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VYUZITEf METOD MULTIVARIACNI ANALYZY
K HODNOCENI KVALITY BEZINEK

Jan VELISEK, Kamila MIKOVA, Ludmila MASATOVA

Vysokd §kola chemicko-technologickd, Ustav chemie a analyzy potravin,
Technickd 5, 166 28 Praha 6

U péti klonil a dvou odrild bezinek (Sambucus nigra L.) byly provedeny
chemické a fyzikdln& chemické analyzy. Ziskany soubor 25 analytickych
tidajli byl hodnocen za pouZiti nékterych metod multivaria¢ni analyzy (meto-
da hlavni slozky, shlukova analyza). Vysledky téchto metod umoZznily vyb&r
konzervérensky hodnotnych klond, tj. kloni, jejichZ vlastnosti (obsah suSiny,
sacharidii, kyselin, kyseliny askorbové, anthokyanovych barviv a aro-
matickych latek) byly nejvice podobné vlastnostem jiZ zavedenych
kvalitnich odriid.

bez ¢erny; chemické sloZeni bezinek; multivariani analyza

Divoce rostouci bez ey (Sambucus nigra L.) je v naSem zemé&pisném pasmu
zna¢né rozsiren. Jeho plody bezinky predstavuji surovinu bohatou na intenzivné
barvici anthokyanové pigmenty, sacharidy, organické kyseliny, miner4lni latky,
tiisloviny, pektiny, volné aminokyseliny a vitamin C. Bezinky majii vysoky obsah
aromatickych latek, které jsou pro nékteré konzumenty senzoricky neprijemné.
Pfi zpracovini bezinek je nevyhodou jejich mald velikost a také, Ze podléhajirychlé
zkdze.

Nové Slechténé kulturni odridy maji svij zdklad v divoce rostoucim bezu
gerném. Slechténim se zvySuje produkce i kvalita bezinek, zejména obsah antho-
kyanovych barviv a vitaminu C. Cilem je i zvy§it obsah kyselin, coZ vede k poklesu
pH a vy33i ddrZnosti bezinek. Oproti divokym bezinkdm maji kulturni odridy
vyrovnanou chut i aroma.

Nutri¢ni hodnota bezinek je vysoce cenéna. DiileZitou sloZkou jsou sacharidy,
predeviim sacharosa. Jejich obsah je ovlivnén dobou sklizné, skladovinim
a pouZivinim dusikatych hnojiv. Pfi rozmrazovéini se vyrazné zvysuje obsah
glukosy a fruktosy, vznikajicich hydrolyzou sacharosy, z organickych kyselin jsou
zastoupeny predeviim kyselina citronovd, jablen4, vinnd a pentanova (valerovd).
Hodnota pH bezinek byvi ¢asto vySsi neZ ¢tyri, coZ md negativni dopad na jejich
UdrZnost. Obsah kyseliny askorbové je vysoky, mnohdy i vyS$i neZ v citrusovych
plodech. Dlouhodobym skladovdnimi pii rozmrazovéni se sniZuje. Obsah tfislovin
je vySSineZ u jablek (K1ein, 1932; M or ck, 1978).
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Ve srovnani s ostatnimi druhy ovoce obsahuji bezinky znaéné mnoZstvi dusi-
katych latek (B ar e §, 1954). Velky podil tvoii nizkomolekuldrni dusikaté litky
- amidy a zejména aminokyseliny, z nichZ 40 aZ 50 % piipadd na esencidlni
aminokyseliny (Kiinsch, Temp erli, 1976). Z minerélnich latek jsou nejvi-
ce zastoupeny hoiCik, vipnik, mangan a fosfor (B ar e §, 1954).

Nezralé plody obsahuji heteroglykosid sambunigrin, jehoZ hydrolyzou vznikd
kyanovodik. Dalsi neZaddouci sloZkou nezral§ch bezinek je alkaloidkoniin(Jir 4 -
s ek, 1957).

Ze senzorického hlediska jsou nejvyznamnéjsi t€kavé latky, z nichZ vyznamny
podil pfipada na kyselinu valerovou a na neutrélni té€kavé sloZky jako je ethanol,
2-hexanol, 3-hexen-1-ol a benzylalkohol (Prillinger etal., 1977).

Metodami plynové chromatografie a hmotnostni spektrometrie(Davidek et
al., 1982) bylo identifikovdno 19 sloucenin, z nichZ pfevaZovaly karbonylové
slouéeniny fenylacetaldehyd (35 %) a 2-furankarboxaldehyd (18 %). Na kvali-
tativni sloZeni t€kavy ldtek ma vliv skladovéni a technologie zpracovani bezinek
(Hordlkovd, 1982). Senzoricky i technologicky vyznamnymi ldtkami jsou
anthokyanovd barviva, kterych bylo v bezinkéch identifikovano pét (odvozenych
od kyanidinu):

kyanidin-3-0-B-sambubiosid (Reichel, Reichwald, 1960),
kyanidin-3-0-B-D-glukosid (Ber gmann, 1979; Hu 1 me, 1970),

kyanidin-3-0-f-sambubiosid-5-0-B-D-glukosid (Hu lme, 1970; Bergmann,
1979),

kyanidin-3-0-B-L-rhamnoglukosid (Likens,Nickerson, 1964),
kyanidin-3,5-0-B-D-diglukosid (Likens ,Nickerson, 1964).

Z technologického hlediska je vyznamnym faktorem stabilita anthokyand.
K reverzibilnim zméndm dochézi pfi zménach pH a pfi adici oxidu sifi¢itého. Mezi
nejzdvaznéjsi ireverzibilni zmény patii hydrolyza, oxidace a reakce neenzy-
mového hnédnuti.

Cilem price bylo srovnini nékolika kloni bezu ¢erného vyslechténych ve
Vyzkumném dstavu ovocnych a okrasnych dfevin v Bojnici, odriidy Hashberg
vyslechténé ve Vyzkumném ustavu v Klosterneuburgu v Rakousku a divoce
rostoucich bezinek s ohledem na zastoupeni hlavnich nutriéné a senzoricky
vyznamnych latek.

MATERIAL a METODY

Hodnoceny byly bezinky dodané Vyzkumny dstavem ovocnych a okrasnych
drevin v Bojnici. Vzorky byly skladovany od zéfi do tinora pii teploté -18 °C. Pred
analyzou byly bezinky rozmraZeny a odstopkovény.

Refraktometrickd suSina byla méfena ru¢nim cukernym refraktometrem
(Meopta, Praha). Hodnota pH a titra¢ni kyselost s potenciometrickou indikaci pfi
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pH 81 (Dobid§ Mikovd, 1983) byly méfeny pristrojem Acidimetr 523
(Druopta, Praha). Veskeré redukujici cukry a sacharosa byly stanoveny pred
inverziaponi(Dobid§ Miko v, 1983). Kyselin askorbova byla stanovena
titraci 2,6-dichlorfenolindofenolem s potenciometrickou indikaci (Dobids§,
M ik o v 4, 1983) za pouZiti pHmetru OP-211/1 (Radelkis, Budapest). K méfeni
obsahu anthokyand, degrada¢niho indexu, barevné mohutnosti a barevného
pfispévku polymeri a tfislovin byly pouZity postupy, které navthl Wrolstad
(1976).

Ke zji§téni obsahu anthokyand se pouZivala diferenéni metoda méfeni
absorbance v pufrech o hodnotéch pH 1,0 a 4,5. Absorbance se méfila pfi vinové
délce 510 nm a pro korelaci kalnosti se odeéitala pfi 700 nm. Vysledky byly
vyjadfeny v mnoZstvi kyanidin-3-glukosidu. K v§poctu degradaéniho indexu (DI)
se vyuZilo hodnot absorbance pii pH 1,0 a rozdilu absorbanci pfi pH 1,0 a 4,5.
Jejich pomér uddvd hodnotu DI. Barevnd mohutnost (BM) byla stanovena pfi
pH 3,0 jako soucet absorbanci pfi 420 nm a 520 nm. Odeétenim absorbance pfi
700 nm byla provedena korekce na piipadny zdkal $tdvy. Stiva byla ziedéna
pufrem o pH 3,0 na poZadovanou hodnotu absorbance. Po smichédni 9 ml tohoto
roztoku s 0,6 ml vody se proméfilo absorpéni spektrum a vypoéitala se barevné
mohutnost. Pfi méfeni barevného piispévku polymeri (BPP) byla voda nahrazena
0,6 ml 20% dvojsiti¢itanu draselného. Barevny piispévek tifslovin (BPT) se pocital
jako pomér barevného piispévku polymert a barevné mohutnosti. VSechny vzorky
byly proméfovény vZdy po jednohodinovém stdni nutném k ustaveni rovnovéhy
(ve tfech paralelnich méfenich, z nichZ byl vypo¢itdn aritmeticky primér). Méfeni
probihalo na spektrofotometru Specord UV/VIS (Carl Zeiss, Jena).

Senzoricky vyznamné litky byly stanoveny podle postupu, ktery popsali M { -
kov4d etal (1984): Do 1000ml varné baiiky bylo navéZeno 50 aZ 300 g bobuli
a stejné mnoZstvi vody. Bezinky se vafily v modifikované Likensové-Nickerso-
nové aparatuie Ctyfi hodiny. T€kavé latky byl jimény do bariky se 100 ml diethy-
leteru s pfidavkem 0,5 ml 0,1% (hmotn.) roztoku amylbutyritu jako vnitiniho
standardu. Extrakt byl vysuSen bezvodym siranem sodnym a zahu$tén pomoci
Snyderovy kolony pfi 40 °C na objem asi 2 ml. Vlastni stanoveni bylo provddéno
plynovou chromatografii na piistroji HP 5880A (Hewlett - Packard) se sklenénou
népliiovou kolonou 2400 x 2 mm s 10% Carbowaxem 20 M na nosi¢i Chromaton
N-AW-DMCS (zméni 0,125 aZ 0,16 mm). Teplota plamenového ionizaéniho
detektoru byla 300 °C, teplota injektoru 250 °C. Teplota kolony byla linedrné
programovéna od 80 do 230 °C (6 °C/min). Jako nosny plyn byl pouZivin dusik
s pritokem 30 ml/min. Pro multivariaéni analyzu dat byl pouZit program
Statgraphics 5.1 (STSC, USA).

VYSLEDKY a DISKUSE

Vysledky nékterych chemickych a fyzikalné-chemickych analyz osmi porovna-
vanych vzorki bezinek jsou shrnuty v tab. L.
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I. Vysledky analyz — Analytical results

P;(;n;éln- Vzorek? Proméc
; A B C D E F G H

1 24 22,8 33 34 36 829 22,3 2,8 32,23
2 9,6 67,4 | 151 135 217 134 53,9 44 96,53
3 | 282 176 317 272 598 392 283 32 294,00
4 | 340 101 56,7 79 159 1340 68,9 89 | 296,19
5 26 12,6 32 4 11,8 25,6 3,0 1,4 10,95
6 6,2 35 59 11 15,2 31,4 22 1,2 9,57
7 12,4 54 42 8,5 8,4 66,3 6,6 7.0 14,83
8 423 232 153 13,4 29,2 | 246 24,6 40 54,25
9 96,9 43 81 66 166 233 268 46,4 | 125,04
10 4,7 2,7 1,6 23 6,0 9,2 3,1 22 3,97
11 3,1 25,1 55,6 15 6.2 | 202 28,8 54 42,66
12 44,8 344 46,0 10,1 44 | 384 9,6 6,7 67,50
13 53,2 41 50 234 10,2 | 394 10,3 83 73,80
14 17,3 11,7 12,6 13 11,5 15,7 14,5 11,3 13,45
15 3,7 3.7 4,1 37 4,1 3,7 3,8 42 3,87
16 0,7 08 0,6 08 0,5 0,8 0,8 05 0,68
17 15,0 10,7 11,1 11,1 10,7 14,2 11,8 10,4 11,89
18 6,2 44 49 5,1 43 4,5 50 4,7 4,89
19 838 6.3 52 6,0 6,4 9.8 6,8 5.7 6,87
20 26,1 334 19,6 40,1 28,7 43,5 353 15,8 30,28
21 5,0 38 47 53 43 3.2 42 28 4,15
22 1,1 1,2 1,2 1,1 1,2 1.2 1,1 1,1 1,15
23 | 513 750 385 594 285 536 320 200 44781
24 75 153 97,5 90 50 61,3 60 35 77,66
25 14,6 20,3 253 15,2 17,5 11,4 18,8 17,5 17,58

A=klon*& 5;B=klon& 6; C=klon & 16; D=klon & 17; E=klon &. 18; F= odriida® Sambo;
G = odrfida Hahsberg; H = divoké bezinky®

1=pik & 1; 2 =pik & 3; 3 = pik & 8; 4 = pik & 12; 5 = pik & 14; 6 = pik & 16; 7 = pik & 20; 8 =
pik & 30; 9 = pik & 44; 10 = pik & 48; 11 = pik & 62; 12 = pik & 74; 13 = pik & 76; 14 =RF; 15 =
PH; 16 = TA; 17 = TS; 18 = RS; 19 = SA; 20 = AA; 21 = AC; 22 = DI; 23 = BM; 24 = BPP; 25 =

BPT

1
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Obsah refraktometrické susiny (RF) se pohyboval v rozmezi 11,3 aZ 17,33 %
s primérem 13,45 %. NejniZsi refraktometrickou susinu mély divoce rostouci
bezinky. Cim vy33i je refraktometrickd suSina $(ivy bezinek, tim vy3¥{ je
i vyt&Znost, coZ mé dopad na ekonomiku vyroby. Hodnoty pH $tivy kolisaly
v rozmezi hodnot 3,66 aZ 4,18. Nejvyssi hodnotu pH mély divoké bezinky
(pH 4,18), co? je pro n& typicky jev. Slechténim lze dosdhnout vy33iho obsahu
kyselin, a tim sniZit hodnotu pH a prodlouZit idrZnost. Obsah organickych kyselin,
vyjédfeny jako kyselina citronova (TA), se pohyboval mezi 0,525 aZ 0,777 %.
Vyssi obsah kyselin pfispivé k vyssi stabilité kyseliny askorbové i anthokyanovych
barviv. Obsah veskerych cukri (TS) se pohyboval v rozmezi 10,39 aZ 15,02 %,
pfi¢emZ nejméné cukri obsahovaly opét divoké bezinky. Sacharosa (SA) tvorila
vice neZ polovinu celkovych cukri, a to v koncentracich 5,70 aZ 8,79 %. Redu-
kujicich cukri (RS) bylo pfitomno 4,44 aZ 6,23 %.

Nalezeny obsah kyseliny askorbové byl relativné vysoky, piestoZe vzorky byly
analyzovdny aZ po pilroénim skladovéni. Pohyboval se v rozmezi 15,75 aZ
40,05 mg ve 100 g vzorku. NejniZ§{ obsah kyseliny askorbové mély znovu divoké
bezinky, Slechténim bylo dosaZeno aZ trojndsobného zvySeni obsahu tohoto
nutri¢né i technologicky vyznamného vitaminu. Koncentrace anthokyani (AC)
byla vyjddiena jako koncentrace kyanidinu-3-glukosidu, ktery je v bezinkdch
hlavnim anthokyanem. Obsah se pohyboval od 2,75 do 5,3 % suSiny. Barevny viem
viak neni didn pouze obsahem anthokyand, ale zdvisi téZ na stupni jejich
chemickych zmén, které lze vyjéadfit jako degrada¢ni index (DI), barevnou
mohutnost (BM), barevny prispévek polymerid (BPP) a barevny piispévek tfislovin
(BPT). Hodnoty DI se u sledovanych vzorki piili$ nelisily (1,09 aZ 1,23). Ostatni
hodnoty jsou siln€ ovlivnény sloZenim bezinek (obsah kyselin, cukri, kyseliny
askorbové), coZ je zfejmé z Sirokého rozmezi nalezenych hodnot BM (200 az 750)
i BPP (35 aZ 152). Aroma bezinek ma vyznamny vliv na spotiebitelskou oblibu,
atimi na vyuZitelnost bezinek v konzervirenské technologii. Zastoupeni t€kavych
latek je zdroveri charakteristické pro jednotlivé klony, které se lisf jejich sloZenim
i mnoZstvim. Pocet pfitomnych tékavych litek se pohyboval (podle odridy, resp.
klonu) od 47 do vice nez 80 litek (pfitomnych v koncentraci vy3si neZ
0,001 %, m/m).

Vzhledem k mnoZstvi sledovanych znaki je velice obtiZzné provést jejich
vzdjemné srovndni bez pouZiti multivaria¢nich metod. Pro statistickou analy-
zu bylo vyuZito 13 pikd spoleénych vSem vzorkim (z vice neZ 80 pikid pii-
sluSnych chromatogrami) a vSech 12 analytickych parametrd ziskanych
analyzou chemickymi a fyzikéln&-chemickymi metodami. KaZdy z osmi
hodnocenych vzorkl bezinek predstavuje bod ve 25rozmérném prostoru. Pro
redukci komplexnosti téchto multidimenzionélnich dat, resp. pro jejich interpre-
taci a moZnost vizualizace byla provedena analyza hlavnich sloZek (PCA, rotace
Varimax). Ukézalo se, Ze lze plvodnich 25 proménnych nahradit pouze tfemi
hlavnimi sloZkami, které popisuji témer 86 % rozptylu piivodnich dat. Sou¢asné
1ze ze souboru plivodnich 25 proménnych vylou¢it proménné &. 3,9 a 21 (pik €. 8,
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1. Vysledky PCA v osich
prvni a druhé hlavni slozky
— PCA on the first and the
second principal compo-
nents axes

2. Vysledky PCA v osich
prvni a tfeti hlavni slozky
—PCA on the first and the
third principal compo-
nents axes
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pik &. 44 a obsah anthokyantl), jejichZ komunality byly mensi nez 0,5 (komunality
ostatnich proménnych se pohybovaly od 0,54 do 0,99). Na obr. 1 jsou znidzornény
vysledky PCA v oséch prvni a druhé hlavni slozky (71,6 % rozptylu plivodnich
dat), na obr. 2 jsou uvedeny vysledky PCA v osich prvni a tfeti hlavni slozky
(68,2 %). Jak je zfejmé z obou obrdzkd, je vétSina z osmi analyzovanych vzorki
v jednom shluku, zatimco bezinky oznacené F, B a A se od ostatnich lisi.
Z porovndni obr. 1 a 2 je déle patrné, Ze k odliSeni vzorku F od ostatnich vzorkd
nejvice piispivaji proménné €. 6, 7, 12 a 13, tedy obsah té€kavych latek reprezentovanych
piky ¢&. 16, 20, 74 a 76. OdliSeni vzorku F je tedy urovéno vysokym obsahem
té€kavych litek, odliSeni bezinek pak pfedevsim proménnou ¢&. 15 (hodnotou pH).

Soucasné jsou zfejmé vztahy mezi jednotlivymi promé€nnymi. Hodnota RF
samoziejmé kladné koreluje s obsahem nékterych cukrl, s obsahem sacharosy
a také s obsahem celkovych kyselin, negativné koreluje napf. pH s obsahem cel-
kovych kyselin a obsah sacharosy s hodnotou BPT. Znameni to tedy napf., Ze
bude-li obsah sacharosy ve vzorku vy$$i neZ primér, bude vyssi neZ primér
i hodnota BPI apod.

Je rovnéZ patrny vyznam 1. hlavni osy, kterd je urfovédna hlavné té€kavymi
sloZkami (proménné £. 6, 8 a 10) v kladném sméru a proménnymi €. 18 a 25 (obsah
redukujicich cukrti, BPT) v ziporném sméru, analogicky 1ze interpretovat v§znam
dal$ich hlavnich os.

Hierarchickd shlukovéd analyza umoZnila je$té¢ vice zpriihlednit vz4jemnou
pribuznost mezi vzorky (tab. II, obr. 3). Od vSech ostatnich se nejvice li$i vzorek
F. Vzijemné& podobné jsou dvé skupiny vzorkd, a to vzorky B, A, G, D a vzorky
H, E, C. V prvni skupiné vzorki se od ostatnich nejvice li§i vzorek B, pak vzorek
A a vzorky D a G nelze rozliit. Ve druhé skupiné se nejvice li§i vzorek H, vzorky
E a C nelze vzdjemné rozlisit.

II. Pfifazeni vzorki do shluki — Cluster membership of samples

' Podet shluki?
Vzorek

7 6 5 4 3 2
A 1 1 1 1 1 1
B 2 2 2 2 1 1
C 3 3 3 3 2 1
D 4 4 4 1 1 1
E 3 3 3 3 2 1
F 5 5 5 4 3 2
G 6 4 4 1 1 1
H 7 6 3 3 2 1

lsample:: 2humber of clusters
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Hodnoty podobnosti? 3; Dendrogram znéazoriiujici
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C T results of cluster analysis
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g 'sample; *similarity values

g E I ] PR |
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Od v3ech ostatnich bezinek se tedy nejvice li§i konzervarensky hodnotnd odriida
Sambo (vzorek F). Znacn€ odlisné jsou také klony ¢. 6 a 5 (vzorky B a A).
Konzervirensky hodnotné odriidé Hashberg (vzorek G) je nejpiibuznéjsiklon&. 17
(vzorek D), dosti podobné jsou také klony &. 5 a 6 (vzorek A a B), bezinkdm
(vzorek H) se podobaji klony &. 18 (vzorek E) a €. 16 (vzorek C).
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J. Velisek, K. Mikovd, L. Ma$dtovd
(Institute of Chemical Technology, Praha, Czech Republic)

Use of multivariate methods for evaluating the quality of elderberries

Eightdifferent elderberries were analyzed by chemical and physico-chemical methods.
Thirteen GC peaks (out of more than 80 peaks) representing the aroma compounds of
elderberries occurring in all chromatograms were chosen for the statistical analysis
together with twelve analytical parameters obtained by chemical and physicochemical
methods of analysis in elderberries (Tab. I). To reduce the complexity of these multidi-
mensional data (each sample of elderberries is seen as a point in 25-space and to enable
to visualize and interpret the achieved array of data, principal components analysis (PCA)
was carried out on this original data set. PCA showed that five factors were needed to
describe the correlation structure. The standard deviations of the residuals for each
variable showed that three variables participated in this model to a small extent. Hence,
these variables were deleted and the cluster analysis and a new PCA analysis was made
on the reduced data matrix consisting of only twenty-two variables.

These new data were analyzed by several multivariate methods. In the hierarchical
cluster analysis of samples, the lengths of the vectors between samples in the multidi-
mensional data space were calculated. Those samples that were located near other
samples are represented as joining together with the nearby samples toward the left side
of the figure (Table II, Fig. 3) and those that are less related join together more to the
right. It can be seen for example that the samples form two basic groups. The first of
these groups comprises samples B, A, G, D and the second the samples C, E, H. The
sample F is the less similar to the others in the first group as well as in the whole set of
samples. It means that clones no. 6, 5 and 17 are similar to the Hashberg variety and
clones no. 16 and 18 are similar to wild berries. The most similar pairs of samples are
the samples G, D and E, C. In other words, the Sambo variety having very dark colour,
low pH value of the juice, high ascorbic acid content and high levels of the volatile
flavour-active compounds, is similar to the first basic group of berries. This variety has
a certain similarity to clones no. 6 and 5.

PCA carried out on this reduced data set (Varimax rotation was used) yielded the
components loading matrix, communalities, associated eigenvalues and variances. Only
the components loadings of the first three principal components, having eigenvalues
greater than unity, were used. This three-component solution accounts for almost 86 %
of the variance of the reduced data set (the communalities of the variables range from
0.54 to 0.99) providing thus a useful insight into the interrelationships existing within
this set of analytical data.

Fig. 1 shows the components loadings of the original variables and the corresponding
component scores for all eight elderberries on the first two principal component axes
(which account for approximately 72 % of the variance in the data set). Fig. 2 shows the
components loadings and scores for the eight samples on the first and the third principal
component axes, respectively. It can be clearly seen that whilst the majority of samples
are clustered together, samples F, B and A are distributed away from the main group.

The meaning of the first principal axis (on the right) is given mainly by variables 7,
8,12, 13 and by variables 18, 25 (on the left). The same prevails for the second principal
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axis and other variables. The description of the samples is summarized by two new
independent variables (principal components). Then wild elderberries are the most en-
dowed in variables 15, 18, 24 and 25, sample F in variables 12 and 13, etc.

The results of multidimensional data analysis carried out on eight elderberry samples
have shown that the most interesting clones are clones 5, 6 and 17 that resemble the
widely used berries of the varieties Sambo and Hashberg. These varieties have several
valuable attributes suitable for industrial processing.

elderberry; chemical composition of elder berries; multivariate analysis
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STANOVENIE SACHARINU V POZIVATINACH
METODOU KAPILARNE]J IZOTACHOFOREZY
A DERIVACNE] SPEKTROFOTOMETRIE

Milan SUHAJ

Vyskumny iistav potravindrsky, Priemyselnd 4, 820 06 Bratislava

V préci si uvedené nové analytické modifikécie stanovenia sacharinu v dia
nealkoholickych népojoch, sirupoch, praskovych nidpojoch a v stolovych
sladidlach. Vypracovali sme jednoduchi a rychlu metédu derivaénej spektro-
fotometrie vyuZivajicej 4. deriviciu absorpéného spektra pri 236 nm, ktora
umotZiiuje kvantitativne stanovenie sacharinu na drovni normy povolenej
koncentricie v uvedenych vyrobkoch. VytaZnost stanovenia sa pohybovala
od 94 do 105 %. Medza detekcie pre Standardny roztok bola zistend pri
0,5 mg/l. Pri kapildrnej izotachoforéze boli pouZité komeréne dostupné
elektrolyty, ktoré oproti doteraz vyuZivanym umoZiiuji realizovat stano-
venie rychlejsie a lacnejsie.

sacharin; kapilarna izotachoforéza; derivaind spektrofotometria; analyza
v poZvatinich

Sacharin sa uZ viac ako sto rokov vyuZiva ako neenergetické syntetické sladidlo.
V sii¢asnosti patri k najvyuZivanej$im ndhradnym nesacharidickym sladidldm pri
vyrobe poZivatin. Vzhladom k doteraz nedorieSenym problémom jeho zdravotnej
neskodnosti je toto sladidlo dost ¢asto predmetom legislativnych zmien v oblasti jeho
vyuZitia ako aditivnej ldtky v potravindrskom priemysle. Zavizné opatrenia (1977),
tykajice sa hygienickych poZiadaviek na cudzorodé litky v poZivatinich, uvaddzaji
najvysSie pripustné mnoZstvo sacharinu 45 mg/kg v dietetickych poZivatinich a ndpo-
joch, 150 mg/kg v sirupoch a Zuvackéach a 2000 mg/kg v diabetickych pekérskych
a cukrirskych vyrobkoch a praskovych nédpojoch. V zahrani¢i si v podobnych
vyrobkoch povolené podstatne vy3Sie obsahy tohto syntetického sladidla.

