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FOOD QUALITY AND ITS ASSESSMENT
IN THE EDUCATION OF FOOD SCIENTISTS

The quality is defined as the degree, in which the product or the service fulfils
the consumers’ requirements. Food quality becomes more and more important in
the developed industrial societies. The requirements are rapidly growing with the
increasing life standard and cultural level.

In food products, the quality is often reduced to the food safety which is, however,
only a very small part of the quality. The food quality includes, naturally, the
nutritional value, which is the main reason, why food is purchased and consumed.
Other, practical aspects of quality are very important as well, such as the degree
of finalization, packaging, labeling, availability or price.

Psychological, social or philosophical aspects of food quality are often
neglected by food scientists. Among the psychological characteristics, the sensory
value is, without doubt, the most obvious one as all consumers may easily assess
the sensory quality, which is then often the most critical factor in their decision on
future purchase. In addition of laboratory methods of sensory analysis, consumer
studies are usually necessary. Other psychological factors should be considered
as well, mostly of emotional character. Ecological foods (bioproducts) belong to
this group more than to the aspects of safety.

Among the social factors, the social status of food, the servicing, environment,
tradition, examples of socially active citizens, education, advertisement and
similar factors influence the consumers’ requirements and thus the quality.

Personal philosophy of the consumer (or a group of consumers), ethical and
esthetical opinions, taboo, elc., influence his or her requirements and the quality
sometimes more than other factors.

The food quality has thus a very complex character, and therefore, the quality
assessment has a complex, multidisciplinary character as well. The determination
of food safety includes various biological, particularly microbiological methods,
and several instrumental methods. The physiological and histological examination
is often necessary. The determination of rheological and other physical properties
of food products is generally desirable.

The determination of the nutritional value does not mean only the content of
nutrients, but also their availability and interactions. In many cases, experiments
with laboratory animals or epidemiological studies cannot be avoided. Very
complex procedures are necessary for the control of the origin of raw materials,

processing and storage conditions, but they are necessary to control the proper
labeling.
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Psychological methods are rapidly developing, especially methods of the
sensory analysis, but other psychological characteristics should be studied as well.
Sociological methods have to be included in the food quality assessment, often
based on consumer studies.

The quality assessment is very expensive and time consuming, therefore,
chemometrics should be applied as much as possible, especially in the sampling.
Statistical methods may help to reduce cost and to save time on one hand, and to
better utilize the information obtained by the analytical operations on the other
hand.

In the education of food scientists, the above considerations should be taken into
account. The education should not include the training in instrumental and
microbiological methods only. Other biological, enzymic, and physiological
methods are necessary, and psychological and sociological methods are
important, and have to be included in the curriculum. Statistics and chemometrics
are useful sciences for proper education of specialists in quality assessment.

Proper education for food quality assessment is thus multidisciplinary, very
complex and difficult, and long training is necessary. Therefore, it is preferable to
prepare specialized curricula for the quality assessors, and not to combine their
education with that of food technologists, food engineers, veterinary scientists or
agriculturists, who have difficult curricula themselves. The best procedure for
a food quality assessor is to work in a team with food technologists, agriculturists
and veterinary scientisis, sometimes even with psychologists and sociologists, in
order 1o achieve their task in the most satisfactory way.

Jan Pokorny
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DETERMINATION OF CYANOGENIC GLYCOSIDES OF CASSAVA
(MANIHOT ESCULENTA CRANTZ) AND CASSAVA PRODUCTS

Marek DOLEZAL, Sakiru A. FATAIL Michal VOLDRICH', Jan VELISEK

Institute of Chemical Technology — Department of Food Chemistry and Analysis
and ! Department of Food Preservation and Meat Technology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

Hydrogen cyanide, both glycoside bound and non-glycosidic cyanide, in
fresh cassava tissues and in processed cassava products employing a spectro-
photometric (pyridine/barbituric acid reagent) and electrochemical method
which uses a cyanide selective electrode has been determined. Results
obtained by these two methods were essentially similar. Statistically
significant higher values for fresh cassava samples and non-glycosidically
bound cyanide were obtained by the electrochemical method. The accuracy
of the methods differed only in the case of one fresh cassava sample. Both
methods have shown that they are relatively simple, rapid, precise and
capable of determining cyanide levels down to a level of about 1 mg per kg
in either fresh cassava or processed cassava products.

cassava or manioc (Manihot esculenta Crantz); gari; cyanogenic glycosides;
cyanogens; linamarin; hydrogen cyanide; analysis

Cyanogens occurring as secondary metabolites in plants consumed by humans
and domestic animals are usually PB-glycosides of 2-hydroxynitriles, called
cyanogenic glycosides (Conn, 1980; Tewe, I'yay i, 1989). More than 100
plant families have been shown to contain these substances and more than 20
cyanogenic glycosides have been reported in economically important higher plants
in Rosaceae (primarily fruit kernels of the genus Prunus, Cydonia, Sorbus and
Malus), Viciaceae (Leguminosae; Phaseolus), Euphorbiaceae (Manihot),
Caprifoliaceae (Sambucus), Linaceae (Linum) and Poaceae (Graminae; Sorghum).

Cyanogenic glycosides readily undergo enzymatic hydrolysis by means of
specific B-glucosidases (B-D-glucoside glucohydrolases, EC 3.2.1.21), which split
off the sugar moiety of the glycoside. The resulting cyanohydrin dissociates by the
action of hydroxynitrile lyase (EC4.1.2.11) or spontaneously to the parent carbonyl
compound and hydrogen cyanide.
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The cassava or manioc plant (Manihot esculenta Crantz) is widely distributed in
the tropics where its tubers have achieved considerable importance as a source of
industrial and dietary saccharides for some 200 - 300 million people. Generally,
sweet and bitter varieties of the plant are distinguished on the basis of a low and
high level of cyanogens concentrated especially in the peel. The amount of
cyanogens (expressed as hydrogen cyanide) generally ranges from 30 to 100 mg
per kg while that of cassava peel often exceeds 2,500 mg per kg (W o o d, 1966).
The popular cassava product gari contained hydrogen cyanide at a level of 13 - 62
mg per kg Ikediobi etal., 1980). The minimum lethal dose of hydrogen
cyanide taken orally by man is of the order of 0.5 - 3.5 mg per kg body weight.
Occassionally, sufficient quantities of cyanogenic foods are consumed to cause
fatal poisoning in humans. Chronic intoxications resulting in tropical ataxic
neuropathy and enlargement of the thyroid gland (endemic goitre) due to the
formation of thiocyanate (rhodanide) ions from cyanides by thiosulphate: cyanide
sulphurtransferase, (rhodanase, EC 2.8.1.1) are very common. Precautions must
be therefore taken to limit the levels of hydrogen cyanide in cassava and cassava
products such as gari (a traditional food made of peeled cassava tubers which are
grated, fermented, lightly fried and sometimes with the addition of a little palm
oil), fuku and fufu in Africa, penjeum in Indonesia, farinha de mandioca in South
America, etc.

The measurement of cyanide levels is of great importance to the plant breeders
interested in breeding low cyanide cultivars, food technologists developing
processing methods producing edible cassava products and toxicologists assessing
the extent of cassava and cassava product toxicity.

A number of indirect and direct methods, varying in specificity, sensitivity and
other attributes, are available for the determination of cyanogenic glycosides in
plant tissues and some of these methods have been used for the analysis of cassava
and cassava products. Most are based on the estimation of cyanide liberated by
acid hydrolysis (Bradbury et al, 1991) or using endogenous (native)
B-glucosidase linamarase in fresh cassava or exogenous enzyme in processed
cassava products (bitter almond B-glucosidase is inactive). The liberated cyanide
is separated by steam distillation or aspiration and determined
spectrophotometrically (W oo d, 1965; Esquivel,Maravalhas, 1973;
Cooke, 1978, Ikediobi etal,1980; Nambisan,Sundaresan,
1984) or electrochemically using ion-selective electrodes or enzyme electrodes
(Blaedel etal., 1971; Voldrfich etal., 1990; Rashed et al., 1991).
Gas-liquid chromatography (N artey, 1968) and especially high-performance
liquid chromatography using reversed-phase technique and amperometric
detection of cyanides liberated with immobilized linamarase takes advantages of
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the selectivity provided by liquid chromatography and sensitivity provided by an
amperometric measurement (Dalgaard, Brimer, 1984; Brimer,
Dalgaard, 1984).

The present paper deals with the development of two simple, rapid and sensitive
methods, i.e. a spectrophotometric method using pyridine/barbituric acid reagent
and an electrochemical method employing a cyanide-selective electrode, which
would be suitable for the indirect evaluation of both glycosidic and
non-glycosidic cyanide in cassava as well as in cassava products. The aim of this
work was to simplify the already available methods and to compare the obtained
results statistically.

MATERIAL and METHODS

Material and chemicals — Fresh cassava tubers (obtained one week after
harvest) and cassava flour gari were bought at a local market in Lagos, Nigeria and
kindly supplied by the Nigerian Embassy in Prague, Czech Republic. Linamarin
(Sigma Chemical Co., USA), pyridine (Loba Chemie, Austria), barbituric acid,
potassium cyanide and all the other chemicals (Lachema, Czech Republic) were
commercial products.

Enzyme preparation — Partially purified linamarase was prepared from the
peel of cassava tuber according to the method described by Co ok e etal. (1978)
as simplified by Nambisan and Sundaresan (1984). The obtained
solution was stored at 4 °C in a refrigerator. Its activity was determined by adding
different amounts (0.05 - 0.4 ml) of the enzyme preparation to 1 ml of phosphate
buffers of different pH value (ranging from pH 5.5 to 6.5). The mixture was
incubated for 15 min at 25 °C, 30 °C or 35 °C, the reaction was stopped by the
addition of 1 ml sodium hydroxide solution (¢ = 0.2 mole/dm®) and neutralized
with hydrochloric acid (¢ = 0.2 mole/dm®). The released hydrogen cyanide was
determined spectrophotometrically. The minimum amount of enzyme required for
complete recovery of linamarin as cyanide was 0.1 ml (0.4 ml of this preparation
were used in all experiments), incubation time of 15 min at 30 °C was sufficient
for complete reaction.

Apparatus — Spectrophotometric measurements were performed on a Unicam
SP 1800 spectrophotometer (Pye Unicam, Great Britain), electrochemical
measurements were performed using a selective cyanide electrode Selectrode
F1042CN and a pH meter TTT2 (Radiometer, Denmark).

Extraction of cyanogenic glycosides from samples — Cassava root or gari
samples (10 g) were homogenized in 30 ml of boiling 80% (v/v) ethanol, the
resulting suspension was centrifuged, the supernatant transfered to a 100ml
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volumetric flask and the solid residue extracted twice more with ethanol. The
combined extracts were cooled to a room temperature and the flask was filled up
using the same solvent. Aliquots of 0.5 to 2 ml were evaporated to dryness under
reduced pressure. The residue was dissolved in 1 ml phosphate buffer (pH 6) and
used for the determination of cyanogenic glycosides.

Spectrophotometric determination of cyanides — For the determination of
the total cyanide content, 1 ml of a linamarin standard solution, or 1 ml of extracted
cassava (gari) glycosides dissolved in phosphate buffer of pH 6 (see above), or
1 ml of these glycosides fortified with linamarin in a 25 ml volumetric flask was
incubated with 0.4 ml of linamarase preparation for 15 min at 30 °C. At the end of
the incubation period, 1 ml of sodium hydroxide (¢ = 0.2 mole/dm®) was added
followed by 1 ml hydrochloric acid (¢ = 0.2 mole/dm?). After the addition of 1 ml
of chloramine B solution (1%, w/w) and standing for 1 min, 3 ml of the
pyridine/barbituric acid reagent (3 g of barbituric acid were dissolved in 30 ml of
pyridine and 3 ml of concentrated hydrochloric acid and adjusted to 100 ml) and
water up to 25 ml were added. The absorbancy of the solution was measured after
10 min of standing at 570 nm against water. The same procedure (the same amount
of water was used instead of the enzyme preparation) was analyzed for the
determination of non-glycosidic cyanide.

The calibration curve was constructed using buffered solutions of potassium
cyanide prepared by dilution of a standard potassium cyanide solution
(c=0.1 mole/dm3).

Electrochemical determination of cyanides — Solutions of linamarin, extracts
of cassava and gari or fortified extracts in phosphate buffer of pH 6 were prepared
according to the already described procedures. After the addition of sodium
hydroxide and hydrochloric acid (see above) at the end of the incubation period,
30 ml of sodium hydroxide and 10 ml of phosphate buffer were added, the volume
was adjusted to 50 ml and the content of cyanides was measured using cyanide
selective electrode.

The calibration curve was constructed using buffered solutions of potassium
cyanide prepared by dilution of a standard potassium cyanide solution.

RESULTS and DISCUSSION

Spectrophotometric and electrochemical methods which have been employed
for the evaluation of cyanogens in plant tissues by other authors differ individually
in many aspects such as the means of the endogenous B-glycosidase inactivation,
hydrolysis of cyanogenic glycosides, isolation of the released cyanide, use of
different reagents for the spectrophotometric determination of hydrogen cyanide,
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etc. They further differ in their speed, reproducibility and sensitivity. We have
modified and simplified these procedures using partially purified linamarase (with
much quicker preparation of the enzyme and relatively quick determination of
glycosidic cyanide in comparison with measurements using purified enzyme;
Cooke etal., 1978). The use of boiling ethanol inactivating the endogenous
linamarase enabled the simultaneous determination of non-glycosidic cyanide. The
extract was also suitable for both the spectrophotometric and the electrochemical
determination and both the total (bound) and the free cyanide. Both these methods
proved to be sensitive enough to allow the determination of cyanogens (cyanide)
in cassava as well as in cassava products such as gari, i.e. in samples which differed
in their cyanide content about ten times.

L. Cyanide content of peeled cassava tuber

Spectrophotometric method | Electrochemical method
Analysis No.
A B C A B C

1 49.8 28.9 24.8 52.4 29.8 26.6

2 50.5 29.2 248 50.3 28.7 25.5

3 49.8 28.6 25.4 50.3 29.2 26.6

4 50.5 28.6 24.8 524 29.2 26.6

5 50.5 289 254 52.4 28.7 25.5

Average [mg.kg™'] 502 | 288 | 250 [ 515 [ 291 | 261
Standard deviation [mg.kg™] 0.26 0.27 025 | 0.88 0.50 0.44
Coefficient of variance [%] 0.51 0.90 0.99 1.70 1.71 1.68

A = outer layer (0-5 mm), B = central layer (5-10 mm), C = inner layer ( 15 mm)

The results obtained analyzing cyanogens in three parallel series of cassava
samples (five samples each) are presented in Table I. The non-glycosidic cyanide
of cassava root represented less than 1 % of the total cyanide. The amount of gari
cyanide both glycoside bound and non-glycosidic cyanide is summarized in
Table II.

The absorbance of the characteristic reddish-violet colour produced with the
pyridine/barbituric acid reagent was reasonably stable and could be read with no
loss of accuracy even after several hours of storage at room temperature. The results
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II. Cyanide content of gari

] Spectrophotometric method Electrochemical method
Analysis No.
Glycoside-bound | Non-glycosidic | Glycoside-bound | Non-glycosidic
1 1.95 1.36 1.86 1.36
2 1.98 1.36 , o 1.89 1.48
3 1.96 1.45 " 1.88 1.42
4 1.94 1.42 - 1.88 1.36
5 1.96 1.39 1.82 1.42
Avcrage 1.96 140 1.87 1.41
[mg.kg"]
Standard deviation) 55 0.038 0.028 " 0051
[mg.kg™]
Shefticicnt 0.868 2.720 1.500 3
of variance [%] ’ ’ : ’

of sensitivity tests indicated that this spectrophotometric method was capable of
determining cyanide down to a concentration of about 0.01 mg/ml, which corresponds
to the cyanide level of cassava or cassava products down to about 1 mg/kg.
Approximately the same sensitivity was observed in the electrochemical method
employing cyanide selective electrode. The advantage of the latter method was
a relatively quicker measurement of cyanide level.

In cassava samples A and C (the cyanide content) and in gari (the glycoside
bound cyanide) the electrochemical method produced statistically sngmﬁcamly
higher values (P = 95 %) compared with the values obtained for the materialsusing
the spectrophotometric method. On the other hand, there was a good agreement
between the results obtained for fresh cassava sample B and non-glycosia. ally
bound cyanide of gari between the two methods (7 -test).

The data in Tables I and II demonstrate that the two methods have essenually
the same precision as indicated by the coefficient of variance. Comparison of these
two methods on the probability level of P = 95 % showed that their accuracies
differed only in the case of cassava A sample analysis.

The limitation of these two comparable methods lies however in the fact that they
both measure the total cyanogens level, the sum of linamarin and lotaustralin content.
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M. DoleZal, Sakiru A. Fatai, M. Voldrich, J. Velisek (Vysokd skola

chemicko-technologickd — Ustav chemie a analyzy potravin a Ustav konzervace
potravin a technologie masa, Praha)

Stanoveni kyanogennich glykosidu kassavy (Manihot esculenta Crantz)
a vyrobku z kassavy

Pro stanoveni kyanovodiku vazaného v glykosidech a kyanovodiku pfitomného
v jinych formdch v kassavé a ve vyrobcich z kassavy byla vypracovana a ovéfena
spektrofotometrickd metoda (€inidlo pyridin/barbiturova kyselina) a elektrochemicka
metoda (selektivni kyanidovd elektroda). Vysledky ziskané ob&éma metodami byly
velmi podobné. Statisticky vyznamné& vy33i hodnoty pro kyanidy u Cerstvych hliz
kassavy a pro neglykosidové kyanidy byly ziskdny elektrochemickou metodou.
Presnost obou metod se liSila pouze v jednom pfipadé analyzy Cerstvého vzorku
kassavy. Obé& metody se ukdzaly byt relativné jednoduché, rychlé, presné aumoZiiovaly
stanoveni kyanidi pfitomnych v mnoZstvi asi 1 mg/kg jak v enzymové aktivnich
Cerstvyvh vzorcich, tak i v enzymoveé inaktivnich vyrobcich z kassavy.

kassava; maniok (Manihot esculenta Crantz), gari; kyanogenni glykosidy; kyanogeny;
linamarin; kyanovodik; analyza
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GEOMETRICAL ISOMERIZATION OF DOUBLE BONDS
OF FATTY ACID METHYLESTERS

Vladimir FILIP

Institute of Chemical Technology — Department of Milk and F. at Technology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

The geometrical isomerization of double bonds of methyloleate and
methyllinoleate was realized with p-toluenesulphinic acid as a catalyst
to the conversion grade 78-81 %. The presence of volatile products of
fatty acid methylesters which inhibit an isomerization catalyst played
a substantial role. The positional isomerization did not take place.
Trans-isomers of fatty acid methylesters were isolated by a crystallization
from acetone from the reaction mixture: concentration of methylesters 5-7 %
w/w, trans-9-octadecenoate at -30 °C, the mixture 9-trans-12-trans isomer and
9-trans-12-cis-octadecadieonate at -60 °C, fractions containing especially
cis-9 trans-12-octadecadienate at -72 °C. Sulphur compounds were not
proved in methylelaidate after the double fractional crystallization and
rectification. Whereas isomers of 9,12-octadecadienoic acid methylesters
contained sulphur at the level 60-1400 ppm. It was not possible to exclude
the interaction of substrate-catalyst at the application of p-toluenesulphinic
acid.

geometrical isomerization; linoleic acid; octadecadienoic acid isomers;
octadecenoic acid isomers; oleic acid; positional isomerisation; p-toluene-
sulphinic acid

Configuration of double bonds in fatty acids occurring in nature is usually cis,
exceptions are represented partly by fatty acids of animal (W o od, 1983) or
microbiological (O kuy ama etal., 1991) origin when hydrogenated reactions
are realized in a macro- and/or microorganism. Isomeric reactions accompanying
hydrogen addition upon the double bond in configuration cis at partial catalytic

*  The work was carried out at the Department of Technical Chemistry and Petrolchemistry

at RWTH Aachen
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hydrogenation of oils and fats (P a t t e r s o n, 1983) represent the most frequent
case of the origin of fatty acid double bonds with configuration trans. It is always
parallelly realized addition, geometrical and positional isomerization of double
bonds (van der Plank, 1971). Methylstearate and the mixture of cis and
trans isomers of octadecenoic acid methylesters in positions 7, 8, 9, 10, 11 as
a minimum, which can be characterized by a certain distribution, is a result of
partial catalytic hydrogenation e.g. methyloleate, i.e. 9-cis octadecenoic acid
methylester.

