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THE pH TOLERANCE, BILE RESISTANCE AND PRODUCTION
OF ANTIMICROBIAL COMPOUNDS BY LACTOBACILLI*

Milada PLOCKOVA, Jana CHUMCHALOVA, Blanka PLUHAROVA

Institute of Chemical Technology — Department of Milk and Fat Technology,
Prague, Czech Republic

Abstract: Variations in low pH resistance and bile tolerance were observed
among seven cultures of Lactobacillus sp. of various origin (human, dairy start-
ers, dairy products) that all grow well in milk and MRS broth and produce only
minimal levels of H202. The degree of bile tolerance and the low pH resistance
were the highest for Lactobacillus plantarum, LHI10 of human origin. The strains
varied in bacteriocin production and bacteriocin sensitivity. Lactobacillus acido-
philus, CHS produced bacteriocin acidocin CHS, to which the most sensitive
strain was Lactobacillus delbriteckii subsp. lactis, LTI30, which was chosen for
acidocin CHS activity evaluation. Lactobacillus sp. cultures possessing good low
pH resistance, bile tolerance and bacteriocin production have an advantage over
those that do not possess the activity in selecting cultures for protective and
pro-biotic functions.

Lactobacillus, hydrogen peroxide; bile resistance; low pH tolerance; acidocin
CHS5; bacteriocin

It has been known for many years that lactobacilli may positively influence
the gastrointestinal tract of humans and other mammals (Sandine, 1979).
The beneficial effects include the inhibition of undesirable microorganisms,
reduction in cholesterol and reduction of the risk of colon cancer (Gil-
liland et al, 1985; Gilliland, Speck, 1977; Goldin, Gorbach,
1984). Selection of lactobacilli to be used for the possible therapeutic value
involves: pH tolerance (Hood, Zottola, 1988), bile resistance (Gil-
liland, Walker, 1990), the ability of the organism to adhere to and colo-
nize the intestinal tract by means of a carbohydrate-rich layer on the bacterial
cell (Brooker, Fuller, 1975) and antibacterial activity (Gilliland,
Speck, 1977; Gilliland, Walker, 1990).

To reach the intestine, the organism must first pass through the stomach
where the hydrochloric acid and enzymes ingesting food are present. It is

* Supported by Grant Agency of the Czech Republic Grant No. 510/95/0990.
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likely that ingested organisms would come into contact with pH values in the
range 2-8 (Franklin, Skoryne, 1971). The ability of bacteria to survive
at pH 2, 3 and 4 is important for prediction of passing the bacteria through
the hostile stomach environment (Hood, Zottola, 1988) as well as the
bile resistance (Gilliland, Walker, 1990). Inhibition of undesirable
bacteria including the pathogens and the competition and well growing in the
presence of similar bacteria depends on the production of antibacterial com-
pounds including organic acids, hydrogen peroxide and bacteriocins (Gil-
liland, Walker, 1990).

The aim of the work was to compare several strains of lactobacilli isolated
from various sources (human intestinal tract, dairy cultures, milk products)
in view of pH tolerance, bile resistance and production of antibacterial com-
pounds and to find a bacteriocin producing strain of the genus Lactobacillus.

MATERIAL AND METHODS

Microorganisms

From the collection of 20 strains of lactobacilli isolated from various
sources and confirmed at the Department of Milk and Fat Technology
(Kandler, Weiss, 1986) 7 strains were chosen on the basis of their abil-
ity to grow in milk and were further studied:

— Lactobacillus acidophilus, A92
isolated from dairy starter, Milcom Vokovice, Czech Republic,

— Lactobacillus acidophilus, CH5
isolated from dairy starter, CHr. Hansens, Denmark,

— Lactobacillus acidophilus, NO1
isolated from the fermented product Bioghurt, Germany,

— Lactobacillus acidophilus, D10
isolated from the fermented product Bioghurt, Germany,

— Lactobacillus acidophilus, B12
isolated from the fermented product Biogarde, Germany,

— Lactobacillus delbriieckii subsp. lactis, LTI30
isolated from the intestinal tract of a child,

— Lactobacillus plantarum, LHI10
isolated from the intestinal tract of a child.
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All strains were cultivated in MRS broth (Oxoid) or in skim milk with
0.5% of yeast extract at 37 °C for 16—18 hrs. All strains are now maintained
in freeze-dried form in the Collection of Milk Microorganisms of Milcom,
Prague 6, CR.

Methods

The content of hydrogen peroxide was measured according to Frew and
Jones (1983). The casein from milk based media was precipitated by 5%
TCA and discurded by filtration, the supernatant was mixed with potassium
iodide solution and the amount of iodine proportional to hydrogen peroxide
concentration was read at 352 nm by Specol Carl Zeiss Jena, Germany.

For low pH tolerance estimation (Hood, Zottola, 1988) washed cells
(108-10° CFU/ml) after cultivation in MRS broth (Oxoid) were added into:
a) MRS broth (Oxoid) adjusted to pH 2, 3, 4, b) KCl buffer pH 2, 3, ¢) potas-
sium phthalate buffer pH 3, 4. The tubes were incubated for 2 hrs at 37 °C
and the decrease of viable cells of lactobacilli was tested by plate method
using MRS agar (Oxoid). The results are the average values obtained from
three trials.

Comparison for bile tolerance (Gilliland, Walker, 1990) was done
by a test for rapidity of growth in MRS broth (Oxoid) with and without added
0.3% w/h sodium salt of tauroglycocholic acid (Merck). 1% of freshly pre-
pared cultures was inoculated into both broth media and incubated at 37 °C
for 8 hours. Every hour the growth was monitored by measuring the optical
density at 620 nm. Comparison of the cultures was based on the time re-
quired for each to increase the optical density by 0.3 units.

The ability to produce bacteriocin was screened for all tested strains. The
MRS broth cultures (16 hrs at 37 °C) were centrifuged 10 min at 5 000 g and
less than 5 °C to remove the bacterial cells. The supernatants were collected,
adjusted to pH 6.5 with 1 mol/l NaOH to neutralize the organic acids. Then
the catalase (6 mg/ml) was added to avoid the effect of hydrogen peroxide
and the samples were filter sterilized and used for a cross-inhibition test. To
confirm that inhibition is caused by the action of bacteriocin the broth
samples were treated with trypsin (Sigma) (Ferreira, Gilliland, 1988).
7 ml of molten soft MRS agar (0.7%) tempered to 45 °C was inoculated with
0.2 ml of fresh overnight culture of each strain, mixed well and then dis-
pensed into 82-mm sterile Petri dish. After solidification, 10 1 volumes of
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spent broth samples were spotted onto the surface of the seeded agar. The
plates were incubated for 16 hrs at 37 °C in an anaerobic jar (Oxoid). The
clear zones in the place of stabbing as were taken an indication of inhibition
of test culture by the spent broth samples.

RESULTS AND DISCUSION

The Lactobacillus sp. strains producing acids in reconstituted skim milk
and MRS broth at a concentration typical of this type of starter cultures were
tested from the point of view of their survival at low pH and in the presence
of sodium salt of tauroglycocholic acid, for hydrogen peroxide production
and production of bacteriocins.

I. Ranking of lactobacilli cultures according to decreasing hydrogen peroxide content in culture
media

Rank H202 production [mg/1]
culture MRS broth skim milk
1. LA CHS 0.75 0.95
2. LA B12 0.60 0.75
3. LD LTI30 0.55 0.70
4. LP LHI10 0.40 0.55
3. LA NO1 0.30 0.40
6. LA A92 <0.10 <0.10
7 LA D10 <0.10 <0.10

In the selection of strains for protective and probiotic effects tolerance of
low pH might be one of many criteria to be considered. The low pH tolerance
measured in this study in several different environments is presented in Table
II. The differences in the survival of each strain in different media with the
identical pH value and the differences between the particular strains in the
identical environment were proved.

In the presence of nutrient (MRS broth) Lactobacillus sp. strains survived
better compared with KCI or phthalate buffers at the corresponding pH val-
ues (after 2hrs at pH 2 the number of viable cells decreased in MRS broth by
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II. Low pH tolerance measured in MRS broth, KCl and phtalate buffer expressed as log CFU,—
~ log CFU '

MRS KCl Phthalate
Rank? Culture pH
2 3 4 2 3 3 4
1. LP LHI10 1.4 0.8 0.4 2.0 1.5 2.0 1.5
2. LA D10 1.9 L7 0.7 2.0 1.6 2.0 1.8
3. LA NO1 1.4 0.8 0.8 33 2.0 25 2.0
4. LA A92 22 1.9 1.0 3.7 29 24 2.1
5. LA B12 1.6 1.1 0.7 4.5 3.9 49 3.3
6. LA CHS 2.0 1.7 0.7 43 3.7 4.0 3.7
7. LD LTI30 1.8 1.4 0.7 44 42 4.5 3.8

llog CFUo is log CFU in time 0, log CFU |20 is log CFU after 120 min at 37 °C at each environ-
ment

?Ranked from the most tolerant strain to the minimally tolerant one according to the average
difference in CFU in seven tested environments.

1.5-2 log cycles, in KCI buffer by 2—4.5 log cycles). In the phthalate buffer
(pH 3) in spite of the fact it is not known to be toxic to bacterial cells the
decrease of viable cells was higher compared with the KCI buffer (pH 3).
The presented data show the survival of microorganisms in buffer systems at
pH values that might be encountered in the stomach. The best surviving
strain was Lactobacillus plantarum, LHI10 of the human origin followed by
Lactobacillus acidophilus strains commercially used (D10, NO1, A92). The
results are not in agreement with those reported by Hood and Zottola
(1988), where no viable cells of Lactobacillus acidophilus were recovered
after 45 min at pH 2.

The variations among the cultures with regard to the rapidity of growth in
MRS broth (MRS) and MRS with 0.3% w/w of tauroglycocholic acid
(MRST) can be read in Table III, where the strains are arranged in the order
of decreasing rapidity of growth in each medium. In agreement with Gil-
liland and Walker (1990) it was observed that the rapidity of growth
in MRS broth was not indicative of the rapidity of growth observed in MRST
broth. The results indicate the wide range in the ability of the strains to grow
in the presence of bile. The minimal differences in growth rates in MRS and
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III. Comparison of the growth of Lactobacillus sp. cultures in MRS broth and MRS broth with
0.3% w/w tauroglycocholic acid

il MRS MRST

culture’ (ho)2 culture (h1) Culture (A h)
1. LA B12 3.75 LA NO1 5.60 LP LHI10 0.65
2. LA NOl 3.80 LA BI2 5.85 LA NO1 1.80
3. LA D10 3.90 LP LHI10 5.90 LA CHS 1.85
4. LD LTI30 4.40 LA D10 6.55 LA B12 2.10
5. LA A92 4.75 LA CHS 6.85 LA D10 2.65
6. LA CHS5 4.90 LA A92 >8.00 LA A92 >3.25
7. LP LHI10 5.25 LD LTI30 >8.00 LD LTI30 >3.60

'Ranked from faster to the slowest growth in each medium
Zours required for optical density at 620 nm to increase 0.3 units at MRS (ho) and MRST (h7)

3Ranked according to decreasing value A h = hr — ho

MRST indicating good tolerance to bile were proved by Lactobacillus plan-
tarum, LHI10. The strains Lactobacillus acidophilus, A92 and Lactobacil-
lus delbrieckii subsp. lactis, LTI30 grew well in MRS and were totally
inhibited in MRST indicating no tolerance to bile. The data are in agreement
with the report of Huis in’t Veld et al. (1994) where the strains of Lac-
tobacillus appeared more resistant to gastric acid and bile than other bacteria.
Although there exist large differences between individual strains.

When selecting the strains for use as a protective culture a number of fac-
tors including the production of antimicrobials such as hydrogen peroxide
and bacteriocins should be considered (Holzapfel etal., 1995).

In this study the production of hydrogen peroxide (Table I) was realized
under static cultivation conditions and reached the levels less than 1 mg/l at
16 hr of incubation at 37 °C in skim milk as well as in MRS broth for all
tested strains. The increase of hydrogen peroxide production and accumula-
tion in environment could be expected in continuously shaken incubation.

The concentration needed to prevent the growth of vegetative bacteria is
about 25 mg/l H,0, or less (Block, 1991), to prevent the growth of the
most sensitive Pseudomonas sp. it is 2-8 mg/l H,0, (Price, Lee, 1970).
For the activation of lactoperoxidase system (LPS — nonspecific antimicro-
bial system present in bovine milk including three components: the lactoper-
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oxidase enzyme, thiocyanate SCN— and hydrogen peroxide) it is necessary to
have the concentration of hydrogen peroxide higher than 8 mg/l (Reiter,
Harnulv, 1984). The concentration levels observed in tested media after
cultivation of starter cultures were not sufficient to inhibit either vegetative
bacteria or activate LPS system in bovine milk. To eliminate the contribution
of H,0, to the antibacterial effect of bacteriocins catalase (6 mg/ml) was
used (Barefoot, Klaenhammer, 1983).

The ability of strains to produce bacteriocin provides substantial health
benefits to man by means of stabilizing the gastrointestinal tract. This ability
may be an important additional advantage for the selection of strains used in
the food industry for their probiotic and protective functions (Holzapfel et
al., 1995).

The production of bacteriocins is presented in Table IV and it can be read
from the results that some strains produce bacteriocins and some strains are
sensitive to bacteriocins. The strong production of bacteriocin was observed
in Lactobacillus acidophilus, CHS. The active substance was named acido-
cin CHS and partly characterized (Chumchalova et al., 1995). From the
strains sensitive to bacteriocins and the strain Lactobacillus delbriieckii
subsp. lactis, LTI30 was selected used as a target microorganism for the aci-
docin CHS activity evaluation.

IV. Test of selected Lactobacillus sp. cultures for production of bacteriocins

fadicitor Spent broth from cultures of: Lactobacillus sp.

culture |y p IHII0 | LDLTI30 | LACHS [LA A92| LANOI1 | LADIO |LA B12
LP LHI10 - = w e - = T
LD LTI30 - - +H+ = * s o
LA CHS B + - * t ¥ b
LA A92 - = - 7 i n %
LANOI - = e = - - B
LA D10 - - i = 4 e g
LA BI2 - - + & # + 4

- no inhibition; + slight inhibition; +++ strong inhibition
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In this work several factors to be considered in selection of Lactobacillus
sp. strains were verified and found as useful. Applying the above mentioned
methods, the folloving strains were recommended for future studies:

— Lactobacillus acidophilus, CH5 producing bacteriocin acidocin CHS,

— Lactobacillus delbriteckii subsp. lactis, LTI30, a strain sensitive to acido-
cin CHS suitable as a target microorganism for acidocin CHS activity eva-
luation,

— Lactobacillus plantarum, LHI10 possessing the best low pH tolerance and
bile resistance.

According to data from the present study and the previous ones (Gil-
liland, Walker, 1990) variations among strains with regard to bile toler-
ance, ability to survive at low pH and production of bacteriocins exist. The
strains that exhibit desirable levels of these properties can exist in nature and
so it is recommended to isolate and verify the new strains of Lactobacillus
sp. of human origin for human nutrition and research purposes.
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Odolnost laktobacilovych kmeni wii¢i pH a Zlu¢ovym solim
a stanoveni tvorby antimikrobidlnich ldtek

Bylo testovano sedm kmeni rodu Lactobacillus izolovanych z riznych pfirodnich
zdrojt z hlediska jejich odolnosti vii¢i pH a Zlu¢ovym solim a na produkci latek
antimikrobidlniho charakteru (H,O,, bakteriociny).

Pro stanoveni odolnosti bunék vii¢i pH bylo vyuZito nutrién& bohaté médium
MRS o hodnoté pH 2, 3 a 4, KCI pufr o pH 2 a 3 a ftalatovy pufr o pH 3 a 4. Ze
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zjisténi poétu pfeZivajicich bun&k po 2 hodinach pti 37 °C (resp. 30 °C) se jako
nejodoln&;jsi kmen projevil Lactobacillus plantarum LHI10 a déile kmeny Lactoba-
cillus acidophilus D10, NO1 a A92.

Stanoveni odolnosti kmenii viiéi Zlu¢ovym solim (pfidavek 0,3 % hm. taurogly-
kocholatu sodného) spektrofotometricky (zjiténi zmény Aszo 0 0,3) poukazalo, Ze
nejrychlejsi narust indikujici nejvétsi odolnost byl op&t u kmene Lactobacillus plan-
tarum LHI10. Naproti tomu u kmene Lactobacillus acidophilus A92 a Lactobacillus
delbriteckii subsp. lactis LTI30 byla zaznamenéna totlni inhibice riistu.

U v3ech kmeni testovanych na tvorbu antimikrobidlnich latek byla zaznamenana
produkce H,0, pfi statické kultivaci.