V si¢asnosti najvyuZivanej$imi analytickymi metédami stanovenia sacharinu
v poZivatinich si ¢asovo a finan¢ne pomerne ndroéné chromatografické metédy,
najméd GLC a HPLC. Pri stanoveni plynovou chromatografiou sa sacharin pomo-
cou diazometénu previdza na prchavejsi deriviat, pri kvapalinovej chromatografii
viCSina modifikécii vyuZiva kol6ny plnené reverznou fazou C,g, priCom sa ako
elu¢né ¢inidl4 vyuZivaji vodné roztoky metanolu alebo acetonitrilu s upravenymi
hodnotami pH (Ondrousek etal, 1990; Veerabhadrartao etal.,
1988; Lawrence, Charboneau, 1987; Zache, Grundig, 1987,
Moryasu etal, 1989). Pomerne komplikované si tieZ gravimetrickd, subli-
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macnd, diferencnd pulznd polarografickd a iné met6dy stanovenia sacharinu
v potravinich podla AOAC (1984) a podobné met6dy sii tieZ uvedené v naSich
analytickych priruckach. Z perspektivnych elektroseparatnych metéd boli v rdmci
kapildrnej izotachoforézy (Zache, Grundig, 1987) vypracované modi-
fikdcie vyuZivajiice vo vodiacom elektrolyte vedla CI', hydroxypropylmetyl celulézu,
Triton X-100 a aminometylpropandiol, resp. glycylglycin a ako zakonc¢ujici elektrolyt
L-alanin s hydroxidom baratym, resp. kyselinu benzoovi. Cas analyzy sacharinu
v uvedenych systémoch dosahuje skoro jednu hodinu. Zo spektrofotometrickych
metéd stanovenia sacharinu v poZivatinich moZno vyuZit modifikéciu, ktord opisal
Basile (1967), podla ktorej sa sacharin stanovi spektrofotometricky pri 278 nm
v chloroformovom extrakte, omu predchddza elimindcia rusivych zloZiek ich oxida-
ciou s KMnO, v alkalickom prostredi. H u s s e i n et al. (1976) stanovili sacharin po
extrakcii okyslenej vzorky, odstrdneni ¢inidla a rozpusteni v 1% Na,CO; spektro-
fotometriou pri dvoch vinovych dlzkach s vytaznostou 83 aZ 113 %. Geppert
(1987) uvéidza moZnosti vyuZitia matematického spracovania spektrofotometrickych
merani na pristroji Specord M 40, pre pripad stanovenia sacharinu v nealkoholickych
népojoch po riedeni v timivych roztokoch.

V predloZenom prispevku nadvizujeme na predchddzajice price spektro-
fotometrického stanovenia sacharinu vo vybranych poZivatinich, pri¢om pomocou
metédy derivacnej spektrofotometrie zjednoduSujeme uvedené analyzy na stanovenie
sacharinu priamo vo vzorkich. Sti¢asne sme na stanovenie sacharinu vyvinuli novi
modifikdciu metSdy kapildrnej izotachoforézy, ktorej vysledky stanovenia tu tieZ
prezentujeme a ktord sme vyuZili aj na testovanie a porovnanie oboch metéd.

MATERIAL a METODY

Sacharin bol stanoveny metédou derivacnej spektrofotometrie a kapildrnou
izotachoforézou vo vzorkach nealkoholickych ndpojov, praSkovych népojov, siru-
pov, niektorych dia vyrobkov a v stolovych sladidlich z obchodne;j siete.

Pri derivaénej spektrofotometrii sa vyuZila matematick4 derivécia absorpéného
spektra vzoriek, ktord umozZnila plné analytické vyuZitie oproti priamemu spektro-
fotometrickému stanoveniu, pretoZe v derivovanych spektréach sd viac zvyraznené
a lepSie rozliSené spektrdlne pésy jednotlivych zloZiek a sic¢asne tiCinne elimi-
nované pozadie ako aj negativny vplyv rozptylu a zdkalu na stanovenie.

Podmienky stanovenia: rozsah vinovych diZok — 210 a% 250 nm; spektrélna $irka
$trbiny — automatick4 reguldcia; integradny &as — 3 s; zosilnenie — 1; rychlost
zdpisu — 1 mm/s.

Absorpéné spektrd boli merané a uloZené do programovej pamiti pristroja
Specord M 40 (Carl Zeiss Jena) pomocou programovej kazety Data Handling L.
Po korekcii matematickym od¢itanim spektra slepého stanovenia, boli spektréd
derivované do 4. stupiia a ndsobené faktorom 20 (zosilnenie signédlu). Analyticky
boli vyuZité hodnoty derivovaného signdlu pri 236 nm. Analytickd Ciara pre
koncentraény rozsah 0 aZ 10 mg/l mala po linedrnej regresii tvar:
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y = 26,46x + 0,085

kde: y - koncentricia sacharinu [mg . 1 5 |
x - hodnota 4. derivicie pri 236 nm ndsoben4 faktorom 20

Ako $tandard bol vyuZity monohydrit sodnej soli sacharinu (Aldrich) suSeny 4 h
pri 120 °C. Vzorky nealkoholickych nédpojov boli pred meranim riedené 10krat,
vzorky praskovych népojov pripravené podla ndvodu ariedené v uvedenom pome-
re. Ostatné vzorky boli homogenizované, filtrované a riedené tak, aby koncentracia
sacharinu v kremennej kyvete hribky 1 cm nepresiahla 10 mg/l. Vzorky sytené
oxidom uhli¢itym boli odplynené ultrazvukom (1 min).

Pri stanoveniach sacharinu metédou kapildrnej izotachoforézy sme vyuZili novy
systém elektrolytov nasledujiceho zloZenia: vodiaci elektrolyt: 0,01 mM HCI +
B-alanin + 0,1% MHEC (metylhydroxyetylcelul6za), pH = 3; zakondujci elektro-
lyt: kyselina citrénové (¢ = 5 mmol/l).

Hnaci prid v predsepara¢nej kapildre bol 350 pA, v analytickej 45 pA. Na
detekciu bol pouZity konduktometricky a UV detektor pri 254 nm. Vzorky boli
pripravené ako v predchddzajicom pripade.

VYSLEDKY a DISKUSIA

Zo spektrofotometrického hladiska md sacharin velmi 3pecificky priebeh
absorp&ného spektra a vyrazne sa odliSuje od spektier prevaZnej vicSiny ostatnych
zloZiek poZivatin. Tento priebeh je v derivovanej podobe eSte vyraznejsi
a umoZiiuje kvantitativne stanovenie sacharinu v réznych matriciach (obr. 1).
Rusivy vplyv absorbujiceho pozadia sa dari matematicky eliminovataZ pri vy$§om
stupni derivovania, ako tomu nasvedCuji vysledky testovania vplyvu stupiia
derividcie na sprdvnost stanovenia (tab. I). Z toho sa d4 usudzovat, Ze matematicky
priebeh spektier absorbujiceho pozadia vo vzorkdch bol vo vicSine pripadov
nelinedrny a mozno ho opfsat funkénymi zévislostami vyssich poriadkov.

Sprdvnost metédy derivaéno-spektrofotometrického stanovenia (4. poriadku)
sacharinu sme testovali v nealkoholickych népojoch, ktoré pdvodne sacharin
neobsahovali. Vysledky stanovenia po Standardnom pridavku na drovni povolene;j
koncentricie v nédpojoch, resp. v sirupoch uvddzame v tab. II. Vo vicSine pripadov
je vytaZznost'stanovenia vel'mi dobr4, trochu zvy3en4 v bezkofeinovom népoji Gold
Cola a v pripade ndpoja Perla bolo stanovenie ruSené pre vy$si obsah kyseliny
sorbovej (tab. III). Okrem tychto dvoch pripadov sa v§taZnost stanovenia pohy-
bovala od 93,8 do 105,3 % a v priemere dosiahla 99,9 %. Pri Standardnom pridavku
na drovni 10 mg/l sa vytaZnost stanovenia trochu zvysila (tab. I), pri¢om medza
stanovenia v pripade praskového citrénového ndpoja Tina bola zistend pri 5 mg/l.
Medza detekcie pre §tandardny roztok sacharinu bola zistend na drovni 0,5 mg/l.
Vysledky testovania spravnosti metédy uvedené v tab. III naznaluji, Ze okrem
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L Vplyv poriadku derivécie na spravnost stanovenia sacharinu v nealkonapojoch — The influence
of derivative order on the correctness of saccharin determination in nonalcoholic beverages

Obsah sacharinu® [mg. kg ']
Pridavok r= . 3 " - 5
Druk népojal sachan’ngz derivicie 2. poriadku derivicie 4. poriadku
TEIED b | vitamnost” (| obsan | vHitEnos

Vinea 10 2,5(0,53) 25 9,93(0,83)| 99,3
River Indian Tonic 10 21,5(1,47) 215 10,1 (0,25) | 101,0
Dia Sap 10 6,6 (0,54) 66 10,7 2,3) 107,0
Lena Maracuja 10 11,6 (0,12) 116 11,6 (0,54) | 116

Olympus OranZ 45 32,4(0,41) 72 44,9 (0,53) 99,8
Mirinda Tonic 45 33,5(0,12) 74,4 44,8 (0,24) 99,6
Gold Mango 45 62,7 (0,35) 139,3 46,7 (3,30) | 103,8
Gold Kiwi 45 59,4 (0,94) 132 43,1 (2,48) 95,8

Holds for Tables I - IV: () = sz smerodajnd odchylka urceni z rozpitia — standard deviation
determined from the range
n =3 (podet stanoveni — number of determinations)

'kind of drink; %saccharin additive; 3saccharin content; 42nd order derivative; 54th order deriva-
tive; Scontent; 7yield

A «)
A max A
I AV“

04
1 = absorpéné spektrum 05 1
02 . ’I"ﬂ 1 — absorption spectrum -
2= 4. derivicia absorp- )
q ného spektra — 4th deri-
\. vative of ab-sorption
o @ m 2 specim A ™ w2

1. Deriva&no-spektrofotometrické stanovenie 2. Deriva&no-spektrofotometrické stano-

sacharinu v $tandardnom roztoku 4 mgna 11  veniesacharinu vDia-Sumienke 14 gna0.61

— Derivative spectrophotometric determi-  vody, riedenie 20krat — Derivative spectro-

nation of saccharin in standard solution 4 mg  photometric determination of saccharin in

perl Dia-sherbet powder 14 g per 0.6 1 of water,
twenty-fold dilution
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II. Spravnost deriva&no-spektrofotometrického stanovenia sacharinu v niektorych poZ-
vatinich s pridavkom 45 mg na 1 kg — The correctness of derivative spectrophotometric
determination of saccharin in some foodstuffs with an additive of 45 mg per kg

Vyrobok' Obsah? [mg. kg 1] Vytaznost> [%)]
River Indian Tonic 44,1 (0,06) 98,0
Olympus oranZ 44,9 (0,53) 99,8
Pepsi Cola 44,8 (0,77) 99,6
Mirinda Tonic 44,8 (0,24) 99,6
Dia Sap - préskov§ nipoj* 47,4(0,18) 105,3
Lena Maracuja 45,9 (0,83) 102,0
Lena Kiwi 46,2(1,18) 102,6
Tina Citron 44,8 (0,18) 99,6
Gold Mango 46,7 (3,30) 103,7
Gold Kiwi 43,1(2,48) 95,8
Perla 69,9 (0) 1553
Gold Cola (bez kofeinu®) 49,6 (5,37) 110,2
Sirup Z4hradn4 zmes® 42,2(1,77) 93,8
Uhorkov§ nilev’ 43,9 (3,70) 97,5
Jogurt biely® 45,7(1,06) 101,7

!product; content; Jyield; “dietetic sap as drink powder; >caffeine-free; Ssyrup “garden fruit
mixture*; 7gherkin pickles; 8 hatural yoghurt

III. Vplyv vybranych aditivnych 14tok na spravnost stanovenia sacharinu v 3tandardnom
roztoku 45 mg na 11 metédou derivaénej spektrofotometrie — The effect of some additives
on the correctness of saccharin determination in standard solution 45 mg per 1 by the method
of derivative spectrophotometry

- 1 ; 1 Obsah sacharinu®
Aditivna litka Pridavok? [mg.17]
[mg.17"] (%]
Acesulfam K 50 46,1 (0,59) 102,4
Acesulfam K 200 46,6 (1,06) 103,5
Aspartam 250 45,8 (0,35) 101,8
Kyselina askorbova* 500 46,9 (1,06) 104,2
Kofein® 100 44,4 (0,24) 98,7
Kyselina benzoov4® 60 46,4 (1,29) 103,1
Kyselina sorbov4’ 200 51,7 (4,95) 1149

ladditives; 2additive; 3saccharin content; *ascorbic acid; 5caffeine; Sbenzoic acid; Tsorbic acid
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LE A = zdznam z UV detektora analytickej

kapildry: 1 a 2 - zmesnd zéna pre
acesulfam K a sacharin; 3 - cyklamat —
record of a UV detector of analytic
capillary: 1 and 2 - mixed zone for
acetsulfam and saccharine; 3 - cykla-

mate

B = zdznam z konduktometrického detek-
tora - record of conductometric detector:
1 - acesulfam K; 2 - sacharin — saccha-
rin; 3 - cyklamdt — cyklamate

B
R ﬂA :
3
TE
2 3
| R~

3. Zaznam izotachoforetického stanovenia sacharinu v stolovom sladidle Sionon (SNR)
0,133 g na 100 ml vody, riedenie 10krat — Record of isotachophoretic determination of
saccharin in the table sweetener Sionon (FGR) 0.133 g per 100 ml of water, ten-fold dilution

IV. Stanovenie sacharinu v niektorych dia vyrobkoch a stolovych sladidlach, porovnanie
metédy derivaénej spektrofotometrie a kapilarnej izotachoforézy — Saccharin determination
in some dietetic products and table sweeteners, confrontation of the results by the method of
derivative spectrophotometry and capillary isotachophoresis

Vyrobok' Obsah sacharinu® [mg.] 1 Prok]amg)vy
derivaina spektrofotometria4 ITP obsah

Vita citrén 36,7 (0,76) 35,1(2,48)
Dia Jumienka’ 79,9 (1,06) 74,6 (0)
Vita citron 22,7(0,77) 21,3(1,14)
River Indian Tonic 44,1 (0,66) 41,5(0,62) 45,0
Vita Sport 125.8(0,77) 123,9 (1,89)
Dia citrénovy sirup6 84,7 (3,59) 84,5(2,21)
Diaspon 110T 14,2 (0,06) 14,0
Sacharin 110T 13,4(0,12) 13,1(0,02)
Spolarin S 10,1 (0,03) 10,0 (0,59)
Sorbit SRN 0,14 (0) % 0,13 (0) % 0,11 %
Sorbit CSFR 0,18 % 0,17 % 015 %
Sionon SRN 50,7 (0,12) 43,2(0,94) 46,0
Diet citrén 44,2 (0,41)
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kyseliny sorbovej stanovenie nerusia ostatné uvedené typy aditivnych latok, ktoré
mdZu byt vo vzorke pritomné v aktuédlnej koncentracii.

V tab. IV porovndvame vysledky deriva¢no-spektrofotometrického stanovenia
sacharinu v niektorych komerénych poZivatinich a stolovych sladidlach s hodno-
tami zistenymi metédou kapilarnej izotachoforézy. Vysledky analyz oboch metéd
si vo velmi dobrej zhode, priCom rozdiely priemernych vysledkov metéd si
Statisticky mdlo vyznamné. Uvedend modifikécia kapildrnej izotachoforézy na
stanovenie sacharinu v nizkoenergetickych poZivatinich pomocou novych
a komerc¢ne dostupnych elektrolytovych systémov umoZnila oproti doteraz pouZi-
vanym skrdti{ ¢as analyzy z jednej hodiny na polovicu. Stanovenie pomocou
derivacCnej spektrofotometrie je vSak z tohto hl'adiska efektnejSie, pretoZe trvd len
niekolko minit.

Izotachoforeticky zdznam stanovenia sacharinu je uvedeny na obr. 3. Na kvanti-
tativne icely sa vyuZil zdznam z konduktometrického i UV detektora. Odski$any
systém elektrolytov umoZiiuje tieZ si¢asné stanovenie inych sladidiel ako ace-
sulfamu K a cyklamétov, napr. v sladidle Sionon (Drugofa, SNR). Vysoky obsah
kyseliny citrénovej, beZne vyuZivany v nealkoholickych ndpojoch, nep&sobi rusi-
vo, pretoZe je tito kyselina vhodne pouZitd ako zakondujici elektrolyt. Pri
sti¢asnom stanoveni sacharinu a acesulfamu K je vyhodnejsie vyuZit na stanovenie
zédznam z konduktometrického detektora. Medza stanovenia pri metéde ITP pre
Standardny roztok:sacharinu bola zistend pri 0,5 mg/l, v ndpojoch pri 0,7 mg/l.

Prezentovana met6da derivacnej spektrofotometrie, vyuZivajiica pomerne vyso-
ky 4. poriadok matematickej transformicie, umoZiiuje okrem uvedeného kvanti-
tativneho stanovenia sacharinu v niektorych dia poZivatinich tieZ jeho bezpeénd
identifikdciu. Napriek tomu, Ze pre vys§iu hodnotu medze stanovenia neumoZiiuje
kvantitativne stanovenia pri niZ3ich a stopovych koncentracidch, pre koncentricie
sacharinu na drovni povolenych mnoZstiev predstavuje tito metéda velmi jedno-
duchi analytickd rychlometédu, ktord v oblasti stdle aktudlneho monitoringu
cudzorodych latok v poZivatinich méZe byt efektivne vyuZivand. Podobne tymto
ielom méZe sliZil aj uvedend verzia kapildrnej izotachoforézy, pretoZe ide
o ¢asovo a ekonomicky vyhodnejSiu modifikéciu.
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M. Suhaj (Research Institute of Food Industry, Bratislava, Slovak Republic)

Saccharin determination in foodstuffs by capillary isotachophoresis
and derivative spectrophotometry

The paper deals with two modifications of the methods of analysis, derivative spectro-
photometry and capillary isotachophoresis, to determine saccharin content in dietetic
nonalcoholic beverages, drink powders, syrups and table sweeteners.

Mathematical derivatives of 4th order absorption spectra by means of a software
cartridge were used on a Specord M 40 apparatus for derivative spectrophotometry. The
values of derived record at 236 nm were used for analysis (Figs. 1 and 2). For
isotachophoretic determination 0.01mM of HCI, f-alanine, MHEC, pH 3 was used as a
base electrolyte, and SmM of citric acid were used as an end electrolyte, while conduc-
tometric and UV detector at 254 nm was employed. The correctness of the method of
derivative spectrophotometric determination of saccharin was good, it ranged from 93.8
to 105.3 % in dependence on saccharin concentration at the permitted concentration in
samples (Table II). If the concentrations were lower than 10 mg/l, the yield error began
to increase. The determination limit was found to be 5 mg/l and the detection limit was
at 0.5 mg/l. The other types of additives, except sorbic acid, did not interfere with
determinations (Table IIT). The values of derivative spectrophotometric determination of
saccharin in some commercial samples are confronted with the values determined by
isotachophoresis (Table IV). The results of both methods of analysis are in very good
agreement, while the differences are statistically little significant. Fig. 3 shows a record
of isotachophoretic determination of saccharin in the table sweetener Sionon (FRG). The
described modification of capillary isotachophoresis is attractive as to its time require-
ment, and it enables to determine simultaneously also other synthetic sweeteners such as
acesulfam K and cyclamates. The ITP determination limit for standard solution was
0.5 mg/l, and 0.7 mg/l in drinks. The described method of derivative spectrophotometry
also enables safe identification of saccharin in low-energy products. Both methods can
be used particularly as high-speed methods of analysis.

saccharin; capillary isotachophoresis; derivative spectrophotometry; food analyses
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VOLTAMETRICKE STANOVENI KADMIA, OLOVA, MEDI A ZINKU
V POTRAVINACH

Richard KOPLIK, Sdrka NEMCOVA

Vysokd $kola chemickotechnologickd, Ustav chemie a analyzy potravin,
Technickd 5, 166 28 Praha 6

Ke stanoveni téZkych kovll v potravinich byla pouZita diferenéni pulzni
anodickd rozpoustéci voltametrie (Pb, Cd, Cu) a diferenéni pulzni pola-
rografie (Zn). Vzorky byly mineralizovdny zpopelnénim s pomalym
néristem teploty (50 °C/h), pfi¢emZ maximadlnf teplota byla 450 °C. K mére-
ni byly pouZzity vyluhy popela ve zifedéné kyselin€ dusi¢né nebo chlo-
rovodikové bez dalsi dpravy (Cd, Pb, Cu) nebo s Gpravou pH (Zn). Vhodnost
zpopelnéni byla ovéiena pouZitim mineralizace na mokré cesté a bylo dosa-
Zeno dobré shody vysledkii. Meze detekce pro jednotlivé prvky pfi zpra-
covani naviZky 5 g vzorku &ini 0,001 mg Cd, 0,20 mg Pb, 0,50 mg Cu
a 0,15 mg Zn na 1 kg.

kadmium; olovo; méd; zinek; voltametrie; potraviny

Kontrola hygienické a nutri¢ni jakosti potravin z hlediska obsahu stopovych
prvki i vyzkum v této oblasti se neobejdou bez citlivych a spolehlivych analy-
tickych metod. V sou¢asné dobé se v analytick§ch laboratofich pouZiva pro stano-
veni stopovych prvkii v potravinich nejcast&ji spektrometrickych metod, zejména
atomové absorpéni spektrometrie (AAS) a atomové emisni spektrometrie
s induk¢né vazanou plazmou (ICP - AES). Pro stanoveni nékterych prvki (napr.
Cd, Pb, Cu, Zn, Ni, Co, As, Se, Sn) mohou byt uZite¢né moderni polarografické
a voltametrické metody, predeviim diferenéni pulzni polarografie (DPP),
rozpoustéci voltametrie a adsorptivni voltametrie. Tyto metody jsou vysoce
citlivé a nalezly uplatnéni pfi analyzovéni sloZek Zivotniho prostiedi N ii r n -
berg, 1982; H4tle, 1986) i biologickych materiéli (Adelo juetal, 1985)
a potravin (A O A C, 1984).

Pro stanoveni kadmia a olova je obvyklou metodou diferen¢ni pulzni anodicka
rozpous$téci voltametrie (DPASV) bud na rtutové filmové elektrodé MFE
(Aliakbar,Popl, 1984), nebo na visici rtutové kapkové elektrodé¢ HMDE.
Tato metoda byla pouZita ke stanoveni kadmia a olova v fadé potravinéiskych
materidld Jonsson, 1976; Jones et al.,, 1977, Sulek et al, 1978;
Satzger etal,1982;Gajan etal,1982;Narres etal., 1984;Pruga-
rovd, Kovidcg, 1985; Mader et al., 1987). K rozkladu vzorkid bylo
nejcastéji pouZivino zpopelnéni, nékdy s pouZitim pomocnych &inidel (napt. H,SO,
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nebo KHSO,) a jen v né€kolika piipadech byla pouZita mineralizace na mokré cesté
(Narres etal, 1984; Adeloju etal, 1985). Jako zikladni elektrolyty pro
stanoveni kadmia a olova jsou vhodné zfedéné roztoky minerédlnich kyselin (napf.
roztoky HNO;, HCI nebo HClO, v koncentraci 0,01 aZ 0,5 mol/l), nékdy
s piidavkem pufrujici sloZky (napf. octanového tlumice).

Ke stanoveni zinku a médi obvykle postaduje méfeni diferenéni pulzni pola-
rografiif v kyselém nebo amoniakdlnim elektrolytu (Adeloju et al., 1985;
Nangniot, 1985).

Tato préce je piispévkem k osvojeni voltametrickych metod v potraviniiské
analyze pro tcely rutinniho stanoveni toxickych i esencidlnich stopovych prvkd.

MATERIAL a METODY

Chemikalie a pomiicky: VSechny pouZité chemikilie byly vyrobky Lachema,
s.p., Brno stupné &istoty p.a. K piipravé roztoki a jejich fedéni byla poZita redesti-
lovand voda. PouZivané nddobi (kddinky, odmémé bariky) bylo po dikladném
vymyti destilovanou vodou louZeno tfi tydny ve zfedéné HNO, (1 : 10), pak bylo
dokonale vypldchnuto redestilovanou vodou a ususeno.

PFistroje a parametry méfeni: K voltametrickému méreni byl pouZit pola-
rograficky analyzator CPA-1 doplnény sklenénym michadlem ve spojeni s linio-
vym zapisova¢em TZ 4620 (Laboratorni pristroje Praha).

Parametry méfenti:

- tifelektrodovy mérici systém (HMDE nebo SMDE, nasycené argentchloridova
elektroda, platinovd pomocnd elektroda),

- povrch kapky 0,7 mm?,

- diferen¢ni pulzni metoda méfent,

- amplituda pulzu 50 mV,

- délka pulzu 100 ms,

- délka proudového vzorku 20 ms,

- podatecni potencidl nebo potencidl elektrolyzy -0,7 V (Cd Pb), -0,2 V (Cu),
-0,6 V (Zn),

- doba elektrolyzy 60 aZ 600 s za michdni a ndsledné 20 s bez michéni (Cd, Pb),
30 s bez michani (Cu),

- smér nérdstu potencidlu + (Cd, Pb, Cu), - (Zn);
rychlost nértistu potencidlu 20 mV/s (Cd, Pb, Cu) nebo 5 mV/s (Zn),

- interval mezi pulzy 0,2 s (Cd, Pb, Cu),

- doba kapky (pouze pri DPP) 2 s.

Ke stanoveni kadmia, olova, médi a zinku atomovou absorp&ni spektrometrii byl
pouZit spektrometr Varian AA 775 ABQ s deuteriovou kompenzaci pozadi.
Pripravené vyluhy popela byly prfimo rozmlZovany do plamene acetylen - vzduch.
Absorbance byly méfeny na ¢ardch 228,8 pro Cd; 217,0 pro Pb; 324,7 pro Cu
a213,9 nm pro Zn.
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Mineralizace vzorkit

Zpopelnéni: 5 aZ 20 g zhomogenizovaného Cerstvého vzorku bylo odvédZeno do
50ml nebo 100ml kidinky ze skla Simax. Vzorek byl vysuSen pri 105 °C do
konstantni hmotnosti. Ndsledovalo zpopelnéni v elektrické peci postupnym zvySo-
vanim teploty ze 150 na 450 °C (vZdy po 1 h byla nastavena teplota o 50 °C vyssi).
Po 16 h pri 450 °C byly vzorky vyjmuty z pece, kdinky byly prikryty hodinovymi
skly a po vychladnuti byl pfidin 1 ml 65% HNO,. Obsah kéddinek byl na topné
desce zahiivédn k varu a po 10 min byla sejmuta hodinov4 skla a vzorky byly déle
zahfivény aZ do dplného odpareni kyseliny dusiéné. Pak byly k4dinky op&t vloZeny
do pece a Zihdny 3 aZ 4 h pfi 450 °C. Ziskané popely byly v kddinkdch vylouZeny
za tepla postupné dvéma ddvkami (2,5 ml) HNO, ¢ = 1 mol/l nebo HCl ¢ = 3 mol/l.
Spojené vyluhy popela byly kvantitativné prevedeny do 50ml odmé&mych banék
a doplnény redestilovanou vodou po zna¢ku. Analogickym zpisobem byly pfipra-
veny roztoky slepych pokusi.

Mineralizace na mokré cesté: Mineralizace smési HNO, - H,SO, - HCIO, byla
pouZita pouze jako kontrolni srovndvaci metoda. Provedeni rozkladu vychézelo
z mimé modifikace osvédenych standardnich postupi (Gorsuch, 1959;
CSN 56 0065) - tj. zahiev vzorki v Kjeldahlové baiice na vodni 14zni pfi 60 °C
8 h, pak var pod zpétnym chladiCem. Na navéZzku 5 g vzorku bylo pouZito
30 ml 65% HNO, (ve ¢tyrech pridavcich), 1 ml 98% H,SO, a na konci rozkladu
1 ml 70% HCIO,.

