (Rosmarinus officinalis L.) and sage (Salvia of-
ficinalis L.): 100 g of leaves were left with 1 1 of the respe-
ctive solvent (hexane, acetone, ethyl acetate, ethanol) for
24 h at room temperature (KORCZAK et al. 1998). The
content of active substances was determined by HPLC with
an electrochemical detector (REBLOVA et al. 1997), and
was higher in rosemary extracts than in sage extracts (PO-
KORNY et al. 1998a, b). Refined sunflower and rapeseed
oils (Table 1) were commercial products.

Table 1. Characteristics of edible oils used in the experiments

Analytical Oil
characteristics Unit rapeseed  sunflower
Acid value mg/g 0.07 0.06
Peroxide value mval/kg 0.58 0.24
a-Tocopherol mg/kg 294 373

B + y-Tocopherols mg/kg 392 34
8-Tocopherol mg/kg 12 14
Sum of tocopherols % 698 418
Flavour acceptability* % 71 72
Rancidity* 8 11
*Scales for the sensory : Flavour ptability: 0% = very

bad; 100% = excellent; rancidity: 0% = imperceptible; 100% = very
strong
The antioxidant activity was determined using the Schaal
Oven Test at 40 °C with gravimetric detection (POKORNY
et al. 1985). The end of the induction period was calcula-
ted as the time when the second derivation of the sample
weight started to significantly differ from the original va-
lue (p = 0.95). The results in Tables 2 to 5 are based on
three parallel determinations. The protection factor was

calculated as the induction period of a stabilized oil, divi-
ded by the induction period of the control.

RESULTS AND DISCUSSION

The course of autoxidation in edible oils was determi-
ned using the Schaal Oven Test at 40 °C, to approach con-
ditions of the accelerated test the most closely to those of
real storage conditions (FRANKE 1993); the difficulty was
long duration of the test (up to 1 year). Zero-erucic rape-
seed oil and high-linoleic sunflower oil were chosen as
they are the mostly frequently consumed edible oils in the
Czech Republic. Additions of 0.01%, 0.02%, 0.05% and
0.10% were studied as natural plant extracts contain only
much less active substances than synthetic antioxidants
(POKORNY et al. 1998) so that even higher additions would
be still acceptable. Hexane, ethyl acetate, acetone and etha-
nol were used for comparison because the polarity of sol-
vents affects the content of active substances (REBLOVA
et al. 1997).

Examples of experiments with rapeseed oil containing
rosemary extracts are shown in Fig. 1 (A—hexane extract),
(B — acetone extract), (C — ethyl acetate extract) and (D
— ethanol extract). The first three extracts obtained with
less polar solvents were more active than ethanol extracts
because of high levels of carnosic acid and carnosol (REB-
LOVA et al. 1997). The ethanol extract was less active,
especially at low concentrations. In the presence of higher
concentrations, the antioxidant activity was, however, sa-
tisfactory (Fig. 1D). Induction periods (Table 2) were pro-
portional to the concentration in the whole interval tested.
The rate of oxidation during the induction period depen-
ded on the concentrations of antioxidants, too (Table 3).
The first derivation of weight increase during the inducti-
on period was a linear function of reaction time which cor-
responds to the kinetics of a zeroth order autocatalytic
reaction. The antioxidant activity depends on the polarity
of reaction medium, also (FRANKEL 1993) as the activity
in emulsion differs from that of observed in bulk oil (FRAN-
KEL et al. 1996).

Table 2. Effect of rosemary and sage extracts on the induction period in days of rapeseed and sunflower oil

Rapeseed oil Sunflower oil

Extract [%] 0.00 0.01 0.02 0.05 0.10 0.00 0.01 0.02 0.05 0.10
Rosemary

Hexane 55 98 122 201 283 39 60 77 99 104
Acetone 58 87 108 178 265 40 60 82 127 145
Ethyl acetate 56 65 122 187 268 40 63 82 105 151
Ethanol 52 69 79 120 198 38 52 66 83 113
Sage

Hexane 55 65 83 128 165 40 43 48 60 84
Acetone 55 64 72 120 175 37 53 65 90 109
Ethyl acetate 50 60 83 130 158 40 50 56 73 93
Ethanol 50 63 70 83 99 41 49 51 55 62
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Fig. 1. Course of oxidation of rapeseed oil stabilized by hexane (A), acetone (B), ethyl acetate (C) and ethanol (D) extract from
rosemary at 40 °C under conditions of Schaal Oven Test

Rapeseed oil was stabilized with sage extracts less effi-
ciently than with rosemary extracts. The reason was lower
content of active substances than in the respective rose-
mary extracts (REBLOVA ef al. 1997). The antioxidant le-
vels of 0.01 and 0.02% had no satisfactory activities, even
in samples stabilized with extracts obtained with less po-
lar solvents, but additions of 0.05 and 0.10% already

showed substantial prolongation of induction period (Fig. 2).
Ethanol extracts were not sufficiently active even at the
higher level of antioxidants (Fig. 2D).

Induction periods were also a linear function of concen-
tration even in samples stabilized with sage extracts
(Table 2), only slopes of the respective relationships were
lower. The inhibition of weight increase during the inducti-

Table 3. Effect of rosemary and sage extracts in rapeseed and sunflower oil on the oxidation rate (expressed as weight increase in
mg/g.d) during the induction period

Rapeseed oil Sunflower oil

Extract [%)] 0.00 0.01 0.02 0.05 0.10 0.00 0.01 0.02 0.05 0.10
Rosemary

Hexane 10.0 7.1 5.3 43 1.4 14.0 8.50 4.52 3.45 3.01
Acetone 8.6 6.4 43 2.1 1.1 12.5 8.03 4.78 2.04 1.45
Ethyl acetate 10.0 6.6 4.6 35 2.0 13.5 8.02 5.04 3.50 2.46
Ethanol 7.2 6.7 44 22 1.1 15.0 12.01 8.00 5.78 3.00
Sage

Hexane 72 6.6 44 22 1.2 14.2 14.02 13.01 9.47 7.18
Acetone 10.0 8.4 6.6 2.6 1.4 16.04 13.97 11.22 5.10 3.80
Ethyl acetate 838 8.4 22 38 2.0 12.00 10.21 9.00 5.53 4.07
Ethanol 11.2 8.4 6.6 5.6 44 15.03 13.10 12.53 11.04 10.10
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Fig. 2. Course of oxidation of rapeseed oil stabilized by hexane (A), acetone (B), ethyl acetate (C) and ethanol (D) extract from

sage at 40 °C under conditions of Schaal Oven Test

Table 4. Effect of rosemary and sage extracts on the oxidation
rate during the induction period (expressed as weight increase
in mg/g.d) in sunflower oil

Extract [%] 0.00 0.01 0.02 0.05 0.10
Rosemary

Hexane 39 60 77 99 104
Acetone 40 60 82 127 145
Ethyl acetate 40 63 82 105 151
Ethanol 38 52 66 83 113
Sage

Hexane 40 43 48 60 84
Acetone 37 53 65 90 109
Ethyl acetate 40 50 56 73 93
Ethanol 41 49 51 55 62

on period was also less pronounced than with rosemary ex-
tracts (Table 3).

Sunflower oil was less efficiently stabilized with both
rosemary and sage extracts than rapeseed oil (Table 4),

124

which is in agreement with our previous results (POKOR-
NY et al. 1997). The obvious reason was higher content of
polyunsaturated fatty acids and lower content of synergis-
tically active tocopherols (Table 1). Rates of the autoxida-
tion during the induction period were relatively high even
in the case of relatively more active extracts (Table 3).
The dependence of the induction period on antioxidant
concentration was not linear, but logarithmic, contrary to
rapeseed oil. Therefore, the highest concentrations of an-
tioxidants were less efficient than expected. However, at
the 0.02% level, induction periods were comparable with
our previous results (POKORNY et al. 1997).

Protection factors (Table 5) showed that low concentra-
tions (0.01 or 0.02%) could not increase the stability on
storage only more than twice, in the case of ethanol ex-
tracts even less. Higher concentrations (0.05 or 0.10%)
increased the storage time up to five times in the case of
rapeseed oil or about three times in the case of sunfower
oil (Table 5). Such efficiencies would be completely satis-
factory for the stabilization of polyunsaturated edible oils,
which are otherwise very difficult to stabilize.
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Table 5. Protection factors of rapeseed and sunflower oil stabilized by rosemary and sage extract

Rapeseed oil Sunflower oil

Extract [%] 0.00 0.01 0.02 0.05 0.10 0.00 0.01 0.02 0.05 0.10
Rosemary

Hexane 1.00 1.88 2.35 3.87 5.44 1.00 1.54 1.97 241 2.67
Acetone 1.00 1.50 1.86 3.07 4.57 1.00 1.50 2.05 3.18 3.63
Ethyl acetate 1.00 1.16 2.18 3.34 4.79 1.00 1.58 2.05 2.63 3.78
Ethanol 1.00 1.33 1.52 231 3.81 1.00 1.37 1.74 2.18 2.97
Sage

Hexane 1.00 1.18 1.51 233 3.00 1.00 1.08 1.20 1.50 2.10
Acetone 1.00 1.16 1.31 2.18 3.18 1.00 143 1.76 243 2.94
Ethyl acetate 1.00 1.20 1.66 2.60 3.16 1.00 1.25 1.40 1.83 233
Ethanol 1.00 1.26 1.40 1.66 1.98 1.00 1.19 1.24 1.34 1.51
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Souhrn

NGUYEN H. T. T., POKORNY 1., KORCZAK J. (1999): Antioxida&nf idinnost extraktii z rozmaryny a $alvéje v fepkovém
a slune¢nicovém oleji. Czech J. Food Sci., 17: 121-126.

Listy rozmaryny a Salvéje byly extrahovany riznymi rozpoustédly a byla zkouSena antioxida¢ni u€innost ziskanych extraktl
v bezerukovém fepkovém oleji a ve slunednicovém oleji s vysokym obsahem kyseliny linolové. Pfi Schaalové zkousce pfi
teploté 40 °C byly acetonové, ethylacetatové a hexanové extrakty u€innéjsi nez extrakty ethanolové. Rozmarynové piipravky
byly v obou olejich i¢innéjsi nez pripravly Salvéjové. Skladovatelnost fepkového oleje se dafilo zvysit vice neZ oleje slunecnicového.
Antioxidagni aktivita rostla linedmé s rostouci koncentraci v intervalu 0,01-0,10 % v fepkovém oleji, ale logaritmicky ve
slune&nicovém oleji. Antioxidanty sniZovaly rychlost pfiristku hmotnosti béhem indukéni periody imémé koncentraci. Protekéni
faktory ukazaly, Ze stabilita se nezvysi vice nez na dvojnasobek pii pfidavku bézné uzivanych koncentraci 0,01-0,02 %, ale mize
se zvysit velmi podstatni pfidavkem vysSich koncentraci (0,05-0,10 %).

Kliov4 slova: antioxidanty; rozmarynovy extrakt; fepkovy olej; skladovatelnost; slunenicovy olej; Salvéjovy extrakt
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Effect of Processing and Storage Conditions on Patulin Content
in Apple Juice Concentrate*
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Abstract

BRUNA D., VOLDRICH M., MAREK M., KAMARAD J. (1999): Effect of processing and storage conditions on patulin content
in apple juice concentrate. Czech J. Food Sci., 17: 127-132.

During the large scale processing of apples it is impossible to avoid the processing of decayed fruits and apple concentrates that
usually contain different levels of mycotoxin patulin. For the risk assessment within the HACCP system implementation or
evaluation it is important to predict the course of patulin content changes during the storage and processing of such concentrates.
The effects of storage at different temperatures (4°C, 20 °C, 50 °C, 90 °C) and various high hydrostatic pressure processing
(300 MPa, 500 MPa, 800 MPa) on the samples: apple concentrate, sulphited apple concentrate (100 ppm sodium pyrosulphite),
distilled water, sulphited distilled water (100 ppm sodium pyrosulphite) all containing 155 mg/kg of patulin were followed. The
equations of D-t thermodestruction and D-p barodestruction curves for apple concentrate and sulphited apple concentrate are
t=-24.95log D + 146.61 and t = -22.52 log D +118.41, respectively. The barodestruction curves are p = -2311 log D + 5897

and p = -1634 log D + 3999 for apple concentrate and sulphited apple concentrate, respectively.

Key words: Patulin; degradation; apple concentrate; high pressure treatment; heat treatment; storage effect

Mycotoxins represent a severe chemical hazard in food
production, they should always be considered in hazard
analysis procedures within the implementation of the
HACCP concept in food processing. The presence of
mycotoxins is very important in technological scale pro-
cessing of fruit and vegetable because rotten fruits can
be processed relatively often. Especially apples, but also
other fruits (apricots, oranges, grapes), some vegetables
(e.g., tomatoes), grains and refrigerated products such as
cheese and cured meat can be contaminated or spoiled
by various toxicogenic moulds, which can produce the
mycotoxin patulin (PRIBELA & SINKOVA 1995; HARRI-
SON 1989; BETINA 1990). The most important patulin
producers are some species of Penicillium (P. patulum,
P. griseofulvum, P. claviforme, P. expansum, P. roquer-
forti), Aspergillus (A. clavatus, A. terreus, A. giganteus),
Byssochlamys (B. fulva, B. nivea) and Paecilomyces va-
rioti (LINDROTH 1980; AYTAC & ACAR 1994; TANIWA-
KI et al. 1989).

Patulin, 4-hydroxy-4H-furo(3,2-c)pyran-2(6H)-on (Fig. 1),
earlier also clavicin, clavitan, claviformin, expansin or
penicidin (ADENSAM et al. 1989), belongs to lactone type
mycotoxins. It is a white crystalline powder with a melt-
ing point of 111 °C, soluble well in water, ethanol and
chloroform. The substance is relatively heat-resistant. In
pH ranging between 3.0 and 6.5, the mycotoxin is stable.
If the pH value is higher, the lactone ring is opened and
the toxic effect is lost. Another way of patulin degrada-
tion is the addition of bisulphite ion (HSOQ to the con-
jugated system in patulin lactone structure, similar addition
reactions are described also for the thiols. It is believed

0 o)

O

OH
Fig. 1. Chemical structure of patulin

*The experimental part of this work was financially supported by projects of the Ministry of Agriculture of the Czech Republic MZe

CR 05/6258 and MZe CR 05/6259.
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that HSO,” would also add to the incipient aldehyde func-
tion of the hemiacetal moiety of patulin (POHLAND &
ALLEN 1970). The degradation of lactone ring of patulin
or adducts formation yields less toxic products in com-
parison with patulin (WOLLER & MAJERUS 1982). Patu-
lin content in apples correlates well with the degree of
mould spoilage of fruits. Rotten parts can contain about
1 g/kg of patulin, the concentrations of patulin in partly
decayed fruit are usually not higher than 1-2 mg per kg
(SYDENHAM et al. 1995; HORUBALA 1992). The reduc-
tion of patulin content due to the transfer to the washing
water within the initial water treatment step could be up
to 80% of the original level. In the case of apples the
highest concentrations of patulin are usually found in
decayed parts of fruits and the diffusion into remaining
flesh of apples is significantly lower than it is in toma-
toes, peaches and oranges (HORUBALA 1992). A subse-
quent decrease of patulin content in apple juice or
concentrate is explained by the above addition reactions.
The heat treatment (degradation of patulin by pasteurisa-
tion) affects the rate of these reactions only, in a model
system patulin retains its activity when heated at 100 °C
at pH 2 (POHLAND & ALLEN 1970).

The described chemical reactions are probably respon-
sible for the decrease of patulin content during the mi-
crowave heating of apricot juice (CASADIO & NIOLA
1993). Another described ways of patulin detoxication
are yeast fermentation of fruit juices (OUGH & CORRI-
SON 1980), y-irradiation (ZEGOTA 1991), heat treatment,
the addition of sulphur dioxide (AYTAC & ACAR 1994;
POHLAND & ALLEN 1970; DOYLE er al. 1982; FRANK
1980), thiols (WOLLER & MAJERUS 1982) and ascorbic
acid (AYTAC & ACAR 1994) which accelerate the de-
crease of patulin content.

The summarised data on the patulin degradation under
different conditions are given in Table 1.

The aim of the presented work was to estimate the course
of patulin degradation during the storage of apple juice
concentrate at different temperatures and acceleration of
this decrease by addition of sulphites and by high hydro-
static pressure treatment.