Tvorba bakteriocini sledovana za pouZiti zfermentovaného média vpichovou me-
todou poukézala na antimikrobidlni vlastnosti vech sledovanych kmeni. Nejaéin-
né&jsi byl kmen Lactobacillus acidophilus CHS, jehoZ riist byl v3ak také nejéast&ji
inhibovén.

Ze studie vyplyva, Ze pro aplikaéni moZnosti Ize vyuZit sledované mikroorga-
nismy pro tyto charakteristické vlastnosti:

— Lactobacillus acidophilus CHS pro tvorbu antimikrobidlni latky zvané acidocin
CHS,

— Lactobacillus delbriteckii subsp. lactis LTI30 pro testovéni aktivity acidocinu
CHS,

— Lactobacillus plantarum LHI10 pro jeho zvy3enou odolnost vii¢i extrémnimu
prostfedi (nizké pH, Zlucové soli).

Lactobacillus;, peroxid vodiku; Zlu¢ové soli; tolerance vii€i nizkému pH; bakte-
riocin; acidocin CHS

Contact address:

Ing. Milada Plockova, Vysoka Skola chemicko-technologicka,
Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 3275, fax: 02/311 99 90, e-mail:milada.plockova@vscht.cz
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EFFECT OF PHOSPHOLIPIDS ON THE OXIDATION
OF RAPESEED OIL*

Jifi LEDAHUDEC, Lenka KOURIMSKA, Hidetoshi SAKURAI', Zuzana REBLOVA,
Jan POKORNY

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Prague, Czech Republic; ! Permanent address: Nihon University,
Faculty of Agriculture and Veterinary Medicine, Tokyo, Japan

Abstract: The antioxidant activity of soybean phospholipids was tested in rape-
seed oil, which is particularly difficult to stabilize against oxidative deteriora-
tion. Changes of rapeseed oil were compared with those in 0.5 % and 2.0 %
solution of lecithin in oil. The oxidation proceeded at 60 °C in the dark at free
access of air. Lecithin inhibited the increase of lipid hydroperoxides, total oxi-
dized fatty acids, particularly at the higher concentration, and inhibited the de-
terioration of flavour acceptability as well. The development of rancid
off-flavour was delayed, and other off-flavours characteristic for oxidized oil
were efficiently suppressed. The intensity of oily flavour increased during the
induction period, but decreased again afterwards. The brown discolouration was
produced during the induction period, and was decomposed at higher concentra-
tions of hydroperoxides. The effect of different phospholipid preparations was
very similar.

phospholipids; lecithin; rapeseed oil; sensory value; oxidation; stabilization

The antioxidative effect of phospholipids in fats and oils was reported by
several authors (Nasner, 1985; Pokorny et al., 1976a,b; Koufimska
etal, 1995; Chen, Nawar, 1991). Phospholipids are active as inhibitors
even in highly unsaturated oils, such as fish oils (Takagi etal., 1979; Hara
et al., 1992). They can protect fats and oils even under frying conditions
(Koufimska et al.,, 1994) and in the presence of non-lipidic components
(Réblova etal., 1995).

Their antioxidant activity is attributed to their synergistic effect with toco-
pherols, which act as primary antioxidants (Yuki et al., 1978; Hudson,
Ghavami, 1984;Kajimoto etal., 1987).

* Supported by the Grant Agency of the Czech Republic, No. 509/93/0419.
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We have found that their activity is due, at least partially, to their ability to
decompose lipid hydroperoxides in a non-radical way (Pokorny et al,,
1981). The peroxide decomposing activity was reported from other laborato-
ries as well (Lee et al.,, 1981; Miyazawa et al., 1981), and it was ex-
plained by the reaction of choline and ethanolamine bound in phospholipids
(phosphatidylcholine and phosphatidylethanol-amine, respectively) with hy-
droperoxides (Miyazawa et al., 1981). We have observed similar activi-
ties in the case of ammonium salts of phosphatidic acids as well Pokorny
etal., 1990, 1992).

The autoxidation of polyunsaturated oils containing phospholipids is ac-
companied by intensive browning (Pokorny, 1981). The browning prod-
ucts of phospholipids inhibited the autoxidation of methyl linoleate (Rafat
Husain etal., 1986).

The antioxidant activity is usually determined on the basis of the inhibition
of oxygen absorption (such as measured by weight increase) or the accumu-
lation of hydroperoxides in oil. The reduction of the hydroperoxide content
need not be, however, the most reliable indicator of the antioxidant activity.
The most important factor is the stabilization of the sensory value (or at least,
the inhibition of its degradation). Therefore, we have studied the effect of
phospholipids on changes of the sensory value of rapeseed oil, which is par-
ticularly sensitive to off-flavours.

MATERIAL AND METHODS

Material

Three samples of soybean lecithin were produced by Lucas Meyer, Ham-
burg, Germany. Their composition is given in Table 1. Rapeseed oil was pro-
duced from zero-erucic winter rapeseed (Brassica napus L.) on the plant
scale by combined expeller pressing and extraction, alkali refined and deo-
dorized (peroxide value: 0.44 mval/kg, acid value: 0.03 mg KOH/g; fatty
acid composition: saturated fatty acids: 8.8%, monoenoic: 62.6%, dienoic:
20.6%, trienoic: 7.7% the content of total tocopherols was 355 mg/kg, the
content of iron 0.03 mg/kg).

Methods

The analyses of lecithin and of rapeseed oil were carried out after [UPAC
(1987). The peroxide value was determined iodometrically (IUPAC, 1987)
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I. Composition of soybean lecithins used in the experiments

Component of lecithin Sample
No. 1 No. 2 No.3

Toluene insolubles [%] 0.26 0.18 0.41
Water [%] 0.18 0.22 037
Acetone insolubles [%)] 56.42 © 61.20 63.21
Phospholipids [%)] 46.41 41.22 40.06
Phosphatidylcholine [%)] 9.6 13.8 11.5
Phosphatidylethanolamine [%)] 10.0 9.5 11.3
Phosphatidic acids [%)] 14.0 5.7 5.6
Phosphatidylinositols [%)] 6.6 8.1 7.5
Free fatty acids[%)] as oleic acid 38 3.8 44
Hydroperoxides [mval/kg] 2.0 1.6 1.5

and is expressed in mval/kg. The sample was saponified, fatty acids were
isolated by extraction with hexane after the acidification, and the content of
oxidized fatty acids was determined by reversed phase HPLC (Valentova
et al, 1986; Pokorny et al., 1983). The colour of lecithin solutions in oil
was measured between 380-780 nm (IUPAC, 1987).

The sensory analysis was carried out under standard conditions (ISO,
1985b) in a standardized test room provided with test booths (ISO, 1988)
using a group of selected assessors (ISO, 1989), trained in a special 4-month
course, with a subsequent experience of at least six months. The sensory pro-
file method (ISO, 1985a) and the use of scales (ISO, 1978) were conform
with the international standard requirements. Graphical scales were used for
the sensory profiling of flavour (straight lines 150 mm long: 0 mm = imper-
ceptible, 150 mm = very strong) and of colour (0 mm = imperceptible,
150 mm = very dark; the colour hue contribution: 0 mm = negligible,
150 mm = the only important). Results were expressed in p. c. of the graphi-
cal scale. The hedonic evaluation was carried out using 100 mm long
graphical scales (0 mm = not acceptable, 100 mm = extremely pleasant). The
following descriptors were used in the flavour profile: oily, rancid, buttery,
green, grassy, leaves, aldehydic, metallic, nutty, sharp, pungent, total off-fla-
vours.
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RESULTS AND DISCUSSION

Rapeseed oil was stored in loosely covered Petri dishes in a 10 mm layer at
60 °C in the dark and under free access of air oxygen. A 0.5% solution of
lecithin No. 1 in rapeseed oil and a 2.0% solution of lecithin No. 1 in rape-
seed oil were stored at the same time. After defined time intervals, samples
were taken, analyzed for the discolouration (only values at 430 nm are given
in the Tables), for the content of peroxides and oxidized products. The sen-
sory analysis was carried out at the same time. The results are given in Tables
II-1V for rapeseed oil, the 0.5% solution and the 2.0% solution, respectively.
To save space, only values of selected flavour descriptors are given in the
Tables.

The results show that lecithin imparted moderate discolouration to the
samples, which became darker on storage, but in the second stage of oxida-
tion, when the peroxide value increased, the colour remained constant or

II. Changes during the storage of rapeseed oil at 60 °C in the dark and under free access of air

Storage Trans- Peroxide Oxidized Flavour Oily Rancid
time mittancy at value products |acceptability| flavour flavour
[d] 430 nm [%] | [mvalkg] [%] [%] (%) [%]
0 64 4.0 1.11 121 15 0
1 46 4.6 1.16 83 62 18
2 37 8.9 1.48 63 113 23
3 40 11.5 1.84 73 69 44
4 28 24.3 2.05 57 90 25
5 30 37.6 2.84 62 51 95
7 26 45.0 2.88 57 76 68
8 25 84.2 3.56 50 84 81
18 58 135.6 6.02 46 30 95
31 54 189.4 7.24 42 27 118
38 50 206.5 9.53 45 22 109
39 49 215.8 10.12 52 58 115
42 43 3364 18.84 41 70 136
46 49 465.2 25.65 36 38 147
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III. Changes during the storage of a 0.5% solution of lecithin No. 1 in rapeseed oil at 60 °C in
the dark and at free access of air

o d N T
[d] [430nm[%] | [mvalkg] | ~ [%] %) [%]
0 43 4.0 1.05 89 47 6
1 47 3.7 1.10 80 71 3
2 50 3.4 1.07 101 38 2
3 32 42 1.12 87 94 6
4 32 3.8 " 1.14 96 62 3
5 33 6.4 1.65 92 85 11
T 30 6.2 1.44 84 95 8
8 24 6.3 1.48 101 89 5
18 19 19.6 2.27 73 66 51
31 22 28.5 2.68 62 69 65
38 21 29.2 3.11 67 54 41
39 21 64.0 4.30 68 69 84
4?2 20 68.6 443 61 72 86
46 25 162.4 10.21 44 85 128

even a slight bleaching was observed. The bleaching of lecithin pigments
with peroxides was reported in our previous paper (Pokorny et al.,
1976a,b). It is a common practice in the industry to bleach lecithin by addi-
tion of hydrogen peroxide.

The flavour acceptability of the sample without lecithin was very good, but
rapidly deteriorated on storage, already during the induction period. The in-
tensity of oily flavour increased during the induction period as it is due to
small amounts of oxidation products. It decreased again on further storage,
being replaced by rancid off-flavour, which is caused by higher concentra-
tions of oxidation products. The induction period of pure oil was 4-5 days.
Such an induction period was found in Czech rapeseed oils from that period
(own unpublished results).

The sample containing 0.5% lecithin changed much more slowly, and the
induction period approached 18 days, when the rancid flavour began to be
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IV. Changes during the storage of 2.0 % solution of lecithin No. 1 in rapeseed oil at 60 °C in the
dark under free access of air

Storage | Transmittancy Peroxide | Oxidized Flavour Oily Rancid
time at 430 nm value products | acceptability | flavour | flavour
[d] [%] [mval/kg] [%] [%] (%] [%]
0 28 3_.6 1.12 98 73 2
1 29 39 - 81 93 1
2 30 3.2 - 74 75 7
3 30 4.0 - 83 70 2
4 35 6.3 1.24 83 86 8
5 33 54 - 93 77 5
7 37 5.0 1.42 90 75 4
8 38 438 - 84 86 4
18 37 4.9 1.65 97 79 2
31 48 6.3 1.89 73 55 14
38 52 6.8 2.02 84 79 7
39 47 7.2 2.34 84 73 3
42 57 12.4 2.54 73 107 14
46 68 226 2.7 75 79 66

well perceptible. The third sample, containing 2.0% lecithin, became rancid
only after 40 days of storage. It agrees well with our previous results ob-
tained with sunflower oil (Pokorny et al., 1982). '

The results confirm that the addition of lecithin not only suppresses the
accumulation of hydroperoxides and oxidized fatty acids, but also it de-
creases the formation of rancid off-flavour and improves the flavour accept-
ability of sample on storage. The addition of lecithin may impart some slight
off-flavour to fresh oils, but during the storage, the sample containing leci-
thin became soon better than the control sample.

The three samples of lecithin were dissolved in rapeseed oil, and the 0.5%
solutions were stored in the same way as above. As the course of oxidation
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V. Comparison of 0.5% solutions of three lecithin samples in rapeseed oil after the storage of
18 days at 60 °C ;

Characteristics Semple Mean value
No. 1 No. 2 No.3
Transmittancy at 430 nm [%)] 19 27 26 24
Peroxide value [mval/kg] 19.6 14.7 21.5 18.6
Oxidized products [%)] 2.26 2.16 2.40 2.26
Flavour acceptability [%)] 73 68 66 69
Oily flavour [%] 66 70 75 70
Rancid flavour [%)] 51 41 46 46
Buttery flavour [%] 5 15 10 10
Green off-flavour [%)] 19 14 13 15
Grassy off-flavour [%)] 7 6 12 8
Leaves off-flavour [%)] 8 4 10 7
Aldehydic off-flavour [%] 19 10 18 16
Metallic off-flavour [%)] 11 10 14 12
Nutty flavour [%)] 15 13 10 13
Total off-flavours [%)] 33 30 43 35
Sharp pungent odour [%] 29 15 41 28
Colour acceptability [%)] 78 69 ; 65 71
Colour intensity [%] 117 104 110 110
Contribution of yellow hue [%)] 147 143 139 143
Contribution of red hue [%] 47 0 35 41
Contribution of brown hue [%)] 23 17 22y 21

was very similar, only the values obtained after 18 days of storage are com-
pared in Table V.

The data given in Table V show that even rather pronounced differences in
the composition of lecithins have no great effect on their antioxidant activity.
Small differences in the proportion of different phospholipid classes is obvi-
ously not crucial for their antioxidant activity.
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Vliv fosfolipidii na oxidaci Fepkového oleje

Antioxidacni aktivita s6jovych fosfolipidii byla zkoumdna v fepkovém oleji, ktery
se obecné velmi obtiZné stabilizuje proti oxidaénimu Zluknuti. Zmé&ny pfi skladovani
v 10 mm tlusté vrstvé oleje byly sledovany pfi 60 °C ve tmé a za volného piistupu
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vzdusného kysliku. Repkovy olej bez ptidavku lecithinu byl srovnavén s oleji obsa-
hujicimi 0,5 % a 2,0 % lecithinu, coZ odpovida fadov& obsahu v surovém oleji
a pfichézi v ivahu u n&€kterych dietnich oleji. Lecithin inhiboval riist hydroperoxidi
a oxidovanych mastnych kyselin zvlasté pfi vy33i koncentraci a G¢inné také brzdil
zhor3ovani pfijatelnosti chuti oleje. Olejovita chut’ nariistala béhem indukéni perio-
dy, potom zvolna mizela a nariistala intenzita kodlivych pachuti, které byly silnéji
zastoupeny aZ pii peroxidovych &islech vy38ich neZ 50 mval/kg. Byla provazena
dalsimi pachutémi, jako aldehydickou, travovou nebo fermeZovitou. Tmavnuti
nariistalo béhem indukéni periody, ale vy33i obsahy hydroperoxidii mély mimé
bélici u¢inek. Ruzné fosfolipidové pfipravky se chovaly podobné.

fosfolipidy; lecithin; fepkovy olej; senzorick4 jakost; oxidace; stabilizace

Contact address:
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tel.: 02/2435 3264, fax: 02/31199 90, e-mail: jan.pokory@vscht.cz
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EFFECT OF SODIUM SOAPS AND OTHER POLAR SUBSTANCES
ON FOAMING OF FRYING OILS*

Zuzana REBLOVA, Jan BEDNAREK, Jan POKORNY

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

Abstract: The effect of sodium soaps on the foaming of frying oils (sunflower,
rapeseed and olive oils) was studied by immerging pieces of moistened cellulose
or potato cubes into preheated oil, and measuring the development of foam in
the interval of up to 45 s or 100 s, respectively. The repeatability is not very high
as the intensity of foaming depends very much on the water content, therefore,
6-8 parallel determinations are necessary to obtain reliable results. The addition
of soaps was based on the content of soaps after frying french fries or luncheon
meat in a household fryer. The effect of sodium soaps was not pronounced in
fresh frying oils, and did not differ significantly from that of free fatty acids.
Soaps of saturated fatty acids are moderately more effective than soaps of un-
saturated fatty acids. Partial esters of fatty acids with glycerol have comparable
effects on foaming. An increasing amount of sodium soaps slightly increases
foaming, but higher concentrations are less effective and can even decrease
foaming. Oxidized triacylglycerols increase the foaming of frying oils. During
the foaming, the peroxide value of frying oil moderately increases.

deep fat frying; alkaline soaps; foaming; frying oil; free fatty acids; monoacyl-
glycerols; diacylglycerols; oxidation products; potato frying

Frying oils deteriorate by multiple processes during deep-fat frying, due to
the effect of fried food, the effect of air oxygen, and the effect of high tem-
perature (Varela et al., 1988; Blumenthal, 1987). Hydrolytical reac-
tions are caused by steam originating from water present in the fried
material. Free fatty acids and partial esters of glycerol are produced by hy-
drolysis of triacylglycerols.

