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Potrav. Védy, 14, 1996 (2) : 81-89
COMPOSITION OF ESSENTIAL OILS IN HOPS AND HOP PRODUCTS

Jaroslav REZAC, Jaroslav CEPICKA, Ivan VIDEN

Department of Fermentation Chemistry and Bioengineering — Institute of Chemical
Technology, Prague, Czech Republic

Abstract: Hop essential oil constituents identification significantly contributes
to the individual hop variety and hop product identification. The applied method
consists of hop oil isolation using steam distillation and extraction, hop oil isolate
separation into fractions followed by GC-MS under selected conditions. For hop
oil separation into fractions, silica gel column chromatography was used. The
results were evaluated by means of the principal component analysis. The
GC-MS analysis of individual hop oil fractions proved a good separation power
of the chromatografic arrangement used. The ratios of some substances, such as
monoterpenes/sesquiterpenes, B-famesene/a-humulene, B-farnesene/myrcene
ratio were found to be of certain significance for the individual samples charac-
terization.

hop essential oil; GC-MS analysis; principal component analysis

Hops and hop products are one of the basic sources in brewing technol-
ogy. The most important hop constituents are hop resins and hop essential
oils. The hop aroma of beer is influenced mostly by hop oil. The identifica-
tion of hop essential oils contributes to the characterization of hop varieties
and hop products. Using it’s results it is possible to assess the oxidation de-
gree and consequently the age of analysed hops or mode of its storage, in
some cases even the way of hop processing. The impact of essential oil con-
tent on beer flavour can also be partially explained.

Hop essential oils can be separated from hop using solvent extraction
(Lam etal, 1986; Stenroos et al., 1976) or headspace techniques (M u-
rakami, 1989), which have the advantage of causing no thermal destruc-
tion and no hydrolysis of hop oils (Pickett et al., 1975). The used solvent
must be, however, concentrated by evaporation and nonvolatile substances
must be separated. Substances with higher boiling point than that of o-hu-
mulene cannot be usually detected using headspace analysis (Murakami,
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1989). These comprise most of the oxidation products. Sufficient hop oil
yields neccessary for their subsequent separation and identification can be
obtained using steam distillation (Maier, 1988). This method, however,
takes a lot of time (usually 4 hrs), but there exists a faster modification,
which takes 1 hr (steam distillation) or 10 min (steam extraction), and which
provides a good hop oil yields (Green et al., 1993).

Multivariation statistical analysis is available for evaluation of a large
data collection Meloun, 1994), e.g. the hop essential oil composition.
This statistical method can simplify the relationships within the data collec-
tion. Novel methodology for unambiguous variety identification was devel-
oped. Bitter acids, hop essential oil and hop polyphenols were investigated.
Principal component analysis (PCA) of both hop oil and hop polyphenols leads
to an unambiguous hop variety identification (Keukeleire et al., 1994).

MATERIALS and METHODS

Hop Oil Isolation from Sample

100 g of natural hop was placed in a distlillation flask (4 1 volume) to-
gether with 2 | of distilled water. The mixture was refluxed for 4 hrs. Sepa-
rated hop oil was trapped into a collimator. Hop oil was spilled into a
separatory funnel after the steam distillation and extracted with 30 ml of di-
ethyl ether. The top organic phase was spilled into Erlenmayer flask and des-
iccated using anhydrous sodium sulphate. Then sodium sulphate was filtered
out. The organic solvent was removed from samples by evaporatoration for
30 min. After weighing the sample was ready for chromatography.

Hop Essential Oil Separation into Individual Fractions

A 40 cm long glass column was filled with suspended silica gel (mesh
0.1 mm) together with n-pentane to form a 25 cm high layer. A mixture
(2 ml) of isolated hop oil and n-pentane at a ratio 1 : 1 was injected onto the
silica gel column, which was then filled with n-pentane. The hydrocarbon
fraction of hop oil was obtained by using 80 ml of n-pentane for elution, then
the oxidized fraction was obtained by using 80 ml of diethyl ether. The or-
ganic solvent was removed from both fractions by evaporatoration for
30 min. Fresh samples were then analysed by GC-MS.
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Identification of Hop Essential Oil Constituents using Gas Chromatography

analysis of all samples.
Chromatographic Conditions
— C-MS system DX-303 Jeol (Japan) with data-station DA-5000

column: SPB-5, Supelco (U.S.A.); stationary phase: 5% phenyl- and 95%
methyl silicon; column length: 50 m; inner diameter: 0.32 mm; stationary
phase film thickness: 1 pm
injector temperature: 240 °C
temperature program: initial temperature: 50 °C; then 4 °C/min gradient

to 280 °C

carrier gas: helium

Mass spectrometric Conditions
— column connected directly to an ion source at a temperature of 250 °C

— electron impact ionization process

— electron energy 70 eV

I. The list of analyzed samples

A gas chromatograph connected to a mass spectrometer was used for

:::gz Hop variety sign ::!r:gl; Hop variety sign
1 hybrid 4332 14 clone 72 (1993)
2 hybrid 4353 15 bitter hop hybrid
3 hybrid 4362 16 bitter hop hybrid
4 hybrid 4527 17 bitter hop hybrid
5 clone 72 (1994) 18 bitter hop hybrid
6 hybrid 4382 19 clone 72 (1993)
7 clone 72 (meristem) 20 clone 31 (1994)
8 hybrid 4240 21 Sifem variety (1994)
9 hybrid 3911 22 clone 72 (1994)
10 clone 72 (1994) 23 " Sladek variety (1994)
11 bitter hop hybrid 24 Zlatan variety(1994)
12 bitter hop hybrid 25 Neo hop extract
13 bitter hop hybrid 26 Barth hop extract
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, Statistical Evaluation of Results

The results were evaluated by means of a principal component analysis.
The principal component is a linear combination of the original variable (in-
dividual hop oil content in this case). Correlation among variables is a result
of PCA and is determined by the so-called loadings of each variable in rela-
tionship to a relevant principal component. The more similar the loading val-
ues, the higher the positive correlation between the variables was observed.
If the loading values have a different sign, the correlation between the vari-
ables is negative. When loading is raised to a second degree of magnitude,
communality is obtained. The sum of all communalities for a definite princi-
pal component is called an eigenvalue, which determines the percentage of
the total variance in the relevant principal component:

percentage = 100 x eigenvalue / number of variables

RESULTS AND DISCUSSION

Hop Essential Oil Separation into Individual Fraction

Two samples (Nos. 25 and 26) were separated into a hydrocarbon fraction
and into the oxidized one and identified by GC-MS.

The GC-MS analysis of the individual essential oil fractions proved a
good separation power of the chromatographic arrangement used. Most of
the nonpolar substances were eluted with n-pentane, whilst most of the polar
(oxidized) ones were cluted with diethyl ether. There was one exception
found in the case of a few oxidized sesquiterpenes overlapping into both
fractions (Table II).

The sum of compounds found in both the polar and nonpolar fractions was
found to be in a very good correlation with the total GC-MS analysis of the
unseparated hop oil isolate.

II. The number of substances identified in individual fractions of samples No.25 and 26

A sign of sample No. 25 No. 26
Number of substances in hydrocarbon fraction ) 29 28
Number of substances in oxidized fraction 58 58
Number of substances in both fractions 10 3
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The chromatogram of samle No. 26 is demonstrated in Fig 1 in compari-
son with the individual fractions.

Statistical Evaluation of Essential Oil Composition

The aim of PCA analysis of 24 natural hops was the determination of cor-
relation of the individual properties (variables in PCA) of hops, which were
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III. PCA analysis. Communalities of original hop variable (hop oil constitution)

St eaiaseartaiios liy::::l: Communality from the component
Ist 2nd 3rd

Myrcene/a-humulene A 0.691263 0.789478 0.970467
Myrcene/B-caryophylene B 0.429697 0.588948 0.928932
B-famesene/o-caryophylene C 0.245804 0.973619 0.984452
B-farnesene/oi-humulene D 0.238590 0.984638 0.985219
B-farnesene/myrcene E 0.469040 0.489200 0.730071
Monoterpenes/sesquiterpenes F 0.811379 0.899244 0.920683
2-undecanone/o-humulene G 0.362625 0.427137 0.944509
e S - 39.71 73.60 92.35

represented by ratios of some individual essential oil compounds (Table III).
The effort was to determine which of the essential oil constituents are impor-
tant for the characterization of hops samples. The selected hop constituents
and their ratios did not comprise all differences between the samples, there-
fore it is not possible to assert that the results are unambiguous and com-
plete. The graph of PCA analysis is presented in Fig. 2.

Conclusions from PCA analysis are following: The B-farnesene/myrcene
and [-farnesene/B-caryophylene ratios have a negative correlation with the
monoterpene/sesqiterpene and myrcene/o-humulene ratios. The -farne-

2 1.09
g C
Z 0.8 o
z
g 0.64
g 0.4+ gg /ég
w02{ E o s
3 ° 2. Hop oil principal
LR i N . component analysis
—038 -04 0 0.4 08 12 (Vanables are presented as
Loy of Sclauhis) (e points A—G, see Table IIT)
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IV. Quantitative individual samples essential oil analysis used as a base for PCA analysis

Sample A B C D. E F G
1 4.30 1.31 0.03 0.10 0.02 0.68 0.56

2 0.84 1.85 0.02 0.01 0.01 0.33 0.06

3 0.40 0.64 0.02 0.01 0.03 0.19 0.06
4 0.54 1.34 0.00 0.00 0.00 0.22 0.03

5 0.72 1.93 1.69 0.63 0.87 0.33 0.08

6 0.72 1.48 0.02 0.01 0.01 0.41 0.02
T 0.80 1.94 1.74 0.72 0.90 0.35 0.07
8 0.32 0.87 0.04 0.02 0.05 0.20 0.03
9 0.56 1.26 0.04 0.02 0.03 0.35 0.02
10 0.77 1.91 1.67 0.67 0.87 0.35 0.03
11 0.87 1.53 0.07 0.04 0.05 0.42 0.21
12 0.87 1.71 1.37 0.69 0.80 0.38 0.11
13 0.41 1.11 0.00 0.00 0.00 0.16 0.16
14 0.56 1.28 1.46 0.64 1.14 0.25 0.12
15 1.21 1.73 0.00 0.00 0.00 0.52 0.14
16 0.79 1.73 0.00 0.00 0.00 0.32 0.09
17 1.51 2.66 0.07 0.03 0.03 0.72 0.06
18 0.22 0.47 1.65 0.77 3.51 0.08 0.09
19 0.05 0.10 1.08 0.53 10.47 0.02 0.08
20 0.20 0.47 0.33 0.14 0.70 0.10 0.05
21 0.31 0.70 0.85 0.37 1.21 0.15 0.08
22 0.02 0.05 0.26 0.10 5.06 0.01 0.05
23 0.37 0.67 0.02 0.01 0.03 0.20 0.08
24 0.39 0.93 0.96 0.41 1.04 0.20 0.08

sene/myrcene and B-farnesene/B-caryophylene ratios have a weaker nega-
tive correlation with the myrcene/B-caryophylene and 2-undecanone/c-hu-
mulene ratios. The B-farnesene/a-humulene ratio correlates positively with
that of B-farnesene/B-caryophylene.
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As shown in Fig. 2 myrcene/B-caryophylene, myrcene/o-humulene,
monoterpene/sesquiterpene and 2-undecanone/B-humulene ratios create a
group of points, and these positively correlate with each other.

It seems that the content of B-farnesene, f§-caryophylene, B-humulene,
myrcene (the most abundant in hop oils) as well as the content of 2-unde-
canone are important for hop variety characterization.

For example, the 1st principal component explains the total variance very
well in the case of the monoterpene/sesquiterpene ratio as shown in Table III
(communality = 0.811379, i.e. about 81% of the total variance). The 2nd
component explains e.g. the total variance of data in the case of the B-farne-
sene/B-caryophylene and B-farnesene/o-humulene ratios.
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Slozeni chmelovych silic ve chmelu a chmelovych vyrobcich

Identifikace sloZzek chmelovych silic vyznamné pfispiva k identifikaci jednotli-
vych chmelovych odriid a chmelovych produktii. PouZita metoda predstavuje izolaci
chmelovych silic destilaci s vodni parou a extrakci diethyletherem, déle separaci
izolatu chmelovych silic na jednotlivé frakce a naslednou chromatografickou analy-
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zu v systému GC-MS. Pro déleni silic na frakce bylo pouZito sklen&né kolony napl-
néné silikagelem. Vysledky byly vyhodnoceny pomoci analyzy hlavnich kompo-
nent. GC-MS analyza jednotlivych frakci chmelovych silic prokazala dobrou
separa¢ni schopnost pouZité chromatografické sestavy. Znaény vyznam pro charak-
terizaci jednotlivych vzorkil maji poméry nékterych slozek chmelovych silic, zejmé-
na pomér monoterpeny /sesqiterpeny, B-famesen/a-humulen, B-famesen/myrcen
a dalsi.

chmelové silice; GC-MS analyzy; analyzy hlavnich komponent

Contact address:

Ing. Jaroslav Reza&, Vysoka $kola chemicko-technologicka, Ustav
kvasné chemie a bioinZenyrstvi, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 4036, fax: 02/311 32 78, e-mail: fpbt-office@vscht.cz

RECENZE

Natural Toxic Compounds of Food
Formation and Change during Processing and Storage

Piirodni toxické slozky potravin
Tvorba a zmény béhem zpracovani a skladovani

J. Davidek (Ed.), Bocda Raton, Ann Arbor, London, Tokyo, CRC Press 1995, 268 s.

Osmnécti¢lenny autorsky tym pod vedenim prof. J. Davidka, DrSc., zpracoval
mimofadné aktudlni téma. V dobg, kdy stoupé ekologické uvédoméni vefejnosti a tim
také zajem o vliv toxickych faktorii Zivotniho prostiedi na kvalitu potravin, je velmi
zasluzné ukazat na problematiku ptirodnich toxickych sloZek potravin, které se mo-
hou nékdy uplatnit vyznamnéji neZ toxické vlivy prostiedi.

Kniha ma dva oddily, z nichZ prvni je vénovan vlastnim pfirodnim toxickym lat-
kam, které se tvoii béhem zpracovani a skladovani potravin.
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Uvodni kapitola prvniho oddilu podava piehled o slozkach, které vyvolavaji po-
travinovou intoleranci (P. Rauch, H. Rauchova). V samostatnych &astech jsou
probirdny jednak imunogenni sloZky (potravinové alergeny) pfedev§im kravského
mléka, zeleniny a obilovin, jednak ostatni sloZKy (s neimunologickou odezvou), pfi-
¢emz je pfedevsim diskutovana intolerance k laktoze a favismus.

Druhé kapitola je rozdélena na 11 ¢asti a je vénovana hlavnim skupinam rostlin-
nych i Zivo¢idnych toxini. Jedna se hlavné o alkaloidy (J. Velisek, J. Haj§lova),
saponiny (J. Velisek), kyanogeny (M. Voldfich), glukosinolaty (J. Velisek),
rostlinné fenoly (J. Dostalova, J. Pokorny), lektiny — hemaglutininy (P. Ka-
la¢), toxické aminy a lathyrogeny (P. Kala¢, J. Davidek), biogenni aminy
(T.Davidek, J. Davidek), toxiny motskych Zivo¢ichi (J. Dostalova, J. Po-
korny ), toxiny hub (J. Haj$lova), dalsi toxické sloudeniny — pfedevsim toxické
prvky, fytaty, oxalaty, nitraty, nitrity (R. Koplik, J. Prugar,J. Davidek).

Kazda probirana skupina toxini obsahuje nejen popis chemickych vlastnosti, ale
1 toxickych uéinki, vyskytu a jejich zmén v priib&hu zpracovani a skladovani pfislus-
né potraviny.

Ve druhém oddile publikace autofi podavaji systematicky piehled toxickych a an-
tinutri¢nich latek, které se tvoii b&hem zpracovani a skladovani potravin.

Samostatna kapitola je vénovana toxickym latkam, které vznikaji piisobenim mik-
roorganismii (A. Pribela, T.Sinkova), a to jednak bakteridlnim toxiniim, jednak
mykotoxiniim.

Toxické a antinutriéni latky vznikajici vlivem fyzikalnich faktorii a chemickymi
reakcemi jsou rozvedeny v dali kapitole, a to podle tfi hlavnich sloZek potravin,
z kterych mohou vychazet: latky vznikajici z proteinit (J. Panek, J. Davidek,
Z.Jehli¢kova), ze sacharida (J. Velisek) a z lipidi (J. Pokorny, J. Veli-
Sek).

V obou uvedenych kapitolach se autofi neomezuji pouze na mechanismus vzniku
a na chemické vlastnosti popisovanych neZadoucich latek, ale diskutuji 1 pfisludna
zdravotni rizika a mozZnosti jejich minimalizace.

TotéZ plati i o posledni kapitole, ktera je v&novana toxickym latkam vznikajicim
vzajemnou reakci mezi sloZzkami potravin a potravinafskymi aditivy, jmenovité nit-
rososlou¢eninam (J. Cmolik, V. Kellner) a etylkarbamatu (J. Velisek).

Po&etnému autorskému kolektivu se podafilo vytvofit na pom&mé nevelkém stran-
kovém rozsahu obsazné dilo s vyvaZenym uspofadanim jednotlivych €asti, které pos-
kytuje skute¢n& komplexni pohled na uvedeny problém.

Kniha bude nespornym piinosem pro $iroké spektrum odbornikii zabyvajicich se
z nejrizn&jsich hledisek kvalitou potravin.

Prof. Ing. Dusan Curda, CSe.
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LOWER ORGANIC MONO-, DI- AND TRICARBOXYLIC ACIDS
IN WINE

Radmila KUCEROVA, Jaroslav CEPICKA

Department of Fermentation Chemistry and Bioengineering — Institute of Chemical
Technology, Prague, Czech Republic

Abstract: For the determination of lower organic acids in wine, the HPLC
method on a column filled with ionex OSTION LGKS 0800 in an H* cycle was
used. Organic acid content in Bohemian and Moravian wines was studied. Both
the total acidity and the particular acid contents were compared. Generally, the
Moravian wines were more acidic than the Bohemian ones, which was caused
by the higher contents of tartaric and lactic acids in the Moravian wines. On the
other hand the Bohemian wines showed a higher content of malic acid. The total
acidity was also compared with respect to different kinds of wine.

carboxylic acids; wine; HPLC

Lower organic acids of wine are formed by biochemical processes in
grapes or by the effect of microorganisms during fermentation. Tartaric and
malic acids are the two major acids in grape juice and in wine. Organic acid
concentrations change during fermentation and the aging of wine, and also
other acids which were not contained in the grape juice originally can be
formed, such as lactic or succinic acid. Citric and acetic acids belong to other
important organic acids in wine, as well as fumaric and ascorbic acids in
minor amounts (Linskens, Jackson, 1988).

Tartaric acid is one of the most important organic acids in wine. High tem-
peratures and a lot of sunshine during vegetation are necessary for its forma-
tion. It is formed probably from ascorbic acid in the young berries. The
concentration of tartaric acid is reduced after fermentation due to the wine
stone formation. Average concentrations of tartaric acid in wine vary from
1.5t05.0gA (Linskens, Jackson, 1988).

The second most important organic acid in wine is malic acid. Its concen-
tration is reduced during grape aging. It is caused by its low stability and by
its participation in respiration and metabolism. This acid is degraded into
pyruvate, which, according to Rodopulo (Bujdos, 1985), is then utilized
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for the synthesis of other organic acids and carbohydrates. In wine it can be
reduced to lactic acid by lactic bacteria. It is clear that only the homofermen-
tative process is desirable. A heterofermentative process is not favourable
because of acetic acid formation. The malic acid content in wine varies from
0.5t05.0g/1(Linskens, Jackson, 1988). Higher concentrations of ma-
lic acid are unpleasant from the sensoric point of view giving wine a too
rough character.

