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The Occurrence of Fumonisins in Corn-based Commodities
in the Czech Republic

Viadimir OSTRY, Jiti RUPRICH

National Institute of Public Health in Prague — Centre for the Hygiene of Food Chains, Brno,
Czech Republic

Abstract

OSTRY V., RUPRICH J. (1998): The occurrence of fumonisins in corn-based commodities in the Czech Republic. Czech
J. Food Sci., 16: 117-121.

In the Czech Republic in 1995 and 1996, 210 samples of corn-based foodstuffs were examined for fumonisins. The immunochemical
method ELISA was used for the analyses of fumonisins. The amount of fumonisin-positive samples was 89% in the extent of
9-4594 ng/g (arithmetical mean 180 ng/g). In 4% of the examined samples the concentration of fumonisins was found to be higher
than 1000 ng/g. Maximal fumonisin concentrations were determined in a sample of crisp corn bread (max. 4594 ng/g), extruded corn
products (max. 1178 ng/g) and in a polenta sample (max. 1243 ng/g). Corn flakes (max. 328 ng/g), pop corn (max. 128 ng/g), corn
snack (max. 32 ng/g) rank among foodstuffs where the concentrations of fumonisins were relatively low. The highest estimation of
the exposure dose can be expected for com flour, i.e. 0.43 pg/person/day (arithmetical mean of measured values) and polenta, i.e.
0.28 pg/person/day (arithmetical mean of measured values). Lower estimations for exposure doses of fumonisins can be expected

for pop corn, corn snack and corn flakes.

mykotoxins; fumonisins; corn-based foodstuffs; ELISA; dietary exposure

Fumonisins are mycotoxins which have lately become
the object of professional interest of many research teams
not only in the world but also in the Czech Republic. Fumo-
nisins belong to the group of fusarial mycotoxins. At the
present time 7 fumonisins have been isolated: B1, B2, B3,
B4, Al, A2, C1. Under natural conditions the most fre-
quently occurring fumonisins are B1, B2, B3. The most
important are fumonisins B1 and B2 (further FB1 and FB2)
(Fig.1)(Gelderblom etal.,, 1988;Gelderblom et
al., 1991;Nelson etal., 1993).
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1. Structures of fumonisins B1, B2 and B3

Fumonisins are produced by some microscopical fungi
of the genus Fusarium section Liseola (F. moniliforme,
E proliferatum, F. anthophilum, and then F. dlamini,
F. napiforme, F. nygamai, F. oxysporum). In addition to
fumonisins the anamorphic genus Fusarium produces
many other mycotoxins (e.g. trichothecenes, fusarin C, ze-
aralenone, moniliformin) and biologically active products
(e.g. gibberellins)(Bullerman,Tsai, 1994; Nelson
etal,, 1992, 1993).

The most important source of fumonisins is corn (mai-
ze) and corn-based food and feeds. It is possible to detect
fumonisins in good-quality corn. Residues of fumonisins
may occur in food raw materials of animal origin after con-
sumption of fumonisin-contaminated feed by farm animals,
i.e. fumonisin residues in milk are possible and probable in
pork kidneys and liver(Hammer etal., 1996;Buller-
man, Tsai,1994;Shelby etal,1994;Sydenham
etal., 1991).

According to IARC/FAO/WHO fumonisins are classi-
fied as potential human carcinogens (class 2B). On the
basis of studies from China and Transkei the potential
contribution of high levels of fumonisins in the etiology
of oesophageal tumors in humans was discussed (Chu,
Li,1994;Sydenham etal,, 1990;Yoshizawa etal,
1994).

Fumonisin B1 is a promotor of the carcinogenic pro-
cess, however they have no genotoxic and mutagenic ef-
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fects on the hitherto chosen models and they are cytoto-
xic to many mammalian and avian cells (Gelderblom
etal,, 1992;Norred etal., 1992; Wuetal., 1995).

In humans, fumonisins exposure may be implicated in
atherosclerotic plaques formation too. These mycotoxins
are structurally related to sphingosine, and may exert their
biological activity through their ability to block enzymes
involved in sphingolipid biosynthesis (Wan g etal., 1992;
Merrill etal,, 1993;Thibault etal., 1997).

Toxic effects of fumonisins have been tested experimen-
tally on many farm and laboratory animals. It was found
that they could cause many diseases (equine leucoence-
phalomalacia, pulmonary edema in swine and liver tumors
in rats). Fumonisins are phytotoxic for some weeds and
crop plants (Colvin, Harrison, 1992; Gelder-
blom etal, 1992;Harrison etal.,, 1990;Mararas et
al.,, 1988;Osweiler etal, 1992;Ross etal., 1993).

Fumonisins are detected most frequently by chromato-
graphic methods (HPLC, HPLC-MS-MS, GC-MS, TLC)
(Abouziedetal., 1996; Gelderblom etal., 1991;
Selim etal, 1996;Shephard etal, 1990;Shelby
etal, 1994;Stack,Eppley,1992;Young, Lafon-
taine, 1993;Yoshizawa etal.,; 1994) and immuno-
chemical methods (Abouzied, Pestka, 1994;
Abouzied etal,1996;Azcona-QOliveira etal,
1992;Schneider etal,1995;Sydenham etal., 1996;
Usleber etal.,, 1994). Corn samples can be cleaned using
the method of separation on solid phase (SPE), immunoaf-
finity chromatography and recently also the method of
supercritical fluid extraction has been used (SCE) (Selim
etal., 1996).

MATERIALS AND METHODS
The Source of Samples

In 1995 and'1996 we obtained 210 corn-based food sam-
ples through purchase in retail stores of the Czech Repub-
lic. The samples were divided into 10 types of food: corn
bread, extruded corn products (crisps, corn sticks, etc.).
Pop Corn, Corn Flakes, corn flour, corn paste, corn pastas,
polenta, Corn Snack and other corn foods (e.g. sterilized
corn in brine, corn beverage).

Samples were kept at —20 °C by the time of analysis.

Analytical Method

The immunochemical method ELISA (Ridascreen®
Fumonisin Fast, Art. No R3403, R-Biopharm GmbH,
Darmstadt, Germany) was used for the determination of
fumonisins. A modified method recommended by the ma-
nufacturer was used for preparation of samples. The de-
termination limit was determined by the manufacturer as
9 ng/g and the detection limit as 0.2 ng/g. The variation
coefficient of repeatability was 7% at the level of 50 ng/g.
Typical cross reactions were determined for fumonisin B1,
B2 and B3 (100%, 40% and 100%, respectively). The reco-
very of fumonisin B1 was at the level of 50 ng/g (59,7%)
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and at the level of 500 ng/g (73%) (Stack, Eppley,
1992 ). In the present study we determined a 70% recovery
at the level of 300 ng/g in corn flour and the extent of
determination of the method given by the calibration cur-
ve was 9-5625 ng/g.

In terms of the quality of work (QA/QC) certified refe-
rence material is not yet available (it is being prepared)
and worldwide proficiency testing of laboratories for this
analyte type is not yet in effect (Egmond, 1995). In
order to ensure the quality of laboratory results we used
testing material, corn flour with known levels of fumonisin
B1 and B2 kindly provided from the US FDA, Washington
D.C. (in the CFSAN laboratory of Dr. Mary W. Trucksess).

Fumonisin B1 (CAS 116355-83-0) from Sigma — Aldrich
Prague, CZ, was used for addition into the samples.

Extraction of Corn Samples

The homogenized samples (5 g) were extracted with a
10 ml (for corn) or 30 ml (for extruded corn products) me-
thanol/water mixture (75/25) for 5 minutes on a Polytron
PT-3000 homogenizer (Kinematika, Switzerland).

The extract was centrifuged for 15 minutes at 3000 g.
The supernatant was diluted 1 : 7.5 with a PBS buffer.
The aliquot part of the extract was diluted 1 : 3ina 10%
mixture of methanol/PBS buffer and directly applied in
the test.

Evaluation of Results

The MRX 1200 microplate reader (Dynatech Laborato-
ries) was used for evaluation of the tests. Measurements
were done at 450 nm. The results of measurements were
processed using the software SILAB (SIMPO, Slovakia).
The QUATTRO PRO for Windows software (version 5.0)
was used for statistical evaluation of results.

RESULTS AND DISCUSSION

In 1995 and 1996 a total of 210 corn-based food samples
was examined (products made from corn flour, corn flakes,
pop corn, polenta, etc.). Eighty-nine per cent of the sam-
ples were found to be positive for fumonisins, ranging
between 9 and 4594 ng/g (arithmetical mean 180 ng/g). In
4% of the examined samples the fumonisin concentra-
tions were higher than 1000 ng/g, in 10% of the samples it
was more than 500 ng/g and in 38% the concentration was
higher than 100 ng/g. Table I gives the results of fumonisin
levels in the individual types of corn-based food. The con-
centration of fumonisins was higher in corn bread, extruded
corn products (crisps, sticks) and polenta. Maximal con-
centrations of fumonisin were found in samples of corn
bread (4594 ng/g), extruded corn products (1178 ng/g)
and polenta (1243 ng/g). Corn flakes, pop corn and corn
snack belong to food where fumonisin concentra-
tions were relatively low. The maximal values of fumonisin
concentrations found in samples were 328 ng/g for corn
flakes, 128 ng/g for pop corn and 32 ng/g for corn snack.
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1. The concentration of the mycotoxin fumonisins (ng/g) in corn-
-based foods in the Czech Republic in 1995/1996

Incidence

(No.positive*/ Mean**
Comodities /total) Range [min/max]
Corn extruded bread 35/40 < 9-4594 368
Corn extruded products  35/36 <9-1178 236
Pop Comn 2324 <9-126 31
Corn flakes 21/25 <9-328 52
Corn flour 26/27 < 9-487 171
Corn instant porridge 18/19 < 9-788 124
Com pastes 6/11 <9-511 75
Polenta 6/7 <9-1243 559
Com snack 71 14-32 19
Other 10/14 < 9-682 136

* Contamination above 9 ng/g
** The concentration of fumonisins < 9 ng/g considered as
1/2 limit of determination = 4.5 ng/g

In several European countries corn-based food from
retail outlets was examined for levels of fumonisin and the
results were similar. In the Czech Republic Ostry and
Ruprich (1998)examined 127 food samples for gluten-
-free diet. Eighty-eight per cent of the samples were posi-
tive for fumonisin (FB1, FB2, FB3). The highest concen-
tration of fumonisins was found in extruded corn produ-
cts (i.e. 1808 ng/g).

Usleber etal. (1994) analyzed 19 samples of corn
food from retail shops in Germany. Eighty-four per cent of
the samples were contaminated with FB1, in spite of this
the fumonisin concentration in the majority of samples
was lower than 100 ng/g. The maximal value in polenta
was 1000 ng/g FB1.

Inltaly, Doko andVisconti (1994) published re-
sults of concentrations of FB1 and FB2 in corn and corn-
based food. All the samples were positive, i.e. up to
5310 ng/g for FB1 and up to 1480 ng/g for FB2. The highest
contamination with fumonisins was found in extruded
corn, i.e. 6100 ng/g for FB1 and 520 ng/g for FB2. In ground

- corn, corn flour and polenta the values ranged between
420 and 3760 ng/g FB1 and 80 and 910 ng/g FB2. All the
samples of sweet corn were positive for FB1, the values
ranging between 60 and 790 ng/g, but negative for FB2.
Lower values of fumonisin were found in pop corn (less
than 60 ng of FB1/g and 20 ng of FB2/g), tortilla chips
(less than 60 ng of FB1/g and 10 ng FB2/g) and in corn
flakes (10 ng of FB1/g).

In SwitzerlandPittet etal. (1992) examined corn-based
food for the content of FB1. In 44 samples out of 120
(36.7%) they found FB1 (55-790 ng/g). The highest fre-
quency of positive samples, i.e. 61.8%, and the highest
concentration of FB1, i.e. 790 ng/g, was found in ground
corn.

Zoller etal. (1994 ) in Switzerland tested 104 corn-
-based foods and corn-free foods. In ground corn and
corn flour they found 406 ng/g (from 14 to 3400 ng/g) FB1
and 95 ng/g (5-900 ng/g) FB2. None of the corn-free sam-
ples contained detectable amounts of fumonisins.

Sanchis etal. (1994) published results of determina-
tions of fumonisin B1 and B2 in 50 corn-based food sam-
ples (corn grits, corn flakes, snacks, corn flour and corn
toasts) in Spain. The levels of contamination with FB1
were very low with a mean of 80 ng/g.

The determination of a substantiated and relevant-data-
-based hygienic limit is dependent on results of currently
ongoing toxicological studies and determinations of
NOAEL or LOAEL for the toxicologically most important
effect (f.e. carcinogenic effect) (Gelderblom etal., 1996;
Marasas, 1997). In Switzerland the administrative hy-
gienic limit for the content of fumonisins in corn-based
products was proposed to be 1000 ng/g (Zoller etal.,
1994 ). Our proposed preliminary administrative hygienic
limit for corn products is also 1000 ng/g for the sum of FB1
and FB2 in order to prevent the access of highly contami-
nated food to the consumer (in our study it is ca 4% of
samples). The concentration at the level of the hygienic
limit can be measured relatively easily by commercial ELI-
SA methods and can be verified with the HPLC method.
ELISA is a very good alternative for quantitative scree-
ning of fumonisins in corn and corn-based products
(Schneider etal,, 1995; Sydenham et al., 1996;
Usleber etal., 1994). Correlation coefficients of eva-
luations of the fumonisin content in corn (> 1000 ng/g)
analyzed parallelly by the ELISA and HPLC methods were
estimated in the value r=0.996 (Sydenham etal., 1996)
and (r>0.9,P<0.05)(Abouzied etal., 1996).

The estimated dietary intake of various types of corn-
based food is expressed in grams per person and day

II. The estimate of exposure doses of fumonisins from
corn-based foods for the population in the Czech Republic in
1995/1996

Intake of An estimate of
corn-based foods* the exposure dose**

Comodities (g/day/person) (ng/day/person)
Corn extruded bread 0.30 0.11
Corn extruded products 0.18 0.04
Pop Corn 0.06 0.00
Corn flakes 0.23 0.01
Corn flour 25 0.43
Corn instant porridge 14 0.17
Comn pastes 2 0.15
Polenta 0.5 0.28
Corn snack 0.5 0.01
Other 1 0.14

* An estimate of dietary intake (Ruprich, 1997)
** Mean level of fumonisins
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(Ruprich, 1997). The estimated dietary exposure dose
to fumonisins for the population of the Czech Republic is
described in Table II. The highest estimate of exposure
dose can be expected from corn flour, i.e. 0.43 pg/per-
son/day (mean of measured values) and polenta, i.e.
0.28 pg/person/day (mean of measured values). The lowest
estimated exposure dose can be expected from pop corn,
corn snacks and corn flakes.

The estimated average daily intake of fumonisins in
Switzerland givenbyZoller etal. (1994)is 2 pg/person
per day.
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OSTRY V., RUPRICH J. (1998): Vyskyt fumonisinii v potravinich na bazi kukufice v Ceské republice. Czech J. Food Sci.,
16:117-121.

V letech 1995 a 1996 bylo v Ceské republice vySetfeno 210 vzorki potravin na bézi kukufice na obsah fumonisini. K analyze
fumonisint byla vyuZita imunochemicka metoda ELISA. 89% vzorki bylo pozitivnich na obsah fumonisini v rozsahu 9-4 594 ng
na g (aritmeticky primér 180 ng/g ). U 4 % vy3etfovanych vzorki byly stanoveny koncentrace fumonisinii vétsi nez 1000 ng/g.
Maximalni koncentrace fumonisinii byly stanoveny ve vzorku kukufiéného kiehkého chleba (4 594 ng/g), extrudovanych kukufiénych
vyrobki (1 178 ng/g) a ve vzorku polenty (1 243 ng/g). Corn flakes (max. 328 ng/g), pop corn (max. 128 ng/g) a corn snack (max.
32 ng/g) patii k potravindm, v nichZ byly stanoveny pomé&mé nizké koncentace fumonisinll. Nejvy33i odhad expoziéni davky je
mozné o&ekdvat z kukufi¢né mouky 0.43 pg/osobu/den (aritmeticky priimér naméfenych hodnot) a polenty 0.28pg/osobu/den
(aritmeticky primér naméfenych hodnot). NiZ35i odhady expozi&ni davky fumonisini je moZné oéekavat z pop cornu, corn
snacku a cornflakes.
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Abstrakt

JAROSOVA A., GAJDUSKOVA V., RASZYK J., SEVELA K. (1998): Determination of phthalic acid esters (PAEs) in
biological materials by HPLC. Czech J. Food Sci., /6: 122-130.

Analytical procedures for the determination of di-2-ethylhexyl phthalate (DEHP) and di-n-butyl phthalate (DBP) in plant and
animal matrices (feeds, raw materials and foods) have been modified and tested. The procedures consist of freeze-drying of
samples, extraction of phthalates, separation of analytes from co-extracts using gel permeation chromatography in Bio-beads S-X3
gel, clean-up of extracts or eluates with sulphuric acid, and detection and quantification by high-performance liquid chromatogra-
phy with UV detection (diode array detector) at 224 nm. A rapid and simple method for the determination of DEHP, its metabolite
mono-2-ethylhexyl phthalate (MEHP) and DBP has been developed. The procedures were used within the monitoring of DEHP
and DBP in feed and muscle and adipose tissue samples collected in the South Moravian region and investigations of the DEHP
leaching from PVC sets used in patients treated by haemodialysis.

phthalate esters; analysis; feeds; foods; blood; gel permeation chromatography; clean-up with sulphuric acid; high-performance

liquid chromatography

Phthalic acid esters (PAEs) are used for many purposes
in the chemical industry and rank among widespread ha-
zardous environmental pollutants. They can penetrate into
the food chain (Castle etal., 1988;Petersen, 1991;
Sharman etal, 1994; Nerin et al, 1993; Page,
Lacroix, 1992, 1995) or directly into the human orga-
nism (Gerlai etal., 1987;Malik etal., 1993) froma
variety of sources, such as plastics paints, inks and coa-
ting materials. The most frequently detected phthalates
include di-2-ethylhexyl phthalate (DEHP) and di-n-butyl
phthalate (DBP).

Several analytical procedures for the determination of
phthalates in various matrices have been developed. One
of their critical points is the separation of lipid co-extracts
from PAEs, when various techniques, such as sweep-co-
distillation (Page, Lacroix, 1995), absorption chro-
matography on Florisil oralumina(Holadovéa, Haj§-
lova, 1995), or gel permeation chromatography (GPC)
are used (Petersen, 1991; Sharman et al,, 1994;
Nerin etal., 1993). DBP and DEHP are lipophilic com-
pounds and therefore GPC can be carried out under con-

ditions similar to those used in the determination of poly-
chlorinated biphenyls in biological matrices (Williams
etal., 1995; Hess et al., 1995), and the extracts can be
cleaned up with concentrated sulphuric acid (Thurén,
Sédergren, 1987). Methods based on the extraction
of DEHP with various organic solvents without subse-
quent clean-up have been suggested for the determina-
tion of DEHP residues in blood and blood derivatives sto-
redin PVCbags(Malik etal., 1993;Shintani, 1985;
Pollack etal., 1984).

Gas chromatography (GC) with ECD or FID detectors
(Petersen,1991;Nerfn etal,1993;Page,Lacroix,
1992;Holadova, Hajslova, 1995), gas chromato-
graphy with mass spectrometry (GC-MS) (Sharman et
al, 1994;Nerin etal, 1993;Holadova, Hajslo-
va, 1995), or high-performance liquid chromatography
(HPLC) with UV detection (diode array detector) (Gerlai
etal, 1987, Malik etal.,1993; Dine etal,1991; Shin-
tani, 1985; Pollack etal., 1984) are currently used for
the determination of PAEs in biological materials. The
choice depends on the degree of extract purity.

*This work was worked out in Veterinary Research Institute and was supported by the Czech Ministry of Agriculture (grant
RE 5562), the Czech Ministry of Health (grant no. 3427-3) and the Grant Agency of the Czech Republic (Project 525/96/0924).
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Analytical procedures for PAEs require a high degree
of purity of laboratory environment, glassware and che-
micals(Holadovéa, Haj§lova, 1995).

The objectives of this study were: 1) optimization and
verification of an analytical method for determination of
PAEs in materials of plant and animal origin (feedstuffs,
raw materials, foods) that would be suitable for laborato-
ries engaged in the monitoring and control of hazardous
pollutants; 2) optimization and verification of arapid and
sensitive method for the determination of DEHP, inclu-
ding its metabolite mono-2-ethylhexyl phthalate (MEHP),
and DBP in blood.

