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40 let Vyzkumného ustavu potravindarského v Praze

Kazdeé vyroci je vhodnou pi’z'leiitostz’ ohlédnout se zpétky a podivat se na vykonanou prdci i na odborné zaméreni
ze soucasného zorného tthlu i casového odstupu a zdroveii se z minulosti poucit pro budoucnost.

V leto$nim roce slavi Vyzkumny distav potravindfsky Praha (VUPP) ctyrzcate vyroci svého vzniku. Pocatky jeho
vyzkumne Cinnosti v oblasti potravindrskych technologii, techniky a vyzivy véetné informatiky viak sahaji mnohem
ddle, az do povalecnych let. Legislativnim podkladem pro oblast vyzkumu a technického rozvoje bylo viddni narize-
ni €. 145 z roku 1945 o zaloZeni, orgamzac: a prisobnosti Statniho t¥adu planovaciho (SUP), kterému byly v roce
1946 uloZeny urcité vikoly, mimo jiné i orgamzace vyzkumu a pnprava vyzkumnych planu Pro tyto ucely byla pri
SUP zfizena Stétni vyzkumnd rada, jejim# vikolem bylo zajistit Fizeni a koordinaci praci ve vyzkumu. Rada byla
rozdélena do 15 odbori, ve 13. odboru byI soustreden vyzkum v odvétvi vyroby potravin a vyzivy.

V roce 1947 byl vladnim usnesenim zrizen samostatny orgamzacm utvar — Svaz pro vyzkummctw v prumyslu vyzwy
(SVPV), jehoz hlavnim posldnim bylo plnit tikoly prenesené ze SUP a Ministerstva wzzvy, koordinovat zaméreni
vyzkumu s potFebami prumyslu a informovat priumyslove zavody a vyzkumnad a vyvojova pracovisté o vSech novin-
kdch na tomto useku. V té dobé se zacinala utvdret vyzkumna zdkladna pro jednotlivé obory formou vyzkumnych
ustavit (Vyzkumny vstav chladirensky a mrazirensky, Ustav pro vyzkum masa, Vyzkumny ustav obalovy, Vyzkumny
ustav technologii ovoce a zeleniny, Vyzkumny ustav pro spolecné stravovani, Vyzkumny ustav pro cokoladu, cukro-
vinky a pfibuzna odvétvi), dale Prototypové dilny SVPV a ZkuSebna mlékarskych stroji.

Whlaskou ministryné vyzivy byl k 2. Fijnu 1950 zFizen Vyzkumny, ustav ministerstva vyzivy, ktery byl tvoren SVPV
a jmenovanymi ustavy. Tento stav vSak nemél dlouhého trvani, nebot’' dal§im vynosem ministryné vyZivy byl k 1. 1.
1952 tento ustav rozdélen na dva zdakladni tstavy, které se zabyvaly prirfezovou problematikou, a to na Vyzkumny
ustav potravinadrskeé technologie a Vyzkumny tstav pro mechanizaci a ekonomiku potravindarského primyslu, a na
tistavy oborové, jejichz ndplni bylo Fesit vyzkumné problémy prislusnych potravinafskych obori, kam byly rovnéz
organizacné zarazeny. Jejich Fada byla doplnéna o Vyzkumny tstav mlékarensky, Vyzkumny ustav tukového primys-
lu a Vyzkumny ustav mlynsko-pekarensky.

K 1. 4. 1958 byl vynosem tehdejstho Ministerstva potravindrského prumyslu a vpkupu vytvoren Ustiedni vyzkumny
ustav potravindrského prumyslu (UVUPP), ktery prevzal pissobnost obou jiz zminénych prisezovych ustavii. Toto
datum je tedy povaZzovano i za datum vzniku soucasného ustavu, i kdyz byl v podstaté logickym pokracovatelem
Cinnosti provadénych v ustavech, ze kterych byl vytvoren. Do tohoto tistavu presla vétsina odbornikil, takZe kontinu-
ita vyzkumu byla zachovana. V ramci ustavu byl nové utvoren dalsi utvar — Stredisko technickych informaci potra-
vindfského primyslu (STI PP), které v dalSich letech sehrdlo vyznamnou tilohu pri organizovdni oborovych infor-
macnich stredisek. V ramci STI PP byla rovnéz postupné vybudovana odborna potravindrskd knihovna, nejrozsihlejsi
v republxce Zdroveri byla zFizena pobocka UVUPP se sidlem v Bratislavé. Ta byla soucasti tstavu az do 1. 1. 1969,
kdy byI zFizen samostatny Vyskumny ustay potravmarsky