Lactic acid in wine occurs in its L-form mainly and is produced by bacteria
(Linskens, Jackson; 1988). Its concentration in the grapes is very low,
growing in the young wine, because this acid is formed from sugars as a
by-product in alcohol fermentation. The greatest part of lactic acid is how-
ever formed in malolactic fermentation. Average content of lactic acid in
wine varies from 0.5 to 5.0 g/l . Lactic acid has a nice, mild acidic character,
and so it refines wine’s acidity.

Citric acid occurs in grapes in small amounts only. It can be added to the
sparkling wines because it forms complex systems with iron and thus pre-
vents the metal haze formation. At the same time citric acid improves the
character of wines that have a low total acidity. The content of citric acid in
wine varies from 0.2 to 0.8 g/l, especially wines from botrytic grapes contain
higher concentrations of this acid.

Other organic acids are also present in wine, especially acetic and succinic
acids. These acids are formed mainly in wine, they are present in wine only
in small quantities. Acetic acid can be formed in the case when the yeasts are
under stress conditions, or it is formed by the action of acetic and lactic bac-
teria (Linskens, Jackson, 1988). It is produced by aerobic ethanol oxi-
dation by the effect of the strain Acetobacter. Lactobacillus and Leuconostoc
produce this acid from sugars or from citric acid. Succinic acid gets into wine
as a secondary product of alcoholic fermentation (Schmitthenner,
1987). The average concentrations of acetic acid in wine are from 0.3 to
0.6 g/l and the content of succinic acid varies from 0.5 to 1.5 g/l. A higher
content of acetic acid in wine is not favourable from the sensoric point of
view because this acid gives wine an unpleasantly rough acidity.

All organic acids are very important for the wine character. They affect the
taste and stability of wine. The total acidity is very important for protecting
wine against microbiological contaminants (Mindarik, 1985). Acidity also
influences the course of grape juice fermentation, the rate of oxidation pro-
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cesses, the solubility of tartatic acid and of its salts. Also the harvest time can
be determined according to the acidity level. Another possibility how to use
acidity determination is acidification and the deacidification of grape juice or
wine.

Acidity determination in practice is often carried out by potentiometric ti-
tration (Linskens, Jackson, 1988), HPLC (Heidger, 1990; Marcé,
Calull, 1990; Kupina et al.,, 1991; Fuleki et al., 1993) and capillary
isotachophoresis (Kanianaky, 1990; Karovi¢ova et al., 1990) are
other modern methods used for this detetmination.

MATERIAL AND METHODS
Equipment

Separation of organic acids was carried out on a liquid chromatograph HPP
5001 connected with a dosing vent with a loop LCI 30 (Laboratorni pfistroje,
Prague). UV detector LCD 2082 (ECOM, Prague) was used for the determi-
nation. Measurement was carried out at a wavelength of 206 nm. Separation
proceeded in a steel column 25 x 0.8 cm filled with ionex Ostion LGKS 0800
in an H* cycle (Tessek, Prague). The column was tempered to 55 °C in a
glass case. An integrator Apex (DataApex, Prague) was used for the evalu-
ation of results. '

Chromatographic Conditions

The mobile phase was 0.005 M sulphuric acid. The separation was carried
out by isocratic elution with a flow rate of 0.5 ml/min and the temperature
was held constant at 55 °C. All samples were filtered through an acetate-cel-
lulose filter (0.2 pm, Sartorius AG, Goettingen, Germany) before injection.

Standards

The standard solutions of the acids were prepared by dissolving the major
carboxylic acids frequently found in wine (tartaric, malic, lactic, citric and
acetic acid) (Lachema, Brno) in water to provide the concentration from 0.5
to 2.0 g/l. Injection volume was 20 pl.
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Samples

21 different kinds of wine from wineries Vino Mikulov, Bohemia Sekt
(Stary Plzenec) and some small-scale producers (Mélnik wine region) were
analysed. All wines originated from the vintage 1994.

Vino Mikulov — Welsch Riesling, Rhine Riesling, Miiller-Thurgau, Pinot
blanc, Gewiirztraminer, Veltliner, Neuburger.

Bohemia Sekt (Stary Plzenec) — Welsch Riesling, Miiller-Thurgau,
Veltliner (2 samples), other wines imported from Romania and Austria.

Small-scale producers (Mélnik) — Welsch Riesling (3 samples), Rhine
Riesling, Miiller-Thurgau, Pinot blanc, Veltliner (2 samples).

RESULTS AND DISCUSSION

High performance liquid chromatography enabled a simple determination
of organic acids in wine. In our case it was anion-exchange chromatography.
It is very accurate, rapid (time of one analysis was less than 20 minutes) and
simple from the sample treatment point of view. The samples of white wines
were filtered through a microfilter before injection.

Different varietes of wines and wines from several producers were evalu-
ated. The analyses showed that the organic acid spectra in the respective
wines differ a lot. The results were compared from different points of view.

Comparison of the Content of all Determined Acids with respect
to Different Producers

For the simplicity, the content of all determined acids will be designated as
the total acidity. We should also include succinic acid into the total acidity,
but we could not determine this acid by our method because of interference
of an unknown substance with the succinic acid peak.

I. Average content of lower organic acids in wines from different producers

Wine Content of particular organic acids [g/l]
citric tartaric malic lactic acetic total
Vino Mikulov 0.29 2.50 1.29 1.91 0.23 6.22
Bohemia Sekt 0.51 1.71 1.91 1.76 0.30 6.17
Small-scale producers 0.42 1.59 2.10 1.05 0.17 5.33
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As to the total acidity, the wines

from large-scale producers (Vino
Mikulov, Bohemia Sekt) showed

g higher values than the wines
%‘ made by small-scale producers
3 from the Mélnik region (Table I
?3 and Fig. 1). Wines made in the
= Bohemia Sekt originate from
Moravian, Austrian or Romanian
Tt wine regions, and are fined and

3 é g g 3 § adjusted into a final state there.

g 2" 42 T The higher acidity of wines made

vi & in Mikulov or in Stary Plzenec

was caused mainly by a higher
content of tartaric and lactic ac-
ids. The average concentration of
tartaric acid in wines from Mikulov was 2.50 g/l, while wines made in the
Mélnik region contain only_1.59 g/l of this acid, on the average. The higher
content of tartaric acid was caused by a warmer climate in the southern wine
regions than in the northern Mélnik region most probably.

1. Average total acidity in wines from different
producers

Comparison of Individual Acid Contents with respect
to the Different Producers

As we can see in Fig. 2, the highest content of tartaric acid was observed in
wines from Mikulov, followed by wines from Stary Plzenec (wine made in
Stary Plzenec were delivered there from Moravia, Austria or Romania), and
the least concentration was measured in wines made in the Mélnik region.

The malic acid content in the analysed wines differed a lot in our case.
Among others, these variations were also caused by the fact that malolactic
fermentation had not been finished in all wines yet. It showed that the wines
from Mikulov had a lower content of malic acid than the wines made in the
Stary Plzenec and M¢lnik region. The concentration of tartaric acid was in
relationship with the malic acid content. The Bohemian wines showed higher
concentrations of malic acid than the Moravian wines but at the same time
the Bohemian wines contained a lower concentration of tartaric acid. The
content of tartaric acid was at inverse ratio to the content of malic acid.
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2. Average content of individual organic acids in wines from different producers

The relation between the concentration of malic and lactic acids was also
studied in our experiments. After malolactic fermentation the concentration
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of lactic acid grows at the expense of the malic acid concentration. It is very

favourable for the mild character of wine. The highest concentrations of lac-
tic acid were found in the wines from Mikulov, the lowest ones in the wines
made in the Mélnik region.

" II. Content of particular organic acids in wines made in Mikulov

Organic acids content (g/l)

Wine
2k A ; : 5 total
citric tartaric malic lactic acetic e
acidity

Welsch Riesling 0.34 2.63 2.07 2.19 0.28 7.51
Rhine Riesling 0.26 2.24 1.77 2.01 0.17 6.45
Miiller-Thurgau 0.17 1.60 0.70 2.98 0.24 5.67
Pinot blanc 0.02 1.97 0.46 1.31 0.41 4.17
Gewiirztraminer 0.14 2.06 1.00 2.43 0.19 5.82
Veltliner 0.44 4.88 1.03 0.97 0.12 7.44
Neuburger 0.65 2.15 1.98 1.47 0.21 6.46
Average content 0.29 2.50 1.29 1.91 0.23 6.22
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Comparison of the Total Acidity in Different Wine Varieties

The following findings were arrived at: Variety Pinot blanc showed the
least total acidity, followed by Miiller-Thurgau, Gewiirztraminer, Rhine Ri-
esling, Neuburger, Veltliner and Welsch Riesling (Table II and Fig. 3).
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3. Total acidity of different wine varieties made in Mikulov

Although the absolute concentrations of each acid or the total acidity are of
a great significance for the wine quality, the mutual ratio of all acids as well
as of the other compounds contained in wine are more essential.

Comparison of the Total Acidity of Wines with respect to the Wine Regions

The varieties Welsch Riesling, Rhine Riesling and Veltliner were more
acidic in the Moravian regions, the variety Miiller-Thurgau showed a higher
acidity in the Bohemian regions. Pinot blanc was of the same acidity in both
regions, Moravian and Bohemian. The higher total acidity in the Moravian
wines was caused by the higher content of tartaric and lactic acids mostly, in
the Bohemian wines it was caused by malic acid. The contents of other acids
differed only slightly.
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NiZz8i organické kyseliny v ¢eskych a moravskych vinech ‘

Ke stanoveni zakladnich organickych kyselin v ¢eskych a moravskych vinech
byla pouzita metoda HPLC na kolon& naplnéné ionexem OSTION LGKS 0800 v H"
cyklu. Byla srovnavana jak celkova kyselost, tak obsah jednotlivych kyselin.
Moravska vina vykazovala v priméru vy38§i hodnoty kyselosti neZ vina Ceska,
pfi¢emZ zvy3ena kyselost byla zpiisobena predeviim vy3$im obsahem kyseliny
vinné a mlé&né. Na druhé strané ¢eska vina obsahovala vice kyseliny jable¢né. Byla
také porovnavana kyselost vin z hlediska riiznych odrid.

organické kyseliny; vino; HPLC

Contact address:

Ing. Radmila Kuéerova, Vysoka 3kola chemicko-technologicka, Ustav kvasné
chemie a bioinZenyrstvi, Technicka 5, 166 28 Praha 6, Cesk4 republika,
tel.: 02/2435 4036, fax: 02/311 99 90, e-mail: fpbt-office@vscht.cz
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OCCURRENCE OF PHTHALIC ACID ESTERS IN FOOD
PACKAGING MATERIALS

Vera GAJDUSKOVA, Alzbeta JAROSOVA, Robert ULRICH

Veterinary Research Institute, Bmo, Czech Republic

Abstract: Food packaging materials coming into immediate contact with the
contents were analysed for phthalic acid esters (PAEs).The samples included
retail packaging materials (plastic foil, paper, cardboard, aluminium foil with
colour printing) used for various foods (sweets, wafers, meat and milk products,
frozen foods, vegetables, dry ready-to-cook products, potato chips). The sam-
ples were collected in retail shops in Brno from June to August 1994. Simple and
sensitive methods were developed and tested for the detection and determination
of PAEs in the packaging materials. PAEs were extracted with chloroform or a
1 : 1 mixture of hexane and dichloromethane, and determined by HPLC with UV
detection (224 nm) and a Separon SGX C 18 column. The detection limit for
PAEs was 0.1 pg/g of the material. Di-2-ethylhexyl phthalate (DEHP) and
dibutyl phthalate (DBP) were demonstrated in all 42 samples. Their concentra-
tions are expressed in pg per one packing if its weight was lower than 2 g, or in
pg per g in larger packings (salamis, cheeses, vegetables). The contents of DEHP
and DBP varied between 57 and 3 097 pg and between 6 to 2 349 Mg, respec-
tively. The results are confronted with data on PAEs in packings and their mi-
gration into foods published abroad. A variability in the occurrence and
concentrations of DEHP and DBP in retail packaging materials coming into di-
rect contact with the food was apparent. The contamination of foods by PAEs
can be effectively prevented by checks of food packaging materials.

phthalic acid esters; food packaging materials; analytical methods

Phthalic acid esters (PAEs) are widely used as plasticizers in the produc-
tion of plastics (particularly PVC), as well as components of printing inks to
improve the adhesion, flexibility and resistance of the printing. Di-2-ethyl-
hexyl phthalate (DEHP), dibutyl phthalate (DBP), butylbenzyl phthalate
(BBP), diethyl phthalate (DEP), and dicyclohexyl phthalate (DCHP) are
most frequently used as the plasticizers. Phthalates are not bound chemically
in the plastics and can consequently penetrate the materials, be leached into
liquid environments and migrate from the outer printed side through the ma-
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terial into the food. The presence of PAEs in packaging materials and their
migration into packed foods have been confirmed by a number of authors
(Castle etal., 1988; Page, Lacroix, 1988; Petersen, 1991; Nerin
et al., 1993). The concentration of PAE in packed foods depends on many
factors including the concentration of PAE in the material and printing, the
powder consistence of the contents, the storage period and temperature, the
fat content in the food, the contact area, etc. (Castle etal.,, 1988; Nerin et
al., 1993).

Six PAEs have been included into the list of the most hazardous pollutants
owing to their harmful effects on live organisms. Owing to the migration of
toxic PAEs into packed foods, the phthalate-plasticized packaging materials
(PVC) have been replaced by other polymers, such as polyethylene, oriented
polypropylene or regenerated cellulose. Plasticizers are unlikely to be asso-
ciated with the latter materials. Food manufacturers and processors order
from many suppliers packings with various types of colour printings that can
be subsequently modified and/or completed using various printing inks.

The monitoring of hazardous pollutants of the food chain does not yet in-
clude quality checks of food packaging materials that can become a signifi-
cant source of food contamination. This paper describes methods of analysis
for PAEs of packaging materials coming into direct contact with foods mar-
keted in the Czech Republic.

MATERIALS AND METHODS

Materials

Packaging materials for the analysis of PAEs were collected in retail shops
in Bmo from June to August 1994. Foods preferred by children and packed
into various types of printed materials were chosen (polypropylene-,
polyamide- or polyvinilidenchloride — based materials, aluminium foil, pa-
per). The packagings were cleaned before the analysis using methods de-
pendent on their types and on the content of the packing (rinsing with water
and drying, cleaning with cotton-wool soaked with ether, etc.).

Analysis

The method is suitable for the detection and determination of PAEs in plas-
tic and other materials including printing inks.
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Chemicals

Analytical standards: di-2-ethylhexyl phthalate (DEHP), dibutyl phthalate
(DBP), butylbenzy! phthalate (BBP), diethyl phthalate (DEP). and dimethyl
phthalate (DMP) were supplied by SUPELCO, Inc. (U.S.A.). Stock and
working solutions were diluted with hexane and kept in a refrigerator.

Chloroform, acetone and dichloromethane were pesticide grade, n-hexane
and methanol were LC grade.

Cleaning of glass and chemicals

Flasks and test tubes with ground stoppers were washed with water, heated
in an oven at 390 °C for 4 hours and rinsed with acetone before use. Pipettes
were thoroughly rinsed with acetone. Glass wool was extracted with chloro-
form. All organic solvents were distilled in a glass apparatus before use.

Instruments

Liquid chromatograph Varian 5000 (Varian, U.S.A.); injection loop 10 pl,
Rheodyne 7125 (U.S.A.); chromatographic column Separon SGX C 18,
grain size 5 pm (Tessek, Czech Republic); diode array detector Polychrom
9060 (Varian, U.S.A.); database CSW Version 1.0. (DataApex, Czech Repub-
lic); gas chromatograph Varian 3400 (Varian, U.S.A.); mass spectrometer
Model Tracker (Finnigan MAT, U.S.A.); rotation vacuum evaporator.

Qualitative detection of PAEs

A sample (approximately 0.05 g) was dried in an oven at 70 °C for 40 min.
The sample was weighed after cooling in a desiccator and put into a 100-ml
flask. PAEs were eluted with chloroform at room temperature for 12 h. The
content was shaken occasionally and the flask was put into a mechanical
shaker for the last 30 min. The rest of the sample was taken out of the flask
with forceps, rinsed with chloroform into the flask and dried in an oven at
70 °C for 70 min. The sample was weighed again after cooling in a desicca-
tor and the extraction loss was calculated. The loss corresponds to the
amount of the plasticizers in the sample:

m . —m
% (PAEs) =——2 100
"
where: m, —sample weight before elution

m, — sample weight after elution
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The chloroform eluate was dried and the residue was dissolved in 5 ml
chloroform. 50 pl of the chloroform eluate were transferred into a test tube
with ground stopper, chloroform was evaporated with a gentle stream of ni-
trogen and the residue was dissolved in 2 ml hexane for HPLC determi-
nation.

Quantitative determination of PAEs

A packaging or a sample thereof (if its weight exceeded 2 g) was cut into
pieces and put into a 250-ml to 500-ml Erlenmeyer flask. PAEs were ex-
tracted with the 1 : 1 mixture of hexane and dichloromethane. The flask was
shaken for 1 h and the liquid was decanted into a 100-ml flask through a
funnel with a bunch of cotton-wool. The complete extraction procedure was
repeated twice and the three extracts were pooled and evaporated in a water
bath at 40 °C. The residue was dissolved in hexane for HPLC determination.

Purity checks of glassware were done along with each analysis to eliminate
the risk of contamination by PAEs.

HPLC conditions

Column: Separon SGX C 18, grain size 5 um, length 150 mm, diam. 3 mm
Detector: UV (diode array)

Wave length: 224 nm

Mobile phase: 0.3 % methanol in hexane

Flow rate:0.5 ml/min

The peak areas were measured and the concentrations of PAEs were de-
rived from calibration curves constructed from at least four points within the
concentration range of 0 to 100 mg PAE per kg. The response of the UV
detector was linear within this range.

Parameters of the method

Regression coefficients for individual PAE calibration curves within
the concentration range of 0 to 100 mg/kg were » =0.988 to 1.000.

The detection limit for quantitative determination of PAEs was 0.1 pug per
1 g of the sample.

The identity of PAE was confirmed by mass spectrometry (capillary column
DB — 5, 60 m x 0.25 mm; film 0.25 pm; injector temperature 200 °C: injec-
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tion on column 2 pl; carrier gas He; working pressure 105 Torr; source tem-
perature 200 °C; El 70 eV; emission current 10 pLA; interface 250 °C).

RESULTS AND DISCUSSION

A simple and sensitive method for qualitative detection and quantitative
determination of PAEs in packaging and other materials, described in detail
in the preceding part, has been developed and tested.

The set of samples included 42 packings of sweets, wafers, meat and milk
products, frozen products, vegetables, potato chips and further foods pre-
ferred by children. DEHP and DBP were demonstrated in all the samples at
concentrations ranging from < 10 to 1,000 pg per packing. The weights of
individual packings were lower than 2 g (usually around 1 g) and therefore
complete packings were analysed in most cases to eliminate differences re-
sulting from various intensities and arrangements of printings. Partial sam-
ples were analysed only from larger packings, such as those for salamis,
cheeses or potatoes, and the concentrations of PAEs are expressed in terms of
pg per 1 g sample. The results of the analyses are presented in Table 1. Al-
though separate analyses of printed and unprinted parts of the packings were
impossible in most cases, it is evident that printing inks are responsible for
increased concentrations of PAEs.