The cis-trans isomerization of double bonds is a reversible process, in which the
double bond in position cis is energetically richer. The equilibrium of cis-trans
isomerization of double bonds is shifted to the benefit of the trans-isomer 75 trans :
:25cis (Lichtfield etal., 1963),uptodate80:20 (Snyder,Schol-
field, 1982) and is stated as an equilibrium value. Geometrical and
simultaneously also positional isomerization undergoes catalysis with strong acids
(an ionic mechanism), a catalytic effect of free radicals. Geometrical isomerization
is preferred at the catalytic effect of free radicals Johnson,Pryde, 1983).
Selenium powder (Lichtfield etal., 1963) and nitrousacid (Licht-
field etal,1965;Grandgirard etal, 1987) have been used for cis-trans
isomerization from the formerly suggested and still used catalyst up to the present
day. A great disadvantage of these catalysts consists in their partial interaction with
substrate, the product of isomerization cannot be used e.g. for the studying of
hydrogenation, and partial positional isomerization takes place (selenium).
Mercaptans or sulphides (K i r ¢ h e r, 1963) belong to further isomeric catalysts.
In this case thiyl radical is an active agent. p-Toluenesulphinic acid suggested for
isomerization of olefins(Gibson,Strassburger, 1976) and also used for
isomerization of unsaturated fatty acidesters(Snyder,Scholfield, 1982)
represents a modern catalyst of this type. Due to its instability it is prepared from
the sodium salt and it is expected to decompose itself consequently into the
p-toluenesulphonic acid and the aromatic thiolsulphonate, which apparently
represents the catalyst itself:

3 ArSO,H— ArSO,H + ArSO,SAr + H,0

The authors say that the catalyst is suitable especially for the preparation of
isomers of polyunsaturated fatty acids because these isomers do not contain any
products of interaction of fatty acids with catalyst, and positional isomerization is
not realized. The published data do not state, however, quantification of the
substrate-catalyst reactivity and of the purity of isomerization products.

The second approach to the preparation of fatty acid isomers is represented by
selective addition of halogen with its consequent elimination when the double bond
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ina trans position originates selectively. It is possible to presume the presence of
the reactant in the product in these cases.

In this paper the following is described: the preparation of trans isomers of
cis-9-octadecenoic acid and cis-9,cis-12-octadecadienic acid of a high purity grade
with the aim of further use of the isomers prepared in this way for study of their
catalytic hydrogenation, and/or analytical purposes. The problem of substrate-
-catalyst interaction is discussed.

MATERIAL and METHODS

Sodium salt of p-toluenesulphinic acid, 97 % (Fluka Chemie AG, Buchs). Initial
raw material: technical oleic acid (78.8 %) and technical linoleic acid (63.7 %)
underwent fractional crystallization from acetone (Fig.1) (concentration about 7 %
w/w). In both cases saturated fatty acids were separated at the temperature of -20 °C

Fractional crystallization of technical oleic and linoleic acids from acetone

'

Extraction esterificaton with methanol

|

Vacuum rectification of methylesters
— separation of volatile products and free fatty acids

!

cis-trans isomerization in dioxane
— catalyst: p-toluenesulfinic acid

l

Separation of dioxane and catalyst

Fractional crystallization of trans-isomers from acetone

4

Vacuum rectification of product

1. The preparation of geometrical isomers of fatty acid methylesters
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to -25 °C. Oleic acid was obtained at the temperature of -40 °C and recrystallized
at the temperature of -50 °C (purity 97.79 %) Linoleic acid was obtained by
crystallization at the temperature of -60 °C after separation of saturated fatty acids
and oleic acid (Brown, Kolb, 1955) - purity 83.05 %. Fatty acid were
transferred to methylesters by extraction esterification and vacuum rectified to
remove volatile products.

Isomerization of methylesters (S nyder, 1982) was carried out in dioxane
(3 ml solvent per 1 g ester). The catalyst — p-toluenesulphinic acid — was prepared
from its sodium salt closely before isomerization, catalyst amount 0.11 mole per
mole of methyloleate; isomerization time at the boiling point of dioxane 30
minutes. A double amount of the catalyst was used for isomerization of
methyllinoleate. The solvent was distilled off; the catalyst was repeatedly extracted
with a water solution NaHCO,.

Methylelaidate was separated from methyloleate by the repeated crystallization
from acetone at the temperature of -30 °C, isomers of octadecadienoic acid
methylesters were obtained in two fractions by acetone crystallization at the
temperatures of -60 °C and -72 °C after preceding separation of isomers of
octadecenoic acid methylesters. The products of crystallization were vacuum
rectified.

The composition of single isomer methylesters was analysed by a GLC method
(Scholfield, 1981) on the capillary column Chrompack CP-Sil-88, 50 m,
355 K isotherm, carrier gas He 0.5 ml/min, FID detector (Fig. 2). The position of
double bonds was observed by means of ester ozonolysis(van der Plank,
1972). The aldehyde and aldehydic ester mixture obtained by the reduction
splitting of ozonides was divided by a GLC method on the capillary column
Hewlett-Packard SE 54-HP-FS, 50 m, carrier gas N2 1 ml per min, temperature
programme 5 min 325 K isotherm, 5 K per min up 525 K, FID detector. The total
sulphur content (Abraham,deM an, 1987) after the conversion to sulphates
was determined with isotachophoretic method (Zelensk y etal., 1984).

RESULTS and DISCUSSION

p-Toluenesulphinic acid was used as a modern catalyst for the cis-trans iso-
merization of double bonds of fatty acid methylesters with the aim to reach a high
conversion grade of isomerization and to exclude the potential interaction of
catalyst versus substrate. The catalyst in question is unstable as an acid and has to
be prepared from a sodium salt closely before the application. The absence of
water and volatile products of fatty acid methylesters is a condition for the
attainment of an equilibrium state. These volatile products originating in the course
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of preparation were not quantified but results describing the influence of their
separation to the obtained conversion grade are given (Table I). Volatile products
were separated by rectification under Ar atmosphere as the first distillate of
yellowish shade.

I. Influence of the substrate purity to the obtained conversion grade of cis-trans isome-
rization (C)

Substrate Way of substrate purification | Water concentration [%] C [%]
distillation 0.07 68.5
Methyl oleate distillation 0.02 76.4
rectification 0.02 80.6
Methyl linoleate distillation 0.02 44.5-63.0
rectification 0.02 75.0-78.5

The conversion grade over 80 % was reached at the isomerization of
methyloleate, hence it is more than the references say for the catalysts of the Se or
nitrous acidtype (Lichtfield etal., 1963, 1965) and the conversion grade is
comparable as it is published for the same catalyst (Snyder et al., 1982;

IL. Content (% w/w) and distribution of double bonds (%) of 9-octadecenoic acid methylesters
(FAME) before (substrate) and after (product) isomerization

FAME Substrate Product
cis-Cyg.q 97.79 0.44
trans-Cig.q 0.29 95.50
Cis:2 - -
nc
6 . .
7 " :
8 0.45 -
9 99.17 99.90
10 0.07 -
11 0.24 0.10
12 0.07 -
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Gibson etal, 1976). The reached conversion grade, related to what has been
stated of the influence of volatile products, cannot be considered as a datum
describing the equilibrium state of isomerization. It is in discrepancy with the
formely published data on the trans-cis equilibrium 75 : 25 (Lichtfield et
al., 1963, 1965). The real value is rather near to the ratio 80 : 20. Within the
experimental error both substrates were proved not to undergo positional
isomerization (Table IT). Methylelaidate obtained by fractional crystallization from
acetone and then purified by rectification was a colourless liquid. The total sulphur
concentration before and after isomerization is the same (Table III). The
methylelaidate obtained in a described way does not apparently contain further
sulphur compounds.

I11. The total sulphur content in methylesters before and after cis-trans isomerization

Ester S [ppm]
Methyl oleate 33.9
Methyl elaidate 339
Methyl linoleate 20.8
Product of isomerization 1. fraction 58.6
2. fraction 1400

With regard to the lower purity of the original methyllinoleate (83.0 %) the
product of isomerization also contained methylelaidate, which was separated by
fractional crystallization (Table IV). Isomers of 9,12-octadecadienoic acid
methylesters were separated in two fractions. The mutual relationship of
trans9,trans12-; trans9,cis12- and cis9,trans12-isomers 3.4 : 1 : 1 results from the
composition of reaction mixture. The mutual proportion of individual isomers in
the first and second fractions points to very close solubility of trans9,trans12- and
trans9,cis12-isomers. It is not possible to separate both isomers either by the stated
technique, or by consequent crystallization and to obtain total trans-isomer of
a higher purity in this way. On the other hand, cis9,trans12-isomer shows features
similar to the original isomer in total cis configuration in view of solubility. The
content of sulphur in isomers of octadecenoic acid methylesters is 3-70 times
higher compared with the original substrate in contrast to methylelaidate (Table
I1I). This fact is also displayed in the colour of these isomers. The second fraction
is already strikingly yellowish and stinks after sulphur compounds. The mutual
interaction catalyst - isomer fatty acid methylesters takes place also in the case of
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IV. Content (% w/w) of isomers of 9-octadecenoic and 9,12-octadecadienoic acid methylesters
(FAME) before (substrate) and after (product) isomerization and purification (1. and 2.fraction)

FAME Substrate Product 1. fraction 2. fraction
trans-Cg,q 0.05 11.85 10.19 1.93
cis-Cig 12.98 3.00 0.35 12.50
2 Ciga 13.03 14.85 10.54 14.43
trans9,trans12-C;g.5 - 51.59 72.78 13.83
cis9,trans12-Cyg., 0.61 13.84 0.35 41.29
trans9,cis12-Cg.» 0.50 14.64 15.82 20.60
cis9,cis12-Cyg.2 83.05 4.14 0.31 8.90
Conjugated Cg.5 0.98 0.48 0.15 0.87
2 Cig2 85.14 84.69 89.41 85.49

isomerization of fatty acid esters with p-toluenesulphinic acid. It is however
possible to separate quantitatively these reaction products of polar character by
fractional crystallization from acetone at the temperature to -30 °C in the case of

76

T L 43 : J__,_

[mir] 20 10 0

2. GLC chromatogram of isomers of linoleic acid methylesters - product of isomerization:
octadecenoic acid methylesters: trans9 (1); trans11 (2); cis9 (3); cis11 (4);

octadecadienoic acid methylesters: trans9trans12 (5); cis9,trans12 (6); trans9,cis12 (7);
cis9,cis12 (8)
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methylelaidate, whereas in crystallization at the temperature of -60 °C crysta-
llization in common with octadecenoic acid methylesters takes place. It is not
possible to separate quantitatively the products of the stated interaction from
fatty acid methylesters even by consequent rectification. The probability of
the origin of fatty acid methylesters containing sulphur increases with the
rising number of double bonds.

The positional isomerization does not take place at the application of the stated
catalyst, it is not however possible to exclude the interaction of the catalyst and
reactant.
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Geometricka isomerizace dvojné vazby methylesterii mastnych kyselin

Modemi katalyzdtor pro geometrickou isomeraci dvojnych vazeb je kyselina p-to-
luensulfinov4, misto tradi¢nich katalyzédtori — praskového Se a kyseliny dusité
(Lichtfield et al., 1963; 1965), navrZend poprvé pro izomeraci olefini
(Gibson, Strassburger, 1976) a pouZitd i pro isomerizaci esteri nena-
sycenych mastnychkyselin(Snyder, Scholfield, 1982). Tato nestild latka se
rozkladé na kyselinu p-toluensulfonovou a aromaticky thiolsulfat, ktery zfejmé predsta-
vuje vlastni katalyzator. Uvadi se, Ze nedochazi k polohové isomeraci, idaje o interakci
katalyzétor - substrat nejsou k dispozici.

Vychozi suroviny — technick4 kyselina olejova a technickd kyselina linolova - byly
podrobeny frakeni krystalizaci z acetonu, ziskané mastné kyseliny o Cistoté 97,79,
resp. 83,05 % byly po prevedeni na metylestery isomerizovany kyselinou p-toluensulfi-
novou v dioxanu. Methylester kyseliny trans-9-oktadecenové a smési methylestert
trans9,trans12- spole¢né s trans9,cis12- a ddle cis9,trans12- kyseliny oktadeka-
dienové byly ziskany krystalizaci z acetonu pfi teploté -30 °C, resp.-60 °C a -72 °C
a nasledné vakuové rektifikovany (obr.1). SloZeni methylesterti jednotlivych isomert
(Schoelfild,1981)bylo zjisfovidno metodou plynové chromatografie na kapildrni
kolon& Chrompack CP-Sil-88 (obr. 2). Poloha dvojnych vazeb byla zjiffovdna
reduk&nim $t€penim ozonidld a ziskand smé&s aldehydid a aldehydesterd byla d&lena
metodou plynové chromatografie na kapildrni koloné Hewlett-Packard SE 54-HP-FS.
Ve vychozich ldtkdch a v produktech izomerace (tab. III) byla stanovena veskera sira
(Abraham,deM an, 1987).

Té&kavé produkty substratu inaktivujici katalyzdtor, musi byt ze smé&si separoviny
(tab. I). Pri isomeraci methyloledtu bylo dosaZeno stupné konverze pies 80 %, tedy
vice jako uvdadi literatura pro katalyzdtory typu Se nebo kyseliny dusité
(Lichtfield etal.1963, 1965) a srovnatelné jako je publikovdno pro pouZity
katalyzator (Snyder etal, 1982;Gibson etal, 1976). V pfipadé isomerace
methyllinoledtu byl dosaZeny stupeii konverze o cca 3 % niz$i. DosaZeny stupefi
konverze neni moZné povaZovat za tdaj popisujici rovnovdZny stav isomerace. Jeho
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redlnd hodnota se bliZi pomé&ru 80 : 20. Pro oba substraty bylo prok4zédno, Ze v rdmci
experimentilni chyby, nedochdzi k polohové isomeraci (tab. I a IV). Methylelaidat
ziskany frakéni krystalizaci z acetonu a purifikovany nasledné rektifikaci byla
bezbarvi kapalina, obsahujici stejné mnoZstvi sirnych slou€enin jako vychozi substrat
(cca 35 ppm S).

Isomery methylesterii kyseliny 9,12-oktadekadienové byly separoviny ve dvou
frakcich. Ze sloZeni reak¢éni smési vyplyva vzijemny pomér isomert trans9,trans12-,
trans9,cis12- a cis9,trans12-3,4 : 1 : 1. Vysledek vzdjemného zastoupeni jednotlivych
isomerd ve frakci 1. a 2. (tab. IV) ukazuje na velmi blizkou rozpustnost isomerd
s konfiguraci dvojné vazby v poloze trans-9. Uvednou technikou neni proto moZné ani
néslednou krystalizaci uvedené isomery oddélit a ziskat tak tplny trans-isomero ve&ts{
Cistot&. Isomer cis9,trans12 vykazuje naproti tomu, z hlediska rozpustnosti, vlastnosti
blizké plivodnimu isomeru v uplné cis konfiguraci. Na rozdil od methylelaidétu,
obsahuji isomerované a pfe¢iiténé methylestery isomeri kyseliny oktadekadienové
3 aZ 70krat vice latek obsahujicich siru neZli vychozi substrat (tab. III). I v pfipadé
isomerace esterii mastnych kyselin kyselinou p-toluensulfinovou, podobné jako pfi
pouZiti Se nebo kyseliny dusité, tedy dochdzi ke vzdjemné interakci katalyzatoru
s methylestery mastnych kyselin. Tyto reak&ni produkty poldrniho charakteru je v¥ak
moZné v pripadé methylelaiddtu kvantitativné odstranit frak&ni krystalizaci z acetonu
pri teplotach do -30 °C, zatimco pri krystalizaci pfi teplotach pod -60 °C jiZ dochézi ke
spolecné krystalizaci s methylestery kyseliny oktadecenové. Ani néslednou rektifikaci
neni moZné produkty uvedené interakce kvantitativn& separovat od metylestert
mastnych kyselin. Pivodni literatura ddaje o interakci katalyzatoru s methylestery
mastnych kyselin neuvddi (Gibson, Strassburger, 1976; Snyder,
Scholfield, 1982).

Pii aplikaci uvedeného katalyzatoru nedochdzi k polohové izomeraci, nelze viak
vyloucit interakci katalyzatoru a reaktantu.

geometrickd isomerizace; kyselina linolové; isomery kyseliny oktadecenové; isomery

kyseliny oktadekadienové; kyselina olejovd; polohovd isomerace; p-toluesulfinova
kyselina
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC
DETERMINATION OF SACCHAROSE AND LACTOSE
IN MILK CHOCOLATE

Jana COPIKOVA, Martina NOVEKOVA, Ladislava SVOBODOVA

Institute of Chemical Technology — Department of Carbohydrate Chemistry
and Technology, Technickd 5, CS-166 28 Praha 6, Czech Republic

The described HPLC system allows simultaneous determination of
saccharose and lactose in milk chocolate products. The carbohydrates are
extracted with water from defatted samples and chromatographed on ion
exchange resin in Pb®* form with deionised water as a mobile phase. The
method is statistically evaluated and compared with the official method which
is based on copper reduction. The estimated HPLC method is an
environmentally non-polluting procedure.

. chrecmatography; milk chocolate; saccharose; lactose

Common methods of saccharose and lactose determination in chocolate is based
on copper reduction and polarimetry (CSN, 1985; Official Methods of Analysis,
1990). These methods are reasonably accurate, but they need extensive sample
preparation, time and skilled analyst. Hurst and Martin (1977, 1980)
developed a new efficient chromatographic method which was later adopted by
the Association of Official Analytical Chemists (Official Methods of Analysis,
1990). The new chromatographic method allows determination of fructose,
glucose, saccharose and lactose. This classical high performance liquid
chromatography (HPLC) method dictates the use of reversed phase column run
with acetonitril (Copik o v 4 etal., 1983). The great disadvantage of common
methods and the chromatographic method mentioned above is the fact that they
are not environmentally non-polluting. The chromatography on ion exchange
resins (Bull, 1990) enables to determinate a wide mixture of carbohydrates
involving the complicated mechanisms of separation. As distilled water or diluted
solutions are the mobile phase, this type of chromatography is a very useful
technique without disadvantages connected with common methods or chromato-
graphy with acetonitril.
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MATERIAL and METHODS

A high pressure liquid chromatograph was equipped with HPP 5001 pump,
refractive index detector RIDK 101, HPLC injection valve LCI 30 with 20 pl loop
(all CTM Praha), integrator Spectra Physics 4100 (USA), and stainless steel
column 250 x 8 mm filled with ion exchange resin Ostion LG KS 0800 in Pb?
form (dp = 6.3 pm, Spolek pro chemickou a hutni vyrobu, Usti n. L.)) working at
85 °C. The mobile phase was degassed deionised water with flow rate 0.5 ml/min.

The content of saccharose and lactose in three representative samples of milk
chocolate was determined by the official method EPSN (1985) and by means of
chromatography. The official CSN method is based on copper reduction before
and after chocolate sample hydrolysis.

The following procedure was chosen for sample preparation before
chromatography: Grated milk chocolate (8 g) was defatted with petroleum ether
(b. p. 40 - 65 °C, 2 x 80 ml) at ambient temperature, the solid was filtered off and
dried. Pulverized sample was then dissolved in water (50 ml) at 40 °C, placed into
100 ml volumetric flask and solutions of Carrez I and Carrez II (0.5 ml of each)
were added. After mixing, 1,2,3-propanetriol (4.0 g) as an internal standard was
added and the volume was made up to the mark with water at 20 °C. The mixed
content of flask was filtered, an aliquot of clear filtrate (25 ml) pipetted into 100ml
volumetric flask and a mix-bed ion exchange resin (1 g, Amberlite MB-3) was
added. After making up to the mark, the solution was passed through membrane
filter (0.45 pm, Synpor) and a clear filtrate was directly used for HPLC.

The chromatograms were evaluated by the method of internal standard. The
concentration of saccharose and lactose in standard solutions can be seen from
Table 1.