V Gervenci roku 1967 presel ustav pod pFimé Fizeni Ustiedi zemédélského a polravmarskeho vyzkumu, z néhoz
pozdéji vznikla Ceskd akademie zemédélska. S uidinnosti od 1. 1. 1969, zéroven s oddélenim bratislavské pobocky
?’1 zménén ndzev ustavu (Ceskd akademie zemédélska — Vyzkumny iistav potravindiského primyslu). Po zruseni

eské akademie zemédélské v roce 1974 byl ustav zaclenén jako Vyzkumny dustav potravindrského primyslu do
resortni védecko-vyzkumné zakladny Ministerstva zemédélstvi a vyzivy.

Od svého zaloZeni az do konce roku 1991 byl ustav rozpoctovou organizaci a samostatnym pravnim subjektem.
V souladu se zakladaci listinou mél jako jediny resortni ustav v oblasti potravinafského primyslu a vyZivy provadet
viestranny vyzkum a informatiku pro potravindfsky primysl v oborech potravinifské chemie a biochemie, potravi-
narského inZenyrstvi a automatizace potravinéfsk)?ch vyrob, baleni a mam’pulace s potravinarskymi vyrobky, vyvoje
a konstrukce unikatnich strojnich zarizeni pro potravindrsky priumysl i komplexni ochrany potravinafskych -surd-
vin, vyrobkit a provozoven pred Skidci Zivodisného puvodu Teritoridlni pu.s'obnost ustavu se vztahovala na vizemi
Ceské republiky. Na nékterych usecich byla jeho cinnost na zékladé povéreni MZV: CR a dohod s federdlnim
a slovenskym ministerstvem roz$ifena na celou federdini republiku, predevsim ve funkcich odvétvového informacni-
ho strediska pro odvétvi vyroby potravin a pochutin a vedouciho pracovisté védecko-technického rozvoje pro oblast
polravina'i'ského prumyslu.

K vyznamné zméné doslo pocdtkem roku 1992, kdy se ustav stal z rozpoctové organizaci pFispévkovou, takze
zFizovatel (MZe CR) zacal hradit pouze ¢dst rozpoctu a zbytek bylo nutné hradit aktivitami, které prmasely potrebné
a nezbymé financni zdroje. K tomuto datu (1. 1. 1992) ustav zménil sviij ndzev na Vyzkumny ustav potravindarsky
Praha. Vyznamnym meznikem bylo rovnéz prestéhovani ustavu ze starych, souc¢asnym pozadavkim jiz nevyhovuji-
cich prostor na Smichové do nové postavené moderni budovy v Praze-Hostivari.

V ramci probihajici restrukturalizace védecko-vyzkumné zdkladny resortu Ministerstva zemédélstvi bylo z ustavu
k 1. 1. 1993 vyclenéno Stéedisko potravinarskych informaci, které se stalo soucasti nové utvoreného, samostatného
Ustavu zemédélskych a potravindfskych informaci. V roce 1995 preslo oddéleni ochrany zasob do Vyzkumného
ustavu rostlinné vyroby v Praze-Ruzyni, kde pokraduje v prdci se stejnym zamérenim.

Prechod ustavu z rozpoctové na prispévkovou organizaci si logicky vynutil provedeni urcitych korekci a zmén,
nebot’ bylo tFeba podporovat i takové prace, které prindsely cdst financnich prostfedki nezbytnych k zajisténi
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Ginnosti ustavu v plném rozsahu. Radu ¢innosti vykondvanych dfive musel vistav opustit nebo sloucit ¢i jinak zaméFit
a Fidici strukturu vyrazné zjednodusit. Ekonomika veskerého pocindni se stala jednou z priorit.

tvrdsi ekonomické podminky se podepsaly predevsim na poctu pracovnika, jichz je dnes v porovnani s ,, predrevoluc-
nim* obdobim méné nez polovina. Chybéjici odborné kapacity se snazi ustav nahradit externi spolupraci, zejména
s vysokymi Skolami. Spolu s Vysokou Skolou chemicko-technologickou — Fakultou potravindrské a biochemické
technologie a Fakultou strojni Ceského vysokého uceni technického zalozil v roce 1996 Centrum potravindrskych
technologii a techniky podporované MZe CR, které je zaméFeno zejména na pomoc malym a stFednim tuzemskym
potravindrskym firmdm.