Foreign authors have confirmed the migration of PAEs from packings and
printing inks into foods and packings are regarded as the major source of
food contamination by PAEs. Although polypropylene is manufactured with-
out the addition of PAE plasticizer, Nerin et al. (1993) found in printed
polypropylene packings 0.13 to 3.04 mg DBP and 0.31 to 2.50 mg DEHP per
1 g. Castle et al. (1988) investigated the migration of DBP from cellulose
foil into foods. While the samples of the foil contained 0.7, 1.2 and 1.4 %
DBP, its concentration in the packed chocolate was 30.6 and in meat pie 8.7
and 15.8 mg/kg. Page and Lacroix (1992) found in butter and margarine
packings (aluminium foil-paper laminate) the following concentrations of
PAEs: DBP — paper laminate 2.40-4.69, aluminium foil 10.4-17.2 pug /cm?;
DEHP - paper laminate 2.81-3.56, aluminium foil 11.0-16.1 pg/cm?2. The
concentrations of DBP and DEHP in butter and margarine ranged between
2.4 and 10.6, and 2.3 and 11.9 mg/kg, respectively.

On 18th August 1994, the Chief Hygienist of the Czech Republic an-
nounced the following permissible concentrations of DEHP and DBP sum
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I. Concentrations of DEHP and DBP in packaging materials

Product Type of package ig/packing (*pglg of packing)
DEHP DBP
Sweets and wafers
Chocolate 1 plastic foil 291 1071
Chocolate 2 plastic foil 348 747
Chocolate 3 plastic foil 174 885
Biscuits (vanilla) plastic foil 2712 141
Biscuits (cocoa) plastic foil 2619 36
Biscuits (chocolate) plastic and Al foil, paper 180 2 349
Sponge-biscuits plastic bag 351 1 062
Biscuits plastic bag 2754 1212
Wafers (chocolate) plastic foil 1182 36
Wafers (nut — chocolate) plastic foil 2 550 180
Wafers (cocoa) plastic foil 198 1308
Wafers plastic and Al foil 2154 57
Meat products
Rolled pork plastic foil 1035 615
Liver salami 1 plastic foil 132 69
Liver salami 2 plastic foil 1629 6
Salami 1 - foil plastic foil 62.3* 40.3*
— foil with printing plastic foil 78.2*% 57.2*
Salami 2- foil plastic foil 1 100* 608*
— foil with printing plastic foil 1 100* 990*
Milk products
Milk 1 cardboard box, plastic foil 1038 63
Milk 2 plastic bag 273 59
Milk 3 plastic bag 549 303
Cheese (steamed, smoked)
- foil plastic foil 52.9* 354.2*
— foil with printing plastic foil 215.1* 1.9*
Cheese (Eidam type 1) plastic foil 55.6* 168.9*
Cheese (Eidam type 2) plastic foil e 104.9* 16.3*
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Table I continues

Product Type of package iglpacking (*ig/g of packing)
DEHP DBP
Frozen products
Vegetables 1 plastic bag 70 720
Vegetables 2 plastic bag 690 780
Ice cream 1 plastic foil 3027 2034
Ice cream 2 plastic foil 2025 135
Ice cream 3 plastic foil, paper 102 87
Ice cream 4 plastic foil, paper 1308 117
Ice cream 5 plastic foil, paper 93 48
Ice cream 6 plastic foil, paper %0 42
Sheet paste plastic foil 90 36
Other foods =
Potato chips 1 plastic bag 2994 45
Potato chips 2 plastic bag 114 1509
Potato chips 3 plastic bag 3195 93
Dry pancake mix plastic bag 2313 12
Rice pudding cardboard box 2 829 693
Potatoes 1 plastic bag 27.8* 53.8*
Potatoes 2 plastic bag 40.2* 99.5*

valid until 31st December 1996: fruits, flour, leaf vegetables, alcoholic
drinks, vine and dessert wines and foods in general (milk, red meat, poultry
alcohol-free beverages, beer) 1.0 mg/kg; root vegetables and potatoes
0.7 mg/kg; other foods 4.0 mg/kg.

The concentrations in foods of DBP and DEHP reported by foreign authors
from western countries were in many cases higher than those permitted in the
Czech Republic. Thus Cocchieri (1986), who examined 200 Italian foods,
found the highest concentrations of DBP in cheeses and potato chips (17.5
and 12.0 mg/kg, respectively) and of DEHP in salted meat (6.7 mg/kg).
Sharman et al. (1994) surveyed the occurrence of DEHP and total PAEs in
Norwegian, Spanish and British milk and milk products. Norwegian milk
and cream contained 0.02-1.67 mg DEHP and 0.04-3.40 mg total PAEs per
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1 kg. The concentrations of DEHP and total PAEs in Spanish milk and cream
did not exceed 0.55 and 3.40 mg per 1 kg, respectively. Cheeses marketed in
Great Britain contained 0.2-16.8 mg DEHP and 2.4-114.4 mg total PAEs per
1 kg, and cream and butter 0.2-7.4 mg DEHP and 2.2-55.6 mg total PAEs
per 1 kg. Significant differences in the concentrations of PAEs were found
between raw milk and milk products. Increased concentrations in the latter
are apparently due to secondary contamination from the processing equip-
ment and from food packings. The information on the current concentrations
of PAEs in consumed foods in the Czech Republic is insufficient.

Elevated concentrations of PAEs in regularly consumed foods, such as
milk and meat products, chocolate or frozen cream products, can consider-
ably increase the total daily intake of the hazardous PAEs, particularly
DEHP, DBP and BBP (Nerin et al., 1993).

In 1991, the Commission of the European Communities for Foods laid
down tolerable daily intakes (TDI) for DEHP (0.025 mg per 1 kg body
weight) and DBP (0.050 mg per 1 kg body weight). In children with body
weights from 10 to 20 kg, these limits correspond to TDI of 0.25-0.50 mg
DEHP and 0.50-1.0 mg DBP. In Great Britain, the tolerable daily intakes of -
0.02 and 4.74 mg of DEHP and total PAEs, respectively, have been laid down
(Ministry of Agriculture, Fisheries and Food, 1987; 1990).

Besides the major sources of PAEs mentioned above, foods and drinking
water can be contaminated also from plastic components of processing
equipment, PVC tubings and PAEs-containing paint coats and laminated sur-
faces of storage tanks (Petersen, 1991; Castle etal., 1990). Another im-
portant source that can jeopardize human health are PAEs-containing
medical utensils, such as dialyzers, transfusion and infusion sets, connecting
tubes and further materials that are often made of PVC containing up to 40 %
DEHP (Dine etal, 1991; Khaliq etal., 1992).

The concentrations of DEHP and DBP in the tested samples varied within
a wide range. The total PAEs content does not necessarily mean that the pack-
aging is unsuitable for foods. Some types of packaging materials contain barrier
layers preventing or at least reducing the migration of PAEs into the food.

Regarding the wide variety of local and imported products and the large
number of manufacturers and suppliers of colour plastic and other packings,
the risk of contamination of foods marketed in the Czech Republic by toxic
PAEs at intolerable concentrations may exist. This risk can be prevented by
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regular checks of food packaging materials. The migration of PAEs from the
packaging and food analyses for PAEs will be the subjects of our further studies.

The paper presents results of the project A 093 95 0132 “Methods of detec-
tion and hygienic evaluation of residues of hazardous xenobiotics in the food
chain” supported financially by the Ministry of Agriculture of the Czech Republic.
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Vyskyt esterii kyseliny ftalové v obalech pro potraviny

Bylo provedeno stanoveni esterii kyseliny ftalové (PAE) v potravinaiskych
obalech, které jsou v pfimém kontaktu s potravinou. Byly analyzovéany obaly
(plastové folie, papir, papirovy karton, hlinikova félie s barevnymi potisky)
z malospotiebitelskych baleni jednotlivych komodit (cukrovinky, oplatky, masné
a mlé¢né vyrobky, mraZené vyrobky, zelenina, smaZené brambiirky). Vzorky byly
odebrany ze spotfebitelské sité v Brné v pritb&hu ¢ervna aZ srpna 1994. Pro kvalita-
tivni a kvantitativni stanoveni PAE v obalovych materidlech byly vypracovany
a ovéfeny jednoduché a citlivé analytické postupy. Extrakce PAE se provadi chloro-
formem nebo smési hexan : dichlormethan (1 : 1), stanoveni pomoci HPLC s UV
detekci pfi 224 nm na koloné Separon SGX C;g. Hexan s 0,3 % metanolu je pouZit
jako mobilni faze, priitok 0,5 ml za min. Limit detekce je pro jednotlivé PAE 0,1 pg
na 1 g obalu. Identita PAE byla konfirmovéana pomoci plynové chromatografie —
hmotnostni spektrometrie. Ve viech 42 vzorcich oball byl prokdzan di-2-ethylhexyl
ftalat (DEHP) a dibutyl ftalat (DBP). Koncentrace jsou vyjadfeny v pg na obal (pfi
hmotnosti obalu do 2 g) nebo v pug na 1 g obalu u vétsich baleni (salamy, syry,
zelenina). Obsah ftalati v obalech se pohyboval u DEHP od 57 do 3 027 pug, u DBP
od 6 do 2 349 pg. Vysledky jsou diskutovany se zahrani¢nimi udaji o obsahu PAE
v obalech a jejich migraci do potravin. Byla prokdzana variabilita ve vyskytu a kon-
centracich DEHP a DBP v potravinaiskych obalech, které pfimo kontaktuji
potravinu v malospotiebitelském baleni. Kontrola obali je vhodnou prevenci kon-
taminace potravin PAE.

estery kyseliny ftalové; potravinaiské obaly; metody stanoveni

Contact address:

Ing. Véra Gajduskova, CSc., Vyzkumny tstav veterinarniho lékafstvi,
Hudcova 70, 621 32 Bmo, Ceska4 republika,
tel.: 05/413 212 41, fax: 05/412 112 29, e-mail: kahr@vuvel.anet.cz
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THE EFFECT OF BACTERIOCINS ON THE LACTOBACILLI
GROWTH IN VACUUM PACKED MEAT PRODUCTS

Petr PIPEK, Lenka STANKOVA

Institute of Chemical Technology — Department of Food Preservation
and Meat Technology, Prague, Czech Republic

Abstract: Lactobacilli are usually prevailing microflora in vacuum packed meat
products and in the internal of sausages of large diameter. Theirs growth under
anaerobic conditions can be reduced by addition of bacteriocins. Pediocin was
tested in vacuum packed frankfurters and the sausage Junior. The addition of
pediocin caused the lower total and lactobacilli counts during the whole time of
storage. The pH value and the composition of internal atmosphere were influ-
enced, too.

bacteriocins; pediocin; meat products; shelf-life; vacuum; packaging

~ The shelf life of meat products can be improved by several ways. Storage
stability of these products depends on the total preservation effect of various
steps, treatments or conditions used within the production and storage. The
final preservation effect is a combination of hurdles (B hunia et al., 1990).
Such hurdles can be sterilisation or pasteurisation, reduction of redox poten-
tial (avoiding of oxygen), lowering of water activity of products by salting or
drying, application of preservatives, reduction of pH value, storage at low
temperature, etc. Very important factors affecting the shelf life of products
are of course the initial count of micro-organisms, composition of microbial
strains present in products and hygienic conditions of production.

A part of production of meat products is sliced and packed under vacuum.
This type of products is always less stable than the whole sausages. The mi-
crobial recontamination is especially caused by the slicing. Considering the
condition inside the package, not all from the wide range of microbial strains
can grow. Under anaerobic conditions at low storage temperature the psy-
chrophilic lactic acid bacteria create dominating part of micro-organisms
(Stiles, Hastings, 1991). These conditions are also appropriate for the
Listeria monocytogenes growth (Kréckel, 1991). The lactic acid bacteria
are most responsible for the deterioration of quality of the sliced vacuum
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packed meat products due to the production of lactic acid and other metabo-
lites (Ahn, Stiles, 1990).

The bacteriocins can be used as a possible “pure, not-chemical“ treatment
to improve the shelf-life of meat products (Buchanan, Klawitter,
1992).

Bacteriocins are polypeptides produced by bacteria and possessing antago-
nistic activity against other bacteria growth (Juven etal., 1991). The inhibi-
tory effect of bacteriocins consists in their adsorption on the specific
receptors of the cellular membrane followed by a series of lethal biochemical
changes (Bhunia et al.,, 1990). They are tasteless and odourless, can be in-
activated by digestive enzymes pepsin and trypsin (Liicke, Earnshaw,
1991). Since they are natural products, their use (or the use of their producers
— starter cultures) as well as their consumption is harmless as proved in all
toxicological studies (Ray, 1992).

From a wide spectrum of bacteriocins of various producers the pediocins
are of special interest in meat processing. They are suitable for the use in
vacuum packed meat products for their relatively low microbial count, low
storage temperature and absence of oxygen (Ray, 1992).

Pediocin AcH is produced by Pediococcus acidilactici H (isolated from
fermented salami). It has inhibitory effect against the large spectrum of
grampositive bacteria, especially against lactobacilli, leukonostoc, Staphylo-
coccus aureus, Enterococcus (Ray, 1992), Clostridium perfringens, Listeria
monocytogenes (Juven et al., 1991; Medina et al., 1992; Buchanan,
Klawitter, 1992), Brochothrix thermosphacta and Bacillus cereus (Ju-
ven etal., 1991). Gramnegative bacteria (Escherichia, Salmonella, Yersinia
a Aeromonas) can become sensitive to pediocin if they are stressed by
sublethal treatments, such as mild heating, freezing and others (Ray, 1992).
The effect of bacteriocin depends on bacteria counts (Nieclsen etal., 1990).

Pediocin may be used for control of microbial counts, incl. Listeria mono-
cytogenes, also at higher temperature (Degman etal., 1992). The system of
biocontrol represents thus an additive hurdle for listeria (Degman et al,,
1992).

The molecule of pediocin is a polypeptide with the following sequence of
44 amino acids (the molecules of cysteine are bound by disulphide connec-
tions) (Stiles, 1994; Degnan et al., 1992):
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NH»-lys-tyr-tyr-gly-asn-gly-val-thr-cys-gly-lys-his-ser-cys-ser-val-asp-
-trp-gly-lys-ala-thr-thr-cys-ile-ile-asn-asn-gly-ala-met-ala-trp-ala-thr-gly-
-gly-his-gln-gly-asn-his-lys-cys-COOH

The pediocin is active in a wide interval of pH-values and it is stable for
60 min at 80 °C (Ray, 1992). It is destroyed by proteases (Juven et al.,
1991; Bhunia etal., 1988).

MATERIAL AND METHODS

The effect of pediocin AcH was tested in industrial conditions of several
Czech meat factories. It was investigated how the shelf-life of common meat
products stored under different conditions is influenced by the addition of
pediocin. The raw material composition and the process were the normally
used ones.

Homogeneous smoked sausage Junior (Lyone-type) was produced by cut-
tering (the amount of sausage’s mixture was 150 kg), 0.3% (w/w) of
pediocin (commercial name ALTA 2341) were added. The studied sampl-
es and the control ones (without pediocin) were sliced and packed under
vacuum in plastic film (Svitafan). The samples were stored under different
temperature: at 4 °C (cooling storage) and 10 °C (elevated temperature).

In an other experiment the frankfurters were produced (150 kg sausage
mixture), pediocin and/or ascorbic acid in different conbination were added.
The addition of pediocin was the same as at the sausage above, i.c. 0.3%
(wAv). The ascorbic acid was added in common amount of 300 mg/kg (w/w).
After the usual heat treatment and cooling the samples were packed under
vacuum in plastic film (Svitafan) and stored at 4 °C (cooling storage) or
20 °C (room temperature).

The microbiological methods-included the estimation of the total counts
and lactobacilli counts. The total counts were determined on the GTK agar
after 24 h cultivation at 36 °C. The lactobacilli counts were determined using
48 h cultivation at 28 °C on the MRS medium.

The Acidimeter 333 with the combined glass and calomel electrode was
used to measure of the pH value.

The composition of internal atmosphere was characterised by the carbon
dioxide content. This value was measured using the gas chromatograph
CHROM 4 with TCD detector and filing column PORAPACK Q.
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RESULTS AND DISCUSSION

The pediocin addition affected studied characteristics of the sausages. The
obtained data are presented in the figures.

The shelf-life of smoked sliced sausage Junior became longer after pe-
diocin addition. The increase of total micro-organisms counts was lower.
During the all time of experiment the total micro-organisms counts in sau-
sage containing pediocin were approx. 1 log lower than those in control sam-
ples (Fig.1).

The growth of lactobacilli was influenced in the similar way. The pediocin
effect is even stronger, because it affects grampositive bacteria, especially
lactic bacteria (Fig. 2). As lactobacilli produce lactic acid, the inhibition of
them caused the smaller decrease of pH value in the samples containing
pediocin.

As expected, the higher storage temperature (10 °C) caused the higher
total and lactobacilli counts in comparison with the refrigerator conditions
(4 °C) and the addition of pediocin was effective at both temperatures. Very
important is the fact, that the shelf-life of pediocin-samples stored at 10 °C
was even higher as that of control samples stored at 4 °C. Thus the bacte-
riocin can ensure the higher safety in the case of interruption of cooling con-
dition during storage.
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2. Counts of lactobacilli during
storage of sausage Junior

5 10 15
Tme of storage [days]

The microbial growth was influenced by pediocin addition also in the
frankfurters. At both temperatures the microbial counts were approx. 1 log
lower in the samples, where pediocin had been added. (see Fig. 3 a 4). The
growth of micro-organisms was faster at the temperature of 20 °C, as evident
from Fig. 4. In the case the pediocin addition was not able to reduce the mi-
crobial growth under the values achieved at 4 °C without pediocin addition.

The pediocin influenced again especially the growth of lactobacilli. The
increase of lactobacilli counts was significantly lower in the samples con-
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4. Total counts of micro-organisms during storage of frankfurters at the temperature of 20 °C

taining bacteriocin related to the control samples (Figs 5 and 6). Thus the
frankfurters shelf-life became several days longer. This changes occurred at
both temperatures. The count increasing was of course higher at highe_r tem-

perature.
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The shelf-life of sausages is influenced not only by temperature, but also
by other factors, especially by the initial contamination. They will be studied
in future experiments.

The addition of ascorbic acid (that was added to improve sausage colour)
had no effect on the micro-organism growth (Figs 3-6).
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The pH value was significantly influenced by pediocin addition at the
higher temperature. The growth of lactobacilli influenced also the composi-
tion of internal atmosphere. The CO, content in the internal atmosphere
increased immediately after packaging. The influence of pediocin on the lac-
tobacilli growth caused the lower concentration of CO, at the samples with
bacteriocin addition (Fig. 7).

The pediocin can be very suitable for vacuum packed meat products and it
can be used in all cases where the problems with lactic bacteria (especially
lactobacilli) can occur. The efficiency of treatment is influenced by initial
concentration of micro-organisms. The addition of bacteriocins cannot re-
place the good manufacturing practice or appropriate hygienic conditions,
but it can be used as further hurdle which can contribute in the system of
other hurdles to extending the shelf-life.

Further investigations are carried out to explain other relations and conse-
quences in sausage production.