MATERIAL AND METHODS
Material

Samples of commercial combined feeds for livestock
(n=30) were collected at feed processing plants and farms
in the South Moravian region. Samples of porcine, bovine
and avian muscle and adipose tissues (n = 30) were collec-
ted at slaughterhouses in the South Moravian region. Food
samples (edible plant oil, butter) were purchased from re-
tail shops in Brno. Porcine and poultry blood samples,
used for development and verification of a rapid method
for the determination of PAEs in blood, were collected at
slaughterhouses in the Veterinary Research Institute in
Brno. Blood samples to be analysed for DEHP (n = 18)
were collected from sets applied to patients of the Haemo-
dialysis Unit of St. Ann’s Faculty Hospital in Brno.

Chemicals

Analytical standards: di-2-ethylhexyl phthalate and di-
n-butyl phthalate were supplied by Supelco, Inc. (USA),
mono-2-ethylhexyl phthalate was synthesised at the In-
stitute of Chemical Technology, Department of Organic
Chemistry (Prague, CR), all of them with 99.9% purity.

Stock and working solutions were prepared using ace-
tonitrile and stored in a freezer (=15 °C).

The solvents acetone, ethyl acetate, n-hexane, dichlo-
romethane, and cyclohexane were analytical grade (Merck,
Germany) and were redistilled in an all-glass apparatus.
Acetonitrile was HPLC grade (J. T. Baker, Netherlands).
Water was deionized and purified with a Mili-Q-Cartridge
(Milipore, USA). Heparin was purchased from Lééiva
(CR). All other chemicals (Merck) were analytical grade:
sulphuric acid, sp. gr. 1.84; phosphate buffer, pH 2.8
(0.005 mol/dm”® NaH, PO, + 85% H,PO,); citrate buffer, pH
2.2(0.2 mol/dm? NaZHPO ,+0.1 mol/dm? citric acid).

Glassware

Flasks with ground stoppers (100 ml, 250 ml), pipettes,
Petri dishes, test tubes with ground stoppers, vials with
screw caps and teflon sealing, customized heart-shaped
flasks with ground stoppers (50 ml), Hamilton syringes
(1-5ml).

Glass Cleaning

Vials, flasks and test tubes are washed, heated in a fur-
nace at 390 °C for 4 hours and rinsed with acetone before
use. Washed pipettes are only rinsed thoroughly with ace-
tone.

Apparatuses and Devices

Homogenizer (Moulinex, France); freeze-drying appara-
tus LYOVAC 2 (FINN-AQUA, Germany); extraction appa-
ratus Soxtec System HT 1043 (Tecator; Sweden); cooled
centrifuge K70 (Janetzki, Germany); shaking apparatus
3006 (GFL, Germany); muffle furnace (Labora, CR); rotary
vacuum evaporator (Heidolph, Germany); analytical ba-
lance AE 163 (Mettler, Switzerland).

Gel Permeation Chromatography (GPC)

Liquid chromatograph — isocratic pump LCP 400 and
UV detector 2082 (ECOM, CR); stainless steel preparative
columns: Variant 1 —column 500 mm x 8 mm L.D., Variant 2
—aset of three in-line columns including 1* guard column
70mm x 25 mm LD. and 2™ and 3™ columns 250 mm x 25 mm
I.D., packed with Bio-beads S-X3, 200400 mesh (Labio,
CR); linear injector loop 1-2 ml HPP 4001 (Laboratorn{ pii-
stroje, CR).

High-performance Lliquid Chromatography (HPLC)

Liquid chromatograph Varian 5000 (Varian, USA); inje-
ction loop 20 ml Rheodyne 7125 (USA); glass chromato-
graphic column 150 mm x 3 mm LD. packed with Separon
SGX C 18, particle size 5 pm (Tessek, CR); diode array
detector Polychrom 9060 (Varian, USA); PC integrator with
the software CSW Version 1.6 (DataApex, CR).

Analytical Procedures

Feeds and Foods of Animal and Plant Origin

Sample processing prior to extraction

Samples (fats, milk, cream, liquid milk products, frozen
cream products, adipose tissue, muscles, other tissues,
meat products, cheeses, eggs, feedstuffs, materials of plant
origin) are homogenized (hard cheese samples are grated
on a stainless steel grater), put into Petri dishes and
weighed (50-200 g in dependence on presumed fat con-
tent). The height of the layer should not exceed 1 cm. The
samples are stored in a freezer and subsequently freeze-
-dried.
Extraction of PAEs

1. Extraction in Soxtec: Exactly weighed sample (3-5 g)
is put into an extraction shell and PAEs are extracted with
60 ml hexane for 2 h. The extract is poured into a weighed
flask, hexane is evaporated and the fat residue is weighed
and stored in a freezer. The procedure is suitable for sam-
ples with a high fat content.

2. Extraction by shaking with an organic solvent: Free-
ze-dried sample (5-15 g, corresponding to 10-50 g of the
original material) is put into an Erlenmeyer flask and PAEs
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are extracted three times with 80 ml hexane on a shaking
apparatus for 60, 30 and 30 min, respectively. The hexane
extracts are pooled, concentrated in a rotary vacuum eva-
porator at max. 40 °C and evaporated to dryness with a
stream of nitrogen prior to the separation of PAEs. The
procedure is suitable for matrices of plant or animal origin
with a low fat content.

Separation of co-extracts by GPC

Variant 1. Oneml of sample, corresponding to 0.25 g
of extracted fat, or an equivalent volume of sample extract
dissolved in the mobile phase, is injected onto a 500 mm x
x 8 mm column. A dichloromethane + cyclohexane mixture
(1: 1) is used as the mobile phase. At the flow rate 1 ml/min,
PAEs are eluted between 10" and 18" min.

Variant 2. Two ml of sample, corresponding t0 0.5 g
extracted fat, or an equivalent volume of sample extract
dissolved in the mobile phase, are injected onto the first
of an in-line set of three columns. A dichloromethane
+ cyclohexane mixture (1 : 1) is used as the mobile phase.
At the flow rate 1 ml/min, PAEs are eluted between 27%
and 37" min.

The PAEs fraction is concentrated in a rotary vacuum
evaporator at 40 °C and dried with a stream of nitrogen.
The residue is dissolved in 200 ml acetonitrile for HPLC
determination.

Clean-up with concentrated sulphuric acid

Clean-up with concentrated sulphuric acid is necessary
when the separation of PAEs from animal or plant co-
-extracts is incomplete.

The mobile phase is evaporated from the PAE fraction,
the residue is dissolved in hexane and transferred into a
test tube or vial with ground stopper, and the volume is
adjusted to 1 ml. After the addition of 1 ml concentrated
sulphuric acid, the content is vigorously shaken for 10
min and centrifuged and the hexane phase is removed.
The H,SO, phase is mixed with 2 ml of chilled hydrated
H,SO, prepared by the dilution of concentrated H,SO,
with distilled water to 65% (the dilution is done in an ice-
water bath). PAEs are extracted by shaking with 1 ml hexa-
ne for 10 min. The phases are separated by centrifugation
and the hexane phase is transferred into a test tube (vial).
The extraction procedure is repeated twice using the same
volume of hexane. The extracts are pooled, hexane is eva-
porated with a stream of nitrogen and the residue is dis-
solved in an appropriate volume of acetonitrile for HPLC
determination.

Note: The separation by GPC can be omitted and co-ex-
tracts can be removed with concentrated sulphuric acid
when samples with a low fat content are analysed.

Blood

Collection and storage of samples

Blood samples are collected into heparinized test tubes
and analysed without delay. The samples must be frozen
when a transport to a distant laboratory is necessary.
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Extraction of DEHP and DBP

Six ml of blood sample are pipetted into a weighed vial
containing 9 ml of ethyl acetate and the vial is weighed
again. The content is shaken vigorously for 30 min and
phases are separated in a cooled centrifuge at 3000 rpm
(1600 g) for 30 min. The organic phase is transferred into a
customized heart-shaped flask using a syringe. The ex-
traction is repeated twice using 6 ml of ethyl acetate. The
organic phases are pooled and concentrated in a rotary
vacuum evaporator (water bath temperature < 40 °C) and
dried with a stream of nitrogen. The residue is diluted in
an appropriate volume (100-500ml) of acetonitrile for HPLC
determination.

Extraction of MEHP

Three ml of citrate buffer are added to 6 ml of blood and
MEHP is extracted with three portions of ethyl acetate (9,
6 and 6 ml) as described for DEHP and DBP.

Extraction of DEHP, DBP and MEHP

The extraction of DEHP and DBP is followed by the ex-
traction of MEHP as described above and the fractions
are pooled.

HPLC Conditions

A column packed with a Separon SGX C18 is used. UV
absorption at 224 nm is monitored continuously using a
diode array detector. The samples are injected in 20 pl of
acetonitrile and eluted isocratically with the following
mobile phases: acetonitrile-water (9 : 1), flow-rate 0.5 ml
per min for DEHP and DBP in feeds and foods; acetonitri-
le-water (9 : 1), flow rate 0.8 ml/min for DEHP and DBP in
blood; acetonitrile-phosphate buffer (7 : 3), flow rate
0.6 ml/min for MEHP in blood.

The external standard method is used for the calculation
of analyte concentration. The result is read from a calibra-
tion line showing the dependence of peak area on analyte
concentration and_is expressed in mg/kg feed/food or in
ng/g whole blood. The calibration line is constructed using
at least four analyte concentrations ranging from 0 to
1000 ng per injection. The response of the diode array
detector is linear within this range. The calibration lines
are checked prior to the analysis of each set of samples
using standards of the analytes under study. The identity
of PAEs is regularly checked on the basis of elution times
and analyte-specific spectrums.

QA/QC Conditions

Glass and chemicals shall be checked for possible con-
tamination with PAEs before each analysis. All laboratory
devices and utensils shall be washed and rinsed with hexa-
ne or acetone. Blank analysis shall be run along with each
set of samples to check the purity of the procedure and to
provide for the correction of chromatographic background.
Extracts and eluates are concentrated in a rotary vacuum
evaporator at a water bath temperature < 40 °C and dried
with a stream of nitrogen to avoid the loss of PAEs.
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The dose of fat applied onto the GPC column depends
on the parameters of the column and is proportional to
the mass of the gel packing. Therefore, doses, flow rates
ensuring effective separation of PAEs from fats, and elu-
tion time of the PAEs fraction must be tested. Two por-
tions of the sample shall be applied onto the column and
PAEs fractions shall be pooled if the weighed amount of
fat is low. The mobile phase must be identical with the
organic phase in which the Bio-beads S-X3 gel was swel-
led and packed into the column. Elution times of PAE frac-
tions shall be checked with UV detector and recorded cur-
rently during GPC. All the parameters must be set
accurately to avoid the passage of fats into the PAEs frac-
tion.

All samples shall be analysed in duplicates. Fat and dry
matter contents in the sample must be determined to allow
the calculation of PAE concentration in whole samples.

The recovery of the procedure and repeatability of its
results shall be checked regularly using samples fortified
with a known amount of PAE.

RESULTS AND DISCUSSION
Analytical Procedures

Analytical procedures for the determination of phthala-
tes in plant and animal materials, suitable for various ma-
trices, have been validated and implemented.

Freeze-drying of samples prior to extraction offers se-
veral advantages. PAEs are extracted with the nonpolar
solvent n-hexane. No emulsification, common in the ex-
traction of water-containing samples (such as milk, meat
or green plant materials), occurs and no re-extraction of
residues present in an liquid-liquid system is necessary.
The extraction of PAEs from freeze-dried matrices is repro-
ducible and the sensitivity can be increased by control-
ling the weighed amount. Extraction in Soxtec is recom-
mendable for the determination of PAEs in fat and all
matrices with a fat content higher than 15% and extraction
by shaking with n-hexane is suitable for the processing of
other materials.

The separation by GPC of PAEs from lipids and other
co-extracts is usable also for other lipophilic analytes, such
as pesticides or polychlorinated biphenyls. The Bio-beads
S-X3 gel effectively separates not only the co-extracted
lipids, but also many plant pigments. Several hundreds of
extracts of biological materials can be cleaned in one pack-
ing under standard conditions. The set of three columns
and injection of a large volume of sample extract (Variant
2) shall be preferred. Fig. 1 shows the result of GPC sepa-
ration of DEHP and DBP from lipid co-extracts (porcine
adipose tissue) using such a set. Several reproducible pro-
cedures for the separation of PAEs from co-extracts of
plant materials and environmental samples by adsorption
chromatography have been described (Holadovi,
Haj$lova,1995;Russel, Mc Duffie, 1983). Their
common disadvantage is that they are rather demanding

fat co-extracts

DBP

DEHP

~

45 40 35 30 25 20 15 10 5
Elution time [min]
1. GPC separation of DEHP and DBP fraction and lipid co-
-extracts fraction from a porcine adipose tissue sample (Va-
riant 2)

on the standardization of separation conditions for each
series of analyses (He s s etal., 1995). Lipid co-extracts
are eluted along with PAEs from sorbents (Florisil, alumi-
na) and solid phase extraction columns (SPE) when lipid
matrices, requiring a large amount of weighed sample are
to be analysed (unpublished results of authors).
Clean-up of extracts or GPC eluates with concentrated
sulphuric acid is a procedure similar to the processing of
extracts to be analysed for polychlorinated biphenyls. The
procedure described by Thurén and S6dergren
(1987), who used fuming sulphuric acid to clean extracts
of surface water and fish tissues to be analysed for DEHP
and DBP by gas chromatography, has been modified. This
modification, consisting in the replacement of fuming sul-
phuric acid by its concentrated form, has been introduced
because the freeze-dried samples are free of water redu-
cing the cleaning effect of sulphuric acid. The principal
step of re-extraction of PAEs from the sulphuric acid phase
is hydration of the latter associated with deionization of
phthalates and their passage into the nonpolar solvent.
Hydration of sulphuric acid increases the yield of PAEs
and enhances the cleaning effect (Thurén, Séder-
gren, 1987). Sulphuric acid is used for the clean-up of
eluates after GPC separation mostly when plant matrices
are analysed (edible plant oils, simple and combined fe-
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eds). HPLC chromatograms showing the cleaning effect of
concentrated sulphuric acid in an analysis for DEHP and
DBP of a sample of feed for swine are nresented in Figs. 2
and 3.

The rapid and simple procedure of determination of
DEHP, MEHP and DBP in whole blood is a suitable scree-
ning method for use in both human and veterinary medici-
ne. The procedure consists in extraction and separation
of the PAE-containing organic phase by centrifugation in
a single vial without extract cleaning. The procedure of
DEHP determinationin blood (Pollack etal., 1984) has
been modified to be applicable also for the determination
of the metabolite mono-2-ethylhexyl phthalate and DBP.
Recovery and repeatability of the multidetection proce-
dure for PAEs in blood are comparable with the parame-
ters of methods described for individual phthalates (M a -
lik etal,, 1993; Shintani, 1985;Pollack etal., 1984).

HPLC Determination

No careful cleaning, required for the separation in GC
capillary columns or mass spectrometry, is necessary in
the determination of phthalates in biological matrices by
HPLC combined with UV detection. HPLC is preferably
used for the determination of PAEs in blood and its deri-

1.00
[mV]
0.75

0.50

0.25 4

vatives (Gerlai etal.,, 1987;Malik etal., 1993;Shin-
tani, 1985;Pollack etal., 1984). Combined with diode
array detection, allowing the identification of phthalate
spectra, HPLC was used also in food analyses (Shar-
man etal, 1994;Page, Lacroix,1992;Page, La-
croix, 1995). The results obtained in the verification of
the procedures and analyses of real samples have confir-
med the suitability of HPLC for the determination of DEHP
and DBP in animal and plant matrices.

QA/QC

Principal conditions of quality assurance and quality
control, aimed at the avoidance of sample contamination
during the analysis and ensuring quantitative and repro-
ducible analysis of PAEs in various matrices, are defined
in the preceding chapter. The recovery of the procedure
and repeatability of its results should be checked regular-
ly using samples fortified with a known amount of PAE.
Since no biological reference materials with known con-
centrations of PAEs are available, recovery checks should
be done using homogenized samples containing no resi-
dues exceeding the detection limit of the method and for-
tified with known amounts of DEHP and DBP. Alternati-
vely, PAEs can be determined also in PAE-contaminated

2. HPLC chromatogram of GPC fraction

0 2.5 5.0 7.5
Time [min]

400
[mV]

300

2.15 DBP

10.0 DEHP and DBP from a feed sample with-

out clean-up with sulphuric acid

3. HPLC chromatogram of GPC fraction
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samples provided that their concentration is determined
in octaplicates, the same analysis is done in octaplicates
after the addition of a known amount of PAE standard and
recovery and repeatability of the procedure are assessed
using the standard addition method. The recovery and re-
peatability of GPC separation of DEHP and DBP after the
addition of a standard amount of PAE to a lipid extract befo-
re the injection onto GPC columns are shown in Table I.

I. Recoveries and repeatabilities of DEHP and DBP by GPC
separation procedure from fat materials

Material Added Recovery £ R.S.D.
PAE [mgkg'] n [%]
Porcine adipose tissue

DBP 1.0 8 99.7+1.4
DEHP 1.0 8 99314
Porcine adipose tissue

DBP 2.0 8 99.9+1.5
DEHP 2.0 8 100.3+1.8
Butter

DBP 1.0 8 99.2+ 1.7
DEHP 1.0 8 983 +1.9

The recovery and repeatability of clean-up with con-
centrated sulphuric acid were assessed using an a GPC
eluate fraction of edible plant oil and feed samples (Table
II). Table IIT shows recoveries and repeatabilities of the
complete procedure of DEHP and DBP determination in
feed and food samples and the rapid method of DEHP,
MEHP and DBP determination in blood. The concentrati-
on of the added PAE standards (1-2 mg/kg) to representa-
tive samples of animal adipose tissue (extraction, GPC se-
paration, HPLC determination) and edible plant oil and
combined poultry feed (extraction, GPC separation, clean-
up with concentrated sulphuric acid, HPLC determinati-
on) corresponds to current hygienic limits for DEHP and
DBP laid down in the Czech Republic. The concentration
of PAE standard added to whole porcine blood samples
(100 ng/g) corresponds to approx. a threefold of the de-
tection limit of the procedure. The added PAE standards

II. Recoveries and repeatabilities of DEHP and DBP by sul-
phuric acid clean-up procedure from plant materials

Material Added Recovery + R.S.D.
PAE [mgke™ n [%]
Edible plant oil

DBP 1.0 8 97.9+£2.7
DEHP 1.0 8 96.9+2.8
Feed for swine (Al)

DBP 1.0 8 97335
DEHP 1.0 8 95.8+3.8

III. Recoveries and repeatabilities of DEHP, DBP and MEHP
by analytical methods from representative materials

Material Added Recovery = R.S.D.
PAE [mgkg'l n [%]
Porcine adipose tissue

DBP 1.0 8 98.6+1.9
DEHP 1.0 8 97.0+2.4
Edible plant oil

DBP 1.0 8 97.7+3.6
DEHP 1.0 8 96.4+2.8
Feed for poultry (BR 2)

DBP 1.0 8 95.8+3.7
DEHP 1.0 8 94.4+40
Blood*

DBP 100 8 87.7+3.9
DEHP 100 8 89.4+42
MEHP 100 8 76.2+6.3
*inngg'!

were dissolved in n-hexane (fat matrices, GPC separation,
clean-up with sulphuric acid) and in acetonitrile (plant ma-
trices, blood).

Regression coefficients of calibration lines for HPLC
determination of individual PAEs within the concentra-
tions of 0-1000 ng per injection are r=0.993-1.000.

The lowest per injection amount of DEHP, MEHP and
DBP detectable by HPLC is 20 ng.

The detection limit of DEHP and DBP depends on the
content of fat in the sample, ranging from 0.2 to 0.4 mg/kg
for fats and from 0.01 to 0.10 mg/kg for animal and plant
materials with a low fat content. The detection limit of
DEHP, MEHP and DBP in blood is 30 ng/g whole blood.