RESULTS and DISCUSSION

The results of chromatographic resolution are presented in Table I. The
concentrations of standard solutions were chosen according to the expected content
of saccharose and lactose in chocolate samples. The use of as an internal standard
1,2,3-propanetriol improved the accuracy of chromatographic determination as
resolution of saccharose and lactose (R; = 1.27) was not excellent, nevertheless
sufficient. The column efficiency corresponded to practice.

The results of carbohydrate determination by the official method and HPLC
method are presented in Table II and statistical evaluation of obtained data is in
Tables IITand IV. The statistical evaluation(Felix,Bl14dh a, 1962;Brookes
etal., 1966) was based on the comparison of standard errors of means (S.E.), means
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(cmean) and significance of constants (a) and coefficients () in linear regression
equations :

G o= G F D Cogyy [1]

I. Chromatographic resolution data

Substances I [min] Rg (saccharose/lactose) [1] Rgen [m'l]
Saccharose 10.06 1.27 13,300
Lactose 10.95 13,400
1,2,3-propanetriol 19.84 31,100

[ c, c3 A cs
[_g per 100 ml]
Saccharose 1.00 1.00 1.00 1.00 1.00
Lactose 0.50 0.25 0.20 0.10 0.05
1,2,3-propanetriol 1.00 1.00 1.00 1.00 1.00
Ry
Saccharose 1.65 1.64 1.65 1.63 1.60
Lactose 1.77 1.75 1.75 1.75 1.72
8
=]
3
o

L,
-

L

5 10 tg (min) 1. HPLC chromatogram of sample No. 2
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II. Saccharose and lactose determination in three milk chocolate samples, using CSN and HPLC
methods

Sample No. CsN i
saccharose [%] lactose [%] saccharose [%] lactose [%)]

21.72 27.30 21.40 26.84

21.78 27.43 21.20 26.34

1 21.65 27.30 19.45 26.70
21.55 26.93 21.30 27.90

21.89 27.30 20.54 26.06

21.61 26.86 21.90 28.15

Cinsan 21.70 27.19 20.97 27.00
S.E. 0.11 0.21 0.79 0.77
31.21 14.41 31.47 15.25

31.70 14.41 30.39 14.76

2 30.98 14.18 30.62 15.00
31.89 14.61 31.76 14.45

31.72 14.39 32.10 14.50

31.50 14.50 31.41 15.19

Ciiin 31.50 14.42 31.29 14.86
S.E. 0.31 0.13 0.60 0.31
48.31 232 48.30 1.93

3 48.29 2.28 46.96 1.87
48.72 2.27 48.38 1.91

48.37 2.60 49.39 2.05

48.30 2.33 48.67 2.04

Caii 48.40 2.36 48.34 1.96
S.E. 0.16 0.12 0.79 0.07

For the purposes of exact comparison of the official and HPLC method F-test
and r-test were assessed. These statistical tests of significance were calculated with
probability equal to 95 % (and/or 5 % level of significance) with degrees of freedom
corresponding to the numbers of the analysis of the particular sample.
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IIL Significance tests

Sample - 5 F-test t-test
No. Foos | saccharose | lactose foos |saccharose| lactose
5 5.05 48.82 13.20 2.57 2.00 0.10
5 4 6.39 3.67 5.82 2.78 0.14 0.52
5 5.05 23.41 2.78 2.57 0.56 0.48

It can be seen from the values of S.E. in Table Il and fromresults of F-test (Table
II) that the accuracy of both methods was not the same. The official method is
more accurate in comparison with the HPLC method, as most of the values of S.E.
in case of HPLC method is higher than the S.E. values of the official method. The
half of the calculated F-test values is higher than the values quoted from tables.

A comparison of the mean value of both methods has proved (Table II, -test)
that there was not a real difference between the two means as the calculated -test
values are lower than the values quoted from tables.

Statistical evaluation of the linear regression equations (1) for saccharose and
lactose tested the null hypothesis of constants (a) (a = 0) and hypotheses that the
coefficients (b) are equal to one (b = 1). The adoption of these hypothesis would
confirm that the official and HPLC methods give values for saccharose and lactose
without any significant difference in the whole estimated range of concentrations.

IV. Regression analysis

I-test
a=0 b=1 n v 10,05
Saccharose
CupLc =-1.137+ 1.024 . Ccsy 1.85 1.35 17 15 2.13
Lactose
i )
Cuprc =-0.113 + 1.005 . Ccsn 0.62 | 028 17 15 2.13

The calculated values of t-test in Table IV were the lower than the values quoted
from tables. The null hypothesis of constants (a) and hypothesis of coefficients
b = 1 was confirmed for both carbohydrates in milk chocolate.

185



Potrav. Védy, 11,1993 (3) : 181-187

The HPLC column with ion exchange resin in Pb?* form provides commonly
excellent resolution of saccharose and lactose in food products containing these
carbohydrates. This study shows that ion exchange resin Ostion LG KS 0800 in
Pb? form allows the simultaneous determination of saccharose and lactose in milk
chocolate in 20 min. At the same time the described HPLC method gives results

without any significant difference from results obtained by the official method.

List of symbols
a constant in regression equation
b coefficient in regression equation
Ci concentration of saccharose, lactose or 1,2,3-propanetriol in standard
solutions [g per 100 ml]
Cmean average content of carbohydrate in sample [%]
CHPLC carbohydrate content in sample determinated by HPLC [%]
CesN carbohydrate content in sample determinated by CSN [%]
Ir retention time [min]
R; resolution of two substances [1] (Snyder,Kirkland, 1973)
Rt response factor[l](Snyder Kirkland, 1973)
Msach efficiency of column [m” ""Snyder,Kirland,1973)
n number of samples
v degree of freedom
t-test, F-test statistical tests [1] (Felix,Bl14dha, 1962;Brookes,et al., 1966)
sacch saccharose
lact lactose
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Chromatografické stanoveni sacharosy a laktosy v cokoladé

Ke stanoveni obsahu sacharosy a laktosy v mlécné ¢okoladé se v sou€asné dobé bézné
pouZivéd polarimetrickd nebo oxido-redukéni metoda (CSN, 1985), pfiemZ ob& dv&
metody jsou Easové naro¢né. V literature je popsdno chromatografické stanoveni cukri
v mlé&¢né Eokolade systémem, piinémZ se jako mobilni faze pouZivd acetonitril(H urs t,
Martin, 1977,1980; Copikové etal, 1983). Acetonitril je jedovaty a ekolo-
gicky Skodlivy, coZ je velkd nevyhoda pii rutinnim vyuZivani této techniky. V predkla-
daném sdéleni je ovéfeno stanoveni obsahu sacharosy a laktosy v mléEné éokolédc.
chromatografickym délenim na koloné& naplnéné ionexem Ostion LG KS 0800 v Pb -
formé. V tomto pripadé se jako mobilni faze pouZiva deionizovand voda. Namérené
vysledky byly statisticky porovndny s vysledky, které poskytuje metoda dana normou
CSN 56 0146. Ze statistického hodnoceni vyplynulo, Ze ob& metody poskytuji shodné
vysledky, které jsou u chromatografické metody zatiZeny vétsi chybou. Skute¢nost, Ze
chromatografické metody jsou zatiZené v&tSi chybou neZ metody tradi¢ni, je doposud
téméf béZnou analytickou praxi. Zarovei bylo pomoci testovani konstanty a koeficientu
vregresnirovnicicHpLC = a + b . ccsN pro sacharosu i laktosu ovéfeno, Ze metody nejsou
vzdjemné zatiZeny systematickou chybou a poskytuji shodné vysledky v méfeném
koncentraénim rozsahu.

chromatografie; mlé&né okoldda; sacharosa; laktosa
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MINOR LIPOPHILIC COMPONENTS IN CRUDE RAPESEED OIL

Jan POKORNY, Jan VELISEK, Jiti PANEK, Jarmila KANOVA,
Helena PARfZKOVA !, Marie HOLASOVA ', Richard KOPLIK, Jitt CMOLIK?

Institut of Chemical Technology — Department of Food Chemistry and Analysis,
Technickd 5, CS-166 28 Praha 6;
TResearch Institute of Food Industry, Radiovd 7, CS-102 31 Praha 10;
2SETUZA, a. 5.,CS-401 29 Usti nad Labem, Czech Republic

The contents of chlorophyll and carotenoid pigments, tocopherols, glucosi-
nolate degradation products, and iron were determined in 47 samples of crude
rapeseed oil, obtained in the following way: (A) by expeller pressing and
filtration, (B) by expeller pressing and centrifuging, (C) by solvent extraction,
(D) by mixing expeller pressed and solvent extracted oils (2 : 1 v/v). Solvent
extracted oils were more stable against oxidation than expeller pressed oils.
Positive correlation between the stability and the content of chlorophyll
pigments was observed in all oils. The correlation between the tocopherol
content and the stability was negative in filtered pressed oils and positive in
mixed crude oils. Iron had no negative effect on the oxidative stability.

rapeseed oil; autoxidation; stability; minor lipids

Rapeseed — main Czechoslovak oilseed, is processed by subsequent expeller
pressing and solvent extraction. Crude oils are purified by filtration and centrifuging,
and degumming. Both crude oils are then mixed, and refined in the mixture.

Refinig losses, the quality of refined oil, and its stability against the oxidative
rancidity depend on the content of various minor nonlipidic substances present in crude
oil, such as free fatty acids, chlorophyll or carotenoid pigments, tocopherols, trace
metals, and glucosinolate degradation products (Niewiadomski, 1983).
Oxidation products produced by lipoxygenase oxidationinseeds(Meshehdani

etal., 1990) are important as well as they initiate the autoxidation.

Czechoslovak rape is the low-erucic and either high or medium glucosinolate
winter (Brassica napus L.) cultivar. Usually, seeds are rich in chlorophyll and
carotenoid pigments (Ho 1as o v 4 etal., 1989) so that the stability of oil against
oxidative rancidity may be, generally, considered as low (Cho, DeMan,
1989), compared to oils produced from the Canadian summer rape (Brassica
rapa L.) cultivars.
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In this paper, we report our results on the composition of various minor
substances in crude rapeseed oils, and their relations to the oxidative stability.

MATERIAL and METHODS

Czechoslovak zero-erucic winter rapeseeds grown in the years 1987-1991, and
stored from two to ten months,were used for the plant-scale processing. Both
mixtures of high glucosinolate cultivars (Belinda, Germany, Silesia and Solida -
- Czechoslovakia) and low glucosinolate cultivars (Darmor, France, Ceres,
Germany, Sonata - Czechoslovakia) were studied. The water content was up to
12 % at the time of cropping, and between 7 - 9 % before the processing. Processing
conditions were reported in another paper (C mo 1{k et al., 1983). About 2/3 of
oil was obtained by expeller pressing. This oil was purified from coarse particles
by filtration, and then purified by centrifuging to remove the finer particles. Cakes
from the expeller pressing were solvent extracted (Extraktionstechnik, Hamburg),
the extracted oil was degummed by hydration with water, centrifuged, and mixed
with expressed oil for the further refining after a temporary storage in tanks.

Chlorophyll and carotenoid pigments were determined by spectrophotometry and
spectrofluorimetry (Pokorny et al.,, 1989; Holasovd et al., 1990).
Tocopherols were determined by HPLC(Pocklington,Dieffen-
bacher, 1988), the content of volatile glucosinolate degradation products by
capillary GLC (VeliSek et al., 1990), and the ionic iron content
spectrophotometrically after dry ashing (Coupko vé etal., 1986). The stability
against oxidative rancidity by the Schaal oven test at 60 °C, the induction period being
the time necessary to attain the weight increase of 500 mg and 200 mg, respectively
(Cmolik etal,1991).

RESULT and DISCUSSION

In total of 47 crude rapeseed oils were analyzed: A — crude expeller pressed and
filtered oils (10 samples), B — crude expeller pressed and centrifuged oils
(14 samples), C — crude solvent extracted oils (14 samples), and D — mixtures
of crude expeller pressed and solvent extracted oils mixed in the ratio of 2 : 1 v/v
(9 samples). Ranges of experimental values are given in Table I which shows
relatively high contents of chlorophyll pigments, in agreement with our earlier
results(Holasovd etal., 1992), and relatively high content of iron (not widely
different from results of other laboratories). Among tocopherols, the content of
Y-tocopherol was generally slightly higher than that of o-tocopherol, and the
content of d-tocopherol was only very low. The content of carotenoids was of the
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I. Ranges of properties of crude rapeseed oils

2 Expressefi Expr'essed Extracted | Mixed crude
Component analyzed [mg . kg | ﬁlte(l;:;i oil cercl’till'lgged oils (C) oils (D)
Chlorophyll a 1.0-5.0 09-4.6 1.7-9.0 1.4-4.7
Chlorophyll b 02-3.8 0.1-3.5 05-3.5 0.1-22
Total chlorophylls 1.8-8.1 1.3-8.2 25-11.5 19-6.1
Pheophytin a 2.2-49.6 22.4-46.3 26.3-44.8 24.1-44.6
Pheophytin b 14-36 1.2-48 263-44.8 24.1-44.6
Total pheophytins 24.6-53.2 23.9-49.2 05-3.7 1.7-40
Chlorophyll pigments 27.7- 56.5 26.0-53.0 28.0-48.6 25.8-47.4
o-Tocopherol 179 - 317 177 - 395 30.7-55.8 28.3-50.2
¥-Tocopherol 306 - 406 312 - 481 252 - 427 213-320
&-Tocopherol 6-32 11-36 372 - 482 263 - 428
Total tocopherols 497 - 715 602 - 900 10-35 17-33
Carotenoid pigments 39.2-61.5 39.5 - 60.6 635 - 927 579 - 802
Iron 84-22.6 1.6-8.1 41.2-69.6 | 36.8-64.2
Cyanobutene 0.6-163 40-15.8 1.6-5.6 02-5.0
Cyanopentene 0.8-6.1 1.4-6.0 33-403 0.1-15.5
Total nitriles 1.4-244 54-21.6 32-46.1 0.03-12.9
Butenyl ITC 0.1-23 0.1-5.7 6.5-81.2 0.1-28.2
Pentenyl ITC 0.01-0.4 0.02-14 29-143 | 13-88
Total ITC 0.1-2.7 0.1-7.1 35-17.2 1.8-10.8

same order as that of pheophytins but there was no correlation between the content
of carotenoid pigments and that of pheophytins. On the contrary, significant
relations were found between carotenoids and chlorophylls which accompany
pheophytins in small amounts.

The content of glucosinolate degradation products was rather high, and in no
close correlation with the content of glucosinolates and their degradation products
in seeds. Nitriles prevailed over isothiocyanates, in agreement with our previous
results(Veli§ek etal, 1991), and there was no significant correlation between
the level of nitriles and isothiocyanates in expeller pressed oil, but the two groups
of degradation products were interrelated in extracted oils.
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Results of the stability determination are given in Table II. The stability of oils
against oxidative rancidity was determined with use of the Schaal oven test at
60 °C which gives results better correlating with those of a storage test than the
AOM value in crude oils. The end of the induction period is not distinctly evident
in rapeseed oil so that we used the absorption of 200 mg or 500 mg oxygen by 1 kg
oil as the end of the induction period. Correlations between the two methods were
fairly good in all oils tested, pressed centrifuged oils excepted but the correlation
coefficients (A — r=0.8737,B-r=0.2064,C — r=0.8725,D — r=0.9252)
were not high enoughto allow the application of one method exclusively.

II. Stabilities against autoxidation after Schaal at 60 °C

Stability [days]
Group of oils
Schaal 500 Schaal 200
Expressed and filtered 17.0-36.2 8.3-26.0
Expressed centrifuged 17.2-28.0 8.8-18.8
Solvent extracted 21.2-52.8 14.4-41.2
Mixed 15.8-31.6 8.0-20.1

The effect of various minor substances on the stability of crude oils against
autoxidation is evident from the examples in Table III. Surprisingly, the stability
was correlated with the content of chlorophylls and pheophytins in the positive
way both in expeller pressed and in extracted oils even when chlorophylls are well
known photosensibilizers promoting the autoxidation (Endo et al., 1984).
Contrary to pheophytins, chlorophylls are present only in small amounts (Table I)
but their content seems to be more important (Table III) than that of pheophytins,
even when the latter are active photosensibilizers as well. In the dark, however,
pheophytins act as moderate inhibitors of oxidation(Holaso v 4 etal., 1989),
and relatively high amount of carotenoids present in crude oils may quench the
photooxidizing activity as well (Lee, Min, 1990). Anyway, the oxidative
stability in crude oils is probably not due to chlorophylls but they are indicators of
the state of oil only (insufficient ripeness).

The stability against autoxidation depended on the content of tocopherols in
mixed oils (group D) even when the correlation was not statistically significant.
Tocopherols are well known natural inhibitors of oxidation. The relations were
significant in expeller pressed and filtered oils (group A) but, contrary to
expectations, the correlation coefficients exhibited negative values (Table III)
which means that oils containing higher amounts of tocopherols were less stable
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I Linear correlations between minor components of crude reapeseed oil and the stability
against autoxidation by Schaal oven test

Correlation coefficients
Cifoap ot;icrfllde Component tested -
tepeseen one Schall 500 Schaal 200
chlorophyll a 0.581 0.663"
pheophytin a 0.572 0.433
- pheophytin b 0.893- -0.150.
filtered (N= 10) (Z'IOCOphel‘Ol -0.664 -0.768.
¥-tocopherol -0.769 -0.638
8-tocopherol -0.716" -0.824"
total tocopherols -0.810° -0.830°
carotenoids 0.495 0.537
E ed and
c:lﬁ:::ge: (N=14) | total tocopherols -0.308 -0.018
chlorophyll a 0.596 0.805
chlorophyll b 0.583" 0.823"
fﬁ‘l"’l‘z)"’“m‘“"d total chlorophylls 0.627" 0.861"
- pheophytin b -0.250 -0.446
a-tocopherol -0.249 -0.246
8-tocopherol -0.610° -0.749
chlorophyll b 0.574 0.551
. pheophytin b 0.656 0.706"
Mixcxolls (N=9)" | seccectiseol 0.467 0.580
8-tocopherol 0.618 0.632
iron 0.551 0.244

* statistically significant (P =95 %)

against oxidation. It is true that tocopherols may act as prooxidants at high
concentrations, corresponding to those in crude rapeseed oil (Heimann,
Pezold, 1957), but nearly the same amount of tocopherols in mixed oils (D)
had positive effect, and no correlation was observed in solvent extracted oils
(group C). Therefore, it seems that tocopherols in crude pressed and filtered oils
(A) have no real prooxidant effect but act only as indicators of the state of oil. The
controversial correlation of oxidative stability of various types of crude rapeseed
oil on the tocopherol content in obviously due to the presence of different
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concentrations of phospholipids and related polar substances in oils A, B. C, and
D, respectively. The synergistic effect of various types of phospholipids on the
antioxidative effect of tocopherols was observed in our recent model experiments
which are now being prepared for publication.

Heavy metals with transient valency states are active prooxidants (B e n -
jelloun etal, 1991)in vegetable oils. The concentration of iron was very high,
especially in crude expressed and filtered oils (A), nevertheless, no negative effect
of iron was observed. On the contrary, its concentration was in a rather positive
correlation with the oxidative stability (Table III). Iron is probably found in inactive
complexes, perhaps with phospholipids. It was found (Pok orn ¥ et al., 1986)
that iron salts of phosphatidic acids had no prooxidative effect in rapeseed oil, even
when iron salts may catalyze the oxidation of phospholipids in emulsions
(Kawakatsu etal., 1984).