Oxygen dissolved in oil before frying is consumed in a few minutes for
heating (Fedeli, 1974) so that oxidation reactions are due only to oxygen
passing from air through the interface between air and frying oils. The inter-

* Supported by the Grant Agency of the Czech Republic, No. 509/93/0419.
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face is increased by foaming, stimulated during the dehydration of fried ma-
terial. Foaming is influenced by the interphase surface tension, therefore, the
surfactant theory (Blumenthal, 1991; Blumenthal, Stier, 1991) is
of great importance. Limited oxidation is favourable for the sensory quality
of fried products as fried flavour substances are produced by oxidation of
polyunsaturated oils (Pokorny, 1989). Higher levels of oxidized products
are, however, objectionable as fried-flavour substances are objectionable at
higher concentrations.

The interface between air and frying oil is increased very much by foam-
ing, which is stimulated by steam produced during the dehydration of fried
material. Therefore, excessive foaming is an indicator to replace used (or
abused) frying oil with fresh oil.

Various substances are released from the fried substrate into frying oil, in-
cluding mineral components. Sodium and potassium ions combine with free
fatty acids produced in frying oil by hydrolytical reactions, forming alkaline
soaps (Blumenthal, Stockler, 1986). Traces of alkaline soaps may be
present even in fresh oil as residues after the alkali refining, if the washing
after neutralization is not sufficient (Blumenthal etal., 1985). The highly
polar material, non-eluted from the chromatographic column during the
analysis of frying oil after the DGF-IUPAC-AOAC Standard method
(IUPAC, 1987) consisted of sodium oleate as the major constituent
(Blumenthal, Stockler, 1986). As sodium soaps are well known
emulsifiers in aqueous medium, which might stimulate the foaming, a quick
spectrophotometric test was proposed for the determination of alkaline soaps
in frying oils (Blumenthal et al., 1985).

Alkaline soaps enhance foaming in aqueous solutions as they can be ion-
ized in those media or form polar micelles. In this paper, we present our re-
sults on the foaming effect of sodium salts in relatively non-polar medium,
such as fresh frying oil. The effect of alkaline soaps is compared with that of
other polar products, such as free fatty acids, monoacyl- and diacylglycerols,
and oxidized products under conditions of simulated frying.

MATERIAL AND METHODS

Material

Frying oils were produced by industrial alkali refining and deodorization
(high-linoleic sunflower and zero-erucic winter raperseed oils in SETUZA a. s.,
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Usti nad Labem, Czech Republic; olive oil, Linea Oro, imported by Olitalia,
Italy). Emulsifier C (containing monoacylglycerols as major components)
was produced in SETUZA a. s., Usti nad Labem, by glycerolysis of hydro-
genated rapeseed oil; diacylglycerol concentrate was produced after the
plant-scale removal of monoacylglycerols from the emulsifier C by molecu-
lar distillation. Fatty acids were commercial chemically pure products. So-
dium salts were prepared by neutralization of fatty acids in methanol
solution, and by evaporation of the solvent in vacuo.

Solutions of sodium salts in oil were prepared by addition of their metha-
nol solutions to frying oil, heating to 50 °C for 3 min, and by evaporation of
the solvent in a rotating vacuum evaporator; control oils were treated in the
analogous way.

Methods

Concentration of alkali in oil was determined by a two-phase titration of
acetone solution (containing 2% water) at 50 °C under stirring, using bromo-
phenol blue as an indicator.

The peroxide value (expressed in mval/kg) was determined iodometrically
(IUPAC, 1987). Polar products were determined by reversed phase high-per-
formance liquid chromatography (Panek et al., 1989): Hewlett-Packard
No. 1050, provided with the autosampler and the integrator HP 3396 Series
II, and the differential refractometer HP 1047 with automatic washing of the
reference cell after each measurement. The stainless-steel column 250 mm
x 4 mm, packed with Separon SGX C-18 (5 pum) was manufactured by
Tessek, Prague; mobile phase: acetone—acetonitrile—methanol (4 : 2 : 1,
vivi); flow rate: 1.00 ml/min; column temperature: 40 °C; sample: 30 pl of
oil was dried with anhydrous sodium sulphate, dissolved in 1.5 ml of the
mobile phase, and 50 pl were injected. Polar substances were eluted with the
capacity factor of 0.50-1.45, and quantified using inner standardization.

Procedure

Vegetable oils (25 ml) were preheated (sunflower and rapeseed oils to
180 °C, olive oil to 160 °C) for 8—10 min in an aluminium heating block
(kept at 205 °C and 185 °C, respectively) in ground glass test tubes (inner
diameter: 20 mm). The foaming was achieved by throwing a piece of folded
filter paper (130 mg) moistened with 60 mg water (31.57% with the preci-
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sion of 0.41%), if not otherwise stated (in experiments with moistened cellu-
lose) or a piece of potato (cubes 7 mm x 7 mm x 6 mm, weight 625 mg with
the precision of 4%, dried on the surface with a piece of cotton). The height
of foam (H) was recorded (in mm) for 45 s (moistened cellulose) or for 100 s
(potato cubes). The foaming activity was calculated by integrating the
height-time plot (with respect to the change of volume during heating),
where f = 45 s (moistened cellulose) or £ = 100 s (potato cubes).

For the Schaal oven test, batches of 25.0 g of oil were weighed into 150ml
glass beakers, which were stored at 60 °C in the dark under free access of
oxygen (Pokorny et al., 1985), and weight changes were determined by
weighing and by determination of polar products.

In frying experiments, batches of 2.6 kg of oil were used in the household
fryer Moulinex at 180 °C (recorded value). Batches of 350 g of potato strings
(cut from fresh potatoes and rapidly dried with a piece of cellulose cotton)
were fried for 4 min, and the frying was repeated 10 times without adding
fresh oil. In case of frying luncheon meat, 220 g batches were fried for 3 min,
and the frying was repeated 25 times without adding fresh oil.

RESULTS AND DISCUSSION

The repeatability of foaming experiments is evident from the results given
in Table I, which shows rather high variation coefficients. The variations are
partially due to quite an important effect of water present in the sample (Ta-
ble II). Therefore, each determination should be based on several runs (six to
eight parallel repetitions).

I. Repeatability of the determination of foaming activity

Determination | Maximum foaming | Foam height Foam height Foaming
No. [mm] after 10 s after 20 s activity [mm.s]
1 25.0 18.1 14.3 186.2
2 30.0 19.2 14.1 203.3
3 28.0 19.9 14.0 214.0
4 30.0 17.0 13.2 186.2
5 30.0 16.0 13.4 159.1
6 26.0 10.2 13.8 231.5
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I1. Effect of water in moisted cellulose on the foaming of rapeseed oil

Amount of Maximum foaming Foam height Foaming activity
water [%)] [mm] after 10 s [mm.s]

14.3 16.0 12.8 36.6

233 23.8 15.8 114.1

315 27.0 19.5 1857

38.0 31.0 22.5 265.9

434 37.7 25.0 3414

In the frying experiments performed in a household fiyer, oil used for fry-
ing potato strings contained 40.5 mg of alkaline soaps in 1 kg of oil after 10
repeated fryings, while oil used for frying luncheon meat contained 80.1 mg
soaps per 1 kg of oil after 25 fryings (the content of soaps expressed as so-

III. Effect of 0.01% sodium soaps on the foaming of fresh vegetable oils (experiments with
moistened cellulose)

Vegetable oil Sodium soap fom:n[unr:n ] F::;hl%igsht Foan;in:m‘gn.a:]ﬁvity
Control 31.0 20.5 2924
Sunflotwes Laurate 43.1 24.1 390.0
Oleate 40.9 21.1 323.0
Linoleate 325 20.5 294.2
Control . 41.0 21.2 260.7
Laurate 44.2 20.0 2584
Riseuad Myristate 50.7 20.3 259.8
Palmitate 49.8 19.8 260.0
Oleate 39.6 22.8 231.1
Linoleate 353 19.2 190.6
Control 39.2 21.7 258.0
Laurate 36.0 19.7 248.1
Olive Myristate 33.8 22.0 262.8
Palmitate 36.5 20.2 264.7
Oleate 343 19.5 229.0
Linoleate 34.2 21.2 246.2
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dium oleate). Therefore, concentrations between 5-200 mg of soaps in 1 kg
of frying oil were tested, which correspond to real concentrations in frying
oils.

Maximum foaming was attained after 2 s in simulated frying experiments
with moistened cellulose, and after 10-20 s in frying potato cubes. A typical
course of foaming is shown in Fig. 1.
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H = height of foam [mm]; t = time of foaming [s]; 1 = moistened cellulose; 2 = potato cube
1. Course of foaming by immersion of moistened cellulose or a potato cube in preheated rapeseed oil
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IV. Effect of sodium soaps on the foaming of rapeseed oil, experiments using potato cubes

Control: 46.8 46.2 43.5 9274
Laurate 42.7 41.8 42.0 998.2
Palmitate 45.8 45.8 39.5 880.9
Oleate 42.2 41.8 39.6 851.8
Linoleate 46.3 43.2 40.2 845.7

V. Effect of the concentration of sodium soaps on the foaming of edible oils (experiments with

moistened cellulose)
Systen wed Concentration Ma?cimum Foam height f(?ming
[mng] foaming [mm] after 10 s activity [mm.s]
0 31.0 20.5 227.2
26 37.7 20.6 242.7
Sodtiarn oleite 50 40.8 21.0 265.6
in sunflower oil 60 39.5 20.7 268.5
75 403 21.9 273.5
100 40.9 21.1 281.2
200 43.8 21.5 295.0
0 36.5 20.0 234.5
25 36.8 20.3 263.2
Sodium oleate 50 41.4 21.6 277.0
in rapeseed oil
75 39.7 21.4 285.2
100 4.5 22.1 299.6
200 59.1 21.1 321.4
0 36.5 20.0 234.5
25 43.0 21.9 251.3
Sodium palmitate 50 47.8 21.8 283.8
in rapeseed oil 75 46.3 22.6 288.3
100 59.6 20.0 283.0
150 60.3 19.1 266.2
200 47.1 18.1 217.9
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VI. Effect of fatty acids on the foaming of fresh refined rapeseed oil (concentration of fatty
acids: 0.1%)

Fried substrate |  Fatty acid foa"l‘n‘;i;“[“:;n : Fm”‘gi‘“ F °’“};‘:‘1§1:“"“Y

Control 287 18.7 171.3

, Lauric 272 19.8 190.6
Moistened Myristic 282 20.0 191.4

cellulose

Palmitic 29.0 19.2 175.5

Oleic 27.7 20.0 190.7

Linoleic 29.5 18.8 188.4

Control 343 29.7 479.4

Lauric 46.7 35.2 783.3

Pitato cubés Myristic 46.6 33.6 767.9
Palmitic vl 412 348 694.6

Oleic 433 23.8 7713

Linoleic 39.5 38.0 648.4

The effect of 100 mg of soaps on the foaming of oil was tested in sunflower
and rapeseed oils (Table III) in the experiment with moistened cellulose, and
in the experiments with potato cubes (Table IV). Sodium laurate and sodium
oleate increased moderately the foaming of sunflower oil while no effect was
observed in the case of potato frying. The effect of soap concentration is
evident from Table V. The foaming increased by addition of small amounts
of soaps, but higher amounts had only a very slight effect or even decreased
the foaming, probably by forming lipophilic micelles.

VIL. Effect of partial glycerol esters on the foaming of fresh refined rapeseed oil

. Glycerol ester Maximum Foam height |~ Foaming
Fripdambatrate added foaming [mm)] after 10 s activity [mm.s]
) MG 27.7 19.8 192.3
Moistened cellulose
DG 28.2 20.0 197.7
MG 43.5 35.7 786.6
Potato cubes
DG 29.7 29.7 472.2

Concentration of the emulsifier: 0.1% MG = emulsifier C containing mostly monoacylglyce-
rols; DG = the residue after distillation of monoacylglycerols containing mostly diacylglycerols
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VIIL Effect of the content of oxidation products on the foaming of refined rapeseed oil, oxi-
dized under conditions of the Schaal oven test

Time of heating Oxidized Maximum Foam height | Foaming activity
[d] products [%)] foaming [mm] after 10 s - [mm.s]
0 0.63 26.0 18.5 185.2
3 1.08 30.5 17.0 145.5
6 1.19 29.0 18.5 167.2
8 2.13 30.5 19.0 195.1

10 2.39 32.5 20.5 251.8
13 5.10 29.5 17.8 194.5
15 6.01 29.0 19.0 218.0
17 8.02 32.5 21.5 237.0
20 11.58 40.5 24.0 266.5
22 14.01 52.0 27.1 380.2

Free fatty acids had only an unsubstantial effect on foaming in fresh oils in
experiments with moistened cellulose, but increased the foaming in frying
potato cubes (Table VI). The lack of foaming activity is very important as in
the presence of oxygen, free fatty acids are active pro-oxidants (Mistry,
Min, 1987).

An addition of emulsifier C (containing mainly monoacylglycerols) in-
creased foaming in frying experiments (Table VII, values of controls: see
Table VI), diacylglycerols increased foaming only in the experiment with
frying of moistened cellulose. The increase of foaming may thus be due not
only to alkaline soaps, but to other hydrolytic products of triacylglycerols as
well. Mono- and diacylglycerols moderately increase the rate of oxidation of
edible oils (Mistry, Min, 1988), but their effect is rather insignificant.

Oxidized products are also mainly polar compounds (but less polar than
hydrolytic products). Rapeseed oil was oxidized under conditions of the
Schaal oven test (Table VIII), and the foaming intensity (in experiments with
moistened cellulose) increased with the increasing content of oxidized prod-
ucts. We assume that the effect of alkaline soaps is greater in frying oils con-
taining higher amounts of oxidized products. Therefore, we intend to study
the effect of sodium soaps on the foaming of frying oils containing higher
amounts of polar and polymeric products than fresh frying oils.
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IX. Effect of sodium soaps on the oxidation of frying oil during the foaming (experiments with
moistened cellulose)

Sodium soap Peroxide value before Peroxide value after Increase of peroxide
added foaming [mval/kg] foaming [mvalkg] value [mvalkg]
Control 0.44 1.38 0.94
Laurate 0.38 1.21 0.82
Myristate 0.45 0.54 0.08
Palmitate 0.35 0.87 0.52
Oleate 0.41 1.91 1.50
Linoleate 0.49 1.12 0.63

The effect of sodium soaps on the oxidation of oil was studied in Schaal
oven test, when no foaming occurs. At the concentration of 0.01% (which is
rather low), sodium soaps had no significant effect on the oxidation of rape-
seed oil under the above conditions. During the foaming (following the addi-
tion of the fried substrate, in our experiments, moistened cellulose), the
peroxide value of frying oil moderately increased (Table IX).
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Vliv sodnych mydel a jinych polérnfch ldtek na pénénf smaZicich oleji

Vliv sodnych mydel na p&né&ni oleji pfi smaZeni byl sledovan u n&€kolika
smazicich oleji (slune¢nicového, fepkového a olivového) v modelovych pokusech
s ovlh&enou celulosou nebo bramborovymi kostkami. Vysledky jsou zatiZzeny
zna¢nou chybou, zpiisobenou do uréité miry proménlivym obsahem vody ve
smaZeném materialu, proto je nutné opakovat pokus 6-8krat, aby se dosahlo
dostatetné pfesného vysledku. Pfidavek mydel byl volen na zékladé vysledki
pokusili se smaZenim bramborovych hranolki a luncheon meatu. Sodna mydla
neméla velky vliv na p&néni Eerstvého smaZiciho oleje a také vliv koncentrace nebyl
prili§ vyrazny. NiZsi pfisady sodnych mydel zvySovaly p&néni, ale vy33i obsahy jiZ
nemély skoro Zadny vliv, nebo naopak pénéni potlatovaly. Mydla nasycenych mast-
nych kyselin mé&la pon€kud vétsi vliv neZ mydla nenasycenych mastnych kyselin.
Volné mastné kyseliny mély pfiblizné stejny ucinek jako sodna mydla. Ani vliv par-
cialnich esterli glycerolu s mastnymi kyselinami nebyl zvlast¢ vyrazny. Oxida¢ni
produkty zvySovaly pénéni a béhem pénéni se poné€kud zvysilo peroxidové Eislo
oleje.

smaZeni v tuku; alkalickd mydla; pénéni, smaZici olej; volné mastné kyseliny;
monoacylglyceroly; diacylglyceroly; oxida¢ni produkty; bramborové hranolky
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potravin, Vysoka kola chemicko-technologicka, Technicka 5, 166 28 Praha 6,
Ceska republika, tel.: 02/2435 3264, fax: 02/311 99 90,
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THE SIGNIFICANCE OF GLUCOSINOLATES
AND THEIR BREAKDOWN PRODUCTS IN THE FORMATION
OF THE COOKED CABBAGE FLAVOUR*

Bahru W. KASSAHUN, Jan VELISEK, Ji# DAVIDEK

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

Abstract: Following the cooking of fresh and fermented cabbage, the volatile
constituents were analysed by gas-liquid chromatography. Out of more than
30 identified compounds about 20 of them were the breakdown products of glu-
cosinolates. Aldehydes, alcohols and sulfides were amongst the rest. Nitriles
were the major products of glucosinolate hydrolysis during cooking. Beside
1-cyano-3-methylsulfinylpropane, the fermented and cooked cabbage contained
comparable amounts of the corresponding isothiocyanate. The contribution of
glucosinolates and their breakdown products to the formation of the flavour pro-
file of cabbage meals depends on the processing conditions. When the cabbage
is cooked for more than 30 min, the content of intact glucosinolates can be sig-
nificantly reduced and their participation in the flavour formation will be mini-
mised or negligible.

cabbage; glucosinolate; volatiles; flavour-active compounds

Glucosinolates are a class of ionic compounds distributed throughout the
plant family Brassicaceae. On the disruption of the plant tissue or the dam-
age of seeds in the presence of water, glucosinolates can be hydrolysed by
a co-existing enzyme called myrosinase (thioglucoside glucohydrolase,
EC 3.2.3.1) to a wide range of physiologically active compounds such as
isothiocyanates, nitriles, oxazolidinethiones and other sulfur-containing
products (McGregor et al., 1983). Glucosinolates are relatively labile
compounds when Brassica vegetables are treated by heat.