MATERIAL AND METHODS

Apple juice concentrates (pH 3.4, refractive index 67°
Brix), patulin (Aldrich Chem., Co.) were used to prepare
the model samples:

A: apple juice concentrate fortified with patulin
(c =155 mg/kg)
B: apple juice concentrate fortified with patulin
(c = 155 mg/kg) and with addition of Na,S O,
(100 mg/kg)
C: patulin solution in distilled water (¢ = 155 mg/kg)
D: patulin solution in distilled water (c = 155 mg/kg)
and with addition of Na,S,0, (100 mg/kg)

Patulin determination: A portion of 10 g of apple juice
concentrate was diluted with 7 ml distilled water and ex-
tracted in a 50ml Erlenmeyer flask with 3 x 7 ml ethyl
acetate. Organic layers separated by centrifugation com-
bined in a separatory funnel were washed twice with 2 ml
of 2% Na,CO, x 10 H,0 solution. Ethyl acetate solu-
tions were dried with anhydrous Na,SO, and evaporated
to dryness at 50 °C. The obtained residue was dissolved
in chloroform and purified using SEGC on BioBeads®
S-X3, the mobile phase was chloroform. The fraction con-
taining patulin was collected and evaporated to dryness
at 50 °C. Patulin was derivatized using BSTFA (Fluka
Chemicals, Co.) and analysed by gas chromatography on

Table 1. Patulin degradation during various treatments of fruit juices and concentrates

Patulin

Patulin content content
Material before treatment Treatment reduction  Reference
Fruit unknown “common process in fruit juice production” 20% BARTOLOME et al. (1994)
Apples 0.92 mg/kg initial water treatment step 80% SYDENHAM et al. (1995)
Apples 0.19 mg/kg hand removal of rotten and damaged fruit 71% SYDENHAM et al. (1995)
Apricot juice 0.8 mg/kg microwave treatment (3 min) 39% CASADIO & NIOLA (1993)
Apricot juice 0.8 mg/kg microwave treatment (15 min) 95% CASADIO & NIOLA (1993)
Apricot juice 0.35 mg/kg microwave treatment (3 min) 39% CASADIO & NIOLA (1993)
Apricot juice 0.35 mg/kg microwave treatment (15 min) 95% CASADIO & NIOLA (1993)
:;T:j:;c‘z unknown y-irradiation (0,35 kGy) 50% ZEGOTA et al. (1988)
Apple juice 6 000 mg/kg after clarification 25% AYTAC & ACAR (1994)
Apple juice 4 500 mg/kg after evaporation, before pasteurisation 0% AYTAC & ACAR (1994)
Apple juice 4 500 mg/kg after pasteurisation 0% AYTAC & ACAR (1994)
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a DB5 capillary column (J&W Scientific) with an EC
detector. As an internal standard p,p’-DDT was used.

Storage experiments: Model samples A, B, C, D were
stored at temperatures of 4 °C, 20 °C, 50 °C and 90 °C.

Pressure treatment: The samples A and B at the quan-
tities of 0.5-1 g were closed into PE capsules (2 x 2 cm),
5 for each sample and treated in a hydrostatic pressure
cell (about 50 ml capacity and maximum pressure of
1000 MPa) to guarantee identical pressure, temperature
and time conditions. A mixture of mineral oils was used
as a pressure transmitting medium, no contamination of
samples was detected.

RESULTS AND DISCUSSION
Effect of Heat Treatment on Patulin Content

During the technological scale production of apple juice
concentrate it is hardly possible to avoid the processing
of decayed fruits. Sometimes the mould spoilage is not
evident, the moulds grow inside the apples in the core.
Patulin content in the individual batches of concentrate
is usually followed and besides the beginning level of
patulin content in the concentrate the data for prediction
of the course of patulin reduction are needed.

100 —9—4A: ~0O—B
~A=C —%—D
= 80 +
g
§ 601
=
B 40 +
i
e
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Fig. 2. Patulin content reduction during heat treatment (50 °C),
for the legend see Material and Methods
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Fig. 3. The effect of storage temperature on patulin content de-
crease in apple concentrate (model solution A)

The course of patulin degradation in four model
solutions stored at 50 °C is given in Fig 2. The addition
of sodium bisulphite accelerated the decrease of patulin
concentration in both cases, apple juice concentrate and
water solution. A slight decrease was found in distilled
water solution. It could be explained as the effect of
impurities present in the patulin standard. Similar curves
were obtained when the model solutions were stored at
other storage temperatures as it is obvious from the
summarised data for apple concentrate with and without
the addition of bisulphite (Fig. 3 and 4, respectively).

The data were processed and the “thermodestruction
curve” of patulin (Fig. 5) was drawn. D—¢ degradation
curve is the dependence of exposition time needed to re-
duce the concentration of patulin by one log cycle on tem-
perature. The thermodestruction curves for patulin in apple
concentrate with and without addition of bisulphite are:
t =-24.945 log D + 146.61; z = -24.95

(for apple concentrate)
t=-22.520log D + 118.41; z = -22.52
(for sulphited apple concentrate)

The curves or equations could be used to estimate of
behaviour of patulin within long term storage or to eval-
uate the “detoxication” efficiency of heat treatment on

100
§ s0 —0— 1=90°C
£
8 60 —g—t=50°C
<
ZE’ 40 —A— 1=20°C
o
S 0 —%—t=4°C
3

0 . .

0 10 20

Time [days]

Fig. 4. The effect of storage temperature on patulin content
decrease in sulphited apple concentrate (model solution B)

140 -
* x
120 A \
o \
3 100 4
E 80 - Model solution A:
y =-24.945x + 146.61
§ 60
E
S 40
. ; \
20 | Model solution B: o
y ==22.52x + 11841 .
0 ; . O, -
0 2 4 6 8

log D [min]

Fig. 5. D—t thermodestruction curve for patulin decrease in ap-
ple concentrate (model solution A) and sulphited apple solu-
tion (model solution B), X point according to MUTTI and
QUINTAVALLA (1989)
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apple concentrate. The marked point X in Fig. 5 was cal-
culated according to the results of MUTTI and QUINTAVAL-
LA (1989). It is evident that the stability of patulin in their
experiments was higher. It could be explained by a high
variability of apple concentrates composition, may be by
different content of thiols. Considering this high variability
of apple concentrates composition, the data are in a rela-
tively good agreement.

Storage Experiments

In addition to model storage experiments, the course
of patulin degradation within the storage of apple con-
centrate in stainless steel tank (24 m®) placed out of the
plant building under the effect of climatic conditions for
7 months of storage was followed in the season 1995/96.

During the storage of concentrate before processing the
patulin content decreases. The course of patulin content
degradation depends on the composition of apple con-
centrate, but a rough estimation can be done based on
results given in Fig. 6.

160 -
140 -
120 j
100 -
80 y = 1E +249¢ 00162
60

40
20 -

Patulin content [mg/kg]

0 — -

Nov-1995 Dec-1995 Feb-1996 Mar-1996 May-1996

Storage time

Fig. 6. The course of patulin degradation within the storage of
apple concentrate in stainless steel tank (24 m®) in the season
1995/96
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Fig. 7. The effect of time of pressure treatment (500 MPa, 20 °C)
on the rate of patulin decrease, for the legend see Material and
Methods
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Effect of High Pressure Treatment on Patulin Content

Degradation reactions can be affected also by high hy-
drostatic pressure. The beverage production is a technol-
ogy in which the future use of this modern technology is
expected. In addition to the heat trecatment, the effect of
high pressure treatment on the rate of patulin degrada-
tion was followed.

The rate of patulin degradation in apple concentrate
with and without addition of sodium bisulphite (model
solutions A and B) under 500 MPa and at 20 °C is given
in Fig. 7. It is obvious that high pressure accelerates the
degradation, which was faster in the case of sulphited
sample. As usual pasteurisation has almost a negligible
effect on patulin content in fruit products, any pressure
treatment seems to be a useful procedure to reach higher
reduction of patulin content.

The course of patulin degradation is pressure depen-
dent (Fig. 8). Higher pressure causes higher decrease of
patulin content. In spite of a limited number of data, we
constructed D-p degradation curve at 20 °C (Fig. 9)

= 100
§ 80
§
= 60
ﬁé 40
3 20 —0—A -8 X
X . ——C —>—D
0 200 400 600 800
Pressure [MPa]

Fig. 8. The effect of pressure on patulin content reduction at
20 °C (60 min), for the legend see Material and Methods
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Fig. 9. D—p degradation curve for patulin in apple concentrate
(model solution A) and sulphited apple concentrate (model
solution B) at 20 °C, point X is model solution A at 50 °C, for
the legend see Material and Methods
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(p =-2311.8 log D + 5896.8 for model solution A and
p =-1634.6 log D + 3998.7 for model solution B). One
point of D—p curve at 50 °C is rather below the D—p curve
at 20 °C in Fig. 9. It reflects the more pronounced effect
of temperature on log D in comparison with the effect of
pressure. At higher temperatures (at about 50 °C), the
reduction of patulin level will be remarkable for a short
treatment time used.

In addition to the composition of juice or concentrate
(content of thiols, ascorbic acid, sulphites, etc.), the course
of patulin degradation within the high pressure treatment
is also affected by osmotic pressure. The dependence of
relative patulin content reduction on refractive index of
the material is given in Fig. 10. We observed a similar
protection effect of osmotic pressure as the degradation
of patulin in the concentrate was lower than that in juice.
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Fig. 10. Dependence of relative patulin content reduction on
refractive index of apple concentrate — juice (500 MPa, 60 min,
20 °C), for the legend see Material and Methods

In practice, juice is usually treated before aseptic filling,
therefore the reduction of patulin content can be more
significant.

Conclusions

Both heat treatment and high pressure treatment accel-
erate the degradation reactions of patulin in apple con-
centrates and juices. The effect of high pressure treatment
is lower comparing with heating because the differences
in the activation volumes of reaction products seem not
to be very important. The patulin content reduction is
dependent on the used conditions (increase of pressure,
temperature). The effect is more significant at lower os-
motic pressure.

The regular checking of processed apples, i.e., an im-
plementation of patulin content to the followed qualita-
tive parameters of apple concentrate, is necessary.
Generally the concentrate of worse quality must not be
processed, but in the case of very low patulin content in
concentrate it is possible to reduce its concentrations by
subsequent processing.
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Souhrn

BRUNA D., VOLDRICH M., MAREK M., KAMARAD J. (1999): Vliv podminek zpracovéni a skladovani na obsah patulinu
v jableéném koncentritu. Czech J. Food Sci., 17: 127-132.

Béhem velkoobjemového zpracovani jablek je téméf nemoZné vyloudit zpracovani mikrobidlné napadenych plodi a jableény
koncentrat obsahuje riiznd mnozstvi mykotoxinu patulinu. Pro analyzu rizik béhem zavadéni systému HACCP je dilezité
pfedpovédét zmény obsahu patulinu béhem skladovani a zpracovani takového koncentratu. Sledovan byl vliv skladovani za
riznych teplot (4 , 20, 50 a 90 °C) a rizn& vysokého hydrostatického tlaku (300, 500 a 800 MPa) na obsah patulinu ve vzorcich
jableéného koncentratu, zasiteného jableéného koncentratu (100 ppm pyrosifi¢itanu sodného), destilované vody a zasifené
destilované vody (100 ppm pyrosifi¢itanu sodného). Ve viech vzorcich byl obsah patulinu 155 mg/kg. Z vysledki byly sestrojeny
D~t termodestrukéni a D—p barodestrukéni &ary pro jabledny koncentrat, resp. zasifeny jable¢ny koncentrat: ¢ = 24,95 log D +
+ 146,61, resp. t = -22,52 log D +118,41. Barodestrukéni &ary byly pro jableény koncentrat p =-2311 log D + 5897, resp.
p=-1634 log D + 3999 pro zasifeny jable&ny koncentrat.

Kli¥ova slova: patulin; degradace patulinu; jable¢ny koncentrat; vysokotlaké zpracovani; tepelné oSetfeni; vliv skladovani
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Antioxidant Activity and Synergism of 2,6-Dimethyl-3,5-diethoxy-
carbonyl-1,4-dihydropyridine (Diludin) with BHT and BHA*

GUNARS TIRZITIS and ILONA KIRULE

Latvian Institute of Organic Synthesis, Riga, Latvia

Abstract

TIRZITIS G., KIRULE L. (1999): Antioxidant activity and synergism of 2,6-dimethyl-3,5-diethoxycarbonyl-1,4-dihydropyridine
(Diludin) with BHT and BHA. Czech J. Food Sci., 17: 133-135.

Diludin (2,6-dimethyl-3,5-diethoxycarbonyl-1,4-dihydropyridine) possesses a good synergistic activity as an antioxidant with
tert. dibutylhydroxytoluene (BHT) in methyl oleate, in sunflower oil and in hydrogenated oil, but no such a synergistic activity
was observed in the mixture with rert. butylhydroxyanisole (BHA).

Key words: antioxidants; Diludin; lipids; synergism

Synergistic mixtures of antioxidants are more prefera-
ble for food stabilization than individual antioxidants.
BHT (tert. butylhydroxytoluene) is widely used as an an-
tioxidant for fats and oils, but in the last years, experi-
mental data have been accumulated demonstrating the
possible carcinogenicity of BHT (KAHL & KAPPUS 1993;
MALKINSON et al. 1997). The DNA damaging effect of
BHT metabolites was observed (OIKAWA et al. 1998),
and the toxicity of these metabolites on liver and lungs
(GUYTON et al. 1993). These data underlay the require-
ment to diminish the BHT concentration for food stabili-
zation against oxidative rancidity.

According to our previous investigations, it is known
that Diludin (the trade name of 2,6-dimethyl-3,5-dietho-
xycarbonyl-1,4-dihydropyridine, Formula I) shows a good

H_H
H,c,oocfé[cooczn5
[

S N7 ek,

Formula I

antioxidant activity in model systems (TIRZITIS et al.
1988) as well as in edible oils (KOURIMSKA et al. 1993).
Diludin shows a synergistic action with a-tocopherol
(TIRZITIS et al. 1983) as well as with other natural anti-
oxidants (KOURIMSKA et al. 1993).

The main advantage of Diludin for food stabilization
is its practically complete harmlessness. Investigations

into Diludin toxicity showed that this compound was non-
toxic for long-term administration to experimental ani-
mals (GILLER et al. 1973). Diludin does not possess any
embryotoxic or mutagenic action. Besides it shows an
antimutagenic activity on aflatoxin B, mutagenicity (SER-
GEJEV et al. 1986).

MATERIAL AND METHODS

Diludin was synthetized according to modified Hantzsch
procedure (GILLER et al. 1973), BHT and BHA were pro-
duced by Fluka, Germany. Methyl oleate (Reakhim, Mos-
cow, Russia), refined sunflower oil and hydrogenated oil
(cooking fat), both commercial products, initially con-
tained lower peroxide values than 5 mmol/kg.

Methyl oleate was autoxidized as previously (TIRZITIS
et al. 1993) in test tubes provided with air input at the
bottom, containing 5 ml of sample; antioxidants or their
mixtures were added, dissolved in 1 ml ethanol; the mix-
ture was autoxidized at 60 °C with air flow of 10-12 I/h.

Sunflower oil or cooking fat containing antioxidants or
their mixtures (added dissolved in 1 ml ethanol) were
placed in Petri dishes (25 g, 2.8 cm%g), and put in a dark
place for autoxidation at room temperature (20 °C £2 °C).

The concentration of Diludin in ethanol solution was
1.5 x 10 mol/l, the concentrations of BHT or BHA were
7.5 x 1075 mol/l. In control assays, 1 ml of pure ethanol
was added to the sample. From time to time, 0.15-0.25 g
+ 0.2 mg were weighed for the peroxide value determi-
nation, using the standard iodometric method.

*This investigation was supported by INCO-COPERNICUS grant No. ICI 15CT 96/1006.
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Table 1. Antioxidant action of Diludin with BHT and BHA

Substrate and temperature Antioxidant added Induction period t* [h] Synergism**

Methyl oleate, 60 °C Control 15 -
Diludin 1.5 -
BHT 57.0 -
BHT + Diludin 77.0 20
BHA 38.0 -
BHA + Diludin 38.0 0

Sunflower oil, 20 °C Control 265.0 -
Diludin 325.0 -
BHT 380.0 -
BHT + Diludin 470.0 30

Cooking fat, 20 °C Control 1920.0 -
Diludin 2352.0 -
BHT 2 256.0 -
BHT + Diludin 3 600.0 912

* Time to reach the peroxide value of 6.5 mmol/kg

** Effect of syncrgism: T, = (Tp; gyt or BHA ~ Teome) ~ [(Tpit~ Teom) * (TaitT or A ~ Teonte)]

RESULTS AND DISCUSSION Réferences

Methyl oleate was used as a model system for investi-
gation of the antioxidant activities of mixtures of widely
used synthetic antioxidants BHT and BHA with Diludin.
Edible lipid products — refined sunflower oil and cook-
ing fat — were autoxidized during storage at room tem-
perature.

The results presented in Table 1 show that Diludin pos-
sesses a good synergistic activity with BHT in methyl
oleate as well as in lipid products. The highest synergis-
tic activity was found for the molar ratio of Diludin : BHT
equal to 2 : 1 (the results shown in Table 1), which was
found as the optimum for synergism in mixtures with
a-tocopherol (TIRZITIS et al. 1986). Better synergistic
activity was observed in cooking fat. Unexpectedly, no
synergistic action was observed for the mixture of Dilu-
din with BHA.

Conclusion

The results obtained in our experiments reveal that a
BHT-Diludin synergistic mixture could be favourable for
food stabilization, due to a possibility to decrease the
amount of BHT added to food products. The potential
negative effect of BHT and its metabolites could thus be
diminished.
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Texture Profile Analysis Applied to Cooked Potato*
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Abstract

BLAHOVEC J., ESMIR A. A. 8., VACEK 1. (1999): Texture profile analysis applied to cooked potato. Czech J. Food Sci., 17:
136-142.