No relation between the oxidative stability and the content of isothiocyanates
was detected, even when sulphur compounds, such as thioethers, act as antioxidants
(Karahadian,Lindsay, 1988). The relation of oxidative stability and the
content of nitriles were found insignificant too.
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Doprovodné lipofilni sloZky surového Fepkového oleje

Surové fepkové oleje byly vyrobeny ze semen ozimé fepky olejné (Brassica napus
L.) sklizené v Cechdch, obsahujicich jen stopovd mnoZstvi kyseliny erukové (pod 2 %).
Obsah glukosinolati byl u ¢asti vzorkd tradiéni, u &sti sniZzeny. Oleje byly ziskény
kombinaci lisovani ve §nekovych lisech a extrakci vyliski hexanem v karuselovém
primyslovém extraktoru Extraktionstechnik. Surové oleje byly po vy<&isténi na sitech
ddle CiStény centrifugaci, potom byly skladoviny v ocelovych nddrZich smichané
s olejem ziskanym extrakci v objemovych pomérech 2 : 1. V surovych olejich byl
stanoven obsah chlorofylovych a karotenoidnich barviv spektrofotometricky a obsah
feofytin a chlorofyli spektrofluorometricky. Tokoferoly byly stanoveny vyso-
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koi¢innou kapalinovou chromatografii, t€kavé rozkladné produkty glukosinol4td kapi-
lami plynovou chromatografii a obsah Zeleza po zpopelnéni spektrofotometricky.
Stabilita olejd proti oxidaénimu Zluknuti byla stanovena Schaalovou zkouskou s gravi-
metrickou indikaci. Celkem bylo analyzovéno 10 surovych filtrovanych lisovanych
olejli, 14 centrifugovanych lisovangch oleji, 14 oleji extrahovanych z vyliskd hexa-
nem a 9 smési lisovaného a extrahovaného oleje z nidrZe. Vysledky byly statisticky
zpracovany regresni analyzou s pouZitim programu Statgraphics.

Oleje obsahovaly zna&nd mnoZstvi feofytinu a, doprovizeného malym mnoZstvim
feofytinu b a obou chlorofyld. Mezi tokoferoly mirné pfevaZoval y-derivat nad o-deri-
vétem, zatimco 3-tokoferolu byly jen stopy. Karotenoidi bylo fadové tolik, kolik
feofytind, i kdyZ mezi obsahy obou téchto sloZek nebyl statisticky priikazny vztah.
Obsah Zeleza byl zna¢ny, a to hlavn& v lisovaném filtrovaném oleji. Pomé&rné vysoky
obsah rozkladnych produktid glukosinoldti nebyl v jednoduchém vztahu k obsahu
pivodnich glukosinolti v semenech. Nitrily zna&n& pfevaZovaly nad isothiokyana-
tany.

Ke stanoveni stability proti oxidaci byla zvolena Schaalova zkouska pfi 60 °C,
protoZe vysledky ddvaji dobrou korelaci s poméry pfi béZném skladovani. Vzhledem
k tomu, Ze se u fepkového oleje neprojevuje zfetelnd induk&ni perioda, podobné jako
u jinych znacné& nenasycenych olejd, byla jako konec indukéni periody zvolena doba
potiebnd k absorboviéni{ uritého mnoZstvi kysliku (200 nebo 500 mg na 1 kg oleje).

Stabilita proti oxidaci byla v pozitivnim vztahu k obsahu chlorofylovych barviv,
hlavné stopovych chlorofyld a a b, a u lisovanych oleji také (ale negativn&) na obsahu
tokoferoll. Za nizké teploty a nepfistupu svétla mohou chlorofylové barviva (hlavné
feofytiny) pisobit jako inhibitory oxidace, a tokoferoly naopak v pfirozené& pfitomnych
vysokych mnoZstvich jiZ spiSe jako slabé prooxidanty. Tyto doprovodné sloZky vSak
spiSe slouZily jako indikétory stavu oleje a skute¢n& aktivnich sloZek (napf. fosfolipidd
a produktil lipoxygenasou katalyzované oxidace), protoZe za podminek skladovéni za
nepfistupu svétla a zvySené teploty nemiZe byt vliv téchto sloZek tak podstatny. Kovy
s promé&nlivou valenci (v&etné Zeleza) plisobi sice jako prooxidanty, oviem pouze ve
stopovych mnoZstvich. V lisovanych olejich mél obsah Zeleza spiSe pozitivni vztah ke
stabilité, a to pravdépodobné proto, Ze v olejich jsou ionty Zeleza vdzany v neaktivnich
komplexech, nap¥. na kyselé fosfolipidy. Stabilita oleji proti Zluknuti nebyla v Zddném
priikazném vztahu k obsahu nitrild a isothiokyanatand, i kdyZ by se mohl pfiznivy vliv
pritomné siry oekdvat.

Vysledky ukazuji, Ze jako indikatord stability oleji proti Zluknuti Ize pouZit fady
latek, z nichZ n&které maji pfimo Wd¢inek, jiné pouze naznaCuji pfitomnost skuteCné&
t¢innych inhibitorti anebo naopak katalyzétorid oxidace.

fepkovy olej; autooxidace; stabilita; doprovodné lipidy
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GAS CHROMATOGRAPHIC ANALYSIS OF CELLULAR FATTY
ACIDS IN THE IDENTIFICATION OF LACTIC ACID BACTERIA

Renata GILAROVA, Michal VOLDRICH, Katefina DEMNEROVA',
Miroslav CEROVSKY, Jaroslav DOBIAS

Institute of Chemical Technology — Department of Food Preservation and Meat
Technology and I Department of Biochemistry and Microbiology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

A procedure including the cultivation of cells, sample preparation, conditions
of the high resolution gas chromatography of fatty acid methylesters and
analysis of results for the identification of lactic acid bacteria has been
proposed and verified. The separated cells after precultivation were cultivated
in liquid media, centrifuged cells were treated with 2% sulphuric acid in
methanol, the methylesters of cellular fatty acids were separated using 50 m
DBI1 capillary column. The fatty acid composition of 15 different strains of
Lactobacillus acidophilus, L. plantarum and Lactococcus lactis was analy-
zed, the distance coefficients © and overlap coefficients were used for the data
evaluation. The reliability and usability of the procedure are discussed.

lactic acid bacteria; cellular fatty acid; fatty acid methylesters; capillary gas
chromatography

Gas chromatographic analysis of cellular fatty acids has been commonly used
in bacteria taxonomy since the early 70s (Riedmann, 1972; Kondo,
Nagashue, 1988; Urdaci et al, 1990; Kaneda, 1991; Richter,
1991). The development of analytical equipment, especially the introduction of
high resolution gas chromatographic techniques made this procedure one of the
main biophysical methods used to characterize bacterial strains (Dziedzak,
1987). Commercial identification systems based on the fatty acid pattern are also
available (Hewlett Packard).

The use of fatty acid analysis for the characterization of lactic acid bacteria was
already described (Decallonne et al.,, 1991; Rizzo et al., 1987,
Schmitt etal., 1989). Depending on the species and cultivation conditions,
the following main fatty acids have been found in different lactic acid bacteria and
can be used for their classification: tetradecanoic, 13-methyltetradecanoic,
12-methyltetradecanoic, pentadecanoic, cis-9-hexadecenoic, hexadecanoic, hepta-
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decanoic, cis-9-octadecenoic, cis-11-octadecenoic, octadecanoic, 11, 12-methylene-
octadecanoic and eicosanoic acid; however, the content and composition of the
main fatty acids depend not only on the microorganism strains but also they are
affected by a number of factors, such as a decrease in pH value or an increase in
NaCl content in the medium within the cultivation of Leuconostoc sp., which
provokes the synthesis of lactobacillic (11, 12-methyleneoctadecanoic) acid from
its precursor cis-9-octadecenoic acid (Schmitt et al, 1989). An important
factor which has not been satisfactorily explained is at what age cultures possess
the stabilized fatty acid pattern and when they are optimal for analysis
(Decallonne etal, 1991). Another factor to be explained is the way the
samples are prepared before GC analysis, which could be a source of composition
changes. Generally, the two main derivatization procedures which are used
involve: 1. alcalic hydrolysis and 2. rapid base, and/or acid catalyzed esterification
or just one step acid catalyzed transesterification (C hris ti e, 1982). The former
is usually insufficient to hydrolyze N-acyl derivatives of long-chain bases and the
saturated Cj6 and C;3 fatty acids, which are bound there, are lost. However, on the
other hand, the heating in the acidic conditions of the latter procedure usually
destroys cyclopropen rings of fatty acids and thus the lactobacillic acid will not be
correctly determined. These and other factors affecting the found fatty acid
methylester (FAME) pattern complicate the use of the procedures and results
obtained by other authors.

Therefore the aim of this paper is to propose and verify a simple procedure
allowing the build up of FAME database usable together with other tests to classify
lactic acid bacterial strains used in food technology.

MATERIAL and METHODS

Preparation of bacterial cultures — A list of bacterial species and strains used
is given in Table I. The strains were grown under anaerobic conditions for 24 hours
in 50 ml of liquid culture medium. The composition of medium s given in Table IL.

Sample preparation — After 24 hours of cultivation the bacterial suspension
was centrifuged, and bacteria were twice washed with distilled water. Portions of
ca. 100-200 mg fresh weight of cells were suspended in 10 ml of 2% solution of
sulphuric acid in anhydrous methanol. The mixture was refluxed in 2 hours, then
methylesters were extracted into 3 ml of heptane after the addition of NaCl
saturated solution. The separated organic phase was evaporated with a gentle
stream of nitrogen; until analysis the samples were stored under nitrogen at -18 °C.

GLC analysis — The HRGC 5300 gas chromatograph (Carlo Erba, Milano)
equipped with DB1 (50 m, i.d. 0.22 mm) (Hewlett Packard) capillary column was
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I. A list of analysed bacterial strains

Strain Source
Lactobacillus acidophilus CH5 Milcom servis a.s. Praha
Vokovice Milcom servis a.s. Praha
AL Milcom servis a.s. Praha
A Milcom servis a.s. Praha
12A Milcom servis a.s. Praha
13B Milcom servis a.s. Praha
14C Milcom servis a.s. Praha
15D Milcom servis a.s. Praha
16E Milcom servis a.s. Praha
. Dept. Biochem. Microbiol.
Lactobacillus plantarum Ins[t). Cheml.lTechl.wPr ifia
Lactococcus lactis subsp. cremoris 1A Milcom servis a.s. Praha
SE Milcom servis a.s. Praha
Lactococcus lactis subsp. lactis 71A Milcom servis a.s. Praha
10D Milcom servis a.s. Praha
11E Milcom servis a.s. Praha

used. The chromatographic conditions were as follows: Carrier gas nitrogen under
pressure of 135 kPa, make up gas (N,) pressure 50 kPa, hydrogen 60 kPa, air
70 kPa. Temperatures: injector port 240 °C, detector 260 °C, column temperature
program 190 - 280 °C, 2 °C/min. The split ratio was 1 : 50.

II. Composition of cultivation medium

Component Quantity Component Quantity
Casein enzyme hydrolyzate 10g MgS04.7H20 08¢g
Yeast autolyzate 5g MnCl,.4H,0 0.14g
K;HPO4.3H,0 5g FeSO,4.7H,0 0.04¢g
NaCl 5g Tween 80 lg
Sodium citrate 5g H,0 1000 ml
Glucose 10g Agar 2 Yo(wiw)
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Analysis of results — Fatty acid methylesters were identified comparing the
retention times with those of the standard mixture Bacterial mix (Supelco) and the
results were expressed as a percentage of identified acids (the response factor of
FID being used to equal 1). For evaluating the effects of growth conditions,
methods of sample preparation and analysis and to compare the analyzed strains
the “distance coefficient* () calculated after Decallonne etal. (1991) and
the “similarity or overlap coefficient” (So) of Bousfield etal (1983) were
used. The “distance coefficients* were calculated for the six fatty acids of major
relative percentage areas using the formula:

d(ij)=(X,-X, 2 [ 0.5x;,+0.5x,, )

then 63 and o6 being the sums of the 4 values for three or six major acids,
respectively. The “overlap* coefficient was calculated with the expression:

So (i,j)=100-0.5Xlx, - X, |
where: x;; and x;; are percentage areas of the k-th peak for the /-th and j-th organism respectively

The *“overlap coefficients* were also used for the construction of similarity
cluster. All the calculations were made by the Microsoft Excel Software.

RESULTS and DISCUSSION

The proposed procedure to classify the lactic acid bacterial strains could be as
follows: precultivation to isolate the strain or to stabilize fatty acids composition,
preliminary classification, cultivation under the standard conditions (universal
medium, temperature), isolation of cells, acid transesterification, GC, data
processing (comparison with database), classification or identification.

The steps beginning from the cultivation were only tested from the afore-
mentioned procedure because the collection strains kept in standard conditions
(agar medium, 4 °C - Table II) or pure strains in sterilized milk were analyzed to
get primary data for the future database. Thirteen main fatty acids were separated
and identified comparing with the retention times of standard mixture (Table III).
The effects of the cultivation conditions were evaluated using overlap and distance
coefficients. Considering our aim to propose a rapid and handy method, the
analyzed strains were cultivated in 50 ml of modified APT liquid medium at 30 °C
for Lactococcus and 37 °C for Lactobacillus. Within the analyses of the effect of
aging on the FAME composition of cells of L. acidophilus CHS and L. plantarum
strains we found almost the same composition changes after 24, 48 and 72 hours
of cultivation as those described by Decallonne etal. (1991) (Table IV).
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Supposing 10 hours for the lag phase and about 24 hours to reach the end of the
log phase and also relatively important changes within the prolonged cultivation,
the 24-hour cultivation was chosen for the standard procedure. Both tested genera
were not possible to cultivate at the same temperatures, therefore two parallel
cultivations should be done within the standard procedure if the isolate or unknown
strain belongs to Lactococcus.

As it is mentioned in the introduction, it is almost impossible to find a simple
and rapid esterification procedure providing correct and objective results.
Considering the aim of our work it is not very important to determine the objective

III. Fatty acid methylesters found in the analyzed strains and used for similarity calculations

Fatty acid Symbol ECL
Tetradecanoic 14:0 14.00
13-methyltetradecanoic i15:0 14.63
12-methyltetradecanoic al5:0 14.71
Pentadecanoic 15:0 15.00
cis-9-hexadecenoic 16:1 15.79
Hexadecanoic 16:0 16.00
Heptadecanoic 17:0 17.00
cis,cis-9,12-octadecadienoic 18:2 17.66
cis-9-octadecenoic 18:19) 17.74
cis-11-octadecenoic 18:1(11) 17.79
Octadecanoic 18:0 18.00
11,12-methyleneoctadecanoic 19:0c 18.88
Eicosanoic 20:0 20.00

"ECL - “Eqivalent chainlength“ (Christie, 1982)

composition of cellular fatty acids if the proposed method allows us to obtain
reproducible results usable to distinguish the different bacteria strains. Therefore
the rapid and handy transesterification with two-hour boiling in 2% sulphuric acid
solution in methanol, which can destroy a majority of lactobacillic acid but which
is cheap, does not need to eliminate all the remaining water within the cell isolation,
and where there is no danger of possible artefact formation (as e.g. the use of BF3)
(Christie, 1986), was used. The esterification step was made three times from
the same divided sample of cells and gave almost the same results (63 = 0.01 and
66 = 0.04). Very close results were also obtained for the repeated injection
(63 =0.01; 66 = 0.02) and for the different chromatographic conditions, the
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IV. The effect of the culture age on distance coefficients ¢

Strain Cultures compared o3 o6
L. acidophilus CH5 24hours - 48hours 0.68 2.46
24hours - 72hours 2.96 10.59
48hours - 72hours 3.16 12.13
L. plantarum 24hours - 48hours 0.42 2.49
24hours - 72hours 1.98 443

48hours - 72hours 0.80 4.25

injector temperature ranging from 240 to 260 °C (03 = 0.13; 66 = 0.18), the
detector temperature from 240 to 280 °C (63 = 0.27; 66 = 0.30).

The whole procedure including the parallel repeated 24-hour cultivation made
at different times with the collection strains kept in MRS agar was used to evaluate
the reproducibility. The results are given in Table V.

The whole cultivation and subsequent analyses were repeated (at least) twice
with the similarity coefficients ranging in the intervals 0 - 0.2 for 66 and 100 - 97
in the case of the similarity coefficient So. Comparing the FAME composition of
several times precultivated cultures, the preliminary treatment affected the

V. Evaluation of reproducibility of the whole procedure

Strain Analysis No. So (c6)

2 3 4
L. acidophilus AL 1™ 95.54(1.30) | 95.92(1.23) | 94.86(1.61)
2" % 94.05(2.01) | 93.27(2.53)
3 - - 98.84(0.09)

5 6 7
L. acidophilus CHS5 5 . 98.51(0.19) | 98.94(0.13)
6 - & 98.55(0.15)

" twice precultivated from milk at agar plate; ~ twice precultivated in liquid medium

obtained results (o6 ranged from 1.5 to 2.87 and So 95 - 91.6), nevertheless the
repeated 24-hour cultivation under the standard conditions could stabilize the
FAME composition.

The identified FAME and their ECL coefficient on DB1 capillary column under
the used chromatographic conditions are given in Table III.

202



£0T

VI. Fatty acid composition of the analyzed strains

Fatty acid (% of identified acid)

Strain

14:0 | i15:0 | al5:0| 15:0 | 16:1 | 16:1 | 17:0 | 18:2 | 18:1(9) | 18:1(11)| 18:0 | 19:0c| 20:0
L. acidophilus 12A 5.12 | 0.16 | 0.31 | 0.62 |11.63(23.88]| 0.47 | 0.93 | 22.79 | 25.58 62 | 093 | 2.02
L. acidophilus 13B 5.85 | 0.57 | 0.38 | 0.75 | 9.62 |43.39( 038 | 0.75 | 11.69 | 1642 | 6.42 | 1.51 | 2.64
L. acidophilus 14C 6.37 | 0.49 | 0.74 | 0.98 | 6.62 [22.55| 0.98 [ 2.94 | 3529 | 1029 | 11.52 [ 0.25 [ 0.98
L. acidophilus 15D 2.13 | 0.15| 0.15 | 0.22 | 2.93 |2538| 0.44 | 5.72 | 42.19 499 | 15.04 | 0.44 | 0.22
L. acidophilus 16E 3.61 | 0.00 | 0.00 | 0.00 | 3.01 | 28,33 | 0.00 | 5.42 | 36,75 9.04 | 12.65| 1.2 | 0.00
L. acidophilus Vokovice 13.08| 1.43 | 0.89 | 2.32 |10.52(24.03| 1.43 [ 0.67 | 16.76 | 13.37 | 11.59 | 0.89 | 3.03
L. acidophilus CH5 6.39 | 1.68 | 2.02 | 1.68 | 8.08 | 10.44| 0.00 | 0.00 [ 30.64 | 25.59 | 9.43 | 1.35 | 2.69
L. acidophilus AL 7.21 | 1.44 | 0.48 | 2.4 | 5.77|21.55| 0.96 | 0.00 | 24.04 | 26.92 | 7.21 | 0.96 | 1.44
L. plantarum 4.23 | 0.00 | 0.81 | 0.00 | 6.43 | 40.89| 0.00 | 0.00 | 10.15 | 23.61 | 10.86 | 0.52 | 2.41
L. lactis subsp. cremoris SE | 9.52 | 0.00 | 0.68 | 0.68 | 7.48 |37.41( 0.68 | 0.00 [ 19.05 | 12.24 | 10.88 | 0.00 | 1.36
L. lactis subsp. cremoris 1A | 996 | 04 | 0.4 | 0.4 | 837 (33.45| 04 | 0.00( 15.54 19.52 | 9.56 | 0.00 | 1.99
L. lactis subsp.lactis 10D 25.27| 0.27 | 0.54 | 0.54 | 2.15|36.29( 0.00 | 1.08 [ 10.48 12.9 7.53 [ 0.27 | 2.69
L. lactis subsp. lactis 11E 7.76 | 0.29 | 0.29 | 0.57 | 3.74 |36.21| 0.00 | 1.15| 17.53 | 20.11 | 4.89 | 5.46 | 2.01
L. lactis subsp. lactis TA 9.52 | 0.38 | 0.38 | 0.62 | 2.09 | 42.86| 0.00 | 2.01 | 1542 | 19.05 | 4.76 | 0.36 | 2.63
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'§ VII. Combination of overlap coefficients So and distance factors 06 (values in brackets)

S
z
Strain 2 2 3 4 5 6 7 8 9 10 11 12 13 14
g
v
15K | | 7864 | 79.65 | 69.03 | 7423 | 83.53 | 85.32 | 93.06 | 78.81 | 78.08.| 82.83 | 65.82 | 8255 | 75.87
(22.94)| (24.71) | (59.39)| (38.19)| (19.90) | (15.73) | (5.18) | (24.50)| (16.05) | (13.17)| (62.61) | (17.13) | (31.84)
o . 70.40 | 62.54 | 68.71 | 79.61 | 66.92 | 74.65 | 89.76 | 58.89 | 87.31 | 80.08 | 86.98 | 90.12
(43.75)|(65.77) | (48.58)| (22.12) | (62.77) | (30.62) | (7.02) | (10.60) | (7.74) | (36.14)| (10.50) | (13.53)
iéc 5 86.76 | 92.00 | 83.11 | 82.19 | 82.56 | 70.10 | 81.15 | 76.41 | 65.74 | 73.93 | 68,31
i (13.25)| (5.87) | (20.49) | (23.30) | (21.38)| (49.80) | (28.20) | (27.66) | (62.71) | (62.71) | (31.87)
=
%x 553 4 91.81 | 71.42 | 68.95 | 70.17 | 62.02 | 70.74 | 62.02 | 70.74 | 66.00 | 59,02
E (4.59) | (54.89) | (55.53) | (53.61) | (76.09) | (42.89) | (61.87) | (93.37)| (59.34)| (70.61)
. - 5 76.62 | 74.19 | 75.58 | 70.22 | 78.93 | 74.19 | 67.14 | 74.59 | 69.70
(36.65) | (40.56) | (31.56) | (50.58) | (24.10) | (37.60) | (67.92) | (33.99) | (43.31)
il | 74.52 | 80.84 | 76.31 | 87.95 | 87.95 | 79.20 | 82.08 | 77.67
(32.19) [ (20.19)| (28.75)| (8.41) | (7.20) | (27.09)| (18.56) | (30.80)
oy . 87.81 | 7092 | 71.45 | 75.92 | 57.30 | 72.69 | 66.01
(10.84) [ (58.33)| (42.76) | (37.21) | (86.55) | (43.25)| (62.78)
AL 8 78.08 | 78.39 | 82.25 | 67.84 | 82.77 | 76.88
(26.80) [ (23.26) | (23.65) | (51.45) | (15.69) | (25.65)

802-L61: (T) €661 ‘IT ‘APA “Aeniod



1114

2
Strain 2 10 11 12 13 14

g

7]
i snearon |5 84.95 | 87.06 | 77.62 | 86.13 | 86.24
(17.18)| (9.83) | 93.21) | (13.09) (16.49)
5 T 91.30 | 82.61 | 88.46 | 86.30

Rl
§'§ (4.78) | (26.42)| (11.39)| (15.33)
=3

it g 80.96 | 91.58 | 89.24
3 (26.05)| (7.58) |(13.11)
& C79 W 81.96 | 8188
8 27.24)| 20.85)
g 93.32
2 | NE |13 :
(2.74)

1A |14

80T-L61: (T) €661 ‘TT ‘APRA "Aenod



Potr. Védy, 11,1993 (3) : 197-208

Using the described procedure, 13 different bacterial strains were analyzed, and their
fatty acid composition is given in Table VI. The distance factors and overlap
coefficients between all the analyzed strains are presented in Table VII. The visual
characterization of strains was made using the percentage area ECL “spectra® (Fig. 1).