Dalst iiprava vzorkit a voltametrické stanoveni kovit

Ke stanoveni bylo do polarografické nddobky odpipetovéno 5 ml roztoku
vzorku. Do roztoku byl 3 aZ 5 min zavddén proud dusiku a pak bylo zahéjeno
méreni, b&hem kterého byl dusik zaviddén nad hladinu roztoku v nddobce.

Kadmium, olovo a m&d byly stanoveny diferenéni pulzni anodickou rozpoustéci
voltametrii (DPASV) ve vyluhu popela bez jakékoli dal${ dpravy. Pro stanoveni
kadmia v mineralizdtech obsahujicich kyselinu sirovou byla nutné ¢4ste¢nd neutra-
lizace roztokem hydroxidu sodného asi na pH 1.

Zinek byl stanoven diferenéni pulzni polarografii (DPP) ve vyluhu popela po
mirném otupeni kyselosti pridavkem vinanu nebo octanu (na 5 ml roztoku vzorku
v HNO; ¢ = 1 mol/l bylo priddno 0,25 ml roztoku vinanu sodného ¢ = 1 mol/l nebo
0,5 ml roztoku octanu sodného ¢ = 1 mol/l). Ke kvantifikaci viech voltametrickych
méreni byla pouZita metoda standardniho pridavku.

VYSLEDKY a DISKUSE
Stanoveni kadmia, olova a médi: Kadmiuma olovo jsou typické kontaminujici

prvky. Ve vé&Sin€ druhi potravin nepresahuje obsah kadmia 0,1 mg/kg a obsah
olova 0,5 mg/kg. K jejich stanoveni je proto tfeba pouZit vysoce citlivou metodu
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anodické rozpoustéci voltametrie. Neni-li pomér koncentraci olova a kadmia
ve vzorku vEtSi neZ osm, mohou byt oba prvky stanoveny metodou DPASV
spole¢né pri jediném méfeni. Priklad takového stanoveni je uveden na obr. 1.
Vprostiedi HNO; ¢ = 0,1 mol/l maji kadmium a olovo potenciély rozpoustécich
pikid -0,53 Va-0,31 V.

1. Stanoveni kadmia a olova ve vzorku séjovych bobli —
Determination of cadmium and lead in soybean seeds 40 nA

elektrolyt - electrolyte 0.1 mol. 1! HNO,
DPASV,E,=-0.7V,1,=60+205,20mV s !
(1) : vzorek — sample

(2): (1) + 4.95 ng (Cd, Pb). ml

(3): (1) + 9.80 ng (Cd, Pb). ml !

(€S

0.7 =01V

V nékterych biologickych materidlech byva vSak obsah kadmia mnohondsobné
niZ$i neZ obsah olova a je tedy ¢asto nutné méfit koncentrace kadmia niZ8i nez
1 ng/ml. Pro zvyseni rozpoustécich piki kadmia je pak nutné prodlouZit dobu
elektrolyzy na nékolik minut nebo méfit pri vy3si proudové citlivosti v elektrolytu,
jehoZ acidita byla mimé otupena napr. pridavkem octanového pufru Jones etal.,
1977;Satzger etal,1982;Gajan etal, 1982;Mader etal., 1987). Tento
druhy zplisob je vSak spojen s rizikem kontaminace vzorku necistotami z pouZité
chemikalie, a tak miZe vést ke sniZeni spolehlivosti analyzy.

2. Stanoveni kadmia, olova a m&di ve vzorku
vojté&Sky — Determination of cadmium, lead and a
copper in alfalfa

elektrolyt — electrolyte 0.3 mol. 1" HC1 140 nA

a) stanoveni kadmia — Cd determination I 200 nA
DPASV, E,=-0.7V,t,=120+205,20mV.s"
(1): vzorek — sample

(2):(1)+4.95ng Cd .. ml ! 3
(3):(1)+9.80 ng Cd . ml ! 2

b) stanoveni olova a médi — Pb and Cu determination’ 2
DPASV, E,=-0.6V,1, =30+ 205,20 mV. s
(1): vzorek po stanoveni kadmia — sample solution 1 1
after Cd determination
m——

(2): (1) + 36 ng Pb. ml "' + 182 ng Cu. m1 ! 07 o3
(3): (1) + 68 ng Pb. ml " + 339 ng Cu. m1 !

=

5 02  +02V
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Stanoveni vyssich koncentraci olova miZe byt v n€kterych pfipadech spojeno
se stanovenim médi metodou DPASV po elektrolytickém nahromadéni téchto
prvki pfi -0,6 V. Kadmium se stanovi zv143( pfi vySSi citlivosti (obr. 2).

Pro stanoveni mé&di v relativné vys8ich koncentracich (cca 1 pg/ml) se osvéd¢ilo
méfeni metodou DPASV po elektrol§ze trvajici 30 s v nemichaném elektrolytu
pfi potencidlu -0,2 V. Piiklad takového stanoveni je zndzornén na obr. 3.

3. Stanoveni médi ve vzorku séjovych bobii — Determination
of copper in soybean seeds
Izoo nA
elektrolyt — electrolyte 0.1 mol. 1" HNO,
DPASV,E, =-0.2V,t,=30s (bez michdn{ — without stirring)
3 (1): vzorek — sample

2):(1)+0.99 g Cu. ml™!

2—A/ (3):(1)+1.96 g Cu. ml"!
1

-0,2 04V

Stanoveni zinku: Pomémé vysoké koncentrace zinku ve vét§iné potravin
umoZiiuji ve vhodném elektrolytu piimé stanoveni diferen¢ni pulzn{ polarografii.
Stanovenf vSak vyZaduje elektrolyt o hodnot& pH 2 2. Pfiméreného zvySeni pH lze
dosdhnout napr. pridavkem octanu sodného (Jones et al, 1977) nebo vinanu
sodného k vyluhu popela. V kyselém vinanovém nebo octanovém elektrolytu &ini
hodnota potencidlu piku zinku -0,91 V. Pfiklad stanoveni zinku je uveden na obr. 4.

4. Stanoveni zinku ve vzorku séjov§ch bobtt — Determi-
nation of zinc in soybean seeds

IBO nA

elektrolyt — electrolyte 0.1 mol. 17 HNO3, 0.05 mol. 17
N32C4H406

DPP,E;=06V,5mV.s™

(1): vzorek — sample

(2):(1)+0.94 g Zn. ml ;

(3):(1)+1.85g Zn. ml ™!

ST

|

-0,6 -1,2V
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Velmi dobri opakovatelnost méfeni umoZiiuje v tomto piipadé i kvantitativn{
vyhodnoceni z kalibra¢ni kfivky, coZ prindsi zna¢nou ¢asovou idsporu pfi analy-
zéch vétsich sérii vzorkd.

Zhodnoceni analytického postupu: K ovéfeni spolehlivosti analytického
postupu nebyl k dispozici Ziddny standardni referencni materidl. Metoda byla
vyzkousena na vzorku séjovych bobi. Vysledky stanoveni shrnuje tab. L.

I. Stanoveni kadmia, olova, médi a zinku ve vzorku séjovych bobti riznymi analytickymi
metodami — Determination of cadmium, lead, copper and zinc in the sample of soybean seeds
using various analytical methods

Obsah prvku?® [mg. kg &
Cd Pb Cu Zn
0,055+£0,010 | <020 11,4+1,5 | 299409

Metoda'

Zpopelnéni a voltametrické stanoveni®

Mokra mineralizace a voltametrické

stanovem4 0'%0 + 0.&3 = l 1.1 i 1;2 32.4 + 1,5
Zpopelnéni a stanoveni AAS® <0,10 <050 | 102+02 |308+03

a = primér a smérodatna odchylka z péti stanoveni — mean and standard deviation of five measurements

!method; Zelement content; 3dry ashing and voltammetric determination; dwet digestion and
voltammetric determination; 5dry ashing and AAS determination

Spravnost vysledki analyzy stopovych prvki je zdvisld predevSim na volbé
vhodného zpisobu mineralizace. V této préci byla jako zdkladni metoda pro
rozklad vzorkil zvolena mineralizace na suché cesté€ s postupnym nérdstem teploty
(s maximalni teplotou 450 °C) a nislednou aplikaci 1 ml 65% HNO; pro dokonce-
ni a urychleni rozkladu. Byly v8ak publikovény i ddaje o ztratdch nékterych prvki
b&hem zpopelnéni (Gorsuc h, 1959;Jir 4 n e k, 1983). Podle novéjsich idaji
(Boer, Maessen, 1983) v3ak prdvé postupné zvySovéani teploty pfi
zpopelnéni tyto ztrity minimalizuje. Analyzou biologického standardniho refe-
ren¢niho materidlu NSB 1577 Bovine Liver citovani autofi prokédzali, Ze uvedeny
zpisob rozkladu vede ke spravnym vysledkim i u t€kavych prvki, jako jsou
kadmium, zinek, m&d a olovo.

Pro ovéfeni vhodnosti zpopelnén{ byla v naSem piipadé provedena mokra
mineralizace vzorku sdjovych bobid smési HNO; - H,SO, - HCIO, a jejich
voltametrické stanoveni. Olovo po mineralizaci na mokré cesté€ nebylo stanoveno
vzhledem k tomu, Ze metody mokrého rozkladu pouZivajici kyselinu sirovou nejsou pro
jeho stanoveni piili§ vhodné (Gorsuch, 1959). V tab. I jsou rovnéZ uvedeny
vysledky stanoveni kovi ve vyluhu popela plamenovou AAS. Z téchto tidaji je zfejmd
dobrd shoda vysledkd, takZe pouZity analyticky postup je spolehlivy.
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U jednotlivych prvki byly uréeny meze detekce pro cely analyticky postup na
zékladé€ variability hladin téchto prvkil v roztocich slepych pokusi. Mez detekce
daného prvku je tfeba uréit pro kaZzdou sadu zpracovidvanych vzorki. Meze
detekce pii navdZce vzorku 5 g se pohybuji okolo 0,20 mg Pb, 0,50 mg Cu
a 0,15 mg Zn na 1 kg. Mez detekce kadmia je uréena pouze nejmensi méfitelnou
koncentraci; za zvolenych podminek 1ze dosihnout meze detekce aZz 0,001 mg
Cd na 1 kg. Pom&mé vysoké hodnoty meze detekce, zv1asté u olova a médi, by
bylo moZné vyrazné sniZit pouze ve stopové laboratofi s kontrolovanym prostie-
dim. Pro stanoveni niZ$ich obsahi je pfi prici v b&€Zné chemické laboratofi tfeba
vychdzet z jest& veét3i navazky vzorku.

Uvedeny zpiisob mineralizace se, co se tykd tplnosti rozkladu, osvédcil. Pouze
u vzorki jater bylo nutné odpafeni popela s kyselinou dusi¢nou a nésledné Zihdni
v peci provést dvakrit aZ tfikrat. Tim doSlo k dokonalému odstranéni zbytkd
organické matrice vzorku, takZe nisledné voltametrické méfeni nebylo ovlivnéno
pritomnosti organickych latek.

Popsany analyticky postup byl pouZit pro stanoveni kadmia, olova, médi a zinku
v fadé rliznych druhl poZivatin a zemé&délskych produkti. Zjisténé koncentrace
té€chto prvki v nékterych potravinich jsou uvedeny v tab. II.

U nékterych komodit bylo analyzovéno jen nékolik vzorkd, takZe v téchto
piipadech je moZné se setkat i s vy$Simi nebo naopak s niZSimi koncentracemi

II. Obsah kadmia, olova, médi a zinku ve vybranych potravinich — Content of cadmium, lead,
copper and zinc in selected foods

Potiaiiiial a Obsah prvku® [mg. kg'']
Cd Pb Cu Zn
Brambory’ 10 0,014-0050 | <0,05-0,11 | 0,77-2,64 2,21-6,65
Spenat* 15 0,032-0,52 <0,05-027 | 090-1,72 4,68-23.8
Kv&uik® 4 0,013-0,021 <0,10 0,38-0,59 2,03-2,67
Mrkev® 4 0,042-0,058 <0,10 1,26-1,39 2,83-3,23
Hraek’ 4 0,008-0,018 <0,10 2,15-2.21 10,7-11,3
Syr Eidam® 5 0,001-0,003 | <0,05-007 | 049-0,68 32,4372
Vejce’ 3 0,001 <0,05-0,14 | 142225 10,8-12,8
Caj'? 25 0,018-0,12 <020-129 | 106334 22,6382
Hovézi jitra’! 4 0,012-0,16 <0,05-0,19 | 657-79,2 33,9-48,5
Pienice'? 8 0,016-0059 | <0,07-0,13 | 247-11,4 7,86-23,8

o ) . .
!food; 2element content; 3po(§toes; 4spinach; Scauliflower; ®carrot; "green peas; *Edam type cheese;
9eggs; 10ea; Mbovine liver; *wheat
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kadmia, olova, mé&di nebo zinku, neZ které jsou v tab. I a Il uvedeny. Koncentrace
nékterych prvkil je u fady vzorkd velmi variabilni; souvisi to s jejich riznym
plivodem (vliv lokality, odridy, zpisobu pé&stovéni, hnojent, u Zivo¢inych mate-
ridld vliv krmen{ zvifat, stdfi zvitat atd.). S ohledem na lokalitu mély nejrizno-
rod&j§i piivod vzorky &ajii, které pochézely z Gruzie, Ciny, Vietnamu, Indie
a Ceylonu. Tomu také odpovidd Siroky rozsah koncentraci kadmia, olova, ale
i jinych prvkd, které zde nejsou zminény (Zelezo, mangan, nikl). U jednotlivych
vzorkd Spendtu byly zjiSt€ny rovnéZz velké koncentraéni rozdily, zejména pokud
jde o kadmium. Analyzované vzorky byly vypéstovdny v né€kolika lokalitich ve
sttednich a severnich Cechdch. PrestoZe maximélni zji$t&nd hodnota obsahu
kadmia je 0,52 mg/kg, primérny obsah ¢inil pouze 0,11 mg/kg a z 15 vzorki pouze
3 presdhly 0,10 mg/kg. Tyto tfi vzorky s vyrazné vyssim obsahem kadmia pochd-
zeji ze stejné lokality v severnich Cechédch. Vzorek s nejvy$$im obsahem kadmia
mél také nejvyssi obsah zinku (23,8 mg/kg), pfitom primémy obsah zinku v analy-
zovanych vzorcich $pendtu ¢inil pouze 9,30 mg/kg.

Z uvedeného prehledu je zfejmé, Ze obsah toxickych, ale i esencidnich stopo-
vych prvkid v potravinich je ovlivnén fadou faktord a bude vyZadovat i nadéle
stdlou pozornost.
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R. Koplik, S. Némcovd (Institute of Chemical Technology, Praha, Czech Republic)

Determination of cadmium, lead, copper and zinc in foodstuffs

An analytical procedure for determination of cadmium, lead, copper and zinc based
on voltammetric measurements is presented. The analysis utilizes differential pulse
anodic stripping voltammetry (DPASV) for cadmium, lead and copper determination
and differential pulse polarography (DPP) for zinc determination. The used supporting
electrolytes were 0.1 mol/l HNO; or 0.3 mol/l HCI for cadmium, lead and copper, and
a weakly acidic electrolyte containing acetate or tertarate for zinc.

The DPASV method was used for simultaneous determination of cadmium and lead
(Fig. 1). The metals were preconcentrated by electrolysis from the stirred solution at
a hanging mercury drop electrode - HMDE (area 0.007 cm2) with a potential -0.7 V vs.
Ag (AgCl) sat. KCl-electrode. Long deposition times (up to 10 minutes) were necessary
for determination of ultratrace cadmium levels.

Separate determination of cadmium and simultaneous determination of leas and copper
were carried out in some cases (Fig. 2). The choice of procedure for the determination
of these three elements depends on the ratio of their concentrations.
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Higher concentrations of copper (about 1 pg/l) were also determined by DPASV, but
the electrolysis at -0.2 V was carried out only 30 s without stirring. The electrolyte
0.1 mol/l HNO3 (Fig. 3) is more suitable for copper determination.

Zinc was determined by DPP after addition of sodium acetate or tartarate solutions to
the acidic sample solution (Fig. 4).

The main method used for sample pretreatment was dry ashing at a gradually increased
temperature to the maximum 450 °C with a rate of 50 °C per hour. In order to check the
reliability of the analytical procedure based on dry ashing and voltammetric measurement,
the sample of soybean seeds was subjected to wet digestion in HNO, - H,SO, - HCIO, mixture
and voltammetfric analysis of this digest was performed. The same sample was also analysed
by dry ashing and flame AAS. The results are shown in Table I.

When the sample weight of 5 g was used, the detection limits of cadmium, lead, copper
and zinc achieved in the ordinary chemical laboratory for the whole procedure (dry ashing
and voltammetric determination) were 0.001, 0.20, 0.50 and 0.15 mg/kg, respectively.
The above described procedure was used for determination of cadmium, lead, copper
and zinc in several kinds of food samples and agricultural products. The results are
summarized in Table II.

cadmium; lead; copper; zinc; voltammetry; food
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VPLYV UDIACEHO PREPARATU (UTP-1) NA RAST
STARTOVACICH KULTUR PRE FERMENTOVANE MASOVE
VYROBKY A NA RAST ESCHERICHIA COLI

Ladislav STARUCH, Samuel BAN, Viadimir HERIBAN

Chemickotechnologickd fakulta STU, Radlinského 9, 812 37 Bratislava

Sledovali sme vplyv udiaceho prepardtu (UTP-1) na mikrofl6éru vyskytujicu
sa vo fermentovanych misovych vyrobkoch. Koncentridcia UTP-1 bola 0,
50, 80, 100, 200 miligramov fenolov na kilogram (mg F/kg). Mikroorga-
nizmy boli testované metédou rastovych kriviek. Z vysledkov vyplynulo, Ze
majmene;j citlivd na UTP-1 je $tartovacia kultira S-LAC-1 a L. plantarum.
Menej odolné boli L. delbrueckii a P. acidilactici. VeI'mi citlivy na UTP-1
bol sledovany L. casei a len o milo menej citlivy bol sledovany kmeii E.
coli. Rast Startovacej kultiiry Lactil nebol za pouZitych podmienok ovplyv-
neny do koncentricie 50 mg F/kg, aviak pri koncentracii 80 aZ 200 mg F/kg
bola této kultira mimoriadne citliva.

UTP-1; Startovacie kultiry; mikroorganizmy

Udenie m4 okrem pozitivnych ochucovacich, aromatizaénych, konzer-
vatnych a vyfarbovacich d¢inkov aj vedlajSie negativne dopady. Ide najmi
o zvySend koncentriciu zdravotne nebezpecnych polycyklickych aromatickych
uhlovodikov (PAU) v povrchovych vrstvich misovych vyrobkov.

V snahe minimalizovaf obsah tychto karcinogénnych l4tok bol v Ceskoslo-
vensku vyvinuty udiaci tekuty preparat UTP-1, ktory podstatne riesi tento problém.
Koncentricia PAU vyskytujiica sa v potravindch, do ktorych sa UTP-1 aplikuje,
je na hranici dokazatelnosti.

UTP-1 je &ira kvapalina tmavohnedej farby s typickou ddivou arémou. Chut
vodného roztoku je prijemne tdivd bez horkastého doznievania. Koncentricia
fenolov mé4 byt minimdlne 10 g/kg, pomer gvajakolu a syringolu md byf minimélne
0,8 a hodnota pH maximdlne 6,5(Dubravicky, 1983).

Tepelne neopracované misové vyrobky tvoria ti skupinu vyrobkov, pri
vyrobe ktorych je vynechané pdsobenie vysSich tepldt (idenie studenym dymom
do 20 °C). Samotnd vyroba sa zakladd na komplexnych fermentanych a che-
mickych postupoch s vyraznou spoluiiastou Ziaddicej mikrofléry. Mikroorga-
nizmy ovplyviiuji vlastnosti potravin prostrednictvom ich metabolickej aktivity
a ddvajui produktom ich charakteristické senzorické vlastnosti. NajdoleZitejSie
z tychto mikroorganizmov patria do rodov Lactobacillus, Micrococcus a Pedio-
coccus. Napr. mlie¢ne baktéric sa pridivaji do fermentovanych misovych
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vyrobkov na zlepSenie farby, arémy, konzistencie a zdroveii napoméahaji vytvo-
reniu dobrej ddrZnosti saldmy (Coretti, 1977, Liicke, Hechelman,
1987). NembZeme si byt stéle isti, Ze surovy materiél pouZity na vyrobu vyrobkov
neobsahuje aj neZiadice patogénne mikroorganizmy. Obr. 1 a 2 ukazuji v zjedno-
dusenej forme, ktoré baktérie (gram-pozitivne, gram-negativne) si pre miso a pre
miisové vyrobky délezité. Cerstvé miso ziskané za hygienickych podmienok,
prevaZne obsahuje menej ako 10* mikroorganizmov na 1 cm’ povrchu, pri¢om
prevldda Celad Micrococcaceae. Existuje mnoZstvo faktorov determinujicich,
ktoré mikroorganizmy méZu rdst na mise a misovych vyrobkoch. Patri k nim
teplota, ay, a pH hodnota, pritomnost vzdusného kyslika a uréitych aditiv, ako si
dusitany, dusi¢nany a komponenty dymu.

Jednobunkové / Jednobunkové
guléé&ky’ ty&inky®
| |
Katalézo- Kntaluo-s, Nosporro-' , 8poro-w
negativné pozitivne tvorné tvorné
Micrococcus Obligéatne
Staphylococcus anaerébne
Obligatne Katalézo- Katalézo- :;:ggn‘
anaerébne negativne pozitivne faki tativme
anaerdébne'’
Bacillus
Aerotoler Obligétne Aerotolerantné
anaeréby* anaerébne anaeréby
Streptococcus
dei‘;ooocus Lactobacillus Obligétne
Enterococcus anaerdébne
Leuconostoc ;
Clostridium
Fakultativne Aerébne’
anaerdébne
Brochothrix

"monocell globules; 2catalasc:-ncgative_; Jobligatorily anaerobic; “acrotolerant 9anaerobes;
Scatalase-positive; *monocell stamens; "non-spore-forming; *catalase-negative; optionally
anaerobic; '%spore-forming; aerobic or optionally anaerobic; '2aerobic

1. Rozdelenie gram-pozitivnych baktérii doleZitjch pre miso a misové vyrobky (Liicke,
1986) — Division of gram-positive bacteria important for meat and meat products (Liicke,
1986)
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Jednobukové tycéinky
(priame alebo zaxrivend)'

I I 1

2 Fakultatiyne 4
Anaerébne anaeréhng Aerdbne
|
Peritrichné Prevaine s poldrnym S polérnym
oxidazo- bié&ikom, biéikom
negativne prevaZne oxidizo- oxidazo~- 7
pozitivne, pozitivne
tyéinky &asto
Enterobacteriaceae zakrivgn‘ alebo Pseudomonas
A tocité
napr. Escherichia
Salmonella Vibrio
Seratia Aeromonas
Enterobacter Campylobacter atd.

lmonoc:t:ll stamens (straight or curved); Zanaerobic; *optionally anaerobic; “aerobic;

Speritrichous oxidase-negative; ®prevailingly with polar flagellum, prevailingly oxidase-posi-
tive, stamens often curved or spiral; "with polar flagellum and oxidase-positive

-

2. Rozdelenie gram-negativnych baktérif doleZitych pre miso a méisové vyrobky (Liicke,
1986) - Division of gram/negative bacteria important for meat and meat products (Liicke,
1986)

Udenie ma nepriaznivejii vplyv na &efad Micrococcaceae ako na Lacto-
bacillaceae. Celad Micrococcaceae potrebuje kyslik, takZe sa najlepsie rozvija vo
vrstve vyrobkov bliZSej k povrchu, kde je samozrejme aj viacej vystavend ii¢inkom
dymu (L ii c k e, 1986).

Mlie¢ne baktérie svojou produkciou kyseliny mlie¢nej potldc¢aji rast neZe-
lateInych mikroorganizmov. Rapidny pokles pH na hodnotu 5,3 je dostato¢ny na
inhibiciu Salmonella typhymurium, Staphylococcus aureus a hnilobnych baktérii.
Za ur¢itych podmienok dochédza taktieZ v malych mnoZstvéch k produkcii kyse-
liny octovej a peroxidu vodika, ktory je vo fermentovanych saldmach neZiadici,
lebo mdZe spdsobit chyby vo farbe a rjchlu stuchnutost. Ani schopnost niektor§ch
rodov produkovat bakteriociny a antibiotiké nie je ZelateIn4, pretoZe v intestinélnej
flére vyvoldva antibioticki rezistenciu. Preto sa velky dbraz kladie na vyber rodu
a kmeiia, ktory sa uplatni v Startovacej kultire (Schillinger, Liicke,
1990).

Poznédme cely rad antimikrébnych ltok (konzervaéné, dezinfek&né), ktorych
i¢inok moéZe byt mikrobicidny, alebo mikrobistaticky. Koncepcia naSich expe-
rimentov v podstate stotoZiiuje UTP-1 s antibakteridlnou zli¢eninou. Testovali
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sme jeho vplyv voci mikrofl6ére vyskytujicej sa vo fermentovanych misovych
vyrobkoch. I8lo o vplyv na pozitivnu aj negativnu mikrofléru, no v prevaZnej miere
sme sa zamerali na vplyv UTP-1 na laktogénne mikroorganizmy. Hlavnym dévo-
dom pre sledovanie inhibicie rastu laktogénnej mikrofléry pridavkom UTP-1 bolo,
Ze laktogénna mikrofléra pozitivne ovplyviiuje zdravotnii bezchybnost fermento-
vanych misovych vyrobkov (FMV). NaSou snahou bolo zistif, do akej miery
UTP-1 inhibuje &innost:

— Startovacich kultdr aplikovanych do FMV,
— Cisté kultiry,
— neZiadiicej (patogénnej alebo podmienecne patogénnej) mikrofléry.

Z technologického hladiska nés najviac zaujimal vplyv UTP-1 na Startovacie
kultiry. Preto sme testovali komercné preparaty LACTIL a S-LAC-1.

MATERIAL a METODY

Pri experimentdlnej prici bol pouZity zdkladny materidl potrebny pre
asepticki pracu v mikrobiologickom laboratériu. Mikrobiologickym testom boli
podrobené tieto mikroorganizmy:

— Lactobacillus plantarum ATCC - 8014
— Lactobacillus casei ATCC - 7469
— Lactobacillus delbrueckii ATCC - 7836
— Pediococcus acidilactici ATCC - 8081
— Escherichia coli ATCC-5172

— Startovacia kultira LACTIL
— $tartovacia kultira S-LAC-1

Tieto mikroorganizmy boli vybrané ako predstavitelia najCastejSie sa vysky-
tujicich mikroorganizmov vo fermentovanych misovych vyrobkoch.

S-LAC-1 (Lactobacillus plantarum CCM - 4213) bol vyvinuty vo
Vyskumnom iistave potravindrskom v Modre. Obsahuje 2,5.10"" poétu bunick
(p-b.) v 1 ml. Vyrobca odporii¢a ddvkovanie 5. 10”p.b.na 1 g diela. Medzi prednosti
patri rychly ndstup fermentéicie a zvy3Send produkcia kyseliny mlie¢nej v prvych
troch diioch zrenia.