Potato specimens were cooked in vacuumised plastic bags at 95 °C for cooking intervals of 20-40 min. The texture of the
specimens was tested using TPA. Each specimen of potato was subjected to two bites. Test parameters were modified into the
dimensionless and/or relative forms independent of the specimen dimension. The obtained values are comparable with previous
results of the other authors when expressed in modified form. Modulus of elasticity was also measured as an additional param-
eter. The springiness was found as a measure of potato consistency. It was found that at the same conditions the potato consist-
ency can also be expressed by modulus of elasticity. The hardness and the fracturability decreased similarly like the modulus of
elasticity, but they are difficult to serve as measures of potato consistency. Similar conclusions were also made for the parameters
based on the hardness and fracturability. The above mentioned TPA-parameters (Ha, Fr, Gu, Che) were inspected in form of ratio

to the modulus of elasticity. This ratio decreases with increasing cooking times.

Key words: texture; TPA; potato; cooking; Young’s moduls

The texture of potato has been the subject of interest
for all this century. The cooked potato texture was classi-
fied by SALAMON (1926) into four types: floury, close,
waxy and soapy. “Floury” is usually referred to as “mealy”
in the literature. Now, five different properties are used
for determination of cooked potato texture (LUGT 1959).
These are consistency, disintegration, humidity, mealiness
and structure. It is generally agreed upon that the consis-
tency and mealiness are the most important quality ele-
ments of cooked potatoes.

The texture parameters are usually evaluated using a
sensory panel (ANONYMOUS 1977). Several attempts have
been made to develop objective methods for measuring
the potato texture; these attempts have usually found in-
spirations in materials science and engineering. The first
attempts were done in the fifties (e.g., UNRAU & NY-
LUND 1957), but since then the number of papers dealing
with the objective texture measurement has increased rap-
idly. Some of the papers describe very complex and/or
sophisticated systems of methods for measuring differ-
ent parameters of cooked potatoes (e.g., JARVIS & DUN-
CAN 1992a, b); such systems can be used for total
substitution of the sensory panel methods. Texture Pro-
file Analysis (TPA) — the method developed by BOURNE
(1968) for measurement of some selected texture param-
eters of fruits and vegetables — has been frequently used

as an objective instrumental method for evaluation of food
texture. The TPA was used also for cooked potato tubers
many times as an indicator of texture changes caused by
different modifications in processing (e.g., SCHMIDT &
AHMED 1971; JANOWSKI 1992; MITTAL 1994) or as an
alternative method in cooked potato texture studies (e.g.,
LEUNG et al. 1983). Unfortunately, it is difficult to com-
pare the published TPA parameter, because the test
conditions (deformation rate, specimen dimensions, de-
formation extent, etc.) are not the same.

In this paper TPA parameters of cooked potato tubers
of four varieties were studied extensively in order to quan-
tify differences between the potato varieties.

MATERIAL AND METHODS

Potato (Solanum tuberosum L.) varieties Agria, Javor,
Nicola and Panda were grown at the Potato Research In-
stitute in Havli¢kiv Brod (Experimental Station Valecov).
Agria and Nicola belong to varieties with a lower starch
content (about 16-17%). Panda and Javor are varieties
with a higher starch content (19-21%). The tubers were
harvested in full maturity at the beginning of October
1998. They were healed three weeks after harvest at 20 °C
and 95% relative humidity. Only perfect tubers 55-80 mm
in diameter were used for experiments. These tubers were

*The paper was supported by Grant 525/96/1398 of the Grant Agency of the Czech Republic.
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stored in boxes at 6 °C and 95% humidity until test. They
were removed from the box 24 hours before test. Special
laboratory cutter and cork borer were used for cutting off
the cylindrical specimens 25 mm in diameter and 10 mm
in height from central parts of the tested tubers. The spec-
imen axis was approximately parallel to tuber axis. The
specimens were vacuum packed in plastic bags (Fatra-
nex, Fatra, a. s., Czech Republic) and some of them were
cooked in the water bath at the temperature 95 + 0.2 °C
for desired time. Then the specimens were removed and
cooled rapidly in another water bath at the temperature
25%£0,5°C.

The samples were tested approximately 2 hours after
cooking. The Instron universal testing machine (model
4464 ) was used to perform the texture profile analysis in
a manner similar to that described by BOURNE (1978).
The specimen was placed on a stationary horizontal plate
and loaded and unloaded by moving a flat plate. The flat
plate was attached to the 2 kN load cell connected with
the crossbar of the machine moving repeatedly down and
up with the speed 0.167 mm/s in such as manner that
maximum deformation was 7.5 mm. This deformation
represents 75% of the original height of the sample.

Table 1. TPA-parameters to be used (see Fig. 1)

Scheme of the obtained deformation curve is plotted in
Fig. 1. Both plates coming into contact with tested spec-
imens were cleaned by ethanol before every test. It will
be evaluated in a similar way like it was proposed by
BOURNE (1978), but some additions and modifications
were performed as given in Table 1.

The experiments were arranged at two dates. The first
was at the end of November 1998. TPA tests were per-
formed for raw and cooked (20, 25 and 30 min.) potatoes
for all varieties. The second test was made at the begin-
ning of February 1999; only two varieties (Nicola and
Panda) were tested for fresh tubers and specimens cooked
20, 25, 30, 35 and 40 min. Every test was replicated 20
times and basic statistical parameters were determined.

RESULTS AND DISCUSSION

Table 2 contains TPA-values obtained in November
1998 and February 1999. This table shows how the test
parameters were changed during cooking. The obtained
results were comparable to the results of the other au-
thors when the parameters were recalculated under our
modified definitions given in Table 1. Table 3 contains

Original definition (BOURNE 1978)

Modifiied definition

TPA-parameter  method of determination unit method of determination unit
Elasticity - - Slope of the first linear part of the down- MPa
modulus (E) stroke of the first bite, divided by deformation
speed and cross section and multiplied by
height of specimen
Hardness maximum force during first bite N maximum stress during first bite MPa
(Ha) (hardness 1 in Fig. 1) (hardness 1 in Fig. 1 divided by specimen
cross-section)
Fracturability force at the first major drop N strength at the first major drop in force MPa
(Fr) in force curve (original value divided curve by specimen
cross-section)
Cohesiveness the ratio of area 2 to area 1 (see Fig. 1); - the same (not modified) -
(Co) area 2 — work done during downstroke
in the second bite, area 1 — the same
in the first stroke
Springiness active deformation length in second bite  mm active deformation length in second -
(Spr) bite divided by the specimen height
Gumminess (Gu) Hax Co N Ha x Co MPa
Chewiness (Ch)  Gu x Spr=Ha x Co x Spr N.mm  Gu x Spr=Ha x Co x Spr MPa
Stringiness distance specimen extends in the first mm ratio of the same distance =
(Str) bite upstroke before it breaks away to initial specimen height
from the compression plate
Adhesiveness work done for overcoming the adhesion =~ N.mm  ratio of the same quantity and Jm?
(Adh) forces in the first bite (area 3 in Fig.1 specimen cross-section
multiplied by deformation speed)
Adhesive Force  maximum negative force N maximum negative force in upstroke kPa

modified upstroke of the first bite
Adbhesive Strength
Ads

of the first bite divided by specimen
cross section area
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First bite Second bite Fig. 1. Scheme of the TPA test. The measured

d X X d X d X force is plotted against the test time. The TPA
test is divided into two bites. These forces are

determined fracturability, hardness (hardness1)

Hardness 1 and adhesive force (maximum negative force

‘ in upstroke of the first bite), deformations:
stringiness and springiness (multiplication by

Hardness 2 deformation speed necessary to be added) and
energies as measures of deformation works

l (areas 1 and 2, and area 3 corresponding to
Area2 stringiness, that necessary to be multiplied by

deformation speed, too)
Stringiness J f
by | A | ;

0 i T T
a Area3 1000, 2000
Adhesive strength Time [s] Springincs

Fracturability

LT S -~ R -]

S

Force [N]

w

Table 2. Mean values of TPA-parameters determined in November 1998 and February 1999

Variety ~ Time E* Ha* Fr*  Co* Str* Spr* Adh*  Ads* Gu* Che*
[min] [MPa] [MPa] [MPa] [I.m™]  [kPa] [MPa] [MPa)

November 1998

Agria 0 4520 2,640 1.990 0.0505 0.0924 0.1470 1.13 0.13500  0.020100
25 0.396  0.109 0.0849 0.0861 0.0986 00972  5.28 5.62 0.00931  0.000911
20 0.409  0.104 0.0823 0.0710 0.0760 0.0812  6.03 6.87 0.00745  0.000606
30 0.476  0.132 0.1040 0.0869 0.1010 0.0999  4.90 5.24 0.01130  0.001130

Javor 0 4,640  2.890 2.1900 0.0598 0.1020 0.41 0.17500  0.027100
20 0.485  0.096 0.0778 0.0628 0.0874 0.0843  4.92 5.69 0.00609  0.000514
25 0326  0.081 0.0657 0.0719 0.1130 0.0907 525 6.24 0.00579  0.000526
30 0.466  0.125 0.0961 0.0647 0.0816 0.0758  5.43 6.99 0.00792  0.000607

Nicola 0 4550 2910 22500 0.0537 0.0970 0.1490 0.67 0.16100  0.024000
20 0.704  0.123 0.0963 0.0563 0.0716 00774  5.39 6.44 0.00694  0.000536
25 0.650  0.122 0.0939 0.0667 0.0833 0.0861 529 5.75 0.00810  0.000694
30 0.530  0.125 0.0949 0.0749 0.0757 0.0836  5.74 6.14 0.00958  0.000823

Panda 0 4420  3.140 24000 0.0766 0.1190 0.1690 0.44 0.24300  0.040500
20 1.090  0.128 0.1050 0.0526 0.0957 0.0925  3.40 3.87 0.00674  0.000628
25 0314  0.103 0.0817 0.0757 0.0697 0.0774  3.73 4.84 0.00770  0.000595
30 0.402  0.133  0.1050 0.0694 0.0772 0.0789  3.84 5.07 0.00937  0.000751

February 1999

Nicola 0 5050  3.230 2.450 0.0530 0.0917 0.1360 0 0.17400  0.023600
20 0.841  0.167 0.132 0.0525 0.1850 0.1070  3.14 5.01 0.00874  0.000924
25 0.576  0.164 0.129 0.0629 0.1040 0.1180  2.34 5.28 0.01040  0.001190
30 0512  0.159 0.125 0.0622 02270 0.0917  4.82 8.92 0.01000  0.000932
35 0.507  0.189 0.146 0.0726 0.1090 0.1240  2.78 6.26 0.01360  0.001600
40 0.616  0.172 0.138 0.0596 0.1460 0.0907  3.26 6.86 0.01020  0.000920

Panda 0 4870  4.080 3.070 0.0671 0.0951 0.1470 0.32 0.27400  0.040600
20 0492  0.193 0.158 0.0584 02200 0.0743  5.09  10.10 0.01110  0.000809
25 0.388  0.201 0.162 0.0720 02760 0.0764  5.99  10.90 0.01370  0.001038
30 0.401  0.179 0.146 0.0628 0.1490 0.0681 539 9.4l 0.01300  0.000757
35 0.426  0.166 0.133 0.0767 0.1460 0.0910  3.93 4.92 0.01250  0.001154

40 0.438 0.183 0.148 0.071  0.1210 0.0741 5.39 9.29 0.01270  0.000921

*For explanation sce Table 1
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Fig. 2a. Modulus of elasticity of potato tuber plotted against
the cooking time in semi-logarithmic scale. The modulus of
elasticity at zero cooking time corresponds to the modulus of
elasticity of raw potato tissue

our TPA-values and the recalculated data of the other au-
thors; all obtained for cooked potatoes processed and test-
ed in similar conditions. The degree of agreement of our
data and the data of the other authors is evident; the best
one is for cohesiveness. The agreement is generally worse
for the other parameters but our results represent rather
medium levels among the other corresponding values with
higher variation.

Five of the obtained parameters: modulus of elasticity,
hardness, fracturability, gumminess and chewiness de-
creased very steeply in a similar way even at a very short
time of cooking. The modulus of elasticity is plotted
against cooking time in Fig. 2a, b. These figures show
that both test dates gave approximately the same results
that are really different for the varieties Nicola and Pan-
da. Fig. 2b indicates that variety Nicola is cooked more
slowly than variety Panda. This is in agreement with the

Fig. 2b. The data from Fig. 2a plotted in linear scales. The data
for the raw potato tissue were excluded

results of previous sensory tests presented by VACEK
(1997). This trend is clear even if the modulus of elastic-
ity and other TPA parameters were accompanied by higher
dispersion of the measured values (Table 4). The r-test
confirmed differences in the modulus of elasticity between
Panda and Nicola at cooking times: 20, 25 and 40 min. It
seems that the modulus of elasticity can serve as a good
indicator of the consistency of cooked potato tubers. The
obtained values of the modulus of elasticity are in a very
good agreement with the values obtained for potato in
pure compression in previous papers for raw (e.g., BLA-
HOVEC et al.1985) and cooked tubers (e.g., BLAHOVEC
et al. 1987) and with the data of the other authors (e.g.,
LEUNG et al. 1983).

The above mentioned similarity between the modulus
elasticity and the original TPA-parameters — hardness,
fracturability, gumminess and chewiness — is only partial

Table 3. TPA-parameters of cooked potatoes. Our results (Agria | — Panda 2) represent mean values of the data obtained for 20,
25, and 30 min. cooking. MITTAL (1994) — not well defined heating to 90 °C, JANKOWSKI (1992) — 30 min. cooking at 100 °C,
SCHMIDT & AHMED (1971) — 23 min. cooking at 121 °C — mean value of 4 values, LEUNG et al. (1983) — variable cooking times
at 100 °C — mean value of 5 values, TRUONG et al. (1997) — sweet potato with variable cooking times at 100 °C ~ mean value of

10 values
Hardness  Springiness ~ Gumminess Chewiness  Cohesiveness Fracturability Adhesiveness

[MPa) [MPa] [MPa] [MPa] pm?
Agria | 0.115 0.0928 0.0094 0.00088 0.0813 0.0904 5.40
Javor 1 0.101 0.0836 0.0066 0.00055 0.0665 0.0799 5.20
Nicola 1 0.123 0.0824 0.0082 0.00068 0.0660 0.0950 5.47
Nicola 2 0.163 0.1056 0.0097 0.00102 0.0592 0.1287 343
Panda 1 0.121 0.0829 0.0079 0.00066 0.0659 0.0972 3.66
Panda2 0.191 0.0729 0.0126 0.00087 0.0644 0.1553 5.49
MITTAL 0.029 0.2085 0.0029 0.00060 - - -
JANKOWSKI 0.089 - 0.0050 - 0.0560 0.0557 1.24
SCHMIDT 0.176 0.2116 0.0162 0.00342 0.0915 0.1064 -
LEUNG 0.199 0.0708 0.0160 0.00116 0.0744 0.1776 0.23
TRUONG 0.047 0.1370 0.0029 0.00044 0.0570 0.0004 3.33
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Fig. 3. Fracturability of potato tuber plotted against the time of
cooking in semi-logarithmic scale. The fracturability at zero
cooking time corresponds to fracturability of raw potato tissue

and some very important differences between them were
observed. These TPA-parameters really decreased with
increasing cooking time very similarly like the modulus
of elasticity, but their values were always higher for Pan-
da than for Nicola, so that no of them can serve as a
measure of the consistency. Moreover they seem to be
more sensitive to storage time prior to testing because
the February values were higher than the corresponding
November values (Tables 2). These observations are il-
lustrated in Fig. 3 where fracturability is plotted against
the cooking time.

The properties of hardness, fracturability, gumminess
and chewiness can also be expressed by ratios of these
parameters to the modulus of elasticity. The ratio of hard-
ness to modulus of elasticity was plotted against the cook-
ing time in Fig. 4. In the first part of cooking it decreases
with increasing time of cooking and was always higher
for variety Panda than for variety Nicola. For cooking
times higher than 20 min. this ratio increased, especially

Fig. 4. Ratio of hardness to modulus of elasticity plotted against
the time of cooking. The zero cooking time represents raw
state of potato tubers

for variety Nicola. No important difference between both
varieties was observed for about 35 min. cooking. The
ratio value seems to depend also on storage time. The
observed differences between both tested varieties — the
waxy salad variety Nicola with its low starch content and
the mealy variety Panda with its high starch content —
seem to indicate that this ratio (or ratios) can be used as
an indicator (indicators) of potato mealiness. LEUNG et
al. (1983) reported about a low level of correlation be-
tween the cooked potato mealiness and the TPA parame-
ters; only the product of adhesiveness and cohesiveness
gave significant values of correlation coefficient. Fig. 5
shows relations between the potential indicators of pota-
to mealiness: the ratio of fracturability and modulus of
elasticity and Leung’s parameter Adh x Co as were eval-
uated from the February tests. Both parameters are lower
for Nicola than for Panda and the corresponding values
of both parameters are very close to each other, i.e., they
are located near the first quadrant axis of Fig. 5.