Glucosinolates and their degradation products contribute to the flavour
profile of meals from Brassica plants (Fenwick et al., 1989). The flavour
profile of these meals depends on the method of preparation. For example,
the flavour of cooked and fermented cabbage is different. Similarly, the iden-

* Supported by Grant Agency of the Czech Republic Grant No. 525/96/0163.
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tity of the glucosinolate breakdown products also depends on the processing
conditions. When cabbage is cooked in water both nitriles and isothio-
Cyanates are the major products and when cooked in vinegar nitriles pre-
dominate.

Investigations were, therefore, made to examine the effect of different
processing conditions similar to consumer common practice and the results
were partly reported (Kassahun et al., 1995b). This report deals with the
volatile breakdown products of glucosinolates and other volatile compounds
formed in cooked (under different conditions) and fermented cabbage. The
significance of these compounds to the formation of the processed cabbage
flavour is also discussed.

MATERIAL AND METHODS

Material

Fresh samples of head cabbage (Aneto F1 — summer early variety, Dobro-
vodské polopozdni — summer semilate variety) and packed (commercial) fer-
mented cabbages were collected from local shops and supermarkets in and
around Prague.

Chemicals and Reagents

Chemicals and reagents used for the determination of pertrimethylsilyl de-
rivatives of desulfoglucosinolates were already described (Kassahun et
al.,, 1995a). Diethyl ether (Labscan Analytical Sciences, Dublin, Ireland) and
acetonitrile (Merck, Darmstadt, Germany) were of HPLC grade. Methanol
and methylene chloride were obtained from Penta Chemie, Chrudim, Czech
Republic. Allyl isothiocyanate was purchased from Aldrich Chemical Com-
pany, USA and allyl cyanide from Fluka Chemika-BioChemika, Switzer-
land. All the other chemicals and reagents were of analytical grade and
products of Lachema a. s. Brno, Czech Republic. Allyl thiocyanate
(1-thiocyanato-2-propene) was synthesized in our laboratory according to
the procedure of Slater (1992).

Analytical Methods

Extraction, purification, GLC and HPLC analysis of glucosinolates were
carried out according to Spinks et al. (1984). The analysis of the volatile
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products was performed according to the prevnously described method
(Velisek etal., 1995).

Non-volatile degradation products of indole glucosinolate (indoleacetoni-
triles) from the distillate and the cooking water were extracted with me-
thylene chloride (Slominski, Campbell, 1989) or with ethyl acetate
and analysed. Identification of these breakdown products was performed by
gas-chromatography/mass spectrometry.

For the confirmation of the identity of breakdown products of glucosino-
lates formed during cooking, glucosinolates were extracted from cabbage
seeds (200 mg) according to Minchinton et al. (1982) and purified on a
DEAE Sephadex A-25 anion exchanger column. The intact glucosinolates
eluted with water were then cooked in 100 ml distilled water for 60 min and
analysed by gas-liquid chromatography /mass spectrometry (GC/MS).

Instrumentation

A Hewlett-Packard (HP) Model 5890A gas chromatograph (HP Palo Alto,
CA, USA) equipped with a fused silica capillary column with a stationary
phase of SE-54 (25 m x 0.25 mm i.d., film thickness of 0.25 pm) and a flame
ionization detector (FID) were employed for both intact glucosinolate and
their breakdown products analysis. The column temperature for the intact
glucosinolate analysis was programmed from 200 to 285 °C at an increase of
4 °C/min. Injection and detector temperatures were set to 285 °C and
300 °C, respectively. Two columns were used for the determination of the
glucosinolate breakdown products: the temperature of the fused silica SE-54
column was held at 40 °C for 10 min and further increased to 250 °C at a rate
of 5 °C/min, the fused silica capillary column with the stationary phase SPB-1
(30 m x 0.2 mm i. d., film thickness 0.80 pm) was employed with initial tem-
perature set to 40 °C, and the temperature was increased to 250 °C at a rate
of 10 °C. Indole acetonitriles were analysed using the above mentioned gas
chromatograph equipped with FID and SE-54 capillary column according to
Slominski and Campbell (1989).

GC/MS analysis of the glucosinolate breakdown products was performed
on the above gas chromatograph, HP 5890 series II, equipped with a HP
quadruple mass spectrometer Model 5972 and a fused silica capillary column
HP-5 of identical dimension as the SE-54 column. The column temperature
was held for 5 min at 45 °C and increased to 250 °C at a rate of 5 °C. Mass
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spectra were obtained by electron impact ionisation over the range of 40400
mass units. The ion source temperature was held at 180 °C and the electron
impact energy was 70 eV.

For the HPLC analysis, Thermo Separation Constametric® 3200 gladxent
pump system (Riviera Beach, Florida, USA) with a Constametric® control
panel, reversed phase C,g column (4 pum, 4.6 x 250 mm, Waters Nova-Pack®,
Milford, MA, USA) and Thermo Separation Auto Injection System (Spectra
Series AS100) were used. Detection of desulfoglucosinolates was made by a
SpectroMonitor 3200 spectrophotometric detector (Thermo Separation Prod-
ucts) at 230 nm. Chromatographic data were recorded using Chroma-
tographic Station for Windows (CSW) computer program.

RESULTS AND DISCUSSION

The identity of the quantified glucosinolates was in agreement with the
findings of Etten etal. (1976)and Spinks et al. (1984). Glucosinolate
content of the cabbage samples was determined before and after cooking.

The major glucosinolates were found to be allyl-(sinigrin), 3-methylsul-
finylpropyl- and 3-indolylmethyl glucosinolate amounting to 44, 25 and 13%
of the total content of the fresh material glucosinolate, respectively.

In the boiled cabbage (60 min) the contents of the above mentioned and all
other glucosinolates were significantly decreased either by leaching into the
cooking water or by hydrolysis (Table I). Hydrolysis of glucosinolates can
arise from the combined effect of endogenous myrosinase and heat applied to
cook the sample (Kassahun et al., 1995a). The amount of sinigrin, glu-
coiberin and glucobrassicin leached into the cooking water represents 53, 25
and 25% of their initial level in the fresh material. Thus, the major part of
glucoiberin and glucobrassicin has been transformed to other products. On
the other hand, about one half of the sinigrin content was found in its intact
form. This indicates that sinigrin is less thermo-labile than glucoiberin and
glucobrassicin. Although progoitrin is one of the minor glucosinolates in the
analysed samples, it was relatively thermo-stable, and this finding is consis-
tent with that reported by Betz and Fox (1994) and Kassahun et al.
(1995a). About 30% of its initial content (when it was cooked for 60 min)
was found in the cooking water and about 8% in the cooked material. In con-
trast to this, the other glucosinolates occurring in the raw material, excluding
the three main glucosinolates mentioned above, were almost completely lost
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I. Average concentration of glucosinolate in cooked cabbage [mgkg™! dry weight]

Time Glucosinolates (numbers 1 to 11 refer to names below)
mnJf 3 f 2 | 3| 4|56 | 7 8 | 9 |10 11 | remark
0 (3911 90| 20| 186|767 | 49 |1995 | 370 [1118 | 309 | 47 |1 fresh
cabbage
1213 40| 1| 1311326 | ss3| 83| 432|138 | 33 |inboiled
15 cabbage
1ms| 7| 16| 15| 8| - | 697| 17| 45| 21| 10 |inliquor
1438 | 36| 24| 162 50| tr | 7as| 88| 608 | 39| 21 |inboiled
30 cabbage
1200 15| e | 20| 27| tr | 921| - 40 | 17| 10 |in liquor
in boiled
c a3 - | - ‘- = t & = I N v
2108 4| - 55| - - 489 | - 280 1| - |inliquor

1 — sinigrin, 2 — gluconapin, 3 — glucobrassicanapin, 4 — progoitrin, 5 — glucoibervirin, 6 —
glucoerucin, 7 — glucoiberin, 8 — gluconasturtiin, 9 — glucobrassicin, 10 — 4-methoxyglucobras-
sicin, 11 — neoglucobrassicin

Gluconapoleiferin, glucoraphanin and 4-hydroxyglucobrassicin were present in trace amounts
and are not included :

on cooking. During cooking, it should be taken into account that the release
of glucosinolates from the cabbage tissue can be influenced by the maturity
stage, seasonal variety, the presence of surface wax and some other factors.
In the volatile portion of the cooked cabbage, about 20 compounds were
found to be the degradation products of glucosinolates. Out of these, allyl
cyanide, allyl isothiocyanate, 3-methylthiopropyl cyanide, 3-methylthio-
propyl isothiocyanate and 3-indolylacetonitrile were the major compounds
(Table II). Fig. 1 is an example of gas chromatographic separation of cabbage
volatiles arised during 60 min cooking in water. '
The results also show that the production of glucosinolate breakdown
products depends on the length of time within which the sample is cooked
(Figs. 2 and 3). The amount of the breakdown products is almost twice to
three times higher in the 30 min cooked sample than in the 15 min cooked
one. MacLeod and MacLeod (1970) reported a certain increase in allyl
cyanide content and other volatile products when the cabbage was cooked for
30 min and a decrease when it was cooked longer. In agreement with this
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IL. Content [mg.kg™! dry weight] of glucosinolate breakdown products in cabbage cooked in
water

Breakdown product Cooking thnc [min]
15 30 60
1. Allyl cyanide 263 415 245
2.  Allyl thiocyanate 54 22 22
3.  Allyl isothiocyanate 269 568 628
4.  3-Butenylisothiocyanate 8 8 -
5. 3-methylthiopropyl cyanide 292 593 233
6. Benzeneacetonitrile 7 23 22
7.  Benzenepropionitrile 6 20 tr
8.  4-methylthiobutyl cyanide tr 16 tr
9.  3-methylthioproppyl isothiocyanate 97 233 155
10.  Benzyl isothiocyanate tr tr tr
11.  4-Methylthiobutyl isothiocyanate 28 5 70
12.  2-Phenethyl isothiocyanate 1 12 -
13.  5-Vinyloxazolidine-2-thione (goitrin) - 12 18
14.  3-Methylsulfinylpropyl cyanide 5 18 15
15.  3-Methylsulfinylpropyl isothiocyanate 4 - 58
16.  3-indolylacetonitrile 97 367 450

finding, such results can be seen in the majority of the breakdown products
content when comparing the 30 min and 60 min cooked samples (Table II).
This may probably be caused by the fact that the breakdown products of glu-
cosinolates can undergo a secondary transformation reaction. Charac-
terisation of this process however needs further investigation.

The presence of benzeneacetonitrile and traces of benzyl isothiocyanate
shows that the occurrence of the parent glucosinolate glucotropaeolin in
some cabbage varieties cannot be excluded, as it was proved by Ettenetal.
(1976).

The contents of 3-methylthiopropyl cyanide, 3-methylthiopropyl isothio-.
cyanate, 3-methylsulfinylpropyl cyanide and 3-methylsulfinylpropyl isothio-
cyanate are in contrast to the contents of their parent glucosinolates,
glucoibervirin and glucoiberin. The content of the first two products is rather
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1. 1-cyano-2-propene, 2. 2-hexenal, 3. 3-hexenol, 4. dimethyl disulfide, 5. 1-thiocyanato-2-pro-
pene, 6. allyl isothiocyanate, 7. dimethyl trisulfide, 8. 3-butenyl isothiocyanate, 9.1-cy-
ano-3-methylthiopropane, 10. benzenepropionitrile, 11. 1-cyano-4-methylthiobutane,
12. 5-vinyloxazolidine-2-thione, 13. 3-methylthiopropyl isothiocyanate, 14. lI-cyano-3-
-methylsulfinylpropane, 15. 4-methylthiobutyl isothiocyanate, 16. 2-phenylethyl isothio-
cyanate, 17. 3-methylsulfinylpropyl isothiocyanate

1. Separation of volatile flavour-active products of cabbage cooked in water for 30 min

high and the content of the latter two compounds is unexpectedly low (Tables I
and II). Certain amounts of 3-methylsulfinylpropyl cyanide and 3-methylsul-
finylpropy! isothiocyanate were found in the cooking water. The breakdown
products (mainly nitriles) of other glucosinolates in the water were also pre-
sent in traces as it was described previously (VeliSek et al., 1995). This is
because of the partial solubility of these compounds in the cooking water that
condenses in the condenser of the extraction apparatus used.

In agreement with the results reported by Slominski and Campbell
(1989), the major non-volatile degradation product of glucobrassicin in the
cooked cabbage was 3-indolylacetonitrile. 4-Methoxy-3-indolylacetonitrile
and N-methoxy-3-indolylacetonitrile were also present, with the latter being
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2. Total concentration of glucosinolate breakdown products in cooked cabbage

found in trace amounts. Other breakdown products of indole glucosinolates
found in the volatile portion of the boiled cabbage were N-methoxy-3-in-
dolylmethylthiomethane and indole.

Indoleacetonitriles can be well separated by gas-liquid chromatography.
However, the corresponding chromatograms of 4-methoxy-3-indolylacetoni-
trile and N-methoxy-3-indolylacetonitrile were accompanied by contaminant
peaks. So, improvements should be made using authentic standards of these
compounds.

2000
——1.50%

E

2

mg per kg dry weight

g

cooking time in min

3. Total concentration of glucosinolate breakdown products in cabbage cooked in vinegar
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III. Content [mg'kg"l dry weight] of glucosinolate breakdown products in cabbage cooked in acetic acid

Acetic acid (vinegar) concentration [%)] 1.5 3.0 6.0
Time [min] 15 30 60 15 30 60 15 30 60
1. Allyl cyanide 453 276 209 1551 966 636 964 1209 983
2. Allyl thiocyanate 23 tr tr 1 4 32 3 6 3
3. Allyl isothiocyanate 28 21 23 19 32 25 39 45 8
4. 3-Butenylisothiocyanate 2 5 3 2 1 2 3 1 tr
5. 3-Methylthiopropyl cyanide - 14 63 . 78 86 34 38 59 50 26
6. Benzenacetonitrile 2 3 tr 5 8 tr 1 2 -
7. Benzeneproinitrile 4 25 - 3 3 4 7 9 7
8. 4-Methylthiobutyl cyanide 4 6 7 10 1 2 7 2 3
9. 3-Methylthiopropy! isothiocyanate 11 8 8 8 8 8 12 12 4
10. Benzyl isothiocyanate 11 - tr - - 1 2 1 tr
11. 4-Methylthiobutyl isothiocyanate o tr - 4 1 2 1 2 tr
12. 2-Phenethyl isothiocyanate 2y ] - - - 1 9 14 14 3
13. 5-Vinyloxazolidine-2-thione 2 - - tr tr tr tr tr tr
14. 3-Methylsulfinylpropyl cyanide 2 | 4 4 - - - - = =
15. 3-Methylsulfinylpropyl isothiocyanate 2 - 10 3 9 tr 14 18 2

01Z-L61 : () v661 ‘FI “APRA "ARnOq
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The content of nitriles and isothiocyanates determined in the cabbage
cooked in vinegar are given in Table III. Details of this analysis were de-
scribed elsewhere (Veli$ek et al., 1995), but without quantitation of the
individual breakdown products. The major products formed from glucosino-
lates were nitriles and their content decreased when the sample had been
cooked for more than 30 min.