Determination of PAE Concentrations in Biological
Materials

The method of DEHP and DBP determination in feeds,
raw materials and foods of plant or animal origin is cur-
rently used in the authors’ laboratory within investiga-
tions of the distribution and accumulation of PAEs in the
organisms of farm animals and within the monitoring of
the presence of PAEs in the food chain. Table IV shows
the occurrence of DEHP and DBP in feeds and muscular
and adipose tissues of farm animals in the South Mora-
vian region. Fig. 4 shows the chromatogram of HPLC de-
termination of DEHP and DBP in a sample of porcine adi-
pose tissue after the extraction and separation of PAEs by
GPC. The method is currently used within the monitoring
of PAE levels in selected commodities, carried out by the
laboratories controlled by the State Veterinary Adminis-
tration of the Czech Republic. The method of PAE deter-
mination in blood is used, in collaboration with medical
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IV. Occurrence of DEHP and DBP (mg/kg) in combined feedstuffs, muscles and adipose tissues

Material DBP DEHP " ¥ DBP+DEHP  Material DBP DEHP X DBP+DEHP
Statistical value [mg.kg™] Statistical value [mg.kg™]
Combined feedstuffs for poultry Bovine kidney fat

n 6 6 6 n 6 6 6
Mean 0.562 0.592 1.153 Mean 2.54 0.79 3.33
Median 0.25 0.26 0.47 Median 2.19 0.60 3.09
S.D. 0.885 0.624 1.486 S.D. 0.89 0.38 0.84
Min 0.06 0.21 0.30 Min 1.76 0.55 2.61
Max 2.36 1.77 4.13 Max 4.17 1.52 4.75
Combined feedstuffs for swine Chicken muscles

n 20 20 20 n 9 9 9
Mean 0.318 0.224 0.542 Mean 0.17 0.11 0.28
Median 0.23 0.18 0.36 Median 0.17 0.11 0.32
S.D. 0.226 0.139 0.335 S.D. 0.06 0.08 0.10
Min 0.10 0.07 0.20 Min 0.08 0.02 0.14
Max 0.96 0.49 1.29 Max 0.24 0.30 0.43
Combined feedstuffs for cattle Chicken intestinal fat

n 4 4 4 n 9 9 9
Mean 0.150 0.245 0.395 Mean 0.37 0.62 0.99
Median 0.14 0.24 0.38 Median 0.20 0.42 0.90
S.D. 0.036 0.066 0.099 S.D. 0.22 0.46 0.47
Min 0.12 0.17 0.30 Min 0.20 0.20 0.40
Max 0.20° 0.33 0.53 Max 0.68 1.71 1.91
Porcine subcutaneous adipose tissue

n 6 6 6

Mean 3.36 0.51 3.87

Median 3.54 0.53 4.02

S.D. 1.76 0.21 1.89

Min 1.37 0.20 1.79

Max 6.12 0.80 6.92

institution, within investigations of possible adverse ef-  determination of DEHP in blood are shown in Table V and
fects of PAEs eluted from plastic materials used in human  Fig. 5, respectively. Data on the occurrence of PAEs in
medicine. The leaching of DEHP from PVCsets intoblood ~ biological materials and on their fate in the organism will
of patients treated by haemodialysis and the result of HPLC ~ be presented and discussed in detail in next papers.

50

(mV)

40

0 2 4 6 '8 4. Chromatogram of HPLC determination of
Time [min] DEHP and DBP in porcine adipose tissue
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607
[mV]
501

40

30

20

5. Chromatogram of HPLC determination of
DEHP in blood

P 8.72 aie

10

0 2.5 5.0 7.5
Time [min]

V. Leaching of DEHP from PVC sets into patients’ blood upon
haemodialysis

DEHP [ng.g"'] patients

Time [h] 1 2 3
0.00a <30 <30 <30
b 37 33 <30
2.00a 92 124 94
b 182 164 247
345a 195 197 256
b 242 233 261

a — blood sampling from suctiom needle
b - blood sampling from set

Acknowledgement

The authors wish to thank Ms. I. Malotov4 for her
skilful technical assistance.

References

CASTLE A., MERCER J. R., STARTIN J. R., GILBERT J.
(1988): Migration from plasticized films into food. 3. Migra-
tion of phthalate, sebacate, citrate and phosphate esters from
film used for retail food packaging. Food Addit. Contam., 5:
9-20.

DINE T.,, LUYCKX M., CAZIN M., BRUNET C. I,
GIUDALIEZF. (1991): Rapid determination by high perform-
ance liquid chromatography of di-2-ethylhexyl phthalate in
plasma stored in plastic bags. Biomed. Chromatogr., 5: 94-97.
GERLAI, 1, PINTER, J., PICK, J. (1987): Determination of
DEHP in blood products stored in plastic bags by HPLC.
Chromatographia, 24: 403-406.

HESS P., BOER J. de, COFINO W. P, LEONARDS P. E. G.,
WELLS D. E. (1995): Critical review of the analysis of non- and
mono-ortho-chlorbiphenyls. J. Chromatogr., A, 703: 417-465.
HOLADOVA K., HAJSLOVA J. (1995): A comparison of
diffrent ways of sample preparation for the determination of
phthalic acid esters in water and plant matrices. Int. J. Environ.
Anal. Chem., 59: 43-57.

10.0

MALIK S., KENNY M., AHMAD 8. (1993): A method to
measure di-2-ethylhexylphthalate from the serum of hemo-
dialysis patient. Toxicol. Environ. Chem., 37: 133-137.

NERIN C., CACHO J., GANCEDO P. (1993): Plasticizers
from printing inks in aselection of food packagings and their
migration to food. Food Addit. Contam., /0: 453-460.

PAGE B. D., LACROIX G. M. (1992): Studies into transfer
and migration of phthalate esters from aluminium foil-paper
laminates to butter and margarine. Food Addit. Contam., 9:
197-212.

PAGE B. D., LACROIX G. M. (1995): The occurrence of
phthalate esters and di-2-ethylhexyl adipate plasticizers in Ca-
nadian packaging and food sampled in 1985-1989: a survey.
Food Addit. Contam., /2: 129-151.

PETERSEN J. H. (1991) : Survey of di-(2-ethylhexyl)phthalate
plasticizer contamination of retail Danisch milks. Food Addit.
Contam., 8: 701-706.

POLLACK G. M., SLAUGHTER R. L., BUCHANAN J. F,,
SHEN, D. D. (1984): High-performance liquid chromatographic
procedure for the determination of di-(2-ethylhexyl)phthalate
in human blood specimens. J. Chromatogr., 3//: 101-108.

RUSSELL D. J., McDUFFIE B. (1983): Analysis for phtha-
late esters in environmental samples: Separation from PCB’s
and pesticides using dual column Liquid chromatography. Int.
J. Environ. Anal. Chem., /5: 165-183.

SHARMAN M., READ W, A., CASTLE L., GILBERT J.
(1994): Levels of di-(2-ethylhexyl)phthalate and total phtha-
late esters in milk cream, butter and cheese. Food Addit. Contam.,
11:375-385.

SHINTANI H. (1985): Determination of phthalic acid, mono-
(2-ethylhexyl) phthalate and di-(2-ethylhexyl) phthalate in
human plasma and in blood products. J. Chromatogr., 337:
279-290.

THUREN A., SODERGREN A. (1987): Clean-up with sul-
phuric acid prior to the gas chromatographic determination of
phthalate esters. Int, J. Environ. Anal. Chem., 28: 309-315.
WILLIAMS L. L., GIESY J. P., VERBRUGGE D. A. et al.
(1995): Polychlorinated biphenyls and 2,3,7,8-tetrachlo-
ro-dibenzo-p-dioxin equivalents in eggs of red-breasted mer-
gansers near Green Bay, Wisconsin, USA, in 1977-78 and 1990.
Arch. Environ. Contam. Toxicol., 29: 52—-60.

Received June 22, 1998

129



Vol. 16, No. 4: 122-130 Czech J. Food Sci.

Souhrn

JAROSOVA A., GAJDUSKOVA V., RASZYK J., SEVELA K. (1998): HPLC stanoveni esterd kyseliny ftalové (PAE)
v biologickych materidlech. Czech J. Food Sci., /6: 122-130.

Byly modifikovany a ovéfeny analytické postupy stanoveni di-2-etylhexylftalatu (DEHP) a di-n-butylftalatu (DBP) v rostlinnych
a Zivo€isnych matricich (krmiva, suroviny a potraviny), zahrnujici lyofilizaci vzork, extrakei ftalatil, separaci analyti od koextrakti
gelovou permeaéni chromatografii (GPC) na gelu Bio-beads S-X3, ¢iSténi eludti nebo extraktl kyselinou sirovou a detekci
a kvantifikaci vysoko ti¢innou kapalinovou chromatografii (HPLC) s UV detekci (diode array detection) pfi 224 nm. Pro stanoveni
DEHP, jeho metabolitu mono-2-etylhexylftalatu (MEHP) a DBP v krvi byla vyvinuta a ovéfena rychlé a jednoducha metoda.
Metody byly vyuZity pro sledovéni vyskytu DEHP a DBP v krmivech, svaloviné a tukovych tkanich z regionu JiZzni Morava
a ke studiu vyluhovatelnosti DEHP z PVC dialyza&nich setli do krve pacientl 1é¢enych hemodialyzou.

estery kyseliny ftalové; analyza; krmiva; potraviny; krev; gelova permeac¢ni chromatografie (GPC); &isténi kyselinou sirovou;
vysoko ¢inné kapalinova chromatografie (HPLC)
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Lipid Changes in Fermented Meat Products during Ripening
with and without Liquid Smoke Addition
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Abstract

STARUCH L., CERTIK M., GREIF G., SAJBIDOR J. (1998): Lipid changes in fermented meat products during ripening
with and without liquid smoke addition. Czech J. Food Sci., /6: 131-134.

Smoking is a barrier effect preventing the development of undesirable microorganisms and subsequently their products. Smoking
liquid preparations serve as a substitute for the classical processing of smoking meat products. From a chemical point of view these
preparations are characterized as a mixture of phenolic, carbonyl and carboxyl compounds without the presence of carcinogenic
substances. The comparison of smoking additives to traditional smoking procedures and their influence characteristics on the fats
during ripening of fermented meat products will be discussed in this contribution. Smoking preparations have an antioxidative
effect on meat lipids, which is confirmed by more increased suppression of the thiobarbituric acid number. As the consequence of
the antioxidants presence in added liquid smoke (UTP) the changes in fatty acid composition were relatively small. The smoking

preparation has shown to be an antioxidative substance.

liquid smoke; oxidative stability; oxidation; fatty acids; lipids; fermented meat sausage

It has been known that lipids undergo various degrada-
tion reactions during the production, ripening and stora-
ge of meat products. Mainly lipid structures, triacylglyce-
rols are hydrolyzed by lipases to yield primary free fatty
acids and glycerol. This process is not necessary becau-
se fatty acids are subjected to oxidation leading to the
production of smelling and toxic metabolites, such as per-
oxides, hydroperoxides, epoxides, carbonyl compounds,
etc. In this way, the hydrolysis and oxidation are respon-
sible not only for a lipid decrease but also for a reduction
of some essential lipid components (polyunsaturated fat-
ty acids, tocopherols) in meat products. As a result, these
unfavorable changes proceeding during the storage af-
fect the nutritional and sensory quality of foods.

The technological processes of fermented meat prod-
ucts are aimed to minimize the undesirable changes in li-
pid structures and to obtain the finished meat products
acceptable for human consumption. Therefore some addi-
tives are introduced into meat products during the produ-
ction to improve their sensory properties or to prevent
unfavorable processes. One of the oldest preservation
methods is smoking. The liquid smoke is a natural smoke
flavor generated during the controlled pyrolysis of hard-
woods. The objective of this work is to investigate some
changes in the characteristics (acid number, peroxide num-
ber, thiobarbituric number and the fatty acids composi-

tion) of lipids taking place during the ripening of fermen-
ted sausage with and without the liquid smoke addition.

MATERIAL AND METHODS
Sample Preparation

The samples of sausage "Malokarpatsk4 saldma™ were
prepared on the basis of CSN 57 6099. Meat mince was
inoculated with starting culture S-Lac-1 (Lactobacillus
plantarum, made in Saxa Ltd.) at a concentration of 1 x 108
CFU per gram of meat. Liquid smoke UTP 1 (produced by
Slovenské lu¢obné zavody Hnust'a) was added at a con-
centration of 10 g/kg. The sample without UTP-1 was smo-
ked by traditional technology.

Lipid Isolation

Lipids were isolated from the homogenized sausage (1 g)
according to the modified method of Folch etal. (1957).
The sausage was extracted twice with the 100 ml chloro-
form/methanol mixture (2 : 1, v/v) for 2 h at a laboratory
temperature with occasional stirring. After extraction, the
mixture was filtered to remove the dough and the extracts
were collected. 0.9% KCI (1.2 multiple of the total extract
volume) was added, then the mixture was vigorously stir-
red for 1 min and centrifuged at 3000 g for 5 min until
phase separation. The chloroform-lipid containing layer
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was filtered through an anhydrous Na,SO, and evapora-
ted under vacuum (Davidek etal., 1981).

Fatty acid determination

Fatty acids from the total lipids were released by alkali-
ne hydrolysis (refluxing with 1M KOH in 95% ethanol for
1 h) and converted into their methyl esters (Pribela,
1987). Fatty acid methyl esters were analyzed by means of
gas chromatography (Carlo Erba 2 400 T, Italy) using a
flame ionization detector and a glass capillary column
(78 m x 0.3 mm L.D.) coated with cyanopropylsiloxane
SP 2340 (Supelco, Bellefonte, USA) under the following
conditions:

Carrier gas: nitrogen, linear velocity 38 cm/s, injection tem-
perature 220 °C, column temperature 180 °C, isotherm.,
detector FID.

The identification of the fatty acid methyl ester peaks was
performed in accordance with the authentic standards (Su-
pelco, Bellefonte, PA) and quantified with an SP 4000 inte-
grator (Spectra-Physics, Germany). The degree of the fat-
ty acid unsaturation IU was calculated in D/mole from the
equation:

IU=[1 (% monoenes) + 2 (% dienes) + 3 (% trienes) +
+ 4 (% tetraenes)]/ 100

Other analytical methods:

— titration method to define the acid and peroxide num-
bers(Schormuller, 1969)

—direct method to assess the thiobarbituric acid value by
spectrophotometry (Schormuller, 1969).

RESULTS AND DISCUSSION

Differences in the selected lipid characteristics occur-
ring during the ripening of fermented sausage in the pre-
sence as well as in the absence of liquid smoke have been
investigated. Fig. 1A indicates that hydrolytic changes
expressed by an acid number were the same in both expe-
riments (with and without the liquid smoke) until the 28
day of ripening. After this time, the amount of free fatty
acids increased more rapidly in the sausage produced with
a liquid smoke than in the control.

The production of peroxides is shown in Fig. 1B. Al-
though the peroxide number value was increasing with
the time of ripening in both samples, an inhibitory effect
of the liquid smoke on lipid properties was evident.

During ripening, the thiobarbituric number was slowly
falling in both experiments and the lower values were de-
tected in the sausage after the liquid smoke addition
(Fig. 1C). It is remarkable that differences between two
samples were still growing and they represented 7% on
the first day and 20% on the last day of the experiment. A
permanent decrease of the thiobarbituric number can be
explained by the stabilization of organoleptic properties
during the storage of the sausage. It means that the addi-
tion of liquid smoke to the sausage has a favorable effect
on the product.

The fatty acid composition has a remarkable influence
on the quality of the fermented sausage and its changes
during the storage have an impact on the nutritional and
sensoryl characteristics of the product. While the durable
and thermally non-treated meat products require the pre-

84A O Control
64 ® LS

AN

4 -

2

AN - acid number [mg KO per g]
PN - peroxide number [mg O per g]
TBN — thiobarbituric number

[ug malondialdehyde per g]

25 A

PN

20

0.07 4
Z 0.06
4

0.05

0.04

1. AN (A), PN (B) and TBN (C)
in total lipids of the fermented
sausage during ripening with and

L T T T T

0 10 20
Ripening [day]

132

without the liquid smoke addition
(control — without liquid smoke,
LS - liquid smoke addition)



Czech J. Food Sci.

Vol. 16, No. 4: 131-134

2. Degree of fatty acid unsaturation (A)
O Control and the sum of essential fatty acids
074 7 - ® Is (C18:2, C18:3 and C20:4) (B) in total
_ lipids of the fermented sausage during
.‘5’ 0.72 - ripening with and without the liquid
£ | S smoke addition (control — without
2 liquid smoke, LS — liquid smoke
2 0704 addition)
068+ A
: £ ) T T
°
8.5
7
£
& 804 2
<
o)) A
[}
B o
73 T T T T T
0 10 20 30

Ripening [day]

sence of more stable saturated fatty acids, the occurrence
of polyunsaturated fatty acids, particularly of the essen-
tial fatty acids, is very important from the nutritional point
of view. Table I shows the fatty acid composition in the
fermented sausage during ripening in the presence as well
as in the absence of liquid smoke where the dominant
fatty acid is the oleic acid. An important factor determi-
ning the nature of total lipids is the degree of the fatty
acids unsaturation. Fig. 2A reveals that the lipids unsatu-
ration decreases in both samples during ripening and the
consistency of the sausage shows to be more favorable.
Since the addition of liquid smoke inhibits the oxidation of

unsaturated fatty acid, which results in a higher degree of
the fatty acids unsaturation, it moderates the degradabili-
ty and oxidation reactions of unsaturated fatty acids. Also,
it is noticeable that the amounts of essential fatty acids

~ (linoleic, linolenic and arachidonic acids) are higher after

20 days of ripening in the presence of liquid smoke than
without it (Fig. 2B). Although differences in the amount of
essential fatty acids are small, the concentration of poly-
unsaturated fatty acids in meat products is usually low.
The former acids play an important role in the structure
and function of biological membranes (Horrobin,
1990). Moreover, the arachidonic acid is a precursor of the

1. Fatty acid composition of the fermented sausage during ripening with and without the liquid smoke addition

Fatty acids [%, w/w]

Ripening

[days] C/LS* Cl14:0 Cl6:0 Cl6:1 CI80 Cl181 CI82 CI83 C20:1 C20:2 C20:4 others®
1 c 1.3 233 3.6 13.1 46.9 7.3 1.2 1.6 1.0 0.3 04
LS 1.1 23.0 3.6 13.1 46.8 73 1.2 1.6 1.6 0.3 0.4
7 e 1.4 234 3.6 13.0 46.8 7.4 1.1 1.6 1.0 03 0.4
LS 1.1 232 3.6 13.1 46.7 7.4 1.1 1.6 1.6 0.3 0.3
14 C 1.2 235 3.6 13.6 46.8 7.2 11 1.5 0.7 0.3 0.5
LS 1.2 233 3.6 13.3 46.6 7.3 1.1 1.6 13 0.2 0.5
21 C 1.2 235 3.6 14.4 46.8 7.1 1.0 1.5 0.3 0.3 0.3
LS 1.0 233 3.6 14.3 46.6 T3 0.9 1.6 0.8 0.3 0.3
28 C 1.3 23.8 3.6 14.0 46.6 7.0 1.0 1.3 03 0.3 0.8
LS 1.3 234 3.6 14.2 46.6 7.3 0.9 1.4 0.3 0.3 0.7
35 C 1.4 24.8 3.6 143 45.2 6.6 0.8 1.2 0.3 0.2 1.6

LS 1.3 243 35 14.6 45.0 6.7 0.9 1.4 03 03 1.7

* C (control, without liquid smoke), LS (liquid smoke addition)
b mainly C14:1, C15:1 and C17:0
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biological active group of substances including prosta-
glandins, thromboxanes, prostacyclins and leukotrienes
(Merrill, 1992). In as much as the considerable interest
is at present focused on the role of polyunsaturated fatty
acids in the human metabolism, their increased amounts
in fermented meat products in the presence of liquid smo-
ke will contribute to the human diet and nutrition.

Conclusions

The following conclusions can be drawn from the re-
sults obtained:

— changes observed in the fatty acid characteristics of
sausage samples in the individual stages of ripening
refer to certain regularities in destructive processes
occurring in the samples smoked in a traditional way as
well as in the samples with liquid smoke additives;

— both technological variants, traditional curing and li-
quid smoke preparations have no statistically impor-
tant influence on the course of fatty acid characteristics;

— smoking preparations have an antioxidative effect on
meat lipids, which is confirmed by more increased sup-
pression of the thiobarbituric acid number;

Sihrn

- relative proportion of unsaturated fatty acids and es-
sential fatty acids is higher in the sample with an added
liquid smoke (UTP). The smoking preparation has shown
to be an antioxidative substance.
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STARUCH L., CERTIK M., GREIF G., SAJBIDOR J. (1998): Zmeny lipidov vo fermentovanych mésovych produktoch
podas zrenia s a bez pridania tekutého udiaceho preparatu. Czech J. Food Sci., /6: 131-134.