Ustav poskytuje celou Fadu sluzeb predevsim potravindfskym vyrobciim a pres souc¢asnou velmi sloZitou ekono-
mickou situaci v podnikatelské sfére se mu dari v poslednich letech zhruba polovinu financnich potfeb zabezpecit ze
zdrojit mimo statni rozpocet. Mozna i tato skutecnost byla jednim z divodil, Ze v roce 1995 byl ustav Ministerstvem
zemédélstvi zarazen spolu s dalSimi tFemi resortnimi uistavy mezi objekty uréené k privatizaci. Byl zpracovan a odevzdan
povinny privatizacni projekt, ktery predpokladal dalsi vyzkumnou cinnost tstavu jako jediného komplexniho pra-
covisté pro potravindrsky vyzkum v Ceské republice. Dalsi privatizacni kroky viak jiz nebyly provedeny pro neshody
o dal$im postupu mezi zakladatelem a Ministerstvem pro privatizaci. To lze povaZovat do urcité miry za $tésti, nebot’
z ostatnich konkurencnich projektit podanych riiznymi organizacemi zcela jasné vyplyval jejich hlavni zdjem nikoli
o viastni a do budoucna perspektivni innost istavu ve prospéch tuzemského potravindfského primyslu, ale pFede-
vsim o moderni budovu, stojici v soucasné dobé na atraktivnim misté, vhodném pro rizné druhy podnikani.

Jelikoz privatizace VUPP zustala nedoFeSena, je ustav v soucasné dobé ve velmi zvlastnim postaveni. Ze strany
zakladatele je financovin pouze ucelovymi prostredky na reSeni konkrétich projektii nebo z ¢innosti na zdkladé
smluv, pFitom je oviem limitovan a regulovan ve vsech ohledech (v poctu pracovnikit, mzdovych fondech atd.) jako
kaZda jina prispévkova organizace. Naddle si musi velkou cast prostredki na existenci shanét poskytovanim sluzeb.
Jelikoz tento podil (cca 50 % rozpoctu) bude perspektivné prakticky nemozné dale zvysit s ohledem na stavajici
zaméFeni ustavu, je cesta privatizace pFi objektivni nemoznosti nalézt vhodného perspektivniho viastnika zjevné
neredlnd a situaci je tieba Fesit jinak. Zfejmé nejvhodnéjsi bude transformace ustavu do podoby verejnoprdvni
instituce, obdobné jako u ostatnich resortnich vyzkumnych ustavii, podle pripravovaného Zakona o vyzkumu a vyvoji.
Toto rozhodnuti ovsem musi prijmout vldda.

Zjiz uvedeného je zejmé, ze za uplynulych 40 let od zaloZeni aZ do soucasné podoby prosel ustav sloZitym vyvojem.
Za tuto dobu rovné? sehral vyznamnou ulohu v rozvoji potravindrské zakladny a prispél k vyssi mire poznani
v oblasti potravina¥rské chemie a biochemie, inZenyrstvi a techniky, analytiky a vyZivy i pFi vyvoji a konstrukci
unikatnich strojii pro potravindrské vyroby. V iustavu vyrostla Fada vyznamnych odbornikil, z nichz nékteri pracova-
li a pracuji v riznych védeckych organizacich, na vysokych skoldch pFislusnych sméri i v zahranicnich védeckych
spolecnostech. Ustav se rovnéz podili na mezindrodni spoluprdci pFi FeSeni riznych vyzkumnych iikoli. V minulych
desetiletich byla tato spoluprdce z pochopitelnych divodit do znacné miry zamé¥ena na staty vychodni Evropy
v rdmci RVHP a spoluprdce s pracovisti v zdpadnich statech byla sporadickd. Tento stav se pocdtkem devadesatych
let zménil, nebot’ néktera pracovisté ustavu, konkrétné oddéleni fyzikdlnich zdkladi zpracovatelskych procesu
a oddéleni potravindrského inZenyrstvi, byla zaélenéna do reSeni mezindrodnich vyzkumnych problémi v ramci
programit PECO a FAIR.