50

40 »

20

10

13 14 BT 17 18 19 =20 1. FAME “spectrum* of Lacto-
ec bacillus acidophilus 14C

Comparing the used similarity coefficient ¢ and So, both of them gave close
results, for allthe tested combinations the correlation coefficient between 66 and
So was 0.9132. The distance coefficients could be very useful especially for a rapid
comparison. The limit values of both coefficients when it is possible to suppose that
the two compared strains are the same could be, in agreement with Decallonne,
lower or equal 3.00 for 66 and higher or equal 90 for So. The analyzed strains
differed in the FAME composition, an interesting result is the difference between
the strains of the same genus. The number of strains which were analyzed and the
number of completed experiments do not allow us to make a final conclusion,
nevertheless it seems possible to use the method also to distinguish the subspecies
and strains within the same genus or subspecies; however, other experiments should
be done in order to:

1. make clear what is the effect of the living conditions preceding the analysis

(whether the similar composition of cellular faty acids is not mainly given by

a similar common history)

2. find the cultivation conditions appropriate for the wide spectrum of lactic acid
bacterial strains

3. find the simplest and reproducible analytical procedure allowing standardization
for several laboratories

4. build wide database.
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Plynova chromatografie celularnich mastnych kyselin v identifikaci baktérii
mlécného kvaseni

MoZnosti vyuZiti analyzy sloZeni celularnich mastnych kyselin v taxonomii
mikroorganismi jsou studovény prakticky od poéatkd plynové chromatografie.
S rozvojem instrumentélni techniky, zejména zavedenim vysokouiinné kapilarni chro-
matografie a roz8ifujicim se moZnostem vyuZiti vypocetni techniky, je analyza methy-
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lesterti celuldrnich mastnych kyselin pokldddna za jednu ze zdkladnich biofyzikélnich
metod pouZivanych pfi charakterizaci kmenl baktérii (D zied z ak, 1987). Pfes
optimistické zavéry vét§iny publikovanych praci brani vétSimu roz¥ifeni nedostatek
znalosti o vSech faktorech ovliviiujicich sloZeni bunécnych mastnych kyselin a velk4
variabilita vysledkd raznych autord. Cilem prezentované prace bylo navrhnout jedno-
duchou metodu kultivace a analyzy sloZeni celuldrich mastnych kyselin mlé¢nych
baktérii a oveEfit jeji pouZitelnost pfi identifikaci baktérii mlééného kvaSeni.

SloZeni celuldrnich mastnych kyselin v€etn& moZnosti vyuZiti vysledki pro charakte-
rizaci baktérii mlécného kvaseni bylo jiZ vénovano nékolik praci (Decallonne
etal, 1991; Rizzo etal, 1987). Schmitt etal. (1989) popsali ndrist obsahu
laktobacilové (11,12-methylen-oktadekanové) kyseliny vlivem sniZeni pH a zvySenim
obsahu NaCl v médiu pfi kultivaci baktérii druhu Leuconostoc. Vedle podminek
kultivace je nalezené sloZeni ovlivnéno také analytickou metodou, pouZije-li se kysel4
hydrolyza (kysele katalyzovana esterifikace) dochézi k rozkladu cyklické laktobacilové
kyseliny, kterd je jednou z majoritnich sloZzek, naopak pouZiti alkalické hydrolyzy
neumozni hydrolyzu N-acyl derivati mastnych kyselin.

NavrZeny postup zahrnuje kultivaci Cistého nebo vyizolovaného kmene v tekutém
APT médiu 24 hodin, izolaci biomasy odstfedénim a jeji promyti destilovanou vodou,
hydrolyzu a methylaci varem s 2% kyselinou sirovou v methanolu, extrakci methy-
lesteri do heptanu, analyzu plynovou chromatografii na kapildrni kolon& 50 m s nepo-
larni fazi DB1.

Popsany postup byl pouZit pfi analyze patnidcti riznych kmend Lactobacillus
acidophilus, Lactobacillus plantarum a Lactococcus lactis. Byla ovéfena repro-
dukovatelnost jednotlivych &sti postupu a vliv riznych podminek chromatografické
analyzy. Podobnost analyzovanych kment byla posouzena dvéma riznymi zpisoby
statistického zpracovani vysledkd.

V3ech patnict analyzovanych kmeni se dostate¢né liSilo sloZenim mastnych kyselin,
ziskané shluky vypoctené na zdklad€ vzdjemné podobnosti sloZeni mastnych kyselin
neodpovidaji tradiénimu tfidéni kment. Proto pfed dal$im roz$ifovanim baze dat
zUstava vedle definitivni dpravy postupu kultivace a analyzy také ovéfit, do jaké miry
se na podobnosti sloZeni celuldmich mastnych kyselin odrdZi piipadnd spolefnd
predchozi historie analyzovanych kmend.

baktérie mlééného kvaSeni; celuldrni mastné kyseliny; methylestery mastnych kyselin;
kapildrni plynova chromatografie
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HPLC DETERMINATION OF LACTOSE AND GLUCOSE
IN CULTURE MEDIA

Viadimir FILIP, Milada PLOCKOVA, Jana CHUMCHALOVA

Institute of Chemical Technology — Department of Milk and Fat Technology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

Lactose and glucose as fermentable sugars are used in lactic acid fermentation
as a carbon source. The determination of their concentration in fermentation
broth is possible by HPLC method using the Separon SGX-NH, column,
elution with acetonitrile/water and xylose as an internal standard. In addition
this method makes possible simultaneous assay of xylose, glucose
(galactose), sucrose and lactose. The developed method was applied for the
determination of concentration changes of glucose in MRS broth and for
concentration changes of lactose in skim milk during cultivation of the strain
Lactobacillus acidophilus (Laktoflora 92). Trichloracetic acid was used for
precipitation. HPLC (calibration with external and internal standard) was
compared with the titrimetric method (IDF) and the recovery obtained was
95 - 105 %.

galactose; glucose; lactose; sucrose; xylose; HPLC; Lactobacillus
acidophilus

Lactose, a disaccharide composed of glucose and galactose, occurs in milk in
the amount approx. 5 % w/w. Lactic acid bacteria use it for energy production and
cell growth. A lot of processes in dairy industry are based on biochemical activity
of lactic acid bacteria. It is believed that the first step of lactose metabolism in
mesophilic and thermophilic lactic acid bacteria includes the hydrolysis of lactose
or lactose-6-phosphate to glucose and galactose or glucose and galactose-
-6-phosphate(Bissett, Anderson,1974). Glucose is then metabolized by
glycolysis while galactose is either in the case of gal strains of genus Lactobacillus
unmetabolized or transformed to glucose-1-phosphate by the Leloir pathway
(Cogan,Daly, 1987). The determination of the utilization rates of lactose,
glucose and galactose is important in food industry research as well as for the
characterization of the individual strains of lactic bacteria.

One of the most important issues of the determination of sugars is usually the
necessity to separate the accompanying substances (e.g. proteins, lipids). This step,
known as clarification, is needful both in the classical and modern analytical
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methods. The chromatographic methods give the option to separate several
carbohydrates in a mixture, however, the separation of the accompanying
substances cannot be solved by this single step. Thus various chemical methods
are used to remove these interfering substances. As an example may be given the
application of chlorous acid (West, Lloente, 1981), 2-propanol (K w ak,
J e o n, 1988), or the reverse phase technique (J e o n et al., 1984).

The isolation of lactose, glucose and galactose from milk using the strong acid
cation exchange (Ca”* form) column may be realized with good reproducibility.
An Aminex Microguard Anion/OH cartridge was used as a guard column to
remove interfering acids and salts (Richmond et al.,, 1982). Recently, the
sugar from Cheddar cheese were separated by the Aminex HPX-87 column in the
H*form (Bouzas etal, 1991). Riel et al. (1986) suggested separation of
mono- , di- and trisaccharides on a cation exchange (Pb** form) column. Selectivity
of the separation was influenced by varying the Ag* and Pb** ratio. The post column
chemical detection (Deruy et al., 1988), or enzyme detection using NAD*
glucose dehydrogenase (M arko- Varga, 1987) were recomended. Another
assay is based on anion exchange chromatography with a pH gradient elution
(Olieman, 1991) and subsequent amperometric detection.

The silica gel NH,-propyl bounded-phase column, acetonitrile/water as an eluent
and a refractometric detection (Y an g et al., 1981) system is often used for the
determination of sugars in food products. These types of column were used for
lactose determination in milk (West, Llorente, 1981), in dried milk
(Ruggeri, Fonseca, 1985) and for determination of purity of lactose
(Saucerman,Winstead, 1984).

The authors proposed rapid simultaneous determinations of lactose, glucose and
galactose in media used for cultivation of the lactic acid bacteria by means of HPLC
using the calibration either by the external or internal standard and compare it with
the chemical method routinely used in dairy industry.

MATERIALS and METHODS

Lactose and glucose were determined in MRS broth, medium routinely used for
cultivation of lactobacilli (M an et al., 1960) (initial concentration of glucose
was approX. 2 % w/w) and in skim milk enriched with the yeast extract (initial
concentrations of lactose 5.5 % w/w, glucose and galactose were not present). The
decrease in sugar concentration was monitored during the cultivation of the strain
Lactobacillus acidophilus, Laktoflora 92 (obtained from the Collection of Milk
Microorganisms of Milcom, Ke dvoru 12, Praha 6, Czech Republic) in both culture
media at 37 °C for less than 12 hours.
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Prior HPLC determination the samples (approx. 5 or 10 g of culture medium) were
treated with 5% w/w trichloracetic acid in the ratio 1 : 1 (v/v). After aninternal standard
addition, adjustment of sample volume with distilled water and subsequent filtration
(Whatman 3) the filtrate was used both for the direct injection into the liquid
chromatograph and for the iodometric determination of lactose (IDF, 1974).

The chromatographic system consisted of HPP 5001 High Pressure Pump
(Laboratorni pfistroje Praha), Differential Refractometer RIDK 101 (Laboratorni
pfistroje Praha), Line Recorder TZ 4200 (Laboratorni pfistroje Praha), Rheodyne
7125 syringe loading sample injector with a 20 pl loop (Rheodyne, Berkeley, Cf.).
Analyses were performed on the Separon SGX-NH, 150 x 3 mm column (Tessek
Ltd., Praha) with an average particle size of 5 pm. Mobile phase acetonitrile/water
(75 : 25 v/v), flow-rate was 1 ml/min. The peak heights were measured for the
purpose of quantitative determination of tested sugars. The internal standard with
xylose and the external standard calibration methods were used. The response
factors for tested sugars were calculated from the equation:

Ci vs(
' ss( vi [ ]
where c resp. v are the concentrations of tested components (i) [standard (st)],
resp. the peak heights of the component (7) [standard (st)]. Standards of lactose,
sucrose, glucose, galactose and xylose were p.a. grade (Lachema, Bmo).

RESULTS and DISCUSSION

The sugars were eluated in the described system in following order: xylose
(internal standard), glucose, galactose, sucrose, lactose (Fig. 1). The elution rate
and the distribution of the individual components depend on the acetonitrile : water
ratio. With the increasing volume of acetonitrile the elution rate rises and the
separation worsens (M acrae,D i ck, 1981). Using the conditions described for
the separation on Separon SGX-NH, the acetonitrile : water at suitable ratio 75 : 25
(v/v) optimal separation and elution rate was achieved. The precipitation agent,
trichloracetic acid does not influence the separation of sugars. This finding is
important from the viewpoint of the method application in real samples (e.g. milk
and milk products). The detector applied had not been sensitive enough under the
experimental conditions used. Thus the signals from the line detector were
approximately five time simplified and then the noise level and the base line drift
were found satisfactory.

The relationships between the response factors and the concentrations of the
individual sugars (in distilled water) were evaluated. The injection volume (20 pul)
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(8]

[min] 5

S

1. Typical chromatogram of a standard mixture of glucose,
lactose, sucrose, and xylose

Peaks: S - solution of CCl3COOH in water

1 - xylose
2 - glucose
3 - sucrose
4 - lactose

were held on the constant level during the
experiment. Using the peak height better results
were achieved compared with the peak areas. The
linear dependence of the peak height upon the
sugar concentration was found (for the standard
concentration 0-5 % w/w). Further it was found,
that the response factors related to the unit amount
of the individual components, varied. The
numerical values of the response factors decreased
in the following order: xylose, glucose, sucrose,
galactose, lactose (Table I). Presented depen-
dence of the peak height upon the sugar con-
centration can be at the same time used as
a calibration curve for the determination of sugars
in the culture media by the external standard
calibration method.

I. The relationship between the peak height and sugar concentration (c)

Sugar a, Sa, a, Sa, r
Xylose 0.089 0.276 54.25 0.979 0.999
Galactose -0.016 0.610 30.566 1.240 0.987
Glucose -0.295 0.240 45.246 0.608 0.999
Sucrose -0.122 0.281 32.013 0.727 0.998
Lactose -0.673 0.632 24.954 2.143 0.964

v=a,+ a,. ¢ [cm; w/w], ay a, — linear constants, s, , 5, — standard deviations, r — correlation
0 1

coefficient
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Since the precision of the estimation by using the external standard calibration
technique depends on the constant conditions of analysis the internal standard

II. The response factors (f;) of xylose, galactose, glucose, sucrose and lactose and their

standard deviations (sy; )

Sugar fl] se[1]
Xylose 1.00 0.04
Galactose 1.54 035
Glucose 1.29 0.03
Sucrose 1.49 0.08

III. The glucose concentration (cgy,) estimated by the HPLC/ES technique and by the
HPLCI/IS technique in MRS broth during the cultivation of Lactobacillus acidophilus, 92 at

37 °C for the time (7)
c.. [P0 wiw]
t[h) pH £
ES IS
0 6.29 1.71 1.97
3 6.18 1.55 1.63
6 5.46 1.49 1.53
9 4.74 1.23 1.33

IV. Lactose concentration (cjc) estimated by the titrimetric method (T), HPLC/ES method
and HPLC/IS method in skim milk enriched with 0.5 % w/v of yeast extract during the
cultivation of Lactobacillus acidophilus, 92 at 37 °C for the time (1)

<] oH C 1ac [P0 Wiw]
T ES IS
0 6.43 5.35 5.08 5.20
3 6.22 5.57 5.46 5.06
6 5.36 5.34 5.68 5.56
9 443 4.49 4.40 4.45
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(xylose) technique was also tested. The response factor of xylose was defined as
one unit. The response factors of individual components present in the mixture
[xylose, glucose (galactose), sucrose and lactose] were then estimated using the
constant internal standard concentration and the changing concentrations of sugars
(Table II). The relative standard deviation of the method was found to be less than
5 % (lactose concentration 5 % w/w).

The described HPLC method has been also used for the measurement of the
glucose consumption during the fermentation of Lactobacillus acidophilus, 92 in
MRS medium (Table III). The decrease in lactose concentration during
Lactobacillus acidophilus, 92 growth in the skim milk was also monitored (Table
IV). In this case the lactose concentrations were determined both by the titrimetric
method (IDF, 1974) and by the HPLC external and internal standard calibration
methods. If the recovery of the titrimetric method was declared as 100 %, it was
possible to compare the recoveries of the both HPLC techniques. It was proved
that the both HPLC technique recoveries usually lie in the interval 95 - 105 %. This
is in a good agreement with the relative standard deviation in the value of 4 %
(lactose concentration 5 % w/w) evaluated.
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Stanoveni laktosy a glukosy v kultivacnich médiich metodou HPLC

Na kolon& Separon SGX-NH, s mobilni f4zi acetonitril/voda 75 : 25 (v/v) s refrakto-
metrickou detekci probihd eluce sacharidii v pofadi: xylosa, (IS), glukosa, galaktosa,
sacharosa, laktosa. Pri koncentraci sloZky v nastiiku O - 1 pg je zavislost odezvy
detektoru linedrni. Odezva detektoru na jednotkové mnoZstvi jednotlivych sloZek je
riznd. Klesd v porfadi xylosa, glukosa, sacharosa, galaktosa, laktosa. Jako vnitfni
standard byla vybrdna xylosa, jejiz odezvovy faktor byl zvolen jako jednotkovy.
Hodnoty odezvovych faktori byly stanoveny pro smési xylosy, glukosy (galaktosy),
sacharosy a laktosy pfi konstantni koncentraci vnitiniho standardu a proménné
koncentraci dalSich sloZek (tab. II). Pro laktosu byla zjiSténa chyba metody pfi
koncentraci laktosy 5,00 % hm. ve vzorku, kterd nepiesahuje 5 %. Je vyznamné, Ze
pouZité srdzeci €inidlo - kyselina trichloroctovd - nemd vliv na déleni uvddénych
sacharidl v popisovaném chromatografickém systému.

Popisovand chromatografickd technika byla pouZita ke stanoveni tibytku sacharidi
v kultiva¢nich médiich v zdvislosti na dob& kultivace. Pfi kultivaci kmene Lacto-
bacillus acidophillus, 92 v MRS bujénu byl sledovin pokles koncentrace glukosy,
v odstfedéném mléce byl sledovian pokles koncentrace laktosy. Pfi srovnani s klasickou
titratni metodou (IDF, 1974), jestliZe se predpoklada jeji vytéZnost 100 %, pohybuje
se vyt&Znost metody HPLC v modifikaci absolutni kalibrace a s pouZitim vnitiniho
standardu zpravidla v intervalu 95 - 105 %.

galaktosa; glukosa; HPLC; Lactobacillus acidophilus; laktosa; sacharosa; xylosa
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RELATIONS BETWEEN CHARACTERISTICS OF HYDROGENATED
RAPESEED OIL DURING FRENCH FRYING

Lenka KOURIMSKA, Jan POKORNY, Petr STERN'

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Technickd 5, CS-166 28 Praha 6;
T nstitute of Hydrodynamics, Czech Academy of Sciences, Podbabskd 13,
CS-166 12 Praha 6, Czech Republic

Hydrogenated rapeseed oil was used for French frying of fresh potatoes for
six consecutive days. The degree of deteriorative reactions was rather low.
The content of total polar compounds was correlated with spectrophotometric
and rheological data better than the content of free fatty acids or of oxidized
products. The static yield value at 20 °C was more suitable for calculating the
correlations than the static yield value measured at other temperatures or than
the apparent viscosity. Close correlations were obtained between the
appearance and the colour of fries or between the crunchiness and the intensity
of crunching sounds. Correlations between flavour characteristics were
significant but not sufficiently high to allow combinations of descriptors and
simplification of the flavour profile.