Conclusions

The application of bacteriocins cannot replace the following of high hy-
giene. The suitable application of bacteriocins can however reduce the
growth of micro-organism (especially lactobacilli) in vacuum packed sau-
sages and so extend the shelf-life of sausages in systems of hurdle effect.
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Vliv bakteriocinii na rist laktobacili
ve vakuové balenych masnych vyrobcich

Laktobacily byvaji obvykle dominujici mikroflérou u vakuové balenych masnych
vyrobki i uvnitf salami vétsich kalibrii. Zde se mnoZi v anaerobnich podminkach
za nizké teploty. Jednou z mozZnosti, jak sniZit jejich Cetnosti a tim prodlouZit
udrZznost masnych vyrobki, je aplikace bakteriocinii. V provoznich podminkach
byla vyzkou$ena u¢innost pediocinu (komeréni nazev Alta 2341), ktery byl pfidan
do vakuové balenych vyrobki (nakrajeny homogenni mékky salam Junior a jemné
parky). Ve v3ech piipadech vedla aplikace pediocinu ke zpomaleni riistu mikroor-
ganismil, celkova Cetnost mikroorganismi se sniZila zhruba o fad v celém prib&hu
skladovani. Podobné i etnost laktobacill v priibéhu skladovéni byla niZsi o jeden
aZ o dva fady. Omezeni ristu mikroorganismi se projevilo i zmé&nami chemickych
vlastnosti masnych vyrobki: pH a sloZeni vnitini atmosféry.

bakteriociny; pediocin; masné vyrobky; salamy; vakuum; baleni
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DETERMINATION OF SUCROSE IN SLICES, PULPS, RAW
AND WHITE SUGARS BY NIR REFLECTANCE SPECTROSCOPY

Jitka MORAVCOVA, Zita VANCLOVA', Zdenék HRUBY?

Institute of Chemical Technology — Department of Chemistry of Natural
Compounds and !Central Laboratories, Prague;
*State Agricultural Research Institute, Prague-Béchovice, Czech Republic

Abstract: Near infrared (NIR) reflectance spectroscopy was applied to the cali-
bration procedure for the determination of sucrose content in slices, pulps, raw
and white sugars. Calibration correlation between NIR and referent HPLC results
gave correlation coefficient higher than 0.999 for slices, pulps and raw sugar. The
relative standard error of calibration varried from 0.02 % (raw sugar) to 0.88 %
(slices). In the case of white sugar the validity of calibration was not evaluated.

quantitative analysis; infrared NIR; sucrose; analysis of sugar factory products

Near infrared region (NIR) spectroscopy appears to be one of the most
promising nondestructive analytical techniques for determining the compo-
sition of various food. It was applied to the rapid analysis of cocoa powder
(Kaffka et al.. 1982; Permanyer, Perez, 1989), chocolate (Dau-
berte etal, 1987 Copikova etal.,, 1994), milk (Baer et al., 1983), and
in the baking industry (Osborne, 1983; Suzuki et al., 1986). NIR trans-
mittance spectroscopy was also used to determine the sugar content in
natural fruit juices (Lanza, Li, 1984), in aqueous solutions (Dull,
Giangiacomo, 1984; Giangiacomo, Dull, 1986), in soft drinks
(Kemsley et al., 1992), and in molasses (Dumoulin et al., 1987). For
sugar factory juices, NIR spectroscopy was tested as an on-line monitoring
technique (Vaccari et al., 1990). Several papers were focused on the
measurement of sucrose in multicomponent dry mixtures (Sverzut et al.,
1987, Giangiacomo etal., 1981; Osborne et al., 1983) using NIR re-
flectance spectroscopy. Finally, the possibility of utilization of NIR tech-
nique for the analytical control of sugar products was described (Vaccari
etal., 1987, 1988; Nomura et al.. 1990).
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Since the NIR technique is based on the correlation of a spectroscopic
responces with the constituent concentration, the calibration of NIR instru-
ment must be made on a set of known original samples. In this paper we
examined the applicability of NIR spectroscopy working in reflectance
mode to the quantitative analysis of pulps, slices, raw and white sugars.

MATERIAL AND METHODS

Material

All samples used were original industrial products supplied by the Sugar
Factory at Modeany. The pulps and the slices were stored at 5 °C after dry-
ing for 3 h at 105 °C, and the raw and white sugars were stored without any
pre-treatment. The presence of air moisture was excluded during storage.
Sucrose, D-glucose and D-fructose were purchased (Lachema, Czech Re-
public). Betaine hydrochloride was purified by a preparative liquid chroma-
tography using the strong cation exchanger Dowex W 50x8 (Fluka,
Germany) in Ca®" form with water as a mobile phase, m.p. 290 °C.

Sample Preparation for HPLC

Raw sugar as well as white sugar (1.0 g) was weighed into 100 ml volume
flask, and made up to the mark with water at 20 °C. Samples of slice (1.5 g)
or pulp (5.0 g) were stirred with water (50 ml) at ambient temperature for
15 min, and then filtered through a thin cotton net. After washing, the fil-
trates were collected and placed into 100 ml volumetric flask, alkaline
lead(IT)acetate powder was added, and the mixture was diluted to volume
with water at 20 °C, mixed, and filtered. Prior to HPLC analysis, the solu-
tions were deaerated by 20 min heating at a temperature 55-65 °C, and
passed through a glass microfilter (2 pm, Tessek, Czech Republic).

HPLC

Ligand-exchange chromatography on a strong cation exchanger was used
as described previously (Moravcova et al., 1993). Capacity factors of
0.33, 0.55, 0.69, and 1.00 were obtained for sucrose, D-glucose, D-fructose,
and betaine, respectively. The sucrose content in the industrial samples was
determined by the external calibration method for the peak heights
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(Moravcova etal., 1993). The reproducibility of HPLC was expressed by
the standard deviation (SD) and by the relative standard deviation (RSD) for
ten replicate analyses of slice and raw sugar saimples according to the follow-
ing formulas:

SD = {L[zx,?—%(zx,.f]}% [1]

n—1
where: x; - sucrose concentration
n  — number of analyses
RSD = M [2]
av

where: x,, — average sucrose concentration

The SD value obtained for a slice was 0.4581 and RSD value was 1.49 %.
For raw sugar, the SD value found was 0.6113, and the value of RSD was
0.63 %.

Sample Preparation for NIR Spectroscopy

Raw and white sugars were filled into a solid sample adaptor directly. Dry
pulps and slices were crushed with a VM7-Minirasant grinder (OPS Pierov,
Czech Republic) to obtain the particle size of the powder below 1 mm. The
calibration set consisted of 10 samples of slices and of 20 samples each of
pulps, raw and white sugars.

NIR Spectroscopy

The calibration was carried out on an Infralyzer 400 instrument (Techni-
con, U.S.A) equipped with 19 discrete narrowband filters (Table I), and in-
terfaced to a 286/AT-PC IBM computer. The reflectance data were the
average of two scans per sample.

The stepwise addition program selected the suitable wavelengths accord-
ing to so-called f-value which allowed to reduce the number of filters
needed. The excellent calibration is characterized by > 10, if f-value isina
range from 4 to 10, the calibration seems to be acceptable, and value £ <2
indicates the unsatisfactory results: ;
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I. The filter wavelengths of Infralyzer 400 instrument

Filter Wavelength Filter Wavelength Filter Wavelength
No [nm] No [nm] No [nm]
2 2336 9 2139 16 1940
3 2348 10 2180 17 1734
4 2310 11 1982 18 1722
5 2270 12 1818 19 1445
6 2230 13 1778 20 1 680
7 2208 14 2100
8 2190 15 1759
F;
t-value= —— [3]
7
where: F; — regression constant at given wavelength

SD.. - standard deviation of regression constant F;

The multiple linear regression evaluated the regression constants of the
calibration straight line:

where: ¥}, ..., ¥,

F,, .. F,

n

>R o S~

Y1 = Fo+ Fix);) + Faxa) + ...

Yn=Fo + Fixi,n + Faxon + ...

— number of calibration samples

number of filters
optical density at selected wavelength expressed as log (1/R)
reflectance

+ Fpxp,l

- 4 Fptp' n

sucrose concentrations in calibration set
regression constants

[4]

The samples used for a calibration procedure must be a valid representa-
tion of the population, so this important condition was verified by HAT-sta-
tistics. These samples for which the computed HAT-criterion exceeds the
value of 3 must be excluded. Another additional criterion applied to the cali-
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bration samples was the ratio of a difference between sucrose content deter-
mined by HPLC and predicted by NIR (d;;,) to a standard error of estimation
(SEE): The value of d; /SEE ratio must be lower than 2.
1
Y (di—dav) ]2
Y (5]

SEE=[
p-n-1

where: d = (d,/In)

The relation between the NIR measurement and the reference HPLC
method was evaluated by the correlation coefficient (r) according to equa-
tion [6] and also by the regression ratio R,

1

_[1-56E*(-p-1 ]
SDR? (n-1)

(6]

where: SEE - standard error of estimation (SEE eq. 5)
SDR - standard deviation of range defined by equation [7]

1

—Xav 2 5
SDR = [z(x"—’x)] [7]

based on equation [9]. Finally, the calibration fit was evaluated by calcula-
ting the standard error of calibration SEC (eq. [8]), and the systematic error
BIAS (eq. [10]):

r(n-p-1)
R, = ————=2 2 8
P (l—r‘z)p [ ]
1
L |
SEC = L_p_ : (9]
d; .
BIAS = —Z’— (10]
n

If the calibration curve fits a linear term (» > 0.8), the regression ratio R,
has a standard value from 100 to 1000, but it can reach up to 10 000. On the
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considered as accidental and therefore unsatisfactory. From the practical
point of wiev, the R, value should be higher than 10.

RESULTS AND DISCUSSION

The reflectance data plotted as log(1/R) versus wavelength produce a
curve comparable to an absorption spectrum. In natural products and other
heterogeneous materials, the various constituents often have overlapping,
coinciding or interfering bands, and a multiterm linear equation is usually
necessary to describe any linear relationship between reflectance response
and the concentration of an analyte. The linear regression procedure was
first run with all wavelengths and correlation coefficient () as well as t-va-
lue were calculated. That wavelength giving a minimum s-value was subse-
quently eliminated, and the procedure was repeated until the best filter

II. The multiple linear regression for slices and pulps

Filter No. Regrontion t-Value Filter No Regreasica t-Value
constants constants

Slices" 8 -2491.921 7.26
3 -9 849.875 15.76 9 6153.442 13.62
4 10 699.707 16.41 10 -6 701.162 11.54
7 —44 712.798 16.55 11 -262.002 2.59
10 56 343.063 17.25 12 -3 454.098 16._66
14 -13 298.614 14.31 13 —-14998.036 13.62
16 367.72 7.54 14 -2 406.200 7.57

Pulps® 15 35094.179 16:60
3 -1118.073 4.00 16 -29.016 0.55
4 7 170.408 19.93 17 -5613.146 6.76
5 —7251.933 8.36 18 -8 762.250 6.90
6 1 578.458 3.68 19 —155.08 3.46
7 4325.941 8.23 20 —1059.348 7.62

*F, =270.81, ® F, = -40.558
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III. The multiple linear regression for raw and white sugar

Raw sugar” . White sugar®
Filter No.
regression constants t-value regression constants t-value
3 -1 484.746 15.00 —595.582 0.11
4 4 259.960 73.17 166.082 0.09
5 —1641.471 11.40 -382.818 0.30
6 —1029.230 3.11 832.48 0.56
7 3215.390 7.66 1 381.007 0.13
8 —1442.672 12.32 —586.75 0.13
9 - - -9.982 0.01
10 -82.944 0.74 ~ -971.484 0.42
11 567.706 2.80 —726.899 0.15
12 1034.217 9.82 252.515 0.20
13 —1464.058 8.70 —485.416 0.09
14 -1 589.037 25.01 460.337 0.15
15 -4 767.298 5.04 548.725 0.18
16 -195.573 1.97 268.304 0.10
17 —1430.585 3.46 -2 869.110 0.31
18 915.334 2.91 2770.814 0.87
19 1837.313 19.35 -83.370 0.03
20 3 172.995 8.45 26.736 0.02

3 F,=178.804, % F, = 102.328

combination was achieved. The final regression constants and f-value corre-
sponding to the selected wavelength are summarized in Tables II and II1.

The calibrations of slices, pulps and raw sugars were found to be accept-
able or excellent according to #-value. In opposite, all wavelengths used for
the white sugar calibrations gave f-value lower than 2 and therefore this cali-
bration is not correct.

The validity of the concentration range of all calibration sets was proved
by HAT-statistic and d,/SEE ratio which both agreed in a satisfactory way
with the values recommended (Tables IV-VI).
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IV. Validity of slice and pulp calibration samples

e s“°r°;e1;°"°°“"“‘i°"}£‘;f’£g/w] Deviationd, |  d/SEE | HAT-criterion
Slice
1 70.155 70.19 -0.035 -0.09 1.48
2 68.904 69.57 ~0.666 ~1.64 0.46
3 75.237 74.91 0327 0.81 0.95
4 71.636 71.39 0.246 0.61 1.42
5 22.922 22.96 -0.038 ~0.09 1.43
6 32.567 32.17 0.397 0.98 0.63
7 27.789 27.75 0.039 0.10 1.47
8 29.067 29.69 -0.623 ~1.54 0.58
9 30.651 30.83 -0.179 -0.44 1.32
10 31.303 30.77 0.533 131 0.25
Pulp
1 9.632 9.65 -0.018 -0.77 1.02
2 9.436 9.43 0.006 0.24 1.05
3 8.739 8.70 0.039 1.67 0.89
4 19.260 19.28 -0.02 -0.85 1.01
5 5.646 5.48 -0.034 -1.48 0.93
6 4.576 4.56 0.019 0.80 1.02
7 7.825 7.80 0.025 1.08 0.98
8 3.715 372 -0.005 -0.19 1.0S
9 4355 434 0.015 0.64 1.03
10 4.431 4.44 -0.009 -0.37 1.05
11 19.534 19.53 0.014 0.59 1.03
12 18.364 18.36 0.004 0.19 1.05
13 11.257 11.26 -0.003 -0.11 1.06
14 10.035 10.06 -0.025 -1.07 0.99
15 1.74 1.79 -0.05 -2.18 0.78
16 3.468 3.45 0.018 0.78 1.02
17 4.505 4.52 -0.015 ~0.64 1.03
18 1.263 1.26 0.003 0.13 1.05
19 2.619 2.58 0.039 1.69 0.89
20 7.556 7.56 —0.004 —0.18 1.05
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V. Validity of raw sugar calibration samples

Sample Sucrose concentration [%, w/w] S Ertiel
No eviation d; d; ISEE HAT-criterion
: NIR HPLC
1 98.493 98.5 -0.007 -0.4 1.08
2 99.396 99.4 -0.004 —0.22 1:11
3 98.210 98.2 0.01 0.56 1.09
4 99.197 99.2 —0.003 -0.19 1.12
5 97.474 97.5 -0.026 —-1.43 © 0.80
6 97.868 97.9 —0.032 =177 0.92
7 98.814 98.8 0.014 0.76 0.97
8 98.410 98.4 0.01 0.55 1.10
9 97.219 97.2 0.019 1.07 1.04
10 98.101 98.1 0.001 0.05 1.04
11 97.701 97.7 0.001 0.04 0.95
12 96.815 96.8 0.015 0.85 1.07
13 95.318 95.3 0.018 0.98 0.87
14 98.080 98.1 —0.02 -1.12 1.03
15 97.906 97.9 0.006 0.34 1.10
16 98.390 98.4 —0.01 —0.53 1.00
17 98.992 99.0 —0.008 -0.44 1.11
18 98.735 98.7 0.035 0.095 0.83
19 95.867 95.9 —0.033 -1.82 0.83
20 96.314 96.3 0.014 0.77 0.94

A comparison of the NIR and standard HPLC methods to estimate sucrose
concentration in slices, pulps, and raw sugar showed that these two methods
gave extremely close results with regression coefficient exceeding 0.999
(Table VII). For white sugar, the correlation coefficient was substantially
lower but still comparable with those reported previously (Sverzut et al.,
1987; Giangiacomo etal., 1981). These results indicate clearly the linear
relation between log(1/R) and sucrose concentration and no another transfor-
mation of data to the first or second derivative form is nedeed. However, the
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VI. Validity of white sugar calibration samples

Sample Sucrose concentration [%, w/w] i e
No. Deviation d, d, ISEE HAT-criterion
NIR HPLC
1 99.901 99.93 -0.029 —0.67 1.03
2 99.716 99.69 0.026 0.58 1.04
3 99.920 99.90 0.02 0.46 1.04
4 99.737 99.75 -0.013 -0.3 1.05
5 99.867 99.78 0.087 1.97 0.83
6 99.905 99.92 -0.015 —0.34 1.05
7 99.816 99.80 0.016 0.37 1.05
8 99.833 99.91 -0.077 -1.74 0.88
9 99.900 99.95 -0.05 -1.14 0.98
10 99.881 99.96 -0.079 -1.79 0.87
11 100.006 99.98 0.026 0.56 1.04
12 100.011 99.98 0.031 0.70 1.03
13 99.812 99.78 0.032 0.72 1.03
14 100.005 99.97 0.035 0.79 1.02
15 99.793 99.84 —0.047 -1.06 0.99
16 99.637 99.61 0.027 0.61 1.03
17 99.790 99.82 -0.03 —0.67 1.03
18 99.847 99.83 0.017 0.38 1.05
19 99.827 99.86 -0:033 —0.75 1.02
20 99.726 99.67 0.056 1.27 0.96

regression ratio R, seems to be the more important criterion than regression
coefficient itself. The R, value for slices, pulps, and raw sugar (Table VII)
confirms again the linear fit between NIR and HPLC results but the very low
regression ratio calculated for white sugar unambiguously determines no
correlation between NIR and HPLC methods. This conclusion is also sup-
ported by uncorrect t-value (Table II) found for the white sugar and dis-
cussed above. The accuracy of the reference HPLC method could be
considered as the major reason. The standard deviation of the replicate
analysis of raw sugar was established to be 0.61 (see Material and Me-
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VII. Statistic evaluation of NIR calibration

Criterion® Slices Pulps Raw Sugar White Sugar
n 10 20 20 20

P 6. 18 17 18

Xmmin [%0, W/w] 22.96 1.26 95.30 99.61
Xmax [%0, W/W] 74.91 19.53 99.40 99.98
Xgy [%o, WiW] 46.02 7.90 97.87 97.85
SDR 20.987 5.598 1.096 0.109
SEE 0.405 0.023 0.018 0.044
SEC 0.702 0.101 0.056 0.192
BIAS 0.0001 -0.0001 0 0

r 0.9998 1.0000 0.9999 0.9154
R, 1 490.01 325892 428.41 0.287
100 SEE/x,, [%] 0.88 0.29 0.02 0.04
100 SEC/x,,, [%] 1.52 1.30 0.05 0.20

2 For definitions of symbols see Material and Methods

thods); if a similar value can be supposed for white sugar the scatter will be
aproximately 0.3. In such a case, all calibration samples having sucrose con-
centration from 99.61 to 99.98% will occupy the interval 99.85 + 0.3 deter-
mined by the scatter of replicate analysis.

The standard errors (SEE and SEC, Table VII) are comparable with litera-
ture data (Sverzut et al, 1987, Osborne, 1988; Alfaro et al., 1990).
The highest SEE as well as SEC were obtained for the calibration of slices
probably due to the greatest concentration range of sucrose which varried
from 22.96 to 74.91%. Interestingly, the raw sugar can be analyzed directly
because the moisture content does not tend to mask the signal of sucrose and
the particle size of raw sugar is rather uniform.

Validation of the Infralyzer 400 calibration is in the progress.