Table 4. Anova of the data obtained for the modulus of elasticity and hardness in the February test. Variety (Nicola and Panda),
time of cooking (20, 25, 30, 35 and 40 min.) *(a = 0.05), ***(a = 0.005), d.f. — degrees of freedom, MS — mean squares,
n.s. — number of non-significant pairs (ot = 0.05), n,— number of significant pairs, LSD — least significant difference,
MSD - mean significant difference (HINKELMANN & KEMPTHORNE 1994)

Source of variation d.f. MS F- value n.s. Ro0s LSD MSD
Modulus of elasticity Grand mean 0.532 MPa

Variety (V) 1 0.00682 §2.87%%* 2 3 0.2070 0.3030
Time of cooking (T) 4 0.05613 5.60%*" 13 7 0.1437 0.2440
VxT 4 0.05097 9.22%**

Error 171 0.03376

Hardness Grand mean 0.179 MPa

Variety (V) 1 0.00208 6.38* 3 2 0.0340 0.0407
Time of cooking (T) 4 0.00394 1.88 16 4 0.0288 0.0357
VxT 4 0.00207 2.71°

Error 171 0.00191
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The cohesiveness was observed not to be very sensi-
tive to potato cooking (SCHMIDT & AHMED 1971); a small
increase of the cohesiveness was observed with increas-
ing cooking time, but these changes were very small (Ta-
ble 2) and they were well masked by statistical variability.

Springiness decreased about 40% in the time of cook-
ing, which is in agreement with MITTAL (1994), SCHMIDT
and AHMED (1971). Fig. 6 shows the extent of decrease,
it is more expressive for both varieties tested in Febru-
ary. The decrease is quicker and steeper for Panda than
for Nicola, but differences between these varieties were
smaller at longer cooking times. The observed behavior
is very similar to the above mentioned changes in the
modulus of elasticity during cooking, even if the total
observed changes in springiness (appr. 40%) are not so
high as the observed changes in the modulus of elasticity
(90%). It seems that also springiness could be used as a
measure of potato consistency.

The adhesion appearing in upstroke of the fist bite rep-
resents a very important part of TPA parameter. The string-
iness determines the relative part of the stroke distance
that is accompanied by adhesion. Stringiness increased
with increasing cooking time in February tests up to the
values twice higher than those observed for fresh pota-
toes. After reaching maximum value the stringiness de-
creased to 0.1, which is approximately the same for both
varieties. But no similar behavior was observed in No-

vember tests where the same value ~0.1 was measured
for all the tested varieties. It is very difficult to find some
rules in the adhesiveness; obtained values oscillate in de-
pendence on cooking time and results obtained in No-
vember and February are rather controversial. The most
useful adhesive parameter seems to be adhesive strength
(Fig. 6). For February tests the adhesive strength increased
with cooking time (more rapidly for Panda than for Nicola)
and then decreased when the specimen was overcooked.
This behavior also indicates some correlation’s between
the potato consistency and adhesive strength. The higher
modulus of elasticity (consistency), the lower the adhe-
sive strength. But this relation needs to be cleared by fur-
ther investigations.

Conclusions

TPA parameters gave a lot of information on the tex-
ture of cooked tubers. The TPA test was improved by
modified definitions of the test parameters. The modi-
fied parameters were expressed either in dimensionless
or physically well defined forms.

The consistency can be expressed by springiness and/
or by modulus of elasticity. Also the adhesive strength
would be very useful for some studies of potato tuber con-
sistency. It seems that the mealiness can be expressed as a
ratio of a parameter derived from hardness (gumminess
and chewiness) or fracturability and modulus of elasticity.
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Fig. 6. Springiness of potato tuber plotted against the
cooking time. The springiness at zero cooking time
corresponds to springiness of raw potato tissue
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Vilcové vzorky vytiznuté ze stfedii bramborovych hliz byly vafeny ve vakuovanych zatavenych saccich ze specialni folie pfi
95 °C. Doba vareni se pohybovala v rozmezi 2040 minut. Textura vzorki byla uréovana objektivn& s pouZitim metody TPA.
Kazdy vzorek byl opakované (dvakrat) stla¢en mezi dvéma deskami. Parametry testu byly proti piivodni metodice modifikovany
do bezdimenziondlniho tvaru nebo do takového relativniho tvaru, ktery viibec nebo jen slabé zavisi na rozméru vzorku a dalsich
parametrech testu. DosaZené vysledky jsou srovnatelné s vysledky ostatnich autori pokud se upravi do modifikovaného tvaru.
Jako dopliikovy parametr byl stanovovan modul pruznosti. Ukazalo se, Ze parametr springiness se da vyuzit jako méfitko konzistence
vafenych hliz a podobny zavér plati také pro modul pruznosti. Parametry fracturability a zejména hardness klesaji obdobné jako
modul pruZnosti v priibéhu vafeni, ale téZko mohou slouZit jako méfitka konzistence vafenych hliz. Podobné zavéry se tykaji
také parametrii z nich odvozenych. N&které parametry TPA (hardness, fracturability, gumminess a chewiness) byly vy3etfovany
také ve formé poméru k modulu pruZnosti. Pro kratké €asy vafeni tento pomér klesal s rostouci dobou vafeni.

Kli¢ovi slova: textura; metoda TPA; brambory; vafeni; modul pruZnosti
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Tvorba CO, u bakterii rodu Leuconostoc stanovena pomoci
nepfimé vodivostni metody*

VLADIMIR DRAB, Ev4 KVASNICKOVA, VLADIMIR CERNY

Milcom Ltd., Dairy Research Institute, Tabor, Czech Republic

Abstract

DRAB V., KVASNICKOVA E., CERNY V. (1999): Use of indirect conductometry for measuring CO, production by Leuconostoc.
Czech J. Food Sci., 17: 143-148.

The CO, production was tested during fermentation of milk and the defined medium by 14 strains of Leuconostoc sp. by the
indirect conductimetry. After optimization of the sample preparation and the working procedure this method was suitable for this
purpose and complied with the requirement for the repeatability of analysis (coefficient of variation CV = 1.4-4,0%). The
differences in citrate utilization were related above all te the strains but less to the species or subspecies studied. All present
citrate was used by 8 out of 12 strains during growth at 30 °C in milk and by 9 out of 14 strains in defined medium with 60 mmol
per litre of glucose and 10 mmol per litre of citrate.

Key words: Leuconostoc; CO, analysis; indirect conductometry; RABIT

Souhrn

DRAB V., KVASNICKOVA E., CERNY V. (1999): Tvorba CO, u bakterii rodu Leuconostoc stanovené pomoci nepfimé vodivostni
metody. Czech J. Food Sci., 17: 143-148.

Tvorba CO, béhem fermentace mléka a Zivného bujonu definovaného sloZeni byla sledovéna prostfednictvim nepfimé vodivostni
metody u 14 kmenti Leuconostoc sp. Po optimalizaci ptipravy vzorku a pracovniho postupu byla tato metoda vhodna pro tento
ucel a spliiovala poZzadavky na opakovatelnost analyzy (variaéni koeficient CV = 1,4-4,0% ). Rozdily ve schopnosti vyuZivani
citratu byly zavislé pfedevsim na kmeni a méné na studovaném druhu ¢i poddruhu. Veskery dostupny citrat bylo schopno vyuZit
8 kment z 12 béhem ristu pfi 30 °C v mléce a 9 kmenti ze 14 v definovaném médiu obsahujicim 60 mmoli glukosy a 10 mmol

citrdtu na jeden litr média.

Klftova slova: Leuconostoc; analyza CO,; nepfimé vodivostni metoda; RABIT

Tvorba ok je Zzadouci u mnoha typl syra a za jejich
vznik jsou zodpovédné mikroorganismy tvofici plyn ze
substrati piitomnych v syrech. PoZadavky na velikost
a pocet ok se u jednotlivych typt syri pomérné znaéné
1i8i. U Goudy je pozadovéana pfitomnost nékolika hlad-
kych ocek, zatimco nepravidelné oka nebo pfilis otevie-
na struktura jsou nezadouci. Ementél a podobné typy
vysokodohfivanych syrt jsou charakterizovany pfitom-
nosti vét§iho mnozZstvi pravidelnych ok o priiméru 10 aZ
20 mm. Mikrofléra zodpovédné za tvorbu CO, a substré-
ty, ze kterych je tento plyn tvofen, se také u téchto typt
syra znaéné li§i. Zatimco u syrt holandského typu je za
tvorbu ok zodpovédné predevsim vyuzivani citratu citrat
fermentujicimi laktokoky a leukonostoky, u syri §vycar-
ského typu se jedna pfedevSim o vyuZivéni laktétu bakte-

riemi propionového kvaseni (MARTLEY, CROW 1996).
V syrech se ale také vyskytuji dal§i mozné substraty, kte-
ré za vhodnych okolnosti a pfi dostateéné koncentraci
mohou slouZit jako zdroj CO,. Za nejvyznamnéjsi Ize po-
kladat zbytkové sacharidy, citrat, volné aminokyseliny
a modéovinu. Pokud jsou v pozdéjSich fazich zrani syra
ptitomny mikroorganismy schopné z téchto substratt
produkovat plyn v dostateéném mnozstvi, dojde s vel-
kou pravdépodobnosti ke vzniku trhlin a prasklin misto
pravidelnych ok. To je zapficinéno odli§nymi reologic-
kymi vlastnostmi tésta ovlivnénymi pfedev§im zménou
pH, rozkladem bilkovin a nizkou teplotou pfi skladova-
ni. Ve VUM se jiz fadu let isp&$né pouzivé kapilarni izo-
tachoforéza jako uzite¢nd metoda pro sledovani
metabolickych aktivit riiznych bakterii v syrech a pro kon-

*Financovéno z grantu NAZV MZe CR, projekt &. EP 096/0006038.
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trolu pritbéhu fermentace v Zivnych médiich (ZABKOVA,
HUSEK 1988; DRAB, HOUSKA 1994; CERNY et al. 1997).
Stanoveni mnozstvi CO, vznikajiciho z riznych substré-
ti se ukazuje jako dileZity parametr pfi vybéru vhod-
nych kultur pro vyrobu mléénych vyrobki a pfi zjistovani
mikroorganismi zodpovédnych za tvorbu ok &i prasklin
v syrech, a proto by jednoducha a pfesnd metoda stano-
veni jisté nalezla v mlékdrenském primyslu a vyzkumu
fadu aplikaci. V posledni dobé se v zahraniéni literatufe
objevilo nékolik metod, které tyto naroky spliiuji. Jedna
se o metodu zaloZenou na enzymatické reakci (BELLEN-
GIER et al. 1993) plivodné vyvinutou pro stanoveni CO,
v krevnim séru (FORRESTER et al. 1976), o metodu zalo-
Zenou na chemické reakei CO, se specifickou kalibrova-
nou vrstvou indikatoru (KNEIFEL, BRETTBACHER 1992)
a o metody zaloZené na méfeni zmén vodivosti zplisobe-
nych absorbei CO, v roztoku alkalického hydroxidu
(BOLTON 1990; DEZENCLOS et al. 1993). Tuto techniku
vyuZivajici automatizovany systém pro méfeni impedan-
ce (RABIT, Don Whitley Sc. Ltd., Shipley, England) jsme
vyuZili pro i€ely stanoveni tvorby CO, u fady kmenti vy-
znamnych z hlediska tvorby ok v riznych druzich po-
lotvrdych a tvrdych syri.

Tato publikace popisuje vyuziti pfistroje RABIT pro
stanoveni tvorby CO, pfi testovani vlastnosti komer&né&
dostupnych kment leukonostokil, pochézejicich od fir-
my Texel a ze Sbirky ¢istych kultur Laktoflora Vokovice,
a nékterych nové izolovanych kmen.

MATERIAL A METODY

Chemikalie: Viechny pouZité chemikalie (HCI, NaZCOB,
KOH) byly p.a. kvality (Penta, Praha). Roztok KOH byl
skladovén v uzaviené nadobé pfi teploté 4 °C.

Zivné pidy: Pro sledovéni tvorby CO, v definovaném
médiu byl pouzivan MRSB bujon nésledujiciho sloZeni:
pepton (Imuna) 1 %, Lab lemco (Oxoid) 0,8 %, kvasni¢ny
autolyzat (Imuna) 0,2 %, K,HPO, 0,2 %, Mg8O, x TH,0
0,02 %, MnSO, x 4 H,0 0,005 %, D-glukosa 60 mM/1,
citrat trisodny 10 mM/I pH pred sterilaci 6,50; sterilace
20 min pii 115 °C.

Pro sledovani tvorby CO, v mléce bylo pouzivéno
85KA médium, které bylo pfipraveno ze suSeného od-
sttedéného mléka (Laktino, Promil — PML, a. s., Novy
Bydzov) a kvasni&ného autolyzétu (Imuna, Saridské Mi-
chalany). Mléko bylo rozpusténo v men$im objemu de-
ionizované vody a po tpravé pH na hodnotu 6,60 byla
upravena koncentrace na pozadovanou hodnotu (85 g/1)
a mléko bylo sterilovano 20 min pfi 110 °C. Kvasniény
autolyzat byl pfidavan oddélené ve formé sterilniho 25%
roztoku (110 °C, 20 min) na vyslednou koncentraci 0,5 %.

Manipulace s kulturami: Jednotlivé kmeny byly dlou-
hodobé skladovany v MRSB bujonu obsahujicim 15 %
glycerolu pii —20 °C. Pfed vlastnim testovanim byly pfe-
otkovény do MRSB bujonu a kultivovany pfi 30 °C do
dosazeni optické denzity pfi 650 nm 1,3-1,8. Po dvojné-
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sobném pfeotkovani (inokulum 1%, 30 °C, 20 h) byly jed-
notlivé kmeny pouZity pro vlastni stanoveni tvorby co,.

Stanovent organickych kyselin metodou kapildrni izo-
tachoforézy: Fermentace sacharidi a citratu byla sledo-
véna prostfednictvim kapilamni izotachoforézy. Podminky
analyzy jsou uvedeny v fad& praci VUM (ZABKOVA,
HUSEK 1988; DRAB, HOUSKA 1994; CERNY et al. 1997).

Stanoveni tvorby CO, nepFimou vodivostni metodou
na pFistroji RABIT: Tvorba CO, u sledovanych kment
bakterii byla méfena nepfimou impedanéni technikou na
pfistroji RABIT zaptijéeném firmou TRU-TEST. Koncen-
trace a objem roztoku KOH odpovidaly optimalizovanym
experimentalnim podminkam, které uvedli DEZENCLOS
et al. (1993). Kalibrace byla provedena vytésnénim CO,
z 2 ml roztoku Na,CO, (2,68 mM/1) piebytkem HCI. Za
predpokladu, ze veskery CO, byl absorbovan KOH
(1 mol CO, reagoval s 2 moly KOH) byla primé&mé zmé-
na vodivosti pfi 30 °C odpovidajici 1 pmolu CO,291,8 pS.
To odpovida vysledkam, které uvefejnili DEZENCLOS et
al. (1993), kteii zjistili, Ze tento koeficient byl konstant-
ni pro koncentraci KOH v rozsahu 1 aZ 8 g/l a byl roven
280+ 7 pS/pmol CO, pfi 27 °C.

Podminky analyzy: 5 ml zaockovaného bujonu nebo
mléka (2% inokulum) bylo pipetovéno do sterilnich skle-
nénych zkumavek 12 x 75 mm. Zkumavky byly za ste-
rilnich podminek pfevedeny do sterilnich RABIT cel
obsahujicich 1 ml roztoku KOH (6 g/1) a cely byly v co
nejkratsi dobé uzavieny silikonovymi zatkami. Po hodi-
nové inkubaci cel v inkuba¢nim bloku byly po dobu 48 ho-
din v Sestiminutovych intervalech sledovany zmény
vodivosti roztoku KOH pfi teploté 30 °C. Celkova zmé-
na vodivosti zplisobena vznikajicim oxidem uhli¢itym byla
vypoétena jako rozdil mezi automaticky vypoétenymi ma-
ximalnimi rozdily vodivosti pro testovany a slepy vzorek
a pomoci kalibrace byla pfevedena na pmoly CO,.

VYSLEDKY A DISKUSE

Béhem zapujéeni pfistroje jsme provedli fadu pokusi
zaméfenych na zji§téni presnosti a reprodukovatelnosti
stanoveni CO, touto metodou. Delsi skladovani uzavie-
nych trubic obsahujicich roztok KOH se &asto projevilo
nizsi pocate¢ni hodnotou vodivosti roztoku. Tento jev je
pravdépodobné zplisoben mikroskopickymi netésnostmi,
pfipadné propustnosti RABIT cel (BOLTON 1990). Z to-
hoto diivodu jsou mezi jednotlivymi celami rozdily v po-
&ategnich hodnotach vodivosti (obr. 1 a 2). Zda se, Ze
tyto rozdily nemaji vliv na rychlost absorpce, ale nega-
tivné se projevuji na velikosti vysledné zmény vodivosti.