With only one exception, the degradation products found in the fermented
cabbage (Table IV) were similar to those found in the sample cooked in vine-
gar: the fermentation resulted in the formation of a higher amount of 3-
methylsulfinylpropyl cyanide and 3-methylsulfinylpropyl isothiocyanate.
Generally, the identification of the isothiocyanates was dependent on the
abundance of the parent glucosinolate in the native sample. For example,
allyl isothio-cyanate was present (in the fermented cabbage) while 4-
methylthiobutyl isothiocyanate was not detected and 3-indolemethanol was
found in low amounts. The level of 3-indolylacetonitrile and other indoleace-
tonitriles was lower than that found in the cabbage cooked in water. The for-
mation of breakdown products of glucosinolates under different processing
conditions is shown in Figs. 2 and 3.

IV. Content [mg.kg'l dry weight] of glucosinolate breakdown products in fermented-cabbage
cooked in water

Time Breakdown products no.
min]| y | 2|3 |4 |s|6| 7|8 |9 |13]14]15]16]17

15 1278 |76 |106| — |13 | tr | ftr 7 16 tr 35| tr | tr | tr
30 | 37 |62 (241 18 |57 (13| 12 | 17 | 39 16 |1333 |1126( 14 | 19
60 (345 |33 |302| tr |79 | tr | ftr 2 8 13 7 65521

Numbers in row “breakdown products* refer to names of compounds in Table II, tr = traces

Although the mechanism is still not well understood, it is well known that
the hydrolysis products of glucosinolates with aromatic side-chain, i.e. glu-
cotropaeolin (Walker, Gray, 1970) and sinalbin (Kassahun, Ve-
lisek, 1993 — unpublished), can yield methylthio-substituted compounds.
The same seems to happen with the indole compounds, but the formation of
N-methoxy-3-indolylmethylthiomethane and other compounds would not at-
tract attention because of their low levels in the boiled cabbage.
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Isothiocyanates can possibly be transformed to sulfides, dimethyl disul-
fide, dimethyl trisulfide and dimethyl tetrasulfide (Fisher, 1992). The ma-
jor precursor of these compounds in sliced, chopped or cooked cabbage,
cauliflower and other Brassicas, is S(+)-methylcysteine sulfoxide (M arks et
al., 1992). The presence of these alkyl sulfides, either in the volatile portion
or in the cooking liquor of the boiled cabbage, may have substantial influ-
ence on the overall flavour of the cooked meal. The contribution of dimethyl
tetrasulfide to this flavour would be insignificant because of its very low
content.

Nitriles and isothiocyanates (Table II) were found when purified glucosi-
nolates were cooked in water, the latter products being present in trace
amounts. Aldehydes such as (Z)-3-hexenal, 5-hydroxymethyl-2-furancar-
boxaldehyde etc. were also detected. In addition, allyl methyl sulfide, allyl
thiol (allyl mercaptan), dimethyl sulfide, dimethyl disulfide and dimethyl
trisulfide were found. Dimethyl tetrasulfide and dimethyl sulfoxide were
present in traces.

The individual glucosinolates in the cooked cabbage sample were not puri-
fied prior to cooking (see methods of analysis above). No quantitative analy-
sis was made. Other unidentified heat degradation products of glucosinolates
were present in the analysed model sample but the characterisation of prod-
ucts which were not detected in the volatile portion of the cooked cabbage
was beyond the scope of this experiment.

It is very important to emphasise that extreme care should be taken during
the extraction and concentration of the extract in order to minimise loss of
the volatile components. The extraction of the volatile components using di-
ethyl ether in the vapour phase should also be complemented with extraction
employing other suitable solvents (e.g. methylene chloride) if there is a need
to quantify all breakdown products of glucosinolates in the boiled cabbage.

Using ethyl acetate to extract the breakdown compounds of indole glucos-
inolates from the distillate of the cooking liquor is necessary to quantita-
tively extract all of the breakdown products of the indole glucosinolates.
Methylene chloride does not quantitatively extract these compounds.

From the sensorial point of view, nitriles are compounds with unpleasant to
irritating odour, for example, allyl cyanide. This was not, however, percepti-
ble even in the concentrated volatile portion of the analyte, which may be
influenced by the complex nature of the extract. One has to keep also in mind
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that most of the nitriles formed are highly or relatively (e.g. allyl, 3-butenyl,
3-metylthiopropyl cyanides) volatile constituents which can be lost during
cooking, under common consumer practice conditions, unless the cabbage is
cooked in a sealed dish or container; their contribution to the overall flavour
or taste would be minimised.

The sensorial character of some nitriles and isothiocyanates was reported
by Lange etal. (1992)and Fenwick etal. (1983). In agreement with this
report, the results (including the subjective judgements) showed that the deg-
radation products of glucosinolates contribute to the bitterness, sulfidic, bit-
ing (in raw cabbage only) and to some extent also to sour taste of the cabbage
meals. This taste can be, however, influenced by the cooking conditions or
by the way of meal preparation. For example, if the cabbage is cooked in
vinegar, the dominant taste can clearly be described as being acidic and sour,
and in fermented cabbage slightly bitter or bitter, and non-intensive but
pleasant acidic sour taste can be recognised. Furthermore, cooking can also
significantly reduce the amount of glucosinolates and their breakdown prod-
ucts in the cooked material. From the results of this experiment in boiled
cabbage (especially the cabbage cooked for 60 min and more) or fermented
cabbage, the contribution of glucosinolates to bitterness or other taste is un-
likely. The participation of allyl glucosinolate, as proved by Fenwick etal.
(1983) in Brussels sprouts, in the creation of the bitter taste, can be taken into
account in the 15 to 30 min boiled cabbage, whereas in the cabbage meals
cooked for 60 min this participation is unaccountable because of very low
level of this compound.
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Vliv glukosinolatii a jejich degradaénich produkti
na aroma vareného zeli

Tékavé produkty vznikajici b&hem vafeni Cerstvého a kysaného zeli byly
izolovany extrakci nepolarnimi rozpoustédly a analyzovany metodou kapilarni
plynové chromatografie. Identifikovéno bylo vice neZ 30 slou€enin. Asi dvacet
z t&chto sloudenin vzniklo degradaci glukosinolati. Dalsi latky byly aldehydy, al-
koholy a sulfidy vzniklé z jinych prekurzorii. Bylo zjisténo, Ze ifast glukosinolati,
resp. jejich degradaénich produktii na tvorb& aroma vafeného zeli zavisi na zpiisobu
tepelného zpracovani (pfipravy) pokrmi.

Pfi vafeni zeli dochazi ke sniZeni obsahu glukosinolatl n&kolika zpiisoby. V sy-
rovém zeli a také b&hem vafeni do doby, neZ dojde k inaktivaci enzymi, jsou ztraty
glukosinolatii zplisobeny hlavn& hydrolyzou endogenni myrosinasou. V enzymové
neaktivnich materialech (pfi vafeni po dobu del3i neZ asi 30 minut) je hlavni pfici-
nou ztrat chemicka degradace glukosinolatl. K znadnym ztratdm dochézi také
vyluhem.

Degrada¢nimi produkty glukosinolatll vznikajicimi pfi vafeni zeli ve vodé& jsou
zejména isothiokyanaty a nitrily. Jako hlavni produkty byly identifikovéany al-
lylisothiokyanat a pfisludny nitril 1-kyano-2-propen vznikajici enzymovou degrada-
ci sinigrinu (allylglukosinoldtu) a dale 3-methylthiopropylisothiokyanat
a odpovidajici nitril 1-kyano-methylthiolpropan vnikajici z 3-methylthiopropyl-
glukosinoléatu. Jako dalsi vyznamny produkt degradace sinigrinu byl prokazan také
allylthiokyanat. Pfi vafeni zeli ve vodé okyselené octem byly dominantnimi pro-
dukty hydrolyzy glukosinolati nitrily, pfedevsim byl pfitomen 1-kyano-3-methyl-
sulfinylpropan spolu s malym mnoZstvim 3-methylsulfinylisothiokyanatu.

Témét ve viech vzorcich vafeného zeli byly jako sloZzky t&€kavych aromatickych
latek identifikovany dimethylsulfid, dimethyldisulfid, dimethyltrisulfid a di-
methyltetrasulfid. Prekurzorem t&chto latek je v brukvovitych zeleninach pfedevsim
sirnd aminokyselina S(+)-methyIcysteinsulfoxid.

zeli; glukosinolaty; t€kavé produkty; aroma zeli
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Ustav chemie a analyzy potravin, 166 28 Praha, Ceska republika,
tel.: 02/311 52 17, fax: 02/311 99 90, e-mail: jan.velisek@vscht.cz
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KINETICS OF CONTAMINATION OF WATER
WITH BENZO(A)PYRENE FROM RECYCLED LOW DENSITY
POLYETHYLENE PACKAGING

Peter SIMKO, Viera KHUNOVA'!

Food Research Institute, Bratislava; 'Slovak Technical University
— Faculty of Chemical Technology, Bratislava, Slovak Republic

Abstract: A possibility of contamination of water with benzo(a)pyrene (BaP)
by re-diffusion from polyethylene packaging made of recycled polyethylene
(PE) was tested. PE packaging material was contaminated primarily with BaP by
diffusion from water medium which was spiked with BaP at the level 41.6 pg
per kg. When the polycyclic aromatic hydrocarbons concentration in the water
dropped to 0.6 pg/kg, the PE packaging material was subjected to a recycling
process. As observed, the recycling process did not affect the BaP concentration
in PE at all. From the recycled PE, a packaging material was made again, and a
possibility of re-diffusion of BaP from the packaging into water was followed
for 600 hrs. As found, the packaging material prepared in this way is a potential
source of food contamination since the final concentration of BaP in the water
reached 1.04 pg/kg at the end of experiment when the BaP concentration in
water was linearly dependent on the square root of the time of interaction.

HPLC; benzo(a)pyrene; diffusion; polyethylene packaging

Polycyclic aromatic hydrocarbons (PAHs) comprise the largest class of
known environmental carcinogens; some, while not carcinogenic, may act as
synergists. As a result of industrial activity, PAHs are present in water, air,
soil and subsequently also in foods (Bartle, 1991). PAHs, however, can
arise also in food products directly during processing, especially in thermal
operations of flavouring, frying, and drying (Fretheim, 1983; Stahl,
Eisenbrandt, 1988). A non-traditional source of contamination was de-
scribed by Grob et al. (1991), who found PAHs in the batching oil used as
a softener for jute bags.

In many studies the attention is focused on the determination of
benzo(a)pyrene, which is widely considered to be a general indicator of the
presence of PAHs in a sample (Kruijf et al., 1987).
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In the last time, a number of papers have dealt with migration of chemical
compounds from packaging into food products (Mercer et al., 1990;
Begley, Hollifield, 1990; Kondyli et al., 1992). On the other hand,
some papers have also reported the sorption of flavour compounds (carbon-
yls, alkylesters, sulfur compounds, and alkylpyrazines) from foods by poly-
ethylene package (Nielsen et al., 1991; Linssen et al., 1992). Hence,
interactions between packaging materials and foods are intensively studied
with the aim to define the physico-chemical processes taking place in the
boundary layer as well as inside the food-packaging systems.

Because of the permeable nature of plastic materials and their possible
commercial and consumer use as containers for various chemicals, the recy-
cled polymers could contain potentially toxic contaminants, which could mi-
grate from the package into the food (Begley, Hollifield, 1993).

High ability of PAHs to penetrate into PE from liquid media has been al-
ready proven (Simko, Brunckova, 1993), and the kinetic equation of
the PAHs decrease in liquid media has been derived (Simko et al., 1994).

As the contamination of non polar foods with PAHs from recycled poly-
ethylene packaging was shown to be highly possible (Simko et al., 1995),
the aim of this work was to investigate the degree of contamination of a polar
medium, i.e. water from PE packaging material, primarily contaminated with
BaP, then recycled and used again for packaging of the water medium.

MATERIAL AND METHODS

A packaging material used in the experiment was made of low density
polyethylene, type Bralen RA2-19, with a density of 922 kg/m3 (Slovnaft,
Bratislava, Slovak Republic).

Benzo(a)pyrene — BaP
BaP was of analytical grade, purchased from Supelco (Gland, Switzer-
land).

Solvents

All organic solvents (acetonitrile was HPLC grade purchased form Fluka,
Buchs, Switzerland; methanol and hexane were of analytical grade pur-
chased from Lachema Bmo, Czech Republic) were purified before use by
rectification.
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Experiment

First, all organic solvents, water and PE were analyzed for the presence of
BaP to eliminate an accidental contamination of materials used. Water was
spiked with methanolic solution of BaP at the level 41.6 pg/kg. Then, PE foil
(thickness 0.5 mm) was prepared from PE granulate using a hydraulic press
where the pressing temperature was 140 °C, time of preheating 5 min, press-
ing time 3 min, working pressure 25 MPa, cooling time 10 min. The foil was
sheared and put into beakers to obtain cylindrical shape of packages with the
inside diameter of 5 cm. The cylinders were filled with 80 g of the contami-
nated water and the beakers were divided into two groups and placed in dark
at 24 °C. The water of the first group was analyzed successively to determine
the drop in BaP concentration in liquid media, i.e., the degree of BaP sorp-
tion on PE at times 17, 24, 41, 66, 111, and 208 hrs. When the total BaP
concentration in the liquid media decreased to 0.6 pg/kg, PE from the second
group was recycled as follows: PE was cut into small pieces, stirred up (at
this stage analyzed for BaP concentration), then heated to 150 °C for 10 min.
PE recycled in such a way was used again for the foil preparation, an PE
packages of cylindrical shape were prepared for the next part of the experi-
ment as mentioned above. Beakers were then filled with 80 g of distilled
water. At the beginning of this part of experiment, BaP concentrations were
determined in recycled PE, as well as in the water; then, a re-diffusion of BaP
from PE, as well as into water was followed for 600 hrs at the temperature
24:°C,

To prevent the penetration of liquids between PE cylinders and beaker
walls, minimal amounts of silicone paste were used for sealing in both stages
of the experiment to guarantee only one dimensional diffusion, or re-diffu-
sion, respectively.

Sample Preparation

Polyethylene: PE was cut into small pieces (ca. 1 cm x 1 cm) and put into
Erlenmeyer flask with 100 ml of hexane, shaken for 1 h, and sonicated for
5 min. After filtering, the hexane was evaporated to near dryness and the
residue dissolved in 1 ml of methanol.
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Water: Water was extracted three times with 50 ml of hexane. Combined
hexane layers were dried with anhydrous Na,SO,, evaporated to near dry-
ness, and dissolved in methanol.

HPLC Conditions

HPLC was performed isocratically on a Separon SGX C, ¢ reverse phase
column (particle size 5 pm, length 30 cm, i.d. 3 mm purchased from Tessek,
Praha, Czech Republic) at ambient temperature. The mobile phase was a
mixture of acetonitrile and water (3 : 1, v/v) with a flow rate of 1.15 ml/min.

Instrumentation consisted of a high pressure pump and the syringe loop
injector. The eluent from the column was directed to a Perkin-Elmer filter
fluorescence detector (Beaconsfield, England), the model LS-2B, which
operated at 310 nm excitation wavelength, and 410 nm emission wavelength.

All determinations were performed in triplicate.

RESULTS AND DISCUSSION

Since the sample preparation involved several steps, the efficiency of these
procedures was determined by recovery studies. This was carried out by add-
ing BaP solution into “blank* medium to give the concentration of 10 pug/kg.
The recovery of BaP from water varied between 95.6 and 96.7% (n = 3) with
a standard deviation 0.3% at most.

As showed additional recovery studies of BaP from PE, the one-step ex-
traction was sufficient to reach more than 97% extractive efficiency.

The measured values of BaP concentrations in water decreased follow-
ingly during 208 hrs by two orders — from 41.6 to 0.9 pg/kg, which was in
agreement with our previous observations (Simko, Brunckova, 1993;
Simko etal., 1994):

Time of interaction [hrs] 0 17 24 41 66 11 208

BaP 416 374 327 242 171 4.9 0.9

The recycling process itself did not affect the BaP concentration in PE at
all because the boiling point of BaP is much higher (b.p.g,p = 495 °C) in
comparison with the temperature of recycling process and the recycling time
itself was too short for losses of BaP by photooxidation. The difference be-
tween BaP concentration in PE before recyclation (797.7 pg/kg) and after
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recyclation (801.2 pg/kg) is statistically insignificant within the error of
measurement. ]

As follows from Table I (rows A), the PAHs concentration started to in-
crease immediately after filling the recycled PE cylinders with the water, and
this increase was observed- during the whole period.