Udenie mé zabranit' rozvoju neziadiicich mikroorganizmov a ich naslednych produktov. Tekuté pripravky na tdenie sliZia ako
nahrada klasického spracovania idenych masovych produktov. Z chemického hl'adiska sa tieto pripravky charakterizuji ako zmes
fenolovych, karbonylovych a karboxylovych zlicenin bez pfitomnosti karcinogénnych latok. Prispevok sa zaoberd porovnanim
udiacich pripravkov s tradiénym tidenim a ich vplyvom na charakteristiky tukov po&as zrenia fermentovanych misovych produktov.
Udiaci preparaty maju antioxidaény u¢inok na mésové lipidy, &o potvrdzuje zvysené potlacenie thiobarbiturového &isla kyslosti.
Ako ddsledok pritomnosti antioxidantov v pridanom tekutom udiacom preparatu (UTP) boli zmeny v zloZeni mastnych kyselin
relativne malé. Ukézalo sa, Ze pripravok na idenie je antioxidaénou latkou.

tekuty udiaci preparat; oxidaéna stabilita; mastné kyseliny; lipidy; fermentovana masova klobésa (idenina)

Contact address:

Ing. Ladislav S taruch, CSc., Slovenské technické univerzita v Bratislave, Chemickotechnologické fakulta, Katedra sacharidov
a konzervicie potravin, Radlinského 9, 812 37 Bratislava, Slovenska republika, tel.: + 421 7 532 55 59, fax: + 421 749 31 98

134



Czech J. Food Sci. Vol. 16, No. 4: 135-142

Moznosti vyuZiti pFedpovédni mikrobiologie p¥i ,,Stanoveni kritickych
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Abstract

ERBAN V., CERNY V. (1998): Use of prediction microbiology for “Determination of critical points” and in food hygiene.
Czech. J. Food Sci., 16: 135-142.

A risk analysis system with critical and control points (pursuant to Food Act: Determination of Critical Points —~ DCP) is currently
the most sophisticated system of ensuring hygienic safety in production processes in the food industry. Introduction of DCP
system to ensure product safety only is laid down by the law. The system in its principle allows to analyze and control any risks
in any production stage, e.g. impairment of product quality, technological losses or risks to operation safety, etc. Prediction
microbiology is an efficient tool for appropriate DCP introduction, and allows the exactest determination of acceptable levels and
limit values (process parameters) of critical and control points in a DCP system for all risks of microbial type and verifications of
determined values. Prediction microbiology helps to discriminate critical points and control points in an unambiguous manner,
provides several variants of the setup of process parameters in which the same level of hygienic safety is observed. Prediction
microbiology models are tools used in a decision process of risk assessment.

prediction microbiology; mathematical modelling; determination of critical points; food hygiene
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ERBAN V., CERNY V. (1998): MoZnosti vyuZiti pfedpovédni mikrobiologie p¥i ,,Stanovenf kritickych bodd“ a v hygien&
potravin, Czech. J. Food Sci., /6: 135-142.

Systém analyzy nebezpeci s kritickymi a kontrolnimi body (podle zikona o potravinach Stanoveni Kritickych bodt — SKB) je
v soucasnosti nejvice propracovany systém zabezpedeni zdravotni nezavadnosti ve vyrobnich procesech potravinafského primyslu.
Zakonem je poZadovéano zavedeni systému SKB pouze pro zabezpedeni zdravotni nezdvadnosti vyrobku. Systém viak ze svého
principu umoziuje v jakékoliv vyrob& analyzovat a zavést kontrolu libovolnych nebezpedi, napf. ohroZeni kvality vyrobku,
technologickych ztrat nebo ohroZeni bezpe&nosti provozu apod. Pfedpovédni mikrobiologie je i€inny nastroj pro spravné zavedenf
SKB a umoziiuje zatim nejexaktngjsi stanoveni pfijatelnych urovni a limitnich hodnot (parametrii procesu) kritickych a kontrolnich
bodii v systému SKB pro viechna nebezpeéi mikrobialniho typu a verifikace téchto stanoveni. Pfedpovédni mikrobiologie napomaha
jednozna&né rozlisit kritické body od bodi kontrolnich, poskytuje vice variant nastaveni parametrii procesu, u nichz je dodrzena
stejna Uroveii zdravotni nezdvadnosti. Modely predpovédni mikrobiologie jsou néstroje vyuZivané v rozhodovacim procesu
stanovent rizik (risk assessment).

predpovédni mikrobiologie; matematické modelovani; stanoveni kritickych bodi; hygiena potravin

Vétsina praci o potravinafské mikrobiologii z obdobi
pied zavedenim predpovédni mikrobiologie (PM) defino-
vala limitujici podminky pro riist mikroorganismi za pred-
pokladu, Ze ostatni faktory byly blizko svému optimu.
Avsak inhibice ristu patogenu asto zavisi na kombinaci
faktorii s ochrannymi vlastnostmi, z nichZz Zddny sam
o sobé nema dostate&nou tiroveii samostatné inhibice. Za
t&chto podminek matematické modely nejlépc zajidt'uji do-
saZeni realistické pfedpovédi.

Podstatou predpovédni mikrobiologie je matematicky
popis rustu nebo poklesu poétu mikrobii v potravinéch za
specifickych podminek prostiedi, které zahrnuje vnitfni
faktory (pH, a,) a vnéjsi faktory (teplota, atmosféra, inhi-
bi¢ni latky). Matematicky popis umoziiuje tyto zmény
v ristu mikroorganismi pfedpovidat.

Na mikroorganismy nepochybné& plisobi mnoho fakto-
i, aviak ve vét3iné potravin maji vyznamnéjsi vliv pouze
nékteré. PM predpoklad4, ze vliv faktoru je v podstaté
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nezévisly na tom, je-li mikroorganismus v tekuté ptidé nebo
vpotraviné (Whiting, 1995).

Ackoliv modelovani obvykle neodhaluje neoéekdvané
chovéni mikroorganismu, kvantifikuje efekty interakci mezi
dvéma nebo vice faktory a umoZiiuje interpolaci mezi kom-
binacemi hodnot faktorti, které nebyly pfimo testovany.

Mnoho mikrobiologhi a pracovniki zabyvajicich se za-
jidt'ovanim kvality v potravinaiském primyslu citi, Ze pu-
blikované mikrobiologické pfedpovédni modely jsou
rozhodovaci néstroje s velkymi aplika¢nimi moznostmi, ale
zérove se jim zd4, Ze pfesahuji jejich erudici. Od té doby,
co vyuzivaji vysledky tradi¢nich skladovacich testti a sle-
dovéni patogenti pro nastaveni kritickych limiti v systé-
mu Stanoveni kritickych bodi (SKB), chdpou moznosti
potitatového modelovani jako néstroje k zavedeni a udr-
Zovani systému SKB. Nejsou si viak jisti, jak k nim pfistu-
povat a jak aplikovat konkrétni modely na jejich redlné
procesy a vyrobky (Eliot, 1996).

Soudasny pokrok nabizi pogitatové programy piedpo-
vé&dnich modeli, které umoziiuji redukovat a potencialné
i odstranit naro¢né problémy testovani za stejnych pod-
minek(Buchanan etal, 1993;Mc Clure etal, 1994).
Vyhoda jejich pouZivani spodiva v poé&itadové simulaci
takovych parametrii procesu, které zajisti zdravotni neza-
vadnost produktu na pfijatelné trovni, aniz by bylo nutné
provad&t novou sérii testli na vyskyt moZnych patogenti.

Predpovédni mikrobiologie také umoziiuje optimalizo-
vat vhodné charakteristiky vyrobku a aplikovat vyhody
vicenasobnych bariér (hurdle technology).

Aby uzivatel mohl vyuzit moznosti poskytovanych pred-
povédni mikrobiologii musi mit znalosti o vlastnostech
modelu a musi mit Uplné znalosti o fyzikélnich, chemic-
kych a mikrobiologickych vlastnostech potraviny v kaz-
dém kroku vyroby a o vlivech vyrobniho procesu na
fyziologické vlastnosti jednotlivych patogenti nebo mik-
robii zplisobujicich kazeni potravin.

Historie

Zatimco pojem predpovédni mikrobiologie je relativné
novy, koncepce matematického popisu je stara. Pies 75 let
je bezpe&na vyroba konzervovanych potravin zaloZena na
koncepci exponencialni destrukce mikrobi a jejich spor
teplem. Koncepce D a z hodnot je jednou z nejvice pouZi-
vanych parametrii popisu fyziologickych vlastnosti mik-
roorganismu.

Jak bude rozvedeno dale nejstarsi rovnici esovité ris-
tové kiivky zivych organismi (logistick4 kfivka) zformu-
loval Verhulst. Dal§im vyvojovym typem (1926-1930) je
kineticky model riistu populace — Gompertzova funkce.
Pilivodné byla formulovéna v pojistovnictvi pro popis dat
lidské mortality. Pozd&ji byla pouZita pro popis ristu orgé-
ni. Vroce 1948 Monod dokézal, Ze specificka ristova rych-
lost neni konstanta, ale zavisi na koncentraci limitujici
Ziviny. Monodovy soustavy diferenciélnich rovnic dobfe
popisuji chovéani populace mikroorganismu s jejich vza-
jemnou interakci s prostfedim. Nepostihuji v3ak skute¢-
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nost, Ze organismus indukuje za riznych podminek (ae-
robni — anaerobni, pfitomnost — nepfitomnost jednotli-
vych substrati apod.) rizné sady enzymi a tim m4 zcela
odli¥né fyziologické vlastnosti (fyziologické stavy) a také
principidlné riizné ristové charakteristiky. Pow e 11 (1968)
zavedl do systému Monodovych rovnic dalsi rovnice po-
pisujici zavislost ristové rychlosti na relativnim mnoZstvi
RNA, kter4 je funkci dostate¢né hladiny substratu v mé-
diu.

Typy predpovédnich modeli

Modely PM je mozné tfidit n€kolika zpuisoby. Jednim je
déleni modeli prediktivni mikrobiologie podle typu pouZi-
tych rovnic.

Jiné déleni pouziva W hitin g (1995), ktery uvadi za-
kladni dé&leni podle typu modelu:

1. riistové modely, jejichZ vysledkem je popis ristu mikro-
organism (ristova kfivka);

2. modely inaktivace/preZivéani mikroorganismi;

3. modely pravdépodobnosti vyskytu mikrobiélni popula-
ce nebo produkce mikrobiélnich toxini.

Modely kazdého typu jsou charakterizované jako pri-
mérni, sekundarni nebo tercidlni podle komplexnosti
a pouzitelnosti b&Znym uZivatelem.

Rozdéleni podle typu rovnic

Empirické modely, které matematicky popisuji namérena
data, jsou nejvice zndmym typem. Pikladem mize byt me-
chanisticky model tepelné inaktivace v ¢ase vyuzivajici
k predpovédi rychlosti tepelné inaktivace mikroorganis-
mu D az hodnot. Tyto hodnoty lze vyuZit pro vyhodnoce-
ni tepelné inaktivace pfi procesni teploté jiné nez té, pro
kterou byla piivodni hodnota D stanovena.

Deterministické modely popisuji dynamiku riistu kultu-
ry pomoci fyziologickych charakteristik, jako je doba lagu
(faze pripravy ristu), specifické ristova rychlost a maxi-
malni nartst populace. Pfikladem historicky nejstar§iho
modelu popisu je Verhulst-Pearlova rovnice:

dN/dt=puN-kN?=pN (1 - N k) (1

kde: N — denzita populace

kAt — 1/Nax
k - konstanta proporcionality
t —C¢as

p  — konstanta strmosti vyjadfujici vliv bun&né
hustoty na rychlost poklesu rychlostni konstanty

Logisticka kfivka Verhulstova postihuje zakladni, uz
v polovin& minulého stoleti zndmou skute¢nost, Ze zékla-
dem riistu a mnoZeni populaci buné&k i jednotlivych mno-
hobun&&nych jedinci je exponenciala, jejiz pribéh je viak
s postupujicim riistem zéporn€ modulovén riznymi ome-
zujicimi vlivy. Jedn4 se o symetrickou funkci podle bodu
inflexe popisujici zm&ny mezi poate¢nim a maximélnim
néristem populace.

Gompertzova funkce je dokonalej$im a v sougasné dobé
nejrozéifen&jim popisem ristu mikrobidlni populace. Za-
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timco logistické typy modeli jsou zaloZené na linedrnim
poklesu specifické riistové rychlosti jako funkce hustoty
populace, je Gompertzova funkce zaloZena na exponen-
cidlnim vztahu mezi témito vlastnostmi, ktery lépe popisu-
je chovéni bakteridlni kultury.

dN/dt=k°N [2]

kde: N, t, k — viz rovnice [1]
a — konstanta popisujici stirnuti populace

Riizné tvary a modifikace Gompertzovy rovnice uvadeji
McMeekin etal. (1993)aWhiting, Buchanan
(19%4).

Po integraci a reparametrizaci [reparametrizaci je dosa-
Zeno takovych parametrii rovnice, které maji redlny vy-
znam vzhledem k popisované mikrobidlni kultufe jako jsou
fyziologické charakteristiky: doba lagu (féze piipravy ris-
tu), specificka riistova rychlost a maximalni narist popu-
lace] dostava rovnice tvar:

N, =Cexp[exp (-B (t-M))] [3]
kde: ¢ - Cas
N - denzita populace v &ase ¢

C - horni asymptotickd hodnota, tj. max. narist

M  —&as, ve kterém je absolutni riistova rychlost
nejvyssi

B — relativni ristova rychlost v M

B/2 - specificka ristova rychlost v { = M

Tento zékladni parametrizovany model v§ak nezachy-
cuj ¢as lagu. Gibson et al. (1987) proto tuto rovnici
modifikovali do nasledujiciho modelu:

log N,,= 4 +D exp [exp (-B (t-M))] 4]
kde: Ny, t —viz rovnice [3]
A — hodnota spodni asymptoty
D — rozdil hodnot horni a dolni asymptoty
M — &as, ve kterém je exponencidlni rist
maximalni
B — smémice kfivky v bodé M
BD/e — smémnice tangenty v bodé M
M-I1/B —doba lagu [h]

0,818/BC —generaéni doba [h]
A+ C  —maximalni narist

Gompertzova funkce (obr. 1) popisuje chovani mikro-
bidlni kultury v zavislosti na vychozich podminkach, napf.
pfi vychozim pH, koncentraci substratu nebo a . Nebere
viak v Gvahu vliv kultury na prostfedi jako je zména ky-
selosti, spotfeba substratu a snizovéni a_ vlivem meta-
bolismu, zejména v hodnotach limitnich pro rust
mikroorganismi. Pomoci t&chto rovnic se také obtizné
modeluje chovani mikroorganismu v ménicich se vnéjSich
podminkach napfiklad pfi chlazeni, ohfivéni, suSeni apod.
Pfesto je rozsifend Gompertzova funkce v sou¢asnosti nej-
pouzivang&j§i pro modelovani riistu mikroorganismt v po-
travinafstvi (Gibson et al.,1988; Bratchell etal,
1989; Sutherland et al,, 1995; Walls, Scott,
1996).
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1. Gompertziiv model ristu — Gompertz growth model

Monodiiv model, ktery problémy nekonstantnich vnéj-
8ich podminek fesi soustavou diferencidlnich rovnic, po-
pisuje jak chovani jednotlivych promé&nnych, tak i jejich
vzéjemné plsobeni (Larsen, Kjaergaard, 1978;
Baranyi, Roberts,1994):

am _, o)
dt M ream

rERI Bl

dey (1) 14z (1)
& Y 4t ©l

kde: z, - koncentrace biomasy
< — koncentrace substratu
i — specificka riistové rychlost

Faiti) i iﬁ‘L 7

ki, Kec,Y — konstanty modelu zdvislé pouze na vnéjSich
podminkéch podle funkce D(t)

Funkce D (¢) popisuje zmé&nu vnéj$ich podminek, napfi-
klad kinetiku prochlazovani vyrobku, zmény vlhkosti bé-
hem sueni apod.

Avsak ani Monodtiv model nezachycuje piechod popu-
lace z jednoho fyziologického stavu do druhého jako na-
piiklad limitace substratem. P o w e 11 (1968) tento problém
fesil zavedenim rovnice do Monodova modelu, ktera cha-
rakterizuje p jako funkci relativniho mnozstvi RNA vzhle-
dem k obsahu RNA v klidové buiice.

Volesky a Votruba (1992) doporuduji jednodu-
chy hyperbolicky vyraz. Rovnice ma nasledujici vyraz:

p=k[(RNA -RNA_.) - 1] /(S +K)) [8]
kde: RNA i, - RNA v nerostoucich buiikich
k — kineticka konstanta charakterizujici rist
mikroorganismu
S — koncentrace riist limitujicfho substratu
K, — kineticky parametr charakterizujici substratovou
limitaci
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2. Logisticky model pro inaktivaci/pteZiti — Logistic model for
inactivation/survival

Modely inaktivaci, resp. pieZiti jsou dal$im typem kine-
tickych modelli. Buchanan uvadi v USDA PMP (obr. 2)
pro inaktivaci smé&sné kultury nasledujici rovnici:

F(+e™™)  a-F)a+e2". 9
1+ A0-10 1+ 2201 ]

logNio =log[:

kde: b, — max. specifické rychlost odumirani hlavni
populace

b, — max. specifické rychlost odumirani subpopulace
F,  —frakce hlavni populace z vychozi populace (N,)
(1 - F\) = F, — frakce subpopulace z vychozi populace (N;)
t —d&as lagu

t — Cas

N — populace (log KTJ/ml) pfezivajici v ¢ase ¢

No - vychozi populace v ¢ase 1 = 0

D — hodnota je ddna D = 2,3/b pro kazdou populaci

V pifpadg, Ze se jednd homogenni populaci, je (1 - F,)
rovno nule a cely ¢len druhé populace odpada.

Vedle asovych modeld tepelné inaktivace jsou jiné
modely, které popisuji destrukci nebo pieziti v ¢ase jako
funkci obsahu chemickych latek nebo nékterych chemic-
kych, pripadné fyzikélnich vlastnosti potravin, jako je napf.
fermentace nebo skladovéni ve zchlazeném &i mrazeném
stavu.

100+

Vzorek s turbiditou nebo toxinem ! [96]

Stochastické modely popisuji pravdépodobnost vyskytu
mikrobiéln{ udélosti, kterd je nezdvisl4 na &ase (napf. prav-
dépodobnost vzdy se vyskytujiciho ristu nebo tvorby
toxinu), nebo je Easové zavisla (pravdépodobnost vysky-
tu udalosti v daném &ase).

Piikladem je rovnice pravdépodobnostniho modelu
(obr. 3) pro Clostridium botulinum:

P=P,, [(1+c*EM) (10

kde: P - pravdépodobnost riistu
t - das
Prax  — maximalni pravdépodobnost ristu
k — pravdépodobnost riistu v jednotlivych vzorcich
I —&as inflexe (P =Ppy,y)

Stochastické modely jsou zfejmé obecnéjsi nez modely
deterministické, nebot’ berou v iivahu i ndhodné fluktua-
ce. Pfi podtech jedinch vy$sich nez 10 je viak relativni
chyba mezi ob&ma typy metod mensi neZ jedno procento.
Proto jsou deterministické modely nejvice pouzivany, ne-
bot’ jsou prehlednéjsi a jednodussi. Prozatim jsou stoch-
astické modely mélo vyuZzivany pro zavadéni SKB, i kdyz
zejména vzhledem k mélo &etnym populacim by stochas-
tické modely byly pro popis udélosti v SKB vyhodné;jsi.

Déleni podle komplexnosti a vyuZitelnosti

Primarni modely popisuji zmény nariistu biomasy nebo
dalgich mikrobidlnich charakteristik v éase. Model mizZe
kvantifikovat koncentraci biomasy, tvorbu toxinti, koncen-
traci substratu, absorbanci nebo impedanci. Matematické
rovnice popisuji zmény v &ase pii danych podminkéch.
Prikladem primarnich modeli jsou rychlost exponencialni-
ho riistu, Gompertzovy funkce a tepelné inaktivace prvni-
ho fadu. Parametry rovnic mohou byt reformulovany do
derivovanych parametrii jako napf. Gompertziv ¢as lagu
nebo genera¢ni doba.

Sekundarni modely popisuji odezvy parametrii funkce
té€chto primarnich modeli podle zmén podminek prostredi
jako je teplota, pH,a_ apod. Pfikladem sekundarnich mo-
delii jsou povrchové modely odpovédi, jak uvadéjiBrat -

20-5-0

Isamples with turbidity or toxin [%]; *time

2

Cas [dny]
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60 2. Stochasticky model lag faze — Stochastic
model of lag-phase
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chell etal. (1989) pro sm&snou kulturu salmonel. Funkce
modelujici parametry B, resp. M je polynom tvaru:

B(M)=a +bys+byt+byp+bys®+bst* + bgp? +
+byst +bgsp +botp +e [11]

kde:s —koncentrace NaCl
t - teplota
p -pH

a, b— konstanty
e —nahodné chyba

Vyslednici pro riizné hodnoty s, ¢ a p je povichovy mo-
del.