Stejné zavéry uvedl BOLTON (1990) pfi testovéni ne-
piimé vodivostni metody pro ucely detekce pfitomnosti
nékterych patogennich bakterii. ProtoZze mnozstvi vytvo-
feného CO, je vypoéteno pomoci tohoto idaje, nizka hod-
nota pocate¢ni vodivosti zplisobuje zvySeni chyby méfeni,
coZ je dobfe dokumentovéno na obr. 1 a 2.
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Obr. 1. Paralelni stanoveni zmén vodivosti
roztoku KOH bé&hem fermentace MRSB
bujonu Leuc t oides subsp.
mesenteroides sbirkové &islo 397 (kulti-
vaéni teplota 30 °C, inokulum 2%) — Par-
allel determination of changes in KOH
solution conductivity during fermentation
of MRSB broth of Leuconostoc mesente-
roides subsp. mesenteroides, collection no.
397 (cultivation temperature 30 °C, inocu-
lum 2%, broth)
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Paralelné provadéné méfeni ve ctyfech celach ukazu-
je, ze pii malych rozdilech v pocatecni vodivosti (obr. 1)
je prubéh kiivek velice podobny a hodnota smérodatné
odchylky je nizka (S.D. = 131) pfi primémé hodnoté
8 966 uS. Vyssi rozdily v pocateénich hodnotach vodi-
vosti (obr. 2) se projevily zvy$enim hodnot smérodatné
odchylky (S.D. = 568) pii priméru 8 007 pS. Optimali-
zace pracovniho postupu vedouci ke sniZeni variability
dosazenych vysledkt, minimalizace rizika plynouciho
z netdsnosti pouzitych cel a z toho plynouciho mozného
zkresleni dosazenych vysledki inikem plynu nebo nao-
pak ziskani fale$né vysokych hodnot pfi absorbei CO,
z okolniho prostiedi je nezbytnou podminkou pro ziska-
ni pfesnych a reprodukovatelnych dat. PouzZitim ultrazvu-
ku k odplynéni zivného média po sterilaci, maximalnim
zkracenim doby kontaktu roztoku KOH se vzduchem a pri-
béznym vyfazovanim net&snicich cel se podafilo snizit
variabilitu vysledki (varia¢ni koeficient CV = 1,4- 4,0 %).
Kazdy sledovany kmen byl méfen paralelné ve &tyfech
celach a extrémné se odchylujici vzorky byly vylouceny.
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V ptipadé vétsiho poctu extrémné se odchylujicich vzor-
ki (n>1) byl pokus za stejnych podminek opakovan.

Sledované kmeny leukonostokt se zna¢né lisily tvor-
bou plynu a fermentaci citratu. Vysledky fermentace mléka
a MRSB bujonu pro jednotlivé kmeny jsou uvedeny
v tab. 1. Pfi soucasném vyuzivani glukosy (laktosy) a ci-
tratu vznika D-laktat, acetat, ethanol, COZ, o-acetolak-
tat, diacethyl, acetoin a 2,3-butandiol (STARRENBURG,
HUGENHOLTZ 1991).

K tvorbé etanolu z glukosy dochazi az po vyuziti citra-
tu pfitomného v médiu. Teoreticky z 1 mmolu glukosy
vznikne 1 mmol D-Jaktatu a 1 mmol ethanolu a ze 2 mmoli
citrdtu 2 mmoly acettu + 4 mmoly CO,+ 1 mmol (di-
acethyl, acetoin, 2,3-butandiol) (COGAN 1987). Vysled-
ky dosazené VUM pii kultivaci 14 kment leukonostokt
v MRSB bujonu lze vyjadfit rovnici:

10 mmol/I citratu + 60 mmol/l glukosy —
(15 + 8) mmol/l kyseliny octové + (4 + 2 mmol/l) CO, +
+ (57 = 8 mmol/) kyseliny mlécné

Iconductivity; *time

Obr. 2. Paralelni stanoveni zmén vodivosti
roztoku KOH b&hem fermentace MRSB
bujonu Leuconostoc mesenteroides subsp.
cremoris sbirkové &islo 764 (kultivani
teplota 30 °C, inokulum 2%) — Parallel

determination of changes in KOH solution

conductivity during fermentation of MRSB

broth of Leuconostoc mesenteroides
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subsp. cremoris, collection no. 764 (cul-
tivation temperature 30 °C, inoculum 2%,
broth)
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Tab.1. Tvorba CO, a organickych kyselin [mM/1] béhem fermentace mléka a MRSB bujonu riznymi kmeny z rodu Leuconostoc
— Production of CO, and organic acids [mM/1] during fermentation of milk and MRSB broth by various strains of the genus

Leuconostoc

Ockovaci davka 2%, teplota kultivace 30 °C, doba kultivace 48 hodin — Inoculum 2%, cultivation temperature 30 °C, cultivation

time 48 hours

Sbirkové &islo % ferm
Druh’ (oznaleni)>  Medium® MRAV CITR FOSF MLEC  OCT €O, citritu®
Leuc. mesenteroides subsp. cremoris 32 85KA 0,0 1,5 17,6 72,5 3,6 0,34 1,6
Leuc. mesenteroides subsp. cremoris 59 9,6 0,0 17,6 82,6 23,7 4,87 1000
Leuc. mesenteroides subsp. cremoris 60 0,0 0,0 17,6 75,5 14,6 5,05  100,0
Leuc. mesenteroides subsp. cremoris 114 00 7,0 17,6 81,7 2,1 0,84 83
Leuc. mesenteroides subsp. cremoris 116 0,0 g 5 16,5 71,3 3,6 0,60 1,6
Leuc. mesenteroides subsp. cremoris 540 0,0 28 16,5 82,6 12,2 3,33 63,1
Leuc. mesenteroides subsp. cremoris 611 66 0,0 17,6 81,5 18,7 4,96 100,0
Leuc. mesenteroides subsp. cremoris 764 0,0 0,0 17,0 89,5 153 5,00 100,0
Leuc. mesenteroides subsp. cremoris SE AIP 0,0 0,0 17,0 101,6 19,4 5,11 100,0
Leuc. mesenteroides subsp. mesenteroides LMO057 0,0 0,0 16,4 97,4 17,4 5,46 100,0
Leuc. oides subsp. teroides LMO058 00 0,0 17,0 99,6 18,1 5,53 100,0
Leuc. mesenteroides subsp. mesenteroides 390 0,0 0,0 16,4 97,4 18,1 538 100,0
Leuc. mesenteroides subsp. cremoris 32 MRSB 0,0 103 13,3 484 5,8 1,01 0,9
Leuc. mesenteroides subsp. cremoris 59 0,0 0,0 12,1 68,5 19,4 4,96 100,0
Leuc. mesenteroides subsp. cremoris 60 0,0 3,9 10,6 54,1 13,4 4,71 62,9
Leuc. mesenteroides subsp. cremoris 114 0,0 9,3 11,8 62,2 0,0 0,90 10,2
Leuc. mesenteroides subsp. cremoris 116 0,0 9,7 12,1 61,1 5,0 0,68 7,1
Leuc. mesenteroides subsp. cremoris 540 0,0 8,4 12,0 66,8 58 4,49 19,5
Leuc. mesenteroides subsp. cremoris 611 0,0 0,0 11,5 76,0 15,8 5,02  100,0
Leuc. mesenteroides subsp. cremoris 764 0,0 0,0 11,8 66,8 18,8 442 100,0
Leuc. mesenteroides subsp. cremoris SE AIP 0,0 0,0 9,7 65,7 22,4 4,95 100,0
Leuconostoc sp. 392 0,0 0,0 9,7 54,1 23,1 5,01 100,0
Leuc. teroides subsp. oides LMO057 0,0 0,0 11,8 74,9 20,1 4,79 100,0
Leuc. oides subsp. oides LMO058 0,0 0,0 11,2 71,4 19,5 427 100,0
Leuc. oides subsp. teroides 390 0,0 0,0 11,8 72,6 20,1 4,82  100,0
Leuc. mesenteroides subsp. dextranicum 398 0,0 0,0 9,1 66,2 254 4,76  100,0

85KA = obnovené odsttedéné miéko (85 g/1) + 0,5% kvasni&ny autolyzat (ve formé& 25% roztoku) — reconstituted skim milk (85 g/l) + 0.5% of
yeast autolyzate (in form of 25% solution)

MRSB = bujon definovaného sloZeni — broth of defined composition
MRAV = kysclina mravenéi — formic acid
CITR = kyselina citronové — citric acid
FOSF = fosfét (anion) — phosphate(anion)
MLEC = kysclina mlé&na — lactic acid
OCT = kyselina octova — acctic acid

CO, = obsah CO, stanoveny impedanéni metodou — CO, content determined by impedance method

Ispecies; Zcollection no. (designation); *medium; 4% of fermented citrate

Méfeni obsahu etanolu, acetoinu, diacetylu a 2,3-bu-
tandiolu nebylo pfedmétem této prace. Vyssi obsah kyse-
liny mlééné je zpuisoben fermentaci glukosy (teoreticky
vznikd z 1 mmolu glukosy 1 mmol D-laktitu). Ostatni
dosaZené hodnoty jsou srovnatelné s vysledky, které
uvefejnili BELLENGIER et al. (1993), ktefi pfi sledovani
fermentace citratu a glukosy u 20 riznych kmenti leuco-
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nostoki ziskali vysledky, které jsou vyjadieny nasleduji-
ci rovnici:
10 mmol/l citratu + 2 mmoly/] glukosy —
(18 + 5) mmol/l kyseliny octové + (6 = 6 mmol/l) CO, +
+ (6 + 2 mmol/l) kyselina mlé&né + (0,2 = 1,0 mmol/l)
(diacethyl + acetoin)
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Obr. 3. Zména vodivosti roztoku KOH bé&hem fer-
mentace mléka riznymi kmeny Leuconostoc me-
senteroides subsp. cremoris sbirkové ¢islo 32 (2),
540 (3), 59 (4), 61 (5) a kontrolni vzorek (1) sle-
dovana pfistrojem RABIT (kultivaéni teplota
30 °C, inokulum 2%, substrdt 85KA) — Changes
in KOH solution conductivity during milk fermen-
tation by various strains of Leuconostoc mesente-
roides subsp. cremoris, collection no. 32 (2), 540
(3), 59 (4) and 611 (5) and control sample (1), as
determined by RABIT apparatus (cultivation tem-
perature 30 °C, inoculum 2%, 85KA substrate)

lconductivity; 2time

8 750
6 000 -
01:00 12:45 24:30 36:15 48:00
Cas? [hh:mm)

Na obr. 3 a4 je porovnana zména vodivosti roztoku KOH
b&hem fermentace mlékau kment s riiznou schopnosti fer-
mentace citratu. Z obr. 3 je patrné, Ze vzhled kiivek pro
jednotlivé kmeny Leuconostoc mesenteroides subsp. cre-
moris je znacné rozdilny a souvisi s mnozstvim vytvore-
ného CO, a fermentovaného citratu (tab. 1). Kmeny
sbirkového ¢isla 32, 114 a 116 byly charakteristické niz-
kou schopnosti fermentace citratu a mnozstvi vytvofené-
ho CO, byloniZsi nez 1 mM na litr fermentovaného ml¢ka.
Sledované kmeny Leuconostoc mesenteroides subsp. me-
senteroides se vyznacovaly rychlou tvorbou plynu a je-
jich fermentaéni profily byly velice podobné (tab. 1 a obr.
4). Obecné lze fici, ze kmeny vyuZzivajici veSkery dostup-
ny citrat byly charakteristické strmym sniZovénim hod-
not vodivosti roztoku KOH b&hem prvnich 12 hodin
kultivace (maximalni rozdil mezi dvéma nasledujicimi
méfenimi se pohyboval mezi 200 az 250 puS), zatimco
u kment vyuzZivajicich citrat jen z&asti byl prubéh kiivky
znatelné pozvolng&jsi.

Jediny kmen, ktery tvofil v&t§i mnoZstvi plynu nez by
odpovidalo spotfebovanému citratu, byl kmen sbirkové-

ho ¢isla 540 pii kultivaci v MRSB bujonu (tab. 1). Vy-
tvofeny plyn mohl pochézet z jiného zdroje, pravdépo-
dobné z glukosy.

Jak je patrné z obr. 3 a 4, zména vodivosti slepého vzor-
ku (nezaockované médium) byla vyrazné nizsi nez hod-
noty generované pievaznou vétSinou testovanych kmena.
U kmenii tvoficich nizké mnoZstvi plynu je v§ak nutné
poditat se zatizenim naméfenych hodnot vétsi chybou mé-
feni. Moznym feSenim by pravdépodobné bylo zvyseni
ockovaci davky umoziujici zkraceni potiebného inter-
valu sledovani.

Dosazené vysledky ukazuji, Ze nepfima vodivostni
metoda je za dodrZeni uréitych podminek vhodna pro sle-
dovéni mnozstvi CO, vytvofeného riznymi kmeny leu-
konostokii béhem fermentace mléka i definovaného Zivného
média. Kinetika fermentace citratu je diilezita z hlediska
primyslové aplikace jednotlivych kment. Vysoka tvorba
CO, a nizka tvorba aromatickych latek pfedurcuje kmen
k pouZiti pfi vyrobé syru s plisni v tésté, piipadné syrt
typu Gouda. Pfi vyrobé zakysanych vyrobki je zase di-
lezitéjsi tvorba aromatickych latek a pfilis vysoka tvorba
CO, neni zadouci.

17 000 7

14 250 4 1 !conductivity; time
7 Obr. 4. Zména vodivosti roztoku KOH b&hem fer-
2 mentace mléka riiznymi kmeny Leuconostoc me-
5. 11 Y senteroides subsp. mesenteroides sbirkové ¢islo 390
._g (2), LM 057 (3), LM 058 (4) a kontrolni vzorek
S (1) sledované pristrojem RABIT (kultivaéni teplo-
8 750 - ta 30 °C, inokulum 2%, substrat 85KA) — Changes
in KOH solution conductivity during milk fermen-
— _—3 2 tation by various strains of Leuconostoc mesente-
4 roides subsp. mesenteroides, collection no. 390 (2),
©/090 : - - LM 057 (3), LM 058 (4), as determined by RABIT
L 1245 2430 A1 a0 apparatus (cultivation temperature 30 °C, inoculum

Cas? (hh:mm) 2%, 85KA substrate)
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Hodnoceni antimutagenni aktivity tlakové oSetFené (paskalizované)
a tepelné oSetiené (pasterované) kvétakové St'avy*
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Abstract

SEDMIKOVA M.,TUREK B., BARTA L., STROHALM J., SMERAK P., HOUSKA M., MULLLEROVA J. (1999): Evaluation of
antimutagenic activity of pressurized (pascalized) and pasteurized cauliflower juice. Czech J. Food Sci., 17: 149-152.

This work is dealing with testing of antimutagenic activity of cauliflower juice processed by heat (100 °C for 10 min), by high
pressure 400 MPa for 10 min (25 °C) and frozen (mimic the fresh juice). The results showed that the frozen and pressurized
juices saved almost their antimutagenic activity against very strong mutagen IQ (2-amino-3-methylimidazo[45a]quinoline) and
pasteurized juice decreased the activity sharply. The pressurization seems to be a very important process for prolonging the shelf
life of vegetable juices with saved intimutagenic activity capable to decrease the risk of cancer occurrence in the population.

Key words: cauliflower juice; antimutagenic activity; ID,; high pressure processing; pasteurization
Souhrn

SEDMIKOVA M., TUREK B., BARTA I., STROHALM J., SMERAK P., HOUSKA M., MULLEROVA J. (1999): Hodnoceni antimutagenni
aktivity tlakov& o¥etfené (paskalizované) a tepeln& ofetiené (pasterované) kvétakové §t'avy. Czech J. Food Sci., 17: 149-152.

Testovali jsme antimutagenni aktivitu kvétakové §t'avy oSetfené pliisobenim tepla (100 °C po dobu 10 min), velmi vysokého tlaku
400 MPa po dobu 10 min (25 °C) a zmrazené (napodobujici éerstvou). Ukazalo se, Ze §ava zmrazena i $fdava oSetfena tlakem si
uchovaly svou antimutagenni aktivitu vii¢i silnému mutagenu IQ (2-amino-3-methylimidazol[45a]chinolin), zatimco tepelné
oSetiena §tava zna¢né sniZila své antimutagenni piisobeni. Technologie prodlouZeni trvanlivosti zeleninovych §t'av velmi vysokym
tlakem lze proto povaZovat za velmi prospésné. Z hlediska zachovani antimutagenni aktivity a tim zachovani moZnosti sniZeni

rizika vzniku nadorovych onemocnéni jde o proces velmi vyznamny.

Kli€ovi slova: kvétdkové Stdva; antimutagenni aktivita; ID;

Incidence nadorovych onemocnéni je u nas stale po-
mérné vysoka, zejména se jedna o nadory plic a stiev.
Pfedevsim u nadoru stiev mé vliv vyZzivy vyznamny po-
dil na zvySeni ¢i sniZeni rizika vzniku onemocnéni.
K vyraznému sniZeni rizika vzniku a rozvoje onkogenni-
ho procesu piispiva zvy$end spotfeba zeleniny. V riiz-
nych druzich zeleniny se vyskytuje fada latek, které
vykazuji antikarcinogenni G¢inky. Jsou to piedevim o-
a B-karoteny, karotenoidy, zejména lutein a lykopen, né-
které kumariny, flavonoidy a isoflavony, vitaminy CaE,
kyselina listov4, dale pak indol-3-karbinol, arylisothio-
kyanaty (napf. sulforafan aj.), fytosteroly, saponiny, in-
hibitory proteas, dithiothiony a dalsi sulfidické latky.

*Financovéano z grantu NAZV MZe, ¢. EP 096/098 6259.

odetfeni vysokym tlakem (paskalizace); oSetfeni teplem (pasterace)

Tyto latky se podileji na antikarcinogennim efektu riiz-
nych druhi zeleniny. Uginky se projevuji zejména v ovliv-
néni diferenciace bunék, ve zvyseni aktivity mnoha
enzymi (napf. glutathion-S-transferasy, ktera zaujima
v antikarcinogenni aktivité vyznamné misto), dale se uplat-
fiuji v blokadé nitrozaénich reakci, v ovlivnéni metabo-
lismu estrogeni, ovlivnéni metabolickych procest ve
stievech, v ochrané integrity bunék, v metylaci nukleo-
vych kyselin a zlep3eni reparace nukleovych kyselin,
urychleni apoptosy nadorovych bunék a sniZeni rizikové
bunééné proliferace (POTTER, STEIMETZ 1996).