I. The increase of BaP concentration [pg/kg] in the water

Time of interaction [h]
0 28 67 254 480 600 >
A 0.00 0.10 0.22 0.44 0.89 1.04 o1
B 0.00 0.18 0.30 0.58 0.78 0,89

A — measured values
B — values calculated by equation [2]

For this case — difussion of compounds from cylindrical shape packaging
into liquid medium — kinetic equation [1] has already been derived (Simko
et al., 1995) in the form

¢, = sy+ec,, ’r"“—}’,’(41)/1'1)"2.1"/2 (]

which at initial concentration € =0 takes the form

_ r+h bt
c.= C _r.h(4D/n) .t

s

(2]

where: ¢, — concentration of given compound in liquid media in the time ¢
r — diameter of cylinder
h — thickness of the package material
¢~ concentration of given compound in liquid phase in infinite time ¢_

The value of equilibrium concentration (c., = 4 pug/kg) was taken from
Bjorseth (1983) and the diffusion coefficient of BaP in PE (Dg,p =
=4.4.10!1 cm?/s) from Simko et al. (1995). For comparison, by equation
[2] BaP concentrations were calculated in the same time intervals (Table I,
rows B) as measured values. As follows from the value of standard deviation
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o, measured and calculated values are in close agreement, which makes it
possible to use equation [2] for the calculation of any BaP concentration at
whatever time of the experiment. As follows from equation [2], the rate of
BaP diffusion into water depends on thickness of PE film, diameter of cylin-
der as well as diameter of cylinder and the diffusion coefficient, and it is
directly proportional to the square root of the time of interaction. Although
the diffusion rate constant (kg,p/y, o = 0.101) of non polar compound (BaP)
from non polar phase (LDPE) into polar liquid (water) is 12.7 times lower
than the rate constant into non polar liquid (vegetable oil) (Simko et al,
1995), the degree of contamination of polar medium can also reach relatively
high values, mainly after a long time interaction of contaminated PE and po-
lar liquid media.

Equation [2] may be suitable for calculation of concentration of various -
compounds, not only contaminants, but also plasticizers, softeners, colourants
and other compounds that are able to diffuse from plastic packaging of cylin-
drical shapes, i.e. bottles into liquid contents.
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Kinetika kontaminicie vody benzo(a)pyrénom
z recyklovaného vysokotlakového polyetylénu

Préca sa zaoberd moZnost'ou kontamindcie vody benzo(a)pyrénom (BaP), ktory
moZe difundovat’ do vodného (polarneho) prostredia z recyklovanych poly-
etylénovych obalovych materidlov. Z granulovaného vysokotlakového polyetylénu
(LDPE) bola najprv zhotovena f6lia o hriibke 0,5 mm za pouZitia hydraulického lisu
a nasledujicich podmienok: teplota lisovania 140 °C, doba prehrievania 5 min, doba
lisovania 3 min, pracovny tlak 25 MPa, doba chladenia 10 min. Z félie boli pripra-
vené telesé cylindrického tvaru s vnitornym priemerom 5 cm, ktoré sa naplnili vo-
dou kontaminovanou BaP. V ddsledku diftiizie BaP z vodného prostredia do LDPE
pocas 208 hodin sa zniZila koncentracia BaP z hodnoty 41,6 na 0,6 pg/kg. Takymto

217



Potrav. Védy, 14, 1996 (3): 211-218

spoésobom kontaminovany LDPE sa podrobil recyklaénému procesu tak, Ze dez-
integrované ¢asti (cca 1 x 1 cm) boli premie$ané a zahriate na teplotu 150 °C
pocas 10 min. Po ochladeni bola opat’ z takto recyklovaného LDPE uvedenym
sposobom vyrobena f6lia. Porovnanim koncentréacii BaP v PE pred recyklaciou
(797,7 pglkg) a po recyklécii (801,2 pg/kg) bolo zistené, Ze potas recyklaéného
procesu nedochadza k zmene koncentracie BaP v PE, pretoZe bod varu BaP je
d’aleko vy35i (495 °C) ako je teplota recyklaéného procesu. Z recyklovanej PE folie
boli opit’ zhotovené telesa cylindrického tvaru, ktoré sme naplnili destilovanou vo-
dou. Po¢as 600 hodin experimentu sa sledovala moZnost’ redifiizie BaP z PE do
polarneho prostredia, pri¢om bol zaznameny narast koncentracie BaP z nulovej hod-
noty na pociatku na hodnotu 1,04 pg/kg na konci experimentu. Na zdklade name-
ranych hodnét bolo moZné postulovat’ tieto zavery:

1. Rychlost redifiizie BaP z LDPE cylindrického tvaru do vodného prostredia je
mozné popisat’ kinetickou rovnicou.

2. Recyklovany PE po kontamindcii poéas prvotného pouZitia méZe byt zdrojom
kontaminacie pri jeho sekunddrmom vyuZiti.

3. Rychlost’ difuzie je priamo imermnd druhej odmocnine doby interakcie PE
a kvapalného prostredia.

4. Hoci rychlost’ redifizie do polarmeho prostredia (vody) je mnohokrat niZ3ia ako
do nepolameho prostredia, stupefi kontaminacie méZe dosiahnut’ relativne vysoku
hodnotu, najmé po uplynuti dlh$ej doby interakcie kvapalnej a tuhej fazy.

5. Kineticka rovnica [2] moZe byt pouZitd na vypocet koncentracie roznych
zlucenin, ako su napr. plastifikatory, pigmenty, ale i d'al3ie latky, ktoré s schopné
difundovat’ z obalov cylindrického tvaru do kvapalného obsahu.

HPLC; benzo(a)pyrén; difuzia; polyetylén; obalovy material
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Doc. Ing. Peter Simko, CSc., Vskumny tistav potravinérsky, Priemyselna 4,
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VYUZITIE GELOVEJ CHROMATOGRAFIE PRI $TUDIU KVALITY
CEREALNYCH BIELKOVIN

Use of Gel Chromatography by Study of Cereal Proteins Quality

Katarina JANEKOVA, Bermnadetta KRKOSKOVA, Daniela TEPEROVA

Food Research Institute, Bratislava, Slovak Republic

Abstract: Cereal preparates research was aimed on isolation and fractionation
processes of wheat and maize proteins. Contens of different protein groups was
determined in various methods of isolation from selected wheat and maize prepa-
rations. Influence of extrusion and expansion technology on protein quality was
studied. Gel chromatography method was used for qualitative characterisation of
cereal proteins.

cereal proteins; isolation; fractionation; gel chromatography

Abstrakt: Vyskum preparatov na baze cerealii bol zamerany na postupy izoléacie
a frakcionacie bielkovin pSenice a kukurice. Stanovil sa obsah jednotlivych
skupin bielkovin pri roznych postupoch izolacie z vybranych pSeni¢nych
a kukuriénych pripravkov. Dalej sa 3tudoval vplyv extriiznej a expanzne;j tech-
nolégie na kvalitu bielkovin. Expanzné spracovanie, resp. extriizia sa prejavila
zmenou pomerného zastipenia jednotlivych skupin bielkovin. Na kvalitativne
charakterizovanie cerealnych bielkovin sa pouZila metéda gélovej chromato-
grafie. Tato metéda vo vybranej modifikacii sa ukazala ako vhodna na sle-
dovanie skladby cereéalnych bielkovin.

cerealne bielkoviny; izolacia; frakcionécia; gélova chromatografia

Rastlinné suroviny a bielkovinové preparaty z rastlinnych zdrojov mozno

vyuzit’ ako potravinarske aditiva s vy hodnymi funk&nymi vlastnost'ami, kto-
ré priaznivo ovplyviiuju aj vyZivovu a senzorickd uroveii potravin. Navyse
prednost’ou rastlinnych bielkovin je ich nizka cena v porovnani so Zivo¢i$ny-
mi bielkovinami.

Proteiny cerealnych zrn sa z hl'adiska biologickych funkcii delia na biolo-

gicky aktivne enzymy a biologicky inaktivne zasobné bielkoviny, ktoré pred-
stavuji okolo 80 % z celkového mnoZstva proteinov. I nad’alej zostava
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v platnosti klasifikicia bielkovin podl'a Osborna, zaloZend na rozpustnosti
bielkovin v réznych rozpustadlach, a to vo vode (albuminy), v roztoku soli
(globuliny), vo vodnom roztoku alkoholu (prolaminy) a v roztoku alkalii ale-
bo kyselin (gluteliny) (Lorenz, Kupl, 1991). Morfologicky je moZno
rozdelit’ bielkoviny do troch skupin: bielkoviny kli¢ka, bielkoviny endosper-
mu a bielkoviny aleurénovej vrstvy. Zasobné bielkoviny (prolaminy a glute-
liny) su typické bielkoviny endospermu, hoci ich moZno ndjst’ aj v d’aldich
dvoch skupinach.
- Prolaminy p3enice — gliadiny — sa vyzna¢uju kompaktnou $truktiirou mo-
lekil. Zvy¢&ajne sa gliadiny delia na frakcie gélovou filtrdciou a nislednou
elektroforézou. Takto boli stanovené alfa, beta, gama a omega frakcie gliadi-
nu, ktoré si zloZené z individudlnych 40 aZ 50 komponentov. Je pre ne cha-
rakteristicky vysoky obsah kyseliny glutdmovej, prolinu a nevelky obsah
d’al'Sich aminokyselin.

Molekulova hmotnost’ (MH) alfa, beta, gama gliadinov je 31 000 az
34 700, omega gliadinov 73 000 az 78 000. Okrem toho gliadinova frakcia
obsahuje 6 % vysokomolekulovej bielkoviny, ktorej MH je asi 100 000, a na
Sephadexe G 100 sa deli ako prvd. Oznaluje sa tiez ako ,,vysokomolekulovy
gliadin“ alebo ,,nizkomolekulovy glutenin“ (Lorenz, Kupl, 1991).

Gluteliny p3enice — gluteniny — s charakteristické MH 500 000 az
3 000 000. V porovnani s gliadinmi maji gluteniny vy383i obsah glycinu,
tryptofanu, lyzinu a niZ$iu koncentraciu kyseliny glutimovej, prolinu a fenyl-
alaninu.

Proteiny gliadinu a gluteninu sa v procese technolégie koncentruji v pse-
ni¢nom lepku. Lepkom sa obohacuju rozne ceredlne vyrobky a vyhodne sa
vyuZziva pri vyrobe cestovin zo slabych typov muky a pri vyrobe misovych
vyrobkov (Perlin, 1985).

Zasobnym prolaminom kukuri¢éného zrna je zein. Hydrolyzaty zeinu su
chudobné na lyzin a tryptofan a maji vysoky obsah leucinu, prolinu a kyse-
liny glutdimovej (Paulis, 1982). Gélovou filtrdciou nativneho zeinu sa zis-
kaju dve frakcie s MH 22 000 a 45 000 (Landry, Moureaux, 1981).

Gluteliny kukuri¢ného zrna pozostavaji zo Styroch frakcii s rdznou mole-
kulovou hmotnost'ou. Rozpustné frakcie si oznatované ako Gl, G2 a G3
gluteliny (Landry, Moureaux, 1981, 1980).

Stidiu rastlinnych bielkovin sa venuje intenzivna pozornost’. Bez pouZitia
novych separaénych technik a postupov spolu s modernymi analytickymi
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pristrojmi by nebolo moZné zvladnut' naro¢nost’ a zlozZitost’ ich Studia.
V predkladanej praci informujeme o vyuZiti gélovej chromatografie pri sle-
dovani kvality p3eni¢nych a kukuri¢nych bielkovin.

MATERIAL A METODY

V experimentoch sme pracovali s ceredlnymi surovinami vystavenymi
ucinku expanzného a extrizneho procesu, a to s expandovanou pSenicou (PD
Slatinské Lazy) a s experimentalne pripravenym extridovanym kukuri¢énym
gluténom (Slovamyl Bolerdz). Ako porovnavacie vzorky sa pouZzili: pSenica
pomleta na $rot (odroda Hanka, PD Slatinské Lazy), pSeni¢nd muka hladka
T650 (z obchodnej siete), kukurica pomleta na Srot (Slovamyl Bolerdz), ku-
kuri¢na krupica (PD Vldra Nem3ova) a kukuri¢ny glutén (Slovamyl Bole-
raz). Vzorky pouzité na analyzu bielkovinového podielu boli odtu¢nené
extrakciou dietyléterom na pristroji Soxtec.

Na separdciu a frakcionovanie bielkovin sa pouZili tieto postupy:
— postup izol4cie bielkovin na ziklade rozpustnosti v charakteristickych
rozpustadlach (Davidek, 1981)
— postupna izolacia bielkovin podl'a Paulisa (Paulis, 1982)
— modifikovany postup frakcionicie kukuri¢nych bielkovin, ktory publiko-
valiLandry aMoureaux (1980, 1981)
Pomer hmotnosti vzorky a extrakéného &inidla bol 1 : 10. Disperzia bola
odstred’ovana na odstredivke 5 aZ 7 mimit pri otd¢kach 4 000 za minitu.
Kvantitativna analyza dusikatych latok vo vstupnych vzorkich, ako aj
v jednotlivych frakcidch bola vykonana stanovenim celkového dusika meto-
dou podl'a Kjeldahla a obsah bielkovin bol vypocitany po vyniasobeni Nx 5,7
(pre pSenicu a pripravky) a N x 6,25 (pre kukuricu a pripravky).
Bielkovinové frakcie ziskané pri kvantitativnej separdcii sa d’alej analyzo-
vali pomocou gélovej chromatografie.
Vlastn4 separdcia sa uskutonila na kolénach:

— Sephadexu G-100 umoZnujucich gélovii chromatografiu v rozsahoch MH
1.10%az 1.10°

— Sephacrylu S-200 v rozsahu MH 1.10° a2 8.10*

— Sephacrylu S-300 v rozsahu MH 2.10% a% 4.10°
Vzorky boli delené v sustavach kyselina octova — voda, resp. alkohol —
voda. Obsah bielkovin bol v jednotlivych frakciich stanovovany spektrofo-
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tometricky pri 280 nm. Elicia vzorky v jednotlivych pokusoch variovala, ne-
presiahla v§ak 1 ml za min.

Jednotlivé vzorky prezentovali biologicky materidl roznej urovne rozpus-
tnosti. U niektorych bola pozorovana nerozpustna frakcia bielkovin ako za-
kal, niektoré boli Cire. Z uvedeného dovodu boli uskutoénené pokusy
v rdznych médiach, zabezpedujicich rozpustnost’ vzorky. Zakalené vzorky
boli centrifugiciou rozdelené na rozpustny podiel a sediment, ktoré boli ana-
lyzované jednotlivo.

VYSLEDKY A DISKUSIA

Vysledky kvantitativneho stanovenia obsahu jednotlivych skupin bielko-
vin v pseni¢nych a kukuri¢nych pripravkoch pri roznych postupoch izoldcie
su zhrnuté v tab. I az III.

I. Obsah [g] jednotlivych skupin bielkovin v pSeni¢nych a kukuriénych pripravkoch (stanovené
metodou podl'a Kjeldahla, po izolacii podl'a Osborna) — Contents [g] of the particular groups of
proteins in wheat and maize preparations (determined by Kjeldahl method, after isolation ac-
cording to Osbomn)

C:L:::y A!bu; QIob;: P\:olt: Cflutse NB Straty6

bicikavia? miny liny miny liny
PSeniény rot” 12,995 | 2,927 | 1,425 | 2,136 |3,971 | 1,459 | 1,067
5;‘;‘:’;:“““& 12,726 | 2,609 |0481 | 0378 | 1,455 | 6,543 | 1,269
PSenitnd muka hladka® | 11,769 | 0,648 | 0,841 | 2,995 | 4,815 | 1,309 | 1,201
Kukuriény srot'° 10,867 | 1,533 | 1,438 | 1,252 | 2,329 | 3,575 | 0,740
Kukuri¢na krupica'’ 10,554 | 0,843 | 0,921 | 1,536 | 2,583 | 3,978 | 0,693
Kukuriény glutén'? 25,178 | 0,473 | 0,271 | 10,546 | 7,302 | 5,514 | 1,108
Eﬁg:yf‘:’;’ménn 23,433 | 0,219 |[0,084 | 5080 | 3,201 | 12,452 | 2,397

NB = nerozpustné bielkoviny — insoluble proteins

ltotal protein content; Zalbumins; 3globulins; “prolamines; Sglutelins; Slosses; 'wheat groats;
Bexpanded wheat; fine wheat flour; Omaize groats; " maize semolina; 2maize gluten; Bextru-
ded maize gluten
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Pre pSeni¢né pripravky bol pouZity spdsob izolacie bielkovin podl'a Osbor-
na. Podiel jednotlivych skupin bielkovin v celkovom bielkovinovom kom-
plexe sledovanych vzoriek je zhmuty v tab. II.