Tercialni modely jsou po¢itadové softwarové néstroje,
které prevadé&ji primarni a sekundérni modely do formy
aplikovanych programii a expertnich systému. Tyto pro-
gramy mohou zahrmovat odpovédi na zmény podminek,
porovnévat zmény pfi riznych podminkéch nebo srovna-
vat chovéni n€kolika mikroorganismt. Méli jsme moznost
porovnat dva softwarové programy: anglicky program
Food MicroModel (FMM) a americky Pathogen Mode-
ling Program (PMP). Oba programy jsou zaloZzeny na Gom-
pertzovych rovnicich popisu ristu mikroorganismi,
pfi¢emz kaZzdy z nich mé své specifické vyhody, at’ se tyka
modell, snadnosti manipulace nebo rizného speciélniho
zaméfeni.

PMP je jednodussi, ndzornéji a snadnéji zvladnutelny
uzivatelem. Obsahuje riistové modely, stejné jako FMM,
pro osm mikroorganism (4 eromonas hydrophila, Bacil-
lus cereus, Escherichia coli O157:H7, Listeria monocyto-
genes, Salmonella, Shigella flexneri, Staphylococcus
aureus a Yersinia enterocolitica). Navic obsahuje mode-
ly netepelné inaktivace/pfezivani pro Escherichia coli
0157:H7, Listeria monocytogenes, Salmonella a Staphy-
lococccus aureus v zévislosti na obsahu NaCl, NaNO,
a kyseliny mlé¢né. PMP také obsahuje ¢asové pravdépo-
dobnostni modely produkce toxini (Time-to-Toxigenesis
models) pro Clostridium botulinum.

Vysledkem jsou bud’ odpovidajici kiivky, nebo ¢as po-
tiebny k dosaZeni daného efektu. K¥ivky jsou uvadény
jako priimé&rmné s 95% konfidenénim limitem. Vyhodou to-
hoto zpiisobu je dobra pouZitelnost pro aplikace do SKB.
Nejvétsi vyhodou viak je moZnost bezplatného ziskani ze
sité internetu.

FMM je slozit&jsi poitaovy program s piiméfené vét-
i moZnosti riznych vystupl. Obsahuje 21 modell pro
15 mikroorganismii [Aeromonas hydrophila, Bacillus ce-
reus (2 modely), Bacillus licheniformis, Bacillus subtilis
(2 modely), Bronchothrix thermosphacta, Campylobac-
ter jejuni, Clostridium botulinum, Clostridium perfrin-
gens, Escherichia coliO157:H7, Lactobacillus plantarum,
Listeria monocytogenes (3 modely), Saccharomyces ce-
revisiae, Salmonella, Staphylococcus aureus, Yersinia
enterocolitica (2 modely) a Zygosaccharomyces bailii).
Program obsahuje modely tepelné inaktivace pro Clostri-
dium botulinum, Escherichia coli O157:H7, Listeria

monocytogenes Salmonella (2 modely) a Yersinia entero-
colitica. Program modeluje rlistové kiivky na z4kladé t&ch-
to vlivii: teplota,a_, pH, koncentrace fruktosy, organickych
kyselin, dusitanil, atmosféry a obsahu etanolu. Vysledky
jemozné ziskat ve formé doby lagu, doby zdvojeni, riisto-
vé rychlosti, &asu, za ktery naroste zvolené mnozstvi bu-
n&k, koncentrace bun&k dosaZena za zvoleny &as, grafii
(x,¥) a (x,y,2). V riistovych modelech je moZné eliminovat
&as lagu, modeluji-li se postupné se ménici vn&j$i podmin-
ky ,,metodou per partes”,

Modely tepelné inaktivace zahrnuji vlivy teploty, a,,
koncentrace glukosy a pH. Vysledky je moZné ziskat
v podob& &asu, za ktery poklesne populace na zvolené
mnoZstvi bun€k nebo koncentrace bun€k dosazené za zvo-
leny &as. Relativni vyhodou FMM je verifikace modeli,
vytvofenych v laboratornich médiich na pfirozenych po-
travinich. Na zakladg téchto verifikaci jsou hodnoty para-
metril modelu nastaveny tak, aby byl model téméf vidy
“na strané bezpeénosti”. To je vyhoda pfi zb&zném hod-
noceni procesu jako celku. Disledkem v8ak mohou byt
piili8 rigidni poZadavky na nastavovani limitnich hodnot
kritickych bodi. Dal$im disledkem je, Ze neni moZné na-
stavit statisticky objektivni tolerance limitnich hodnot
v kritickych bodech a individualng upravit limitni hodno-
ty v kaskadé kritickych bodii podle moznosti danych pro-
cesem. Bohuzel podstatnou nevyhodou tohoto jinak velmi
dobrého programu je vysoké pofizovaci cena.

Zpiisoby vyuzZiti pfedpovédnich modeld

Prediktivni modely pomahaji v rozhodovéni o osudu
vyrobku, ktery neprofel b&hem vyroby zvladnutym sta-
vem (Elliott, 1993). Piikladem je otédzka, zda ve zchla-
zeném masovém vyrobku, ktery se nepodafilo zchladit na
4 °C béhem 2 hodin, miZe rist prezivsi E. coli O157:H7
(obr. 4). Teplotni kfivka je zaloZena na rovnici 7'= T,e™
pro chlazeni vyrobku s vychozi teplotu (7)) 70 °C na cilo-
vou teplotou4 °C za 3 hodiny (f) (Blankenship etal,
1998). Konstanta chlazeni propoétena pro tyto podminky
je 0,0077/min. Podle literarnich Gdajii je maximalni ristova
teplota pro E. coli O157:H7 46 °C. Této teploty je podle
rovnice dosazeno pfiblizné za 44 min. Pfi uZiti optimélni
riistové teploty 37 °C a USDA PMP je moZné piedpové-
d&t minimalni lag fazi 84 minut. To je velmi konzervativ-
ni stanovent, protoZe teplota vyrobku je v tomto optimalnim
rozmezi pouze nékolik minut. B&hem této doby je vyrobek
chlazen celkem 128 minut na teplotu 15 °C. Za jinak opti-
malnich podminek je generaéni doba pfi 15 °C 84 min. Po
dalsich 25 minutéch je teplota niZ8i nez 10 °C, coZ je pro
E. coli O157:H7 minimélni ristové teplota. Na zakladé téch-
to konzervativnich vysledki a protoze: (i) ohiivaci proces
ma sniZit nejméné o pét fadi populaci E. coli O157:H7,
(i) jakakoliv pfeZivajici buitka miize byt zfejmé& poSkozena
a t&ko milZe zah4jit rlist za t&chto podminek chlazeni a (jii)
pravd&podobnost kontaminace ohfatého vyrobku E. coli
0157:H7 je zanedbateln, miZe byt uinén zaver, Ze je vel-
mi malé pravdépodobnost, aby byl vyrobek zdravotné z4-
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vadny z divodu pfitomnosti E. coli O157:H7 za analyzo-
vanych podminek (obr. 4).

Limity a validace pfedpovédnich modeli

Neékteré modely jsou navrZeny tak, aby byly zabezpece-
ny proti patné pfedpovédi. To znamen4, Ze modely pfed-
pokladaji nejvy$si moznou riistovou rychlost nebo
okamZitou produkci toxint pfi danych podminkéach. Neod-
povidé-li model realité, bude vZdy na stran& bezpe&nosti.
Nevyhodou pouziti modelil s takovym stupném vestavé-
ného konzervatismu je, Ze matematické predpovédi mikro-
bidlniho riistu nemohou stanovit skute¢né limitni hodnoty
KKB a pfijatelné Grovné v systému HACCP. Takovy mo-
del miiZze bud’ omezovat sortiment potravin vyrab&nych
danym procesem, nebo pozadovat tak rigidni parametry
technologického procesu, Ze vyroba potraviny, kterd by
jinak byla povaZovana za bezpe&nou, by nebyla technic-
ky mozna (piehfati nebo prekyseleni apod.).

Dal$im limitem matematickych modeli predpovédi ris-
tu mikroorganism je jejich nutné zjednoduseni pouze na
urdity poéet nejvyznamnéjSich faktord ovlivilujicich ris-
tové charakteristiky mikroorganismt, jako jsou napfiklad
teplota, pH, a_ (vétSinou docilend zménou koncentrace
NaCl), méné se vyskytuje pouziti n€kterych konzervac-
nich latek (dusitany), aerobni a anaerobni prostiedi, redox
potencial apod. Zakladni modely jsou vétSinou provade-
ny ve sterilnich laboratornich médiich. Tyto laboratomi
modely jsou pak verifikovany a porovnéavény s konkrétnimi
vysledky. V redlnych procesech mé v3ak pro riist mikroor-
ganismi zdsadni vyznam sloZeni potraviny a synergické,
resp. antagonistické vztahy vétSinou smésnych mikro-
bidlnich populaci.

ProtoZe patogeny rostou ve vét§ing potravin, je dileZi-
tou otazkou, zda narostou do vyznamného mnoZstvi dfive
nez mikroflora kaZent, ktera ugini potravinu pro konzumenta
nepozivatelnou. Vzrista potfeba systematického modelo-
véni reprezentativnich zastupcti mikroorganismu kazeni
tak, aby tercialni modely mohly vynaset komparativni (srov-
navaci) ristové kiivky pro patogeny a mikroorganismy

kaZeni. ProtoZe vSak nékteré patogeny maji velmi nizkou
infekéni nebo toxickou davku, kritériem by mél byt rist —
nerist, a ne mikréflora kaZeni, kterd mé v tomto pfipadé
maly vyznam, pfestoZe miZe ovliviiovat prostfedi sniZo-
vanim pH nebo produkei bakteriocinu (W hiting, 1995).

Mnoho diskusi se zabyva potfebou validovat pfedpo-
védni modely pro riizné potraviny. Hodnoceni jednotli-
vych kritickych bodii a jejich kritickych limitd je pro tspéch
celého systému dilezitéjsi neZ vytvéfet seznamy potra-
vin, pro které miize byt jednotlivy model pouZit. Pfikladem
je pouziti inokulovanych baleni v konzervovanych potra-
vinich na ovéfeni navrZeného teplotniho procesu. Caso-
vy model tepelné inaktivace nebyl prov&fovan pro rizné
typy potravin dfive neZ byl pfijat jako nastroj model pfed-
povédi destrukce spor.

HACCP a pfedpoviédni mikrobiologie

Na zplisob aplikace HACCP je mnoho nézori. Protoze
systém HACCP neni jesté absolutné dokonaly, je jests
mnoho prostoru pro dalsi zlepSovani (E1liott, 1993).
Pracovni plén systému HACCP se snaZi dosahnout kont-
roly nebezpeti snizovanim rizika (pravdépodobnosti), Ze
se nebezpedi bude vyskytovat nebo i zvySovat. Systém
HACCP sam o sobé€ negarantuje, Ze se nebezpe¢i nebude
vyskytovat. Je to néstroj k identifikaci potencilnich ne-
bezpeti a téch parametrli procesu, jejichZ pomoci je nebez-
peci ovladano.

Podle americké Néarodni poradni komise pro mikrobiolo-
gick4 kritéria pro potraviny je ,,stanoveni rizik obvykle za-
loZeno na kombinaci zku$enosti, epidemiologickych dat
a informaci z odbomné literatury”. Déle ,, ...tym HACCP ma
pocatecni povinnost rozhodnout, kterd nebezpeci jsou
vyznamnd a musi byt zahrnuta do plénu HACCP. Toto
rozhodnuti je pak prodiskutovdno”. Dokonce i mezi ex-
perty, je mnoho odli§nych nézori na pravdépodobnost
vyskytu nebezpeci. Rozhodnuti mohou byt velmi subjek-
tivni. Pfedpovédni mikrobiologie je tak relativné nejlepsim
nastrojem jak pro objektivni hodnoceni nebezpeéi, tak i pro
stanoveni limitd v jednotlivych kritickych bodech.
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Porovnéni podobnosti metodiky SKB a PM uvadi na-
sledujici piehled:

Principy HACCP

1. Analyza nebezpeéi: vytypovéni vyznamnych nebezpe-
&i v zavislosti na charakteristice vyrobku.

2. Analyza procesu: uréeni parametrti procesu ovliviiuji-
cich nebezpeéi a uréeni KKB.

3. Limity urujicich veli¢in v KKB.

4. Napravné opatieni.

5. Verifikace.

Principy PM
1. Specifikace mikroorganismii (zkaZeni, patogeny).

2. Ekologie mikroorganismt — identifikace zdrojii a tirovng
kontaminace surovin, vliv zpracovéni, skladovéni a di-
stribuce.

3. Porovnéni informaci s pfedpokladanymi hodnotami. Pfi-
jeti nebo zamitnuti procesu &i produktu, nebo urceni
trvanlivosti vyrobku.

4. Zahrnuti informaci do systému sledovéni (uréeni veli-
&in a limitd, ktery indikuje zvy¥eny mikrobidlni nrust).

5. Verifikace.

Piedpovédni modely pomahaji pfi stanoveni kritickych
nebo kontrolnich mist pfi zavadéni SKB. Kritické nebo
kontrolni body procesu mohou byt v mistech, kde model
ukazuje, Ze urcité Grovei faktoru umoziuje nebo znemoz-
fiuje riist mikroorganismii. Kvantitativni stanoveni chovéni
mikrobi pfi uréitych trovnich faktoru d4vé pfijatelné roz-
mezi limitnich hodnot v kritickém nebo kontrolnim misté.

PM je jednim z nejdileZitgjSich nastroji pro kvantifikaci
pfijatelné urovné patogeni v systému SKB. Stanoveni
piijatelné Grovné kontaminace v kazdém bodé vyrobniho
procesu je kli¢ovym momentem tisp&Sného zavedeni SKB.
Empiricky jsou vSak tyto pfijatelné irovné kontaminace
prakticky neodhadnutelné. PM je jedinym néstrojem, kte-
ry umoZiiuje kvalifikované odhadnout tyto hodnoty. Vali-
dace systému individualnich kritickych a kontrolnich bod
muze byt zjednoduSena, jestlize systém SKB byl jiz zave-
den pro podobny typ potraviny.

Mohou byt stanoveny disledky reformulace procesu
na rist nebo inaktivaci mikroorganismi. Modelovani
ukazuje, které faktory maji nejvyznamnéjsi vliv a mohou
identifikovat alternativni nastaveni parametri procesu
s podobnou nebo zlep$enou rezistenci procesu k ristu
mikroorganismi.

Mohou byt rychle stanoveny dusledky s kvantitativ-
nim vyhodnocenim nezvladnutého stavu procesu jako
napiiklad Spatné prosoleni, porucha chlazeni, nedostate¢-
ny ohfev. Tato znalost je vyznamnym nastrojem pfi rozho-
dovéni v rdmci stanoveni napravnych opatieni, zda se mé
material znovu zpracovat, rychle vyuzZit (zkrétit dobu pou-
zitelnosti), nebo mizZe-li byt material pouzit jinym zplso-
bem, a jakym — bez ekani na vysledky testi.

Diky mozZnosti vytvofeni riznych typt grafii mohou byt
modely nédzornou pomiickou pro vzdélavéani pracovnikii
zejména netechnického typu. Modely mohou nazorné& uké-
zat vyznam spravného chlazeni nebo vyznamu kvalitnich
surovin s nizkou bakterialni kontaminaci.

Vyuziti modelt vyznamnym zpusobem $etii zdroje, €as
a penize. Modely umoZiiuji racionélni vyuZzivéni prace la-
boratofi vytypovéanim tizkého rozmezi pfedpokladanych
vyslednych hodnot, které je daleko snadnéj§i ovéfovat,

a vyznamné sniZuji riziko nespravného odhadu pfi stano-
veni rozsahu vysevu u mikrobiologickych rozbord.

Kromé vyznamu pro zavadéni SKB maji pfedpovédni
modely uplatnéni i v b&Znych kontrolach. Jednim ze z4-
kladnich problémi kontrolnich rozbort je, Ze stanovené
hodnoty mikrobiologického rozboru jsou platné k okamzi-
ku rozboru. Vysledky rozboru jsou viak podle jeho naro¢-
nosti zndmy az s dvou-, tfi- i vicedennim zpoZdénim. Za
tuto dobu v3ak miize byt redlny stav kontaminace potra-
viny zcela jiny. PM umoziiuje provést realny odhad sku-
te¢né zdravotni nezdvadnosti na zdkladé vlastnosti
potraviny, skladovacich podminek a skute¢ného stavu
potraviny v okamzZiku rozhodnuti o dal$im nakladani
s potravinou.

Hygienik se ¢asto dostava do nejistoty, jak rozhodnout
o potraving, jestlize jsou hodnoty rozbort ve fluktuaéni
oblasti limitnich hodnot pro schvéleni potraviny. V tako-
vém piipadé je PM u€innym néstrojem objektivniho roz-
hodovéni zda potravinu schvalit s ohledem na vlastnosti
potraviny, skladovacich podminek, na dobu do pfedpo-
kladané spotieby a zplsobu pravdépodobného finalniho
zpracovéni nebo konzumace.

D4 se otekavat, Ze napiiklad v budoucnosti budou vy-
hlasky o mikrobiologickych kritériich na potraviny konci-
povény na zakladé PM, kterd umoZiluje zohlednit viechny
vyse zminéné vlivy na potraviny, jejich pfiblizné zastou-
peni v potravnim ko3i, infekéni davky apod.

Seznam zkratek

FMM Food MicroModel

HACCP Hazard analysis critical control point (analyza
nebezpeéi s kritickymi a kontrolnimi body)

KKB kriticky nebo kontrolni bod

PM predpovédni mikrobiologie

USDA PMP USDA Pathogen Modeling Program

SKB stanoveni kritickych bodit
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Zavislost tepelného efektu metalizovanych félii pro mikrovinny ohfev
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Abstract

HOUSOVA J., HOKE K., DOBIAS J. (1998): A relation between the heat effect of metallized films for microwave heating
and the degree of their metallization. Czech J. Food Sci., /6: 143-149.

Microwave heating has become very popular. The microwave ovens are mostly used for defrosting and reheating of precooked
foods. One problem with microwave cooking is that the microwave oven does not brown and crisp the food and that the food after
microwave heating is soggy (Zuckerman, Miltz, 1992). There are only few possibilities how to overcome this problem.
One of them is a method developed in recent years, involving the use of metallized thin layer susceptor. A susceptor consists of
metallized plastic film laminated mostly on paperboad on top of which the food is placed. A susceptor absorbs part of microwave
energy and converts it to heat which is transferred to the food by conduction or radiation. The temperature of susceptor may reach
175-260°C(Zuckerman, Miltz, 1992)depending on properties of the metallized film and the food in contact. A great deal
of information has been published on the susceptors application until now but only limited information on their parameters and
heating performance is available. The relation between the degree of metallization of polyethylene terephthalate film (susceptor)
of the Czech make and the rate of heat generation in film during microwave heating was followed in the present study. The method
based on the measurement of temperature change in the sample of paraffin hydrocarbons was developed and used for testing of
heat generation in susceptor at the microwave heating. The samples of metallized foils with optical density of metallization in the
range from 0.0 till 0.448 were tested. The Luxtron temperature acquisition system model 755 with fiber optic probes was used for
temperature monitoring and domestic type of microwave oven Moulinex FM 2915 Q 850 W for heating experiments. The
maximum rate of heat generation was determined for films with optical density ranging from 0.20 to 0.26. The method used for heat
generation testing is very sensitive to the quality of metallization ~ nonhomogeneous of metallization observed in some foil
samples influenced local heating rate,

microwave heating, active container, metallized plastic film

Souhrn

HOUSOVA J., HOKE K., DOBIAS J. (1998): Zavislost tepelného efektu metalizovanych f6lii pro mikrovinny oh¥ev na
stupni jejich pokoveni. Czech J. Food Sci., /6: 143-149.