V této paleté metabolickych funkci se uplatiiuji uve-
dené latky zastoupené v riznych druzich zeleniny. Jed-
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nou z nejaktivnéjsich skupin zeleniny jsou druhy celedi
brukvovitych (Brassicaceae), které maji téZ vyznamné
antimutagenni G¢inky a je moZné je povazovat za ukaza-
tel antigenotoxické aktivity. Tyto uéinky vykazuji také
§t'avy z téchto druhti zeleniny.

Cilem této studie bylo ovéfit, do jaké miry ovliviiuje
zpusob zpracovani zeleninové §t'avy jeji antimutagenni
vlastnosti. Srovnévali jsme dva riizné pasteraéni postupy
z hlediska sniZeni antimutagenniho efektu v porovnéani
s kontrolnim vzorkem Cerstvé §t'avy uchovavané zmra-
zenim.

K ovéfeni antimutagenni aktivity jsme jako testovaci
latku pouZili mutagen IQ (2-amino-3-methylimidazol
[453]chinolin), ktery povaZujeme za velmi silny muta-
gen. Z vysledkd, které uvad&ji SUGIMURA a SATO (1986)
vyplyvé, Ze v porovnéni s jinymi latkami tohoto typu pied-
¢i pouzity mutagen svou mutagenni aktivitou ostatni py-
rolyzaty aminokyselin (heterocyklické aminy — azaareny)
(tab. 1).

Tyto latky vykazuji mutagenni i karcinogenni G&inky.
Vznikaji pfi tepelném opracovéani zejména potravin Zi-
vocisného piivodu, riznych druhti masa jatecnych zvirat,
ryb a driibeZe, ale i syri a potravin rostlinného ptivodu
(napf. ve smazené cibuli). Kombinaci s vhodné uprave-
nou zeleninou nebo zeleninovou §t'avou mize byt muta-
genni aktivita vyrazné potlatena. K tomuto efektu dochazi
i v ex-perimentu in vitro (Amesuv test), jak bylo proka-
zano u brokolice, kvétaku, ale i ananasu a jinych §t'av.

MATERIAL A METODY

Chemikdlie: Mutagen 1Q-2-amino-3-methylimidazol
[45d]chinolin byl ziskan od firmy ICN Pharmaceuticals,
Inc. (Costa Mesa, USA),

Glukoso-6-phosphat, NADPH a ostatni chemikalie byly
od firmy Sigma-Aldrichs. r. 0. (Praha, Ceska republika).

P¥iprava kvétikové $Pdvy. Kvétakové rizice zakou-
pené v bézné obchodni siti v Praze byly zbaveny listd,
oprany v pitné vodg, rozdéleny nozem véetné kost’alu na

dily vhodné k lisovani. Lisovani bylo provedeno na od-
Staviiovaci Green Power model GP-E 1503 (dodavatel
MIPAM bio, s. 1. 0.), ktery velmi Setrnym zpisobem pii
100 ot./min lisuje Snekem pies jemné sitko (otvory o pri-
méru 0,5 mm) $tdvu. Ziskana zakalena §t'ava byla prece-
zena pies jemné pfidavné sitko (otvory 0,3 x 1,3 mm)
z prislusenstvi od$t'aviiovace a naplnéna do lahvi o obsa-
hu 0,44 1. Pro tlakovani byly zvoleny PET lahve uzavie-
né Sroubovym uzdvérem. Takto byly pfipraveny vzorky
Cerstvé §tavy (uchovavané zmrazenim) a vzorky pro tla-
kovéni. Vzorky $tavy urcené k tepelnému oSetieni byly
naplnény do sklenénych oballi s uzdvérem twist-off.
Vsechny vzorky byly oetfeny do jedné hodiny po vyli-
sovani. Zmrazeni bylo provedeno v mrazicim prostoru
pfi teploté —15 °C, tepelné oSetieni ve vodni lazni teplo-
tou pfi 100 °C po dobu 10 min a o$etfeni vysokym tlakem
po vytemperovani vzorku ve vodni lazni na 25 °C. Vlastni
tlakovani bylo provedeno ve vysokotlakém lisu CYX
6/0103 (vyrobce ZDAS, a. s., Cesk4 republika) tlakem
400 MPa po dobu 10 min (nab&h na tlak 25 s, pokles
tlaku 8 s). Osetfené vzorky byly téhoz dne dopraveny
v termoboxu do laboratofe k testovani antimutagenniho
efektu. Cerstva §tava byla uchovévéna zmrazena pfi
—18 °C. Ostatni §t'avy byly uchovavény pfi 4 °C.
Testovdni antimutagenniho efektu: K testovani anti-
mutagenniho efektu kvétakové §t'avy byl pouzit modifi-
kovany Amestv test (MARON, AMES 1983; BUTZ et al.
1997; EDERHARDER et al. 1994). Principem Amesova
testu je sledovani spontannich a indikovanych reverznich
mutaci u bakterialni kultury kmene TA98 Salmonella ty-
phimurium. Testovani vzorkt kvétdkové Stavy osetfenych
teplem, tlakem a vzorki &erstvych: mnozstvi 10, 20, 40,
60, 80, 100, 150, 200, 300, 400 a 500 pl stavy bylo dopl-
néno isotonickym roztokem KCI na objem 500 ml. Dale
jsme do vzorku pfidali 0,1 ml mutagenu (IQ) o koncent-
raci 250 ng/ml, 0,1 ml bakteridlni kultury kmene TA98
Salmonella typhimurium (cca 3 x 10° bunék na 1 ml), 500 pl
S9-mixu (metabolicky aktivaéni systém savcl) a 3 ml vrch-
niho agaru. Z kiivky zavislosti na ddvce byla stanovena

Tab.l. Mutagenni aktivita heterocyklickych amini TA98 a TA100 Salmonella typhimutrium (s metabolickou aktivaci S9)
— Mutagenic activity of heterocyclic amines TA98 and TA100 Salmonella typhimutrium (with metabolic activation S9)

Potet revertantii na pg’ Podet revertantli na pug

Létka' TA 98 TA 100 Litka TA 98 TA 100
1Q 433 000 7 000 Trp-P-1 39 000 1700
MelQ 661 000 30 000 Trp-P-2 104 000 1 800
IQx 75 000 1 500 Glu-P-1 49 000 3200
MelQ x 145 000 14 000 Glu-P-2 1900 1200
4,8-DiMelQ x 183 000 8 000 Ao C 300 20
7,8-DiMelQ x 163 000 9900 MeAoaC 200 120
PhIP 1 800 120 Benzo(a)pyren 320 660
Cre-P-1 19 000 400

Isubstance; 2number of relevants per pg
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déavka kvétdkové Stavy, kterd vedla k 50% sniZzeni mu-
tagenni aktivity (ID, ). V kaZdém pokusu byl sledovéan
pocet spontannich revertant za pfitomnosti 0,5 ml isoto-
nického roztoku KCl na misku (negativni kontrola— NK).
Kazd4 jednotliva koncentrace (davka) sledovanych latek
byla testovana v Sesti opakovanich.

Statistickd analyza vysledkii: Antimutagenni aktivita
tepeln& oSetfené, tlakované a erstvé kvétakové §avy byla
hodnocena analyzou variance. Antimutagenni aktivita
upravenych §tav se statisticky vyznamné odliSovala
u vSech zplisobt Gpravy pii hladiné vyznamnosti o.=0,01.

VYSLEDKY A DISKUSE

Antimutagenni aktivita erstvé, tepeln& o$etfené (10 min,
100 °C) a vysokym tlakem oZetiené (10 min, 400 MPa,
25 °C) kvétakové st'avy byla sledovana in vitro na kmeni
TA98 S. typhimurium s metabolickou aktivaci. PouZity
mutagen (IQ) bez piidavku §t'avy indukoval 1 912,0+370,3
revertant. Primérna hodnota spontannich revertant u kmene
TA98 S. typhimurium (negativni kontrola) byla 33,9 +
3,53. Antimutagenni efekt vzorki kvétdkové §tavy je vy-
jadfen v tab. 2 jako ID,, resp. jako rezidudlni mutagenni
aktivita (%) pro davku 500 pg (u tepelné oetfeného vzor-
ku nebylo docileno sniZzeni mutagenni aktivity pod 50 %).

Nejvyssi antimutagenni aktivitu vykazovala Serstva 3t'a-
va uchovéavana mraZzenim. Tepelné o3etfena $t'dva méla
u &erstvé (davky 200, 300, 400 a 500 pl §tavy na misku)
a vysokym tlakem o§etfené §tavy (davky 400 a 500 pulna
misku) se nelisil pocet indukovanych revertant od hod-
noty spontannich revertant (negativni kontrola bez pfi-
davku mutagenu IQ). Uvedené davky Cerstvé, resp.
vysokym tlakem oSetfené §t'avy zcela potlacily mutagen-
ni efekt tak silného mutagenu, jakym je mutagen IQ.

Kvétékové $tdva mé vyrazné antimutagenni G&inky,
hodnoty ID, jsou jedny z nejniZSich (tab. 2). Tyto hod-
noty se prakticky neliSily od hodnot uddvanych jinymi
autory (BUTZ et al. 1997). Antimutagenni uéinky $tavy
se vyrazné snizuji pfi tepelném opracovéani zejména vy-
sokou teplotou (100 °C). U stejné tepelné oSetiené §tavy

Tab. 2. Antimutagenni aktivita erstvé, tepelné a tlakové
oSetfené kvétakové §tavy na kmeni TA98 S. typhimurium ov-
liv-néném mutagenem IQ (2-amino-3-methylimidazol[453]chi-
nolin) — Antimutagenic activity of fresh, pasteurized and pres-
surized cauloflower juice in the strain TA98 S. typhimurium
influenced by the mutagen IQ (2-amino-3-methylimida-
zol[453]chinoline)

Kvétakova ID,, Reziduélni mutagenni
§ava' (1l/misku?) aktivita® (%)
Cerstva — mrazena? 72 L&

OSetfen4 tlakem®

400 MPa, 25 °C, 10 min 19,2 -

OSettena teplem®

100 °C, 10 min - 75,9

!cauloflower juice; 2 residual mutagenic activity (ul/dish); *residual
mutagenic activity; ‘raw — forzen; Spressurized; ®pasteurized

byla hodnota rezidudlni mutagenni aktivity zji§téna
v naSich experimentech o 13 % vy38i neZ hodnota, kte-
rou uvadéji BUTZ et al. (1997).

Na moznost sniZeni mutagenni aktivity heterocyklic-
kych aminti (azaarénli) poukazovali KADA ef al. (1978,
1986), ktefi sledovali efekt zeleninovych extrakti zeli,
papriky, jablek, lopuchu, lilku, zézvoru, ananasu, broko-
lice a kvétaku. Kvétakovy extrakt byl uéinny zejména viici
derivétu tryptofanu Trp P-2. UvaZuji moZné mechanismy
ucinku — chemickou nebo enzymatickou inaktivaci mu-
tagenu, absorpci mutagenu na substratech s vysokou mo-
lekulovou hmotnosti (fyzikélni inaktivace) nebo inhibici
mutagenni aktivace promutagenem ¢&i inhibici tvorby
mutagenu z prekurzori. Pfikldnime se k chemické ¢i enzy-
matické inaktivaci mutagenu. Jedna se zejména o induk-
ci glutathion-S-transferasy pusobenim indol-3-karbinolu
a aryl-isothiokyanétu. Inhibice aktivity karcinogennich 14-
tek vlivem aryl- a arylalkyl-isothiokyanétl byla opako-
vané prokazéna (KELLOFF ef al. 1996). Rovnéz vyznam
indol-3-karbinolu je nepochybny (POTTER, STEINMETZ
1996). Uginné mohou byt té2 polyfenoly, napf. galangin
a kvercetin (KANAZAWA et al. 1995), ale obsah téchto
latek v kvétdku neni vyznamny.

24000 . : ]
{ ; l
2 20000 ==t _T'"_—"_‘i'"_T'"_F"_
é 1600,0 |— “'?“"““:—\'j'“— ) e )
: | L] r
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Obr. 1. Antimutagenni activita Eerstvé, tepelné a tlakem o$etfené kvétakové §tavy u kmene TA98 S. typhimurium ovlivnéného
mutagenem IQ (2-amino-3-methylimidazol[453]chinolin) — Antimutagenic activity of fesh, pasteurized and pressurized caulo-
flower juice in the strain TA98 S. typhimurium influenced by the mutagen IQ(2-amino-3-methylimidazol[453]chinoline)
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Zavéry

Zékladnim vyznamnym charakterem t&chto latek s anti-
mutageni aktivitou je to, Ze zatimco neodolévaji teploté
100 °C po dobu 10 min, tlak 400 MPa pfi 25 °C po dobu
10 min je nenarusi.

Proto je nutné povaZovat technologické postupy pro zvy-
Seni trvanlivosti zeleninovych §tav za pouZiti vysokého
tlaku za velmi prosp&¥né. Z hlediska zachovani antimuta-
genni aktivity a tim zachovani moznosti sniZeni rizika vzni-
ku nadorovych onemocnéni jde o proces velmi vyznamny.
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REVIEW

Historie a soucasnost mikroskopického vySetiovini masa
a masnych vyrobki

BOHUSLAVA TREMLOVA

University of Veterinary and Pharmaceutical Science Brno, Faculty of Veterinary Hygiene and Ecology,
Brno, Czech Republic

Abstract

TREMLOVA B. (1999): History and the present of microscopic examination of meat and meat products. Czech J. Food Sci.,
17: 153-160.

Microscopic examination of foods is a specialized analysis that makes it possible to distinguish and identify the separate compo-
nents of foods. This method of food examination is not defined by any law in this country. Microscopic examination is a routine
method in some European countries and is included in food legislation and sets of analytical methods for food examination. The
result can be a crucial factor to discover the failure of observation of technological procedure and food adulteration. The objec-
tive of this paper is to present a complex description of the historical background of microscopic examination of meat products
and to outline its advantages in the present system of analytical methods.

Key words: histology; microscopic methods; food adulteration; meat products

Abstrakt

TREMLOVA B. (1999): Historie a sou¥asnost mikroskopického vy¥etfovéni masa a masnych vyrobki. Czech J. Food Sci., 17:
153-160.

Mikroskopické vySetfeni potravin je specializovand analyza, kterd umoziiuje rozlisit a identifikovat jednotlivé komponenty
v potravinach. U nés neni tento zplisob vy3etfeni stanoven Zidnymi legislativnimi podklady. V nékterych evropskych zemich je
mikroskopické vySetfeni béZné pouZivano a je souédsti potravinovych piedpisti a souborii analytickych metod pro vy3etfovani
potravin. Vysledek miize byt rozhodujicim faktorem pro posouzeni nedodrZeni technologického postupu a faldovéani potravin.
Cilem tohoto pfispévku je podat uceleny ptehled o historickém vyvoji mikroskopického vy3Setfovani masnych vyrobki a také
o moznostech, které nabizi v sou¢asném spektru analytickych metod.

Klitov4 slova: histologie; mikroskopické metody; falSovani potravin; masné vyrobky

Historicky vyvoj mikroskopického vySetfovani
masa a masnych vyrobki

tivniho posouzeni. SEEL et al. (1919 —cit. PRANDL 1961)
ve své préci uvedli, Ze posouzeni uzenin musi byt ve vét-

Konkrétni poukaz na pouziti mikroskopického vyset-
fovani pfi posuzovani masnych vyrobku existuje mini-
malné od roku 1910. Histologickym pritkkazem teleciho
okruzi s ulpélym stfevem a sliznici (JAEGER 1910 — cit.
PRANDL 1961) mohla byt zjidt€na pii¢ina stiZnosti kon-
zumentti na odchylnou chut’ jitrnic. ZIEGLER (1941 — cit.
PRANDL 1961) uvadi, Ze jiZ v roce 1911 bylo provedeno
histologické vysetfeni masnych vyrobki s cilem kvalita-

§iné pripadd, zv14sté pti nejasnych dodacich podminkach,
zaloZeno na chemickych a mikroskopickych vySetienich.
Odkaz na tuto préci ale také dokumentuje, Ze v této dobé
bylo mikroskopické vySetfeni pouZivano jako analytick4
metoda. V nasledujicich desetiletich se pozornost odbor-
niki postupn& zam&Fovala na riizné problémy potravinai-
ské mikroskopie v oblasti zpracovani vzorkt, metod a cila
vysetfeni.
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Priprava a zpracovani vzorki

Zpocatku staly v popfedi otazky pfipravy vzorku a tech-
niky krajeni fezii. Jak uvadi GRAFF (1916 — cit. PRANDL
1961), bylo pouzito zalévani vzorkt do Zelatiny.