Conclusion

The results demonstrate applicability of the NIR reflectance spectroscopy
to the determination of sucrose in pulp, slice and raw sugar produced in
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sugar factories. The samples are analyzed with a little pre-treatment and sub-
sequent analysis is fast with accuracy comparable with referent method.
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Stanoveni sacharézy ve sladkych a vyslazenych Fizcich,
v surovém a rafinovaném cukru
pomoci infrafervené spektroskopie v blizké oblasti

Spektrometr Infralyzer 400 pracujici v reflektanénim reZimu byl kalibrovan pro
stanoveni sacharézy ve sladkych a vyslazenych fizcich a v surovém i rafinovaném
cukru mnohonéasobnou linedmni korelaci mezi vysledky NIR metody a srovnavaci
vysokou¢inné kapalinové chromatografie na silném ménici kationti. Vysoké hodno-
ty regresnich konstant a odpovidajici hodnoty dalsich statistickych kritérii potvrzuji
lineami zavislost optické mohutnosti vyjadiené jako log (1/R) na obsahu sachar6zy.
Relativni standardni chyba kalibrace (SEC) byla 0,88 % pro sladké fizky s koncen-
traci sacharézy 22,96-74,91 %, 0,29 % pro vyslazené fizky s koncentraci sacharozy
1,26 az 19,53 % a koneéné& 0,02 % pro surovy cukr, pro ktery byla koncentrace sa-
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charézy 95,30-99,40 %. Tyto hodnoty jsou srovnatelné s referenéni metodou HPLC,
kterd méla SEC = 0,24 % pro rozmezi sachardzy od 12,52 do 65,52 %. V pfipadé
rafinovaného cukru nebyla nalezena uspokojiva korelace mezi vysledky NIR metody
a HPLC pravdépodobné diky tomu, Ze zvolena srovnavaci metoda nebyla dostatené
presna. Pro velice izké rozmezi koncentraci sachar6zy v rafinovaném cukru (99,61
az 99,98 %) byla smérodatna odchylka opakované analyzy HPLC metodou 0,61 %.
Surovy a rafinovany cukr byly méfeny piimo, nebot’ pfitomna vlhkost stanoveni ne-
rusila, ale sladké a vyslazené fizky byly pfed analyzou vysuSeny a rozemlety.
Vysledky ukazuji vhodnost NIR spektrometrie ke stanoveni sachar6zy v cukrovar-
nickych meziproduktech (sladké a vyslazené fizky) a surovém cukru a mohou byt
pouZity k zavadéni modemé;jsich analytickych postupti do cukrovarnické praxe.

kvantitativni analyza; infraervena spektrometrie; NIR spektrometrie; sacharoza;
analyza cukrovamnickych meziproduktii a produktii
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Ing. Jitka Moravcova, Vysoka Skola chemicko-technologicka,
Ustav chemie pfirodnich latek, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 4283, fax: 02/311 99 90, e-mail: jitka.moravcova@vscht.cz
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URCOVANIE PREDPOKLADANEJ TRVANLIVOSTI
PASTERIZOVANEHO MLIEKA

Prediction of the Shelf-life of Pasteurized Milk

Eva GASINCOVA, Olga BURDOVA, Peter TUREK

Universty of Veterinary Medicine, KoSice, Slovak Republic

Abstract: Procedure developed by Griffiths and Phillips (1988b) which
allows to predict shelf-life of pasteurized milk at different storage temperatures
was verified in this study. The shelf-life of commercial whole and skim pasteur-
ized milks was evaluated and compared with calculated shelf-life after storage
at 4 and 10 °C. Pre-storage at 15 and 20 °C for 24 hours was used for obtaining
pasteurized milk samples of various bacterial quality. Obtained results indicate
that the better the microbial quality, the larger the differences between calcu-
lated and determined shelf-life, but the discrepancies were proportional for all
storage conditions. The verified method may need modification in order to pre-
dict accurately shelf-life of high quality pasteurized milks, which after pre-in-
cubations give very low plate count (0-10 colonies) on selective media.

shelf-life; pasteurized milk; storage temperature

Abstrakt: V praci sme overovali model urovania predpokladanej trvanlivosti
pasterizovaného mlieka pri réznych teplotach skladovania, ktory publikovali
Griffiths aPhillips (1988b), zaloZeny na hodnoteni po¢tu mikroorganiz-
mov mlieka preinkubovaného pri Styroch teplotach na troch selektivnych
podach a na agare s odstredenym mliekom. Vypoéitana trvanlivost bola
porovnané so skutoénou trvanlivostou jednotlivych vzoriek pasterizovaného
mlieka pri teplote skladovania 4 a 10 °C. Zistili sme, Ze podla overovaného
postupu sa d4 pomerne presne urcit’ predpokladana trvanlivost’ pasterizovaného
mlieka s celkovym po¢tom mikroorganizmov okolo 10° cfu/ml. Tento postup by
vSak bolo potrebné modifikovat’ pre pasterizované mlieko s vysokou mikrobi-
ologickou kvalitou, ktord ddva na' jednotlivych selektivnych pddach
velmi nizke pocty kolénii (1 aZ 10).

trvanlivost’, pasterizované mlieko; teplota skladovania
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V poslednych rokoch nastali vyznamné zmeny vo zvozu surového mlieka
z pol'nohospodarskych podnikov a v jeho naslednom skladovani a spracova-
vani. Vi¢Sina surového mlieka sa v sucasnosti rychlo schladi ihned’ po
nadojeni a je skladovana pri teplotich pod 7 °C aZ do zvozu do mliekdrne.
V désledku tychto skuto¢nosti sa zmenila mikrofléra mlieka a prevladajuci-
mi baktériami v mlieku si psychrotrofné gramnegativne mikroorganizmy.
Mnoho autorov vyS$etrovalo povahu tychto psychrotrofnych baktérii, sledo-
vali aktivitu ich degradativnych enzymov a boli uskuto&nené pokusy tykajice sa
vzt'ahu medz rozsahom kontamindcie mlicka psychrotrofnymi baktériami a zhor-
Senim kvality vyrabaného vyrobku (Muir, Phillips, 1984).

Zv1ast’ v poslednych rokoch bolo vyvinutych vel'a testov a skuSok na hod-
notenie kvality a predpokladanej trvanlivosti mlie¢nych vyrobkov, ktorych
princip sa pohybuje od jednoduchého hodnotenia mikroorganizmov azZ po
komplexné stanovenie ich metabolitov (Bishop, White, 1986). Sucasné
prediktivne modely su vicSinou zaloZené na mikrobiologickych kritériach,
pretoZe inStrumentalne metddy uréené na meranie zmien ukazovatel'ov kaze-
nia nie su este stale dostato¢ne citlivé alebo spol'ahlivé. Z praktickych dovo-
dov potrebujeme také funkcie, ktoré plne vyhovuji experimentalnym
a vypocitanym udajom rastovych pomerov v rozsahu suboptimalnych rasto-
vych tepldt psychrotrofnych baktérii. V pripade pasterizované¢ho mlieka to
budu teploty okolo 4 a 12 °C (Stepaniak et al., 1995). Nakolko teplota je
jednym z najvyznamnejsich faktorov ovplyviiujucich trvanlivost’ pasterizo-
~ vanych mlie¢nych vyrobkov (Griffiths, Phillips, 1988a), cielom na-
Sej prace bolo overit’ postup uréovania trvanlivosti pasterizovaného mlicka
pri roznych teplotach skladovania, ktory uverejnili Griffiths aPhillips
(1988b).

MATERIAL A METODY

Pri overovani modelu predpovedania alebo uréenia trvanlivosti pasterizo-
vaného mlieka na zdklade hodnotenia pociatoného stavu psychrotrofnych
mikroorganizmov, ktory opisali Griffiths a Phillips (1988b), sme vy-
Setrili celkom 30 vzoriek mlieka, z toho 15 vzoriek plnotu¢ného a 15 vzoriek
nizkotu¢ného pasterizovaného mlieka ziskanych postupnym nakupovanim
v obchodne;j sieti.
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Z kazdej vzorky sme odobrali $tyrikrat po 10 ml mlieka do sterilnych sku-
maviek so zavitovym uzdverom, ktoré boli inkubované 25 hodin vo vodnych
kapeloch pri teplotach 12, 15, 18 a 21 °C. Zaroven sme kazda vzorku rozde-
lili na dve Casti, pricom jednu &ast’ sme uschovali pri teplote 4 °C a druht pri
teplote 10 °C. Tymto spdsobom sme spracovali 14 vzoriek (po 7 vzoriek
z obidvoch druhov mliek) ihned’ po ich dodani do laboratéria, 8 vzoriek (po
Styri vzorky z obidvoch druhov mliek) po predchddzajiucom skladovani (tzv.
predskladovani) 25 hodin pri teplote 15 °C a 8 vzoriek (po $tyri vzorky
z obidvoch druhov mliek) po 24hodinovom predskladovani pri teplote
20 °C. Predskladovanim vzoriek pasterizovan¢ho mlieka pri 15 a 20 °C sme
ziskali vzorky pasterizovaného mlieka s rdznou mikrobiologickou hodnotou.

Hodnotenie sledovanych psychrotrofnych baktérii

Po prislu$nej inkubécii, ktord umoziiuje lep$ie hodnotenie jednotlivych
druhov mikroorganizmov, sme hodnotili ich poéty rozterom 0,2 ml inokula
troch po sebe idicich riedeni (10°~1072) na predsuseny povrch prislu$nych
selektivnych pdd nasledovnym spdsobom: Celkovy pocet psychrotrofnych
mikroorganizmov sme stanovovali z mlieka inkubovaného 25 hodin pri tep-
lote 12 °C na agare s odstredenym mlickom, pripravenym z agarového zikladu
pre bakteriologiu (Bacto-agar, Difco) s pridavkom sterilného odstredeného
mlicka v mnoZstve 10 %; pocet mikroorganizmov Pseudomonas spp. z mlie-
ka inkubovaného 25 hodin pri teplote 15 °C na agare s odstredenym mlie-
kom (10%) s pridavkom cetrimidin-fucidincephaloridinu (Pseudomonas
C-F-C Supplement, Oxoid); po¢et grampozitivnych kokov z mlieka inkubo-
vaného 25 hodin pri teplote 18 °C na agare s odstredenym mlickom (10%)
obohatenom pripravkom Staph./Strep. Selective Supplement (CNA Supple-
ment, Oxoid, obsahuje siran kolistinu a kyselinu nalidixinovi) a kone¢ne po-
¢et mikroorganizmov Bacillus spp. z mlieka inkubovaného 25 hodin pri
teplote 21 °C na agare s odstredenym mliekom (10%) s pridavkom polymy-
xinu B (Bacillus cereus Selective Supplement, Oxoid). VSetky inokulované
selektivne pddy sme inkubovali 25 hodin pri teplote 21 °C.

Vypocet predpokladanej trvanlivosti

Predpokladanu trvanlivost’ v hodinach (f) pre jednotlivé vzorky sme vypo-
¢itali podl'a dvoch rovnic:
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a) jednoducha rovnica

1
L=
[0,00621 . ( T~ (269,55 0,74 (CFC ;) - 0,11(CFC,; )? ))?

(1

kde: T — teplota skladovania mlieka v °K (°K = °C +273,16)

CFC,5 — log,, pottu stanoveného z mlieka inkubovaného 25 hodin pri teplote
15 °C na agare s odstredenym mliekom (10%) obsahujicim Pseudo-
monas C-F-C Supplement

b) komplexna rovnica

1
I=
[0,00621(T - (267,62 — 0,597(MA12) + 0,41%STREP;3) + 0,469 (PMX>2;) — 1,086 (CFC]s)))]2

kde: T — teplota skladovania mlieka v °K

MA,, - log,,pottu stanoveného z mlieka inkubovaného 25 hodin pri teplote
12 °C na agare s odstredenym mliekom (10%)

STREP, ¢~ log,, po¢tu stanoveného z mlieka inkubovaného 25 hodin pri teplote
18 °C 25 na agare s odstredenym mliekom (10%) obsahujiicim Staph./
/Strep. Selective Supplement

PMX,, - log,;, poctu stanoveného z mlieka inkubovaného 25 hodin pri teplote
21 °C 25 na agare s odstredenym mliekom (10%) obsahujicim Bacil-
lus cereus Selective Supplement

CFC,5 - log,, pottu stanoveného z mlieka inkubovaného 25 hodin pri teplote
15 °C na agare s odstredenym mliekom (10%) obsahujiicim Pseudo-
monas C-F-C Supplement

V dei pred, v deii a po dni vypoc€itanej trvanlivosti jednotlivych vzoriek
plnotu¢ného a nizkotu¢ného pasterizovaného mlieka a neskér v pravidel-
nych intervaloch sme stanovovali CPM, az kym nedosiahol hodnotu 5.107
cfu na 1 ml (log 7,5), alebo kym nedoSlo k vzniku zmien charakteristickych
pre kazenie sa mlieka aj bez dosiahnutia uvedeného limitujiceho poctu.

Priprava selektivnych pdd na hodnotenie sledovanych skupin mikroorga-
nizmov, ako aj rovnice pouzité na vypocet predpokladanej trvanlivosti boli
prevzaté z prace, ktori uverejnili Griffiths a Phillips (1988b).
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I. Ur&ovanie predpokladanej trvanlivosti pasterizovaného mlieka pri r 6znych teplotach skladovania v diioch — Prediction of shelf-life of pasteurized
milk at different storage temperatures in days

Pasterizova-|  LOPIOA VypoSitan trvanlivost’ podra’ Skutond trvanlivost™ Kor eén¥ CIP-rYiS
né mlieko’ 5?3::::' Jjednoduchej rovnice® komplexnej rovnice’ [egetal ]
4°C 10 °C 4°C 10 °C 4°C 10 °C 4°C 10 °C
Plnotudné® 15,60 5,14 11,70 4,28 31,00 11,00 7,6253 7,8407
Odstredené’ 18,93 5,86 13,55 4,79 32,57 10,71 7,2944 7,6512
Plnotu¢né o 8,36 3,30 6,73 2,93 15,75 5,25 8,0610 7,7986
Odstredené 18,93 5,86 13,57 4,74 26,25 8,50 6,8388 17,5024
Plnotu¢né : - 6.15 2,76 4,94 2,42 13,75 4,75 7,9719 8,2287
Odstredené 15,40 5,01 9.89 3,88 16,25 6,00 8,3594 7,0606

’pasteurized milk; 2 re-storage temperature; 3the shelf-life calculated according to; 4real shelf-life; 5I'mal Standard Plate Count; 6simple equation;
complex equation; “whole; “skim

ov1-€€1 : () ¥661 ‘#I “APA "Aenod
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VYSLEDKY A DISKUSIA

Priemerné hodnoty vypocitanej trvanlivosti podl'a jednoduchej i kom-
plexnej rovnice, ako aj priemerna skuto¢na trvanlivost’ vzorick pasterizova-
ného mlieka vyjadrena v ditoch st uvedené v tab. I. Prirodzeny logaritmus
priememnych hodn6t sledovanych skupin mikroorganizmov na selektivnych
pddach je uvedeny v tab. II. Po $tatistickom vyhodnoteni rozdielov (Studen-
tov f-test) medzi trvanlivostou vypocitanou podl'a jednoduchej a podl'a kom-
plexnej rovnice sme zistili, Ze ¢im je pasterizované mlieko s horSou
mikrobiologickou kvalitou, tym su rozdiely medzi vypocitanou trvanlivos-
tou podl'a obidvoch rovnic a tiez medzi vypo¢itanou a skuto¢nou trvanlivos-
tou mensie (tab. III). Z vysledkov tykajucich sa porovnivania vypocitanej
a skuto¢nej trvanlivosti vidiet', Ze v pripade pasterizovaného mlieka s vyso-
kou mikrobidlnou kvalitou skuto€na trvanlivost’ je pri dodrzani teploty skla-
dovania 4 alebo 10 °C az dvakrat dlh$ia neZ je predpokladana trvanlivost’.
Napr. predpokladana trvanlivost’ plnotu¢ného pasterizovaného mlieka pri
teplote skladovania 4 °C vypocitand podla jednoduchej rovnice bericej do
uvahy len hodnotenie pseudomonad je 15,60 dni, zatial’ o skuto¢na trvanli-

II. Priememé hodnoty (log cfu.ml-!) sledovanych skupin mikroorganizmov zistenych na selek-
tivnych médiach — Average values (log cfu.ml~!) of monitored microbial groups determined on
selective media

Mikiio- 15°C 20 °C
z 1
OrgamIZmus | oy otuéné’ | odstredené® | plnotuéné | odstredené | plnotuéné | odstredené
MA 1,6020 0,8129 5,7038 5,6989 6,8460 5,8513
CFC 3,0000 0,0000 5,5602 0,0000 6,2771 4,8926
Strep. 0,0000 0,0000 0,0000 0,0000 1,4771 2,0969
PMXB 3,2041 3,1613 6,5729 5,9897 6,7678 6,7684

MA - agar s odstredenym mliekom (10%) — milk agar with skim milk (10%)

containing C-F-C Supplement
Strep. — agar s odstredenym mlickom (10%) obsahujiici Staph./Strep. Selective supplement —
milk agar (10%) containing Staph./Strep. Selective Supplement
PMXB — agar s odstredenym mliekom (10%) obsahujici Bacilluss cereus Selective Supplement
— milk agar (10%) containing Bacillus cereus Selective Supplement

| -~ 2 2 3 T
microorganism; ~whole; “skim
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I1I. Hladina vyznamnosti, na ktorej sa porovnavané stibory statisticky vyznamne lisia — Signifi-
cance level at which the compared sets are statistically different

Pasterizova.| TePlota | 4°C | 10°C 4°C 10 °C

. ..., 1 |predsklad-

né mlieko pneniaa jorkr | jrkr |jr-skt [kr-skt|jr—sk t [k r-skt
Plnotucné’ 0,2 0,2 0,05 | 002 0,05 0,05
Odstredené’ 0,002 | 0,002 001 | 0002 | 0002 | 0002
Plnotugné 50 N N 0,2 0,1 02 0,05
Odstredené 0,1 0,1 02 0,05 0,002 | 0,002
Pinotutné | o N N 0,1 0,05 0,05 0,01
Odstredené N N N 0,2 N 0,2

j. r. = predpokladana trvanlivost’ vypocitana jednoduchou rovnicou pri danej teplote — predicti-
on of shelf-life according to simple equation

k. r. = predpokladana trvanlivost’ vypocitand komplexnou rovnicou pri danej teplote — predicti-
on of shelf-life according to complex equation
sk. t. = skuto¢na trvanlivost’ — real shelf-life

N = rozdiel medzi porovnavanymi subormi nie je $tatisticky vyznamny — not statistically different

s A i
lpasleunzed milk; “whole; “skim; pre-storage temperature

vost’ dosahovala priemerne 31 dni. Podobne pri teplote skladovania 10 °C
bola tym istym spdsobom vypo&itana trvanlivost’ v dizke 5,14 dni, kym sku-
to¢na trvanlivost’ predstavovala az 11 dni.

Pri ur€ovani predpokladanej trvanlivosti postupom, ktory berie do uvahy
komplexné hodnotenie mikroorganizmov (komplexna rovnica), rozdiel
medzi dosiahnutou a predpokladanou trvanlivost'ou je eSte vyraznejsi. To
znamena, Ze overovany model zna¢ne podhodnocuje trvanlivost’ pasterizované-
ho mlieka s vysokou mikrobidlnou kvalitou.