11. Podiel [%] jednotlivych skupin bielkovin v p3eninych pripravkoch — Percentage [%] of the
particular protein groups in wheat preparations

Prolamin Nerozpustné
Vzorka! Albuminy? | Globuliny® PAMNY 1 Gluteliny® | bielkoviny
(gliadiny) 6
a straty
PleniCasinika 5,306 7,146 25,109 40,912 21,327
hladka
Peniény §rot® 22,524 11,043 16,437 30,558 19,438
Expandgvand 20,501 3,780 2,971 11,433 61,315
pSenica
Zmena obsahu'® |  —2,023 -7,263 -13,466 -19,125 +41,877

Isample; Zalbumins; 3globulins; *prolamines (gliadins); >glutelins; ¢ insoluble proteins and los-
ses wheat groats; 'fine wheat flour; 3wheat groats; *expanded wheat; °content change

V porovnani s literarnymi udajmi vzorka p$enice mala vy3si obsah celko-
vych bielkovin. Stanovené podiely jednotlivych skupin bielkovin (tab. II) st
v dobrej zhode s literarnymi udajmi (Lorenz, Kupl, 1991); v zastipeni
prolaminov sa zistila odchyl’ka. Z vysledkov kvantitativnej analyzy vyplyva,
ze vplyvom expanzie dochddza k zniZeniu obsahu bielkovin skupiny glo-
bulinov, gliadinov a glutelinov. MozZno predpokladat’, Ze dochadza k ich
destrukcii, resp. denaturdcii, ¢o sa prejavilo vo zvy$eni podielu skupiny neroz-
pustnych bielkovin. :

Pre skupinu vzoriek z kukurice sme pouZili tri postupy frakcionacie. Ak
najvhodnejsi a podl'a literarnych udajov najastejSie pouzivany je postup
frakciondcie podl'a Landry-Moureauxa. Z tab. III je zrejmé, Ze v pripravkoch
kukuri¢ného gluténu nativneho aj extrudovaného sa nestanovila frakcia albu-
minov a globulinov. Pri¢inou mézu byt’ podmienky izolacie.

Podrl'a vysledkov kvantitativneho stanovenia obsahu jednotlivych skupin
bielkovin doch4ddza u kukuri¢ného gluténu vplyvom extruzie k zniZeniu ob-
sahu bielkovin frakcie zeinu, frakcii G2 a G3 a ndrastu obsahu bielkovin
frakcie G1 (tab. III). V pripade kvantitativneho stanovenia obsahu jednotli-
vych skupin bielkovin nativneho a extrudovaného gluténu ziskanych meté-
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IIL. Obsah [g] jednotlivych skupin bielkovin v kukuriénych pripravkoch (stanovené metédou
podrl'a Kjeldahla, po izolicii podla Landryho a Moureauxa) — Content [g] of the particular pro-
tein groups in maize preparations (determined by Kjeldahl method, after isolation according to
Landry and Moreaux)

Celkovy

obsah | Albuminy, 4
biel- | globuliny® Zein" | Gl G2 G3 | NB |Straty

kovin®

Vzorka'

Kukuri¢ny $rot® 10,867 | 2343 | 0996 0,790| 1,019 | 2,032 [2,012] 1,675
Kukuri¢n krupica’ | 10,554 | 0,693 | 2,330 1,610| 0,741 | 1,739 [1,333| 2,108
Kukuri¢ny glutén® | 25,178 | nestanov.'® [10,502| 3,384| 2,279 | 6,215 |2,036| 0,762

Extrudovany

kukuriény ghutén® 23,433 | nestanov. | 3,804| 14,528 0,732 | 1,169 |2,365| 0,834

NB = nerozpustné bielkoviny — insoluble proteins

lsample; 2total protein content; 3albumins, globulins; 4zeain; Slosses Smaize groats; "maize se-
molina; ® maize gluten; *extruded maize gluten; °not evaluated

dou izol4cie podl'a Osborna (tab. I) sme zaznamenali pokles obsahu bielko-
vin, najvyraznejie vo frakcii zeinov a glutelinov. Vyrazne sa zvy$il obsah
bielkovin vo frakcii nerozpustnych bielkovin.

P3eni¢né pripravky, ako aj jednotlivé bielkovinové frakcie ziskané uvede-
nym postupom boli podrobené analyze pomocou gélovej chromatografie. Na
zaklade ziskanych vysledkov gélovej chromatografie jednotlivych vzoriek je
mozné vyslovit’ niektoré predbezné zivery.

Vo vi¢sine vzoriek boli pozorované nizkomolekulové fragmenty s MH
pod 10 nezévisle od spdsobov delenia. Pri gélovej chromatografii pSeni¢nej
miky hladkej sa okrem nizkomolekuldrnych frakcii bielkovin s MH 10
a vysokomolekularnych frakcii bielkovin nezistili Ziadne albuminy a globu-
liny, ktorych pritomnost’ sa naopak potvrdila v pSeni¢nom 3rote a v malej
miere v expandovanej pSenici. Pri porovnani s vysledkami stanovenia obsa-
hu jednotlivych skupin bielkovin v p3eni¢nej mike (tab. I) moZno kon3tato-
vat, Ze pouZité postupy chromatografického delenia nezabezpecili oddelenie
uvedenych bielkovin.

Porovnanim bielkovinového profilu frakcii albuminov, resp. globulinov
pSeni¢ného Srotu a expandovanej pSenice bol pozorovany vyrazny zanik biel-
kovinovych frakcii s MH 10* v prospech bielkovinovych zloZiek s niZ$ou
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MH (pod 10%). Frakcia nerozpustnych bielkovin sa v chromatografickych z4-
znamoch prejavovala ako bielkoviny s MH nad 10°. V ziskanom chromato-
grafickom zazname pre frakcie gliadinov a gluteninov boli pozorované dva
vyrazné pasy zodpovedajiice bielkovindm o MH pribliZne 104 a nad 10°,

Na overenie u¢innosti delenia bola pouZita gélova chromatografia na Se-
phadexe G-100 a Sephacryle S-200 v sustavach: CH;COOH — voda, resp.
C,H,OH - voda. VyraznejSie delenie zabezpetil Sephadex. V gliadinovej
frakcii pSeni¢ného Srotu boli pozorované Styri chromatografické signily,
rovnako ako u pSeni¢nej muky hladke;j.

Chromatografické ziznamy sa navzijom lisili hlavne zastipenim nizko-
molekulovych fragmentov s MH pod 10°. Expandovan4 p$enica vykazovala
v uvedenej sistave len jeden intenzivny signal pre MH pod 103, & vedie
k predpokladu, Ze termickou expanziou zrna dochidza k vyraznej de$trukcii
gliadinov zrma na nizkomolekulové bielkovinové frakcie.

V pripade pouZitia alkoholu ako extrakéného a deliaceho média chromato-
graficky profil gliadinov v pSeni¢nom S$rote a pSeni¢nej muke hladkej rovna-
ko vykazuje $tyri chromatografické signaly s rozdielnym elu¢nym objemom.
U expandovanej psenice sa na chromatografickom zdzname nezistili nizko-
molekulové bielkovinové latky a boli pozorované len vysokomolekulové bi-
elkoviny o zvySenej intenzite absorpéného signdlu voci vychodiskovému
materialu (Srot, muka). V pripade izolatov gluteninov boli pozorované rov-
naké chromatograficke signaly pre expandovami p$enicu i pSeni¢ny $rot. Ne-
bol pozorovany narast, resp. ubytok uvedenej bielkovinovej frakcie vplyvom
expanzného procesu. Nezistil sa ani vznik $tiepnych, resp. polymerizanych
produktov gluteninov.

Pre gélovochromatograficku analyzu bielkovin kukurice boli pouzZité vzor-
ky pripravené metddou, ktori publikovali Landry a Moureaux (1980,
1981), resp. postupom, ktery opisal Paulis (1982), z kukuri¢ného $rotu,
kukuri¢nej krupice, kukuriéného gluténu a extrudovaného kukuri¢ného glu-
ténu. Pre gélovi chromatografiu boli pouzité niplne Sephadex G-100 a Sep-
hacryl S-200, resp. S-300.

Analyza frakcie albuminov a globulinov izolovanych z kukuri¢ného $rotu,
resp. z kukuri¢nej krupice vykazovala na Sephadexe G-100 rovnaky bielko-
vinovy profil s dvomi chromatografickymi signalmi:

— pre MH vigsiu ako 10° (eluény objem 63 ml),
— pre MH 1,8.10* (eluny objem 177 ml).
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Izolaty tejto bielkovinovej frakcie z kukuri¢ného gluténu a extrudovaného
kukuri¢ného gluténu vykazovali odli$ny bielkovinovy profil s tromi chroma-
tografickymi signalmi. Zistila sa pritomnost’ tretieho signalu pri elu¢nom ob-
jeme 32 ml.

Analyza frakcii prolaminov izolovanych zo v§etkych kukuri¢nych prepara-
tov sa realizovala na Sephacryle S-200. Izolaty pripravené postupom, ktory
publikoval Paulis (1982), vykazovali v chromatografickom zdzname vacsi
pocet signdlov ako izolaty pripravené postupom podl’a Landryho a Moureau-
xa (Landry, Moureaux 1980, 1981). Zistilo sa pat’ chromatografickych
signalov, ku ktorym nemozZno jednozna¢ne priradit’ fragmenty s ur¢itou mo-
lekulovou hmotnost'ou. VzhI'adom na uvedené okolnosti nemozno urobit’ za-
very o vplyve extrizie na zeinovu frakciu.

Poslednou izolovanou frakciou bielkovin kukurice boli gluteliny, ktoré bo-
li idetifikované pomocou gélovej chromatografie na géli Sephacryl S-300,
resp. S-200. Na ziklade porovnania jednotlivych chromatografickych zazna-
mov mozno konstatovat’, Zze zistené chromatografické profily sa u jednotli-
vych vzoriek vyrazne podobaju. Lisia sa len intenzitou signilov minoritnych
fragmentov, ktoré sa eluuju pred hlavnou frakciou glutelinov. Pozorovali sa
dva hlavné chromatografické signaly. Kvantitativne vyhodnotenie tychto
signdlov neukazalo podstatné rozdiely v skladbe glutelinovej frakcie rozli¢-
nych kukuri¢nych pripravkov.

Zaver

Pouzity spdsob izolacie bielkovin podl'a Osborna sa ukazal ako vhodny pre
pSeni¢né pripravky. Pre pripravky na baze kukurice bol najvhodnej$i postup
izolacie podl'a Landryho a Moureauxa. Kvantitativna analyza ukazala vplyv
expanzného spracovania, resp. extrizie na obsah jednotlivych skupin bielko-
vin. PSeni¢né a kukuri¢né pripravky, ako aj jednotlivé bielkovinové frakcie
ziskané uvedenymi postupmi izol4cie boli podrobené analyze pomocou gélo-
vej chromatografie. Gélova chromatografia je vhodnou metédou na sledova-
nie skladby a kvality ceredlnych bielkovin. Na zdklade doterajSich vysledkov
nemozno robit’ rozsiahlejie zavery o vplyve technologickych operacii (ex-
panzné a extruzne spracovanie) na kvalitu bielkovin.
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PREHLEDY

NOVSIE ASPEKTY MIKROBIOLOGICKEHO HODNOTENIA AKOSTI
MATERINSKEHO MLIEKA

Maria GREIFOVA, Bernadetta HOZOVA, Juraj HAMZA

Slovenska technicka univerzita — Chemickotechnologicka fakulta,
Bratislava, Slovenska republika

Materinské mlieko, ako je zname, je idedlnou potravinou, ktord je schopna
v dostatoénom mnoZstve a v optimdlnom pomere poskytnit’ detskému organizmu
vietky potrebné latky pre jeho zdravy vyvoj v prvych Siestich mesiacoch Zivota
(Miko, 1991). V siucasnosti nastdva obdobie renesancie dojéenia, nakolko nové
poznatky o vyZive, hodnoteni zdravotného stavu a individudlneho vyvoja umelo
Zivenych deti poukazovali na omyl v preferovani umelej vyZivy. Aj Svetova zdra-
votnicka organizacia roku 1992 vyhlasila Prolaktaény program a zakaz propagécie
mlieénych pripravkov pre umeli vyZivu (Michali¢kova, 1993). Cudské mlieko
maé jedine&né zloZenie, ktoré je nielen zdrojom vyZivy a energie, ale ma aj profy-
lakticky a séasti i terapeuticky vyznam (Svejcar, 1990; Klen etal., 1987).

Na druhej strane sa s postupujicou chemizaciou Zivotného prostredia a $irenim
civilizaénych chordb zvy3uje potencidlne riziko pritomnosti ekologickych jedov
v materinskom mlieku (cudzorodé latky, lieky, narkotika, tazké kovy, polychléro-
vané bifenyly atd’.).

Tento prispevok podava struény literamy prehlad dostupnych poznatkov z ob-
lasti mikrobiolégie materinského mlieka v zahrani¢i a u nds, a to nielen zo zna-
mych vyZivovych, antimikrobidlnych a medicinskych aspektov, ale aj z hl'adiska
mozZnej mikrobiologickej a chemickej kontaminécie, negativnych vplyvov techno-
légie, ako aj otdzok prevencie a legislativy.

ZloZzenie materinského mlicka

Materinské mlieko je svojim zloZenim unikatne. Je dondtorom energie, nutri¢-
nych latok (bielkoviny, cukry, tuky, vitaminy, mineralne latky), vody, horménov,
enzymov, imunoglobulinov atd’.

Dominantnou bielkovinou je B-kazein, zatial' ¢o a-kazein je najmenej zastipe-
nou zlozkou. 40 % energetickej hodnoty predstavuje laktéza, menej galaktéza. Tu-
kovy podiel zabera 50 % celkového energetického obsahu a je najpremenlivejSou
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zlozkou ¢o do mnoZstva i zloZenia (0,318 g/100 ml). Rozdiely su spdsobené naj-
mé genetickymi vplyvmi, dizkou laktacie, vyZivou atd’.

Pomer nasytenych a nenasytenych mastnych kyselin je v kravskom mlieku
1,8 : 1, v materinskom 1 : 1. Hlavnym zdrojom energie je kyselina palmitova
(C]6:0) a kyselina olejové (C]g;]).

Vitaminy st vyznamné pre mentalny a fyzicky vyvoj diet'at’a a ich obsah zavisi
predov3etkym od vyZivy a zdravotného stavu matky. Oproti kravskému mlieku ob-
sahuje pribliZzne dvoj- aZ Sestnasobne vy3§ie mnoZstvo vitaminov (A — 1,5x; D —
6x; C - 2,5x; B vitaminy: tiamin — 3x; riboflavin — 4,5x; niacin — 2,5x; 6 — 5x;
kyselina pantoténova — 1,5x).

Mineralne latky su zastiipené v priaznivom pomere vépnika a fosforu, ktory ne-
zataZuje oblicky.

Materinské mlieko obsahuje v neposlednom rade hormény a enzymy. Doteraz
bola dokazana pritomnost’ ovaridlnych a testikularnych steroidov, kalcitoninu, in-
zulinu, hypofyzamych horménov - prolaktinu, ACTH, TSH, hypotalamickych hor-
ménov LHRH a TRH, a i; z enzymov o a P-amylaza, laktéza-syntetaza,
L-laktatdehydrogenaza, lipaza, kysla fosfataza, proteaza, ribonukledza atd’. (Klen
etal., 1987).

Antimikrobidlne vlastnosti

Ochrannym latkam v materinskom mlieku je v poslednom &ase venovana mimo-
riadna pozomost. Vyskumy potvrdzuju, Ze dojCenie zniZuje pocet ochoreni pre-
dovsetkym gastrointestinalneho traktu a respiraénych organov.

Ochranné latky sa rozdel'uji na Specifické (imunoglobuliny) a nespecifické (pri-
rodzené inhibitory). Specifické ochranné latky st obsiahnuté v imunoglobulinovej
frakcii sérovych bielkovin. Imunoglobuliny (Ig) maju na mikroorganizmy, najmai
gastrointestinalneho traktu aglutina¢ny u¢inok a synergicky s ostatnymi ochranny-
mi latkami neutralizuji toxiny, inaktivuji virusy (Barret, 1988).

Ig A poskytuje Siroké spektrum imunity, je aktivny proti klostrididm, salmone-
lam, Sigelam, hemofilom, E. coli a enterotoxinu Vibrio cholerae (May, 1988;
Barret, 1988) a tieZ proti virusom obrny, rubeoly, herpes simplex, mumpsu,
chripky, atd’., ako aj parazitom (May, 1988).