BRAUNERT (1921 —cit. PRANDL 1961) poprvé pouzil
k zaliti vzorku agar ve 4% roztoku. LUND a SCHRODER
(1928 — cit. PRANDL 1961) davali pfednost zalévani do
parafinu a celoidinu. PIETTRE (1922 —cit. PRANDL 1961)
doporucoval u vzorkl provadét odstran&ni tuku zahfiva-
nim ve smési éter—alkohol. N&ktefi autofi vy3etfovali na-
misto fezi rozmackané vzorky (napf. jatrového saldmu)
(KLIMMECK 1925; SEEL, 1928 — cit. PRANDL 1961).
Dal3i autofi hledali rizné modifikace pouZiti Zelatiny pro
zalévéni vySetfovanych vzorkl potravin (GERGEN 1939;
NEUMULLER 1940; PAARMAAN 1942 — cit. PRANDL
1961). MERCIER (1953 — cit. PRANDL 1961) dikladn&
prezkousel histologickou techniku pro masné vyrobky.
Déval prednost zalévani vzorkl do parafinu a uvad&l
postup pro zpracovani suchych vzorkd.

HINTERSATZ (1931- cit. PRANDL 1961) upozortioval
na nevyhody pouzivani formalinu k fixaci jemné& mé&lng-
né tkané. Hledani vhodnych rychlych metod, s jejichZ po-
moci by bylo moZné ziskat prvni vysledek jiz v den
pfichodu vzorku, vedlo k vyuZivani vhodnych krajecich
technik a vyhod zpracovani zmrazené tkdné (GLAMSER
1926; ESCHER 1931; SPIEGEL 1941 —cit. PRANDL 1961).

KERSTEN (1963) prispél svymi zkuSenostmi s fixa&nimi
a odtu¢iiovacimi prostfedky k technice histologického
vySetfovani masnych vyrobki. BENTLER (1968) si vsi-
mal faze zpracovéani vzorkl pro histologické vySetteni
mezi fezinim a barvenim, kterd zlistdvala mimo hlavni
pozornost. Odtuénéni vzorkd, tvrzeni v alginatu a krét-
kém piisobeni v 70% alkoholu fesilo problém predevsim
pii zpracovéni tepelné neopracovanych masnych vyrob-
k. BREHMER a WENZEL (1968) srovnavali vysledky
vySetfeni vzorki zpracovanych klasickou metodou s me-
todou pouzivajici kryostat.

Barveni preparatii

Byla pfezkousena celé paleta histologickych barvicich
technik (piehlednych i specidlnich) pro cilené predstave-
ni jednotlivych tkafiovych komponent. Jako z4kladni pre-
hledné barveni doporuéili SEEL ef al. (1919 — cit.
PRANDL 1961) barveni smé&si hematoxylin—eozin. MAYER
(1922 — cit. PRANDL 1961) pouzil pro zvyraznéni kola-
genni vazivové tkdné metodu podle van Giesona, barve-
ni na elastické vazivo podle Weigerta a pro zvyraznéni
tuku v masnych vyrobcich barveni Sudanem III. GLAM-
SER (1926 —cit. PRANDL 1961) uvedl, Ze je moZné dob-
fe rozlisit jednotlivé tkané pfi barveni podle Giem-
sy. Dobré zkuSenosti s pouZitim barvici 14zné orcein-me-
tylenova modf popsal ve své praci BREUSCH (1930 - cit.
PRANDL 1961) ktery také poprvé uvedl vhodnost barve-
ni podle Callejy pro masné vyrobky (umoZiiuje zejména
rozlieni epitelii, pfiéné pruhovanou svalovinu a vazivo-
vou tkaii). Toto barveni povaZoval za specialni, které by

154

mélo byt pouZivéno v pfipadé nejistoty pfi barveni pre-
hledném. SCHONBERG (1935 — cit. PRANDL 1961) do-
porucoval pro barveni fezii ze vzorkii sekaného masa
Léfflertiv roztok metylenové modi a barveni podle van
Giesona. V dalSich letech byly vyzkouSeny pro vzorky
z masnych vyrobki dalsi barvici metody, napi. Mallory-
ho (SKULBERG 1954 — cit. PRANDL 1961), modifikace
barveni azanem (KOTTER 1955 —cit. PRANDL 1961), bar-
veni smési anilinova modi—oranZz (KOTTER, DEGEN-
KOLB 1956 — cit. PRANDL 1961), barveni Massonovym
trichromem (LOMBARD, GOULARD 1957 — cit. PRANDL
1961). Charvitova modifikace Goldnerovy trichromové
metody (CHARVAT 1955), vhodna pro barevné odliseni
hladké svaloviny a vaziva, se osvéd¢ila také pfi prikazu
znovuzpracovanych masnych vyrobki. FLINT a LEWIN
(1976) prokazovali barvici metodou podle Bauer-Callejy
karbohydrétové slouceniny. Byla také aplikovéana na pri-
kaz s6jového proteinu v sdjovych produktech, masnych vy-
robcich a ceredlnich produktech obsahujicich soju.
HILDEBRANDT et al. (1977) doporu&ovali pro preparaty
z tepelné opracovanych masnych vyrobkt barveni aza-
nem, modifikaci podle Heidenhaina, a pro tepelné neo-
pracované vyrobky metodu podle van Giesona. FLINT
a FIRTH (1981, 1988) uvedli jako metodu vhodnou pro
kvalitativni a kvantitativni hodnoceni sou¢asti v masnych
vyrobceich barveni toluidinovou modfi. Autofi dale na-
vrhli jako specificky histochemicky test pro kolagen bar-
veni komplexem pikro-Eerveii Sirius a pouZiti polarizaéni
mikroskopie. FEIGL (1993) pouzil pro barveni vyrobkl
obsahujicich sdjovou mouku modifikovanou metodu
Bauer-Callejy. WICHMANN-SCHAUER ef al. (1998) pub-
likovali novou barvici metodu pro pritkaz rybich kosti.

Vy3etFovaci metody a techniky

Predmétem z4jmu autorti byla také mikroskopicka tech-
nika. Byly zkouS$eny rizné modifikace svételné mikro-
skopie, napf. vyuziti polarizovaného a ultrafialového
svétla. POPP (cit. PRANDL 1961) jiz v roce 1926 uvedl
mnohostranné vyuziti ultrafialového svétla pfi vySetieni
potravin, zejména pii prikazu §lach v tepelné neopraco-
vanych masnych vyrobcich. BOS (1938 — cit. PRANDL
1961) doporutil pouziti polarizovaného svétla zvIasté pro
zjistovani vad uzenin. RIEVEL (1943 —cit. PRANDL 1961)
zjistil, Ze pomoci fluorescen¢ni mikroskopie je mozné
snadné&ji odliSit &4sti zeleniny ve vafenych masnych vy-
robcich. VySetfeni masnych vyrobki pomoci polarizo-
vaného svétla pouzil rovnéz SINELL (1956a, b — cit.
PRANDL 1961) pro pritkkaz kofeni a lep$i diferenciaci
kolagenni vazivové tkang ve vyrobcich. BOHM a POKOR-
NY (1953) studovali pomoci fazové kontrastni mikrosko-
pie svalovinu a jeji zmény pii mélnéni. HINTERSATZ (1939
—cit. BOHM a PLEVA 1956, 1962) zjistoval v fezech obar-
venych fluorochromy rozdily ve stavbé svalové tkdné ryb,
které by bylo moZné vyuZit pro priikaz rybiho masa. PIT-
RE (1954 — cit. PRANDL 1961) pouzival vySetfeni v ul-
trafialovém svétle jako jednoduchou moZnost pro ziskani
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hrubé pfedstavy o obsahu vazivové tkané ve vyrobku.
SCHONBERG a BRANDES (1957 — cit. PRANDL 1961)
popsali vysledky vySetfeni jatrovych vyrobki pomoci
riznych barvicich metod a také v ultrafialovém svétle.

Vedle klasickych &isté morfologicky orientovanych
zkousek byly vyuzivany také moznosti histochemickych
postupt pro urceni obsahovych latek, ke speciélni pii-
pravé vzorku, event. také techniky imunologické. Popr-
vé uvedl BAUER (1933 — cit. KUSCHFELDT et al. 1994)
mikroskopicko-chemicky pritkaz glykogenu a nékterych
dalgich polysacharidi. HOLPERT (1965 - cit. KUSCH-
FELDT et al. 1994) publikoval praci o histochemickém
a imunohistochemickém prikazu mlééné bilkoviny
v tepeln& opracovanych masnych vyrobcich. Formovany
s6jovy protein, kterému chybi vlédknita struktura a cha-
rakteristické morfologické znaky, je moZné prokézat
pomoci kombinovaného barveni podle Bauer-Callejy
(LINKE 1969; COOMARASWAMY, FLINT 1973). LLEWEL-
LYN (1979) stanovoval proteiny jiného neZ Zivo¢isného
pivodu v masnych vyrobcich pomoci histochemické re-
akce PAS (Periodic Acid Schiff’s reagens). V fadé dal-
§ich praci byly popsany histochemické metody pii
kvalitativnim i kvantitativnim stanoveni svaloviny, kola-
genniho vaziva, s6jového proteinu, glutenu a dalSich sou-
¢asti masnych vyrobki (FLINT, PICKERING 1984; FLINT,
FIRTH 1988). Histochemicka reakce je také zakladem pro
prikaz susené krve, ktera se pouZivala pro pfibarvovani
masnych vyrobki (HORN 1988). Mikroskopicka struktu-
ra mélnéného masa a pouZziti imunohistochemické iden-
tifikace svalovych proteinii byla tématem prace, kterou
uvefejnili ZIJDERVELD a KOOLMEES (1990). FLINTOVA
(1991) ve své préci shrnula vysledky studia chemickych
aspektii potravinafské mikroskopie.

Mikrostruktura riznych druh masnych vyrobki byla
studovana pomoci rastrovaci a transmisni elektronové
mikroskopie a byly diskutovany vlivy mélnéni, pridavk
vody a soli na tvorbu konstrukce bilkovinné sité, sité ko-
lagennich fibril a disperze tuku (KATSARAS, STENZEL
1983, 1984; KATSARAS et al. 1986; KATSARAS, LINKE
1988; KATSARAS 1991). Dalsi autofi (OELKER 1986,
1987, 1988; OELKER, PEETZ 1988) demonstrovali pro-
stfednictvim elektronové mikroskopie pritbéh kutrovaci-
ho procesu, emulgaci tuku a ultrastrukturu vazby vody.
Rastrovaci elektronova mikroskopie byla pouZita pfi
morfologické studii zmén v roztiratelnosti tepelné ne-
opracovanych vyrobki (KATSARAS et al. 1990) a dale
také pfi studiu ultrastruktury bramborovych a kukufi¢-
nych skrobovych zm i po tepelném opracovani (ZHAO
et al. 1990). KATSARAS (1991) pomoci elektronové mi-
kroskopie sledoval morfologické zmény surovin pfi vy-
robé kvalitnich masnych vyrobkd. OELKER (1995) a dile
CHEONG, FISCHER (1993) studovali emulzi tuku v jem-
nych jatrovych vyrobeich. Na zmény mikrostruktury mél-
néného masa b&hem zahfivani se zaméfili KATSARAS
a POSPIECH (1988) a podobné tyto zmény u formovaného
driibeziho a vepfového masa sledovali BOLLING et al.
(1992).

HERMANSSON (1992) studoval vliv soleni na mikro-
strukturu mélnéného masa a jeho souéasti. TRZISZKA et
al. (1993) testovali mechanicky separované maso (ziska-
né za riznych podminek) pomoci elektronového mikro-
skopu. KONIGSMANN et al. (1980) ve své préci upozornili
na nutnost rozvoje analytickych metod a pro uréeni ob-
sahu kosti v separovaném mase a vyrobki z néj pouzili
metodu analyzy obrazu. Moderni metoda obrazové ana-
lyzy byla vyuZita pro kvantitativni uréeni kolagenu, elas-
tického vaziva a kosti (HILDEBRANDT, HIRST 1985) a pfi
studiu disperze tuku v rozmélnéném mase (KOOLMEES
et al. 1986). SCHOLZ et al. (1996) a také ALBRECHT et
al. (1995) povazovali obrazovou analyzu za metodu vhod-
nou k objektivnimu hodnoceni mramorovani masa, a proto
také vhodnou pro stanoveni obsahu masa a tuku ve vep-
fovém mase.

Cile vySetfovani masnych vyrobki
Vliv technologického opracovdni na strukturu tkani

Aby byla zajisténa vécné spravna interpretace nalezi,
byly studovéany a diskutovany rizné mechanické, termic-
ké nebo chemické vlivy technologického procesu na zpra-
covavany material (BRAUNERT 1921; MAYER 1922;
FRICKINGER 1928; HADI 1930 — cit. PRANDL 1961).
Obséhle se této problematice vénoval KALLERT (1923a,
b, ¢, 1924a, b, 1928, 1931 — cit. PRANDL 1961) — kromé
vlivu sueni, soleni, uzeni, vafeni a peceni studoval také
zmény svaloviny a orgdnt pii zmrazovani a rozmrazova-
ni. O vlivu zmrazovani, zahfati, suSeni a uzeni na pfi¢né
pruhovéni svalovych vléken referovali LUCAM a MA-
THIEU (1942 — cit. PRANDL 1961). CHAMBON (1941 —cit.
PRANDL 1961) uved! podobné vysledky ziskané pfi stu-
diu vlivu fermentace na svalovou tkéfi pfi vyrobé tepelné
neopracovanych masnych vyrobkt. Zavedeni novych mél-
nicich strojl a postupli v masné vyrobé piineslo obavy
o moznosti vyuziti histologického vySetfeni pro uréeni
jednotlivych tkani. MARESCH (1951 — cit. PRANDL 1961)
a také napf. SKULBERG (1954 — cit. PRANDL 1961) viak
prokazali, Ze vznikajici ¢asteCky tkani je mozné proka-
zat a ur¢it. SEER (1952 — cit. PRANDL1961) studoval pii-
sobeni polyfosfatovych pfidavki na strukturu svalovych
vldken. Zmény svalové a vazivové tkdné v priib&hu kutro-
vacich procest studovala fada autori a svoje vysledky
ptedlozili a diskutovali v odborné literatufe (BOHM, PO-
KORNY 1953; BOHM 1956, déle také SCHONBERG 1957
a KOTTER, PRANDL 1956 — oba cit. PRANDL 1961). Vy-
sledky studia zmén pfi kutrovéni pomoci svételné a elek-
tronové mikroskopie byly zpétné vyuZity pfi automatizaci
této faze technologického procesu (GEISSLER et al. 1988).
AMBROSIADIS et al. (1994) studovali vliv riiznych roz-
mrazovacich metod na tvorbu tekutiny, na histologické
zmény, senzorickou kvalitu a jiné fyzikalné chemické
vlastnosti hovéziho svalu m. semitendinosus.

Stanoveni souédsti masnych vyrobkii — kvalitativni hodnoceni

Od poéatku své historie bylo histologické vysetfovani
spojeno s problémem falSovani a posouzenim kvality
a zdravotni nezdvadnosti vyrobku. Také LUND a SCHRO-
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DER (1928 — cit. PRANDL 1961) vidéli smys! histologic-
kého vysetfeni v odkryvani falSovanych masnych vyrob-
ki nepovolenymi pfisadami. Tomuto cili slouZily také
srovnavaci vzorky s riznymi pfidavky prokazovanych
analyti a také s pouZitim rozliénych vyrobnich technik.
Tématem fady praci byl problém pritkkazu znovuzpra-
covanych masnych vyrobki (SINELL, SCHMIDT 1961;
THIEL 1962; QUERNHORST 1965). V dalsich publikacich
byla pozornost vénovana pritkazu sou¢asti masnych vy-
robk, napf. kostnich ¢astic ve vyrobcich ze separované-
ho masa (WENZEL et al. 1974; ANHALT, WENZELL 1977)
nebo podilu pratu ve vyrobeich (LINKE, GROSS 1973).
Priikazem separovaného driibeziho masa v masnych vy-
robceich se zabyvali také PSOTA et al. (1982). Podle nich
byl tento pritkaz mozny pouze v piipadg pfidéani vice nez
5 % separovaného materidlu. KOOLMEES et al. (1986)
provadéli chemickou a histometrickou analyzu separo-
vaného masa a zduraznili vliv typu separovaciho stroje
na vlastnosti separatu. KUSCHFELDT (1975) popsal his-
tologicky pritkaz riznych druht ,,cizich bilkovin* a hod-
notil jejich pfidavani do masnych vyrobki vzhledem
k platnym predpisim. HEBEL a KUSCHFELDT (1976)
provedli histologicky priikaz kvasinek v masnych vyrob-
cich.

CAREY et al. (1984) referovali mezilaboratorni studii
zaméfené na pritkaz s6jové mouky a dile také napf. sr-
decni svaloviny a $kvarkd. HORN (1984) a také GISSEL
a ANGERSBACH (1987) hodnotili pfitomnost kutinni sliz-
nice ve vyrobcich vzhledem k druhu vyrobku a piislus-
nym piedpisim. Histologické vySetfeni se uplatnilo pfi
stanoveni hub a jinych dopliikovych latek v masnych vy-
robcich (LINKE, HILDEBRANDT 1980). Uréeni podilu va-
zivové tkané bylo zasadni pro posouzeni kvality pouZitych
surovin pfi vyrob&. Pomoci srovndvacich zkouSek takto
vySetfovali a hodnotili sekané maso STURMER a HILDE-
BRANDT (1986).