Testovani Startovacia kultira LACTIL (Lactobacillus sp. VUMP - CCM - 3768)
bola vyvinutd vo Vyskumnom istave masného primyslu v Bme.

Mikroorganizmy boli kultivované v tekutej MRS pdde (M an et al., 1960).
PouZité koncentracie UTP-1 boli 50, 80, 100, 200 miligramov fenolov na kilogram
(mg F/kg). Z mnoZstva metéd, ktoré sa pouZivaji pri stanoveni inhibi¢ného i¢inku
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aditivnych latok, sme pouZili meranie rastovych kriviek. Rastové krivky boli sta-
novené pri trepalkovej kultivécii v MRS pdde, meranim absorbancie pri vinovej
diZke absorp&ného maxima prislunej biomasy. Bola pouZitd kiipelovi trepaCka
s népliiou zriedeného glycerinu, udrZiavajiica teplotu 37 = 1 °C. Ako inokulum
bola pouZitd revnahzované (pasdZovand) kultira. Vychodiskovéd koncentricia
biomasy bola 10’ p.b. v 1 ml. Vzorky na meranie absorbancie boli odobrané v 0.,
24.,48. a 72. hodine. Zavislosti mnoZstva biomasy od ¢asu si zobrazené graficky
na obr.3 aZ 9.

VYSLEDKY a DISKUSIA

Ako z obr. 3 vyplyva, citlivost LACTILU voé&i UTP-1 pri koncentréacii 50 mg
F/kg je mald. Dochddza k minimélnej inhibicii rastu (cca 5%), ¢o je vel'mi ddleZité
z praktického hladiska. Pri koncentrécii 80 a 100 mg F/kg dochddza k 65, resp.
70% inhibicii, 200 mg F/kg inhibuje rast biomasy uZ na 80 %, ¢o uZ moZno
povaZovat za bakteriostaticky, eventudlne baktericidny i&inok. Rastové krivka
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3. Vplyv UTP-1 na rastovii krivku LACTILU pri 35 °C — The effect of UTP-1 on the growth
curve of LACTILUS at 35 °C

LACTILU je hlavne pri koncentrécii 50 mg F/kg vel'mi podobné rastovej krivke
Pediococcus acidilactici (obr. 4). U Lactobacillus casei (obr. 5) vSak pri tejto
koncentrécii dochddza uZ k zna&nej inhibicii rastu. DalSou testovanou $tartovacou
kultdrou bol komerény produkt S-LAC-1 (obr. 6). Tu sme pozorovali zaujimavy
stav. UTP-1 do koncentréicie 200 mg F/kg m4 minimélny vplyv na rast mikroorga-
nizmov. Takmer zhodné vysledky sme namerali pri testovani baktérie Lacto-
bacillus plantarum (obr. 7). Inhibiény d¢inok UTP-1 na baktériu Lactobacillus
delbrueckii (obr. 8) bol do koncentricie 100 mg F/kg nizky. Pri koncentracii 50 mg
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4. Vplyv UTP-1 na rastovi krivku P. acidilactici pri 35 °C — The effect of UTP-1 on the
growth curve of P. acidilactici at 35 °C

F/kg UTP-1 sa v 72. hodine prejavilo nasledujice zniZenie biomasy oproti kontro-
le: Lactobacillus casei 23,7 %, Lactobacillus delbrueckii 7,9 %, Pediococcus
acidilactici 6,1 %, Lactobacillus plantarum 5,2 %, LACTIL 4,7 % a nulovy
u S-LAC-1. Hladina 50 mg F/kg je z hladiska konzumenta ddenérskych vyrobkov,
resp. ich kone¢nych organoleptickych vlastnosti optimélna. DalSou kritickou
hladinou, ktorej vyskyt sa v uidendrskych vyrobkoch uZ ani nepredpokladi, je
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5. Vplyv UTP-1 na rastovi krivku L casei pri 35 °C — The effect of UTP-1 on the growth
curve of L. casei at 35 °C

386



Potr. Védy, 11,1993 (5) : 381-390

2.3

29

RO ‘
Salaldle’: G mg Fueg
+-+— 50 mg F.kg |
xXxx%& 29 mg qu
*xpxx 10) mg Fkg
*xxanr 200 mg Fkg™'

2.5

Absorbancia (650 nm)
el ..w‘@
*
it
!
J
/]

c.0 tarm o o et I U T o ey A S B O S R SR N N M R N Ry S R
12 0 En &0 C 50 70 () 80

o]

6. Vplyv UTP-1 na rastovi krivku S-LAC-1 pri 35 °C — The effect of UTP-1 on the growth
curve of S-LAC-1at35°C

koncentricia 100 mg F/kg. Pri tejto koncentrécii bolo detekované nasledovné
zniZenie biomasy oproti kontrole v 72. hodine: LACTIL 75 %, Lactobacillus casei
40 %, Pediococcus acidilacti 17 %, Lactobacillus delbrueckii 15,8 %, Lacto-
bacillus plantarum 5,2 %, S-LAC-1 0 %. Pri koncenwrdcii 200 mg F/kg sme
sledovali extrémne podmienky preZitia, resp. citlivosti. Vysledky tibytku boli
nasledujice: LACTIL 84 %, Lactobacillus casei 13 %, Pediococcus acidilactici
33 %, Lactobacillus delbrueckii 27 %, Lactobacillus plantarum 7 %, S-LAC-1
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7. Vplyv UTP-1 na rastovi krivku L. plantarum pri 35 °C — The effect of UTP-1 on the growth
curve of L. plantarum at 35 °C
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8. Vplyv UTP-1 na rastovi krivku L. delbrueckii pri 35 °C — The effect of UTP-1 on the growth
curve of L. delbruecki at 35 °C

4 %. Escherichia coli je vo vSeobecnosti indikdtorom fekidlneho znelistenia.
Baktericidny, resp. staticky u¢inok UTP-1 nafi by v zna¢nej miere ovplyvnil
zdravotni bezchybnost misovych vyrobkov. Aj tu sme E. coli (obr. 9) podrobili
testu na senzibilitu na Styroch réznych hladin4ch pridavku UTP-1. Pri koncentricii
50 mg F/kg je pokles aZ 0 17,0 % v 72. hodine oproti kontrole. Pri koncentrécii 80,
resp. 100 mg F/kg je tento pokles oproti kontrole o 25 %, resp. 33 %. AZ pri
koncentracii 200 mg F/kg sa prejavuje voci technologicky neZiadicej, fakultativne
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9. Vplyv UTP-1 narastovi krivku E. coli pri 35 °C — The effect of UTP-1 on the growth curve
of E. coli at 35 °C
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patogénnej mikroflére, ktorej vyskyt v diele nie je neobvykly, velmi silny anti-
mikrobidlny d¢inok.

Z vysledkov jednoznacne vyplyva, Ze najmenej citlivd na UTP-1 vo vSetkych
koncentriciich je Startovacia kultira S-LAC-1 z produkcie VUP Modra a L.
plantarum. Rast obidvoch kultir nebol v MRS pdde prakticky ovplyvneny ani pri
koncentricii 200 mg F/kg. Menej odolné boli L. delbrueckii a P. acidilactici.
Mimoriadne vysoki citlivostk UTP-1 vykazoval L. casei a trochu mensiu citlivost
mal sledovany kmeri E. coli. Rast Startovacej kultiry Lactil nebol za pouZitych
podmienok ovplyvneny koncentriciou 50 mg F/kg, odpori¢anou pre ddendrske
vyrobky, avSak pri koncetricii 80 aZ 200 mg F/kg bola tdto Startovacia kultira
mimoriadne citlivd. V dalSom 3tddiu hodldme pozorovat Startovacie kultiry
v rozmedzi koncentréicii 50 aZ 80 mg F/kg a zistif ich prah citlivosti, kedy dochddza
k rapidnemu poklesu.
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Dofslo diia 13. 4. 1992

L. Staruch, S. Bdn, V. Heriban (Faculty of Chemical Technology of the Slovak
University, Bratislava, Slovak Republic)

The effect of smoking preparation (UTP-1) on the growth of the starter cultures
for fermented meat products and on the growth of Escherichia coli

We have estimated the influence of the different amounts of smoking preparation
UTP-1 on the microorganisms occurring in the fermented meat products. Phenol
concentrations 0, 50, 80, 100 and 200 mg per kg (mg F/kg) were used. The phenol
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influence on the microflora was estimated using growth curve measurements. On the
base of our results we can conclude, that the cultures less sensitive to phenols are
S-LAC-1 and L. plantarum. Among less sturdy cultures were L. delbriickii and P.
acidilacti, L. casei was very sensitive and E. coli showed almost the same sensitivity.
The growth of the starter culture Lactil was not influenced up to 50 mg F/kg, butin the
phenol concentration ranging from 80 to 200 mg F/kg, the cell growth was apparently
influenced.

smoking preparation UTP-1; starter ci;tires; microorganisms
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VPLYV OHREVU NA OBSAH BENZO(A)PYRENU
V UDENYCH MASOVYCH VYROBKOCH

Peter SIMKO, Jozef KNEZO

Chemickotechnologickd fakulta STU, Radlinského 9, 812 37 Bratislava

V préci bol sledovany vplyv ohrevu na obsah benzo(a)pyrénu v dvoch techno-
logicky odli$nych ddenych misovych vyrobkoch, pricom na detekciu BaP
bola pouZitd metéda HPLC so selektivnou fluorimetrickou detekciou. Zatial
¢o v pripade vzorky Doméca klobdsa bol zaznamenany zna¢ny pokles v obsa-
hu BaP uZ v prvych 15 minitach ohrevu (zo 4,80 pg/kg na 1,87 pg/kg),
v pripade vzorky Jemné péarky bol obsah BaP prakticky na konstantnej Grovni
(1,36 pg/kg) potas celej doby ohrevu. Ako vyplynulo z vysledkov expe-

" rimentu, rozhodujici vplyv na ibytok obsahu BaP v tdenej klobdse malo
mnoZstvo tuku vytavovaného zo vzorky pocas ohrevu, v ktorom bola po
ukonéeni experimentu zisten4 hodnota 7,71 pg/kg.

tidené midsové vyrobky; HPLC; benzo(a)pyrén; tuk

Aromatizdcia misovych produktov splodinami termickej deStrukcie drevnej
hmoty je jedna zo zdkladnych technologickych opericii pouZivanych v misovom
priemysle. V priebehu genericie ddiaceho dymu vznikaji nielen senzoricky
aktivne zli¢eniny - fenolické zliCeniny, karbonyly, organické kyseliny, laktény,
pyraziny, ale aj zli¢eniny s vyraznym karcinogénnym ucinkom (T 6 t h, 1983;
M a g a, 1987).

Jednou z najnebezpecne;jsich skupin chemickych zli¢enin, vznikajicich v prie-
behu vyvijania ddiaceho dymu si polycyklické aromatické uhlovodiky (PAU),
pri€om ich mnoZstvo, ako aj kvalitativne zloZenie zdvisi od mnohych faktorov
(T6th, Blaas, 1972;Potthast, 1978;Simko etal, 1991a).

Charakteristickou zli¢eninou PAU je benzo(a)pyrén (BaP). Aj napriek
skutoénosti, Ze BaP tvori len nepatrni &ast z celkového mnoZstva PAU [jeho
zastipenie koliSe v rozmedzi 1 aZ 20 % zo vsetkych karcinogénnych PAU
(Andelman, Suess, 1970)], vzhlTadom k jeho mimoriadne vysokej karci-
nogénnej aktivite je vo vSeobecnosti povaZovany za indikétor vyskytu celkového
mnoZstva PAU v potravinich (Kruijf etal, 1987). NavySe BaP na rozdiel od
inych PAU je typickym produktom nedokonalého spalovania organickej hmoty.

Efektivnou metédou stanovenia PAU je HPLC, pri€om na detekciu sa vyuZi-
va schopnost absorbovat svetlo v UV oblasti, & poskytovat silné fluorescenéné
Ziarenie. HPLC bola pouZitd na stanovenie PAU v ddenych a grilovanych miséch,
ako aj v dalSich potravindrskych produktoch &i potravindrskych aditivach
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(Silvester,1980:Gertz,1981;Lawrence, Weber,1984;Stijve,
Hischenhuber 1987;Simko, 1992).

Problematika vzniku, stanovenia a vyskytu PAU v potravindch bola uZ $iroko
diskutovand (Howard, Fazio, 1980; Fretheim, 1983; Stahl,
Eisenbrand, 1988).

V nedédvnej dobe sa obsah PAU v potravindch chépal ako konstantnd hodnota,
nezdvisld od vplyvov okolitého prostredia.

Cielom price bolo sledovaf zmeny v obsahu BaP v dvoch technologicky
odli$nych iidenych misovych vyrobkoch podas ich ohrevu a néjst faktory, ktoré
tento obsah m6Zu ovplyviiovat.

MATERIAL a METODY

Material: V experimente boli ohrevu vo vriacej vode podrobené nasledujiice
vzorky:

1 — Doméca klobdsa, ktord je vyrdband z vykosteného bravéového pliecka,
stehna a bo¢iku. Zomleté miso sa po zmieSani s NaCl, paprikou a korenim nardZa
do prirodnych obalov a 1idi horiicim dymom.

2 — Jemné pérky, ktoré st vyrdbané z hovidzieho a brav€ového misa. Jednotli-
vé druhy mias sa spolu s ingredienciami vypracuji na jemno v Kkutri a dielo je
nardZané do obalov. Po osuSen{ a ideni horticim dymom si pérky este dovérané
vo vodne;j pare.

Experiment: Po ziskani ddenych misovych vyrobkov ich zakipenim
v maloobchodne;j sieti boli vzorky vlioZené do vriacej vody a teplotné médium bolo
udrZiavané v miernom vare po€as celého experimentu. Postupne odoberané vzorky
boli ochladzované, balené do aluminiovej f6lie a skladovane pri teplote 2 °C,
pokial suSina, tuk a BaP nebol stanoveny. BaP bol tieZ stanoveny vo vytavenom
tuku vzorky Domdca klobésa, v obale a olipanej klobdse osobitne.

Chemikilie a roztoky: Standard BaP a Florisil bol ziskany od fy Supelco. BaP
bol rozpusteny v metanole na koncentraciu 1 pg/ml. Vietky organické rozpistadld
(acetonitril, metanol, hexdn, petroléter) boli pred pouZitim rektifikované v desti-
laénej aparatiire. Deionizované voda bola este dodistovan4 v zariadeni Barnstead
Nanopur System od fy Wilhelm Werner.

Priprava vzorky: Hmotnost susiny bola stanoven4 suSenim homogenizovanej
vzorky do konstantného ibytku hmotnosti pri 105 °C. Hmotnost tuku bola stano-
vend po extrakcii vysuSenej vzorky v Twisselmanovom pristroji diferenénym
vdZenim extrak¢nej banky.

Na stanovenie BaP bola vzorka upravend nasledovnym postupom: 30 g homo-
genizovanej vzorky bolo zmydeliiované pod spitnym chladi€om pomocou meta-
nolického roztoku KOH (11,2 g KOH, 90 ml metanolu a 10 ml vody). Po uplynut{
3 h bol obsah banky ochladeny a ku vzorke sa pridalo 100 ml zmesi metanol - voda
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(8: 2, v/v). Vzorka bola potom postupne extrahovand 3 x 50 ml hexanu a spOJené
hexdnove podiely boli opif premyté 100 ml zmesi metanol - voda (8 : 2, v/v)
a 2 x 100 ml vody. Nésledne bolo k extraktu pridané 100 ml 10% roztoku Na,WO,
za Glelom vyzrdZania preextrahovanych lipoproteinov. Po oddeleni hexdnovej
vrstvy zrazenina bola este dekantovand 100 ml hexanu, ktory bol pridany k hlavné-
mu podielu. Po opitovnom vyzrdZani zbytkov lipoproteinov a vysuSeni cyklo-
hexdnového extraktu prepustenim cez vrstvu bezvodého Na,SO, bol extrakt
zahusteny na rotaénej vdkuovej odparke na objem 1 ml. Koncentrovany extrakt
bol naneseny na florisilovii kolénku (2,5 g Florisilu bolo deaktivované pridavkom
5 % H,0) a frakcia PAU bola eluovand 165 ml hexdnu. Eludt bol na rotacnej
vékuovej odparke odpareny do sucha a odparok bol rozpusteny a doplneny na
objem 2,5 ml metanolom.

Podmienky HPLC: BaP bol stanoveny za nasledovnych podmienok: chro-
matografickd kol6na plnend staciondrnou fédzou Separon SGX Cl18 o zmitosti
5 pm, dizka 30 cm, priemer 3 mm, mobiln4 f4za acetonitril - voda v objemovom
pomere 3 : 1 a prietokom 1,15 ml/min. Eluent z chromatografickej kolény bol
vedeny do fluorescenéného detektora (Perkin-Elmer), excitalnd vinovd dizka
310 nm, emisn4 vinové dizka 410 nm.

V3setky analytické stanovenia boli uskuto¢nené paralelne.

VYSLEDKY a DISKUSIA

Aby bolo moZne sledovat zmeny v obsahu BaP, predov3etkym bolo potrebné
overit G&innost extrakcie BaP ako aj celkovi vytaZnost metédy. Za tymto idelom
bol ku vzorkdm priddvany Standard BaP v mnoZstve rovnajicom sa koncentrécii
3,0 ug/kg. V pripade vzorky Doméca klobédsa bola zaznamenand priemernd
vytaznost 84,9 % so $tandardnou odchylkou 5,9 %, zatial &o vo vzorke Jemné
pérky bola zaznamenan4 v§taZnost 79,3 % so §tandardnou odchylkou 6,7 %.

Za danych chromatografickych podmienok dochéddza k i¢innej separéicii BaP
od ostatnych PAU (vritane inych zlicenin s piatimi aromatickymi jadrami -
benzo(e)pyrén, dibenzo(a,c)antracén, dibenzo(a,h)antracén, indeno(1,2,3-c,d)pyrén)
(Simko etal, 1991b).

Vzorka Domaca klobasa: Namerané hodnoty zmien obsahu BaP v zivislosti
od doby ohrevu sa nachddzaji v tab. I. Ako vyplyva z nameranych hodnét,
graficky znézornenych na obr. 1 - krivka A, z4vislost m4 nelindrny charakter,
a preto bolo hladané optimédlne matematické vyjadrenie priebehu tejto funkcie
porovnivanim korelaénych koeficientov (KK). Najvhodnej$iu rovnicu, relativne
najpresnejsie popisujicu priebeh funkcie, moZno vyjadrif vztahom

1
a+bX

(1]
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Této rovnica bola pre konkrétny pripad upravend do tvaru

b'

Y=a+
X+c

. (2]

kde: Y - obsah BaP v j1g na kg ideného misového vyrobku, tepelne opracovivaného v ¢ase X

Hoci korelaény koeficient je relativne vysoky (KK, = 0,96467), jeho hodnota
bola nepriaznivo ovplyvnend d'al§imi dvoma faktormi.

Prvy faktor vyplyva zo skuto¢nosti, Ze v priebehu ohrevu sa meni v ddsledku
denaturécie bielkovin ich schopnost viazat vodu, ¢o ndsledne ovplyviiuje samotnd
hmotnost vzorky. Tento faktor moZno eliminovat prepoé&itanim obsahu BaP na
suSinu. Graficky je tdto skutoénost na obr. 1 zndzornend krivkou B. I vy33ia
hodnota korelaéného koeficientu (KKy = 0,98056) potvrdzuje ,rusivy* vplyv
meniacej sa vaznosti po¢as experimentu na priebeh funkcie.

Druhy, daleko ddleZitejsi faktor je skuto&nost, Ze po&as ohrevu vzorky Domé-
ca klobdsa dochddzalo k uvoltiovaniu a vytavovaniu tuku. Zmeny obsahu tuku,
uvddzané v tab. I, si graficky zndzorené na obr. 2 (KK = 0,97285 ). PretoZe je
zndme, Ze nepoldme PAU difunduji do mdsovych vyrobkov po skonéeni iidenia
(8 imk o, 1991) a prednostne by mali byt lokalizované v nepoldrych ¢astiach
vyrobku (tukové tkanivo, vytaveny tuk nachddzajici sa pod obalom a pod.), mal
by byt obsah BaP vo vzorke po ukondeni experimentu znane ovplyvneny
mnoZstvom tuku, vytaveného zo vzorky po&as ohrevu. Tieto predpoklady
potvrdzuji aj vysledky, ktoré st uvedené v tab. II.

I. Stanovenie sufiny, tuku a benzo(a)pyrénu (BaP) vo vzorke Doméaca klobdasa — The
determination of dry matter, fat and benzo(a)pyrene (BaP) in the sample ‘“Domestic
Sausage*

Doba ohrevu! [min] Sugina? [%] Tuk® (%) Obsah BaP* [ug. ke ']
A B c
0 56,7 353 4,80 8,46 22,64
5 56,5 31,9 3,00 529 12,07
10 52,2 26,7 2,16 4,14 8,47
20 49,6 20,8 191 3,85 6,63
30 52,8 2, 2,09 3,95 6,86
40 56,4 203 229 4,06 634
51 57,4 21,1 2,47 430 6,79
62 56,6 20,2 1,87 3,30 513

A = prepocitany na kg vzorky — recalculated per kg of the sample
B = prepocitany na kg susiny — recalculated per kg of the dry matter
C = prepocitany na kg beztukovej suSiny — recalculated per kg of non-fat dry matter

ltime of heating; 2dry matter; fat; *BaP content
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1. Zavislost obsahu benzo(a)pyrénu (BaP) [pg/kg] vo vzorke Domdca klobdsa na dobe
ohrevu [min] (krivka A), prepoditaného na suinu (krivka B) a prepo&itaného na beztukovi
sudinu (krivka C) — Dependence of benzo(a)pyrene (BaP) content [mg/kg] on the time of
heating [min] in the sample “Domestic Sausage' (curve A), recalculated to dry matter on the
time of heating (curve B) and recalculated to non-fat dry matter (curve C)

Vzhladom na meniaci sa obsah tuku vo vyrobku pocas experimentu, ale aj
nerovnaky obsah tuku v jednotlivych kusoch vyrobku vyplyvajici z nehomogénne;j
podstaty vyrobku, najobjektivnej3i pohl'ad na zmeny obsahu BaP po¢as ohrevu
je moZné ziskat po prepoé&itani obsahu BaP na beztukovi susinu. Tento priebeh
zmien je zndzorneny na obr. 1 krivkou C, a hodnota korelaéného koeficienta
(KKc =0,99524) potvrdzuje dalsie zlepSenie koreldcie sledovanych parametrov.

II. Stanovenie benzo(a)pyrénu (BaP) v Domadcej klobése, jej jednotlivych astiach na zaCiatku
experimentu a vo vytavenom tuku — Benzo(a)pyrene (BaP) determination in the product
“Domestic Sausage** and in its particular parts in the beginning of the experiment and in the
melted fat

1 6 4 Redlne zastipenie BaP’
Analyzovand Cast Obsah BaP” [ug. kg ']
[ng. kg '] (%]
Doméca klobasa ako celok® 4,80
Oliipan4 klobdsa® 3,78 3,67 78,4
Obal* 86,0 1,02 213
Vytaveny tuk’ 171

!analysed part; 2domestic sausage as a whole; 3skinned sausage; 4packi ng; Smelted fat; BaP content;
real representation BaP
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2. Zavislost obsahu tuku [%] na dobe ohrevu [min] vo vzorke Doméca klob4sa — Depend-
ence of fat content [%] on the time [min] of heating in the sample “Domestic Sausage*

Na zéklade podobnosti zmien obsahu BaP a tuku pocas ohrevu vzorky Domica
klobisa, by linedrna z4vislost mohla dostato¢ne vystihovat zévislost zmien obsahu BaP
od stupria vytavenia tuku, ako to vyplyva z grafického zndzornenia na obr. 3 (KK =
0,86616).

Vzorka Jemné parky: KedZe bolo v pripade vzorky Doméca klobdsa zistené,
Ze po uplynuti pribliZzne 15 minit ohrevu sa stdvaji sledované hodnoty konStantny-
mi, bola vzorka ohrievand vo vriacej vode 16 minit a ziskané vysledky sa
nachéddzajq v tab. IIL

III. Stanovenie tuku, sufiny a benzo(a)pyrénu (BaP) vo vzorke Jemné pirky — The
determination of fat, dry matter and benzo(a)pyrene (BaP) in the sample “Delicate Sausage*

Doba ohrevu' [min] Susina’ [%] Tuk® [%] Obsah BaP* [ug. kg ' |
0 38,0 18,9 138
8 36,9 18,3 138
16 37,0 18,5 135

ltime of heati ng; Zdry matter, *fat; “BaP content

Ako vyplyva z nameranych hodnét, sledované parametre zostali prakticky
nezmenené. Tédto skutoénost je v ostrom kontraste s vysledkami ziskanymi
analyzou vzorky Doméca klobdsa, aviak nasledujice vysvetlenie by mohlo byt
postulované: hoci si si oba skiimané misové vyrobky opticky podobné, velky
rozdiel je v technologickom procese ich vyroby. Zatial o Doméca klobésa je
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5,00 - 3. Zavislost obsahu benzo(a)pyré-
] nu (BaP) [ug/kg] na obsahu tuku
4,30 [%] vo vzorke Doméca klobdsa —
Dependence of benzo(a)pyrene
601 (BaP) content [ug/kg] on the fat
; content [%] in the sample “Do-
mestic Sausage*
2,901
2.201
1.50 ———— ——————
50 220 20 360 430 (g 500

distribuovand do obchodnej siete okamZite po skon¢eni procesu tidenia, Jemné
pérky vo vSeobecnosti si eSte po skonéeni tidenia varené vo vodnej pare. Této
poslednd opericia spdsobuje vytavovanie &asti tuku z vyrobku, priCom sa cely
systém z hl'adiska obsahu vody, tuku a bielkovin stabilizuje. Ked'Ze vSetok ,,nadby-
to¢ny* tuk sa uZ uvornil z Jemnych pérkov pocas varenia v procese ich vyroby,
nedochédzalo prakticky k jeho vyraznej$im zmendm pocas dal§ich procesov ohre-
vu. Pokial teda vyrobok Domica klobésa predstavuje viac-menej nehomogénnu
zmes misa a tukového tkaniva, Jemné parky predstavuji stabilizovani disperznd
sistavu, v ktorej ,rezidudlny* tuk je v rovnovihe s ostatnymi zloZkami. PretoZe
bolo potvrdené, Ze libytok BaP z udenych misovych vyrobkov poas ohrevu je
v uzkej korelécii s ibytkom tuku, nedochédzalo potom ani k zmendm v obsahu
BaP a jeho hodnota zostala prakticky na konstantnej drovni podas celej doby
trvania experimentu.
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P. Simko, J. KneZo (Faculty of Chemical Technology
of the Slovak Technical University, Bratislava, Slovak Republic)

The effect of heating on the benzo(a)pyrene content
in the smoked meat products

In the experiment the effect of heating on the benzo(a)pyrene (BaP) content in two
technologically different smoked meat products was observed. Both products were after
buying in the commercial network heated in the boiling water and in certain time intervals
the samples were gradually taken, in which fat, BaP and dry matter contents were
determined. Dry matter was determined by drying to the constant loss at 105 °C, fat by
extraction on the Twisselman device and BaP after saponification of the sample by
metanolic KOH solution, extraction by hexane, separation of lipoproteins by means of
the Na,WOQ, solution and after purification on Florisile by the HPLC method with
utilization of selective fluorimetric detection.