French frying; hydrogenated rapeseed oil; quality assessment; analysis
chemical and sensory

Deep fat frying is increasingly used for the preparation of food because it is very
easy, and because fried products have agreeable flavour.

During repeated frying the frying oils grow deteriorated by both hydrolytic and
oxidative processes. It is very important analytical task to evaluate the degree of
frying oil deterioration in order to be able to replace used oil by fresh one after the
optimum frying time. In several countries in different parts of the world, the use
of different analytical methods was investigated (Al-Kahtani, 1991;
Croon etal,1986;Hau etal,1986;Maksimets etal, 1987, White,
1991; Wu, Nawar, 1986; etc.). The content of polar compounds is most
frequently used, the viscosity, colour changes, and various empirical methods
(Croonetal, 1986; Koufimska4 etal, 1992) are common as well.
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The frying oil evaluation should be carried out with the minimum analytical
methods in order to make the analysis cheaper and more rapid. The analyses which
give similar, highly correlated results are redundant, and can be eliminated. For
this reason, we have studied correlations between various methods used in the
routine practical examination.

MATERIAL and METHODS

Material — Commercial hydrogenated rapeseed oil (melting point 34.6 °C)
contained 2.7 % dienoic acids and 0.3 % trienoic acids. Fresh potatoes were peeled,
cut into slices which were cut into pieces 40 to 50 x 10 x 10 mm.

Procedure — The household fryer Philips Nova (Model 2802.00) was filled
with 2.5 kg frying oil, which was then preheated to 170 °C within 7 min, and 42
fryings were performed in the same oil during six working days. Batches of 200 g
potato were added, reducing thus the temperature to 130 °C, which increased again
to 170 °C during 5 min frying. After seven fryings, oil was cooled down, and stored
for another day. French fries were left to drip, and they were immediately tested
while still warm.

Analytical Methods — The acid value and the content of total polar compounds
were determined after [UPAC (1987), total oxidation products were determined
by reversed-phase HPLC (P dnek, 1989). The colour was determined by
measuring the spectrum between 400 and 700 nm, and by calculating the
trichromatic luminance, dominant wavelength and saturation (ASTM, 1991).

Rheological properties were determined using the HAAKE Rotovisco RV 20
Viscometer (the cone diameter 28 mm, angle 2°) equipped with a flattened apex.
Flow curves were determined in the shear rate range of 0 - 500 s™'. The cone
achieved its maximum rate in 1 min (the upward flow curve), and came back to
rest in another 1 min (the downward flow curve). The samples were measured at
15.0, 20.0, and 25.0 °C with the accuracy of £0.02 °C. The static yield value was
determined as the maximum value of shear stress on the upward flow curve, the
apparent viscosity at the shear rate of 500 s' (Pok orn y etal., 1984).

The sensory profile of French fries was determined under standard conditions
(ISO, 1985) by a panel of trained and experienced assessors. The sensory profile
consisted of eight descriptors, evaluated with use of unstructured graphical scales,
represented by straight lines 145 mm long, provided with verbal descriptions at
each end: acceptability of appearance (0 % = excellent, 100 % = very bad), colour
acceptability (0 % = excellent, 100 % bad), intensity of crunchiness (0 % =
excellent, 100 % = completely plastic), intensity of crunching sounds (0 % =
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inaudible, 100 % = very strong), acceptability of overall flavour (0 % = excellent,
100 % = very bad), intensity of fried flavour (0 % = very strong, 100 % = hardly
perceptible), intensity of rancid off-flavour (0 % = imperceptible, 100 % = very
strong), and intensity of total off-flavours (0 % = non perceptible, 100 % = very
strong).

The programme Statgraphics was used for statistical evaluations. The probability
level was P = 0.95. The correlation coefficients of the linear (y = a.x + b) or of the
semilogarithmic (either y = a.log x + b, or log y = a.x + b) or a double-logarithmic
plot (log y = a.log x + b) were calculated on the basis of two sets of the total of 42
analyses, the R? expresses the degree, in which the relation explains the overall
variability. Among the above four expressions, only those with the highest
correlation coefficient are shown in Tables.

RESULTS and DISCUSSION

Values of correlation coefficients between variables concerning the frying oil
are given in Table I. The content of free fatty acids could be correlated with the
content of polar compounds or the colour changes but not with changes of
rheological parameters. The content of total polar compounds was much better
related to physical characteristics than the content of oxidized compounds. This
phenomenon is probably due to lower content of oxidized products compared with

I. Relations between characteristics of frying oils (relation: y = a.x + b)

Dependent variable | Independent variable | Correlation coefficient | Square of the correlation
) (x) (r) coefficient (j rz) p-c.
A log B 0.6103 37.2
D 0.6069 36.8
log E -0.6615 43.8
B C 0.6648 44.2
log B E -0.8761 76.8
F 0.6343 40.2
K 0.7759 60.2
D log E 0.7984 63.7
E log K -0.7175 51.5
log F log K 0.9981 99.6

A =free fatty acids, B = total polar compounds, C = oxidized products, D = trichromatic luminance,
E = dominant wavelength, F = trichromatic saturation, K = static yield value at 20 °C
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hydrolytical products (Blumenthal, 1987), and to their relatively lower
polarity and lower activity in forming hydrogen bonds than that of the hydrolytical
products. Correlation coefficients were not very high (with the exception of the
last expression, which is particular for these experiments and was not confirmed
with frying oil of another type) so that no variable could be eliminated as
superfluous.

Contrary to non-heated hydrogenated oils, the temperature dependence of frying
fats was rather high as the results depended not only on changes of the solid phase,
but also on those of the hydrogen bonding.

The static yield value (Table II) was in slightly closer correlation with other
parameters than the apparent viscosity, and the measurement at 20 °C was
preferable to either higher or lower temperatures (Table II). At 15 °C, the
consistency of frying fat was hard so that wall slip was observed, and at 25 °C,
differences between values measured after different frying times became small
(both in the static yield value and in the apparent viscosity) because of low content
of solid crystals. The temperature of 20 °C thus resulted as optimal for the
determination of rheological characteristics.

II. Relationships between colour characteristics and rheological characteristics (linear relations:
y=a.x + b, correlation coefficient r)

Independent variable x
?;plea%f: t;,t dominant wavelength trichromatic saturation
® () pe. ) () p.c.
log]J -0.7157 51.2 0.6023 36.3
log K -0.7175 51.5 { 0.9981 99.6
log L -0.5776 33.4 0.9425 88.8
log M -0.5885 35.8 0.9756 95.2
log N -0.6327 40.0 0.9837 96.8
log P -0.5412 29.3 0.9473 89.7

Static yield value: J =at 15 °C,K=at 20°C,L=at 25 °C
Apparent viscosity: M =at 15°C,N=at 20°C,P=at 25 °C

The pronounced temperature dependence of frying oils as confirmed by
correlations between rheological measurements at different temperatures are given
in Table IIL. Static yield value measured at 15 °C deviated from those observed at
higher temperatures and from the apparent viscosities. Semilogarithmic plots gave
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IIL. Correlations between rheological parameters (values: 7 p.c.) (relation: y = a.x + b,
correlation coefficient r)

Dependent Correlation coefficients with independent variables
variahle log P log N log M log L log K
J 96.3 99.2 99.2 96.0 97.7

logJ 79.0 87.2 86.8 74.5 97.1
log K 96.4 98.9 99.3 96.3

log L 97.3 99.0 98.9

logM 98.2 99.0

log N 97.4

Explanation of symbols see Table II

the best fitting curves in this case while log-log relations were more suitable in
other cases. The apparent viscosity of frying fat is perceived rather at the end of
chewing and during swallowing when fat present in the morsel has been heated in
the oral cavity and became nearly liquid. Its determination at low temperature is
thus of little practical significance.

IV. Correlation coefficients between sensory characteristics of French fries fried in hydrogenated
rapeseed oil (linear regression: y = a.x + b, correlation coefficient r, probability level: P = 95 %,

N= 42)
Correlation coefficients of the characteristic
Charactistic
R S T U v w X
Q 0.9072 0.4712 | -0.3589 0.5715 0.1505 0.3636 | -0.2477
R 0.4410 | -0.2950 0.5189 0.0825 0.3530 | -0.2517
S 0.9596 0.1920 0.5259 | -0.0231 | -0.3489
T -0.1850 | -0.5667 0.0474 0.2848
8} -0.3967 0.7282 0.2828
\Y -0.2919 | -0.1507
w 0.7022

Codes of the sensory characteristics: Q = appearance, R = colour, S = crunchiness, T = crunching
sounds, U = overall flavour, V = fried flavour, W = rancid flavour, X = total off-flavours
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Correlation coefficients of linear correlations between the sensory characteristics
of French fries are given in Table IV. As expected, very high correlation coefficient
was observed between the appearance and the colour of fries. Therefore, these two
characteristics could be combined. The correlation between the crunchiness and
the intensity of crunching sounds was still higher, so that these two characteristics
could be combined in the profile as well. Other two significant correlations (flavour
intensity and intensity of rancid flavour, and between the intensities of the rancid
off-flavour and the overall off-flavours) are not so high to allow their combination
into one descriptor. The lack of high correlation coefficient is caused by relatively
short frying time. The relatively stable hydrogenated oil was deteriorated only in
small degree, and highly objectionable off-flavours did not develop.

In case of household frying, the oxidation of frying oil during the storage between
fryings is very important. For these reason we have interrupted the frying relatively
often, and stored frying oil till the other day.

The results show that in case of relatively short use (as it is common in household
fryers), the deterioration of frying fat does not proceed to any advanced degree.
Therefore a single indicator is not sufficient for safe assessment of the degree of
degradation of frying oil. The determination of the degree of deteriorative changes
should thus be based on several characteristics which cannot be reduced to one or
a few variables.
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Vztahy mezi charakteristikami hydrogenovaného Fepkového oleje
béhem smaZeni bramborovych hranolkii

Bramborové hranolky byly postupné smaZeny ve ztuZeném fepkovém oleji ve fritéze
pro doméci smaZeni po dobu Sesti dnil bez dopliiovéni oleje. Byly sledovidny zmé&ny
&isla kyselosti, obsahu veSkerych poldrnich produkti, oxida¢nich produktd, trichro-
matickych charakteristik barvy a reologickych charakteristik, k nimZ patfilo stanoveni
statické meze toku a zdanlivé viskozity pri 15, 20 a 25 °C. Vysledky byly statisticky
zpracovany s pouZitim programu Statgraphics. Korela¢ni koeficienty uvedené v tab. I
ukazuji, Ze obsah volnych kyselin byl v linedrnim vztahu ke zmé&ndm obsahu ve¥kerych
poldrnich produkti, aviak celkovy obsah oxida¢nich produkti, stanoveny vyso-
koucinnou kapalinovou chromatografii, byl méné vhodny.

Statickd mez toku a zdanliva viskozita znaCné zdvisely na teplot& (vice neZ u nezahra-
tych tuki) a méfeni pii teploté 20 °C se osvéd¢ilo pro sledovani vztahl s ostatnimi
charakteristikami lépe neZ pfi vy38ich nebo niZ3ich teplotich (tab. IT). Logaritmické a
semilogaritmické vztahy se ukdzaly jako vhodné&;jsi pro hodnoceni zavislosti za riznych
teplot méfeni (tab. III).

SmaZené bramborové hranolky byly hodnoceny metodou sensorického profilu
a velmi tésné vztahy byly zjiStény mezi vzhledem a barvou a mezi chrupavosti a zvuky
pfi konzumu. Méné tésné byly korelace mezi chufovymi charakteristikami, k nimZ
patfily: celkové chuf, intenzita Zluklé chuti a celkovych pachuti (stanovené s pouZitim
nestrukturovanych grafickych stupnic), coZ bylo zpisobeno pom&mé malymi oxidadnimi
zmé&nami tuku bé&hem pomérné kratkého smaZeni, jaké je pii domacim smaZeni b&Zné.

Vzhledem ke kritkému pouZivani oleje pii domdcim smaZeni nestaci k jeho hodno-
ceni jediny ukazatel, ale je potfebi kombinovat dva nebo tii ukazatele, z nichZ 1ze u€init
bezpe&né zavéry pii pouZiti mnohondsobné regrese k vyhodnoceni vysledki. Konkrétn{
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bezpe&né zavEry pfi pouZiti mnohondsobné regrese k vyhodnoceni vysledki. Konkrétni
vztahy pro vypocet stavu oleje po smaZen{ je tfeba stanovit pro kaZzdy druh oleje, typ
smaZiCe a druh smaZeného pokrmu.

smaZeni bramborovych lupinki; hydrogenovany Fepkovy olej; ukazatel kvality;
chemickd a senzorick4 analyza
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INHIBITION OF NITRATE REDUCTASE ACTIVITY
OF MICROBIAL CONTAMINANTS IN HOPPED WORT

Alena BOKVAJOVA, Katefina DEMNEROVA, Martina SUCHOVA,
Blanka KRALOVA, Milan KRAL'

Institute of Chemical Technology — Department of Biochemistry and Microbiology
and IDepartmem of Analytical Chemistry,
Technickd 5,CS-166 28 Praha 6, Czech Republic)

Two microbial strains with nitrate reductase activity, yeast Hansenula sp. and
bacteria Xanthomonas maltophilia were isolated from non-pasteurized
hopped wort. The effect of five different inhibitors (riboflavin, L ,D-tyrosin,
ferriccammonium citrate, niacin, nicotinamide, phenazinemethosulphate) on
reduction of nitrate reductase activity (NRA), detected in microbial cells, was
tested. The best inhibitory effect on NRA was obtained with riboflavin.
Limiting inhibitory concentration of riboflavin was determined as 2.5 ppm.
Other tested inhibitors applied in the same concentration partially reduced
nitrate reductase activity of both microorganisms, too.

microbial nitrate reductase; inhibition; riboflavin; brewery industry

The occurrence of inorganic nitrates in beer has become a serious problem. Their
ability to participate in the formation of carcinogenic nitrosocompounds appears
to be the most hazardous aspect. These compounds are synthesized by the action
of nitrous acid on secondary amines. Nitrous acid is formed by the action of
denitrifying bacteria on nitrates. These bacteria are genetically diverse and
metabolically versatile. Two pathways of denitrification are known. One uses
nitrate as the only nitrogen source for microbial growth. The other utilizes nitrates
as a hydrogen acceptor instead of oxygen under anaerobic conditions. These
processes are known as the nitrate assimilation and nitrate dissimilation,
respectively.

The final products of denitrification by the dissimilatory (respiratory) pathways
are N,O or Nj. This process occurs only in bacteria and low eukaryotes. But some
microorganisms produce N,O as the end product, ammonia is also sometimes
developed during this anaerobic reduction. This is connected with assimilation for
instance in Escherichia coli, Desulfotomaculum desulfuricans, Clostridium sp.
Some bacteria produce a mixture of gases NO, N2O and N;. NO or NH,OH
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intermediates are however formed during assimilatory processes. An assimmi-
latory pathway was described in bacteria, fungi and plants.

Pichinoty etal (1969) elucidated the difference between denitrification
processes. They identified two classes of nitrate reductases, nitrate reductase A,
taking part in the dissimilation pathway and nitrate reductase B, participating in
the assimilation pathway. They differ in the reaction with chlorate. Nitrate
reductase A may use chlorate as a substrate instead of nitrate, while nitrate
reductase B is inhibited by chlorate. The existence of both pathways was found in
some bacteria. Only one type of the enzyme is present in other denitrifying bacteria.
For example in the genus Pseudomonas all combinations of nitrate reductases
A and B were observed. This genus comprises nonfermenting bacteria in which
the dissimilatory reduction of nitrate is coupled with ATP formation (W alter,
1978). Pseudomonas aeruginosa and P. stutzeri have both nitrate reductases A
and B. P. fluorescsens, P. multivorans, P. acidivorans and P. maltophilia have
nitrate reductase A and perhaps some of B-enzyme. P. putida, P. testosteroni and
P. pseudoalcaligenes have only nitrate reductase B(Pichino ty, 1965).

Nitrate reductase B and assimilatory nitrite reductase are repressed by ammonia,
which is the end product of the assimilatory reduction.

Generally, dissimilatory processes are known better in comparison with
assimilatory ones.

Respiratory nitrate reductases are located in the cytoplasmic membrane in
E. coli. This enzyme contains four Mo atoms per mole and four to eight Fe-S
clusters.

In the present work bacteria and yeast strains with the high nitrate reductase
activity were isolated from the fermented hopped wort of a brewery. Several
cofactors were tested for the inhibition of their nitrate reductase activity.

MATERIAL and METHODS

Analytical methods — Nitrate reductase activity was detected by the
determination of nitrites formed during the growth of microorganisms on the
medium containing KNO,. The determination was based on the ability of nitrites
to react with iodide in the acidic pH. Evolved I, gives with starch blue colour. The
medium for estimation of nitrate reductase activity contained: peptone 5.0 g,
beef extract 3.0 g, glucose 3 g, glycerol 5.0 g, KNO, 1.0 g, Na,HPO, 2.5 g, agar
20.0 g, H,0 1000 ml.

Nitrates and nitrites were determined accordingtoPostel (1976).

Microorganisms — Nitrate reducing microorganisms were isolated from
non-pasteurized 10% hopped wort of a brewery. Their nitrate reductase activity
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was tested on the nitrate medium as a decrease of nitrate contents. One bacterial
strain chosen from 50 isolates and forming gramnegative rods was identified
as Xanthomonas maltophilia. The isolated yeast strain was identified as Hanse-
nula sp.

Experimental arrangements — The occurrence of nitrate reductase activity
was followed in two types of microorganisms (bacteria and yeasts). They were
isolated from non-sterile hopped wort and had high nitrate reductase activity as
tested by starch reaction on Petri dishes.

Samples of sterile 10% hopped wort (100 ml) were inoculated by loopful with
24 h old bacterial or yeast culture. The nitrate content was adjusted to 50 mg/l by
KNOj before sterilization. Cultivations were carried out at 28 °C under shaking.

Inhibition of nitrate reductase activity — The inhibitory effects of riboflavin,
D,L-tyrosin, ferric-ammonium citrate, niacin, nicotinamide and phenazinemetho-
sulphate were tested. The amount of inhibitors added into the medium was adjusted to
0.001 % based on the preliminary tests. The concentration of nitrates in the medium
was 0.5 g/l of hopped wort. The medium was inoculated with 24 h cultures and
cultivated as indicated above. Samples were analysed after 48 and 72 hours. Results
were compared with those obtained without the inhibitor addition.

RESULTS

Nitrate reductase activity of selected microorganisms — Three samples of
non-pasteurized hopped wort of individual brewing were taken and nitrate
concentration was estimated immediately in five parallel determinations. The
average values were 18.08 mg NO; , 15.50 mg NOj and 9.2 mg NO; per 100 ml,
respectively. The nitrite content in wort was 0.1 - 0.2 mg/l. The low concentration
of nitrates in the third sample was caused by a higher contamination by
microorganisms with nitrate reductase activity. The content of NO; in all three
samples was adjusted to 50 mg per 100 ml by KNO, and the nitrate reductase
activity of selected microorganisms was tested after 24 and 48 hours of cultivation.

The yeast strain Hansenula sp. exibited higher nitrate reductase activity in
comparison with the bacterial strain. The yeast strain decomposed 80 % of nitrates
during 48 hours. The bacterial strain decomposed only 50 % of nitrates from media
during the same time.