Ustav md dnes dvé pracovisté. V Praze 10-Hostivari je sidlo iistavu a viech vyzkumnych pracovist a v HruSovanech
nad Jevisovkou je vyvojova zdkladna potravinarské techniky, zabyvajici se vyvojem, konstrukci a vyrobou unikat-
nich strojii, pFistrojii a zafizeni pro potravindrské vyroby.

Soucasnd vyzkumnd Cinnost dstavu je v prevainé mire zaméFena na projekty Ndrodni agentury pro zemédélsky
vyzkum (NAZV) a na nékolik projektii grantové agentury CR. Vyzkum je orientovdn na zdokonalovani technologic-
kych postupi: zpracovani potravin véemé konecné kulindrni pFipravy, na specidlni potraviny pro skupiny obyvatel
s mimoFddnymi zdravomimi ndroky na vyZivu, studium fyzikalnich vlastnosti potravin a potravindrskych surovin
véetné vedeni Siroce vyuzivané perspektivni databanky. Ustav rovné zajistuje Sirokou nabidku informaci a sluzeb
véetné analyz pro viechny zdjemce z Fad vyrobci potravin. Do této kategorie spadd i pomoc pri zavadéni systému
kritickych bodit (HACCP) v potravindFskych vyrobdch. Pro kvalitni zajisténi této innosti s vyuZitim mezindrodnich
zkuSenosti z EU byl zaloZen spolecny projekt Ustavu pro vyzkum vyZivy a potravin TNO (nizozemska organizace pro
aplikovany védecky vyzkum) a VUPP, ktery zabezpecuje pFenos nizozemskych poznatkii v oblasti zavadéni systému
HACCPvCR.

Hlavnim poslanim ustavu je i naddle podpora zdravé a bezpecné vyzZivy obyvatelstva. Timto smérem jsou oriento-
vany vyzkumné projekty Fesené v soucasné dobé i pripravené pro dalsi léta. BliZSi informace o FeSenych projektech
Jjsou uvedeny v rodence iistavu za rok 1997 a z minulych let jsou k dispozici v iistavu nebo na pFislusnych strankach
Internetu (www.vupp.cz).

Ing. Jifi Celba, CSc.
Feditel ustavu
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Spectrophotometric Determination of Iodine and its Content and Stability
in Selected Food Raw Materials and Products*

Vlasta FIEDLEROVA

Food Research Institute Prague, Prague, Czech Republic

Abstract

FIEDLEROVA V. (1998): Spectrophotometric determination of iodine and its content and stability in selected food raw
materials and products. Czech J. Food Sci., /6: 163-167.

The spectrophotometric method described is suitable for determination of total iodine in foods. It is based on the Sandell-Kolthoff
reaction (catalytic action of I~ on the reaction between Ce* and As**) carried out after preliminary alkaline.dry ashing in the
presence of KOH, ZnS0, and KCIO,. The method is — as confirmed by the values of repeatability, recovery and comparison with
standard reference materials — suitable for mineralizates containing not less than 2.5 ng in 1 ml. The method was applied to iodine
determination in milk, cereals, eggs, meat, fish and other food materials. In bakery products iodine stability was examined during
baking, the retention was within the limits 96.9-100.1%. No iodine losses were observed during 12 month storage of milk formula

enriched with potassium iodate.