Naproti tomu pri hodnoteni predpokladanej trvanlivosti pasterizovaného
mliecka horSej mikrobiologickej kvality, ktoré sme ziskali tzv. predskladova-
nim pri teplote 15 alebo 20 °C po dobu 24 hodin vidiet, Ze rozdiely medzi
predpokladanou a skuto&nou trvanlivost'ou su zanedbatel'né. Z tab. I je zrej-
mé, Ze u odstredeného mlieka predskladovaného pri teplote 20 °C je rozdiel
medzi skutoéne dosiahnutou trvanlivost'ou a trvanlivost'ou vypog&itanou pod-
I'a obidvoch rovnic pre obidve skladovacie teploty (4 a 10 °C) nie viA&si ako
1 deii (t.j. 24 hodin).
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Na ziklade ziskanych vysledkov pri overovani postupu na uréovanie pred-
pokladanej trvanlivosti pasterizovaného mlieka sme dospeli k zdveru, Ze ten-
to postup je potrebné modifikovat’ pre pasterizované mlieko s vysokou
mikrobiologickou kvalitou, ktoré ddva na jednotlivych selektivnych podach
vel'mi nizke poéty (0—10 kolonii) (Gasincova et al., 1994).

Vyvoj prediktivnych metéd na urovanie potencidlnej trvanlivosti mlie-
karenskych vyrobkov je dolezitou vyskumnou aktivitou mliekarenského
vyskumu. Aplikdcia prediktivnej mikrobioldgie by mohla zarucit’ ekonomic-
kejSiu vyrobu, vyrobu mensicho mnoZstva nestandardnych vyrobkov a moh-
la by poskytnit’ viac informacii tykajucich sa rozhodnutia, aky vyrobok ma
byt vyrobeny zo surového mlieka (Stepaniak, 1991).
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MINIMALIZACIA OBALOVYCH ODPADOV

Minimization of Packaging Waste

Marta KARKALIKOVA, Alica LACKOVA

University of Economics — Faculty of Commerce, Bratislava, Slovak Republic

Abstract: One of the means of maintaining utility features of a product is pack-
aging which substantially adds to creation of image of the given product. There-
fore, the packages have been gradually added to the most important products of
everyday consumption and the volume of their production has been increasing.
Innovation trends in packaging technique have substantially developed. While
in the 60s, which are considered the golden age of packaging technique, attrac-
tiveness and functional features in addition to essential protective function of
packaging were of primary importance, in the 70s after energy crisis and in the
80s at the beginning of ecological crisis, emphasis started to be put on energetic
and ecological aspects. Enormous increase in production and consumption of
plastic covers (since 1977 by 200 %) leading to the increase of the volume of
solid waste, which is usually difficult to degrade, enforced the gradual introduc-
tion of very strict regulations. In 1987 EC countries introduce the directive con-
cerning covers, which should decrease the energy consumption in their
production, increase the percentage of returnable packages and introduce effi-
cient recycling. In the paper they include specific requirements of EU about the
packing materials. In their effort to minimize package wastes numerous coun-
tries have elaborated various systems for their reduction. The article describes
and analyses in detail German “dual system*, Swedish deposit system and
French system “Eco-Emballages” leading to minimization of wastes.

packaging; packaging technique; ecology; recycling; waste dumps; waste incin-
eration; minimization of waste; deposit; deposit system; dual system.

Abstrakt: Jednym z prostriedkov uchovania uZitkovych vlastnosti vyrobku je
obal, ktory vyrazne prispieva i k vytvaraniu image dan¢ho vyrobku. Preto sa
postupne obaly zaradili k najddlezitej$im vyrobkom dennej spotreby, rastie ich
objem vyroby. Inova¢né trendy obalovej techniky presli dlhym vyvojom. Zatial
¢o v 60. rokoch, ktoré st povaZované za zlaty vek obalovej techniky, bola vedla
zdkladnej ochrannej funkcie prvorada pritazlivost' a funk&nost’ obalu, po ener-
getickej krize v 70. rokoch a zaciatku ekologicke;j krizy v 80. rokoch sa za¢ina
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klast' doraz na energetické a ekologické aspekty. Obrovské zvy3enie vyroby
a spotreby plastovych obalov (od roku 1977 o 200 %), vediice k narastu
mnoZstva tuhého odpadu, naviac v&¢Sinou malo degradabilného, si vynitilo pos-
tupné prijatie vel'mi tvrdych opatreni. V krajinach ES v roku 1987 vstipila do
platnosti smemica o obaloch, ktora ma okrem iného zniZit’ spotrebu energie pri
ich vyrobe, zvysit’ percento navratnych obalov a zaviest' dokladnu recykléaciu.
V ¢&lanku st zahmuté $pecifické smemnice o obalovych materidloch EU. V snahe
minimalizovat’ obalové odpady si mnohé krajiny vypracovali rozne systémy na
ich redukciu. Clanok popisuje a podrobne rozobera nemecky ,,dualny systém®,
Svédsky depozitny systém a francizsky systém , Eco-Emballages™ vedice
k minimalizacii odpadov.

obaly; obalova technika; ekologia; recyklacia; skladkovanie; spalovanie od-
padu; minimalizdcia odpadu; depozit, depozitny systém; dudlny systém

Ludia ako spotrebitelia potravinarskych produktov maju ur¢ité poziadavky
na obaly, ktoré spotrebiivaju. Pozaduju, aby bol obal bezpe¢ny, hygienicky
nezavadny a schopny udrzat’ kvalitu tovaru bez pouzitia ¢o najmensicho
mnoZstva konzervaénych latok. V poslednom ¢ase sa Coraz dolezitej$im sta-
va i to, Ze spotrebitelia suasne vyZzaduju, aby boli obaly prijatel'né aj z hl'a-
diska zivotné¢ho prostredia. Najmé vo vyspelych krajinach sa Coraz Castejsie
stretdvame s pojmom ,,zelena revolucia®, ktory uzko suvisi s rastiucim spot-
rebitel'skym tlakom na pouZivanie obalov, ktoré neohrozuju Zivotné prostre-
die (Kébunner, 1992).

Pri hodnoteni obalu z hl'adiska jeho vplyvu na Zivotné prostredie treba zva-
zit' vietky vplyvy od ziskania a spracovania nerastnych surovin, cez spotrebu
energie v pricbehu vyroby a distribucie obalov, emisie do ovzdu3ia a vody az
po spracovanie odpadu réznymi spdsobmi (recyklaciou, skladkami, spalova-
nim a pod.). Len takouto sihrnnou analyzou mdéZeme dospiet’ k celkovym
vplyvom rozli¢nych obalovych systémov na Zivotné prostredie.

Vo vyspelych krajinich moZu byt nové obaly dané do obehu jedine vtedy,
ak je mozné bud’ ich viacnasobné vyutZitie, alebo je ich I'ahké znovu zhodno-
tit, t. j. vopred musi byt’ vybudovany systém recykldcie. Vo vicsine Statov
existuju pre spdsob zhodnocovania obalov pravne podklady.

Délezity prinos k otazke problému ,,Hospodarsky rast versus ekologia“
priniesla Maastrichtska dohoda o Eur6pskej 1inii zo 7. 2. 1992, ktoré zakot-
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vuje ,,Podporu neustdleho a Zivotné prostredie neohrozujiceho hospo-
darskeho narastu zaloZeného na trvalom rozvoji v silade s potrebami Zivot-
ného prostredia“. '

Zatial'¢o europsky sudny dvor v predchadzajicej judikatire vychadzal
z toho, Ze odpady treba v zdsade povaZovat’ za tovar, nova judikatira — zalo-
Zend na poznani, Ze budicim opatreniam Spolo¢enstva na zdklade Maastricht-
skej zmluvy v dosledku pravnej normy 130 R (ochrana Zivotného prostre-
dia) uz nehrozi nebezpelenstvo, Zze zifastnené §taty budu blokovat’
proces ich odsuhlasovania — dospela k nazoru, Ze principy vol'ného obe-
hu tovaru sa daju ¢oraz menej pouZit’ pre odpady. Napriklad podl'a rozhodnu-
tia zo dia 9. 7. 1993, RS 2/93 ,,Odpad nie je tovarom. Opatrenia Spoloenstva
tykajuce sa odpadového hospodarstva podliehaji ochrane Zivotného prostre-
dia”.

Spominana Direktiva Eurépskej inie ma za ciel' harmonizovat’ niarodné
opatrenia tykajice sa obalového hospodarstva a odpadového hospodarstva
v oblasti obalov, aby sa zniZil ich dopad na Zivotné prostredie, prispiet’ ku
kompetencii a fungovaniu vnitorného obchodu a vyhnut’ sa prekazkam v ob-
chodovani skomolenim a obmedzenim kompetencie unie.

Na dosiahnutie tychto ciel'ov Direktiva ustanovuje ulohy a hlavné poZia-
davky, ktoré balenie musi spiiiat’ a predklada opatrenia na prevenciu pri vy-
robe obalového odpadu a na zabezpecenie operacii na navrat, opitovné
pouZzitie a obnovu v spojitosti s balenim a obalovym odpadom, aby sa zabez-
pecilo zdravie obyvatel'stva a ochrana Zivotného prostredia.

Direktiva sa tyka celého balenia v obchode v Unii a celého obalového od-
padu bez ohl'adu na to, ¢i je pouzité alebo vzniklo na urovni priemyslu, ob-
chodu, uradov, predajni, sluZieb alebo domacnosti, bez ohl'adu na pouzity
materidl a bez ohl'adu na to, ¢i ide o primarne, sekunddrne alebo tercidrne
balenie.

Vysoky podiel obalov v tuhom domovom odpade bol v uplynulych rokoch
Siroko diskutovany v ramci Eurdpskej tnie a vysledkom asi Stvorroéného
procesu rokovania je Smernica Eurdpskeho parlamentu a Rady z 20. 12.
1994 &. 94/62/EC, o obaloch a obalovom odpade (d’alej len smernice
o obaloch). Tato smernica o.i. stanovuje niektoré vlastnosti obalov, poki-
al’ ide o obsah toxickych latok, oznacenie obalov a hlavne stanovi ciele
pre zhodnocovanie obalového odpadu a recyklaciu jednotlivych typov
obalového odpadu.
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Smemica stanovuje, Ze:

—50-65 % (vahovo) obalového odpadu bude zhodnotené (priame
spal'ovanie sa nepovazuje za zhodnocovanie, vyuZitie ako paliva 4no);

— 25-45 % obalového odpadu bude recyklovanych a pri tom najmenej 15 %
kazdého obalového materidlu.

Americka Agentira na ochranu Zivotného prostredia (Environmental Pro-
tection Agency — EPA) identifikovala $tyri moZné varianty minimalizicie
odpadu:

1. redukcia zdrojov,

2. recyklacia,

3. spalovanie odpadu spojené s usporou energie,

4. skladkovanie.

Tieto moZnosti st zoradené podl'a priority, no v skuto¢nosti sa vyuzivaju
v roznych kombinaciach v zavislosti od miestnych podmienok.

Redukcia zdrojov spo€iva v minimalizicii odpadu prostrednictvom spotre-
by mensicho mnoZstva materidlov a energie, t.j. v novom rieSeni obalov s re-
dukovanym vyuzZitim niektorych materidlov (napr. hlinika).

Recyklacia je d'alSim sposobom redukcie mnozstva odpadu, ktora viak
musi byt aj ekonomicky odovodnena. Recyklacia akéhokol'vek odpadu by sa
mala uskutoCiiovat’ len vtedy, ak hodnota recyklovanych zdrojov prevysuje
vplyv na Zivotné prostredie a naklady spojené so zberom a spracovanim toh-
to odpadu (Nentwig, 1991).

Spalovanie pevného odpadu by sa malo uskuto¢iiovat’ len vtedy, ak docha-
dza k redukcii objemu pevného odpadu o viac ako 70 %, pri¢om by sa mali
vyuzivat’ moderne vybavené pece a zariadenia neznefist'ujuce ovzdusie. Vo
Svédsku napr. spalovanie odpadu poskytuje vyznamné mnoZstvo elektrickej
energie a pary pre systém priameho vykurovania. Tymto spdsobom docha-
dza k redukcii spotreby nenahraditeI'ného pevného paliva.

V stéasnosti stoji mnoho krajin pred vaznym problémom, ako sa vysporia-
dat’ s obalovym odpadom, pretoZe skladky maju obmedzenu kapacitu
a skladkovanie odpadu sa javi ako najjednoduchsi spdsob spracovania odpa-
du. Mnohé skladky sa uzatvaraju, pretoZe nevyhovuji €oraz naro€nej$im po-
ziadavkam ochrany Zivotného prostredia. Jednou z moZnosti je i lepsie
vyuzitie recyklacie obalového odpadu.
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Systém recyklacie a opitovného vyuZitia obalov mozno z hl'adiska malo-
obchodnej jednotky rozdelit’ takto:

1. Systém recyklécie bez depozitu, pricom sa zber uskuto¢fiuje mimo malo-
obchodnej jednotky. Tento systém sa u nas vyuZiva nedostato¢ne a exis-
tuju obrovske rezervy v jeho uplatneni.

2. Systém recyklacie s depozitom, so zberom v maloobchodnej jednotke.
Vyuziva sa vo vel'’kom vo vyspelych krajinach, napr. recyklécia hliniko-
vych plechoviek na napoje.

3. Systém znovupouzitia s depozitom, so zberom v maloobchodnej jednot-
ke. Napr. u nas vyuzivany systém zalohovania sklenenych flia$ a ich sus-
tred'ovanie v maloobchodnej jednotke.

Ak je depozit vhodne stanoveny, moze byt’ zdkladom vysokej navratnosti
obalov. Pre maloobchodnika st v3ak ¢asto vyhodnej$ie nenavratné jednora-
zové obaly, pretoZe navratny systém je naro¢ny na skladovy priestor, spotre-
bu préace, a to bez tomu zodpovedajiceho zisku. Samozrejme, Ze je to aj
otazkou velkosti predajne. Vo vel'mi malych predajniach méZe byt’ navratny
systém velkym problémom, zatial' ¢o vo velkopredajniach sa tento méze
dobre realizovat’. To znamenad, Ze v podstate existuje rozpor medzi prvorady-
mi zdujmami maloobchodu a ciel'mi v ochrane Zivotného prostredia. Aby
sme vylucili tento rozpor, je nevyhnutné podporovat’ recyklaciu materidlov
mimo maloobchodnej jednotky. Recykldcia so zberom v maloobchodne;j
jednotke si takisto vyzaduje priestor, ale oby¢ajne nie aZ v takom rozsahu,
pretoze je ¢asto mozné recyklovatel'ny material stlacit’ (napr. hlinikové ple-
chovky) alebo sustred'ovat’ vo forme ¢repin (sklenené obaly).

V nasich su¢asnych podmienkach by bolo mozné vyuzit' v podstate dve
formy separacie domového odpadu priamo v domacnostiach, alebo separaciu
uskuto¢nit’ az po zvoze domového odpadu. Druhd alternativa je menej vy-
hodn4, nakol’ko je ndkladnej$ia. V nadvidznosti na separaciu odpadu by bolo
viak nutné vypracovat’ prislu$né technoldgie spracovania vyseparovanych
obalov.

V nasledujuicej Casti sa sustredime na niektoré priklady podpory minimali-
zacie obalovych odpadov:
1.Nemecky Dudlny systém.
2.Svédsky systém recyklécie hlinikovych plechoviek, t.j. $védsky depozitny

systém hlinikovych niapojovych obalov.
3.Francuzsky model oznacovany ako ECO Emballages (eko obaly).
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Nemecky Dualny systém

Na zéklade rozhodnutia nemeckej vlady o regulécii redukcie obalovych
odpadov sa v roku 1990 zacal uplatiiovat’ Dudlny systém (zdkon o odpadoch
Jje v Nemecku platny od roku 1986).

Dudlny systém znamena zber, spracovanie a recyklaciu obalovych mate-
ridlov, ktoré sa vyuZzivaji za i¢elom predaja tovarov. Tento systém sa reali-
zuje paralelne s existujicim systémom riadenia komunalneho odpadu. Je
samostatny, nespada pod federalnu pravnu upravu. Materidly zbierané tymto
systémom st separované do troch skupin:

— recyklovatel'né materialy,

— materialy, ktoré st potom spal'ované (,,termalna recyklacia®),

— nerecyklovatel'ny zvyS$ok.

Do Dudlneho systému nepatri systém navratnych obalov. Ciel'om Dudlne-
ho systému je poskytnit’ systém zberu recyklovatel'nych materidlov, a to pre-
dovSetkym priamo v domacnostiach. Planovanie a realizacia Dualneho
systému je organizovana zdruZzenim Duales System Deutschland GmbH, za-
loZzenym v septembri 1990 95 podnikmi z oblasti obchodu, priemyslu (vy-
robcovia obalov) a dodavatelia surovin. V stuasnosti je v zdruzeni asi 200
podnikov.

Duélna firma je zodpovedna za:

1. zber obalov od spotrebitel'ov, triedenie a odovzdanie (bezplatné) priemy-
selnym podnikom na spracovanie a recyklaciu materidlov,

2. akceptdcia obalov do Duélneho systému — vyrobca sa zavézuje, Ze mate-
rial moéze byt a bude recyklovany — akceptovany obal je oznaceny ,,zele-
nou bodkou®,

3. financovanie zberu, triedenie a oznacovanie, ako aj poskytovanie infor-
macii o systéme.

Dudlny systém je financovany prostrednictvom ,.zelenej bodky™ (griine
Punkt) (Kovacéikova, 1992), ktora oznaCuje vSetky obaly patriace do toh-
to systému. Podnik, ktory predava balené produkty, mdZe toto oznacenie po-
uzit’ len vtedy, ked’ zaplati urcity poplatok. Pritom nie je nevyhnutné, aby sa
podnik stal ¢lenom zdruZenia Dudlneho systému. ,,Zeleni bodku* méZze zis-
kat’ nemecka i zahrani¢na firma. Tym, Ze sa ur€ita predajiia stane ¢lenom
zdruZenia, zaruCuje, Ze bude vicsinou predavat’ produkty s obalmi oznaceny-
mi ,,zelenou bodkou®“. Toto oznacenie je pre spotrebitel'a symbolom odlisu-
jucim obaly, ktoré su sucastou zberu v ramci Dudlneho systému, od
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ostatnych obalov. Spotrebitel totiZ predstavuje rozhodujuci prvok v realiza-
cii Dudlneho systému. Na jednej strane je to prave spotrebitel’, ktory vyhla-
dava produkt v ur€itom obale. Len vtedy, ked’ si vd¢$ina spotrebitel'ov bude
vyberat’ tovary oznacené ,,zelenou bodkou* a odmietat’ tovary s neoznace-
nym obalom, bude sa viac firiem snazit’ ziskat’ tento symbol. Financovanie
Dudlneho systému je podporované prave tymto spdsobom. Na druhej strane
uspech Dudlneho systému vel'mi zavisi od motivacie spotrebitel'ov, aby pri-
jali systém zberu recyklovatel'nych materidlov a poskytovali spravne roztrie-
dené materialy.

ZdruZenie Dudlneho systému sucasne uzavrelo dohody na vysokej urovni
s roznymi priemyselnymi odvetviami vyuZivajucimi druhotné suroviny pri
svojej produkcii. Tieto odvetvia zaru€uju, Ze budu akceptovat’ roztriedeny
druhotny material.

Financovanie Dudlneho systému sa teda uskuto¢iiuje prostrednictvom po-
platkov za ziskanie ,,zelenej bodky“. Tento poplatok v§ak pokryva len nakla-
dy na zber a triedenie materidlu. Naklady na recyklaciu hradi priemysel
a tieto su zahrmuté do ceny rozli¢nych druhov obalov, ¢o sa odrazi v raste
cien tovaru. Zisk je nulovy. Podnikom spracovavajicim druhotné suroviny
sa neplati ziadny poplatok.

Dudlny systém sa zaCal najskor uplatiiovat’ len v niektorych oblastiach,
predovsetkym v husto osidlenych a v oblastiach s vaznymi ekologickymi
problémami. Do konca roku 1995 sa planuje vytvorit’ celo$tatny systém zbe-
ru so sucasnym zdkazom pouzivania nerecyklovatel'nych obalov.