Ig G sa prejavuje protivirusovymi G¢inkami (cytomegalovirus, rubeola) a schop-
nost'ou viazat’ bakteridlne toxiny (Clostridium tetani, Corynebacterium diphteriae)
(Klen etal., 1987; Junker etal., 1991).

Ig M a Ig D si u€inné najmi proti G-mikroorganizmom (E. coli, Vibrio chole-
rae) (K len et al., 1987) a virusom (cytomegalovirus, rubeola) (May, 1988).

Vo v3eobecnosti moZno povedat, Ze hladiny v3etkych imunoglobulinov st
najvy3Sie v mledzive a potom prudko klesajt, o dokazuju i pokusy, pri ktorych
kolostrum bolo menej kolonizované baktériami pri izbovej teplote ako zrelé mate-
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rinské mlieko v priebehu sledovanych ¢asovych jednotxek (Atalay et al., 1989;
Nwankwo et al., 1988).

Medzi bunkové ochranné faktory patria fagocytujice leukocyty — z nich 80 az
90 % tvoria makrofagy syntetizujice komplementy C,—Co, lyzozym, laktoferin,
transferin. Tieto sa zl¢astiiuji na obrane proti baktéridm, virusom a plesniam,
zvlast v pritomnosti lymfokinazy vylu¢ovanej T lymfocytmi. Okrem T lymfocytov
st v materinskom mlieku pritomné aj lymfocyty B, ktoré okrem lymfokinazy vy-
tvéraju aj interferon (Klen et al., 1987, Barret, 1988).

Lyzozym je hlavnym predstavitelom neSpecifickych ochrannych latok, spdso-
buje bakteriolyzu G* a niektorych G baktérii (E. coli, Salmonella). V zrelom mlie-
ku sa nachddza priemerne 39 mg/100 ml — o dva poriadky viac ako v kravskom
mlieku.

Dal3im ne$pecifickym ochrannym faktorom je laktoferin a transferin. Laktoferin
je zvlast u¢inny proti G- mikroorganizmom (E. coli), jeho hladina je 100-200 mg
na 100 ml, transferinu 5 mg/100 ml (K len et al., 1987).

Laktoperoxidazovy systém (LS) pozostavajici z laktoperoxidazy, tiokyanatu
a H,0, je u¢inny na G* aj G~ baktérie (Pseudomonas, Salmonella typhimurium,
Klebsiella aerogenes). Zvlastne postavenie v ochrannom systéme dojéiat ma tzv.
bifidus faktor (Bifidobacterium bifidus) determinujiici mikrobialne osidlenie ¢reva
(anti G7), chemicky identifikovany ako N-substituovany glukézamin. Pri negativ-
nom pdsobeni troch faktorov ovplyviiujicich rovnovéhu &revnej mikrofléry (vyzi-
va, lieky, stres) moZe tento faktor vyvézit' neZiaduci stav organizmu (Hoover,
1993). Bifidobaktérie sa podielaji na traveni, ochrannej imunite a inhibicii patogé-
nov (E. coli, Clostridium, Proteus a iné baktérie), ktorych produktom metabolizmu
st neZiaduce latky, ako napr. aminy, indol, H,S alebo fenoly, zapri¢ifiujice intes-
tindlne poruchy (Ishibashi, Shimura, 1993).

Druhovo Specificky interfer6n obsahuje 20 glykoproteinov, ktoré ovplyviiuji re-
zistenciu proti virusovym ochoreniam (Zahradnicky et-al.,1991).

Do skupiny ochrannych latok sa zarad'uje aj konglutinin, properdin, niektoré ne-
nasytené mastné kyseliny, pdsobiace najmé na G* baktérie, ale aj na virusy (herpes
simplex, chripky, virusu japonskej B encefalitidy atd’.) a na prvoky Giardia lam-
bia, Entmoeba histolytica a Trichomonas vaginalis (May , 1988).

Materinské mlieko obsahuje jeden alebo viac komponentov inaktivujicich
HIV-1 virus. Tieto komponenty nie su zatial' identifikované, ale ich fyzikalne
vlastnosti nasved&uju, Ze st pribuzné lipidom (Newburg et al.,1992). Virus HIV
sa prenasa najmi kontaktom ,.cell -to-cell“ v T4 lymfocytoch a mliekom sa prenasa
najmé pri nedostatku antiinfekénych substancii, najma Ig M (Perre et al., 1993;
Buranasin et al., 1993).
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Prakticky dosah antibakteridlneho, antivirusového a antiparazitirneho pdsobe-
nia ochrannych latok pritomnych v materinskom mlieku spo¢iva v jeho vy33ej skla-
dovatel'nosti pri teplote miestnosti (20 £ 2 °C).

Vysledky naSich vlastnych experimentalnych skisenosti z oblasti mikrobiol6gie
materinského mlieka, vykonanych poéas trojmesa¢ného obdobia roku 1994 (celko-
vy po&et, nefermentujiice baktérie, koliformné a G* baktérie, kvasinky a plesne pri
réznych podmienkach a dynamika rastu E. coli, S. aureus a S. epidermidis umelo
kontaminovaného mlieka) budi uverejnené v samostatnom prispevku.

Pritomnost’ mikroorganizmov

Mikroorganizmy pritomné v materinskom mlieku si zastipené psychrofilnymi
aj mezofilnymi baktériami. Z mezofilnych bol najéastejsie izolovany Staphylococ-
cus epidermidis (47,4 %), E. coli (21 %), Enterobacter sp. (7,4 %), z psychrofil-
nych Pseudomonas sp. (3,4 %) a Acinetobacter (11,9 %) (Blahutova, 1991),
Klebsiella, Flavobacterium, Moraxella, Serratia; okrem nich boli v mlieku zistené
aj Mycobacterium tuberculosis, M. leprae, Salmonella sp. (A1 Mafadsa et al.,
1993). Ako uvadzaji Ajusi et al. (1989), neo3etrené odstredené mlieko 30 laktu-
jucich Zien obsahovalo baktérie normalnej koznej flory, Staphylococcus albus
(76,3 %), Streptococcus viridans (40 %), fakultativne patogény — E. coli (26 %),
Enterococcus faecalis (13,6 %) a patogénny Staphylococcus aureus (6,7 %).

Z virusov sa vyskytuje cytomegalovirus (May, 1988; Zhang, 1990), herpes
simplex, rotavirusy, virus hepatitidy, oncorna virus typu B, nezanedbatel'né si aj
nélezy virusu HIV-1 v mlieku zatial’ zdravych nosi¢iek (Klen et al.,1987).

Chorobny stav méZe byt zapri¢ineny nielen pdsobenim mikroorganizmov, ale aj
ich toxinmi a enzymami (enterotoxin Staphylococcus aureus, dekarboxylazy
E. coli a Enterococcus faecalis atd’.) (Klen et al., 1987).

Kontaminacia materinského mlieka

Materinské mlieko méZzu kontaminovat’ baktérie, virusy, plesne a kvasinky.
Dvorce i bradavky dojéiacich Zien st kontaminované tieZ mikroflérou ust a nosne;j
dutiny dojéenych deti. Samotné mlieko méZe byt kontaminované infekciou a na-
sledovnym zapalom mlie¢nej Zlazy v dosledku pritomnosti stafylokokov, strepto-
kokov, Coxiella burnetti atd’. Podstatny vplyv na rozsah kontaminédcie ma sposob
a sezénnost’ odberu (odstriekavanie mlieka ruéne, pumpou, &istenie prsnikov).
V st&asnosti existuje vaZne riziko prenosu HIV-1 mliekom infikovanych matiek
(Perre et al., 1993; Dunn et al., 1992), ktoré je v priamej zavislosti od ¢asu
doj¢enia, veku, hmotnosti a pohlavia doj¢at’a, klinickych podmienok atd’.) (Mar-
tino etal.,1992).
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El Mohandes et al. (1993) zistili, Ze naj¢astej$imi mikrobiologickymi konta-
minantami zberového a zmrazeného mlieka je Staphylococcus epidermidis a Aci-
netobacter (89 a 9 %) zo 108 vy3etrovanych vzoriek. Vysledky mikrobiologickych
§tadii v mlieénych bankach poukazuji na vyskyt kvasiniek Candida albicans (kan-
didéza), prenosnej z dojéat’a na matku. Preto sa odpori¢a darcovské mlieko trans-
portovat’ pri 4-8 °C a uskladiiovat’ pri =20 °C (Blaschke-Hellmensen etal.,
1991).

Na mikrobiologické osidlenie mlieka ma vplyv aj pritomnost’ cudzorodych latok
— liekov (acylpyrin, antibiotik4), socidlnych jedov (alkohol, nikotin, kofein, mor-
fin, a pod.) a ekologickych jedov (insekticidy, pesticidy, PCB a i.) (Martino et
al., 1992).

Dalsou skupinou st tazké kovy (Pb, Cd, Hg) ako zavaZné rizikové faktory v doj-
Ceneckej vyZive. Okrem vymenovanych zdkladnych typov kontamindcie cudzoro-
dymi latkami moZno spomenut’ umeld kontamindciu materinského mlieka, &iZe
riedenie mlieka vodou, prip. mliekom inych Zivoéisnych druhov, &o méZe mat za
nasledok mikrobiologicku alebo chemicku kontaminaciu (Klen et al., 1987).

Zmeny mlieka tepelnym o3etrenim a skladovanim

Kontaminujice mikroorganizmy v mlieku méZu byt' odstranené pasterizaciou.
Tak napr. streptokoky skupiny B, stafylokoky, Mycobacterium tuberculosis, Coxi-
ella burnetti, virus Q hori¢ky, rubeoly, herpes simplex, HIV-1 a cytomegalovirus
moéZu byt inaktivované pri 62,5 °C/30 min, virus hepatitidy B varom a pasteri-
zaciou sa dekontaminuju aj parazity (May, 1988). Ako uvddza Blahutova
(1991), pasterizaciu pri 63 °C/30 min preZival v 68,4 % skiimanych vzoriek mlieka
Staphylococcus epidermidis, v 8,5 % Escherichia coli, v 6,7 % viridujice strepto-
koky, v 5 % Enterococcus faecalis, v 3,9 % sporuléty a v 0,5 % Enterobacter.

Inym, netradi¢énym spdésobom je pouZitie mikrovinového ohrevu, ktory je G¢in-
nejsi ako dlhodobé pasterizacia (Sigman et al., 1989).

Konzervacia materinského mlieka sa vykondva fyzikilne, a to hypotermicky
(nad 0 °C tekuté) a kryotermicky pri —22 °C, kedy je zabrzdené pomnoZovanie
baktérii, kvasiniek, plesni ¢&innost’ lipaz.

Stiadiom termického uginku pasterizacie materinského mlieka sa zaoberali via-
ceri autori. Goldberg (cit. Klen et al.,1987) uvadza, Ze teplota 62,5 °C/20 min
pOsobi letdlne na termolabilné mikroorganizmy v pripade, Ze ich koncentracia
v mlieku nepresahuje 10% KTJ/ml (pre stafylokoky len 10°KTJ /ml).

Boli tieZ robené pokusy s materinskym mliekom umelo kontaminovanym Salmo-
nella typhimurium, Staphylococcus aureus, Streptococcus haemolyticus, Pseudo-
monas aeruginosa a polyrezistentnym kmeiiom E. coli v denzitach nepresahujicich
10° KTJ/ml. Po 30-minatovej pasterizacii a dvojmesaénom skladovani pri =20 °C

233



Potrav. V&dy, 14, 1996 (3) : 229-237

bolo mlieko dekontaminované. Skladovanim pri 4 °C sa poéty uvedenych mikroor-
ganizmov signifikantne nezvysili. Ak v3ak bolo mlieko uskladnené pri 6-8 °C, bolo
zistené postupné zvy3ovanie poétu mikroorganizmov, ktoré sa prispdsobili nizkym
teplotdm. Naproti tomu v pasterizovanom mlieku bolp mnoZenie mikroorganizmov
rychlejsie.

Selektivne pdsobenie chladenia sa zvy&ajne prejavilo zvySenim poétu nefermen-
tujucich G™ mikroorganizmov, ako je Pseudomonas, Alcaligenes a skupiny coli-
aerogenes, znehodnocujicich akost’ mlieka. Pri porovnani u¢inku zmrazenia sa
javil Achromobacter odolnejsi ako pseudomonady. Po dvoch tyZdiioch skladovania
pri -16 °C klesol poet S. aureus o 1,6 %, E. coli 0 9,7 %, Streptococcus agalactiae
0 12 % a pocet ostatnych streptokokov sa zniZil o 30,8 %. Po 14 diioch do3lo k opi-
tovnému poklesu o 5 aZ 20 %. Naproti tomu bol toxin Clostridium botulinum pro-
dukovany nielen v chladenom, ale i v mrazenom mlieku.

Deodar a Joshi (1991) testovali 65 vzoriek materinského mlieka pre mlie¢-
nu banku. Po zahriati na 100 °C Ziadna vzorka neobsahovala mikroorganizmy, za-
tial' o po zmrazeni vzoriek (5 dni/~20 °C) bol zaznamenany pokles poétu KTJ/ml
vo v3etkych vzorkach a Ziadna z nich nebola pozitivna na cytomegalovirus. Virus
herpes simplex nebol v materinskom mlieku zisteny po 10 diioch skladovania pri
-15 °C. Bolo preukazané, Ze pasterizacia inaktivuje cytomegalovirus a Ze v ne-
oSetrenom mlieku skladovanom pri 4 °C prezival 1 tyZdeini (Klen et al., 1987).

Perspektivnou metédou prevencie vertikdlneho prenosu virusu HTLV (lymphot-
ropic T onkovirus spdsobujici leukémiu) z matky na dieta sa ukazuje tzv. frozen-
and-thawed breast milk (zmrazenie a nasledovné rozmrazenie mlieka). Medzi
doj¢atami, ktorym davkovali takto upravené mlieko, nevyskytla sa Ziadna infekcia
virusom HTLV (Ando etal., 1989).

Dilema, ¢i materinské mlieko treba tepelne o3etrovat’ alebo nie, zostane pravde-
podobne nad’alej nevyrieSend, nakol'ko spolu s neZiadiicimi mikroorganizmami sa
nativne mlieko zbavuje termoinaktivaciou aj vyznamnych a nevyhnutnych vyzivo-
vych a imunitnych vlastnosti.

Mikrobiologické limity

Ked’Ze surové materinské mlieko ako hlavna zlozka vyZivy je ¢asto zodpovedné
za ochorenie doj¢ata, je dominantnou tilohou aj legislativne zabezpetenie poZiada-
viek jeho primeranej akosti (Voirin et al., 1990).

Pravdepodobne prvym vedeckym podkladom pre legislativne zakotvenie mikro-
biologickych poZiadaviek bola praca Wilimsona z roku 1978 (cit. Klen et al.,
1987), ktora uréila nasledovné podmienky bezpeného spdsobu vyZivy aj u novo-
rodencov hospitalizovanych na oddeleniach intenzivnej starostlivosti:

— celkovy pocet mikroorganizmov menej ako 2,5. 10° KTJ/ml,
— pocet Staphylococcus aureus menej ako 1.10% KTJ/ml,
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— nepritomnost’ Enterococcus faecalis, ani baktérii z Eelade Enterobacteriaceae

v 1 ml mlieka, '

— nepritomnost’ podmienene patogénnych mikroorganizmov,
— pocet a hemolytickych streptokokov mensi ako pocet Staphylococcus epidermi-
dis.

Medzi zastancov pouZivania neoSetreného materinského mlieka patria hlavne
Skandinavske krajiny, kde sa realizuje zber na vysokej profesionélnej iirovni. Do-
teraz nezodpovedana je aj otazka, ¢i je patogenita mikroorganizmov matky pre jej
vlastné dieta rovnaka ako pre cudzie (Barret, 1988).

Vysledky mikrobiologickych vy3etreni roznych autorov sa navzdjom odliSuju.
V nasich podmienkach sa akost materinského mlieka hodnoti podl'a CSN 57 0101
(1963) a Smemice pre mikrobiologické vySetrovanie poZivatin (1992). Uvedené
normy hodnotia tieZ akost’ vyrobkov uréenych pre vyZivu novorodencov a vycha-
dza sa z nich aj pri hodnoteni materinského mlieka, ako aj dojéeneckej a detske;j
vyZivy na baze mlieka.

Z uvedeného literarneho prehladu vyplyva, Ze problematika mikrobiolégie ma-
terinského mlieka je stale vysoko aktudlna, a preto ma velky vyznam v jej vyskume
nad’alej pokracovat'.
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More recent aspects of microbiological quality evaluation
of maternal milk

The paper gives literary survey of newer knowledge from the field of microbiol-
ogy of maternal milk in abroad and our country. Significance of monitoring of this
territory actual situation is accented from the point of health, nutritional, techno-
logical and preventive view.
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