As it follows from Table I, in the case of the sample “Domestic Sausage* there was
a maximum decrease in the BaP content approximately in the first 15 minutes of
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heating. This course of changes is graphically illustrated in Fig. 1 by the curve A (KK,
=0.96467). As in the course of heating the ability of proteins to bind water varies as a
result of protein denaturing, this factor was eliminated by recalculation of BaP
content to dry matter, which caused improvement in the value of correlation coeffi-
cient (KKz=0.98056), calculated by means of the equation [2]. This course is graphically
illustrated by the B curve in Fig. 1.

The amount of melted fat had a considerable effect on BaP loss from the sample
“Domestic Sausage* sample is possible to get after recalculation of BaP content to
non-fat dry matter (Table I, column C, graphically illustrated in Fig. 1 by the C curve,
KK = 0.99624), because the fat proved to be an effective BaP remover in that certain
case.

This statement is documented also by the results in Table II, when BaP content in the
value of 7.71 pg per kg was found out in the melted fat after finishing the experiment,
while BaP content in the course of experiment decreased from the initial value of 4.80 g
per kg to 1.87 pg per kg after finishing the process of heating.

On the contrary, no effect of heating on the second analysed sample - “Delicate
Sausage* was recorded, when the values of BaP (1.36 pup per kg), fat and dry matter
contents were practically on the constant level (Table III). This was caused by the fact
that both products are similar only optically. While the products “Domestic Sausage*
represents non-homogeneous mixture of the ground meat and fat fibre and it is distributed
into the commercial network after finishing the process of smoking, the product “Delicate
Sausage“ represents substantially a fine processed product (emulsion system), that is
moreover stabilized by boiling in the steam after finishing the process of smoking.

In the course of boiling the “excessive” fat is released, by which the whole system is
stabilized as for the contents of fat, protein and water. As a “residual” fat is in equilibrium
with the other components of the system there is no loss of it during the other processes
of heating these types of products.

As the BaP diffusion into the non-polar fat particles of the smoked products and
correlation between BaP and fat losses were proved, the constant BaP content in the
sample “Delicate Sausage* was caused by fat content in the sample, which does not vary
during the process of heating.

smoked meat products; HPLC method; benzo(a)pyrene; fat

399



400

VYHODNY LEASING

STROJU A ZARIZEN(
NEJEN PRO ZACINAJICI
A.S.

PODNIKATELE

ADEKO a. s. VaAm nabizi

(O kapitdlovou tcast v jinych podnikatelskych subjektech

O spole¢né podnikani

O poradenskou, konzultadn{ a zprostiedkovatelskou ¢innost
v oboru ekologie

(O investorskou a investi¢n{ {innost

(3 feSenf odbytovych potiZ{ vyrobcim a obchodnim
organizacim formou leasingového financovéani{

ADEKO a. s.
Slezska 7
120 56 Praha 2
tel.: 258 342 fax.: 207 229

4+




Potr. V&dy, 11, 1993 (5) : 401-408

SPOSOB STABILITY ANTOKYANINOVYCH FARBIV
A ELIMINACIA NEZIADUCICH SENZORICKY AKTIVNYCH
ZLOZIEK BAZY CHABZDOVE]

Mdria KOVACOVA, Alexander PRIBELA, Ivana KOZAROVA

Chemickotechnologickd fakulta STU, Radlinského 9, 812 37 Bratislava

Vhodnym nosi¢om antokyaninovych farbiv je kavernovany kukuri¢ny
Skrob. NajvysSia vytaZnost desorpcie (94,92 %) sa dosiahne pri pouZiti
Sfavy enzymaticky oSetrenej s enzfmom celuldza a okyslenej s H;PO,
na pH = 2,0. Polas skladovania vykazuje najvy3Siu stabilitu preparat
pripraveny z enzymaticky oSetrenej a okyslenej Stavy bazy chabzdovej,
ktory je vakuovo baleny v PE + PP f6lii. Desorbované $tfavy maji vy3Siu
prahovi koncentrdciu horkych l4tok a sii bez mySinového z4pachu, ktory
je typicky pre bazu chabzdova.

baza chabzdov4; antokyaniny; celuldza; kavernovany kukuri¢ny Skrob;
prahové koncentracia

Baza chabzdovd (Sambucus ebulus L.) je perspektivnym zdrojom anto-
kyaninovych farbiv. MnoZstvom 3,5 aZ 5,2 g’kkg (Pribela et al., 1989) patri
medzi plodiny s najvy3$im obsahom antokyaninov. Pre praktické vyuZitie bazy
chabzdovej je v§ak potrebné odstrénit neprijemnd horkd chut, mySinovy zdpach a vhod-
nou formou stabilizovat antokyaniny.

Doteraz sa farbiace preparity z farebného ovocia s obsahom anto-
kyaninovych farbiv bud chemicky konzervovali a skladovali ako polotovary, alebo
sa zahustili a uchovali ako koncentrity. Stabilita antokyaninovych farbiv v takto
uchovévanych polovyrobkoch je velmi mal4. Viaceré price Ciasto¢ne riesia stabi-
litu antokyaninov skladovanim prepardtov pri 0 - 4 °C (M alik et al., 1987,
Drdédk, Nas¢dkovd, 1984; Drddk et al., 1984, 1989). Jednym zo
spdsobov stabilizdcie antokyaninov je ich reakcia s taninom. Stabilizécia sa tu
vysvetluje vznikom molekulovych pigmentov, ktoré si stlejSie ako izolované
antokyaniny voci chemickej, fotochemickej a enzymatickej degradécii
(Maccarone etal.,,1987;Sims,Moris, 1985).

V poslednom obdob{ sa kladie Coraz vid¢si d6raz na vyrobu priskovych
pripravkov s obsahom farebnych, chutovych a aromatickych litok (Pribela et
al, 1990; Szejtli etal, 1986; Bronum-Hansen et al., 1985). Ako
uvddzaDexbury (1990), vhodnym nosi¢om prirodnej arémy mdZe byt napr.
p3eni¢nd mika. Ndhradn4 zmes za cibulu a cesnak obsahuje vietky prirodné zloZky
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vritane olejov, emulzii a prirodnych aromatickych latok. Vyhodou pouZitia je tieZ
podstatné zniZenie po¢tu baktérii a kvasiniek v hotovych vyrobkoch.

Szejtli et al. (1986) vyuZivali na stabilizdciu chutovych a aromatickych
latok do potravindrskych a kozmetickych pripravkov B-cyklodextriny (obsahuji
sedem glukopyranézovych jednotiek). Stabilizaény d¢inok cyklodextrinov sa
vysvetluje vznikom inkliznych komplexov. V B-cyklodextrinovych komplexoch
je aktivna zloZka (ar6ma, chut) chrdnend voéi oxiddcii, tepelnému rozkladu a strate
vyparovanim a subliméciou. Sti¢asne sa eliminuje alebo redukuje neZiadica chut
(zdpach) a mikrobidlna kontamindcia.

Hradali sme vhodny spdsob na dosiahnutie stability antokyaninovych farbiv.
Farbivad sme adsorbovali na tuhy praSkovy nosi¢, pri€om sme preskusali tri druhy
u nis dostupnych Skrobov: oxidovany skrob Oxamyl 1211 A (Skrobamy, o.p.,
Havli¢kiv Brod, Cerveni Regice), zemiakovy $krob Solamyl (Slovenské $kro-
bédrne, n. p., Trnava, zdvod Boleraz) a kavernovany kukuri¢ny Skrob vyrobeny na
CHTF STU podra PV 8027-87 (Smelik, 1987). Sledovali sme adsorpéni
kapacitu, spdtni desorpciu farbiv a stabilitu farbiv poCas skladovania pripravenych
preparatov.

MATERIAL a METODY

Zdroj antokyaninov: Sfavy s obsahom antokyaninov sme izolovali z plodov
bazy chabzdovej. Sledovali sme vplyv dpravy $tavy pred nana$anim na Skrobovy
nosi¢ na spitné ziskanie antokyaninov. PouZili sme tri druhy $tiav: enzymaticky
ofetrend s enzymom celuldza (0,5 g na 1 kg drviny s pH = 5,1), dalej rovnaki
ezymaticky oSetrend $tavu okyslend s H,PO, na pH = 2,0 a &erstvo vylisovani
$tavu (pH =5,3).

PouZity enzym: Priemyselny enzymaticky prepardt celuldza, aktivita C; =
=10 000 mg RL na 1 g, optimélne pH = 5,5, optimélna teplota 40 - 55 °C (vyrobca
ZD Kestfany, Bioprovoz Kolin). ZloZenie preparatu: xylandza, B-glukozidiza,
celobidza, pektinzy, a-amyldza, B-amyl4za, amyloglukozidéza, alkalick4 protedza.

Kavernovany kukuri¢ny Skrob: Speciilnou tpravou podla PV 8027-87
(S melik, 1987) je vo vniitri Skrobovych zin vytvorend tzv. kaverna.

VytaZnost desorpcie antokyaninov z kavernovaného Skrobu: MnoZstvo
preparétu antokyaninovych farbiv zodpovedajiice 0,5 ml §tavy bazy chabzdovej
sme viacndsobne extrahovali s HCI (¢=0,1mol/1) pri 25 - 30°C do tiplnej desorpcie
farbiv. Filtraty sme prefiltrovali cez fritu S4 do 100ml odmernej banky, pH sme
upravili so zriedenou HCI na hodnotu 1,0 (Radiometer TTT 1 Copenhagen,
Dénsko) a doplnili po znacku HCI (¢ = 0,1 mol/l). Absorbanciu filtrdtu sme merali
v absorpénom maxime na pristroji Spekol (Carl Zeiss Jena, NDR). Obsah anto-
kyaninov sme vypo¢itali podla Fulekihoa Francisa(Fule k i,Francis, 1968).

Priprava praskového preparatu antokyaninov: V Petriho miske s priemerom
18 cm sme ddkladne premieSali kavernovy Skrob s prislusnou $tavou bazy chabzdo-
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vej. Prepardt sme susili vo vdkuovej suSiarni pri teplote 35°C a tlaku 0,02 MPa.
Celkovy proces sufenia pri trojstupiiovej adsorpcii a pomere $tava : Skrob =
= 1,0: 2,7 trval 55 hodin. Vysu$eny koncentrit farbiv sme zabalili bud’ voIne do
papierovych vreci$ok, alebo za vdkua do kombinovanych f6lif polyetylénu
a polypropylénu a hermeticky uzatvorili zatavenim.

Senzoricka analyza: Za prah citlivosti sme ur€ili vzorku s najniZsie postrehnu-
telnou koncentriciou horkej latky. Na Statistické urfenie prahovej koncentricie
sme pouZili metédu zaloZeni na principe normélneho rozdelenia(Eckschla-
g er etal., 1980). Pri zistovani rozdielov akosti pdrovym testom sme postupovali
podra literatiry (Prib e la, 1987).

VYSLEDKY a DISKUSIA

Vytaznost desorpcie antokyaninov

Straty antokyaninov vplyvom adsorpcie na nosi¢ a desorpcie z nosi¢a
(kavernovaného kukuri¢ného Skrobu) sme sledovali v troch rézne upravenych
§tavéich bazy chabzdove;j (tab. I).

L. VtaZnost desorpcie antokyaninov - The yield of desorption of anthocyanins

1 Al A2 c! ACY | C2ACY Vytaznost
Vzorka pH1,0 pH1,0 [mg. kg '] desorpcie? [%)
S 0,226 0,0695 3942,27 2424,67 61,50
ES 0,197 0,0935 3445,12 2651,44 76,96
ES + H3PO, 0,197 0,0935 3436,40 3261,97 94,92

CS = &erstvé $tava (bez viprav) — fresh juice (without any treatment)

ES.= enz§mov4 $fava — enzyme juice

ES + H3PO4 = okyselend enzfmova $tava — acidified enzyme juice

Ak pH 1,0 = priemerné absorbancia roztoku (1 ml $favy na 100 ml) v 1mm kyvete v absolutnom
maxime pred adsorpciou — average absorbance of solution (1 ml of juice per 100 ml) in
1mm cell in absolute maximum before adsorption

A% pH 1,0 = priemern4 absorbanica roztoku (0,5 ml $tavy na 100 ml) v 1mm kyvete v absolutnom
maxime po desorpcii — average absorbance of solution (0.5 ml per 100 ml) in 1Imm cell
in absolute maximum after desorption

clacy = celkovy obsah antokyninov vyjadreny ako kyanidin-3-glukozid pred adsorpciou — total
contents of anthocyanins expressed as cyanidin-3-glucoside before adsorpiton

c’acy = celkovy obsah antokyninov vyjadreny ako kyanidin-3-glukozid po desorpcii — total
contents of anthocyanins expressed as cyanidin-3-glucoside after desorpition

lsample; 2yield of desorption
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Kym vytaZnost desorpcie Cerstvej §tavy je iba 61,5 % a enzymovej $tavy
76,96 %, z enzgmovej okyslenej §tavy se spitne ziska aZ 94,92 % adsorbovanych
antokyaninov. Enzymovai §fava a okyslend enzymova $fava sa liSia tieZ polohou
absorpéného maxima (max. desorb. = 521,9 nm, max. desorb. okyslend = 519,8 nm).
LahS$iu desorpciu enzymaticky opracovanych §tiav v porovnani s erstvou §tavou
je moZné vysvetlit vznikom nestalej$ich aglyk6nov - antokyanidinov, ktoré vzni-
kaji rozStiepenim glykozidovej vdzby antokyaninov i¢inkom enzymov.

Stabilita antokyaninovych farbiv poéas skladovania

Udaje o stabilite praskovych preparitov poas skladovania pri laboratérnej
teplote si graficky zndzornené na obr. 1, z ktorého vyplyva, Ze najmensie straty
farbiv po 138 diioch skladovania si v preparatoch, ktoré sii pripravené z enzymove;j
okyslenej $tavy a uskladnené za védkua vo f6lii z polyetylénu v zmesi s polypro-
pylénom. Odstrdnenim kyslika z obalu sa zamedzilo stratdm antokyaninov
oxidaénymi procesmi. Rozdiely v percentudlnych ibytkoch antokyaninov medzi
vzorkami v papierovych sdckoch a v PE + PP f6lii sa zvd¢Suji s predlZovanim
doby skladovania. Za 138 dni je obsah farbiv v prepardtoch z okyslenej $favy
v papierovych vreckich 72 %, kym vikuovo balené preparity vykazuji 83% obsah
farbiv z pdvodnej hodnoty. U¢inkom vékua sa teda dosiahlo zniZenie strat skla-
dovanim o 11%. Stabilita praSkovych preparatov stiipa v poradi: papierové vreckd
- neokyslen4 $tava, papierové vreckd - okyslend §tava, vdkuové balenie - neokysle-
nd $tava, vdkuové balenie - okyslend $tava.

(%] ; 1 = vakuové balenie, okys-
110- len4 — vacuum packing,
acidified

2 = vikuové balenie, neo-
kyslend — vacuum pack-
ing, non-acidified

3 = papierové vreck4, okys-
lend — paper bags, acidi-
fied

4 = papierové vreckd, neo-
kyslena — paper bags,
non-acidified

0 2 4 6 8 - 00 120 %  knl

1. Zmeny antokyaninov po&as skladovania praskovych preparitov — Changes in anthocyanins
during storing of powdery preparations
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Zvysenie stability antokyaninov na $krobovom nosi¢i sme dosiahli okysle-
nim adsorbovanej §tavy a ich prevedenim na stabilnej$iu formu flavyliového
katiénu, ako aj odstrdnenim kyslika z obalu.

Zaujimavym faktom zostdva, Ze v intervale 0 aZ 23 dni skladovania prepa-
ratov sa absorbancia desorbovanych zvysuje o 0 aZ 10 %. MéZe to byt spdsobené
vznikom komplexov alebo kondenzaénych produktov na povrchu Skrobového
nosi¢a. Pokles mnoZstva desorbovanych farbiv v intervale 22 aZ 138 dnf skla-
dovania mé vo vietkych Styroch typoch preparétov linedry priebeh. Regresnou
analyzou sme vypocitali nasledovné rovnice priamok:

1. $tava okyslend - viakuové balenie: y =-0,2603x + 117,95; r=-0,9952
2. §fava okyslend - papierové vrecka: y=-0,3332x+ 116,81; r=-0,9928
3. $fava neokyslen4 - vikuové balenie: y=-0,2496x + 111,39; r=-0,9798
4. ¥(ava neokyslend - papierové vrecka: y =-0,4124x + 120,16; r=-0,9846

kde: x - dni skladovania
y - % ziskanych antokyaninov
r - koeficient koreldcie

Pripraveny praSkovy preparit antokyaninovych farbiv sme pouZili na vyrobu
¢irych limondd. Z 1 kg bazy chabzdovej sme ziskali farbivo na 130 aZ 150 1
nealkoholického nédpoja (podla poZadovanej farebnej intenzity). Na 1000 1 ndpoja
je treba 2,0 - 2,7 kg farbiaceho praskového preparitu.

Senzoricka aktivita Stiav bazy chabzdovej

V grafe na obr. 2, ktory je vyjadrenim z4vislosti poCetnosti y od koncentréicie
horkej latky x, si zaznamenané priemerné prahové koncentricie posudzovanych
Stiav. Pre porovnanie sme pouZili modelovy roztok chininu v koncentraénom
rozsahu 0,061 aZ 0,244 mg na 100 ml.

A = Cerstva $tava — fresh juice

¥ [pocetnost] B = enzymov4 $fava — enzyme juice

C = desorbovana enzymové §tava okys-
lend — desorbed enzyme juice aci-
dified

D = desorbovand enzymov4 $tava ne-
okyslend — desorbed enzyme juice,
non-acidified

E =chinin— quinine

podetnost — abundance

0.4 clml.100mi"]

2. Statistické spracovanie vysledkov uréovania horkej chuti chininu a $tiav bazy chabzdovej
— Statistical processing of the results of determination of bitter taste of quinine and juices of
danewort
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Podra hodnét prahovych koncentracii moZno konstatovat, Ze aplikécia zvole-
ného enzymu nespdsobuje odbiranie pritomnych horkych litok. Hork4 chut sa
viak Ciasto¢ne eliminuje adsorpciou Stiav na kavernovany krob, ¢o sa prejavilo
na zvySeni hodnét prahovych koncentricii obidvoch desorbovanych $tiav. Kym
prahové koncentricia enzymovej $tavy pred adsorpciou je 0,204 ml na 100 ml
redestilovanej vody, u desorbovanej enzymovej $tavy okyslenej je 0,323 ml na
100 ml redestilovanej vody a u desorbovanej enzymove;j $tavy neokyslenej 0,343
ml na 100 ml redestilovanej vody.

Pérovym testom sme zistovali rozdiely jedného akostného ukazovatela -
horkej chuti v nasledovnych typoch $tiav: 1. enzymové $tava, 2. desorbovani
enzymovi $tava okyslend, 3. desorbovan8 eny7mov8 3+tava neokzslen8.

Standardnou $tavou bola vidy erstvd $tava. Vysledky parového testu sme
vyhodnotili podla literatiry (Pribela, 1980). Z po¢tu spravnych odpovedi
(40 u $tavy &. 2a 30 u §tavy &. 3) je moZné konstatovat, Ze §tavy ziskané desorpciou
z kavernovaného Skrobu sii do zna¢nej miery zbavené pritomnych horkych latok
a tieZ myS$inovych pachuti. PredovSetkym okyslend enzymova desorbovan4 $tava
sa vyznaCuje peknym farebnym odtiefiom, prijemnou ovocnou chutou a véiiou.

Zaverom moZno na zdklade dosiahnutych vysledkov konstatovat, Ze stuperi
desorpcie farbiv z kavernovaného Skrobu, ako aj stabilita antokyaninovych farbiv
pocas skladovania, zdvisia od spdsobu tipravy §tavy pred nanaSanim na Skrobovy
nosié. Pri pouZiti optimalnej $tavy (enzymaticky opracovand, okyslen4) si pripra-
veny praSkovy preparit antokyaninovych farbiv zachovidva dostateCne stabilni
farbu pocas dlhodobého skladovania pri laboratémej teplote. Stabilita anto-
kyaninov je zabezpecena ich adsorpciou na nosici v suchom stave a odstranenim
kyslika z obalu.

Prahovd koncentricia horkych litok desorbovanych Stiav je vysSia v po-
rovnani s prahovou koncentraciou $tiav pred adsorpciou na Skrobovy nosi¢. Meni
sa tieZ aréma desorbovanych Stiav - strica sa mySinovy zdpach.

Praskovy preparat antokyaninovych farbiv moZno pouZit priamo na pripravu
napojov, Zelé cukrikov a inych vyrobkov. Na &ire ndpoje sa farbivo desorbuje
kyselinou citrénovou. Prepardtom antokyaninovych farbiv je moZné nahradif
Cervené syntetické farbivd, ktoré si z hygienického hladiska neZiadice.
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M. Kovdcovd, A. Pribela, I. Kozdrovd (Chemical and Technological Faculty of the
Slovak Technical University, Bratislava, Slovak Republic)

The way of stability of anthocyanin colorants and elimination of undesired
sensorically active components of danewort

For the practical use of danewort (Sambucus ebulus L.) containing anthocyanin
colorants 3.5 - 5.2 g/kg, it is necessary to remove unpleasant bitter taste, mousy smell
and to stabilize anthocynins in a suitable form. One of the ways how to stabilize
anthocyanins is their adsorption into carnevous maize starch. Both the yield of desorption
and the stability of colorants on the starch carrier are dependent on the way of finishing
the juice used for the preparation of the powder of anthocyanin colorants. (Table I). The
highest yield of desorption (94.9 %) was attained when using the juice enzymatically
treated with the enzyme cellulase (0.5 g/kg of squash) and acidified with H;PO, to pH =
2.0. The yield of desorption of the fresh juice (pH = 5.3) is 61.5 % and of the enzyme
non-acidified juice (pH=5.1) is 77 %.

The lowest losses of colorants after 138 days of storing of powder preparation of
anthocyanin colorants were found in the preparations prepared from enzyme acidified
juice and stored under the vacuum in the plastic foil of polyethylene in the mixture with
polypropylene. The stability of the powder preparations rises in the sequence: paper bags
- non-acidified juice, vacuum packing - non-acidified juice, paper bags - acidified juice,
vacuum packing - non-acidified juice and vacuum packing - acidified juice. The decrease
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in the amount of desorbed colorants in the interval 22 - 138 days of storing is of linear
pattern for each of four preparations (Fig. 1). For 138 days the contents of colorants in
the preparations from acidified juice in paper bags is 72 %, while vacuum-packed
preparations exhibit 83 % contents of the former, original value. By acting the vacuum
the losses were reduced by storing by 11 %. |

A powder preparation of anthocyanin colorants was used for the preparation of clear
lemonades in the amount of 2.0 to 2.7 kg per 1,000 litres of the beverage.

It follows from the values of threshold concentrations of bitter taste of assessed juices
(Fig. 2) that the threshold concentration of bitter substances of desorbed juices is higher
in comparison with the threshold concentration of juices before adsorption to starch
carrier (0.204 ml per 100 ml of redistilled water before adsorption, or 0.323 ml per 100 ml
of redistilled water after desorption). Desorbed juices lossed also their mousy smell.

The paired test (on the 5% level of significance) helped to find that the juices obtained
by desorption from cavernous starch are cleared of bitter tastes in a high degree. The
preparation of anthocyanin colorants can be used as a substitute for the synthetic red
colorants.

danewort; anthocyanins; cellulose; cavernous maize starch; treshold concentration
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ZMENY MASTNYCH KYSELIN LIPIDOV VZORIEK
PRI KOMBINOVANE]J METODE KONZERVACIE POTRAVIN
S APLIKACIOU GLYCINU

Mdria TAKACSOVA, Bernadette HOZOVA, Alica RAJINIAKOVA,
Iveta MINAROVICOVA

Chemickotechnologickd fakulta STU, RadlinskOho 9, 812 37 Bratislava

Pomocou plynovej chromatografie sme sledovali zmeny v zastpeni
mastnych kyselin lipidov vzoriek Doméci hovidzi gulds, konzervovanych
kombiniciou pasteriz4cie pri teplote 98 °C pofas 20 minit s pridavkom
aminokyseliny glycinu v priebehu 20tyZdiiového skladovania. Pridavok
glycinu do jednotlivych vzoriek sme aplikovali pomocou metédy plano-
vaného experimentu. Kvantitativne zmeny mastnych kyselin lipidov tychto
vzoriek sme porovndvali so zmenami kontrolnych vzoriek, ktorymi boli
vzorky bez pridavku aminokyseliny - pasterizované, mrazené a steri-
lizované. Z dosiahnutych vysledkov vyplyva, Ze vplyvom kombinovanej
metédy konzervécie potravin nedochddza k vyraznym zmendm v zastipeni
nasytenych a nenasytenych mastnych kyselin. MnoZstvo esencidlnych
mastnych kyselin je podmienené pridavkom aminokyseliny glycinu.
K najniZSiemu dbytku tychto kyselin po 20tyZdiiovom skladovani dochddza
vo vzorkich konzervovanych kombinovanou metédou s 3,00 a 2,57%
pridavkom glycinu.

hovidzie miso; kombinovand metéda konzervicie; pasterizicia; glycin;
mastné kyseliny

Kombinované metédy konzervicie potravin nachddzajd uplatnenie v praxi za
predpokladu, Ze ich vhodnym vyberom doch4dza k lepSiemu uchovaniu vyZivovej
a senzorickej hodnoty ako vyuZitim samostatne aplikovanych konzerva¢nych
metéd.

Ur¢itd pozornost sa venuje vyberu a vyskumu zloZiek potravin, ktorych anti-
mikrobidlny a antioxidany u¢inok by sa mohol v kombinécii s klasickou
konzervaénou met6dou uplatnit v praxi. K takymto ldtkam patri aj aminokyselina
glycin, ktord vykazuje antimikrobidlne G¢inky a podla vysledkov préc niektor§ch
autorov aj antioxida¢né G¢inky (Shahidi etal, 1986; Ahmad etal., 1983;
Rodriguez-Palacions, 1984).
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V predchéddzajiicej prici (Takdcsovd et al, 1993) sme sa zamerali na
sledovanie zmien lipidov vzoriek, konzervovanych kombindciou pasterizécie a s pri-
davkom glycinu stanovenim produktov autooxidicie a v tejto prici venujeme
pozornost zmendm v zastiipeni mastnych kyselin lipidov vzoriek vplyvom kombi-
novanej metddy konzervécie potravin.

MATERIAL a METODY

Pri priprave modelového vyrobku Domdci hovidzi guld$ sme postupovali podla
CSN 57 6099 s vyli&enim prisad a po aplikécii aminokyseliny glycinu. PouZili
sme hovédzie vyrobné zadné miso, ktoré sme po odstraneni tukového tkaniva
nakrédjali na kocky pribliZne 3 x 3 cm a dékladne sme ho premie$ali s 3,5%
pridavkom brav&ovej masti a 1,2% pridavkom NaCl.