Inhibition of nitrate reductase activity — Six different inhibitors (riboflavin,
L,D-tyrosin, ferric-ammonium citrate, niacin, nicotinamide and phenazinemetho-
sulphate) were used to reduce nitrate reductase activity. All of them were used at
the concentration of 0.01 %. Tables I and II show the effect of inhibitors on the
nitrate reductase activity of yeast and bacteria, respectively.
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L. Inhibition of nitrate reductase activity of Hansenula sp.

Nitrate concentration in wort (average values) [mg NO;- .100ml" 1)

Inhibitor Sample 1 | Sample 2 I Sample 3
Cultivation time [h]

24 48 24 48 24 48
R 48.93 45.26 48.00 45.30 49.80 48.33
T 49.18 48.76 49.80 48.20 49.92 49.73
C 50.00 49.90 50.00 49.19 50.00 48.56
N - - 49.72 37.47 50.02 32.68
NA 49.54 48.65 49.56 46.65 49.74 49.62
PM 49.40 49.20 49.40 49.00 48.80 48.20

None 9.20 0 9.85 0 10.20 0

Holds for Tables I, Il and V:
R - riboflavin, T - L,D-tyrosin, C - ferriccammonium citrate, N - niacin, NA - nicotinamide,
PM - phenazinemethosulphate

IL. Inhibition of nitrate reductase activity of X. maltophilia

Nitrate concentration in wort (average values) [mg NO; .100ml -~ ']
Inhibitor Sample 1 Sample 2 Sample 3
Cultivation time [h]
24 48 24 48 24 48

R 49.90 48.00 49.40 47.50 49.90 49.80

T 50.00 49.50 47.10 45.80 32.70 -

C 49.90 49.90 47.90 42.65 23.60 -

N 50.00 49.00 49.60 41.80 46.20 42.80
NA 50.00 49.80 50.20 49.00 41.40 40.80
PA 50.00 49.30 50.00 47.00 50.00 48.10

None 21.10 17.40 23.70 19.30 20.30 18.40




Potr. Védy, 11,1993 (3) : 225-232

The results show that all compounds inhibited the nitrate reductase activity of
selected microbial strains. The use of riboflavin appears to be the most convenient
for food technology. The limit concentrations of riboflavin inhibitory effect to
yeast and bacterial nitrate reductases were tested. These results are summarized in
Tables IIT and IV.

III. Estimation of the limit riboflavin concentration inhibitory to Hansenula nitrate reductase
activity (cultivation time: 48 hours)

Riboflavin concentration Nitrate concentration in wort [mg NO, . 100 ml~ !
-1
g 1000d "] Sample 1 Sample 2 Sample 3

0.25 50.00 50.00 50.00
0.05 50.00 50.00 49.00
0.025 45.00 48.00 40.00
0.0125 18.00 22.00 10.50
0.00625 12.60 18.50 10.50
0 12.00 14.00 8.20

Both strains exhibited the same sensitivity to riboflavin. The limit concentration
of riboflavin appeared to be 0.25 mg/100 ml. Other inhibitors were applied at the
same concentrations as riboflavin in order to compare their effect with riboflavin

IV. Estimation of the limit riboflavin concentration inhibitory to X. maltophilia nitrate
reductase activity (cultivation time: 48 hours)

Riboflavin concentration Nitrate concentration in wort [mg NO; .100ml”~ I]
-1 :
Long. 1001} Sample 1 Sample 2 Sample 3
0.25 50.00 50.00 50.00
0.05 50.00 38.00 50.00
0.025 49.80 15.00 50.00
0.0125 8.70 9.20 45.10
0.00625 7.50 8.70 34.50
0 7.30 8.00 12.20
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V. Estimation of the inhibitory effects on yeast and bacterial nitrate reductase activity
at inhibitor concentration of 0.25 mg per 100 ml of the medium (cultivation time: 48 hours)

Nitrate concentration in wort [%].
Inhibitor
Hansenula sp. X. maltophilia
T 47.90 67.90
C 39.30 83.00
N 22.90 45.40
NA 28.90 52.80
PM 15.20 39.80

T — L,D-tyrosin; C — ferric-ammonium citrate; N — niacin, NA — nicotinamide; PM — phena-
zinemethosulphate

“The results represent percentual values of nitrate residual concentrations in medium after culti-
vation in the medium containing nitrates 50 mg per 100 ml

on the limiting concentration. Table V summarizes this comparison as percentages
of residual nitrate concentrations after cultivation.

All inhibitors at concentrations of 0.25 mg/100 ml partially reduced nitrate
reductase activity. The best effects on the yeast and bacterial nitrate reductases
were obtained with riboflavin. As the assimilation nitrate reductase pathway is
known to operate in Hansenula but X. maltophilia contains mainly nitrate
reductase A(Pichinoty, 1969),itcan be concluded thatriboflavin is effective
against both types of nitrate reductases.

These obtained results suggest that riboflavin may be used as an inhibitor of
microbial reductase activity in brewing industry. But our further intensive tests
with pitching yeasts after their fourth or fifth use in brewery (the paper is in
preparation), showed that some bacterial contaminants of brewer’s yeast were more
resistant to the inhibitory action of riboflavin, so that the 100% inhibition was not
achieved in all cases.

CONCLUSION

It has been found that riboflavin used at 2.5 ppm final concentration in hopped
wort inhibits nitrate reductase activity of certain bacterial and yeast contaminants
occurring during bottom fermentation in breweries.
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Sledovani nitratreduktisové aktivity kontaminujici mikroflory
pivovarskych surovin a ovéfeni moznosti jeji inhibice

Problém pritomnosti dusikatych slou¢enin anorganického piivodu v pivé je stdle vice
aktudlni, obzvlasté z pohledu moZného vzniku potencionalng& karcinogennich nitro-
samind. Na vzniku t¥chto litek se mohou podilet i mikroorganismy, jiZ pfitomné
v pivovarskych surovindch, které maji enzym nitratreduktasu redukujici dusi¢nany na
dusitany, pfemé&iované déle na nitrosaminy.

V této prici jsme se zabyvali vybérem mikroorganismi s vysokou nitritre-
duktasovou aktivitou izolovanych z nesterilované mladiny, schopnosti nékterych latek
inhibovat aktivitu nitratreduktasy a stanovenim nejniZ$i moZné koncentrace inhibujici
tento enzym.

Nitritreduktdsové aktivita byla sledovdna u dvou typii mikroorganismi (kvasinka
a baktérie), které byly vybriny z 50 izolati v pfedchazejicich pokusech izolovanych
z 10% nesterilované mladiny a vykazujici zna€nou nitratreduktasovou aktivitu. Tyto
mikroorganismy byly identifikovdny — baktérie jako Xanthomonas maltophilia
a kvasinka byla zafazena k rodu Hansenula. U obou mikroorganismi byla sledovana
jejich schopnost redukovat dusi¢nany na dusitany.

Ve tiech vzorcich nepasterované mladiny byl nejdiive metodou podle Postela stano-
ven obsah dusi¢nani. Stanovené koncentrace 18,08, 15,50 a 9,2 mg NO; na 100 ml
byly déle upraveny na koncentraci 50 mg NO; na 100 ml. Po sterilaci mladiny a inoku-
laci vySe zminénymi dvéma mikroorganismy byl sledovén tbytek dusiénand po 24
a 48 hodinich kultivace. Bylo zji§té€no, Ze kvasinka vykazuje vyS3i nitrareduktasovou
aktivitu neZ baktérie, vzhledem k tomu, Ze kvasinky odbouraly po 48 hodinach kulti-
vace 80 % z vychoziho obsahu dusi¢nand, zatimco baktérie pouze kolem 50 %.
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Schopnost inhibovat nitrdtreduktasovou aktivitu byla testovdna u 3esti potencio-
nélnich inhibitord, riboflavinu, L,D-tyrosinu, citritu Zelezito-amonného, kyseliny niko-
tinové, nikotinamidu a fenazinmetasulfitu, pfiddvanych v koncentraci 0,01 %.
Stanovenim koncentrace dusi¢nanl (tab. I a II) po 24 a 48 hodinich kultivace
mikroorganismi na médiich obsahujicich inhibitory a porovndnim s vysledky po
kultivaci bez inhibitordi bylo zjiit€no, Ze viechny sledované latky inhibuji nitritre-
duktasu obou izolovanych mikroorganismi. Jako nejlepsi inhibitor byl vybréin ribofla-
vin, u n&hoZ byla déle testovana limitni koncentrace potlacujici aktivitu mikrobidln{
nitratreduktasy. Riistem mikroorganismi na médiich s riznou koncentraci riboflavinu
(0 aZ 10 mg riboflavinu na 100 ml) byla pro oba mikroorganismy stanovena stejna
limitni koncentrace 0,25 mg riboflavinu na 100 ml zcela inhibujici enzym nitrétre-
duktasu (tab. III a IV). Pfi pouZiti ostatnich inhibitori ve stejné koncentraci, byla
porovnéna jejich i¢innost s G¢innosti riboflavinu (tab. V). U obou mikrobidlnich kmeni
byla nitratreduktasovd aktivita zC4sti inhibovdna vSemi inhibitory aplikovanymi
v koncentraci 0,25 mg na 100 ml, dplné inhibice v§ak byla dosaZeno pouze s ribofla-
vinem.

mikrobidlni nitratreduktasa; inhibice; riboflavin; pivovarsky primysl
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INFLUENCE OF PECTIC SUBSTANCE EXTRACTION
INTO THE BRINE ON THE TEXTURE OF CANNED FRUIT

Jaroslay DOBIAS, Dusan CURDA, Viadimir VANA®, Petra ZAKOVA

Institute of Chemical Technology — Departmment of Food Preservation and Meat
Technology and 1Department of Biochemistry and Microbiology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

The texture changes of canned peach, Red Haven variety, and apricot,
Velkopavlovicka variety, as well as the extraction of pectic substances during
heat treatment at 70, 80, 90 and 95 °C were studied. The content of pectic
substances in the liquid portion of both kinds of canned fruit is proportional
to the intensity of used heat treatment and in good correlation with the their
texture. The lack of pectic substances in plant tissues after heating is evident
also from microscopic photographs.

peach; apricot; texture; pectic substances; heating

The influence of pectic substance structure on the texture of plant tissues is
known. Considering that pectic substances bind the cells together as a component
of middle lamella, their hydrolysis is regarded as one of the main causes of
softening of plant tissues (Sterling, 1955;Paulus,Sagny, 1980).

In the framework of our studies on the influence of heating on the changes in the
texture of processed fruit and vegetables we were interested in the relation between
the texture of canned peaches and apricots and the content of soluble pectic
. substances in the brine after different heating conditions. The changes in the
structure of plant tissues after heat treatment were also followed under
a microscope.

MATERIAL and METHODS

Peaches of the Red Haven variety, soluble solid content 10.2 % (w/w), acids
content (as citric acid) 0.80 % (w/w), and apricots of the Velkopavlovické variety
(soluble solids 12.6 %, acids 1,49 %) in canning ripeness were used for our
experiments.

Halved and destoned fruits (250 g) were filled into tin cans (volume of 450 ml),
poured on with sugar brine, i.e. 30 % (w/w) sucrose solution, sealed and subjected
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to heating in a hot water bath. The temperature in cans was measured in the least
heated place (i.e. inside of fruit parts) with thermocouple. The F values for each
treatment were calculated using T = 80 °C and z = 20 °C which is typical of
texture changes in plant tissues (Karel etal., 1975). Samples of cans after 20
different heating treatments (Table I) were cooled and stored at room temperature
for six months. Then they were opened and their content was tested.

I. Time-temperature conditions of samples taken for texture tests

Temperature [°C] Holding time [min])/corresponding F: g value
70 30/11.5 45/16.2 60/21.0 75/25.7 90/30.5
80 10/16.0 15/21.1 20/25.8 25/30.8 30/35.7
90 21353 4/41.7 6/48.1 8/54.3 10/60.6
95 1/49.0 2/55.1 3/60.6 4/66.5 5712.1

The canned fruits were homogenized by a liquidizer under constant conditions
and the mixture was centrifuged for 15 min at 3000 rpm. The relative viscosity of
the supernatant and its pectin content were determined.

The fruit texture was determined by the reverse extrusion method using Instron
1152 apparatus. The extrusion vessel made of stainless steel (inner diameter
40 mm) was filled with fruit pieces (80 g). The sample was then pressed with
a piston (diameter 32 mm), the speed of which was 125 mm/min. From the
extrusion diagram, i.e. the stress-time curve, the maximum force Fy.x [N] was read
(Kyzlink etal, 1982).

Viscosity measurements were performed using the Ubbelohde viscometer
calibrated with distilled water at 20 °C. The relative viscosities of tested solutions
against distilled water were determined on the basis of corrected time of outflow.

The pectin content (determined as anhydrogalacturonic acid) was analyzed
colorimetrically after the reaction with 3-hydroxy-biphenyl (B 1u m e n-
krantz, Asboe-Hansen, 1973).

The morphological changes of apricot tissues during heating were also studied
using a microscope (NVZ, Carl Zeiss Jena, BRD; enlargement 300 - 500 times).
The staining methods for starch, cellulose, pectic substances and cell walls were
used (N &€ mec, 1962; G ah an, 1984).

RESULTS and DISCUSSION

The relation between the peaches texture (Fp.x value) and the time of heating for
each temperature is shown in Fig. 1. It is obvious that there was no significant
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1. Texture of canned peach (F,, value) after different heat treatments

difference for heating under lower temperatures, i.e. 70 °C and 80 °C. This is in,
a good agreement with results of pectin content in the liquid portion of canned fruit.
The higher Frmax value, the lower content of pectic substances. This correlation is

given in Fig. 2.
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2. Correlation between texture (F,, value) and pectin content in the liquid portion of canned

peach for all heat treatments
(Fpax =-271.7 . 1n ¢ - 38.8; r=0.9026)
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0 ' ' 40 1;-20 . : 80
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3. Correlation between texture (F . value) and the intensity of heating (F ;g value) of canned
— o - p—
peach (F =8.63 .F, +818.4;r=0.8997)

Compared with the time of heating, the F value is more suitable for expressing
the intensity of sterilization treatment. Figs. 3 and 4 show the close correlation
between the texture of heated peaches, and/or amount of solubilized pectin, and the

intensity of heating expressed by means of Fzg value

0.50
C [%]

0.25

0 0 720 '
0 Fg 80
4. Correlation between the content of soluble pectin and the intensity of heating (F_ ;g value) of

canned peach (¢ = 0.0483 . exp (0.0292. Fy); r= 0.9495)
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5. Correlation between relative viscosity and pectin content of the liquid portion of canned
peach for all heat treatments (1, = 17.2.. ¢ + 1.0; r = 0.8767)

The highest amount of pectin was released into the brine during the most intensive
heat treatment (95 °C for 5 min) when we found nearly 76 % of the total pectin
content of canned peaches in the solution, i.e. 0.46 % (w/w) of soluble pectin from
total 0.61 % (w/w). Solubilized pectic substances increased viscosity of liquid
portions of canned fruit. Rather a close correlation between the viscosity of tested
samples and their pectin content is also evident from Fig. 5.

80r
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80 60- 70 OC
40 89 °C
\\ P
s ° -
20f95 °C 90°C .
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6. Texture of canned apricot (F_,, value) after different heat treatments
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7. Correlation between texture (F,, value) and pectin content in the liquid portion of canned apri-
cot for all heat treatments (F,, =-42.1.1n ¢- 12.7; r=0.7953)

Analogical results for canned apricots are summarized in Figs. 6 - 9. Compared
with canned peaches we found the more significant influence of lower temperature
during heating (70 °C and 80 °C) on the texture changes and the higher ratio of
soluble and total pectin after heating. For example we determined about 92 % of
pectin in soluble formin fruit heated at 95 °C for 5 min, i.e. 0.52 % (w/w) of soluble
pectin from total 0.56 % (w/w).

80r

Frax [N]
60f

40t

20p

8. Correlation between texture (F_, value) and the intensity of heaing (Fi g value) of canned

apricot (Fyy =300, In Fyp +13t0.4; r=0.8669)
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9. Correlation between the content of soluble pectin and the intensity of heating (Fz value) of

canned apricot (¢ = 0.0084 . Foo +0.117; r=0.9455)
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10. Structure of fresh apricot tissue
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11. Structure of apricot tissue after
heating at 70 °C for 30 minutes

It can be concluded from the described results that the content of pectic substances
in the liquid portion of both kinds of canned fruit is proportional to the intensity
of used heat treatment and it is in good correlation with changes of their texture.
The transport of pectic substances out of the apricot tissue can also be seen in
photographs made by using a microscope. Fig. 10 shows the tissue structure of
fresh fruit. Fig. 11 indicates the same part of apricot fruit after the least intensive
heat treatment (70 °C for 30 min). The breakdown of the tissue texture in
consequence of the lack of pectic substances is evident mainly in cell corners

12. Structure of apricot tissue after
heating at 90 °C for 5 minutes
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(especially in mesocarp). In the tissue heated under the hardest condition (95 °C
for 5 min) the pectin is nearly absent and the structure of exocarp and mesocarp is
completely destroyed (Fig. 12).
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Vliv extrakce pektinovych latek do nalevu na konzistenci kompotovaného ovoce

Vliv struktury pektinovych litek na konzistenci rostlinnych pletiv je zndm a hydrolyza
pektini je povaZovana za jednu z hlavnich pfi¢in m&knutirostlinnych pletiv pfi tepelném
opracovani(Sterling,1955;Paulus,S a gny, 1980). Cilem préice bylo hledani
vztahu mezi konzistenci kompotovanych broskvi a merun&€k a obsahem rozpustného
pektinu v nélevu pii riznych podminkéch sterilace.

Pilené a odpeckované meruiiky (odrida Velkopavlovickd) a broskve (odriida Red
Haven) zalité nilevem a uzaviené v plechovkich o objemu 450 ml byly sterilovédny ve
vodni ldzni pii teplotich 70, 80, 90 a 100 °C. Bylo pouZito dvacet riznych sterilaénich
reZimi, intenzita tepelného i€inku kazdého z nich byla sledovdna pomoci termo¢&lanku.
Vysterilované kompoty byly skladovany Sest m&sicl pii laboratorni teploté a poté byl
jejich obsah analyzovan.

Viskozita tekutého podilu homogenizovaného kompotu byla stanovena za pouZiti
Ubbelohdeho viskozimetru a obsah rozpustnych pektinl v ném kolorimetricky po reakci
s 3-hydroxy-difenylem (Blumenkrantz, Asboe-Hansen, 1973) a dile
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pak konzistence ovoce metodou zpétné extruze (K y z 1i n k etal., 1982). Morfologické
zmény struktury pletiva merunék pfitom byly sledovédny i mikroskopicky.

Z vysledki vyplynulo, Ze obsah rozpustnych pektinovych latek v obou typech kompo-
td je imé&rny intenzit& tepelného zdkroku a t&sné& koreluje se zm&nami konzistence plodi.
Pfi sterilaci merun&k byly na rozdil od broskvi zjiStény podstatn&j$i zmé&ny konzistence
jiZ pfi niZ8ich teplotach zdhfevu, tj. pfi 70 a 80 °C. Uvoliiovani pektinovych litek z pletiv
zahFivanych merun&k bylo zfejmé i z mikroskopického sledovani.

broskve; meruiiky; pektinové latky; sterilace
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SURVEY

THE ROLE OF RADIONUCLIDES IN MODERN FOOD RESEARCH,
ANALYSIS AND CONTROLLING OF TECHNOLOGICAL PROCESSES

Pavel RAUCH, Jan KAS

Institute of Chemical Technology — Department of Biochemistry and Mikrobiology,
Technickd 5, CS-166 28 Praha 6, Czech Republic

Radionuclides and various compounds labelled with them have represented an
irreplaceable research means in many branches of biological and chemical sciences for
decades (Tables I and II). Their utilization in the mentioned scientific branches is
however very different. While biochemistry, organic chemistry, physiology,
agriculture, pharmacology, human and veterinary medicine may serve as examples of
their intense application, food research started to utilize their benefits in the eighties, if
we do not consider very scare studies in the sixties and seventies (R a u ¢ h, 1991;
R auch etal, 1991). The reason for such a delay in their application is most probably
to be a certain conservative approach of food scientists, unsufficient knowledge of
radionuclide merits (the improvement of specificity and sensitivity of applied
procedures, etc.).