iodine determination; mineralization procedures; iodine stability; foods

Iodine is a very important trace element that — owing to
its low concentration (tens to hundreds of pg/kg) requires
very sensitive and reliable methods of analysis. No uni-
versal method for iodine determination in foods has been
standardized so far. Standard methods, however, exist for
the determination of inorganic iodine in milk (ISO/CD 1438
and AOAC 992.22) based on HPLC separation with electro-
chemical detection and the AOAC method 992.24 was
adopted for iodine determination in ready-to-feed-
-milk-based infant formula with the application of ion-se-
lective electrode. In addition to the procedures that
require costly instrumental equipment (NAA, ICP-MS,
X-ray fluorescence), the GC method with 2-iodo-3-penta-
none derivatizationMitsuhashi, Kaneda, 1990),
the HPLC with UV detection after derivatization to 4-iodo-
2,6-dimethylphenol (Verma etal., 1992), the RP ion-pair
LC with electrochemical detection (Sertl, Malone,
1993), etc. were used. The routine determination is most
frequently performed by spectrophotometry based on the
catalytic action of iodine ions in the oxidoreduction reac-
tions. The majority of these methods is based on the San-
dell-Kolthoff reaction, i.e. reduction of Ce** by As>* un-
der catalytic action of I"ions (Sandell, Kolthoff,
1937). A method based on this principle has been used for
routine iodine determination in urine and its various modi-
fications (especially in automatized form) have been ap-
plied to iodine determinations in biological and some food

materials(Bedn4f etal. 1964;Aumont, Tressol,
1986, 1987; Fischer et al., 1986; Ayiannidis,
Voulgaropoulos,1988;Mahesh etal, 1992). The
catalytic action of I” ions on the reaction between SCN~
andNOz'(Moxon , Dixon,1980;Kiihne etal., 1993)
has also been used for spectrophotometric determination
of iodine. Garwin etal. (1994) compared the two me-
thods and ascertained that the thiocyanate procedure pro-
vided a higher sensitivity and a lower variability especial-
ly at low iodine concentrations. The analysis requires,
however, a UV/VIS spectrophotometer with a module for
kinetic measurements.

Mineralization is the most critical operation in iodine
determinations in biological materials. This applies both
to acid digestion(Wiechen, Kock, 1984;Fischer
etal., 1986) and to alkaline dry ashing. Alkaline dry ashing
at temperatures up to 600 °C has been universally applied
to determination of this factor in biological materials and
foods. The dry ashing is performed in the presence of
KOH(Aumont, Tressol,1986,1987) orKOH, K,CO,
andZnSO4(Moxon, Dixon,1980;Mahesh etal.,
1992) or KOH, ZnSO,and KCIO, (Bednéf etal., 1964).

On basis of the above mentioned methods we evalua-
ted a spectrophotometric procedure. The method is sui-
table for the determination of total iodine in foods under
the conditions of a common chemical laboratory. We ap-
plied alkaline dry ashing in the presence of KOH, ZnSO,

* This work was supported by grant No. EP 0960986254 of the National Agency of Agricultural Research.
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and KCIO, and a photometric determination based on the
Sandell-Kolthoff reaction. We took into account especial-
ly the works of Bednaf etal. (1964)and Mahesh et
al. (1992). By this procedure we analysed iodine concen-
tration in foods and food products. We also investigated
iodine stability in bakery products during baking and in
milk-based infant formula during storage.

MATERIAL AND METHODS
Material and Instruments

The samples of food raw materials or products were
purchased in a normal market network. The samples of
fresh milk originated from the collection region of the firm
PMYV, a.s., Zabieh na Moravé and were taken in February,
March and August 1995. The samples of infant formula
were manufactured in the same place. Bread and pastry
with iodised salt (edible rock salt with 24.2-26.0 mg I/kg,
Solné mlyny, a.s., Olomouc) were prepared experimentally
according to the procedures of Odkolek, a.s. Prague 5 (Kiev
bread — baking time 45 min at 270-210 °C, pastry — baking
time 12-13 min at 230-290 °C).

All chemicals applied were reagent grade, deionized
water was used.

Absorbance was measured using PU 8800 Pye Unicam
UV/VIS Spectrophotometer. Other appliances belonged to
routine equipment of chemical laboratories (drying ovens,
muffle furnace, ultrasonic bath, centrifuge and thermosta-
tic water bath).