MnoiZstvo aditivnej ldtky glycinu bolo urené pldnovanym experimentom
(Lodes,S imek, 1978). Priprava vzoriek, ktoré boli konzervované pridavkom
glycinu a zniZenou intenzitou tepelného zdsahu, ich balenie a skladovanie je
uvedené v tab. I. Kontrolné vzorky boli vzorky mraziarensky skladované v PE
obaloch (vzorka F) a sterilizované v plechovkach P1/2 so vsddzkovou hmotnostou
420 g v staciondrnom vertikdlnom autokldve WEBEC (vzorka G) ako aj vzorka
pasterizovand bez pridavku glycinu (vzorka A).

I. Oznacenie vzoriek,ich priprava, balenie a skladovanie — Sampleindication, their preparation,
packing and storage

Metéda konzervacie® Skladovanie
Vzorka! Balenie® pri teplote'o
glycin® [%] klasicka* (%]
A . pasteriz4cia® 98 °C/20 min Omnia 102
B 0,43 pasterizicia 98 °C/20 min Omnia 10+2
C 1,50 pasterizicia 98 °C/20 min Omnia 10+2
D 2,57 pasterizdcia 98 °C/20 min Omnia 10+2
E 3,00 pasterizicia 98 °C/20 min Omnia 10+2
F - pasterizicia + zmrazovanie® PE -18
G - sterilizécia’ 121 °C/50 min plechovky’ +20

lsamplc:; 2preservau'on method; 3 lycine; “classic 0preservalion method; 5pasteurization; 6pasteu-

rization + freezing;7slcrilization; packing; %tins; ! storage at temperature
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Pri analyze mastnych kyselin sme pouZili tieto metédy:

— izol4ciu lipidov pouZitim zmesi chloroform-metanol 2: 1 (Fo lc h etal., 1957),

— transesterifikdciu mastnych kyselin 0,2% KOH v metanole (Holaso v 4 etal,
1971),

— plynovii chromatografiu mastnych kyselin na CHROM 41. PouZili sme sklenentii
népliiovi kolénu o dizke 2,5 m a priemere 0,003 m, plnend 20 % DEGIJ na
Chromosorbe P (zrnitost 0,251 - 0,195 mm). Podmienky: teplota vstrekovacieho
priestoru 230 °C, teplota termostatu 180 °C, detektor plamerioioniza¢ny, tlak
nosného plynu N2 100 kPa, prietok vzduchu 0,25 I/min, prietok H2 25 ml/min,
citlivost zosiltiovaca 1 : 1000, rozsah zapisova¢a 2 mV, riedenie vzorky hexanom
1:9, objem nastrekovanej vzorky 0,6 aZ 0,9 pl. Kvalitativne zastipenie mastnych
kyselin sme zistili pomocou §tandardov a kvantitativne vyhodnotenie chromato-
grafickych zdznamov triangulaénou metédou (g na 100 g mastnych kyselin).

VYSLEDKY a DISKUSIA

Pomocou plynovej chromatografie sme sledovali zastipenie mastnych kyselin
vzoriek, v ktorych sme identifikovali 15 mastnych kyselin (osem nasytenych
a sedem nenasytenych). Z esencidlnych mastnych kyselin boli pritomné kyseliny
linolov4, linolénovd a v stopovom mnoZstve kKyselina arachidénovi (tab. II).

Z nasytenych mastnych kyselin boli v priebehu skladovania vo vSetkych
vzorkéch v najvySSom zastipeni kyselina palmitové a stearové a z nenasytenych
kyselina olejovd a linolové. Percentudlne zastipenie nenasytenych mastnych kyse-
lin (NeMK) bolo vo vSetkych vzorkéch vysSie ako nasytenych (NaMK). Rozdiely
v zastipeni mastnych kyselin medzi jednotlivymi vzorkami nie sd v§ak vyrazné.

Z hladiska stability lipidov maji najvacS$i v§znam esencidlne mastné kyseliny
(EMK), ktoré sa I'ahSie zapéjaji do procesu autooxidécie ako monoénové a nasy-
tené mastné kyseliny. Najvy3$Sie mnoZstvo esencidlnych mastnych kyselin
v nultom tyZdni skladovania bolo vo vzorke sterilizovanej (vzorka G), mrazene;j
(vzorka F) a vo vzorke E s 3% pridavkom aminokyseliny glycinu.

V priebehu skladovania sme pozorovali ur¢ité zmeny v zastipen{ esencidlnych
mastnych kyselin. NajvysSie percentudlne ibytky esencidlnych mastnych kyselin
po 20. tyZdni skladovania sme pozorovali vo vzorke A (0,61 %), ktord bola
konzervovana pasterizéciou bez pridavku glycinu. NajniZ§ie ibytky esencidlnych
mastnych kyselin zo vzoriek, do ktorych sme aplikovali pridavok glycinu, sme
zistili vo vzorke E s 3,00% pridavkom glycinu (0,08 %) a vo vzorke D s 2,57%
pridavkom glycinu (0,12 %). Vzorka E, ktoré bola konzervovand klasickou steri-
lizéciou v kone¢nej fize skladovania, vykazovala najniZ$i percentudlny dbytok
esencidlnych mastnych kyselin, avSak rozdiely nie si vyrazné.
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IL. Zas(u?eme mastnych kyselin v lipidoch vzoriek v nultom a v 20. tyZdni skladovania
(g.100 g™ mastnych kyselin) — Representation of fatty acids in the lipids of the samples in
the course of 0 to 20 weeks of storage (g.100 g™ of fatty acids)

Mastné S k]a(:lo- Vzorky3
kyseliny! [t;iadn:::]z :gi‘;; A B C D E F G
8:0 0 . . . . . . .
20 - 0,11 0,07 . 0,06 0,11
10:0 0 0,05 0,08 0,07 0,06 0,06 0,03 0,07 0,04
20 - 0,10 0,08 0,05 0,07 0,10 0,06 0,07
12:0 0 0,10 b.09 0,08 0,09 0,13 0,09 0,09 0,10
20 - 0,12 0,13 0,09 0,10 0,09 0,11 0,12
14:0 0 2,65 1,84 2,03 2,11 1,99 1,71 2,06 1,65
20 - 2,15 2,21 1,97 2,05 1,93 2,18 2,03
14:1 0 1,64 0,57 0,91 0,70 0,85 0,62 0,73 0,46
20 - 0,69 0,71 0,66 0,77 0,80 0,67 0,59
15:0 0 0,13 0,05 0,07 0,08 0,07 0,08 0,07 0,03
20 - 0,05 0,06 0,08 0,09 0,08 0,07 0,05
16:0 0 25,35 | 24,70 | 25,15 | 25,60 | 24,88 | 23,82 | 24,81 | 25,72
20 - 26,30 | 26,50 | 26,83 | 27,20 | 24,23 | 25,12 | 25,76
16:1 0 3,97 3,33 3,60 3,36 3,36 2,95 3,20 2,98
20 - 3,21 3,62 3,24 3,12 3,29 3,30 3,25
17:0 0 031 0,12 0,13 0,15 0,18 0,17 0,16 0,13
20 - 0,17 0,10 0,15 0,14 0,28 0,18 0,21
17:1 0 0,34 0,18 0,25 0,22 0,33 0,30 0,28 0,27
20 - 0,25 0,32 0,19 0,24 0,43 0,25 0,30
18:0 0 15,22 | 14,31 | 13,51 | 1446 | 15,07 | 1566 | 1532 | 14,77
20 - 1491 | 14,41 | 1444 | 13,99 | 14,51 | 14,54 | 1431
18:1 0 41,53 | 45,60 | 4532 | 44,78 | 44,32 | 45,40 | 43,85 | 44,03
20 - 43,42 | 43,13 | 44,07 | 43,53 | 45,06 | 44,47 | 43,52
18:2 0 5,86 7,48 7,11 6,80 7,13 7,31 7,90 8,01
20 - 6,95 6,97 6,62 6,52 7,66 7,60 8,17
18:3 0 1,33 1,65 1,77 1,59 1,63 1,86 1,46 1,81
20 - 1,57 1,69 1,61 2,12 1,43 145 1,62
20:4 0 1,52 . . . . . . .
20 - . . . . . . .
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Masn, | St ek,
kyseliny” f - o dneJ? ‘s,zf:;l A B C D E F G
NaMK 0 43,81 | 41,19 | 41,04 | 42,55 | 42,38 | 41,56 | 42,58 | 42,44
20 - 4391 | 43,56 | 43,61 | 43,70 | 41,33 | 42,26 | 42,55
NeMK 0 56,19 | 58,81 | 58,96 | 57,45 | 57,62 | 58,44 | 57,42 | 57,56
20 - 56,09 | 56,44 | 56,39 | 56,30 | 58,67 | 57,74 | 57,45
EMK 0 8,71 9,13 8,88 8,39 8,76 9,17 9,36 9,82
20 - 8,52 8,66 8,23 8,64 9,09 9,05 9,79
NeMK 0 1,28 1,43 1,44 1,35 1,36 141 1,35 1,36
NaMK 20 - 1,28 1,30 1,29 1,29 1,42 1,37 1,35

Ifatty acid; %storage (weeks); 3samp]es; 4raw material

Ziverom moZno konstatovat, Ze v sdlade s dostupnymi literdrnymi ddajmi
vysSie koncentricie glycinu (2 aZ 3 %) pdsobia inhibi¢ne na neZiadice zmeny
lipidov.
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M. Takdcsovd, B. Hozovd, A. Rajniakovd, I. Minarovicovd (Faculty of Chemical
Technology of the Slovak Technical University, Bratislava, Slovak Republic)

Changes in the lipid fatty acids of the samples at use of a combined method of
food preservation with the glycine application

By the method of gas chromatography we focused on observation of the changes in
representation of lipid fatty acids in the samples. We analysed a model product “Domes-
tic Beef Goulash* preserved by combination of pasteurization at 98 °C temperature in
the course of 20 minutes and glycine addition. This paper continues in the work
Takacsova etal. (1993).

The amount of glycine - an additive substance, was determined by the planned
experiment (Table I). We compared the changes in the lipid fatty acids in the samples in
the course of 20 weeks storage, preserved by a combined method, with representation of
lipid fatty acids in the samples without glycine addition - pasteurized, frozen and
sterilized.

As a total we identified 15 fatty acids, eight of them saturated (NaMK) and seven
unsaturated (NeMK). Out of the essential fatty acids (EMK) linoleic acid, linolenic acid
and arachidic acid in the trace amount (Table II) were present. Out of the saturated fatty
acids palmitic acid and stearic acid were of the highest representation in the course of
the whole storage, and out of the unsaturated acids oleic and linoleic acids. The
differences in fatty acids representation among particular samples were not marked.

The lipid stability is influenced by representation of the essential fatty acids, that can
be the most easily included into the process of self-oxidation. The highest amount of
these acids in the initial phase of storage was in the sterilized and frozen sample and in
the sample with 3.0 % glycine addition.

In the course of 20 weeks storage there are certain changes in representation of the
essential fatty acids. We observed the highest loss in percentage in the pasteurized sample
without glycine addition and the lowest loss in the samples preserved by the combined
method in the samples with 2.57 to 3.00 % glycine amino acid addition.

It follows from the results obtained that in harmony with the data from the literature
the highest glycine concentrations (2 to 3 %) are of the inhibitory effects on the
undesirable lipid changes.

beef; combined method of preservation; pasteurization; glycine; fatty acids
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PREHLEDY

ESENCIALNI MASTNE KYSELINY
Antonin KOPECKY

Jasminova 2666, 106 00 Praha 10

Zékladni nenasycenou mastnou kyselinou v piirozenych jedlych tucich a olejich je
kyselina olejova s 18 uhlikovymi atomy v fet&zci a s jednou dvojnou vazbou v konfi-
guraci cis. Tato dvojnd vazba je umisténa mezi 9. a 10. uhlikem, tj. pfesn& uprostied
fetézce, ktery se tak dé€li na &ast metylovou a karboxylovou. Kyselina olejova vznikd
enzymovou desaturaci z kyseliny stearové plisobenim desaturasy A9 (Babayan,
1989; Singh, Chandra, 1988). Kyselinu olejovou si takto dokdZou vyrobit ve
svych tkdnich jak Zivo€ichové, tak i rostliny. VySe nenasycené mastné kyseliny vznikaji
z kyseliny olejové pii pisobeni specifickych desaturas postupnym zavédénim dalsich
dvojnych vazeb, vidy v konfiguraci cis, v izolovanych poloh4ch na obé strany od této
stfedové dvojné vazby, tj. ve sméru k metylové skupiné i ve sméru ke karboxylové
skupiné. Potfebné desaturasy, a tedy schopnost zavddét dvojné vazby na karboxylové
Casti fetézce, maji viak jen Zivo€ichové a nikoliv rostliny, zatimco na metylovém konci
fetézce naopak pouze rostliny a nikoliv Zivo&ichové.

Vyzkumy poslednich let v oblasti metabolismu nenasycenych mastnych kyselin
ukdzaly, Ze jejich biologickd hodnota zdvisi nejen na poétu, ale i na poloze dvojnych
vazeb v fetézci, a to pfedeviim na jeho metylovém konci. Pro snazsi charakterizaci
nenasycenych mastnych kyselin bylo proto zavedeno é&islovani uhlikovych atomi
v fetézci od metylového konce smérem ke karboxylové skupin&€ (Sin gh,
C h andra, 1988), tj. opatné, neZ je klasické Eislovani vychézejici od karboxylového
uhliku smérem k metylovému. Nenasycené mastné kyseliny byly rozdéleny do tfi
zdkladnich rad, liSicich se vzdalenosti prvni dvojné vazby od metylového konce
kyseliny a oznaCovanych n-9, n-6 a n-3. Prvnimi kyselinami téchto fad jsou v daném
sledu kyseliny olejov4, linolova a alfa-linolenova. Tyto zdkladni, vychozi kyseliny se
enzymové metabolizuji v dal$i nenasycené mastné kyseliny s postupné rostoucim
po¢tem dvojnych vazeb a uhlikovych atomi v Fetézci. ProdluZovani uhlikovych Fetézcd
na jejich karboxylovém konci vZdy o dva uhliky obstardvaji enzymy elongasy. Vznikaji
tak mastné kyseliny s 18 aZ 20 uhlikovymi atomy a s tfemi aZ Sesti dvojnymi vazbami
v fetézcich. K blizSimu sezndmeni s klasifikaci téchto kyselin napomiZe prehled
jednotlivych metabolickych fad (Babayan, 1989; Kinsella, 1986; Sin gh,
Chandra, 1988), uvedeny v tab. I, a nésledujici pozndmky.

Masmné kyseliny jsou v tab. I uvedeny ndzvy chemickymi (podle Zenevského
ndzvoslovi, pro prehlednost bez vyznaceni konfiguraci cis dvojnych vazeb), piip.
i trividlnimi, a ndzvy notaénimi, tj. tésnopisnymi zdznamy chemické struktury. Uhlikové
atomy v fetézcich mastnych kyselin se Cisluji pofadovymi &isly od metylové skupiny
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I. Nenasycené mastné kyseliny fady n-9, n-6 a n-3

Rada n:z n-m Ndzev kyseliny
18:1 n9 9-oktadekaenovi, olejova ’
J 46
18:2 n-9 9,12-oktadekadienova
n-9 l E
202 n9 9,12-eikosadienova
iy oy A5
20:3 n9 9,12,15-eikosatrienovi
18:2 n-6 6,9-oktadekadienov4, linolova
l a6
18:3 n-6 6,9,12-oktadekatrienovéa, gama-linolenova
1 2B
20:3 n-6 6,9,12-eikosatrienov4, di-homo-gama-linolenova
n-6 1 A5
204 n-6 6,9,12,15-eikosatetraenova, arachidonova
J E
224 n6 6,9,12,15-dokosatetraenova
l A
22:5 n-6 6.9,12,15,18-dokosapentaenovi
18:3 n-3 3,6,9-oktadekatrienov4, alfa-linolenova
1 s
18:4 n-3 3,6,9,12-oktadekatetraenova
i B
20:4 n-3 3,6,9,12-eikosatetraenova
n-3 J« A5
205 n3 3,6,9,12,15-eikosapentaenovi
d E
22;5 n-3 3,6,9,12,15-dokosapentaenova
!
22:6 n-3 3,6,9,12,15,18-dokosahexaenova

smé&rem ke skupiné karboxylové. Dvojné vazby se vyznaluji pfed chemickym ndzvem
kyselin pofadovym ¢&islem prvniho uhlikového atomu dvojné vazby. Jako pfiklad
uv4dim uhlikovy skelet kyseliny dokosahexaenové s o&islovanymi uhlikovymi atomy:
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C-C-C=C-C.Cic-c-c=Cic:cdc-c-c=¢-cic2cid e cooH
1 3 6 9 12 1847 18 22

Nota&n{ zdznam pouZiv4 vzorce n : zn - m, kde n je poCet uhlikovych atomi v kyse-
ling, z po&et dvojnych vazeb, m pofadové &islo prvniho uhlikového atomu prvni dvojné
vazby od metylového konce. Misto ozna&eni n - m pro polohu prvni dvojné vazby od
methylového konce se pouZivd i méné& vhodné oznafeni omega m, kde omega znaci
metylovy uhlik. Provedenim naznaceného odec&itdni n - m, dostaneme pofadové &islo
prvniho uhlikového atomu prvni dvojné vazby od metylového konce, platné pro
klasické &islovéni uhlikovych atomi v fetdzcich mastnych kyselin, tj. od karboxylové
skupiny smérem k metylové skupiné. E jsou elongasy, A desaturasy a pfipojen4 ¢isla
jsou poradovi &isla prvniho uhlikového atomu vytvorené dvojné vazby podle klasické-
ho &islovani.

Clovék stejné jako ostatni Zivoichové ma k dispozici destaturasy pro zavadéni
dvojnych vazeb v polohédch n-9 a vysSich, ale nikoliv v polohédch n-6 a n-3, nedokdZe
v3ak z kyseliny olejové syntetizovat kyselinu linolovou a alfa-linolenovou, i kdyZ tyto
kyseliny je schopen ddle metabolizovat. Musi proto kyselinu linolovou a alfa-lino-
lenovou ziskdvat potravou. Kyseliny linolovd a alfa-linolenové jsou tedy nepostra-
datelnymi exogennimi faktory vyZivy €lovéka, nezbytnymi, tj. esencidlnimi, sloZkami
jeho potravy. Podobné predstavuji esencidlni sloZku potravy né€které aminokyseliny,
minerédln{ ldtky a samozfejmé i vitaminy, ke kterym byly ostatn& kyseliny linolova
a alfa-linolenova zpoc&atku fazeny jako vitamin F.

Nenasycené mastné kyseliny fady n-6 a n-3 zast4vaji v organismu &lov&ka mimo jiné
dvé dileZité a nezastupitelné biologické funkce (Beare-Rogers, 1988;
Kinsella, 1981, 1986, 1988a, b; Pigott, Tucker, 1987; Singh,
Chandra, 1988; Wo fram, 1989):

1. Jsou sloZkou strukturélnich lipidd bun&Enych membrén.

2. Jsou prekurzory eikosanoidd, biologicky aktivnich litek, svym vyznamem po-
dobnych hormondm.

Viézané na fosfolipidy, pfedeviim na fosfatidyletanolamin a fosfatidylcholin, a to
v poloze 2, jsou esencidlni mastné kyseliny strukturdln{ sou¢4sti intraceluldmich orga-
nelovych membréin. Podileji se na jejich funkci, propustnosti, pruZnosti, na aktivité
v nich vizanych enzymi ap. Vzhledem k nizkému bodu tén{ (sniZuje se im&mé& poctu
dvojnych vazeb) zajiStuji tekutost i pfi nizkych teplotdch. Do struktur bun&&nych
membrén se pfednostn& inkorporuji metabolity kyseliny linolové a alfa-linolenové,
predev3im kyseliny arachidonov4, eikosapentaenové a dokosahexaenové (napf. kyse-
lina dokosahexaenova je hlavni sou€dsti membranovych fosfolipidi v o&nf sitnici,
v Sedé kife mozkové a ve spermatu). Kyseliny linolové a alfa-linolenov4 se na rozdil
od metabolitl ukléddaji zE4sti v depotnim tuku a slouZi jako zdroj energie. V krevnim
ob&hu sniZujf hladiny triacylglyceroli i lipoproteini s nizkou a velmi nizkou hustotou
a volného cholesterolu.
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Na eikosanoidy se metabolizuji kyseliny di-homo-gama-linolenova, arachidonova
a eikosapentaenovd, tedy nenasycené mastné kyseliny odvozené od kyseliny eiko-
sanové (odtud pojmenovini eikosanoidy). Eikosanoidy zahrnuji leukotrieny (znaCené
LT) a prostanoidy, které se déli na prostaglandiny (PG), prostacykliny (oznafované
rovnéZ PG) a tromboxany (TX). Uvnitf skupin se eikosanoidy rozlifuji podle svych
vlastnosti pfipojenim pismena. Jejich pivodni prekurzor se znadi Ciselnym indexem:
eikos anoidy kyseliny di-homo-gama-linolenové indexem 1, arachidonové indexem 2
a eikosapentaenové indexem 3. Z fyziologickych d¢inkd eikosanoidi je tfeba uvést
alespoii ovliviiovani funkci nékterych Zlaz s vnitini sekreci (mimo jiné i vyluovani
insulinu), ledvin, cévniho systému a hladkého svalstva, dédle ovliviiovani nitro-
bun&énych systémi, krevniho tlaku, sréihvosu krve, zanétlivych procesi, riznych
alergickych a imunitnich reakci ap.

Objev eikosanoidl patfi k velkym uUspéchim moderni biologie. Pro Elovéka jsou
nejdiileZitéj¥f a biologicky neji¢inndj§i eikosanoidy vznikajici z kyseliny arachi-
donové, eikosanoidy z ostatnich kyselin jsou v lidském organismu méné G¢inné. Sché-
ma tvorby eikosanoidi z kyseliny arachidonové (Kinsella, 1981, 1986, 1988b;
Pigott, Tucker,1987;Singh,Chandra,1988;Streckert, 1976)je:

Kyselina arachidonova
(cyklooxigenasa (lipoxigenasa)
endoperoxld leukotrieny
prostacykliny prostaglandiny tromboxany

Strukturilng jsou si eikosanoidy velmi podobné. Vznikaji ze své matefské kyseliny,
pfedem uvolnéné z fosfolipidl fosfolipasou A, enzymové G&inkem cyklooxigenasy,
prip. lipoxigenasy a pfisluSnych eikosanoidnich syntetas. Prostanoidy jsou derivity
kyseliny prostanové vznikajici z matefské kyseliny cyklizaci stfedni €4sti jejiho Fetézce
v pentanovy kruh. LiSi se polohou a poétem dvojnych vazeb a funk&nich skupin
(hydroxylovych a karbonylové). Dvojné vazby mohou byt v konfiguracich cis i trans,
takZe jsou moZné rizné polohové a prostorové isomery. Tromboxany maji v penta-
novém kruhu navic vsunuty kyslik. Leukotrieny se od prostanoidi lisi tim, Ze ve stfedni
¢ésti maji misto pentanového kruhu tfi konjugované dvojné vazby.

Eikosanoidy se tvofi v riznych tkdnich a orgdnech a ovliviiuji jejich fyziologické
funkce (Kinsella, 1981, 1986). V urcitych tkanich a ur€itych orgénech vznikaji
jen urgité typy eikosanoidi, které maji vzdy zcela ur€ity, specificky biologicky u¢inek
a jsou aktivni jen v mist& svého vzniku. Pravdépodobn& moduluji aktivitu bunék, ve
kterych vznikaji. Navzdory znané strukturdlni podobnosti maji nékteré typy eiko-
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sanoidl, i kdyZ pochdzeji ze stejného prekurzoru, biologické uCinky zcela anta-
gonistické. Jsou biologicky vysoce aktivni, i kdyZ jsou pfitomny v extrémné& nizkych
koncentracich. Zakladni produkce eikosanoidi z kyseliny arachidonové je u zdravého
dospélého &loveka 100 aZ 400 ng denné, pfitom Géinnost jednotlivych eikosanoidi je
velmi kratkd, zhruba 0,5 aZ 5 minut. Vys§i produkce a funk&ni uplatnéni, pfip. poruSeni
rovnovahy antagonisticky t¢inkujicich eikosanoidid vede k patofyziologickym proce-
stim a vzniku riznych onemocnéni.

Jako piiklad Ize uvést poznatky o ovliviiovéani sraZlivosti krve prostanoidy odvo-
zenymi od kyseliny arachidonové (Kinsella, 1981). Tromboxan A, vznikd
v krevnich desti¢kach a napoméhd srdZeni krve a stahovéni cév. Naopak prostacyklin
I, vznikd v tepenném endothelu a mé G¢inky pfesné obricené. U zdravého ¢lovEka
existuje mezi ob&€ma prostanoidy rovnoviha, jejiz poruSeni pfindSi nebezpeli:
prevladne-li i€inek PGI,, dochdzi k vnitfnimu krvéaceni, pfevladne-li iCinek TXA,,
dochédzi k tromb6zdm. K druhému pfipadu miZe napf. dojit tehdy, je-li tepenny
endothel v disledku ateroskler6zy pokryt tukovymi deposity, a tudiZ prostacyklinova
syntetasa vznikajici v endothelu nemiZe z endoperoxidu vytvofit PGI, a sraZlivy
i¢inek TXA, zlstane nekompenzovéin. Kromé toho se organismus stavé citlivéjsi na
TXA, i pfi zvySené tvorb& prostanoidi, souvisejici s vysokym pfijmem kyseliny
linolové.

Dobrym obrannym prostfedkem proti neblahému a nekompenzovanému ucinku
TXA, je kyselina eikosapentaenovd. Vysvétleni (Kinsella, 1986) je takové, Ze
tato kyselina se podobné jako kyselina arachidonovd metabolizuje v prostanoidy,
z nichZ PGI; m4 stejny protisrdZlivy ucinek jako PGI,, ale odpovidajici prosrdZlivy
TXA,; je v lidském organismu mdlo aktivni. Tim protisrdZlivé prostacykliny ziskaji
pfevahu nad prosraZlivymi tromboxany. Navic prostanoidy kyseliny eikosapentaenové
konkuren¢né potlacuji iCinnost prostanoidd pochézejicich z kyseliny arachidonové.
Kyselina eikosapentaenova také omezuje konverzi kyseliny linolové v arachidonovou,
protoZe inhibuje desaturasu A6, i pfem&nu této kyseliny v jeji prostanoidy, nebotf
inhibuje k jeji pfeméné& v endoperoxid potfebnou cyklooxigenasu (Kanner etal,
1987;Kinsella, 1981, 1986, 1988a b;Pigott, T ucker, 1987). Tento enzym
inhibuji napf. i tokoferoly (Kinsella, 1981), syntetické antioxidanty a zejména
kyselina acetylsalicylovd (znamy lék acylpyrin) tim, Ze jej acetyluje. Kyselina eiko-
sapentaenova a obecné i ostatni kyseliny fady n-3 se proto pokladdaji za protisraZlivy,
antitromboticky faktor ve vyZivé Clovéka, vyznamné& sniZujici riziko infarktu
myokardu, mozkové mrtvice a jinych cévnich trombos.

Lidsky organismus si sice dokaZe vytvofit z kyseliny linolové a alfa-linolenové
ostatni potfebné vyssi nenasycené mastné kyseliny, zejména kyselinu arachidonovou,
eikosapentaenovou a dokosahexaenovou, aviak nedokaZe to vZdy dostatetn& pohotové
a rychle, jak by v urcitych situacich bylo potfebné. Metabolismus esencidlnich
mastnych kyselin je totiZ ovliviiovédn riznymi okolnostmi.