Mikrovinny ohfev se stéle roziifuje. Jednim z problémil vateni pomoci mikrovin je, Ze v mikrovinné troubé se nedosédhne zhnédnuti
a kfupavosti potravin a potravina po mikrovinném ohfevu je navlhla (Zuckerman, Miltz, 1992). Existuje jen nékolik
mozZnosti jak tento problém feit. Jednou z nich je pfed lety vyvinuta metoda zahrujici pouZiti tenké vrstvy kovového susceptoru.
Susceptor se sklada z pokovené plastické félie, ktera se vétsinou laminuje na karton v mist& potraviny. Susceptor absorbuje &ast
mikrovinné energie a méni ji v teplo, které je dodéno potraviné vedenim nebo radiaci. Teplota susceptoru miiZe doséhnout 175 az
260°C (Zuckerman, Miltz, 1992) v zavislosti na vlastnostech kovového filmu a kontaktu s potravinou. Zavislost mezi
stupném pokoveni metalizované polyetylenteraftalatové félie (susceptor) &eské vyroby a tepelnym efektem, ktery vznikne
v mikrovinném poli, byla sledovéna v pfedlozené studii. Metodika zkousek vychazela z pfedpokladu vazby mezi mnoZstvim
tepla generovaného susceptorem pfi mikrovinném ohfevu a rychlosti ohfevu, resp. tavenim vzorku parafinu. K testovani byly

*Préce vznikla s podporou NAZV CR (projekt & IE 095 0975040)
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pouZity vzorky metalizované félie s optickou hustotou od 0,000 do 0,448. Teplota parafinu byla méfena sondami termometrického
systému LUXTRON 755 s optickymi kabely. K vlastnim zkouskdm byla pouZita mikrovinna trouba Moulinex 2918 Q 850 W.
Vyraznéjsi tepelny efekt byl zaznamenan u f6lii s optickou hustotou 0,20-0,26. Metoda pouZita pro testovéni je velmi citliva na
kvalitu pokoveni — nestejnomémost pokoveni u nékterych vzorku folii mé vliv na pozorované mistni rozdily teplot.

mikrovinny ohfev; aktivni obal; pokovena plasticka folie

Metalizované polyetylentereftalatové (PET) folie, ozna-
¢ované jako susceptory, tvofi zakladni prvek aktivnich
oballi potravin pro mikrovinny ohfev. Na rozdil od trans-
parentnich obalovych materiald, jimiz mikrovlny proché-
zeji bez vyrazngj§i absorbce, a tim i bez vyrazngjsiho
tepelného efektu, a kovovych materiald, které mikroviny
zcela odréazeji, susceptory ¢ast energie dopadajicich mik-
rovin pohlcuji. Konverze pohlcené energie mikrovin v tep-
lo mé4 za nasledek rychly vzrist teploty susceptoru —uvadéji
se hodnoty od 175 az do 260 °C (Risch, 1993; Zuc-
kerman, Miltz, 1992) v zavislosti na parametrech me-
talizované folie i potraving, které je v kontaktu.

Tepelného efektu susceptort je vyuZivano v pfipadech,
kdy i pfi mikrovinném ohfevu je Zadouci dosdhnout pedi-
ciho efektu, tedy vysokou povrchovou teplotu potraviny,
kiupavou kiirku, typickou barvu a aroma peceného vy-
robku (Harrison, 1989; Shepard, 1989; Miltz,
Zuckerman,1992;Dobia§, 1992). Téchto znakil je
docileno zménou teplotniho a vlhkostniho profilu v potra-
ving. Zatimco pfi ¢istém mikrovinném ohfevu nepfesdhne
povrchové teplota potraviny s béZnym obsahem vlhkosti
prilis 100 °C (Dobias etal., 1997) a obsah vlhkosti je
pravé nejvyssi v povrchové vrstvé, pfi ohfevu potraviny
v aktivnim obalu se susceptorem miiZe povrchova teplota
dosahnout 130 i vice stupiit pfi velmi nizkém obsahu vlh-
kosti (Turpin, 1989).

Susceptory jsou v primyslové vyspélych zemich, ze-
jména Spojenych statech americkych, Japonsku, ale i z4-
padni Evropé vyuZivany jiz déle nez dvacet let. Zejména
v USA pfedstavuji vyznamny prvek aktivni funkce obalu
pfi mikrovinném ohfevu, vyuzivany predevsim pfi baleni
tzv. ,microwaveable popcornu‘ a zmrazené pizzy. Mnohé
z t&chto aplikaci jsou doposud patentové chranény, coz
ovliviiuje i obsah a zamé&feni publikovanych informaci
(Woods, 1992).

V Ceské republice je v soutasné dob& naprosty nedo-
statek praktickych zku3enosti s vlastnostmi susceptorii
navzdory tomu, Ze se mezi producenty potravin mnozi
poptavka po moznosti vyroby potravinafskych vyrobki
vyuzivajicich susceptory a navic jiZ existuje vyrobce schop-
ny v tuzemsku obalové materialy se susceptory vyrabét.

Motivem pro vyzkumnou studii, &ast jejiz vysledki pfi-
nasi tato publikace, bylo ziskat nékteré z chybéjicich po-
znatki a informaci.

Publikace shrnuje vysledky experimentti, provadénych
s cilem upfesnit vazbu mezi mirou pokoveni metalizované
folie a tepelnym efektem, ktery vznikne v mikrovinném poli.
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Studie byla provedena v ramci feSeni projektu podporo-
vaného NAZV, ktery sledoval vliv mikrovinného ohfevu
na piipadnou migraci slozek obalii do potravin. Vzhledem
k publikovanym hodnotam teplot, které mohou suscep-
tory pii mikrovinném ohfevu doséhnout i vzhledem ke kon-
strukci obalii se susceptory je problém migrace nezidou-
cich slozek z obalu do potraviny reélny, coz dokladuje
zaméfeni fady publikaci z poslednich let (Ohlson et
al,1991;Mc Neal,Hollifield, 1993;Risch,1993;
Zuckerman, Miltz,1995)

MATERIAL A METODY

Metodika zkousek vychézela z predpokladu vazby mezi
mnozstvim tepla, generovanym metalizovanou polyetylen-
teraftalatovou folii pfi mikrovinném ohfevu a rychlosti
ohfevu resp. tavenim malého vzorku parafinu s testova-
nou folii na dné. Pfi transparentnosti parafinu vii¢i mikro-
vlnam lze pfedpokladat, Ze teplo potiebné k jeho ohfevu
a nasledné i k jeho taveni je v daném pfipadé dodavano
pouze aktivni folif.

Prvni série zkousek prokézala pouzitelnost této metody
za pfedpokladu, Ze bude zabezpetena konstantni a stejno-
méma vyska vrstvy parafinu nad testovanou félii a kon-
stantni vzdélenost testované f6lie od mist,v nichZ je pfi
ohfevu monitorovana teplota parafinu. Pro dosazeni téch-
to podminek byla upravena metodika piipravy vzorki
parafinu a folii a instalace méficich sond. Dal$im pfedpo-
kladem jsou stejné podminky ohfevu, tj. stejné vykonové
parametry magnetronu a teplota vzduchu v zafizeni na
poéétku a v prib&hu ohfevu.

Priprava vzorkil pro ohiev

Pro zkousky byly pouZity vzorky odebrané z nibéhu
vyroby metalizované folie Tenolan, tloust’ka folie 20 pm,
vyrobce Technoplast, a. s., Chropyné. Uvedeny zpisob
ziskéni vzorkd nebyl zcela ideélni (napf. vzhledem k stej-
nomémosti pokoveni), ale jiny zdroj nebyl v dobé zkousek
k dispozici. Ze vzorkt folii odebranych z viroby o rozmérech
50 % 100, resp. 50 x 50 mm s optickou hustotou od 0,006 aZ
0,445 byly podle $ablony vystfizeny krouzky o priméru
45 mm. Pokud to velikost vzorku félie dovolovala, byly
vysttizeny dva krouzky, coZ umoZnilo opakovat zkousku
mikrovinného ohfevu (vétsina zkousek).

Vystfizené krouzky folie byly poloZeny na dno specidl-
né vyrobené misky z teflonu a k jejimu dnu pfitisknu-
ty vyjimatelnym fixaénim mezikrouzkem. Rozméry misek



Czech J. Food Sci.

Vol. 16, No. 4: 143-149

a fixa¢niho mezikrouzku a instalace vzorku folie je patrna
z obr. 1. Félie byla poklad4na na dno misky vzdy pokove-
nou stranou nahoru, podle oznaceni na folii.

Po instalaci kruhovych vzork folie bylo na dno misti-
¢ek navazeno 10 g tuhého parafinu (frakce s bodem téni
58-62 °C). Parafin byl poté roztaven (pouZita stolni horko-
vzdusna trouba Tefal) a opé&tné schlazen ve vode tak, aby
vyska jeho vrstvy byla stejnomé&rmé. Pfi navaZce 10 g pa-
rafinu a uvedenych rozmérech misti¢ek ¢inila vyska jeho
vrstvy nad f6lii 9,5 mm.

Timto zpiisobem byly pfipraveny i vzorky s folii ozna-
¢enou jako nepokovend i vzorky parafinu bez instalované
folie. Tyto vzorky byly pouzity pro sledovéani miry vlivu
teploty okolniho vzduchu na teplotu vzorki.

Mikrovinné zafizenf pouZité ke zkouskdm,
monitorovéani teploty

K vlastnim zkouskédm byly pouZita mikrovinna trouba
Moulinex FM 2915 Q se stitkovym vykonem 850 W bez
oto&ného talife s péti zdkladnimi vykonovymi stupni.

Pro porovnani tepelného efektu testovanych folii byla
pfi ohfevu priibéZné méfena teplota parafinu ve dvou mis-
tech pobliZ osy vzorku 6 mm nad folii (obr. 1). Teplota byla
méfena sondami termometrického systému LUXTRON 755
s optickymi kabely, sondy byly instalovany do pfedem
navrtanych otvorti pfi vné;jsi fixaci jejich polohy. Sondami
LUXTRONU byla méfena rovnéz teplota vzduchu v mik-
rovinné troub& pro sledovéni jejiho vlivu na prohfivani
vzorkl vosku.

Parametry ohfevu

Pfi zkouskéach byl vzdy ohfivan pouze jeden vzorek pa-
rafinu s f6lii. Vzhledem k minimalni absorb&ni schopnosti

vétSiny testovanych vzorkl bylo pfi ohfevu tfeba pouZit
dodate¢nou z4téZ. Tu tvofilo 200 ml vody rozdélenych do
dvou sklenénych kédinek (poéateéni teplota vody 20 °C).
Vzorek parafinu s folii byl umistén ve stfedu vyjimatelné
sklenéné police poloZené na dné trouby (kadinky s vo-
dou) vzdy v identickych mistech za vzorkem vosku.

Pribéh ohfevu parafinu byl monitorovan pfi nastaveni
vykonového stupné I s pulznim reZimem (provoz ,,on-off*,
cca 60 % plného vykonu) po dobu 7,5 min u vzorki
s malym tepelnym efektem folie, resp. do dosaZeni 80 °C
v parafinu u vzorki s vysokym tepelnym efektem folie.

Mezi jednotlivymi zkouskami byla dodrZovéna 30minu-
tova prestdvka tak, aby vykonové parametry magnetronu
i teplota vzduchu a jeji zvySovéni pii ohievu byly obdob-
né. Otepleni vzduchu od dodate¢né z4t&Ze sledovala se-
parétni zkouska.

VYSLEDKY A DISKUSE

Z naméfenych hodnot byl pro kazdou zkousku ohfevu
zpracovan graficky zdznam &asového vyvoje teploty pa-
rafinu v obou mé&fenych mistech, ktery odraZel miru tepel-
né aktivity zabudované félie. Jako piiklad souvislosti
intenzity prohfivani vzorkl parafinu od miry pokoveni
v nich zabudované félie uvadime tfi obrazky (obr. 2-4),
z nichZ prvni odpovida zkousce ohfevu vzorku parafinu
bez folie a dokumentuje miru prohfivani parafinu od okol-
niho vzduchu v mikrovinném zafizeni, dalsi dva zahfivani
vzorki parafinu od folie s malym a velkym tepelnym efek-
tem. Z obr. 2 je zfejmé, Ze k mimému ohfevu vzorku doché-
zelo v diisledku styku s okolnim vzduchem, jehoZ teplota
se b&hem zkousky ohfevu zvySovala (v priméru o 6 °C po
péti minutach ohfevu) v disledku pfestupu tepla od sou-

046
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1. Schéma umisténi testované pokovené PET folie a teplom&mych sond ve vzorku parafinu, rozméry vzorku — Diagram of
positions of a tested metallized PET film and heat measuring probes in a paraffin sample, sample dimensions
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2. Vzrist teploty vzorku parafinu bez zabudované pokovené félie pfi mikrovinném ohfevu — mikrovinna trouba Moulinex FM
2915 Q, stitkovy vykon 850 W, vykonovy stupeii I — pulzni reZim, cca 60 % plného vykonu (&as ohfevu 438 s) — Increase in
paraffin sample temperatures without a fitted-on metallized film at microwave heating — microwave oven Moulinex FM 2915 Q,
name-plate rating 850 W, power stage I ~ pulsation regime, ca. 60% of full capacity (heating time 438 s)
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3. Vzriist teploty vzorku parafinu se zabudovanou pokovenou PET f6lii pfi mikrovinném ohfevu, optické hustota pokoveni félie
0,060, mikrovinna trouba Moulinex FM 2915 Q, §titkovy vykon 850 W, ohfev pfi stupni I — pulzni reZim, cca 60 % plného
vykonu, mista méfenych teplot vyznagena, schematicky nazna&eno nataveni vzorku po ohfevu (¢as ohfevu 438 s) — Increase in
temperatures of paraffin sample with a fitted-on metallized PET film at microwave heating, optical density of film metallization
0.060, microwave oven Moulinex FM 2915 Q, name-plate rating 850 W, heating at power stage I — pulsation regime, ca. 60% of

full capacity, points of temperature r ements are d

ted,

bézné ohtivanych vzorki vody jako dodatedné zatéZe. Pa-
rametry zkousek, k nimzZ se vztahuji dalsi dva obrazky, tj.
opticka hustota pokoveni, vykonové parametry a doba
ohfevu i schematické zobrazeni mist, v nichZ byla méfena
teplota, jsou uvedeny pfimo na obrézcich. Na obrézcich je
schematicky zndzorné&no i pfipadné roztaveni parafinu po
ohfevu (bila barva — parafin roztaven v celém objemu, Cer-
na barva — parafin neroztaven, Sedé barva — ¢4ste¢né roz-
taveni parafinu).
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scheme of sample fusion after heating (heating time 43 s)

Tepelny efekt testovanych folii se podle predpokladu
ménil s optickou hustotou pokoveni, coZ se projevilo jak
v naméfenych teplotach, tak pfi vizudlnim posouzeni stup-
né& roztaveni parafinu po ohfevu.

Se zvysujici se optickou hustotou pokoveni méla rych-
lost ohfevu parafinu nejprve rostouci tendenci, pfitom
vyrazn&j$i zména v narlistu sledovanych teplot byla po-
zorovéna v oblasti optické hustoty pokoveni f6lii 0,216 az
0,262. Dalsi zvy$ovéni stupn& pokoveni mélo za nasledek
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4. Vazriist teploty vzorku parafinu se zabudovanou pokovenou PET f6lii pfi mikrovinném ohfevu, opticka hustota pokoveni félie
0,201, mikrovinné trouba Moulinex FM 2915 Q, ititkovy vykon 850 W, ohfev pfi stupni I — pulzni reZim, cca 60 % plného
vykonu, mista mé&fenych teplot vyzna&ena, schematicky naznageno nataveni vzorku po ohfevu (as ohfevu 438 s) — Increase in
temperatures of paraffin sample with a fitted-on metallized PET film at microwave heating, optical density of film metallization
0.201, microwave oven Moulinex FM 2915 Q, name-plate rating 850 W, heating at power stage I — pulsation regime, ca. 60% of
full capacity, points of temperature measurements are designated, scheme of sample fusion after heating (heating time 43 s)
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5. Zavislost rychlosti vzriistu teploty vzorki parafinu se zabudovanymi pokovenymi PET féliemi, v prvni minuté mikrovinného
ohfevu, na mife optické hustoty pokoveni testovanych folii (mikrovinna trouba Moulinex FM 2915 Q, stitkovy vykon 850 W,
ohfev pfi stupni I - pulzni reZim, cca 60 % pIného vykonu, &as ohfevu 438 s) —The relation between an increase in temperatures
of paraffin sample with fitted-on metallized PET films in the first minute of microwave heating and the optical density of film
metallization (microwave oven Moulinex FM 2915 Q, name-plate rating 850 W, heating at power stage I — pulsation regime, ca.
60% of full capacity, heating time 43 s)

pokles tepelného efektu (bylo zaznamenano vyrazné po-
malej$i prohfivani parafinu). Tomu odpovidalo i vizualné
posuzované taveni vzorki parafinu b&hem ohfevu.

Tyto zavéry se vztahuji ke kolekci vzork folii, které byly
pro zkousky k dispozici. Vzhledem k tomu, Ze mezi vzorky

bylo relativné mélo folii s optickou hustotou pokoveni
v rozmezi hodnot 0,262 aZ 0,323 (obr. 5) nelze vylougit, Ze
oblast vyraznéjsiho teplotniho efektu metalizovanych f6-
lii pfeséhne i uvedenou krajni hodnotu 0,262. Hovofi pro
to vysledky, které publikovaliZuckerman a Miltz
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(1994), z nichz je patmé, Ze tepelna aktivita pokovené folie
s optickou hustotou 0,3 byla vysSi nez folie s optickou
hustotou 0,25. Rozsifeni experimentti na folie s timto stup-
ném pokoveni by bylo proto Zadouci.

U fady zkousek byly i1 pfi pomémé malé vzdalenosti
obou sond zjistény lokalni rozdily v méfenych teplotich
a pozorovéno i nerovnomé&rné natavovani vzorku parafi-
nu. Nerovnomémé prohfivani vzork bylo tim vyrazngjsi,
¢im vy38i byla tepelna aktivita metalizované folie. I kdyz
miize byt nerovnomérny ohiev félie a tim i celého vzorku
ovlivnén nerovnomémosti mikrovinného pole, 1ze se do-
mnivat, Ze v daném pfipadé bylo dominantni pfi¢inou
nestejnomémé pokoveni testovanych folii. Potvrzuji to
i rozdilné vysledky opakovanych zkousek se vzorky vy-
stfizenymi z téhoZ vzorku félie. Nerovnomérné natavova-
ni vzorki parafinu je zfetelné na teplotnich zdznamech
— po roztaveni parafinu se charakter teplotni kiivky zmé-
nil, teplota roztavené &asti vzorku kopirovala pulzni reZzim
ohfevu (zapinéni a vypindni magnetronu) a stiidavé kle-
sala a rostla. U vzorki s foliemi s vysokym tepelnym efek-
tem byl vliv pulzniho reZimu zfetelny na naméfenych
teplotach prakticky jiz od pocatku ohfevu.

Pouze urcité rozmezi optimalni miry pokoveni folie z hle-
diska jejiho tepelného efektu pfi mikrovinném ohfevu po-
tvrzuje obr. 5, na ném? je vynesena zavislost rychlosti
vzristu teploty parafinu na optické hustoté pokoveni fo-
lie pro 1. minutu ohfevu. V této fazi ohfevu Ize pfedpoklé-
dat, Zze naméfena teplota parafinu je ovlivnéna pouze
teplem generovanym folii v disledku absorbce energie
mikrovln, protoZe vliv vnitiniho vedeni tepla i vné&jsi vy-
mény tepla s okolnim vzduchem jsou jesté zanedbatelné.
Uvedena grafické zavislost byla vytvofena zprimérova-
nim teplot naméfenych v obou méficich mistech vzorku
a v piipadé opakovanych méfeni zpriimérovanim jejich vy-
sledki.

Zavislost vykazuje jednoznacnou tendenci vzristu
tepelného efektu pii zvySovani optické hustoty pokoveni
do hodnoty kolem 0,26 s vyrazng&j$im tepelnym efektem
(v piipadé testovanych folii) v rozmezi hodnot optické
hustoty pokoveni 0,2-0,26. Ur¢ité odchylky od uvedené
tendence souvisi s velkou pravdépodobnosti se vzorky
folii, které byly k dispozici, resp. s jejich nestejnomémym
pokovenim a malym poétem opakovéni.

Zjisténa tendence odpovidé teoretickym piedstavdam
o vykonnosti metalizovanych félii pfi mikrovinném ohfe-
vu — pii malé mife jejich pokoveni je absorbce energie
mikrovln nizk4 a nasledny vyvoj tepla maly, pfi pfekroce-
ni uréitého stupné pokoveni se folie chova jako kov, tedy
zcela odrazi mikroviny coz znamen4, Ze k vyvoji tepla ne-
dochazi. Prakticky obdobnou tendenci vykazuje zavislost
absorbované energie mikrovin na méfeném elektrickém odpo-
rupokovené folie (Turpin, 1989) i publikované vysled-
ky experimenti, které popsali Zuckerman a Miltz
(1994). Vysledky zptesiiuji obecnou informaci, Ze optimum
tepelného vykonu metalizovanych folii se pohybuje ko-
lem hodnoty 0,2 vyjadfeno v hodnoté optické hustoty.
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ZAVERY

1. PouZitd metodika sledovéni tepelného efektu metali-
zované folie pfi mikrovinném ohfevu, zprostfedkované pres
rychlost ohfevu a taveni malych vzorki parafinu, se uka-
zala jako pouZitelna. Podminkou je docileni stejnom&rné
vrstvy parafinu nad folii a stejné vysky méficich konci
teplomérnych sond nad félii, coZ se pfi popsaném postu-
pu pfipravy vzorkli a méfeni podafilo. Dal3f podminkou je
dodrzZeni stejnych podminek ohfevu, tedy vykonu magne-
tronu a teploty okolniho vzduchu b&hem zkousky ohfevu
k jehozZ otepleni v prib&hu zkousky dochazi od nezbytné
dodateéné zatéze.