I. Nuclides most frequently used in food research, analysis and controlling of food allied processes

Radionuclides 31, ¥, 2Na, 32p, 335, 45Ca, 3Fe; 71Co, PPe, PSe, 1

Stable nuclides iy 3e By o

The goal of this paper is to bring in closer contact those producing labelled
compounds and those utilizing them in various food branches. The paper avoids food
irradiation and fully agricultural problems which are described elsewhere. It is
concerned mainly with the utilization of radionuclides in tracer studies, in investigation
of mutual interactions among various food components, testing of the availability of
food nutrients and essential factors, studies of changes and interractions of various
compounds during food processing, use of radionuclides in food analysis and finally
in the testing of technological procedures and functioning of technological apparatuses.

Many of these approaches are not replaceable by other methods or procedures.
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II. Most frequently used radiolabelled compounds in food research and analysis

Food components Contaminants
3H,0, *CO,, Hiszp04 1 C-pesticides
l"C-orgauic acids, amino acids MC-organic pullutants
I"C-carbohydrmes “C-mycotoxins
4 lipids 32p_pesticides
1"C—prou:ins # S-pesticides
14C-anthocyanins components of packaging materials

¥C.vitamins (*’Co-cyanocobalamin)
32p_casein

35S-methylmethionine
35S-adenosylmethionine

58-N>-meth yltetrahydrofolate

Tracer studies in food research

Compounds labelled with radionuclides are suitable for the investigation of transport
and distribution of various naturally occurring compounds and contaminants in the food
chain (Table III). They make it possible to trace the pathway of the tested compound
in the experimental object and not only the final distribution. This advantage facilitates
to recognize the processes and changes taking place in food raw materials, semiproducts
and final foodstuffs under various conditions.

A few examples will illustrate such approaches. For instance, the distribution of
emulsifying phosphate salts, calcium, iron and other biogenic metals, as well as milk
clotting enzymes in whey and curd, lipoprotein lipase and some vitamins in casein,
whey and lipid fraction were studied in dairy technology (Sundheim,
Bengtsson-Olivecrona, 1986). Likewise the knowledge of the distri-
bution of biogenic elements (ions) and lipids in relation to various conditions of their
processing is important for cereal chemistry and technology. Similar examples may be
presented for studies in other food branches, e.g. for meat technology. The distribution
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IIL. Fields of radionuclide applications in food research, analysis and processing

Feature

Examples

Distribution and transport

lons, vitamins, proteins, enzymes,
pesticides and other organic
pollutants, toxins

Interactions

Protein-protein, protein-lipid,
protein—contaminants, dietetic
fibre-vitamins or contaminants

Bioavailability testing
Metabolic fate

Amino acids, proteins, lipids,
biogenic elements, role of fibre, food
additives, pesticides

Component changes during processing

Chemical and biochemical reactions,
Maillard reaction, wine aging, haze
formation during beer storage,

enzyme processes
Assessment of food origin Origin of vinegar, fruit juice and
Genuineness and age honey, age of alcoholic beverages
Method Analytes

Low molecular weight compounds:
Isotope dilution Ions, amino acids, aldehydes,

ketones, vitamins, contaminants
Enzyme conversion Sugars, organic, acids, vitamins
Microbiological assay Contaminating microflora

Competitive protein binding analysis

Vitamins, hormones

Immunoassay of haptens

Toxins, pesticides, organic pollutants,
anabolic hormones, veterinary drugs,
vitamins, glycoalkaloids

Immunoassay of immunogens

Proteins, enzymes, toxins

and the diffusion course of sodium ions and water into smoked meat products may be
measured using *H and ?Na radionuclides.

In spite of the importance of the investigation of technological processes, great
attention is now paid to the transport and distribution of residual contaminants,
especially to pesticides in raw materials of plant and animal origin, during food
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processing and also in food products. Labelled compounds may be utilized mainly in
various model experiments oriented to the investigation of contaminant penetration,
distribution, halflife and breakdown in various raw food materials. Application of
labelled compounds may overcome experimental difficulties associated with other
analytical approaches which are, in general, affected by the problem of a nonextractible
(bound) portion of the contaminant in food raw materials (Stratton,Wheeler,
1986). Extraction, enzyme hydrolysis and techniques utilizing higher temperatures are
never quantitative and in addition, they are always laborious and time consuming. In
contrast, the methods using compounds labelled with radionuclides are more simple
and enable to detect contaminants at very low concentrations. The sample processing
is usually limited to their wet or dry mineralization which may be performed
automatically. Very often it is even possible to detect the traced compounds directly
without subsequent sample treatment. An investigation of contaminant distribution in
stored potatoes and cereals including the course of their transport and degradation
during storage and processing was described by Drauschke etal (1981).

Analogically the distribution of contaminants has been studied in foodstuffs of animal
origin. Attention was paid especially to pesticides in milk, anabolic hormones in meat,
mycotoxins in cereals, various organic compounds in fish, as well as to migration of
contaminants from packaging materialsinto foods(Goto,Hsie h,1985;Mirchi
et al., 1989).

These problems have been studied very intensively in recent years. Attention is now
paid mainly to deeper investigation of mutual interactions between contaminants and
food components. These processes may seriously affect the nutritional value of foods
and sometimes they form toxic compounds which deteriorate foods. These interactions
may be easily studied using labelled compounds, e.g. for the studying of protein
balances in casein micelles, investigation of interactions between proteins and lipids
during production of instant infant milk food, etc. (Rowley, Richardson,
1985). Interactions of dietetic fibre with vitamins and proteins with contaminants
(Omaye etal, 1983) may be presented as examples of studies concerned with
interactions of low- and high-molecular weight substances.

Radiolabelled compounds are widely used for studying the bioavailability of various
important food components from the nutritional viewpoint. The number of papers
concerning investigations of the effects of food component availability in dependence
on various physical and chemical treatments has been increasing in recent years . Great
attention is also paid to the availability of food supplements owing to the frequent
application of additives in contemporary technologies. The spectrum of substances, the
availability of which was studied by using radiolabelled compounds, is broad.
Investigations of the availability of lysine, proteins, lipids and minerals, especially of
iron, may be mentioned as examples. Recently, the effect of dietetic fibre on the
availability of various food components has been studied. Attention was also paid to
the nutritional effect of food emulsifiers, for instance lecithins, esters of organic acids
with glycerol and sucrose esters (R a u ¢ h, 1991).
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Radiolabelled compounds are also suitable to investigate their participation in various
chemical reactions taking place in food raw materials during storage and processing,
as well as during storage of the final products. The examples are: investigations of
stepwise changes of lysine during Maillard reaction (S ait o etal., 1980), studying of
red and brown condensation products resulting during red wine aging or observing of
the reactions leading to chill haze formation within beer storage. The reaction catalyzed
by enzymes and taking place in foodstuffs may also be examined by means of using
labelled compounds.

The number of radiolabelled compounds used for tracer studies is high (see Table II)
and the contribution of this methodological approach is indisputable. There is still an
open field for the preparation of new labelled compounds needful for the solution of
newly arising problems, as well as for the improvement of presently applied procedures.
Of course, it is necessary to remember that the introduction of the radionuclide marker
cannot change the original chemical and biological properties of the labelled compound.

Assays of food components and contaminants

Food analysis represents undoubtedly the widest area of radionuclide application in
food science. The method of isotopic dilution, the application of radiolabelled substrates
in enzymatic and microbiological assays and the utilization of radiolabels in
immunochemical and other biorecognition methods are the most important approaches
from the methodological viewpoint (Table III).

The main advantage of the application of labelled compounds in food analysis lies
in the improvement of specificity and sensitivity. It also helps to replace the laborious
methods which are suitable only for analyzing a few samples by procedures designed
for large-scale monitoring.

The method of isotopic dilution is suitable mainly for the determination of low
molecular substances either naturally occurring (biogenic metal ions, amino acids,
organic acids, vitamins, lipids, etc.) or contaminants (pesticides, organic pollutans,
etc.). For this purpose the labelling with *C, H, 35S, and 3?P is most frequently used
(Moody,Paulsen, 1988).

Many of these compounds labelled with *C are suitable not only for the
determination of their concentration in foodstuffs but also for the detection of
unfavourable contamination. The labelling with '*C makes it possible to evaluate all
these experiments with high sensitivity on the basis of created *CO, (Hatcher et
al., 1977). The detection of microbial contamination in this way is very sensitive and
fast and allows to detect even one contaminated microbial cell (e.g. Salmonella).

A quite exceptional analytical approach was developed by parallel utilization of
radiolabelling (e.g. with '»I and *H) and biorecognition systems (e.g. binding
protein-ligand, enzyme-substrate, antibody-antigen). While the radiolabelling
improves remarkably the sensitivity, the biorecognition systems warrant extraordinary
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specificity. The mutual interaction between binding protein and the ligand may be
utilized now only for the determination of some vitamins and hormones. In contrast,
the interaction between antibody and antigen is almost universally applicable in
analysis. The latter method (called radioimmunoassay) has been known for more than
30 years and it has been modified within these years in many aspects.

Radioimmunoassays are used mainly for distinguishing individual proteins (e.g. meat
and milk proteins) and for proving foreign additive proteins (e.g. milk proteins in meat
products) in food analysis. Immunoassays are also suitable for the detection and
assessment of enzymes. For instance, the assay of extracellular proteinases and lipases
makes it possible to forecast the storage shelf-life of UHT-milk (R au ¢ h etal,, 1991).

In recent years there have been efforts to replace the radionuclide labels by various
enzymes. The preparation of radiolabelled compounds maintaining better the original
and biological properties than those labelled with enzymes, improvements of separation
steps and overall performance of radioimmunoassays may prove their benefits in
comparison with methods using other markers.

Application of radionuclides in food processing

Radiolabelled compounds were also successfully applied in investigations of several
technical problems. For instance some authors used them to test the proper function of
sucrose crystallizer and other sugar-plant and bakery equipment (Dolinin,
Sakharov, 1976). The measurement of natural *H or *)K radioactivity by means
of the whole body radiometer was utilized in meat industry during the development of
steaming technology in slaughter line and for the indirect assessment of mass, fat and
protein content of slaughter animals (J o n e s et al., 1984). Radiolabelled compounds
were also used to control the washing of bottles and sanitation level in food plants, as
well as to test the proper mixing of food and feed additives, investigation of com
contamination with various insects, etc. For this purpose the radionuclides with short
halftime were utilized.

Conclusions

The paper brings a short survey of the application of radionuclides in food research,
analysis and in controlling the performance of technological equipment and procedures.
Radionuclides are utilized in tracer studies, monitoring of processes taking place in food
raw materials, semiproducts, and during processing and storage of final products. Very
important is their role in analysis of naturally occurring food components and
contaminants. The main target of this paper is to stimulate wider utilization of
radionuclides and compounds labelled with them in indicated areas of food research,
analysis and technology.
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Uloha radionuklidi v modernim potravinafském vyzkumu,
analyze a Fizeni technologickych procesi

Tento Clanek piinasi kratké sdéleni o aplikaci radionuklidd v potravinarské analytice

w2,

a pii fizeni technologickych postupl. Radionuklidy jsou vyuZivdny pfi sledovén{
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(stopovéani) pomoci znaCenych slou€enin, pfi monitorovani pochodd, které probihaji
v potravindfskych surovinich, v meziproduktech a pfi vyrob& a skladovani
findlnich produkti. Vyznamnou roli maji v analyze pfirozené se vyskytujicich sloZek
potravin a kontaminantd. Hlavnim cilem tohoto ¢ldnku je stimulovat $ir$i vyuZiti
radionuklidi a jimi znaCench slou€enin v potravindfském vyzkumu, analyze a techno-
logii potravin.
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INFORMATION

Collaboration of Faculty of Food and Biochemical Technology,
Institute of Chemical Technology Prague within the European Network

Previous agreements and contracts with universities abroad on mutual scientific and
teaching collaboration, exchanges of teachers, scientific workers and students are at
present replaced by joint projects the applications of which are evaluated in
international competitions and in case of positive results a financial grant can be
awarded. Faculty of Food and Biochemical Technology (FFBT) was successful in four
projects, two in scientific programme of EEC and two in Trans-European Mobility
Scheme for University Studies (TEMPUS) oriented above all on the cooperation and
mobility in higher education between Central/Eastern Europe and the European
Community. The first two of mentioned projects are aimed at scientific collaboration
within up-to-date research topics and EEC support expresses an appraisal of high
scientific standard and especially of successful hitherto research activity of FFBT
which is one of prerequisites of a grant award.

Project “Post-harvesting metabolism of plant organs and tissues* was elaborated
and now being accomplished in collaboration of the Department of Biochemistry and
Microbiology FFBT (J. K 48) and Laboratoire de physiologie de organes vegetaux
apres recolte (J. Daussant) CNRS in Medon (near Paris, France). Programme is
oriented on postharvest enzyme changes and their consequences in selected plant
materials (rape and tomatoes) and even on innovation of educational programmes in
enzymology and immunochemistry. In the first phase of research an attention was paid
to enzymes affecting membrane functions, i.e. phospholipase A and D. New sensitive
methods for enzyme activity determination were developed. For instance phospho-
lipase D activity was determined by designed biosensor based on oxygen probe and
on membrane immobilised cholinoxidase.

Second scientific project to which a grant was awarded in programme “Cooperation
in Science and Technology with Central and Eastern European Countries* (COST)
was entitled “Biodegradation of surface-active systems". In this project participate
with the Department of Biochemistry and Microbiology (B. Krdlov4,
K.Demnerov4d) following institutions: Department of Biochemistry, University
of Wales, Cardiff, UK(N. Russell, G. White), Institute of Ecobiology, Academy
of Science of Slovac Republic, Bratislava (D. T 6 t h), Central Research Institute for
Chemistry, Hungarian Academy of Sciences, Budapest (T. Cserhatti), and
Institute of Physical Chemistry, University of Salamanca, Spain (M. R 0 g). The aim
of the project is to design bioreactors with immobilized microorganisms for
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bioremediation of industrial wastes and municipal waste waters especially those
polluted by surfactants, alkanes and fatty acids.

In programme TEMPUS is successfully solved project “University Education of
Food Specialist* oriented on standardisation of European educational programmes
esp. in France and Great Britain (J. K a5).

Second project in TEMPUS network is entitled AGROTEMPUS. Coordinator of
this project is prof.G. Medina, director of Escola Superior de Biotecnologia,
Universidade Catélica Portuguesa, Porto. FPBT is an ordinary mamber of this
programme since September 1992. Other partners are:

EC countries

1. CER.LA - Centre d’Enseignement et Recherche des Industries Alimentaires
et Chimiques, Bruxelles, Belgium

2. TU Denmark, Lyngby, Denmark

3. ENSIA, Ecole Nationale Supérieure des Industries Agricoles et Alimentaires,
Massy, France

4. TU Miinchen, Weihenstephan-Freising, Germany

5. Universita degli Studi di Milano, Italy

6. University College Cork, Cork, Ireland

7. Wageningen Agricultural University, Wageningen, The Netherlands

8. Catholic University of Portugal, Porto, Portugal

9. University of Reading, Reading, United Kingdom

Other countries G 24

10. Universitit fiir Bodenkultur, Wien, Austria
11. University of Lund, Lund, Switzerland

Eligible countries

12. Institute of Chemical Technology Prague, Czech Republic

13. Technical University of Budapest, Hungary

14. University of Horticulture and Food Industry, Budapest, Hungary

15. University College of Food Industry, Szeged, Hungary

16. Warsaw Agricultural University, Warsaw, Poland

17. University of Galati, Galati, Romania (not yet an ordinary member, it is
expected to become in next academic year).

Generally TEMPUS is a programme for longer period (max. five years) but the
coordinators must every year apply for prolongation giving reports about the results
and plan for following year. The main task of AGROTEMPUS JEP (joint European
Programme) is collaboration and mobility of teachers and students in area of food high
education which should firstly contribute to improvement and restructuralization of
food technology and engineering education in different countries on a similar basis
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and secondly to affect in the future efficiently the structure of European food industry.
Nevertheless the main goal of TEMPUS acitivity is education, however, research work
of students is included in all programmes. During the existence of AGROTEMPUS
four working groups are gradually preparing materials on

1) Unit operations and Transport Phenomena in Food Engineering (coordinator:
ENSIA),

2) Marketing and Business Management (coordinator: University of Reading),

3) Quality Control and Quality Assurance (coordinator: FFBT, Department of Food
Chemistry and Analysis)

4) University - Enterprise Collaboration (coordinator: University of Horticulture and
Food Industry, Budapest).

The results obtained from these studies are of great importance for further
transformation of food specialists education at FFBT. The first year of our
participation in AGROTEMPUS gave us possibility to enable students and teachers
to spend some time at collaborating institutions (students incl. doctorands from three
till six months, teachers 14 days).

Jan Kds and Mojmir Rychtera
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Instructions for Authors Contributing
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Original scientific papers, short communications, and selectively reviews, that means
papers based on the study of technical literature and reviewing recent knowledge in the
given field, are published in this journal. Published papers are in Czech, Slovak or English.
Each manuscript must contain a short or a longer summary.
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Technical layout of the manuscript — Manuscript layout shall be as follows: quarto,
30 lines per page, 60 strokes per line, double-spaced typescript. Tables, figures and photos
shall be enclosed separately, not no paste-board. A figure or graph number shall be written
on the reverse, along with the author‘s name. Texts to figures and graphs shall be indicated
on a separate sheet. Tables shall be given Roman numerals. The text must contain references
to all these annexes. The paper extent shall not exceed ten typescript pages, including tables,
figures and graphs. In the text it is necessary to use such units that are in agreement with the
International System of Units.

Layout of the paper — The title of the paper shall not exceed 85 strokes. It is necessary
to avoid in the title the usage of common expressions such as A study of ..., A contribution
to....., Anattempt at ...; each paper shall be a finished treatise, papers in continuation denoted
e.g. Part I, II, Ill,etc., cannot be published; subtitles of the papers are not allowed either.

Summary - a brief one — The summary is an information selection of the contents and
conclusions of the paper, it is not a mere description of the paper. It must present all substantial
information contained in the paper, but its role is not to replace this paper. It shall not exceed
170 words. It shall be written in full sentences, not in form of keynotes. It is published in the
language the paper is written in, it should comprise base numerical data including statistical
data.

Summary - a longer one — This summary is a basis of English translation, it should
contain comments on the results of the study, references to tables and figures, or to the most
important literary citations. Its extent shall be two to three typescript pages. It may be
submitted in English, if it is submitted in Czech or Slovak, an annexed English vocabulary
of technical and agricultural terms will be appreciated.

Key words, index terms — They follow after the brief and longer summary on the next
but one line (both summaries shall have the same keywords).
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in small letter, semicolons shall be used between these words. Their number depends on the
subject-matter of the paper, it should not be smaller than three and higher than 12 words.

Introduction — This section has to present the main reasons why the study was conducted,
and the circumstances of the studied problems should be described in a very brief form.
Extensive historical reviews should be avoided. It does not have a title. This section include
review of literature; only literary citations with close relation to the treated problem. It is
rexommended to cite the lowest possible number of authors.

Material and Methods — Only original methods shall be described, in other cases it is
sufficient enough to cite the author of the used method and to mention modifications of this
method. This section shall also contain a description of experimental material. A description
of the method should enable any specialist to repeat the study on the basis of this description
and mentioned citations.

Results — In the section Results figures and graphs should be used rather than tables for
presentation of quantitative values. A statistical analysis of recorded values should be
summarized in tables. This section should not contain either theoretical conclusions or
deductions, but only factual data should be presented here.

Discussion — This section contains an evaluation of the study, potencial shortcomings
are discussed, and the results of the study are confronted with previously published results
(only those authors whose studies are in closer realtion with the published paper should be
cited). The sections Results and Discussion may be presented as one section only.

References — The citations are arranged alphabetically according to the surname of the
first author: surname (capital letters), first name abbreviation, full title of the paper, official
abbreviation of the journal, volume, year of publication, first page, last page;in book citations
place of publication, publisher and year should be given. References in the text to these
citations comprise the author‘s name and year of publication. Only the papers cited in the
text of the study shall be included in the list of references. All citations shall be referred to
in the text of the paper.

Address — The author shall give his full name (and the names of other collaborators),
academic, scientific and pedagogic titles, full address of his workplace and postal code.

Use of abbreviations — If any abbreviation is used in the paper, it is necessary to mention
its full form at least once to avoid misunderstanding. The abbreviations should not be used
in the title of the paper nor in the summary.
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