Desaturasy a elongasy tvoii v bunénych tkdnich enzymovy systém, ktery je
spoleCny pro desaturaci a elongaci mastnych kyselin viech tfi fad Wolfram,
1989). Relativné nejvyssi aktivitu (afinitu) projevuji tyto enzymy (pfedevsim A6) vici
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kyselindm fady n-3, podstatn& mensi ke kyselindm Fady n-6 a nejniZsi vici kyselindm
fady n-9. Kromé& toho uvnitf kaZdé Fady klesd aktivita desaturas a elongas s délkou
fetézce a pottem dvojnych vazeb jednotlivych kyselin. Aktivita téchto enzymi je dile
ovlivilovdna mimo jiné i pfitomnosti jinych nenasycenych mastnych kyselin. Nadbytek
jedné kyseliny omezuje desaturaci a elongaci ostatnich kyselin, coZ plati zejména pro
desaturaci zdkladnich kyselin jednotlivych fad. Podobné je ovliviiovéna i tvorba eiko-
sanoidd.

V bé&Zné stravé je kyselina linolové nejvice zastoupenou esencidlni mastnou Kyse-
linou. Jeji pfemé&na v kyselinu arachidonovou, pro &lovéka fyziologicky velmi dile-
Zitou, je vSak pomé&mé& pomald (Kinsella, 1988b). Kyselina linolova potlatuje
metabolismus kyseliny alfa-linolenové, v na3i stravé zastoupené nedostatecné, a tim
i produkci velice potfebnych kyselin eikosapentaenové a dokosahexaenové. Proto se
pfizndvd zvlast€ potfebnym kyselindm arachidonové, eikosapentaenové a doko-
sahexaenové vyS§i stupeii esenciality neZ jejich matefskym kyselindm, tj. kyselindm
linolové a alfa-linolenové. Pro bun&Eny metabolismus, tj. pro inkorporaci do membra-
novych fosfolipidd a pro tvorbu eikosanoidi, jsou proto cenn&j§i vy33i nenasycené
mastné kyseliny n-6 a n-3, které mé lidsky organismus k dispozici v pfirozené volné
formé&, napf. v potravé, neZ tytéZ kyseliny, které se musi metabolizovat z kyseliny
linolové a alfa-linolenové. VyS3i stupeii esenciality téchto kyselin dokldd4 napf.
i skuteCnost (Koletzko, Mrotzek, 1988), Ze lidské mléko obsahuje nejen
kyseliny linolovou a alfa-linolenovou, ale v malych mnoZstvich i kyseliny gama-lino-
lenovou, di-homo-gama-linolenovou, arachidonovou, eikosapentaenovou a doko-
sahexaenovou, které jsou pohotovou rezervou pfi rychlém vyvoji kojeneckého
organismu.

Kyselina olejovd, b&Znd mastnd kyselina Zivo€iSnych a rostlinnych tuki a olejd, se
v pfipad& dostateného mnoZstvi esencidlnich mastnych kyselin a zejména kyseliny
linolové ve stravé nemetabolizuje a zuZitkovava se jen jako zdroj energie. Je-li viak
kyseliny linolové ve stravé nedostatek, kyselina olejova se z&4sti metabolizuje za
vzniku kyseliny eikosatrienové (K in s e 11 a, 1986), kterd pak kompenzuje nedosta-
tek kyseliny arachidonové a zlepSuje tim funkce buné&énych membran. Neni viak
prekurzorem eikosanoidd. Kyselin& olejové se tedy pfizndva jisty biologicky vyznam
a nepoklada se, jako jeSté neddvno, za pouhy zdroj energie.

Zdroje esencidlnich mastnych kyselin dileZitych pro lidskou vyZivu uv4d&ji napf.
Beare-Rogers (1988),Pigott,Tucker (1987)a Reichwald (1976).
Kyselina linolové je hlavni vySe nenasycenou mastnou kyselinou suchozemskych
rostlin. Vysoké zastoupeni ma v mnohych rostlinnych olejich, jako je sluneCnicovy,
podzemnicovy, séjovy, kukufi¢ny aj. Kyselina alfa-linolenov4 je v§znamnou sou&ésti
rostlinnych oleji, zejména sGjového a z pSeniénych klickd. Je také charakteristickou
mastnou kyselinou mofského a sladkovodniho fytoplanktonu, sloZeného z Fas Zijicich
blizko vodni hladiny. Obé& kyseliny jsou obsaZené i v ceredlnich semenech, listové
zelening, v malém mnoZstvi i v ZivoCiSnych tucich. Vyznamnym zdrojem vech
esencidlnich mastnych kyselin fady n-6 a n-3 jsou tuky a oleje mofskych i sladko-
vodnich ryb, mofskych savei a jingch mofskych Zivo&ichd. Vychozikyseliny linolovou

420



Potr. VE&dy, 11, 1993 (5) : 415-422

a alfa-linolenovou ziskdvaji vodni Zivocichové z fytoplanktonu, ktery je zdkladem
potravniho fetézce viech vodnich Zivoc¢ichd, ktefi si z nich ostatni kyseliny metabolizuji
sami diky své mimofddné schopnosti enzymové desaturace a elongace mastnych kyse-
lin. Ryb{ oleje jsou pro Elovéka jedinym zdrojem esencidlnich mastnych kyselin fady
n-3, zejména eikosapentaenové a dokosahexaenové. Zvlast&€ bohaté na tyto kyseliny
jsou oleje mo¥skych ryb a savci studenych oceand.

MnoZstvi a sloZeni mastnych kyselin (MK) v pfijimané stravé mohou kolisat v Siro-
kych rozmezich podle stravovacich zvyklosti. Hodnoti se jednoduchymi poméry
(Singh,Chandra, 1988), a to MK esencidlni/MK nasycené a MK n-6/MK n-3.
Prvni pomé&r mé nej¢ast&ji hodnotu desetin, druhy byvé v rozmezi 4 aZ 10.

Z hlediska raciondlni vyZivy a také z pohledu prevence nemoci ob&hu krevniho se
doporucuje (Kinsella, 1986; 1988b), aby denni pfijem tuki u dosp&lého ElovEka
odpovidal asi 30 % celkové energetické hodnoty denni stravy. Na téchto 30 % by se
mély podilet rovnomémé, stejnym dilem, tj. asi 10 %, mastné Kyseliny nasycené,
mastné kyseliny s jednou dvojnou vazbou (v podstaté jde o kyselinu olejovou)
a esencidlni mastné kyseliny fady n-6 a n-3. V literatufe se uvadé&ji i doporucené denni
pfijmy kyseliny linolové a alfa-linolenové (napf. W o 1 f r a m, 1989). Nase dopo-
ruCené vyZivové divky (Kajab a etal., 1989) jsou 7 aZ 10 g kyseliny linolové a 2,0
aZ 2,8 g kyseliny alfa-linolenové pro dosp&lého ¢lov&ka denné&. Zastoupeni kyseliny
linolové v na3i stravé se pokldda za dostateCné, spiSe vy35i, neZ je doporuend ddvka,
napf. v USA je denni pfijem kyseliny linolové odhadovén asina20g (Kinsella,
1981). Pravdépodobné nedostatecny je viak pfijem kyseliny alfa-linolenové a zvlasté
pak kyselin eikosapentaenové a dokosahexaenové. Pfi€inou je zcela nedostateCné
zastoupeni masa ryb a mofskych savcl v nasi ,,suchozemské" stravé. Ve vyspélych
zemich se tento problém feSi nabidkou rizn& upravenych rybich oleji s uréenym
davkovanim jako dopln&k b&Zné stravy. U ndés je vyradbén pfipravek Epavit, ktery patf{
mezi takto upravené oleje.

Deficience esencidlnich mastnych kyselin ve vyZivé ¢lovéka (Kinsella, 1981;
Wolfram, 1989) se projevuje mimo jiné sniZzenim té€lesné vykonnosti, citlivosti
i odolnosti vi¢i infekcim, zhorSenou reproduk&ni schopnosti, rizikem rozvoje
aterosklerézy a u kojencl zpomalenim ristu. V klinické biochemii se posuzuje defi-
cience kyseliny linolové trien-tetraenovym pomérem kyselin (20:3 n-9)/(20:4 n-6)
adeficience kyseliny alfa-linolenové pentaenhexaenovym pomérem kyselin
(22:5 n-6)/(22:6 n-3).

NeZadouci G&inky miZe mit i dlouhodob& zvySeny pfijem esencidlnich mastnych
kyselin (Kinsella, 1981; 1986; Singh, Chandra, 1988; Wolfram,
1989). V naSich podminkdch miZe jit jen o zvySeny pfijem kyseliny linolové
prostfednictvim rostlinnych olejd, majici za nésledek zvySenou produkci eikosanoidi
z kyseliny arachidonové, a tim zvySené riziko krvicivosti a snad i kancerogeneze
(pfi¢itané prostaglandinu E,). Toto riziko je potlatovdno soufasnym dostatenym
pifjmem nenasycenych mastnych kyselin fady n-3. Esencidlni mastné kyseliny mohou
byt toxické i proto, Ze se v bun&nych tkanich snadno peroxiduji in vivo za vzniku
oxida¢nich produkti s toxickymi a mutagennimi Géinky. Disledkem je naru$eni fyzi-
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kalnich funkci membrén, a tim celého bun&Eného metabolismu, zvySené riziko atero-
geneze, kancerogeneze, tvorby Zlu€ovych kament, celkové pak zrychleného a pfed-
Casného starnuti organismu. Ochranou je souasny zvySeny, resp. adekvdtni piijem
tokoferoll jako pfirozenych antioxidanti.

Esencidlni mastné kyseliny a z nich zvl4sté kyseliny fady n-3 hraji ve vyZivé ¢lovéka
vyznamnou roli. Jsou nezbytné pro rist, reprodukci, normaéln{ Einnost svald, cévniho
a nervového systému. Preventivné i 1éCebné potlacuji rizné chronickd degenerativni
onemocnéni jako jsou ateroskler6za, artritida, astma, rizné alergie a zmirfiuji obtiZe
témito chorobami vyvolané.
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Essential fatty acids

The report reviews in brief the present knowledge of essential fatty acids, their
chlassification, metabolism and importance with respect to the man’s nutrition.
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INFORMATION

HIGH EDUCATION IN FOOD CHEMISTRY"

Information on higher education in food chemistry in Europe has to start by defining
the field and the tasks of this discipline.

Food chemistry is an important part of what often described as *food science’ and which
is also called "bromatology’ in some contries. As broma is Greed for ’food’, this term can be
considered equivalent to "food science’. Food science also comprises food physics, food
microbiology, food hygiene, knowledge and history of commodities, etc. Food technology,
as a rule, is mentioned separately; the usual term is thus ’food science and technology’.
Nutrition science is in many waysrelated to food science but does not belong to this discipline.

Many areas are of particular importance in the field of food science (H6 g1, 1965);
these can be enumerated as follows:

1. The study of the properties of both raw and prepared foodstuffs;

2. The study of the composition of foodstuffs and the properties of theirindividual components;

3. The study of changes in composition and properties during manufacturing, preparation
and storage; the development of methods for measuring these changes and of proce-
dures to delay or to prevent unwanted changes;

4. The assessment of quality, wholesomeness and safety of foodstuffs (this also com-
prises the content of nutrients and the organoleptic properties);

5. The recognition of harmful organisms and components in foodstuffs and, where
possible, the development of methods to prevent or eliminate these;

6. The development of methods of analysis for establishing the composition of foodstuffs and
for the determination of harmful or otherwise undesirable components in foodstuffs;

7. The development, in cooperation with jurists and others, of adequate food laws,
designed to protect public health and to promote fairness in trade.

It will be clear that chemistry is a very important tool for all these areas, particularly
for the items indicated by the number 2, 3, and 6. For this reason, any curriculum for
food scientists and technologists should embrace an education in chemistry. It must be
emphasized that, on the other hand, curricula in food chemistry should contain courses
in other fields having relevance to food science and technology.

It has to be stressed that experts in food chemistry are indispensable for an effective
regulatory control. This is particularly true for the European Community where control
of food has to be effected in the countries of origin, and this at the same level of quality
throughout Europe. Experts in food chemistry are also required in food industry which
has to guarantee the quality of its products, and these experts, as a matter of fact, should

*) This article is an extended revision of a lecture held at the 2nd EFFoST conference “Education,
training and qualification of food scientists, engineers and technologists for industry and trade
in the 21st century", Brussels, April 1991.

423



Potr. Védy, 11,1993 (5) : 422-437

have the same level of food chemistry training as their partners in regulatory control
(Thier - personal communications).

Curricula including food chemistry

There are several possibilities for higher education in food chemistry in Europe.

Firstly, there are complete university programmes for training as a food chemist. This
is particularly the case in Germany, where the education is settled by legislation.
Complete curricula in food chemistry are taught today at sixteen German universities,
resulting in the official certificate of 'Legensmittelchemiker’ (Food Chemist). Food
inspection in Germany has been in the hands of such ’official’ food chemists since 1894.
They are also working for quality assurance in food industry or as public analysts.

In this context the British "Public Analyst’ should be mentioned as well, although his
competence includes more than just food (M artin, 1991).

Secondly, there are many curricula in food technology, which include a more or less
thorough training in food chemistry. As food technology can be defined as ’the applica-
tion of scientific methods to develop or improve procedures for the manufacturing of
foodstuffs of desired quality, and of techniques to establish and to maintain this quality’
(Walstra, Prins, 1978), it is obvious that these curricula also need to include some
education in food chemistry.

Thirdly, there are programs in food chemistry in curricula of the agricultural sciences.

Fourthly, there are curricula in chemistry and pharmacy in which a choice can be made
for a course in food chemistry. This enables chemists to have a better start if they are
subsequently engaged in chemical research, or other chemical work, in the areas of food
or foodstuffs. A comparable argument holds for pharmacists; moreover, it should be
borne in the mind that an important part of their education is analytical chemistry. In
some cases food chemistry is incorporated in a course which includes both biochemistry
and food chemistry.

Finally, most veterinary educations allow the students to get acquainted with problems
of chemical food hygiene. This may sometimes include a short course in food chemistry
and/or in chemical analysis of foods of animal origin.

Food curricula in Europe

It was at one of the meetings of the Working Party on Food Chemistry.) in Vienna that
food curricula in Europe were discussed, and the question arose which universities in
Europe had curricula in food chemistry, and how these curricula were built up.

*) The Working Party on Food Chemistry(WPFC) is one of the working parties belonging to the
Federation of European Chemical Societies (FECS). At the moment, most European countries
have delegatesin this Working Party, which meets every yearin September. Animportant activity
of the WPFC, which was founded in 1977, is the organization of international symposia on food
chemistry. These include the Euro Food Chem conferences and, mostly in cooperation with other
working parties or societies, other conferences, which sometimes have an interdisciplinary
character.
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A survey of food science and technology education in Europe was undertaken earlier
by the Commission of the European Communities, and launched at an international
symposium in 1979, also in Brussels (Bruin et al., 1984). This survey was focussed
on training in relation to food and associated industries in the EC, and contained a lot of
detailed information.

A need was still felt, however, to compile curricula in food chemistry and to describe
the present-day situation. As could be expected, it was not so simple to obtain a more or
less complete overview of the European situation. One of the tasks is collecting data on
these curricula, trying to gain an insight into the situation, thereby to gradually complete
the information. Of rather more importance are the answers to the questions of which
type of knowledge of food chemistry is required by industry, by trade, by governments
and - in general - by all institutions performing any work with respect to food or requires
ample discussions and more knowledge of the situation and the background before
systematic answers can be provided.

At first, a description of the different situations in those European countries on which
information was available will be presented. The sequence in rather arbitrary.

Germany (Thier - personal communications) The complete curricula in food
chemistry have been mentioned already. A two year basic programme is in general
identical with the overall basic programme in chemistry but this also includes botany.
The main programme (again two years, under the responsibility of special university
institutes of food chemistry) lays the emphasis on chemistry and the analysis and
technology of food, drinking-water, cosmetics and consumer goods. These are covered
by means of lectures and extensive practical work. Additional subjects are food micro-
biology, food legislation, chemical toxicology, nutrition, etc. The study is completed by
a practical year which has to be spent in an official laboratory for food chemistry, and
by two state examinations. A scientific investigation is scheduled to be introduced.
Yearly more than 200 students are educated.

There are no post-doctoral courses for food chemists or partial training in food
chemistry. One university contains an institute in which teachers involved in professional
training courses are taught food chemistry.

Food technology curricula exist at two universities (Karlsruhe, Hohenheim) and at two
technical universities (Berlin, Miinchen). Such curricula are completely separated from
those in food chemistry but, as a matter of fact, these include some food chemistry.

In the former GDR the curricula in food chemistry were comparable, but without the
practical year. These existed only at two universities, i.e., the Humboldt University at
Berlin and the Technical University of Dresden. The numbers of students were not very
large. Food technology was taught at four universities.

Students at faculties of veterinary medicine are taught some basic and some practical
knowledge which enables them to judge unprocessed food of animal origin. These
programmes include food hygiene but not food chemistry.

In Switzerland (Battaglia - personal communication), the five years curriculum
of the Eidgendssische Technische Hochschule in Ziirich (ETH, Swiss Federal Institute
of Technology) fulfils ad integral part in the education of food scientists. The total annual
instream is about 120 students.
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Under a special ordinance (first version in 1919) Switzerland has defined the position
of Official Food Chemist, which to a certain extent is comparable to the Official Food
Chemist in Germany.

The Federal Diploma of Food Chemist, which may lead to a position as official food
chemist, is issued on the basis of an examination. The condition one has to fulfil in order
to qualify for the examination itself is one of the following:

—aPh.D. degree, a diploma in chemistry or a diploma in food engineering from a Swiss
university;

— a Federal pharmacist’s diploma;

— a diploma in agricultural and food sciences from the ETH and a pass certificate in
physics, botany and hydrogeology, if these subjects have not been included in that
diploma.

Furthermore, a candidate should have attended some courses and lectures on special
subjects. In addition to that, he or she should have worked for a period of at least two
years in one of the official food analytical laboratories in Switzerland. It is worth

_mentioning that attending the above-mentioned courses and lectures is usually allowed
during the practical stage of attendance at one of the food analytical laboratories. The
final examination comprises theoretical examinations on the main subjects, i.e., food
technology, food analysis, toxicological analysis, bacteriology, hygiene and knowledge
of the legal requirements concerning food. In addition to this, there is also a practical
examination in an official food laboratory (preferably the one where the candidate is

already working). .

Four Swiss universities (Basle, Berne, Geneva, Lausanne) teach food chemistry to
students in chemistry and related disciplines which can become a part of the diploma.

It should be noted that this overall situation is considered by many persons to be
unsatisfactory due to its complexity and length. The suggestion has been made to create
a curriculum in food chemistry at the ETH which would directly lead to the Federal
Diploma.

The Faculty of Veterinary Medicine at the University of Berne has a course in meat
analysis and hygiene of food of animal origin, whilst the course at the Faculty of
Veterinary Medicine in Ziirich contains hygiene only. Both courses are part of the
diploma in veterinary medicine.

The only full curriculum in Food Chemistry in Austria (Czedik-Eysenberg
and Pfannhauser - personal communications) is offered by the General University
of Vienna. During the first half of this study (2 1/2 years) analytical, inorganic, organic,
biological a physical chemistry are taught. The second half comprises food chemistry,
food technology, botany, microbiology, nutrition and toxicology.

Atthe Technical University of Vienna five-year curriculain Technical Chemistry exist,
in which four branches can be distinguished, i.e., inorganic chemistry, organic chemistry,
chemical engineering, biochemistry & food chemistry. The first part (2 1/2 years) is a
joint programme in which basic science and some technical topics are taught. For the
branch Biochemistry and Food Chemistry, the programme of the next 1 1/2 year contains
basic chemistry, microbiology, chemistry and technology of natural substances, food
chemistry and biotechnology. One semester is for exercises and attending lectures at
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choice; the last semester consists of performing an investigation of partof an investigation
('Diplom-Arbeit’).

The branch Biochemistry and Food Chemistry is also taught at the Erezherzog Johann
(Technical) University at Graz, where it can be followed aftera2 1/2 years’ course in chemistry.

In addition, the Agricultural University in Vienna is offering a five-year curriculum in
food technology and biotechnology. This includes one-year lectures and one-year
laboratory exercises in general chemistry and in food chemistry. During the study the
students have to work for six months in food or biotechnological industries or in
government food control laboratories, usually during the summer holidays. The cur-
riculum is completed by performing an investigation (Diplom-Arbeit). Both at the
Technical and at the Agricultural University the degree of Diploma Engineer can be
obtained. ;

The faculty of Veterinary Medicine at this university, according to statute law, has a
post-graduate course in Food Hygiene.

In the former Czechoslovakia (D avidek - personal communication), food chemis-
try as well as food technology can be studied at the Faculty of Food and Biochemical
Technology of the Prague Institute of Chemical Technology and at the Chemical Faculty
of the Polytechnical University at Bratislava.

Five years of study is necessary to obtain the degree of Chemical Engineer. During
the first 2 1/2 year general chemistry, biology and engineering are taught. The second
(equal) period is devoted to food science in general and to one of the following
specializations: food chemistry and analysis; enzymic engineering; fermentation chemis-
try and bioengineering; sugar chemistry and technology; food preservation and meat
technology; milk and fat technology.

Food hygiene can be studied at the Veterinary Schools in Brno and in KoSice. A course
in food chemistry is obligatory for students who chose for the specialism of food hygiene,
but is also open for other students of veterinary medicine.

Post-graduate studies in food chemistry are held at the Institute of Chemical Tech-
nology in Prague, and at the Faculty of Chemistry in the Slovak Polytechnical University
in Bratislava. The goal of these post-doctoral studies is to deliver graduates able to
improve qualification and regulation with respect to food.

Hungary (L4sztity - personal communication) has full curricula in Food Tech-
nology at the Technical University of Budapest, the University of Horticulture and Food
Industry, also in Budapest, and the College of Food Industry in Szeged. At the Univer-
sities three years’ curricula (engineering degree) and five years’ curricula (diploma
engineer degree) are organized. In Szeged only the three years’ curriculum exists. The
engineering degree is more practical, whilst the diploma degree is more theoretical and
less specialized. Food chemistry is generally one of the topics and includes lectures,
laboratory practice and industrial practice.

Courses in food chemistry are taught at some faculties of chemistry (Debrecen,
Go6doll6), but no special chairs in food chemistry exist. A course in food science is
obligatory for some groups in Animal Science and for Veterinary Medicine as far as it
concerns students engaged in veterinary food control.

Post-graduate trainings in food chemistry are given in Budapest and at the Agricultural
University in Keszthely. There are short courses (1 to 3 months) and special courses (1 to
2 years) leading to a certificate.
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Food science can be studied in Poland at the two technical universities (Gdansk, L6dZ)
and at the seven agricultural universities (Warsaw, Olsztyn, Poznan, Krakéw, Wroclaw,
Lublin and Szczecin) (Wilska-Jeszka - personal communication). All these
universities award only one type of degree, which takes five years, but a programme
dividing the courses in two steps is now under discussion.

The curricula vary from university to university.Generally there is no special course
in food chemistry. Only at Gdansk and at Krakéw courses in food chemistry are
obligatory. No university in Poland has a chair in food chemistry.

At some medical universities students can choose for bromatology within the faculty
of pharmacy. This includes some elements of food chemistry as well as methods for the
analysis of food.

At present there are no postgraduate courses in food chemistry.

In Bulgaria, food sciences is taught at the Higher Institute of Food and Flavour
Industry at Plovdiv. The programme covers five years.

There is no specialization of food chemistry in Bulgaria yet. However, such a
specialization is being organized now in Plovdiv, and a specialisation after the third year
will be started at the Faculty of Chemistry of the Kliment Okhridski University at Sofia.

A postgraduate training in food chemistry and biochemistry exists at the Plovdiv
institute and will be organized, in the near future, in Sofia as well (Kratchanov -
personal communication).

Further information regarding education in food chemistry in Eastern and South-East-
ern Europe is scarce. A curriculum in food technology in Zagreb (Croatia) contains some
food chemistry but not in a specialized course (Petro vic - personal communication).
Other information from this area was not available.

In the United Kingdom there are about forty first-degree courses in Food Science
and/or Technology at universities and at institutes belonging to the Council for National
Academic Awards (CNAA) (Wedzicha, 199091; Fenwick - personal com-
munication). These lead, in three or four years, to a B.Sc. degree. One can distinguish
between a ’pass’ degree (usually three years) and an "honours’ degree (usually four
years). There is not one uniform course but a variety of programmes differing from one
university (orinstitute) to the other. Courses with the title 'Food Science’ (about one-third
of the total number) are aimed at providing a balanced coverage of the discipline and
involve a smaller contribution from technological aspects, allowing greater emphasis on
fundamental scientific issues.

As for a U.K. food science education, the course in Food Science at the University of
Leeds may serve as an example. It is one of the last that has a four-year curriculum.

The first year’ s program includes lectures and practical work on physics, organic
chemistry, biophysics, biochemistry, food biochemistry and food technology. Further-
more, lectures on mathematics are given.

In the second year, physical chemistry and general microbiology are introduced. Food
science is extended to food quality and nutrition, food physics and food engineering,
food colloids, texture and theology, and legislation, statistics and computing.

Food microbiology is taught in the third year in connection with the general microbi-
ology course given previously. During this year, food components, principles of food
processing operations, interactions of food components, and food analysis.
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The last year is devoted to processing and storage of the major food commodities and
to multiple options on various advanced topics. Finally, a research project and a team
project should be carried out.

In addition to a B.Sc. education degree, M. Sc. courses in Food Science can be
followed, even when the B. Sc. degree obtained is not in this field. (A relation with food
science, however, is desirable).

M. Sc. courses with respect to food science, as a rule are rather specialized and are in
many cases devoted to some particular commodities. Several food chemistry courses
exist. An M. Sc. course usually takes 18 months. As the interest for M. Sc. courses is
large, it is not always easy to obtain a place in such a course.

Apart from this, the training that leads to the Mastership of Chemical Analysis (M.
Chem. A.), necessary for being appointed as a Public Analyst, has to be mentioned here.
The candidate should have adequate experience in a Public Analyst’ s laboratory or in
closely related work. The examination consists of three parts (i.e., A, B and C), which
include theoretical and practical parts (M artin, 1991).

No food science is present in the curricula of faculties of Veterinary Medicine
(A.E.E.E.V, 1989).

In Ireland (Fo x - personal communication), food chemistry is available as a subject
only at University College, Cork, Recently (1990) University College, Dublin, intro-
duced general food science as an option within their Agricultural Science programme.
The Veterinary Faculty of this university also includes some aspects of food science in
their programme.

One course in Cork leads to a single subject honours B.Sc. in food chemistry. In the
first year, chemistry, physics, mathematics and biology are taught. In the second and third
years, food chemistry is the main theme with biochemistry also obligatory. In the third
year, students may choose one of the following: chemistry, microbiology or nutrition, as
their subsidary subject. The fourth year is devoted to food chemistry only.

Food chemistry is taught as the main subject in a pass B. Sc. programme. The first two
years are as for the honours programme; the third year contains food chemistry plus two
of the following: biochemistry, microbiology, nutrition, chemistry or mathematics.

Finally, food chemistry is a part of a four years course in Food Science and Technology,
but the total time devoted to food chemistry may exceed thatof the pass B.Sc. programme.