Treba v8ak poukdzat’ aj na nedostatky Dudlneho systému, ktoré spdsobuju,
7e nemozno jednozna¢ne kladne odpovedat’ na otazku, ¢i bude Dudlny sy-
stém podporovat’ minimalizaciu obalového odpadu, a to z viacerych dovo-
dov:

— poplatok za jeden obal je prili$§ nizky,
— spotrebitel’ bude musiet’ nakoniec tento poplatok zaplatit’, ¢o sa odrazi

v raste cien produktov,

— Dudlny systém neobsahuje poZiadavky na vyrobny proces.

Svédsky depozitny systém hlinikovych obalov

Vo Svédsku sa tento depozitny systém vyuziva od roku 1984. Za koordina-
ciu a riadenie depozitného systému je zodpovedna firma AB Svenska Retur-
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pack, ktorej vlastnikmi st vyrobcovia nealkoholickych napojov, pivovary,
obchodné firmy a firmy vyrabajice plechovky.

Do depozitného systému patria hlinikové plechovky od piva a nealkoholic-
kych napojov vsetkych velkosti. Obaly vyrobkov uréenych na export nie si
zahrnuté do tohto systému.

Depozitny systém spociva v tom, Ze vyrobca plechoviek alebo dovozca na-
pojov uklada depozit na vSetky navratné plechovky, ktoré su distribuované
v krajine a tento uhradi firme Returpack. Depozit potom prechddza podobne
ako navratna plechovka vsetkymi $tddiami od pivovarov, resp. vyrobcov ne-
alkoholickych ndpojov, cez maloobchod ku kone¢nému spotrebitel'ovi. Ma-
loobchodné predajiia zahriia depozit na navratné hlinikové plechovky do
celkovej ceny tovaru, ktori plati spotrebitel’. Spotrebitel'ovi je depozit vrate-
ny vtedy, ak vrati plechovku na uréené miesto, ktorym je oby¢ajne maloob-
chod. Plechovky sa z maloobchodu dostavaju opiat’ do skladov vyrobcov
napojov, pri¢om tieto zaplatia depozit maloobchodu a vyrobcovia zasa dosta-
vaju prislu$na sumu od firmy Returpack. Plechovky sa nakoniec dopravuji
do podnikov uskutoéiujiicich vyrobu novych hlinikovych materialov, ktory
tieto dodavaju vyrobcom plechoviek. Dopravné ndklady vyrobcov ndpojov
a maloobchodnych predajni kryje Returpack (Packaging and the environ-
ment....; 1991).

Svédsky vybor na ochranu Zivotného prostredia zaviedol jednotny symbol
pre vSetky produkty, ktoré st recyklovatel'né. V pripade navratnych plecho-
viek je tento symbol doplneny Svédskym textom ,Returpack®, t.j. navratna
plechovka. Tento symbol musi byt umiestneny na obale tak, aby bol I'ahko
viditel'ny. Jeho farba a umiestnenie sa méze lisit’ v zavislosti od poZiadaviek
vyrobcu. ‘

Daélezitou sicast'ou celého procesu realizécie depozitného systému je kon-
trola. Zarukou depozitného systému su v podstate vysoké sumy penazi, ktoré
su v obehu vo forme depozitu i samotnej hodnoty hlinikovych obalov. Kon-
trola a bezpe€nost’ si zdoraznené v pravidlach pre maloobchodné predajne
a tiezZ v dohodach, ktoré Returpack uzatvara s pivovarmi a vyrobcami neal-
koholickych napojov.

Pravidl4, ktorymi sa musia riadit’ maloobchodné predajne zabezpelujuce
realizéciu vyrobkov, ktorych obaly st zaradené do depozitného systému, ob-
sahuji povinnost’ maloobchodnej predajne akceptovat’ vietky hlinikové napo-
jové obaly nezavisle od znacky vyrobku a povinnost’ uhradit’ spotrebitel'ovi
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pri vrateni depozit. Prijem plechoviek mdZe byt manualny alebo mechanizo-
vany. Automatické zariadenia na kompresiu pouzitych plechoviek musia byt’
schvalené firmou Returpack ako aj plastové obaly (vrecia), v ktorych si ple-
chovky skladované. Tieto pravidla upravuju takisto skladovanie a odovzda-
nie plechoviek distributorom, t.j. pivovarom, resp. vyrobcom nealkonapojov,
ktoré majii povolenie firmy Returpack. Ugast’ maloobchodnej jednotky v de-
pozitnom systéme je dobrovol'na, ale stanovenie depozitu je povinnostou,
tento musi byt’ stanoveny jednotne pre vetky hlinikové plechovky.

Dohody, ktoré uzatvara Returpack s vyrobcami ndpojov upravuju pod-
mienky zberu, kontroly, skladovania a dodavky tychto obalov. Zber navrat-
nych plechoviek z maloobchodu uskuto¢iiuju oby¢ajne vyrobcovia napojov
su¢asne s novymi dodavkami tovaru do maloobchodne;j jednotky.

Na zaver by sme chceli e$te poukdzat’ na vysledky vyskumov, ktoré sa
uskuto¢nili v USA a ktoré poukazuju na to, Ze napojové obaly predstavuju
priemerne len 5-7 % z celkového odpadu. Preto sa depozitny systém, ktory
sa snazi rieSit’ problém s odpadom, nejavi efektivne, a to z toho dovodu, Ze
nezahrfia zvy$nych 95 % odpadu. Ide o problém suvisiaci so spravanim sa
spotrebitel’ov.

Ovela efektivnej$im sposobom redukcie mnoZstva napojového odpadu sa
javi vyuzitie vzdelavacich programov prostrednictvom médii. O tom sved¢i
aj Studia zostavena Institatom pre aplikovany vyskum v Kalifornii. Tato $ta-
dia skumala vyuzitie vzdelavacich programov v deviatich §taitoch USA
a ukazuje, Ze naklady na tieto programy su 10-krat niZSie ako su naklady na
zavedenie depozitného systému s ciel'om redukovat’ obalovy odpad z napo-
jov a sucasne vyzaduji 19-krét niz8ie ndklady, ak vezmeme do uvahy reduk-
ciu celého odpadu.

Francuzsky model

Tento model oznatovany Eco-Emballages (eko obaly) (Novak, 1995) je
liberdlny voci jednotlivym spésobom zhodnocovania obalov a nema striktne
stanovené ciele. Jeho finan¢né zdroje su celostatne, ale realizdcia zhodnoco-
vacich programov pre obalovy odpad prebicha postupne v spolupraci s oblast’a-
mi a obcami, ktoré sa k nej prihlasia. Pri vimitornom pohl'ade zapada francuzsky
systém do celkovej stratégic zlepSovania nakladania s tuhym domovym odpa-
dom.
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Toto nadm vlastne potvrdzuje, Ze minimalizicia odpadu sa musi realizovat’
kombindciou jednotlivych moznych sposobov s prihliadnutim na miestne
podmienky a moZnosti. Treba vhodne spéjat’ vyuZitie recyklacie materidlov
s vyvojom novych obalov, informovanost'ou spotrebitel'ov, so snahou redu-
kovat’ nerecyklovatel'né obaly na minimum.
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REVIEWS

METHODS OF SO: DETERM]NATION IN FOODS

Jolana KAROVICOVA, Peter SIMKO

Faculty of Chemical Technology, Slovak Technical University, Bratislava,
Slovak Republic

Sulphites belong to chemical compounds added to various plant products, par-
tially processed vegetables and fruits, final food products as well as beverages to
prevent, or inhibit the activity of microorganisms and their growth.

Sulphites along with benzoic, sorbic and propionic acids, and the methyl, ethyl
and propyl esters of p-hydroxybenzoic acid (parabens) represent the most com-
monly used preservatives in the food industry. The most widely used preservatives
in fruit juices and soft drinks, apart from sulphur dioxide, are sorbic and benzoic
acids either individually or as mixtures (Saag, 1988).

“Sulphites” or “sulphiting agents“ are terms generally applied to a variety of
sulphur-based compounds. The permitted sulphiting agents used by the food indus-
try are listed in Table I. Sulphites have been added to foods as preservative agents
for centuries. The use of sulphiting agents or S [[V] oxoanion compounds has been
traced to antiquity when SO; (from the fumes of burning sulphur) was used by the
Egyptians and Romans to cleanse and disinfect wine vessels (Taylor, Bush,
1986).

I. The list of preservatives with their EC code numbers which can be used on food labels as
alternatives to the specific names of the preservatives (Official Journal of EC)

Code Compound Code Compound
E 220 Sulphur dioxide E 224 Potassium metabisulphite
E 221 Sodium sulphite E 226 Calcium sulphite
E 222 Sodium hydrogen sulphite E 227 Calcium hydrogen sulphite
E 223 Sodium metabisulphite E 228 Potassium hydrogen sulphite

The practice of adding sulphites to wine has continued to the present day, and
food technologists have developed many of additional applications for these com-
pounds (Walker, 1985). These substances are being applied to maintain the out-
ward appearance of freshness in salad bar vegetables, assure a desirable texture and
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colour in instant potatoes, and prevent the unappetizing, but apparently harmless
“black spots* formation on shrimp. Sulphites have many functional uses in foods
because they are effective bleaching agents, antimicrobials, oxygen scavengers, re-
ducing agents, and enzyme inhibitors.

When added to a food matrix, some of the sulphiting agents bind to the mole-
cules of the food (aldehydes, ketones, sugars, anthocyanins and other pigments,
tannins, etc.) and some then do. The portion of the sulphiting agent that does not
bind with the food is called “free sulphite*. This “free sulphite* is a mixture of
SO;, bisulphite ion, and sulphite ion in dynamic chemical equilibrium. The per-
centage of each of the three chemical species in the matrix depends upon the pH
(acidity) of the food (Wedzicha, 1984). Two forms of bound sulphite have been
observed, reversibly bound and irreversibly bound sulphite. Under certain condi-
tions some of the bound sulphite molecules will dissociate (or break apart) and
form free sulphite. The portion that dissociates is called reversibly bound sulphite.
The portion that does not dissociate is referred to as the irreversibly bound sulphite
(Fazio, Warner, 1990). Although sulphites had had a GRAS status (Generally
Recognized As Safe) for a long time, recently the use of sulphites in foods has
become an issue of concern to regulatory agencies because sulphites have been
implicated as initiators of asthmatic reactions. Asthmatic attack can be serious, and
the ingestion of foods containing sulphite has been alleged to have caused several
deaths in recent years. For these reasons, the practice of adding sulphites to foods
that are to be sold or served raw to the public was banned by revocation of the
GRAS status for use on fruits and vegetables intended to be served or sold raw to
the consumer, except for potatoes and grapes. Also the Food and Drug Adminis-
tration (FDA) issued the rule on 9 July 1988, which required sulphite declaration
on the label of any food containing detectable (10 ppm) amounts of sulphite as well
as regulations relevant to the use of SO, as a fumigant for table grapes.

Sample Preparation

A lot of analytical procedures have been followed to quantify the sulphiting
agents, expressed as SO, in foods. With regard to the presence of many interfer-
ence compounds in foods, mainly indirect procedures have been used for SO, de-
ternination when the most used step for SO, separation is its separation from an
acidified sample. While free SO; can be determined under acid conditions by aspi-
rating a sample by air flowing (Cardwell, 1993 ), heating to bolling point brings
about the release of both free and bound SO,. For release of bound SO, can also be
used as the first step an addition of base, i.e. NaOH (Burguera, Burguera,
1988; Bartroli etal., 1991; Falcone, Maxwell, 1992).

Since sulphite is usually labile and can be lost during isolations and separations,
its content may be stabilized by reaction with formaldehyde to form a stable deriva-
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tive hydroxymethylsulphonate [HMS] (Warner et al., 1990). Similarly, a highly
alkaline medium is more suitable with regard to the formation of thé doubly
charged sulphite anion that is more stable than bisulphide — the dominant sulphite
species found at the pH levels of normal foods (Fazio, Warner, 1990).

Traditional Procedures of Determination

The Monier-Wiliams method is the best known indirect procedure, traditionally
adopted as the official method in many countries. The sample is dissolved or sus-
pended in a solution of ca 4M hydrochloric acid and refluxed for 100 min while a
nitrogen stream is passed through the solution. The liberated SO, is swept through
a water-cooled condenser to a 3% hydrogen peroxide trap where the SO, is oxi-
dized to sulphuric acid for quantitation by titration with base. Sulphuric acid
content relates stoichiometrically to SO, that distilled from a sample. The modifi-
cation, when H,SOj4 reacts with barium to give insoluble barium sulphate is also
well-known.

Rothenfusser method (Davidek et al., 1977 ) is based on the precipitation of
benzidine with H,SO4, when 1 g benzidine-sulphate corresponds to 0.234 g SO,.
The mass of barium, or benzidine sulphates is determined gravimetrically after
separation and drying.

The advantage of the Monier-Williams procedure and its modifications is that
these procedures require 50-100 g test portion, because a representative test por-
tion can be taken without extensive comminution, which invariable leads to some
loss of very labile sulphite. Rankine method uses aqueous methanol and phosphoric
acid in a two-stage analysis developed to separate free and combined sulphites in
wine. After the addition of phosphoric acid, nitrogen sweeps out the SO, derived
from the free sulphite. The sample is then heated to bolling to drive out SO, de-
rived from reversibly bound sulphite. SO, is determined after its oxidation with
hydrogen peroxide, as mentioned in the Monier-Wiliams method (Rankine, Po-
cock, 1970). Although some carbonyl-bound forms of sulphite, i.e. a-hydroxy-
sulphonates, are relatively stable at low pH levels, this approach has been a
successful procedure for separating free and bound sulphites in wine. Later, consid-
erable improvements were made to the original Rankine method (Fujita et al.,
1979).

Modified Rankine method replaced the aspiration by an injection system con-
tributed a great deal to the simplification of procedure, being accompanied with an
increase in reproducibility. For injection was used air, because the use of an inert
gas gave little increase in recovery rate. Free SO, was expelled from the sample by
bubbling at 0 °C for 30 min. It was confirmed that no bound SO, was dissociated
under these conditions. The phosphoric acid concentration had an important role in
the liberation of sulphite. When 25% phosphoric acid was used, more than 99 % of
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free SO, was expelled by cold bubbling and more than 99% of bound SO, was
recovered by heating afterwards for 10 min.

A principle of Ripper titration method is based on the titration of samples with
iodine solution. While free SO, is determined directly, total SO, is determined io-
dometrically 15 min after alkalization with NaOH. But, this method is not recom-
mended by the Association of Official Analytical Chemists (AOAC) with regard to
poor precision and a large systematic error (Wiliams, 1992).

Gas Chromatography

A combination of head-space technique and gas chromatography was applied to
the separate determination of free and bound sulphites in foods (Hamano, 1979).
Tartaric acid was shown to be an excellent extractant for selective extraction of
free sulphite in the presence of bound sulphite, whilst an alkaline extractant con-
taining potassium-sodium tartarate and ferrous sulphite (deoxidant) liberated free
and bound sulphite completely. Sulphite was released from each solution adding
10% phosphoric acid to filtered sample in a tightly stoppered tube. The mixture
was shaken, kept for 10 min at 0 °C, then again shaken vigorously for 10 s. Imme-
diately after, 1 ml of head-space gas was withdrawn into a gas-tight syringe and
injected into a gas chromatograph at these conditions: glass column filled with
APS-1000) column temperature 70 °C, temperature of flame photometric detector
200 °C. Sulphite was determined by means of a calibration curve, and bound sul-
phite was calculated by the difference between total and free sulphites. Recoveries
of 10-20 ppm of free sulphite and 100-200 ppm of bound sulphite from dried pine-
apple, dried apricot, white and red wines were 92.5-104.4 and 93.5-98.0%, respec-
tively, the detection limit was 0.5 ppm. Comparing results of the Monier-Wiliams
method to the modified Rankine and gas chromatography methods it was found that
both methods were valid for the separate determination of free and bound sulphites
in most foods, and these methods could be preferred for routine analysis because of
their simplicity and speed (Mitsuhatsi, 1979).

A gas chromatography method for the determinatlon of free and bound SOz in
pale and dark beers was compared to the Monier-Wiliams distillation and col-
orimetric methods (Moreno, Vega, 1989). Bound SO, was decomplexed in al-
kaline medium in the presence of mercuric chloride and both free and total SO,
were determined, using headspace technique at these chromatographic conditions:
glass column (2 m x 4 mm, i.d.) packed with Carbopak B HT 1000. Injector tem-
perature was 100 °C, and column temperature was isothermal 45 °C. N, was used
as a mobile phase with a flow rate of 50 ml per min and for the determination a
flame photometric detector. As followed from the results, the gas chromatography
determination was very suitable for determination with regard to high correlation
with both reference methods as well as good reproducibility and rapidity.
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High Pressure Liquid Chromatography

Roughly ten years ago, an ion pair high pressure liquid chromatography (HPLC)
was introduced for the determination of sulphites in foods (Sullivan, Smith,
1985). The method combined the chemical approach of the Monier-Wiliams tech-
nique for liberating the sulphite from the matrix with ion chromatography. As
found, the ion chromatographic procedure offered several important advantages
over the Monier-Wiliams method, e.g. a lower detection limit (1 ppm) in compare
to the Monier-Wiliams method. The analysis time was reduced from 2-3 hr to
25 min and results were not affected by the presence of volatile acids, or even or-
ganic sulphur compounds.

The removal of interferences from matrix may also be carried out by headspace
technique with following HPLC analysis what makes possible to determine low
ppm levels of SO, in both liquid and solid foods (Lawrence, Chada, 1987).

After HPLC separation, various detection systems are used for sulphite detec-
tion; an electrochemical detection is preferred to detection in UV region (Ander-
son et al., 1986; Kim et al., 1981; Wiliams et al., 1992) with regard to better
selectivity, although direct UV detection (Pizzoferrato et al., 1990}, or even
the detection after post-column colorimetric reaction (Warner et al., 1990) can
also be used. Fluorimetric detection is also possible because a reaction of the for-
maldehyde-bisulphite complex with 5-amino fluorescein gives a nonfluorescent
product. The sulphite is measured indirectly by its suppression of the fluorescence
of the reagent. Shandera aJackson (1993) used for SO, detection a differen-
tial refractometer after separation on sulphonated styrene-divinyl benzene HPLC
column using o-phosphoric acid as mobile a phase.

Some chromatographic conditions of separation as well as sample preparation
techniques are shown in Table II.

Flow Injection Analysis

Flow injection analysis (FIA) is now widely used for the determination of vari-
ous compounds and it is based on the reproducible injection of samples into a flow-
ing stream of a carrier or a reagent solution.