2. Naméfené hodnoty vzristu teploty parafinu i z nich
vypoétené hodnoty rychlosti ohfevu v disledku tepla,
generovaného v ném zabudovanou pokovenou folii, bé-
hem prvni minuty mikrovlnného ohfevu dokumentuji uréi-
té rozdily v tepelné aktivité testovanych folii. Vyraznéjsi
tepelny efekt byl zaznamenén pfi zkouskach ohfevu folii,
jejichz opticka hustota pokoveni lezela mezi hodnotami
0,216-0,262. U téchto vzorki dochézelo pomérné rychle
i k taveni parafinu. Félie s niz§imi i vy$§imi hodnotami
optické hustoty pokoveni nad uvedené rozmezi vykazo-
valy mensi tepelny efekt. Uvedené rozmezi optimélnich hod-
not optické hustoty pokoveni, vzhledem k tepelnému
efektu, se vztahuje ke kolekci vzorki folii, ktera byla pro
experimentalni studii k dispozici.

3. Mira reprodukovatelnosti ziskanych vysledki i zavé-
rit z nich odvozenych je ovlivnéna pouzitymi vzorky folii,
resp. rozsahem i kvalitou jejich pokoveni.

4. Detailné&jsi sledovani tepelné aktivity folii v rozsahu
optické hustoty pokoveni 0,26 az 0,36 by stavajici poznat-
ky jesté zpfesnilo.

Literatura

DOBIAS J. (1992): Obaly pro mikrovinny ohfev. Priim. Potrav.,
43:10-13.

DOBIAS J. a kol. (1997): Studium rizik kontaminace potravin
slozkami obalovych materidli béhem mikrovinného ohfevu.
[Zpréva k projektu NAZV €. IE 095 0975040.] Praha.

HARRISON P. (1989): The role of packaging in achieving
microwave browning and crisping. J. Packag. Technol. Sci., 2:
5-10.

Mc NEAL T. P,, HOLLIFIELD H. C. (1993): Determination of
volatile chemicals released from microwave heat — susceptors
food packaging. J. AOAC Int., 76: 1268-1275.

MILTZ J., ZUCKERMAN H. (1992): Effect of metalization in
plastic susceptors on browning. Lebens.Wiss. Technol., 25: 467
469.

OHLSON T., STTOLMAN V., ERLOV L. (1991): Migration
frin forpackningar avsedda attanvindas i mikrovagsugn. Var
Foda, 6: 317-327.

RISCHS J. (1993): Safety assessment of microwave susceptors
and other high temperature packaging materials. Food Adit.
Contamin., /0: 655-661.



Czech J. Food Sci.

Vol. 16, No. 4: 143-149

SHEPPARD J. R. (1989): Browning and crisping theory: could
microwaves brown food? J. Packag. Technol. Sci., 2: 63-67.
TURPIN, C. (1989): Browning and crisping — the functions,
design and operation of sucseptors. Microwave World, /0 (6):
8-12.

WOODS K. (1992): Susceptors in microwavable food packag-
ing. Firemni material Waddington Cartons Ltd, Leeds, Velka
Britanie.

ZUCKERMAN H., MILTZ J. (1992): Characterization of
thin layer susceptors for the microwave oven. J. Food Proces.
Preserv., 16: 193-204.

ZUCKERMAN H., MILTZ J. (1994): Changes in thin-layer
susceptor during microwave heating. Packag. Technol. Sci., 7:
21-26.

ZUCKERMAN H., MILTZ J. (1995): Temperature profiles at
susceptor product interface during heating in the microwave
oven. J. Food Proces. Preserv., /9: 385-398.

Doslo 30. 4. 1998

Kontaktni adresa:

Ing. Jitina Hou$ov4, CSc., Vyzkumny tstav potravinaisky Praha, Radiova 7, 102 31 Praha 10-Hostiva¥, Ceska republika,
tel.: +420 2 70 23 31, fax: + 420 2 70 19-83, e-mail: housova@vupp.cz

149


mailto:housova@vupp.cz

First ‘green’ trade exhibition in Prague
for 30 years attracts many international companies

HORTIFLORA EUROPE ’98: Prague International Flower Show,
Horticulture and Gardening Exhibition, 8-11 October 1998

The Fairgrounds, Prague, Czech Republic

Hortiflora Europe ’98, the international Flower Show, Horticulture and Gardening Exhibition
will take place from 8 to 11 October at the Fairgrounds in Prague, Czech Republic. This exhi-
bition will be attended by highly qualified companies in the flowers and plants branch like:

Gasa Odense from Denmark, Guaber from Italy, Ludvig Svensson from Sweden and Kemira
Agro from Finland. Professional growers and traders as well as the general public will have the
opportunity to see the fresh flowers and live plants, combined with professional horticulture and
gardening products. The Holland Flower Council will be present with a Pavilion of 10 leading
Dutch flower exporters.

The following companies from the machinery and equipment branch will participate: Mount-
field (CZ) representative of: Hozelock (UK), Roth (D), Mogatec (D), Garstelgarden (I) and
Gardena (CZ/D) representative of BASF (D) and Brill (D) will participate.

Hortiflora *98 will be fully supported by The Czech Ministry of Agriculture and gives the
international companies the unique chance to promote their business in the Czech Republic

For more information:
"Hortiflore-HOTLINE” — tel.: ++ 31 30 2400 525, fax: ++ 31 30 2400 637
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Biogenni aminy v potravinich a jejich role ve vyZivé+

Martin KRIZEK, Pavel KALAC

Faculty of Agriculture, University of South Bohemia, Ceské Budéjovice, Czech Republic

Abstract

KRIZEK M., KALAC P. (1998): Biogenic amines in foods and their roles in human nutrition, Czech J. Food Sci., /6:

151-159.

Literature data on nature, effects on human health, factors affecting formation and occurrence of biogenic amines including
polyamines in both non-fermented and fermented foods are reviewed. The proposed safety limits and trends in methods of

analytical determination are also presented.

biogenic amines; amines formation; histamine; tryptamine; putrescine; spermidine; foods; nutritional effects

Aminy vznikajici dekarboxylaci pfirozenych aminoky-
selin plisobenim Zivych organismu, pfip. aminaci a transa-
minaci aldehydd a ketonti se oznacuji jako biogenni.
Nékteré z nich jsou pfirozenou souéésti potravin rostlin-
ného i Zivo€isného plivodu. Pfehled nejvyznamnéjich je
uveden na obr. 1.

Podle chemické struktury se uvedené biogenni aminy
(BA) ¢leni na aromatické (tyramin— TY a 2-fenylethyla-
min — FEA), heterocyklické (histamin — HI a tryptamin
—TR) a alifatické diaminy (putrescin — PUT a kadaverin
—KAD) a polyaminy (spermidin — SPD, spermin - SPM,
pfip. agmatin — AGM). Nékdy se diaminy zjednodusené
fadi mezi polyaminy a heterocyklické aminy se fadi do sku-
piny aromatickych.

Pohled na BA prosel v zavislosti na mife poznani znac¢-
nymi zmé&nami. Piivodné se jim pfisuzovala zna¢n4 toxici-
ta, PUT a KAD byly dokonce oznafovéany jako ptomainy
neboli mrtvolné jedy. Nyni se za toxické povazuji Hl a v men-
$imifei TY aFEA. U skupiny polyamini (SPD, SPM, PUT,
piip. KAD) pfijimanych potravou byly dokonce za urgi-
tych podminek prokézény pfiznivé Géinky na organismy
(Bardécz,1993).

V poslednich dvou desetiletich znaéné zesilil vyzkum
podminek vzniku BA v potravindch a jejich i¢inkt na lid-
ské zdravi. Je zaméfen predeviim dvéma sméry —na zdra-
votni nezdvadnost potravin a na BA jako ukazatele
bakteridlniho rozkladu bilkovin. Zajem o tuto problemati-

ku se projevuje i Eetnosti publikovanych piehledu litera-
tury. Ty se zabyvaji bud’ histaminem (Taylor, 1986;S10-
rach, 1991), nebo &astéji BA jako celou skupinou
(Askar, Treptow,1986;Brink etal., 1990;Strat-
ton etal,1991;Halész etal.,,1994;Davidek, Da-
videk,1995;Shalaby,1996;Silla Santos,1996).

Cilem tohoto ptehledu je poskytnout souhrnné infor-
mace o vyskytu a podminkéch vzniku BA v potravinach,
jejich G&incich na lidské zdravi a o metodéch jejich stano-
veni.

Podminky vzniku

Protoze naprosta vét§ina BA v potravinach vznika de-
karboxylaci volnych aminokyselin piisobenim bakteriél-
nich dekarboxylas (obr. 2), pro tvorbu vyznamngjsiho
mnoZstvi BA jsou nutné tfi podminky:

— dostupnost volnych aminokyselin,

— vyskyt bakterii vybavenych dekarboxylasami aminoky-
selin,

—podminky umoziiujici riist bakterii, biosyntézu dekarbo-
xylas a jejich aktivitu.

Vyznamnym piedpokladem tvorby BA je proteolyza, at’
jiz autolyticka, &i bakteridlni. Dekarboxylasy aminokyselin
nejsou u bakterii zcela b&Zné, ale vyskytuji se v druzich
mnoha rodd, zejména Bacillus, Citrobacter, Clostridium,
Escherichia, Klebsiella, Photobacterium, Proteus, Pseu-
domonas, Salmonellaa Shigella a mléénych bakterii rodt

* Prehled vznikl za podpory Grantové agentury CR ¢. projektu 203/96/0316.
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1. Biogenni aminy b&Zné v potravinich

Lactobacillus, Pediococcus a Streptococcus (Straub
etal,, 1995;Shalaby,1996;Silla Santos, 1996).
Prehled charakteristickych bakterii schopnych dekarbo-
xylovat aminokyseliny pro rizné potraviny je uveden
v tab. I. Schopnost dekarboxylas aminokyselin je velmi
riizna. Dokonce i riizné kmeny jednoho druhu se mohou
1i8it v produkci BA az o tfi fady. Je proto téméf nemozné
najit korelaci mezi obsahy BA a poéty gramnegativnich
bakterii (Hal4sz etal., 1994). Vzhledem k riiznorodosti
druhii a kment jsou rizné i optimélni podminky pro tvor-
bu BA, jako jsou teplota, pH, pristup kysliku ¢i obsah
chloridu sodného.

VétSina aminl vetn& HI je tepeln& stdla. Nékteré de-
karboxylasy si uchovavaji aktivitu i po pasteraci, takze
obsah BA miiZe vzristat i b¥hem skladovéni potravin
(Brink etal., 1990).
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Obsah aminti obsaZenych v potravinach lze sniZit né-
kolika zptisoby (Davidek, Davidek,1995):
— pfidavkem enzymu diaminooxidasy (DAO; EC 1.4.3.6)
oxidovat BA za pfitomnosti kysliku na aldehydy,
— ptidavkem sacharidii umoznit reakci s aminy vedouci

k neenzymovému hnédnuti,

— vyluhovat &ast aminii do varné 14zné pokud se nekon-
zumuje.

Tyto Gpravy viak maji jen omezené pouZiti; rozhodujici
opatfeni spo¢ivaji v prevenci vzniku BA. Ta se lisi podle
jednotlivych druhi a skupin potravin, u nichz bude po-
drobngji uvedena. Obecné lze obsahy BA omezit naroc-
nym dodrZovanim hygieny surovin a zpracovéni, coz
potla&i &innost bakterii zpiisobujicich kaZeni. Pfi pouZiti
startérovych bakterialnich kultur omezujicich spontinni
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2. Schéma vzniku biogennich aminii z jejich prekurzori

fermentaci je tfeba vybirat kmeny, které nejsou vybaveny
dekarboxylasami.

Biologické ulinky

Biogenni aminy, zejména HI, TY, PUT, SPD a SPM, jsou
u Zivogichli potfebné pro fadu fyziologickych funkci. PHi
nadmémém piijmu potravou viak mohou vyvolévat pro-
jevy otravy. Ovliviiuji krevni tlak (HI snizuje, TY zvy3uje),
HI ma psychoaktivni G¢inky. Projevy intoxikace jsou ner-

vové a kozni, zejména nuceni ke zvraceni, dychaci potiZe,
buseni srdce, boleni hlavy, zvy3eni i pokles krevniho tla-
ku, zrudnuti v obliéeji, paleni v tstech, ervend vyrdzka na
kiZi(Brink etal, 1990). Jednoznatn& nejzdvazn&jii jsou
otravy histaminem.

Ve stfevnim traktu savci pisobi znaéné i&inny detoxi-
kacni systém, ktery dokéZe metabolizovat normalni pfijem
BA potravou. Hlavni roli hraji hojné& zastoupené enzymy
monoaminooxidasa (MAQO; EC 1.4.3.4) ajiZ zminéna DAO.
Ty v3ak maji jen uritou kapacitu, kterd nezvlddne nad-
mémy piijem BA. Ten se miiZe projevit jiZ u potravin, které
dosud nejevi senzoricky postiehnutelné projevy kaZeni.
Enzymy pusobi ve stfevnim epitelu, tak?e do krevniho
obéhu se dostavaji jiz produkty oxidace BA. Aktivitu t&ch-
to enzymi snizuje alkohol, predev§im vSak nékteré léky,
tzv. inhibitory MAO. Nejvyraznéjsi je to u nékterych psy-
chofarmak. Nepfiznivé plisobi zejména klasick4 antidepre-
siva Tranylcypromin, Nardil, Anuredal a Imipramin, z nichz
néktera jsou nyni nahrazovéna preparaty s jinymi farma-
kodynamickymi uéinky. Nezadouci uéinky byly zjidtény
rovnéZ u izoniazidu pouZivaného pfi 1é&bé tuberkul6zy
a u nékterych antimalarik. Velmi podstatné je, Ze detoxi-
ka¢ni schopnost organismu je znaéné individualni a zhor-
Suje se napf. pfi nékterych onemocnénich.

Proto je obtiZné stanovit jednozna&né nejvys3i piijatel-
né koncentrace jednotlivych amind. Skodlivé uginky dvou
nejvyznamnéjsich — Hl a TY — mohou byt zesileny jednak
ostatnimi sou¢asné pfijimanymi BA, zejména PUT a KAD,
které vycerpévaji ast detoxikaéni kapacity aminooxidas,
jednak dosud neidentifikovanymi latkami, které se pfed-
pokladaji v potravinéch, u nichZ do¥lo k bakteriélni de-
gradaci bilkovin. Tyto latky by zfejmé& mély po vstiebani
vyvolat uvolfiovani HI vézaného v Zirnych butikach
a v dalSich téInich rezervoarech, éimz by zesilovaly Gi¢inky
HI pfijatého potravou.

Nékteré BA jsou posuzovéany jako potencialni karcino-
geny. Zahfivanim PUT miiZe vznikat pyrrolidin, z KAD pi-
peridin. Tyto produkty mohou byt za uréitych podminek

1. Vyznamné bakterie produkujici biogenni aminy (Shalaby, 1996)

Potraviny Bakterie Vytvéfené aminy
Ryby Morganella morganii, Klebsiella pneumonia, Hafhia alvei, Proteus mirabilis, HI, TY, KAD,
Proteus vulgaris, Clostridium perfringens, Enterobacter aerogenes, PUT,AGM,
Bacillus spp., Staphylococcus xylosus SPM, SPD
Syry Lactobacillus buchneri, L. bulgaricus, L. plantarum, L. casei, L. acidophilus, HI, KAD, PUT,
L. arabinose, Streptococcus faecium, S. mitis, Bacillus macerans, Propionibacterium spp. TY, FEA,TR
Maso a masné rody Pediococcus, Lactobacillus, Pseudomonas, Streptococcus, Micrococcus HI, KAD, PUT,
vyrobky ¢eled’ Enterobacteriaceae TY, FEA, TR
Fermentovana Lactobacillus plantarum, Leuc oides, Pediococcus spp. HI, KAD, PUT,
zelenina TY, TR
Fermentované Rhizopus oligosporus, Trichosporon beiglli, Lactobacillus plantarum HI, KAD, PUT,
produkty ze soji TY, TR
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nitrozovany obdobné& jako sekundarni aminoskupiny
AGM,SPDaSPM(Shalaby,1996).

Obsahy v pokusnych dietach, které nevyvolaly u krys
pozorovatelné nezadouci icinky, byly 2 000 mg/kg diety
pro TY, 1 000 mg/kg pro SPD, ale jen 200 mg/kg pro SPM
(Til etal,, 1997).

Otrava histaminem

Histamin, ktery miiZe zasahovat do fady fyziologickych
funkci, je dvojiho ptivodu. V lidském organismu je uloZen
v Zirnych buiikach a v basofilnich granulocytech, cozZ je
jeden z druht bilych krvinek. Odtud se pfi alergické reakci
uvoliiuje do krevniho ob&hu. Druhym zdrojem je potrava.

Pfijem HI potravou miiZe vést ke stejnym potiZim, jako
jeho uvolnéni z télnich depozit. Projevy jsou obdobné jako
alergie na ur&ité potraviny, takZe se intoxikace ¢asto myl-
né diagnostikuje jako alergicka reakce. Otrava HI se v§ak
da rozlisit podle toho, zda se jiz dfive vyskytla alergie na
stejnou potravinu, zda do$lo k projeviim u vice lidi a zda
lze v dané potraviné piedpokladat vysoky obsah HI
(Brink etal,, 1990).

Rychlost, s jakou se dostavi u¢inky po pfijmu HI (nékdy
dokonce do pé&ti minut) nasvédéuje vstiebavani alespoi
¢asti HI, pfip. i dalSich BA jiZ z Gstni dutiny, tedy diive nez
muize byt detoxikovén stfevnimi aminooxidasami (Sil-
la Santos, 1996).1kdyZ se pro otravu HI traduje zesi-
lujici ikinek dal¥ich souasné piijatych BA, existuji nézory,
Ze se tyto synergické G¢inky neuplatiiuji (Clifford et
al., 1991).

Inkubaéni doba je vesmés do 30 minut po poZiti. Proje-
vy obvykle trvaji nékolik hodin, nékdy vsak az nékolik
dnii. Otrava HI se proti jinym intoxikacim potravinami od-
liduje projevy na kiizi. Otravu lze rychle piekonat podanim
antihistaminik (Slorach, 1991).

Metabolismus HI v lidském organismu je dvoji:

—dusik v imidazolovém cyklu je metylovan pomoci hista-
min-N-metyltransferasy (EC 2.1.1.8) za vzniku N-metyl-
histaminu, ktery je déle oxidovdn MAO na N-metylimi-
dazoloctovou kyselinu;

— pusobenim DAO je oxidovan na imidazoloctovou kyse-
linu, které se vaze naribosu (Stratton etal., 1991).
V zemich s velkou spotfebou moiskych ryb patfi otravy

histaminem k nejb&Zn&j§im typlim otrav potravinami (S 1o -

rach, 1991). Proto se &asto pouZiva pojmu skombrotoxi-
kosa, nebot pivodcem jsou predevim tzv. skombroidni
ryby a vyrobky z nich. Jedn4 se o &eled makrelovité (Scom-
bridae), pfedstavovanou zejména makrelami a tufidky, ro-
horetky (Scomberesocidae, napf. saira), ale také o ryby
z &eledi sled’ovité (Clupeidae), pfedevsim sled€, sardinky
a ancovicky.

Otravy tyraminem

Tyramin je nejidinngjsi ze skupiny tzv. vasoaktivnich
amind, t. latek, které zvy3uji krevni tlak. U¢inky TR aFEA
jsou slabsi. TY miiZe pfi podavani 1éki inhibujicich MAO
vyvolat hypertenzni krizi se silnymi bolestmi hlavy, krva-
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cenim do mozku i selhanim srdce. Mirné&;j§i intoxikace TY
se projevuji jako migrény (Shalaby, 1996).

Poprvé bylo zvySeni krevniho tlaku vyvolané TY zjisté-
no po konzumaci syrii u pacientii lé¢enych inhibitory MAO
v 60. letech. Proto se intoxikace tyraminem &asto ozna&uje
jako ,,reakce na syry* (angl. cheese reaction).