Pridavky ceredlii a leguminos do masnych vyrobki za-
Caly nabyvat na vyznamu b&hem druhé svétové vélky,
a s tim souviselo i hledani odpovidajicich metod pro
jejich pritkaz. VySetfovaci metody byly zaloZeny na pfi-
tomnosti rostlinnych bunék charakteristického tvaru
(MIERMEISTER 1942; HENNEBERG 1942, 1943, 1947;
EHRLICH 1948 —cit. PRANDL 1961). Byly nabizeny moz-
nosti vyuziti fluorescenéni mikroskopie (RIEVEL 1943
— cit. PRANDL 1961) a také modifikaci barvicich postu-
pu, napf. barveni podle Callejy (WESSELINOF 1943 —cit.
PRANDL 1961). Demonstrace a identifikace riiznych forem
séjovych preparati byla provadéna v masnych vyrobeich
(COOMARASWAMY, FLINT 1973) i jinych potravinich
(FLINT, LEWIN 1976) histochemickymi barvicimi meto-
dami, také napf. pomoci stereologické techniky (FLINT,
MEECH 1978) nebo polarizovaného svétla (REUSSE
1971). BREHMER (1984) shrnul vysledky vy3etfeni s6jo-
vych preparati v driibeZich masnych vyrobcich. Bylo
vyzkouseno a srovnavano nékolik metod priikazu séjo-
vych &asti v masnych vyrobeich z hlediska jejich citli-
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vosti a praktického vyuziti v rutinni diagnostice (HECK-
MANN et al. 1992). V modelovych vzorcich tepelné opra-
covanych a tepeln& neopracovanych vyrobcich byl
histologicky identifikovan s6jovy koncentrat. KATSARAS
a TISCHENDORF (1993a, b) vy3etfovali mikrostrukturu
séjovych bobil a vztahy mezi ni a zpracovanim na s6jové
bilkovinné produkty. Na modelovych vzorcich byly do-
kumentovény vyhody riznych forem séjovych preparatii
a také technologické vlivy pfi jejich pouziti v tepelné
opracovanych masnych vyrobcich (KATSARAS, PEETZ
1994).

Kvantitativni hodnoceni sloZeni masnych vyrobki
podle vysledku histologického vySetfeni (histometrie)

Rozvoj potravinafské histologie s sebou pfinesl uvahy
o moznosti kvantitativni vypovédi vztahujici se k jednot-
livym sou&astem vyrobku. KAMMEL (1934 —cit. PRANDL
1961) uved|, Ze se pfi vySetfovani vétsiho mnozstvi his-
tologickych preparatii z riznych Casti vyrobku setkal
s podobnym obrazem. Tuto skutednost povaZoval za za-
klad pro moZnost posoudit vztahy mezi mnoZzstvim jednot-
livych soudasti vyrobku. KALLERT (1934 — cit. PRANDL
1961) pouzival pro vyjadfeni mnoZzstvi jednotlivych sou-
&4sti vyrobku obecné oznadeni ,,velmi mnoho*, ,,mnoho®,
,;mélo“ a ,,neni“. BODROSSY (1942 — cit. PRANDL 1961)
navrhl, aby byly pro kvantitativni uréeni masnych vyrob-
ki pouzivany stejné principy pro procentuélni stanoveni
jako v jinych disciplinach, a tim dal teprve skuteény po-
pud pro tzv. histometrii u masnych vyrobki. Doporuco-
val pouZiti sitové rozdéleného pocitaciho okuldru nebo
projekei histologického obrazu na sit'ové rozdélenou plo-
chu. ZkuSenosti ukazaly, Ze pro tento zpisob hodnoceni
masnych vyrobkl sta¢i posouzeni Sesti fezll, vétsi pocet
neznamenal podstatné sniZeni $ifky rozptylu chyby pfi
statistickém vyjadfeni. Jak uved] BODROSSY (1942 —cit.
PRANDL 1961), mohla tato kvantitativni metoda plnit pfi
histologickém vy3etieni masnych vyrobki fadu ikoli (ur-
&eni podilu a vztahu jednotlivych tkani ve vyrobku, napf.
jaterni tkéafi, vazivo, svalovina, tukova tkéi). KOTTER
(1955 — cit. PRANDL 1961) podrobil histologii masnych
vyrobkil podrobné analyze a ukézal nové cesty pro ob-
jektivizaci vySetfeni v oblasti pfipravy vzorkd, barveni
i hodnoceni vysledki. Pro kvantitativni posouzeni zave-
dl pouzivani integraéniho okuléru a integraéniho stolku.
LINKE (1959 — cit. PRANDL 1961) uvedl tzv. bodovou
metodu kvantitativniho hodnoceni masnych vyrobki, ktera
je jednodusii neZ integraéni metoda.

Kvantitativniho vySetfeni bylo vyuzito pfi hodnoceni
tepelné neopracovanych masnych vyrobkt (GERIGK 1961;
KERSTEN 1965), jatrovych a jinych tepelné opracova-
nych masnych vyrobki (GERIGK 1963; KLEMM 1966),
masovych konzerv (LINKE 1960) a vyrobk z dribeziho
masa (LINKE 1964). Bylo provedeno i histometrické sta-
noveni obsahu kolagenu (BENTLER 1966; KERSTEN,
FRIESS 1960), kosterni svaloviny (KLEIN 1965), kostni
a chrupavkové tk4né (LINKE, THUMSER 1964) a srde¢ni
svaloviny (KLEIN ef al. 1970) v masnych vyrobcich.
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WEISS, HILDEBRANDT (1971a, b, ¢, 1974) diskutovali
matematicko-statistické zdklady kvantitativni histologie
a také mnohotvarné problémy jejiho pouziti. HILDE-
BRANDT (1979) uvedl, Ze pies vSechny faktory nejistoty
pfinesla histometricka analyza velmi pfesv&d¢ivé vysled-
ky, srovnatelné s vysledky chemickych analyz. KOOL-
MEES a BUKER (1985) popsali vyhody a nevyhody pou-
ziti histometrickych a chemickych metod pro stanoveni
podilu kolagenni vazivové tkan€ v masnych vyrobcich.
Podle autorti byly obé& metody stejné hodnotné a mély
také nedostatky; histometrické vySetfeni viak poskyto-
valo kompletnéjsi obraz o sloZeni vyrobku. Hodnoceni
podilu masa, tuku a vaziva (mramorovani) ve svaloviné
jatenych prasat a skotu bylo zaloZeno na subjektivnim
hodnoceni a chemické analyze. Jak uvedli napf. SCHOLZ
et al. (1995) a ALBRECHT et al. (1996), objektivni hod-
noceni umoznila metoda obrazové analyzy.

Vyznamné souhrnné publikace v historii potravinafské
mikroskopie

Mezi publikacemi z oblasti potravinafské mikroskopie
se nachézi nékolik souhrnnych praci, jejichz vyznam je
tieba zvlasté vyzdvihnout. Publikace s ndzvem Tierarzt-
liche Wurstuntersuchung (LUND, SCHRODER 1930 — cit.
PRANDL 1961) obsahovala obséhlou ¢ast vénovanou his-
tologii masnych vyrobki a shrnovala dosud zndmé zna-
losti a zku§enosti s timto druhem vy3etfeni. Dalsi
vyznamnou publikaci byla Mikroskopie masa a surovin Zi-
votisného plivodu (B6HM, PLEVA 1956, 1962). Je v ni
popsana stavba tkéni, se kterymi je mozné se v masnych
vyrobceich setkat, zmény které utrpi pii technologickém
opracovani, mikroskopické stavba jednotlivych druhi mas-
nych vyrobku, kofeni a jinych vegetabilii a obsahuje fadu
schematickych obrazki a fotografii. V publikaci Atlas fiir
die histologische Wurstuntersuchung (SCHONBERG 1958)
byl podan aktualizovany a velmi obsahly soubor védomosti
v této oblasti, ktery i dnes ma svou cenu. V doprovodném
textu byla uvedena histologicka technika a diagnostické
moznosti, véetné zvazeni kvantitativniho posouzeni. Po-
tieba presnéjsiho vyjadieni obsahu jednotlivych soucdsti
vyrobku tak, aby bylo mozné odliovat kvalitu masnych
vyrobkd podle histologického vySetfeni, vedla k vypra-
covani pfesné mikroskopickeé integraéni metody, kterd byla
demonstrovéana na uréeni obsahu kolagenu v masnych vy-
robcich (PRANDL 1961). Metoda byla srovndvéana s che-
mickym vySetfenim a podle autora pfinesla pfehled
o struktufe a rozmisténi jednotlivych soudasti vyrobku
a moznosti uchovani preparétii jako ditkazniho materilu.
Mikroskopické zéklady sougasné vyroby potravin rostlin-
ného i zivo¢isného plivodu zpracovali AQUILERA a STAN-
LEY (1990) a FLINT (1994).

Mikroskopické vySetFoviani masa a masnych
vyrobkid v soucasnosti

Legislativni aspekty falSovani potravin a tedy i mas-
nych vyrobku fe§i Zakon &. 110/1997 Sb., o potravinach
a tabakovych vyrobcich a jeho provadéci vyhlasky. Sou-
casné pravni piedpisy neobsahuji Zddné4 ustanoveni

o provadeéni histologického vysetteni potravin. Mikrosko-
pické metody se u nas pouzivaly asi do 60. let, pozdéji
spiSe vyjime&né.

Préavni predpisy nékterych evropskych zemi o potra-
vinach zahrnuji v pfehledu analytickych metod také his-
tologické vySetfeni masnych vyrobki. Rakousky potra-
vinovy kodex v éasti C. 3 uvadi: ,, Histologické vy3etfeni
slouzi k uréeni obsahu tkéni v mase a masnych vyrob-
cich. Miize byt také vyuZito ke zji§téni patologickych zmén
v pouzitém mase a ¢astech organi. Pro toto vySetieni se
piedpoklada znalost histologické stavby Zivo¢isnych tkani
a jejich zmén, které utrpi pfi technologickém zpracova-
ni“. Némecka Uredni sbirka vy$etfovacich metod podle
§ 35 Zakona o potravinach obsahuje rutinni zkousky pro
kvalitativni a kvantitativni histologické vySetfovéani. Pod
pojmem , tkdfiové sloZeni* se zde rozumi souhrn zpraco-
vanych &ésti jatednych zvifat, které jsou definovany ve
Smémicich pro maso a masné vyrobky Némeckého po-
travinového kodexu. RovnéZz mize jit v nélezu o souéasti
rostlinného ptivodu. V histologickém fezu jsou jednotli-
vé elementy identifikovany podle svych charakteristic-
kych struktur a barvitelnosti. Tento kvalitativni nélez je
srovnavan s pfedepsanym sloZenim masnych vyrobkl
v potravinovém kodexu. V pfipadé podezieni na neod-
povidajici sloZeni se provede také kvantitativni uréeni po-
moci bodového hodnoceni.

Mikroskopické vySetfovani je v laboratofich pro kont-
rolu potravin pouzivano b&zné u nékterych vybranych
druhi potravinovych vyrobku a déle cilené pfi podezieni
na obsah nepovolenych nebo nezadoucich souéasti. Ob-
jem vzorki potravin vySetfenych v histologické labora-
tofi Statniho veterinarniho Gstavu v Krefeldu (SRN) &inil
napf. vroce 1995 6 % z celkového poctu vySetfenych
vzork. Polovinu vySetienych vzorki tvofily uzeniny, tfe-
tinu dal$i masné vyrobky a zbytek polotovary, rybi vy-
robky, salaty, polévky, oméacky aj.

Vyuziti mikroskopického vySetfeni pro prilkaz falSovani
masnych vyrobki

PIPEK et al. (1998) popisuji nékolik zptisobti falsovani
masnych vyrobki. Vyrobce nebo prodejce uvede neprav-
divé informace o vyrobku, které se mohou tykat vyskytu
nutriéné vyznamnych, nebo naopak zdravotné zavadnych
latek. Nékteré z t€chto soucésti je mozné histologicky sta-
novit.

Dalsi moZnosti je zdména jinym druhem masa véetné
aplikaci riiznych rostlinnych bilkovin. Provédéci vyhlas-
ka k Zakonu €. 327/1997 Sb. definuje pojem masné vy-
robky jako takové vyrobky, které obsahuji minimalné
50 % masa. Podle této vyhlasky je kritériem pro stanove-
ni podilu masa v nékterych vyrobcich obsah svalovych
bilkovin. Objektivni stanoveni této hodnoty neni bez pro-
blém, protoZe je mozné ji manipulovat pfidavkem ji-
nych dusikatych latek, jak uvadéli napf. HILDEBRANDT
etal. (1977), KUSCHFELDT (1986) a HORN (1987). Né-
mecké Smérnice pro maso a masné vyrobky uvadeji u fady
masnych vyrobki hodnotu obsahu &istych svalovych bil-
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kovin zji§ténou nejen chemicky, ale i histometricky. His-
tometrické stanoveni této hodnoty je pomé&mé narocné.
Moznost racionalizovat histometrické postupy nabizi pro-
gramovateln4 obrazové analyza (HILDEBRANDT et al.
1977; BOUTTEN et al. 1997). Pii zaméfiovani druhii masa
jde pochopitelné také o ndhradu levnéj$im masem (na-
hrada konského masa hovézim i naopak, ndhrada zvéfiny
hovézim masem), nékdy dokonce nepfipustnym ke kon-
zumaci. Pfi rozliSeni druhu pouzitého masa neposkytuje
mikroskopické vySetfeni témér zadné uspokojivé vysled-
ky, v literatufe se uvadi moZnost odliSeni svaloviny sav-
cii a ryb pomoci fluorescenéni mikroskopie (HINTERATZ
1939 — cit. BOHM, PLEVA 1962).

Za fal3ovéni se rovnéZ povazuje pouZziti separovaného
masa (predevsim driibeZiho) tam, kde neni deklarovéno.
Prukaz separovaného masa je obvykle zaloZen na che-
mickém stanoveni kostni tkané. I zde vSak existuje moz-
nost vyuZiti histologické analyzy, jak uvedli ve svych
publikacich napt. KONIGSMANN et al. (1980), HILDE-
BRANDT a HIRST (1985) a KOOLMEES et al. (1986).

Dobarvovéani masnych vyrobki se provadi krvi, jatry
a pifrodnimi barvivy, pfi¢emz cilem je dosdhnout dojmu
o0 vy§§im zastoupeni svaloviny. Pouzivani barvicich pro-
stiedki je omezeno vzhledem k druhu barviva i vyrobku.
Pro histologickou diagnostiku krve v masnych vyrobcich
se kromé morfologickych kritérii vyuZiva histochemicka
reakce zaloZena na pseudoperoxidasové aktivité hemo-
globinu (HORN 1988).

Maso byva nahrazovano z riznych divodi (nutriéni,
zdravotni, technologické, chut'ové, ekonomické) jinymi
surovinami — jedna se o rozpustné rostlinné bilkoviny,
karagenany a vodu. Bilkovinné p¥idavky rostlinného pu-
vodu jsou ¢astymi surovinami pii vyrobé masnych vy-
robkl. VEtsina téchto rostlinnych souéasti vykazuje
morfologické zvlastnosti a specifické obsahové latky, které
se daji histologicky prokazat (HORN 1987; FEIGL 1993).
Priikaz pritomnosti rostlinnych bilkovin v masnych vyrob-
cich je mozny i v pfipadg, Ze jsou pouzity ve formé koncen-
trath a izolatd, tzn. Ze neobsahuji viibec nebo v minimalni
mife doprovodné polysacharidové struktury. V téchto pii-
padech se vyuzivaji histochemické metody, které popsali CO-
OMARASWAMY, FLINT (1975), FLINT, LEWIN (1976)
a CORTESI et al. (1977). Podobn& mohou byt prokézany
i daldi p¥idavky, napf. karagenany, pektiny aj. (FLINT
1990). Odlisit bilkoviny rostlinného a Zivo&i§ného puivo-
du je také mozné prostrednictvim citlivych imunohisto-
logickych metod. Pro stanoveni sdjové bilkoviny pouzili
tyto metody BOUTTEN et al. (1997) —spojeni s obrazovou
analyzou umoznilo kvantitativni vyjadfeni vysledk.

Zavér
Histologické vySetieni je pfimou metodou pro uréeni
obsahovych soudasti masnych vyrobk, a to nejen jako
pomocna, nybrz v nékterych souvislostech jako jedine-
n4a moznost pro zji¥téni odchylky od pfedepsaného slo-
Zeni vyrobku. Pomoci histologické analyzy l1ze prokézat
a identifikovat nejen sou&asti Zivo¢isného pivodu, ale
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i pfidavky ptivodu rostlinného (napf. vazné a zahuitova-
ci prostredky). Postupné se rozsifilo a také zménilo spek-
trum technickych moZnosti pro mikroskopické vySetfovani
a vzhledem ke zmé&ndm v technologii potravinatské vy-
roby a pouZzivanym surovindm rovnéz stanoveni cili vy-
Setfeni. Mikroskopické vySetfeni umoZiiuje sledovat
kvalitativni a kvantitativni sloZeni vyrobku a poskytuje
spolehlivé informace o rozmisténi vSech jeho soucasti.
V soudasné dobé& mé k dispozici celou fadu moznosti pro
zpracovani a piipravu vzorki a také vySetfovacich me-
tod — od klasickych aZ po ty, které vyuzivaji nejmoder-
néjsich technickych zafizeni.
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