In France (Ducauze - personal communication), food science is considered to be
a specialized field that can be studied after a general education only. This general
education takes a period of 4 years at a university or by means of the particular French
system of ,,Grandes Ecoles“. The specialized training in food science consists of
a one-year course. There are several food science courses in France, mostly taught by a
Grande Ecole associated with a university. The relative importance of the food chemistry
part varies from course to course.

Another option leads to an M.Sc. degree in which training in food chemistry is often
more prominent. The participation in these degree courses is limited because of selection
criteria. The courses can be followed at four institutes in Paris,, i.e.:

- INA P-G (Institut National Agronomique Paris-Grignon), which has a very marked
orientation for food chemistry;
- ISAA (Institut Supérieur de I’ Agro-Alimentaire);
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- ENGREEF (Ecole Nationale de Génie Rural d’Eaux et de Forets);
- ENSV (Ecole Nationale des Services Véterinaires).

As in the United Kingdom, no courses in food science exist at faculties of Veterinary
Medicine (A.E.E.E. V., 1989).

Finally it has to be mentioned that courses in food analysis can be followed in some
of the French faculties of Pharmacy.

Four universities in Italy (Marchelli - personal communication), i.e., in Milan,
Udine, Naples and Compobasso, have full curricula in Food Science and Technology
(five years). These curricula contain many elements of food chemistry such as chemical
analysis of food, biochemistry of food, additives and residues in food, fermentation
chemistry and flavour chemistry, but do not have a special course in food chemistry.

Chairs in Food Chemistry are attached to the faculty of Pharmacy at twelve universi-
ties. In Milan, such a chair is attached to the Faculty of Agriculture. The courses (on
a semester base from 1991 on) vary from university to university but in most cases cover
a systematic description of food products. The course is obligatory for the curricula in
Pharmaceutical Chemistry and Technology and facultative for the curricula in Chemistry
and in Pharmacy. It is also offered to students in biology and to students in other faculties
(though rarely attended by this category).

Post-graduate training in food chemistry and technology is offered at the universities
of Parma and Bologna. The purpose of these two-year courses is to provide professional
qualifications for advanced food technologists to be employed in the food industry.

The faculties of Agriculture at the universities of Milan, Udine and Bologna have
three-year post-graduate courses in food biotechnology leading to a Ph. D. degree, whilst
the faculty of Medicine in Rome offers a three-years course in food science which is
directed towards nutrition.

In one of the faculties of Veterinary Medicine (Perugia), an optional course in chemical
analysis of food of animal origin exists.

Spain Benedito de Barber - personal communication): Until now, there are no
complete curricula for Food Science and Technology. For students who graduated in
chemistry, biology, pharmacy, veterinary medicine or at a polytechnical university, a course
in food technology can be followed which, after ten months, leads to a diploma. Since 1985,
postgraduates can receive a M.Sc. degree in Food Technology and Engineering in Valencia.

Recently, courses in food technology were introduced in some Spanish faculties of
chemistry. Food chemistry is now included.

As in Italy, several chairs in Food Chemistry exist at faculties of Pharmacy
(Deelstra - personal communication).

In all faculties of veterinary medicine, science and technology of food of animal origin
is taught. Murcia has a course in bromatology, and Barcelona offers an optional course
on chemical analysis of food of animal origin (A .E.E.E. V., 1989).

The situation in Portugal (Em pis - personal communication) with respect to food
chemistry is a complicated one. Food analysis is taught at the faculties of Pharmacy in
Coimbra, Lisbon and Oporto. The courses include chemical and microbiological aspects
of food, but no attention is paid to other aspects of food science.

Full curricula if food science and technology exist at Braga, Coimbra and Oporto. The
Technical University of Lisabon and the Catholic University of Oporto have postgraduate
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courses in food science and technology with full curricula. At the Universidade Técnica
Superior de Agronomia, Lisbon, food science and technology are included in some
curricula, in varying quantities. Courses including food chemistry are available as well
atthe Escola Superior de Medicina Veterinaria and the Instituto Superior Téchnico, both
at Lisbon. Food chemistry is also included in a course on biochemistry at the University
of Aveiro.

In The Netherlands, food chemistry can be studied at the Agricultural University in
Wageningen. The undergraduate stage lasts at least four years and leads to a M.Sc. in
food engineering. The second stage may be research training culminating in a Ph.D.
(again four years).

In the first year, the students take courses in basic disciplines such as physics, general
and physical chemistry, mathematics and statistics, cell biology, economics and an
introductory course in food and nutrition. After this, they have to chose for one of the
four major programmes, i.e., food science, food process engineering, dairy science and
a free orientation. In all programmes the students have to take a series of basic courses
in food technology (introduction to process engineering, food process engineering,
introduction to food physics, introduction to food microbiology and hygiene, human
nutrition, food toxicology) and a differentiation programme (in total two years of study).
As to food science there are five differentiations, i.e. food chemistry, food microbiology,
food physics, quality assurance and food fermentation. Basic courses and differentiation
take another two years. The last year includes advanced courses in food technology
subjects plus some other courses, a training period in industry and a research project of
five months.

At the University of Utrecht a chair in food chemistry is attached to the Faculty of
Veterinary Medicine. The contribution to the veterinary education is in the field of meat
chemistry and chemical food hygiene (contaminants and vetrinary drug residues in food
of animal origin). Since a few years, food chemistry is taught, also from this chair, within
the faculty of Pharmacy. Students of various disciplines can take a five months research
training in food chemistry.

In Belgium (Deelstra - personal communication), no food chemistry is incor-
porated in any chemical curriculum except in Antwerp, where food chemistry is one of
the options.

All students in Pharmaceutical Sciences have to follow courses in food chemistry, with
an emphasis on adulteration and their detection. The tendency is, however, to stress
biomedical aspects at the expense of analytical aspects.

In the faculties of Agricultural Sciences, degrees in Agricultural Sciences and also in
" Chemistry and Agricultural Industry’ can be obtained. In both food chemistry is taught.
The same holds for a post-graduate course in bio-industrial sciences.

The curricula of the faculties of Veterinary Medicine (Ghent, Liege) contain obligatory
courses in the chemical analysis of food of animal origin.

For those veterinarians who want to become licenced in Veterinary Food Inspection
there are additional courses in food chemistry.

In Antwerp there is an optional course with respect to xenobiotics in foods for students
in chemistry.

In Denmark (Storgaard Jorgenson - personal communication) the Veteri-
nary and Agricultural University in Copenhagen (Frederiksberg) has specializations in
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Dairy Science and in Food Science. Presently the two lines of study are formally separate
but with several courses in common. Dairy Science is 5 years, including a first year in
the dairy industry at a technical college. Food Science is 4.5 years, all at the University.
Both lines begin with basic sciences such as mathematics, physics and particularly
chemistry (general,physical, analytical and biochemistry). Microbiology and physiology
are included as well. Apart from the subject matter the two lines then differ in the way
that Food Science places more emphasis on nutrition and food microbiology and hygiene,
whereas Dairy Science puts emphasis on technological aspects, although Food Science
also ends up with technological course.

Both lines lead to the equivalent of a M.Sc. degree. There is no structured B.Sc. degree.

According to plants which are in progress, in future there will be one common bachelor
degree (3 years) followed by two different master degrees (general food science and dairy
science; 2 years each). A third 2-year master degree in human nutrition based on the same
bachelor degree is also being planned.

At the Technical University in Copenhagen (Lyngby), chemical engineers may
specialize in Food Science and Technology. During the 5-year curriculum approximately
one year of courses in various branches of food science can be followed.

In future a closer cooperation, also on course level, is being anticipated between the
two Universities.

The most relevant education in food chemistry and technology in Norway
(Russwurm jr.- personal communication) is also at the Agricultural University (AS).
A student can choose for food technology, industrial food economy, dairy chemistry and
technology, and dairy technology. The five years courses lead to the equivalentof aM.Sc.
degree.

Tromso has an education in fishery science which includes fish chemistry.

Atthe University of Oslo food and biological science is taught as a postdoctoral course.

The veterinary education, also at Oslo, contains a course in food hygiene which also
includes chemical hygiene.

In Sweden (Reio - personal communication), all students in chemistry can chose
food chemistry, food technology or nutrition as part of their study.

Food science is taught, as one of the courses in applied chemistry, at the University of
Lund, where biochemistry takes an important place in this curriculum.

At the Chalmers University of Technology, Goteborg, a department of food science
exists. This is part of the Chemistry Department and of one of the departments of
Technical Chemistry.

The Swedish University of Agricultural sciences, Uppsala, has a Department of
Agricultural and Food Chemistry, and a Department of Food Chemistry and Milk
Products.

Finally, the National Food Administration at Uppsala teaches selected courses for the
Uppsala and Stockholm universities in nutrition and toxicology for medical students.
Food chemistry is included as well.

It is interesting to note thatin Finland (Linko and Wallin - personal communica-
tion) two full curricula in Food Chemistry exist, i.e., at Helsinki and at Turku. The former
curriculum belongs to the Helsinki University of Technology, Faculty of Agriculture and
Forestry, whilst the latter is incorporated at the University of Turku, Faculty of Mathe-
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matics and Natural Sciences. In these curricula more than 40 % is devoted to food
chemistry. In Turku there is also a strong emphasis on general chemistry and on
biochemistry, whilst in Helsinki the education includes more of other branches of food
science. In the Faculty of Agriculture and Forestry the curriculum in food chemistry leads
to a degree in food science. The length of this curriculum is 160 study weeks of
coursework and 20 study weeks towards a master’ s thesis, which means 4 1/2 to 5 years
of study. A special feature in Turku is a close contact with the biochemistry curriculum.
The length of the curriculum in Turku is 160 weeks as well.

At both universities, short courses in food chemistry are given as well for students of
other curricula. The Faculty of Agriculture and Forestry (Helsinki) has a variety of chairs,
e.g., food technology, cereal, milk and meat technology, food economics, nutrition and
microbiology with their own curricula, where some short courses integrated with studies
of food chemistry are given.

Structure

As mentioned earlier, this overview is not complete, and for some European countries
information is completely lacking. Nevertheless, the available data provide a rough
indication of the unstructured situation regarding education and training in food chemis-
try. Obviously the source of this lack of structure lies in the absence of consensus or even
consultation within Europe concerning these curricula. In contrast to this, a well-defined
structure in food chemistry education has existed for almost hundred years in Germany.

In this context the standards for undergraduate education in food science and
technology, developed by the U. S. Institute of Food Technologists (IFT) should be
mentioned as well (Anonymous, 1962, 1966, 1977). These standards are recently
discussed by Fennema (F e nn e m a, 1989) and are under revision now (Ho p per, 1990).

Whether or not a comparable situation in Europe is reached will depend on our ability
to arrive at a collective description of our wishes and to know in what way these wishes
can berealized. We have, therefore, to consult food industries which need food chemists,
institutes working in food research, government services involved in food control, food
production and foodstuffs, and other scientists performing research on foodstuffs.

Before such a journey is commenced, a clear idea about the structure of curricula and
courses in food chemistry is imperative. Not more than a few headlines can be given
here. Itis obvious, however, that a complete food chemistry programme has to start with
a thorough training in the fundamentals of chemistry, that is, teaching the students to
understand chemical structure and chemical reactivity.

This means study of fundamental organic as well as inorganic chemistry, which must
go further than teaching reaction mechanism only. Chemical reactions usually take place
in heterogeneous systems (such as foodstuffs), and are influenced by this heterogenity.
This is one of the reasons why physical chemistry merits an important place in the basic
education. It needs no further explanation that biochemistry should be taught as well.

A sound base has to be laid from the beginning with respect to knowledge of and
experience in analytical chemistry. This holds, to a certain extent, for any chemist, but
is especially true for the food chemist because of the essential role of the chemical analysis
in food science.
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As for the training in analytical chemistry, it is not only the knowledge and perform-
ance of modern analytical methods that has to be taught, but also the organisation of
analytical centres for the examination of foodstuffs and how to guarantee the quality of
analysis. It should also be stressed that, in Europe, there is a strong tendency towards
quality control of analysis.

It may be a matter of dispute whether a start should be made with basic sciences and
the education be finished with the most applied subjects, or that the education should
begin with food-oriented courses and basic sciences be taught later on in order improve
the understanding of the applied subjects. Walstra [30] is of the opinion that, for food
technology, it is often the best to develop hybrid forms. In the experience of Koivistonen
and Broman (Helsinki University of Technology) a more integrated approach, with some
applied courses right from the beginning, may work better for reasons of student
motivation, and that a reasonably close integration of basic sciences and professional
courses gives a far better possibility to understand the causal connections between the
theoretical backgrounds and the applications. They agree, however, that a sound basis is
necessary (Koivistoinen and Broman - personal communication through
H. Wallin).

Starting from the German example (but without losing sight of other systems such as,
for example, the M. Chem. A. degree for public analysts in the United Kingdom
(Martin, 1991), I would suggest the following scheme:

- athorough training in general chemistry during the first two years, completed by courses
in physics, mathematics, statistics and biology, and including some introductory
courses in food science;

- food chemistry in the next two years: appllcatlon of acquired chemical knowledge to
complicated systems such as food and raw materials, and the preparation of foodstuffs.
Complementary courses have to be given in other relevant fields as food technology,
biotechnology, food microbiology, food physics, food toxicology, nutrition, botany,
microscopy, sensoric analysis, knowledge of commodities, and food legislation. It
would be very useful for two groups of food, e.g., one from plant and one from animal
origin, to be considered in detail, as examples.

In the course of all four years the student should be trained in analytical chemistry.
The analytical education should be extended from simple methods (but with a thorough
consideration of basic principles and measurements) to exercises in modern techniques
in the field of mass spectrometry, nuclear magnetic resonance, Fourier transformation
infrared spectrometry, etcetera. For this purpose, short courses would have to be
incorporated in the curriculum. In addition, screening methods and the application of
a variety of probes deserve attention as well. The importance of applied analytical
chemistry should be stressed in particular.

In the fifth and last year, a research project should be performed (at least for half a year)
and an extended thesis should be written.

The role of higher educated workers in production and handling of food

The role of experts trained in food chemistry can hardly be overemphasized. In the
field of production and handling of food, however, there is also a need for many other
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people who have received a higher education in a variety of disciplines. This is
summarized in Fig. 1.

1. Scheme presenting the role of engineers
and scientistis in the production and handling

FOOD HANDLING
FOOD PRODUCTION AND STORAGE CONSUMER

of food

The position of food scientists (other
than food chemists) and food technolo-
gists will be clear. They all will be faced
with chemical problems and, for that
reason, should have knowledge of both
basic and food chemistry. So, these dis-
ciplines should be present in their cur-
riculum as well.

Next, the basic scientists. For a num-
ber of reason fundamental research on
food and foodstuffs is necessary. It is
obvious that this research can be done

N
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\
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— Food tocmoloqéts
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[ Muritionists \
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by food chemists as far as it concerns
chemical problems. It has to be stated,
however, that food or food components
are not fundamentally different from other natural compounds. Therefore a thorough
training in food chemistry is not always necessary for these workers. Moreover, phar-
macists, biologists and others can be involved in this field of research as well, depending
on the problem under consideration. Of course an introduction in food chemistry is useful.

For many other tasks, however, a thorough education in food chemistry is obligatory.
As indicated in the scheme, chemical problems with respect to food and foodstuffs are
present within a large area and need to be solved by well-educated people. It is a great
pity that not all faculties of chemistry are aware of the necessity for having good education
and training programmes in food chemistry.

It does not need much explanation that nutritionists should be taught food chemistry.
Ionly want to stress, amongst other aspects, the many reactions in food that will influence
the nutritional value.

Agricultural engineers are closely involved in the production of raw materials with
respect to food preparation and therefore should have some knowledge of food science.
Although they have to concentrate themselves, in the first place, on their own discipline,
they also have to cooperate with food scientists and food technologists. For a fruitful
cooperation they should know, in general terms, how their colleagues are involved in the
extended food chain. For this reason, food science and technology have to be taught, to
some extent, to students in agriculture, but without the necessity of going into all chemical
details.

Veterinarians involved in animal production and veterinary hygiene should be taught
some food chemistry as well, preferably within the context of a food hygiene course.
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Like the agricultural engineers, they also have to cooperate with food scientists and food
technologists, and the same arguments apply.

Finally, the non-defined areas in the scheme. These represent the many non-scientific
workers in the field of food production and food handling, who play the number of
essential roles not discussed in this overview.

It holds true that a good cooperation is based, as the one hand, on a good division of
tasks and, on the other, on mutual knowledge of the different fields. It should be
emphasized that the success of food science is, for a considerable part, based upon the
close cooperation (and perhaps integration) with other disciplines such as basic sciences,
analytical chemistry, technology, nutrition science an even medical disciplines.

The need for food chemists

It is difficult to answer the questions haw many people with a higher education or
training in food chemistry are needed in Europe and how many students should get their
diploma every year. For a country like The Netherlands this may be a number of 15 to
20 (based upon 300 to 350 food chemists actively working in the field). Of course we
have to think about this during all our discussions with respects to this field. The first
priority, however, is to ensure a good education in food chemistry throughout Europe in
the near future. This, obviously, requests for a network of contacts between universities
and institutes that have courses or complete curricula in food chemistry in their pro-
gramme.

Important questions will be

- Which practical trainings, courses etc. exist?

- Which is the scope and content of the theoretical educations? Which books are used
and which syllabi? Which lectures are given?

- What are the requirements for the examinations? Next, possibilities should be investi-
gated for the exchange of students and teachers to benefit from specialities which are
not available in all curricula, and for broadening general knowledge.

It should be stressed that it is not necessary to make education and training as equal
as possible. Some uniformity is, however, very useful.

Conclusion

The importance of chemistry in a number of matters concerning food and food products
is without any doubt. This emphasizes the need for good education and training in this
field. The diversity of courses in this field indicates that, up till now, this education is
insufficiently developed thought Europe. A need exists for more cooperation in this
discipline and, with regard to some countries, for more complete education programmes.

It is important to realize that this overview does not pretend to be much more than a
first exploration. Further work regarding this matter needs many additional contribution.
It would be very valuable if there could be a growing cooperation between food chemists
involved in higher education.

Acknowledgements The author thanks all those who provided him with information
regarding curricula in their own countries, in particular to Prof. Dr.H.-P. Their and
Dr. G.R.Fenwick for valuable remarks.
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RECENZE

NAHRADA CUKRU JINYMI SLADIDLY

E. Davidkova - J. Dostalova
Praha, UVTIZ 1991. 30 s.

Ustav potravindfskych a zem&d&lskych informaci (do roku 1992 Ustav v&decko-
technickych informaci pro zem&dé&lstvi) vyddva kromé rady asopist také studijni
informace, které slouZi pro rychlou informaci naSich zemé&dé&lskych a potravinéfskych
odbornikl o aktudlnich vyznamnych tématech. V fad& ,VyZiva a potraviny* vyslo
né€kolik studii, mezi jinymi také recenzovani price o sladidlech. Upozoriuji na
existenci této fady, kterd neni u nds dost zndma a dostatecné& ocefnovana.

Problematika sladidel je dileZitd pro diabetickou a redukéni dietu i pro zdravotni
prevenci. Mnoho vyrobci potravin i hotovych pokrmi proto bude mit hlub3{ zdjem
o podrobné&;3i informaci, zv1asté kdyZ se vyrobou dietnich potravin zabyvaji predev§im
drobné podniky, kde zpravidla neni k dispozici vyvojové nebo informacni stiedisko.

Malo &tenéid si uvédomi, Ze i cukr je vlastné také ndhradnim sladidlem, a to za v&eli
med. Ve studii je stru¢né€ poddna historie vyroby cukru, ktery se u nds rozsifil teprve
v minulém stoleti. Dnes je cukr jiZ tak béZny, Ze ndhradni sladidla se maji svou chuti
co nejvice podobat cukru, museji byt zdravotn& nezdvadn4 a technologicky vyhovujici.

T&Zisté studie je v popisu jednotlivych ndhradnich sladidel, a to jednak syntetickych,
strukturou nepodobnych cukru (sacharin, cyklamdty, aspartam, acesulfam K), jednak
piirodnich, kterd mohou mit opét chemické sloZeni odliSné od cukru (steviosid, thau-
matin) nebo mohou mit strukturu cukri (fruktosa, fruktosové sirupy), event. mohou byt
pripravena hydrogenaci nebo hydorolyzou cukri (sorbitol, xylitol, manitol, laktosovy

sirup, laktitol, maltitiol, lykasin, palatinit).
~ Dile se ve studii pojednav4 o problémech spojenych s aplikaci ndhradnich sladidel
v potravindch a ndpojich, napf. s nutnosti zakryt nahoiklou pachut, dodat vyrobku
dostate€nou viskozitu nebo vzit v ivahu zmény pii zéhfevu nebo skladovini, zpisobené
hlavn& hydrolyzou. Casto se osv&d&uje pridévani smési sladidel a riiznych zahus(o-
vadel, hlavné& rostlinnych polysacharidd, jako jsou rizné rostlinné gumy, Skrob, modi-
fikovand celulosa ¢i modifikovany Skrob, nebo také nékteré bilkoviny, napr. Zelatina.

V byvalé CSFR byla vyroba nahradnich sladidel neuspokojujici; kromé sacharinu
a smési sacharinu s cyklamdatem prichdzi v dvahu xylosa a soritol. V budoucnosti se
patrné budou ndhradni sladidla hlavné doviazet.

Studie prinaSi pres svoji stru¢nost viechny zdkladni informaci a méla by se stit
vhodnou piiru¢kou pro vyrobce potravina a pokrmd, i pro dovozce nebo nidkupci
potravindiskych aditiv.
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ZDRAVOTNI NEZAVADNOST POTRAVIN

J. SindelaFova a kol.
Praha, Ministerstvo %ivotnich prostfedi CR 1991. 144 s.

Zdravotni nezdvadnost potravin patf{ k prioritdm z4jmu ob&ani a k nejdileZit&j$im
faktorim urcujicim kvalitu Zivotniho prostiedi. Recenzovand kniZka se nezabyvi, jak
bychom mohli usuzovat z ndzvu, zdravotni nezdvadnosti v celé §ifi, ale jen kontaminaci
potravin §kodlivymi chemikéliemi; jen letmo je zminé&na fyzikélni (hlavné radioaktivni)
kontaminace a biologické vlivy (hlavné kontaminace mikroorganismy). Do rdmce
publikace také neni zahrnuta moZnd kontaminace nebo dekontaminace b&hem potra-
vindiského zpracovéni surovin nebo skladovéni. Timto ziZenim bylo moZné hloubéji
pojednat o dané tématice.

V iivodu (J. Cihalik) je vysvétlen vyznam problematiky a hlavni pojmy
i zvl4§tnosti laboratorni analyzy stopovych litek. V dal3i kapitole (J.Sindeldfov4)
je diskutovén systém kontroly zdravotni nezdvadnosti potravin v zahranifi a u nés, kde
dosud pretrvavaji nékteré nedostatky z minulého obdobi. Podrobné a pritom prehledng
je zpracovéna kapitola o zneciténi pudy jako primdrniho Eldnku potravniho fetdzce
(J. Penk). Pii aplikaci pfipravkil na ochranu rostlin se klade diraz na integrovanou
ochranu rostlin a s ni spojenou minimalizaci negativnich vlivi chemické ochrany
rostlin (J. Svitil). V kapitole o pesticidech a jinych organickych kontaminantech (J.
Haj$lovd)je vyborn& zpracovan prehled o jednotlivych typech piipravki a o dyna-
mice jejich zmén po aplikaci v zemé&dé&lstvi. U cizorodych latek v ZivoCisné vyrobé&
jepozornost zaméfena na znec€iSténi toxickymi minerdlnimi sloZkami a ukazuje se na
jeji pfi¢iny v kontaminaci pidy i krmiv (S. Z ima ). Do pfehledu neni zahrnuta konta-
minace biologicky G¢innymi piisadami, jako jsou antibiotika, hormony nebo uklidfiu-
jici latky. Pro potravinaiské odborniky méa neobyCejny vyznam kapitola o sledovani
zdravotni nezdvadnosti potravin, v niZ je z hlediska zdravotni prevence (B. Turek)
probréna nejen otdzka stanoveni povolenych limiti riznych cizorodych létek, interpre-
tace vysledkl kontrolnich analyz, ale jsou takto srovnany stupné znecisténi potravin
u nés a v zahranici; celkovd kontaminace na$ich potravin se zda dosti vysoka. Je zde
poukdzano na vyznam vzajemného vztahu jednotlivych sloZek a na vyznam celkového
hodnoceni prijmu sledovanych litek stravou a nikoli jen oddélenymi vyrobky. Na
konkrétnich vysledcich kontrolniho Setfeni u néds (obsah t&€Zkych kovi, polychlo-
rovanych bifenyld a antimikrobnich létek) jsou zhodnoceny potraviny u nds vyrobené
1 k ndm dovezené (O. Sedlacek). Publikaci zakonCuje prehled pravnich norem
a smérnic tykajicich se zdravotni nezdvadnosti potravin (J. Sindeldfovi).

K sepséni této publikace byl zvolen kolektiv naSich vynikajicich odbornikd, ktefi
Jjsou kvalifikovanymi a vyraznymi osobnostmi. To se projevilo i individudlnim pojeti
a v riizné koncepci jednotlivych kapitol, coZ nepovaZuji za zdvadu, ale naopak tento
pristup umoZiuje hlubsi a mnohostranny pohled na problematiku. Jistym nedostatkem
publikace je, Ze do ni nebyla zahmuta kapitola o pitné vodé, kterd ma pro zdravotn{
nezdvadnost naSich potravin prvorady vyznam. V knize se dosti zietelné nerozliSuje
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mezi pesticidy a nadfazenym pojme agrochemikélie. Neni také dosti zddrazn&no, Ze ke
zdravotn& zdvadnym sloZkdm potravin patii také etné pfirodni sloZky a Ze Casto
neexistuje pfesnd hranice mezi kontaminanty a pfirodnimi toxickymi sloZkami (nap¥.
u minerélnich l4tek), takZe n&které kontaminanty ani nemtZeme nazyvat cizorodymi
latkami.

Kniha je psdna zfetelné a srozumitelng, takZe bude vhodn4 nejen pro odborniky
v ochrané Zivotniho prostfedi, zdravotni prevenci a zem&dé&lstvi, ale i pro potravinafské
technology, pracovniky v kontrole a pro studenty. Je pfistupn4 i pro pracovniky stitni
spravy a dalsi zdjemce z fad ob&ani, ktefi maji zdjem o zdravi a vyZivu. Doufejme, Ze
jeji usp&ch bude podné&tem pro vydani dalSich studii z této zdvaZné problematiky.

Prof. ing. JanPokorny, DrSc.

Upozornéni pro odbératele
védeckych Casopisi CAZV a SAPV

Od roku 1994 bude zaji¥fovat distribuci védeckych Easopisl vydavatel -
Ustav zem&d&lskych a potravinat'skych informaci Praha.

Véfime, Ze i v dal$ich letech zistanete odbérateli
naSeho v&deckého Casopisu, a proto Véis Zdddme, abyste ndm

zaslali objednavku na predplatné nejpozdéji do 30. 11. 1993.

Predplatné na Sest &isel Casopisu Potravinar'ské védy ¢inf 192,- K¢&.

Objednavky zasilejte na adresu:

Ustav zem&d&lskych a potravinérskych informaci
referdt odbytu - pi. Tejkova

Slezska 7

120 56 Praha 2
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