A rapid, relilable method (60 samples/h) for the simultaneous determination of
free and total SO, in wine has been developed employing a third-generation con-
tinuous flow analyzer. The methodology was based on the formation of a coloured
compound between analyte, formaldehyde, and p-rosaniline (Dasguta et al.,
1980). The principle of the determination lies in drawing up the sample (wine or
standard) by the autosampler and splitting with a half going to channel 1 (free SO,)
and the other half going to channel 2 (total SO,). For the determination of total SO,
the sample is first made basic with NaOH to liberate the bound SO,. After this
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II. HPLC systems used for determination of sulphites

Type Sampl : :
i P .e Stationary phase Mobile phase Detector | Reference
of sample | preparation
Fruit jui- ? ion-exchange 0.0024M Na,CO; .
ces, dried “\;‘,’l‘;l‘f;ns polystyrene 0.003M NaHCO, fi“’/'i’;“c’ R
K ; & y
bre.ad, ; distillation Yl :NH"‘ s on fae detector 1985
white wine -NR;" groups 2 m1l/min.
extraction
Lemon with
juice Polytron
inslax’ll for 1 min. —— electro et
') e -
mashed ?r[:e;g;or exclusion S 1350, Z::::?al al., 1987
potatoes, pH = 8.9 300
besr for total
sulfite
extraction | anion electro- Willams
White wine | procedure | exchange 0.04% H;PO, chemical | et al,
as in [21] resin detection | 1992

point, the chemistry for both the free and total SO, determinatlon is identical. The
sample is made acidic with H>SO4 to convert all forms of free SO, to gaseous SO,
a portion of which diffuses across a gas-permeable membrane (which separates
colour pigments in liquid samples from the colour development section of the
manifold) into a stream of 1% H,SOj4. This stream is mixed with a solution of for-
maldehyde, and finally this intermediate adduct reacts with p-rosaniline. The re-
sulting colored complex is measured at 550 nm (Falcone, Maxwell, 1992).
Continuous flow analysis measured 75-100% of free SO, compared to the Ripper
iodometric method. Recoveries from sulphite spiked wine samples ranged from 62
to 104 % , with an average precision of 4.5%. p-rosaniline, which is commercially
unavailable In a pure state and thus must be purified, was substituted by p-amino-
azobenzene and the red coloured complex was measured at 520 nm (Bartroli et
al.,, 1991).

Similarly, spectrophotometric detection can also be done after the decolouriza-
tion of malachite green (Sullivan et al., 1990). A chemiluminiscence detection
based on the oxidation of the disulphitomercurate complex with cerium (IV) in an
acidic solution in the presence of riboflavin sulphate is also possible (Burguera,
Burguera, 1988). However, all spectrofotometric detections require the addition
of an extra line in the manifold for the colouring reagent as well as commercial gas
diffusion modules that are expensive and membranes have limited life time.
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To simplify the SO, determination by FIA, a new method was described for al-
coholic beverages. A dual electrode electrochemical detector eliminates interfer-
ences by their reduction at an upstream coulometric electrode (-0.26 V) before the
reductive detection of SO, at the amperometric electrode (-0.41 V) (Cardwell et
al., 1993). This method offers significant advantages over other flow injection pro-
cedures:

1. The single channel FIA system is easier to assemble and operate than the more
complex manifolds containing a gas diffusion module;

2. The FIA system does not require any modification for the determination of free
and total SO, in samples;

3. The use of chemical reagents is minimal;

4. The method is also applicable to red wines and maintains the high sample
throughput of 30/h with good precision.

Capillary Isotachophoresis

This technique offers a valuable analytical tool with regard to a minimum of
sample pre-treatment and relatively short analysis time. Reijenga et al. (1982)
determined sulphites in red and white wines. The only preparation step was based
on sample diluting with formaldehyde to prevent oxidation of sulphites during the
determination. The operational system used as leading electrolyte 0.01M chloride
solution with counter ion f-alanine at pH = 2.90 With additive 0.05% Mowiol and
0.2% HEC. Terminating electrolyte was 0.005 sodium propionate. Permitted con-
centrations of sulphides in the range 0.1-3.1. 107> M was easy possible to detect by
conductivity detector.

Enzyme Methods

Sulphite oxidase (EC 1.8.3.1.) is readily available and has been used to develop
the methodology for sulphites in food. The described procedures are based upon
relatively nonspecific UV and oxygen measurements, but a considerable degree of
selectivity is realized because of enzyme specificity. Available documentation sug-
gests that the methods are limited to 50 ppm SO, (Fazio, Warner, 1990).

The commercially available kit requires approximately 45 min per test. The sul-
phite in the test portion is enzymatically oxidized by oxygen to form sulphate and
hydrogen peroxide, which reacts with reduced nicotinamide-adenine dinucleotite
(NADH) in the presence of NADH-peroxidase (Beutler, 1984). The decrease of
NADH is proportional to sulphite concentration. Since the NADH level is moni-
tored by measurement of absorbance at 340 nm, the food extract must be purified
for interference substances. But, because of poor sensitivity, it is not possible to
use the enzyme kit for foods which contain less than 50 ppm sulphite.
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Recently, biosensors for the determination of SO, have been developed; they
may be used as immobilized whole cells, organelles, or enzymes with an oxygen
electrode or a platinum electrode. A sulphite-sensing electrode with immobilized
sulphite oxidase on the tip was tested (Smith, 1987). The decrease in oxygen due
to the enzymatic oxidation was proportional to the sulphite in the test solution.
Good correlation with the Monier-Wiliams method was reached with concentra-
tions over 75 ppm SO,. However, those biosensors were affected by oxygen con-
centration and temperature.

On the other hand, a pH sensitive glass electrode that is temperature-compen-
sated is not influenced by temperature and oxygen concentration, and it is also
more frequently used and cheaper than an oxygen electrode. For these reasons, a
biosensor based on the glass electrode was developed to determine free SO, in
wine (Nakamura et al., 1993 ). The biosensor consists of a microbial membrane
of Thiobacillus thiooxidants JCM7814 and a flat glass electrode. A porous gas-per-
meable membrane is incorporated in the biosensor system to separate free SO»
from bound SO; and to avoid the buffer action of the sample solution. This biosen-
sor gave a linear relationship between pH decrease and concentration of SO, up to
50 ppm with a response time of 20 min. The detection limit was 5 ppm, and life-
time of the microbial membrane was ca 30 days at 4 °C. The biosensor could spe-
cifically determine free SO, in wine with relative standard deviations of 7.4 % for
red wines, or 5.0 % for white wines, respectivelly.
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Metédy stanovenia SO, v potravinich

Préca sa zaobera prehl'adom metdd stanovenia oxidu siri¢itého ako konzervacnej
latky v potravinach. Diskutované si moZnosti stanovenia tradiénymi postupmi
(Moniers-Wiliamsova, Ropperova a Rankinova metoda), ale aj stanovenia pomocou
plynovej chromatografie, vysokotlakovej kvapalinovej chromatografie, prietokovej
injekénej anazyzy a enzymovych metod, vratane upravy vzorky na samotné stanove-
nie.

Contact address:

Ing. Jolana Karoviéova, CSc., Slovenska technicka univerzita,
Chemickotechnologicka fakulta, Radlinského 9, 812 37 Bratislava,
Slovenska republika, tel.: 07/495 260, fax: 07/493 198
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ZIVOTNi JUBILEA

Prof. Ing. Ivo Ingr, DrSc., Sedesatnikem

Devatenactého tinora se doZiva vyzna¢ného Zivotniho jubilea prof. Ing. Ivo
Ingr, DrSc. Je to aZ neuvéfitelné, jak ten ¢as utikd. Neni tomu tak davno, co jesté
navstévoval vysokou 3kolu, a jiZ oslavuje své Sedesatiny.

Narodil se v Kel¢anech na Hodoninsku a absolvoval Stfedni primyslovou $kolu
konzervarenskou v Bzenci a poté Vysokou $kolu chemicko-technologickou, Fakul-
tu potravinaiské a biochemické technologie v Praze. Studium ukonéil ve speciali-
zaci konzervace potravin a technologie masa obhajobou diplomové prace na téma
Technologicko-ekonomické zhodnoceni linek na porcovani a baleni masa.

Po absolvovéni vysoké Skoly v roce 1961 nastoupil do byvalého Jihomoravské-
ho priimyslu masného v Bmé jako pracovnik technické kontroly, poté vedouci la-
boratofi, a na tomto pracovisti zakon¢il svoji technickou kariéru jako vedouci
provozu. Po ziskani praxe byl na zdkladé konkurzniho fizeni pfijat do Vyzkumného
ustavu veterinarniho v Bmé-Medlankéch jako odborny pracovnik na oddéleni hy-
gieny a technologie potravin Zivo¢isného pivodu. Zde také vypracoval kandi-
déatskou diserta¢ni praci na téma Vztahy mezi topografii, sloZzenim a stabilitou
depotnich tuki prasat, kterou obhajil v roce 1971 na VSCHT v Praze. O dva roky
pozdgji predlozil habiltaéni praci Zhodnoceni metod objektivniho posuzovani &er-
stvosti a kaZeni masa se zietelem na mozZnost vyuZiti analyzy porfyrinu. V roce
1976 ptechazi na Vysokou $kolu zemé&délskou v Brn& — nejprve jako odborny asis-
tent, v roce 1977 byl jmenovan a ustanoven docentem pro obor technologie Zivo-
gidnych produkti. V roce 1983 predloZil a obh4jil na VSZ v Praze doktorskou
disertacni préaci Kvalitativni aspekty vyroby vepfového masa a ziskal hodnost dok-
tora zemédélsko-lesnickych véd. O dva roky pozdé&ji byl jmenovan profesorem.

Prof. Ingr je velmi dobrym vysoko3kolskym uéitelem. Zajistuje vyuku z techno-
logie masa a zékladl konzervace potravin pro obor Technologie potravin a techno-
logii masa a vajec a hodnoceni a zpracovani ryb na oboru Zootechnika.

Své vynikajici organizaéni schopnosti vyuzil v fadé akademickych funkci. V sou-
¢asné dobé pracuje jako prodékan agronomické fakulty Mendelovy zemé&dé&lské
a lesnické univerzity v Brmé.

Prof. Ingr je i mimofadné pilny ve v&decké oblasti. Ditkkazem toho je kolem 300
odbornych a védeckych praci uvefejnénych jak v domacich, tak i v zahrani¢nich
Casopisech. Je také spoluautorem dvou kniZnich publikaci a 20 vysokoskolskych
skript. Plisobi rovnéZ jako piedseda poradniho sboru odborného &asopisu Maso a je
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¢lenem redakéni rady naseho asopisu Potravinafské védy, dale asopisu VyZiva
a potraviny a sborniku Acta Universitatis Agriculturae et Silviculturae Mendelianae
Brunensis.

Z jeho rozsahlych odbornych a védeckych aktivit vyjimam jeho &lenstvi v Ceské
akademii zemé&dé&lskych véd, kde je mistopfedsedou odboru VyZiva obyvatelstva
a jakost potravin. Je déle ¢lenem predstavenstva a ¢lenem vykonného vyboru Spo-
le¢nosti pro vyZivu a ¢lenem jeji jihomoravské pobocky, mistopfedsedou vyboru
odborné skupiny pro potravinaiskou a agrikulturni chemii Ceské chemické spoleé-
nosti, kde kaZdoro¢né organizuje seminafe zaméfené na jakost potravin a potravinaf-
skych surovin. Pti téchto akcich, respektive v jejich pfedvecer, se prof. Ingr uplatiiuje
1 jako dobry spoleénik, rad si zazpiva a zamuziciruje s moravskou amatérskou kape-
lou. Bylo by moZné uvést i jeho dalsi aktivity, pfedevsim jeho lenstvi v riznych
védeckych radach, domnivam se v3ak, Ze vzhledem k jeho rozsahlé ¢innosti by tento
vycet nebyl stejné uplny.

VaZeny pfiteli, dovol mi, abych Ti jménem pfatel popfal k Tvému Zivotnimu jubi-
leu pfedevsim pevné zdravi, osobni spokojenost a také trochu toho lidského 3tésticka
jak v dal$im Zivotg, tak i v odborné a spoledenské préci. Sedesat let je vek, kdy jiZ
stoji za to alespoii na chvili¢ku se ohlédnout, pozdravit se s kamarady, zavzpominat
a opét se rychle vrhnout do prace. V tomto v&ku ma jiZ sochaf to své dilo z velké
¢asti rozpracované, schazi jen téch nékolik mistmych tderi a dilo je hotové. Tedy
Ivo, at’ se Ti to dilo podafi.

Prof. Ing. JiFi Davidek, DrSc.

162



Potrav. Védy, 14, 1996 (2) : 163-164

NEKROLOG

K umrti profesora Ing. Milana Bare§e, DrSc.

Profesor Bare$ se narodil 13. bfezna 1937 v Ko3i-
cich. Détstvi prozil v severnich Cechéch. Pro svij
vyhraiujici se zdjem o chemii zacal studovat na
Stfedni primyslové Skole chemické v Lovosicich,
kterou absolvoval v roce 1956. Odtud pak byla ptima
cesta na Vysokou 3kolu chemicko-technologickou
v Praze. Studium na Ustavu technologie mléka a tu-
ki1 uspésné ukoncil v roce 1961.

Po vojenské sluzbé& nastoupil do Vyzkumného
ustavu tukového primyslu — pracovisté pro deter-
genty v Rakovniku. Zahy se v8ak vratil na Vysokou
Skolu chemicko-technologickou v Praze jako fadny
aspirant. Jak se ukézalo, byl tento navrat trvaly a stu-
dium detergent jiZz zustal prof. Bare$ vémy. Kandi-
datskou disertaéni préaci obh4jil v roce 1966, pfi€emz jiZz od roku 1964 pisobil
v Ustavu technologie mléka a tuki jako odborny asistent.

Cinnost profesora Barese jako pedagoga a védeckého pracovnika byla velmi bo-
hata a v8estranna. VSichni jej mame v paméti jako talentovaného odbornika a mimo-
fadneé pilného ¢loveka, pro kterého bylo typické vyuZiti kazdého dne pro préci, které
zasvétil cely sviij Zivot, pro vychovu novych inZenyri i pro soustavné vlastni sebev-
zdélavani. Je v3ak tfeba pfipomenout i lidsky rozmér jeho osobnosti. Mél hluboké
porozumeéni pro své spolupracovniky, studenty a své Zaky.

Jeho Zivotnim poslanim se stalo studium vlastnosti povrchove aktivnich latek a de-
tergenttl, které se plivodné odvozovaly od studia tukovych latek. Bylo jen logicke,
Ze jeho prvni prace byly zaméfeny na pfipravu tenzidi na bazi tukovych latek. Je
velmi téZké (a nutné bude i netplné) postihnou celou odbornou praci prof. Barese.
Jeho ¢innost zasahovala do oblasti analytické i fyzikalni chemie a technologie aZ po
studium aplika¢nich vlastnosti tenzidi a detergenti.

Chtéli bychom piipomenout alespoii nékteré zasadni milniky védecké Einnosti
profesora Bare$e. Svoji védeckou drahu zacal na problematice syntézy esterii mast-
nych kyselin se sachar6zou. Vice nez 20 let prace vénoval syntézam, analytice oxy-
ethylenovanych tenzidil a jejich naslednym aplikacim. Z oblasti analytiky tenzidi
stali pfipomenout jeho svétové prioritni metodu stanoveni mydel ve skupin& anio-
naktivnich tenzidii metodou dvoufazové titrace v kyselé oblasti. Vyznamny (a v dii-
sledcich 1 pro technickou praxi) byl jeho pfistup k feSeni fady problémi za pouZiti
polymemich latek, at jiZ jako heterogennich katalyzatorl, nosi¢i katalyzatori,
a v posledni dob& jako komponent pro praci prostiedky. V této oblasti zasahl prof.
Bare$ vyznamnym a origindlnim zpisobem do technické realizace reakci katalyzo-
vanych imobilizovanymi enzymy na polymernich matricich. Asi viibec jednim z nej-
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viditeln&jSich vysledki jeho prace pfi aplikaci polymeri byla stabilizace desorpce
parfémovych kompozic pro mydla a praci prostfedky. Tyto prace byly ocenény statni
cenou a dostalo se mu i mezinarodniho uznéni. Vysledky jeho védecké ¢innosti jsou
shrnuty v fad& piivodnich v&deckych praci, ve sbomicich konferenci a ve vice nez 50
udélenych patentech a autorskych osvédéenich. Je mélo autort, ktefi se mohou po-
chlubit tak vysokym stupném realizace vysledkii védeckotechnické ¢innosti v praxi,
jako byl pravé profesor Bares. V poslednich letech Zivota vénoval zvy$enou pozor-
nost oblasti vyvoje kosmetickych vyrobki. Bylo by sou¢asné omezené, kdybychom
zuzili odbornou ¢innosti prof. Bare3e jen na oblast tenzidi a detergentii. Vyznamnym
zplisobem zasahoval do oblasti chemie a technologie tuki, a to jak do oleochemie,
tak do oblasti potravinaiské.

Je mozZné povazovat prof. BareSe za jednoho ze zakladateli sice pom&mé tizkého,
ale vyznamného védniho oboru o povrchové aktivnich latkach a detergentech u nas.
Lze bez nadsazky fici, Ze jeho jméno je v tomto oboru u nas vieobecn& uznavanou
autoritou a pojmem.

V oboru technologie tuki a detergenti se v disledku fady okolnosti habilitoval az
v roce 1983, v roce 1988 byl jmenovan fadnym profesorem na VSCHT v Praze,
¢emuz predchézela obhajoba doktorské disertadni prace. Jeho pedagogické plisobeni
na VSCHT zahrnuje dlouhy &asovy uisek vice nez 30 let. Z perspektivy téchto let je
mozZné konstatovat, Ze nehledé na jeho pedagogické zafazeni, velmi zahy po nastupu
na VSCHT jej viichni znali jako erudovaného odbornika v oboru, ktery si zvolil,
1 jako vybomého pedagoga. VSichni, kdo navitévovali jeho pfednasky, budou jisté
souhlasit, Ze byly nejen srozumitelné, zajimavé, na urovni soucasného poznani, ale
Ze pfedznamenavaly budouci vyvoj v oboru. Jako vysokoskolsky ucitel a odbornik
ovlivnil odbormou turoveii i mysleni generaci studenti. Svym osobnim piikladem,
zapalenosti pro obor, ktery mél rad, ovlivnil hodné budoucich absolventi tak, Ze
1jim se stala problematika tenzidi a detergentii celoZivotni naplni. Tak se fada jeho
student nejen uplatnila v primyslu vyroby tenzidl, detergenti a kosmetickych vy-
robki, ale z mnohych vyrostli dalsi vyznamni odbornici, ktefi s prof. BareSem vétsi-
nou zistavali v blizkém odbormém a osobnim kontaktu po cely Zivot.

Na Ustavu technologie mléka a tukii zastaval fadu let funkci tajemnika, na Fakulté
potravinaiské a biochemickeé technologie piisobil po dvé funk&ni obdobi jako prodé-
kan, jako ¢len a pozdgji jako predseda komise pro statni zévére¢né zkousky. Mimo
fakultu byl aktivné ¢inny v odbomé skupiné pro tuky, detergenty a kosmetickou
chemii Ceskoslovenské spole¢nosti chemické, kde piisobil po fadu let jako predseda
pracovni skupiny pro detergenty. Profesor Bare$ byl mezinarodné uznavanym odbor-
nikem, coZ je moZné mj. doloZit tim, Ze v minulém roce byl vyzvan k u¢asti na
celosvétovém kongresu o tenzidech ve Spanélsku jako &estny predseda jedné ze sek-
ci.

Profesor Bare$ ode3el. Zanechal po sobé velké celoZivotni dilo a vyzvu svym na-
sledovnikiim. My v3ichni, kdo jsme jej znali, budeme na né&j vZdy s laskou a s iictou
vzpominat.

Doc. Ing. Vliadimir Filip, CSc.
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Opravenka

Prosime &tenaie, aby si v pfehledném ¢lanku J. HouSova: Piehled a charak-
teristika publikovanych modeli mikrovinného ohfevu potravin, uveiejnéném
v ¢isle 6/1995, opravili rovnici [5] na stran€ 487:

2r K
o = ENE & - 5

kde: f — frekvence mikrovin
c — rychlost svétla
k’ — relativni dielektricka konstanta (€’/g)
¢, e” - dielektricka konstanta a dielektricky ztratovy faktor materialu