Role polyamini

Polyaminy, jimiZ jsou z biologického hlediska SPD, SPM
a PUT, pfip. i KAD, jsou pro viechny Zivé buiiky nepo-
stradatelnou sloZkou, nebot’ se podileji na syntéze nukleo-
vych kyselin a bilkovi Doned4vna se pfedpokladalo, ze
buiiky kryji jejich potfebu vlastni syntézou. Prokézalo se
viak, Ze lidsky organismus vyuZiva i polyaminy z potravy,
které zfejme uklada jako rezervu ve svalech a kiizi.

Zvysena spotieba polyaminl se projevuje pfi nadoro-
vém bujeni. Za té&chto okolnosti by mél byt jejich piijem co
nejniZ§i. Naproti tomu v obdobich, kdy je Zadouci inten-
zivni rist bunék, jako je hojeni ran, pooperaéni stavy apod.,
muze byt Zadouci zvySeny pfijem (Barddcz, 1993;
Barddcz etal, 1993).

Hygienické limity

Jak jiz bylo uvedeno, je uréeni nejvysSich piipustnych
koncentraci BA v potravinich obtiZné.

Askar a Treptow (1986)uvadéji, ze oralni piijem
8-40 mg histaminu vyvola projevy lehké otravy, 40 az
100 mg stfedni a nad 100 mg silné intoxikace. Na zékladg&
vyhodnoceni 250 skombrotoxikos navrhli Bartolomew
etal. (1987) povaZovat obsah HI v rybach do 50 mg/kg za
bezpedny, 50-200 mg/kg za potencialné toxicky, 200 az
1 000 mg/kg za pravdépodobné toxicky a nad 1 000 mg/kg
za toxicky a nebezpe&ny pro spotfebu. Nékteré zemé sta-
novily maximélni obsah HI v rybach legislativné — napf.
Francie 100 mg/kg, Ceské republika, Svédsko a Izrael
200 mg/kg, USA 500 mg/kg. V Evropské unii se od roku
1991 pro hodnoceni partie Eerstvych ryb z éeledi makrelo-
vité a sled’ovité odebira devét kusti. U dvou z nich se
pfipousti obsah HI v rozmezi 100-200 mg/kg, u zbyvaji-
cich sedmi musi byt niz¥i nez 100 mg/kg (cit. Shalaby,
1996).

Ve Svycarsku je hygienicky limit obsahu HI ve viné
10 mg/l, v CR 20 mg/kg; v literatufe se viak objevuji na-
vrhy sniZit limit HI v alkoholickych népojich na 2 mg/1
(Brink etal, 1990).

Pro pfijatelny obsah tyraminu se b&zné uvadi Siroké roz-
péti 100-800 mg/kg. V CR je nyni pripustné mnoZstvi pro
syry 200 mg/kg, pro &ervena vina 50 mg/kg a pro ostatni
potraviny 100 mg/kg. Pfijem 10-80 mg TY mize vyvolat
otoky, vice nez 100 mg migrénu (Askar, Treptow,
1986). Pro pacienty 1é&ené inhibitory MAO by nemél pfi-
jem TY piekro&it 6 mg béhem &tyf hodin. Za rizikova se
povazuji napf. piva s obsahem TY nad 10 mg/l (Tailor et
al., 1995).

Nejméné Gdajt je o fenyletylaminu, jehoZ obsah do
30 mg/kg je pokladén za pfijatelny. Obsah do 100-200 mg
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na 1 kg HI + TY + FEA by rovnéz nemél pfedstavovatrizi-
ko (N o u t, 1994). Pro ostatni BA nebyly hygienické limity
dosud navrzeny.

Vyskyt

Pfi posuzovéni vyskytu BA se obvykle potraviny déli
na nefermentované a fermentované, coz vyplyvé z pod-
staty vzniku BA. Obsahy kolisaji ve velmi §irokém rozpéti
aZ nékolika F4di, a to nejen mezi riiznymi druhy potravin,
ale i uvnitf druhd. Proto je obtiZzné aZ nemozné uvést prii-
mémé i tabulkové hodnoty. Udaje o vyskytu BA se budou
tykat pfedevsim HI a TY. Obsahy polyaminti, o nichZ je
zatim jen malo (daji, jsou uvedeny v tab. II.

Nefermentované potraviny

Z této skupiny jsou nejzavaznéjsi skombroidni ryby.
Moftské ryby obsahuji ve svaloving znatna mnozstvi vol-
ného histidinu — od 1 g/kg u sled& po 15 g/kg u tuiidka.
V ulovenych rybéach je vesmés do 10 mg/kg HI, ve vyrob-
cich z dobfe o$etfenych surovin do 50 mg/kg, ale v nej-
horsich pfipadech se zjist'uji az tisicemg/kg (Slorach,
1991).

Neju¢inngj$im preventivnim opatfenim je rychlé a u¢in-
né zchlazeni a udrZeni teploty ryb kolem 0 °C. Pi teplotach
nad 10 °C je jiZ tvorba HI zna&né. To vyplyva ze skuted-
nosti, Ze vétsina rizikovych bakterii je mezofilnich. Roz-
porné jsou nézory na vznik BA b&éhem skladovéni
zmrazenych ryb. Soleni ryb tvorbu HI sniZuje, protoZe chlo-
rid sodny inhibuje aktivitu histidindekarboxylasy (EC
4.1.1.22). Pecenim ryb ¢ast BA vyt&ka, ale sterilaci v kon-
zervéch se jiz obsahneméni (Shalaby, 1996).

U ryb, ale i u dal§ich druhii nefermentovanych potra-
vin, unichZ je tvorba BA zpiisobena pfedevsim bakterial-
ni kontaminaci, je snaha vyuZit obsahu BA jako
kvalitativniho kritéria. BEhem kaZeni ryb i masa obvykle
vzriistd obsah HI, PUT a KAD, zatimco pivodni obsah
SPD a SPMklesd.K armas (1981) proto navrhl tzv. index
biogennich aminti (BAI) jako pomér obsahii (v mg/kg)
HI+PUT +KADa 1 + SPD + SPM. Pfi hodnot¥ BAI < 1 je
kvalita pokladéna za vybornou, pti BAI > 10 za velmi $pat-
nou. Sims et al. (1992) vSak pokladaji pro korelaci se
senzorickym hodnocenim poZivatelné/nepoZivatelné za
spolehlivéjsi kritérium soudet obsahu PUT + KAD.

Maso a nefermentované masné vyrobky obsahuji jen
malokdy hladiny BA, které by predstavovaly vaZnéj§i zdra-
votni rizika.

V ovoci a zelening, které jsou v neporuSeném stavu chra-
nény viici bakteridlni invazi, je obsah BA nizky (Ziegler
etal., 1994). Hladiny zejména PUT se mohou zvysit béhem
mechanického zpracovéni, pfi némz miZe dojit ke konta-
minaci pfedev8im dekarboxylujicimi bakteriemi &eledi
Enterobacteriaceae (Simon-Sarkadietal, 1994). Hla-
diny HI < 1 mg/l a nizké obsahy dalsich BA jsou charakte-
ristické pro ovocné nektary adzusy(Maxa,Brandes,
1993). Zvysené obsahy TY se zjistily v rajéatech, bana-
nech a §vestkéach, HI ve $penatu a FEA v kakau a vyrob-
cich z n&j (Haldsz et al, 1994; Davidek,
Davidek,1995;Silla Santos,1996). Béhem skla-
dovani jedlych hub za méné pfiznivych podminek vznika-
ly PUT a KAD, nikoli HI a TY. Biogenni aminy zfejmé nejsou
pri¢inou ob¢asnych nevolnosti spojovanych s konzuma-
cihub(Kala&, Kiizek,1997).

II. Obsahy putrescinu, spermidinu a sperminu v nékterych potravinich (Bard6cz etal., 1993)

Aminy (mg/kg i mg/l)

Potravina putrescin spermidin spermin
Veprové maso libové 3,1 2,8-4,7 29-68
Hovézi maso vafené 1,9-2,8 5,4-6,5 22-32
Kufeci maso 28 9,0 57
Treska 26-30 1,0-1,5 2,9-6,2
Miéko polotuéné 0,1 0,3-0,6 0,2-0,4
Syr &edar ,,mlady* 10-20 77-104 23-37
Syr &edar vyzrily 650 190 22-38
Chléb bily 1,5-1,8 8,0 3,5
Ryze vafena 1,0 1,4 8-10
Brambory vafené 20 15 5,0
Salat hlavkovy 32438 4,0-8,0 0
Rajdata 9-122 2,0 0
Hra3ek zeleny vafeny 57 62 32-69
Jablka 0,4-1,7 24 0
Hrusky 24 15-73 8-47
Pomeranée 9,0 0

95-140
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Fermentované potraviny

Co do Cetnosti otrav histaminem jsou na druhém mist&
syry, které navic mohou obsahovat i znaéna mnozstvi TY
(Stratton etal., 1991). Zatimco mléko obsahuje vesmés
méné nez 1 mg histaminu na 1 litr, syry obvykle obsahuji
v 1 kg desitky az stovky mg HI, TY, PUT a KAD, jednotky
az desitky mg FEA a velmi mald mnozstvi TR. U nékolika
amini viak obsahy mohou vyjime&né& dosahnout aZ tisict
mg/kg, piiemz z4visi zejména na oetieni vychozi surovi-
ny a technologickych faktorech, jako jsou teplota syfeni-
ny, doba zréni, pouZiti startérovych a plisfiovych kultur.
Niz8i obsahy BA proto maji syry holandského typu, vy3si
syry polomeékkeé, §vycarského typu a plisfiové. Vyrazn&
vy$§i obsahy mély syry vyrobené z nepasterovaného mlé-
ka(Schneller etal., 1997).

Obdobna4 situace je u suSenych a fermentovanych
trvanlivych masnych vyrobki. Na chlazeném mase domi-
nuji druhy rodu Pseudomonas produkujici PUT a entero-
bakterie vytvafejici zejména KAD. Vysledny obsah BA ve
vyrobku proto zavisi jak na oSetfeni suroviny, tak na pou-
zitych startérovych kulturéch laktobacili i pediokokd, ale
rovnéZ na pouZité technologii. Obsahy béznych BA se
pohybuji v rozpéti jednotek az stovek mg/kg.

Zatimco jednorazova konzumace syrii a fermentovanych
masnych vyrobki neni obvykle pfili§ vysoka, odli¥n4 si-
tuace je u vina a piva. Vina obvykle obsahuji v 1 litru
jednotky mg HI a TY, mélo ¢asté jsou hodnoty 10-30 mg
HI a desitky aZ stovky mg TY. Obsahy BA v evropskych
a Eeskych pivech jsou uvedeny v tab. III. Nejvyssi obsa-
hy byly zjidtény u spontanné kvasenych belgickych piv,
spodné kvasend piva patii mezi typy s niz§imi hladinami.
Nejvice BA vznika béhem hlavniho kvaSeni, suroviny jich
vnaseji jen malo. Za indikatory kontaminace pfedeviim
mléénymi bakteriemi se povazuji zvySené obsahy TY
aKAD(Izquierdo-Pulido etal,,1996;Kala¢ et
al,, 1997). Obsah TY miiZe byt vy$§inez 10 mg/li v nealko-
holickych pivech, ktera jsou rizikovéa pro osoby lé&ené
inhibitory MAO.

Pro kva3ené zeli se pro 1 kg udévaji hodnoty desitky mg
HI a TY pro zeli a zejména pro lak, ndkdy i hodnoty 100 aZ
200mg(Mayer etal.,,1973;Taylor etal.,, 1978;Zieg-
ler etal., 1994). Lze pfedpokladat, ze &ast BA vytéka pti
tepelnych Gpravach.

Fermentované vyrobky ze s6ji, jako jsou om4&ka, miso
¢i tempeh, rovnéz obsahuji riizné vysoké hladiny BA v z4-
vislosti na sloZeni mikrofléry i podminkach fermentace.

Metody stanoveni

Pro stanoveni biogennich aminii byla v minulosti vyvi-
nuta fada analytickych postupti. Tyto metody jsou ob-
vykle i¢elové vypracovény pro typ materialu, v nmz maji
byt aminy stanoveny.

Kromé vzorkt poZivatin i krmiv pfichazeji v praxi nejéas-
t&ji v uvahu vzorky télnich tekutin (v oblasti mediciny
i fyziologie). Mensi &4st praci se zabyva vyhradné stano-
venim diamind a polyamint, nékteré fe$i pouze analyzu
aromatickych aminu.

Pro uéely potravinafské maji vyznam pifedeviim postu-
py zaméfené na stanoveni aromatickych a heterocyklic-
kych biogennich amind, ¢i nejlépe na biogenni aminy jako
celek, tedy véetn& diamint a polyamin.

Ke stanoveni aminii se nejéastéji pouzivé tenkovrstva
chromatografie (TLC), plynova chromatografie (GC) a vy-
sokoucinna kapalinova chromatografie (HPLC).

Stanoveni biogennich amint je pomé&mé naroéné s ohle-
dem na obvykle zna¢né néroky na citlivost a pfesnost sta-
noveni a rovnéz na nikoli nevyznamny vliv matrice na
predseparacni kroky.

Dnes jsou jiz prakticky opustény postupy zaloZené na
pfimém fotometrickém stanoveni aminti v poZivatinach,
hlavné z diivodu malé selektivity stanoveni. Sviij vyznam
si viak stale udrzuje tenkovrstva chromatografie.

Hlavni pfednosti TLC je jeji rychlost a cenova nenéro¢-
nost. Pro rychlé rutinni stanoveni aminti zejména v potra-
vinéfské praxi Ize tuto metodu doporucit(Gajewska et
al,, 1991;Shalaby, 1995). Je viak nutné mit na paméti,

I1I. Obsah aminli (mg/1) v evropskych (Izquierdo-Pulido etal., 1996) a éeskych pivech (Kala¢ etal, 1997)

Evropska piva (n = 195) Ceska piva (n = 78)

Biogenni amin X Sz - % Sz A
Histamin 12 24 21,6 0,55 1,08 9,2
Tyramin 6,5 9,0 67,5 6,85 5,19 22,5
2-Fenylethylamin 04 0,8 8,3 - - -
Tryptamin 0,4 1,0 54 1,21 1,46 9,7
Putrescin 4.8 23 15,2 8,84 7,06 30,7
Kadaverin 24 6,1 39,9 12,9 12,3 49,1
Agmatin 10,5 58 40,9 - - -
Spermidin 0,7 1,06,8 - - -

Spermin 03 0,7 39 o 5 =
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Ze pfedseparace a rovnéZ derivatizace amint je i pfi TLC
nezbytné.

Nearomatické biogenni aminy neabsorbuji zafeni
v UV/VIS oblasti a bez vhodné derivatizace je neni mozné
detekovat zplisoby b&Znymi v kapalinové chromatografii.
RovnéZ doprovodné rusivé slozky musi byt oddéleny cit-
livé volenou predseparaci.

Nejobvyklej§im predsepara¢nim krokem je vzhledem
k bazicité amin jejich extrakce ze vzorku zfed&nou kyseli-
nou chloristou &i trichloroctovou. Pro mlé&né vyrobky se
rovnéZ osvédéila jednoduché extrakce metanolem za zvy-
Sené teploty (60 °C) (Reuvers, 1986). Jiné postupy do-
poruduji extrakci roztokem citranu sodného, okyseleni
extraktu zfedénou kyselinou trichloroctovou a centrifu-
gaéni oddéleni vysrazenych bilkovin (Joosten, Oli-
eman, 1986). Velice podrobny a kvalitné diskutovany
piehled uprav riznych potravinovych vzorki a variant
jejich extrakce podaliMoret a Conte (1996).

Po izolaci amini ze vzorku nasleduje zpravidla alkaliza-
ce alikvotniho podilu extraktu a derivatizace aminti vhod-
nym ¢&inidlem zpravidla na bazi chloridi aromatickych
kyselin.

Nejrozsifenéj§im derivatizaénim ¢inidlem je tzv. dansyl-
chlorid (5-dimethylaminonaftalen-1-sulfonylchlorid). Dan-
sylderivaty 1ze po HPLC separaci detekovat jak UV/VIS
detektorem, tak v piipadé€ pozadavku vys$i citlivosti sta-
noveni téZ fluorimetricky. Toto derivatizaéni &inidlo patfi
bezesporu k nejpouzivanéj§im a je Siroce vyuZivano od
konce 70. let do soucasnosti. Derivaty lze délit jak na TLC
(Shalaby, 1995), tak na HPLC (Malle et al., 1996;
Greif etal, 1997). Ve vSech tfech citovanych pracich se
jedna o stanoveni amint v mase a syrech. JelikoZz rozho-
dujici roli hraje pfedtprava vzorku, 1ze dansylaci s Gspé-
chem pouzit takika pro vSechny typy analyzovanych
materidli(Nakazato etal, 1994).

Niz3i stabilita dansylderivatl pfi jejich uchovéavani
v laboratofi a rovnéz jejich fotolabilita vSak vedly nékteré
pracovniky k volbé jinych &inidel, napf. benzoylchloridu
(Redmond, Tseng,1979; Slocum et al,, 1989;
KtiZzek, 1991)ip-toluensulfonylchloridu(Hayashi et
al,, 1978).

Biogenni aminy lze na reverzni fazi HPLC téZ separovat
nederivatizované, ve formé iontovych pért, napf. s oktan-
sulfonanem (Chang et al., 1985) i heptansulfonanem
(Reuvers etal.,, 1986). Po separaci nasleduje tzv. post-
column derivatizace, nejéasté&ji o-ftaldialdehydem. Tento
postup nalezl uplatnéni napf. pfi stanoveni biogennich
aminivpivu(Izquierdo-Pulido etal., 1993), vinu
(Busto etal., 1995)imase(Herndndez-Jover et
al., 1996).

Ke stanoveni amint v syrech a ¢okolddé byla rovnéz
pouzita plynové chromatografie. Se stanovenim nederi-
vatizovanych amint se vzhledem k €astym problémim
s chvostovénim pikli setkdvame zfidka. Situace je tedy do
jisté miry, byt’ z jinych pfi¢in, podobna HPLC.

Pro syry a €okolddu vypracovali Baker a Wong
(1987) metodu separace aminti na kapilarni kolong (SE-54).

Jako derivatiza&ni ¢inidlo pouZili pentafluorobenzoylchlo-
rid, pfiéemz vyhodou byla moznost ECD detekce. Népliio-
vé kolona (OV-17 s SP-1000) se uplatnila pfi stanoveni
aminii vrybimmase (Yamaka,Shiomi, 1989).Jako
derivatizaéni ¢inidlo byl pouZit etylester kyseliny chlor-
mravenéi.

Vybrané biogenni aminy 1ze v poZivatindch stanovovat
téZ metodou enzymové imunoanalyzy. Stanoveni napf.
histaminu v syrech je vysoce selektivni a citlivé (Rauch
etal,, 1991).

Kromé patrné nejvyuzivanéjsi vysokou&inné kapalino-
vé chromatografie na reverzni fazi je pro stanoveni aminti
v poZivatindch velmi vyhodné price v rezimu ionexové
chromatografie. Touto technikou byly Gspé$né stanove-
ny nejbéznéjsi biogenni aminy PUT, KAD,SPM, SPM,
AGM,HIaTY(Nakamura, Wada,1979;Simon-
-Sarkadi, Holzapfel, 1994;Trevino etal, 1997).
Postup je vysoce vhodny zejména pro pracoviité, vyba-
vena analyzatorem aminokyselin. P¥i vhodné voleném po-
stupu pak Ize kromé aminii stanovit souasné Siroké
spektrum aminokyselin.

V poslednich letech se intenzivné rozviji nova analytic-
ké technika ~ kapilarni zénova elektroforéza (CZE). Vzhle-
dem k tomu, Ze detekce separovanych latek je podobné
jako u HPLC zaloZena na absorpci UV zéfeni, je derivati-
za&ni krok obvykle nevyhnutelny. Byla popsina metoda
stanoveni jak alifatickych, tak aromatickych biogennich
amint derivatizovanych isothiokyanétem fluoresceinu ve
vzorcich séjové omacky (Rodriguez etal., 1996).

Vysokou citlivosti se vyznaduje detekce zaloZena na
sniméni intenzity laserem indukované fluorescence (LIF)
aminovych derivati. Pro vzorky vina ji vyuziliNouadje
etal. (1997).

Pro vzorky poZivatin byla rovnéZ navrZena separace
aminu derivatizovanych benzoylchloridem. Déleni probi-
ha v reZimu micelamni elektrokinetické kapilarni chromato-
grafie a doba trvéni analyzy polyamini a aromatickych
aminii nepfesahuje 35 minut (KfiZek ,Pelikdnova,
1998).
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