Sample Preparation

Test-tubes from hard-melting glass (17 x 100 mm) are
filled with maximally 0.15 g of sample (calculated at dry
material). Samples with high water content can be prelimi-
narily treated by lyophilization. Then 2 ml 2M KOH, 1 ml
zinc sulphate (10 g ZnSO,.7H,0 in 100 ml water) solution
and a few crystals of KCIO, are added. The sample is dried
inaovenat 115 °C for 14-19 h. The dry ashing is carried
out in a muffle furnace at a temperature gradient from 200
to 600 °C with 1-3 h incubation at 600 °C. At this tempera-
ture the furnace is four times ventilated for approximately
10 s. The time of incubation depends on the nature of the
ashed material. The test-tubes are placed into the muffle-
furnace in a leaning position. To achieve a white colour of
ash it is moistened with 1 ml water, dried, and the ashing is
finished by additional heating to 600 °C for 30 min. New
test-tubes should be used for every determination. After
cooling the residue is suspended in 6 ml water and placed
for 10 min into an ultrasonic bath. Then the samples are
centrifuged at 10 000 rpm for 10 min. The supernatant is
used for the determination.

Standards

Stock solution of KI containing 1000 mg I/1000 ml water
(e.g. standard calibration solution Astasol, Analytika, s.r.o.,
Prague) is gradually diluted to the working solution con-
taining 1 pg I/ml. This solution is used for the preparation
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of calibration samples containing 10—100 ng I/ml. A amount
of 1ml of the calibration solution, 1 ml of 2M KOH and 4 ml
of water are pipetted into test-tubes. Blank contains 1ml
2M KOH and 5ml water. The series of calibration soluti-
ons is not ashed, 2ml of solution is pipetted into test-
tubes with ground neck for the determination itself.

Spectrophotometric Determination

The supernatant (0.5-2 ml according to the iodine con-
centration expected) is pipetted into ground-necked tu-
bes and the solution is filled up to 2 ml with 0.33 M KOH,
2 ml of arsenic (II) reagent are added [2.965 g As)0,,3¢
KOH in 50 ml water; 29.2 g NaCl in 100 ml water; 60 ml
concentrated H,SO, in 250 ml water; all is combined and
made up with water to 500 ml], the sample is stirred and
incubated for 10 min in an ice-bath (max. 4 °C). Then 2 ml
of ceric (IV) agent [1.58 g (NH,),Ce(SO,),.2H,0 in 50 ml
water, and 40 ml concentrated H,SO, are combined and
made up to 500 ml with water] are added, the sample is
stirred and placed in a water-bath (40 °C) for 20 min. After
cooling in an ice-bath the reaction is stopped by an addi-
tion of 0.5 ml of brucine solution [1 g brucine and 1.2 ml
glacial acetic acid are filled up to 100 ml with water]. After
mixing the test-tubes are placed in a hot-air drying oven
(105 °C) for 15 min. The absorbance of cooled samples is
measured at 430 nm using water as blank. The determina-
tion is carried out in duplicate from each test-tube used
for ashing.The calibration solutions are measured with
each sample series.

The calibration graph has an exponential course and it
is evaluated by the procedure of non-linear regression
— iodine in the samples is thus determined. A reference
material should be ashed with each series of samples as a
control.

RESULTS AND DISCUSSION

Mineralization is the crucial operation for the determi-
nation of trace elements in food matrix. We applied test-
-tubes made from hard-melting glass for alkaline ashing
and added agents accelerating this process (ZnSO,,
KCIO,). Table I shows mean concentrations and statisti-
cal evaluation for 10 analyses of dry milk at different mine-
ralization procedures. The results are comparable, the

1. Effect of dry-ashing procedure (addition to dry full-fat milk
before dry ashing, n=10)

Dry ashing Iodine content + SD 95% confidence
procedure interval [pg/kg] CV [ng/kegl
KOH, ZnSO,

added successively 725 £ 59 8.1 682-768
KOH, ZnSO,

added simultaneously 759 + 54 7.1 720-798
KOH, ZnSO, + KCIO; 82059 7.2 777-863

SD - standard deviation; CV - cocfficient of variation [%]
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method with KCIO, is suitable for acceleration of the mi-
neralization (Bedn a¥, 1964). Successive addition of KOH
and ZnSO, did not yield noncarboneous material asM a -
hesh et al. (1992) stated. We have therefore used the
simultaneous addition of KOH, ZnSO, and KCIO3 as
shown in the description of the method.

The mineralization of the standard solutions yields a
very hard residue from which iodine is released only with
extreme difficulty. We therefore tested the application of
standard solutions without dry ashing (similarly like M o -
xon, Dixon,1980,Aumont, Tressol, 1986). At
this procedure it is crucial to maintain the same alkalinity
of samples and standard solutions. On basis of titrational
alkalinity determination of the digested ash, we used 0.33M
KOH for standard solutions and diluted the samples with
the same solution if necessary.

The procedure using a calibration graph without dry
ashing was verified using reference standard materials. It
is advantageous because more samples can be analysed
at once when their number is limited by the capacity of the
muffle furnace.

11. Repeatability verification of the method

Todine content 95% confidence
Sample [ngkgl CV  [pg/kg]
Dry full-fatmilk n =13 41449 119 384444
Dry semi-skim milk n=8 739 £ 67 9.0 683-795
Dry full-fat milk n=10 820 %59 7.2 777-863

CV - variation coefficient [%]

V. Iodine content in some food raw-material and products

I11. Recovery of iodine added to dry milk and wheat flour (n = 3)

Iodine addition Recovery
Sample (ng I/sample weight") [%]
Dry milk 10 101.9
30 99.0
50 924
Wheat flour 10 90.9
30 82.3
50 91.3

* 0.1 g for dry milk; 0.2 g for wheat flour

IV. Method verification using standard reference materials

Todine content [mg/g]

Materials certified found
SRM 1549 non-fat

milk powder n =10 3.38 + 0.02 3.16+0.38
BCR 150 skim

milk powder n = 80 1.29 + 0.09 1.09 +0.08
SRM 1566a oyster

tissuen =8 446 = 042 4.19+0.15

Repeatability of the method was evaluated for three sam-
ples of dry milk with different iodine content (Table II), the
values of CV fluctuated in the range 7.2-11.9%. Recovery
was estimated by additions of 10-50 ng I to dry milk and

Product n Todine content [pg/l, kg] Mean Median
Fresh milk, winter season 48 24-748 205 165
Fresh milk, summer season 30 16-345 119 91
Pasteurized milk 17 46-187 112 112
Yoghurt 9 43-260 165 132
Cheeses 9 108-295 177 182
Cottage cheese soft 4 93-320 193

Dry milk - various fat content 11 5701232 806 815
Cereals 25 24-43 31 32
Wheat flour 6 17-25 20

Rye flour 4 21-35 27

Bread, pastry 7 14-30 21

Eggs 26 29-729 189 135
Pork 5 9.4-16.3 134 14.4
Beef 5 13.8-19.3 17.0 17.3
Sea fish 8 43-1451 393 267
Potatoes 6 0-10

Apples 5 0-10

Carrot 4 0-10
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wheat flour before the dry ashing. The values obtained
fell within the range 82.3 to 101.9% (Table III). Table IV
shows a good agreement of the results obtained by the
above method with certified iodine concentration of refe-
rence materials. The detection limit was determined as the
triple value of SD of 10 results of blanks — it reached
2.5 ng/ml of mineralizate.

The results of iodine determination in some food raw
materials and products are given in Table V. We investiga-
ted the important food sources of iodine. A low concen-
tration of this factor is found in foods and food raw mate-
rials of plant origin owing to low iodine occurrence in soil
in the region of Central Europe. Iodine content in milk and
dairy products corresponds to the literature data (Hur -
rell etal., 1989;Lee etal., 1994), the region examined
showed a fairly good saturation of milk with this factor, A
significantly fluctuating iodine concentration occurs —ac-
cording to our findings — in eggs where iodine levels de-
pend on the nutrition of laying hens. As expected, a high
iodine concentration was found in sea-fish.

dine losses were observed for 12 months of storage. The
results fluctuated within the reliability interval of the ana-
lytical method applied (Table VI).

We found no literature data on iodine stabilities during
bread and pastry baking. More attention has been paid to
the use of potassium iodate as an additive improving the
processing of bread dough, its rising and thus also the
volume and appearance of the final products. We therefo-
re estimated iodine concentration in dough and in final
products during six experimental bread baking, in which
iodised salt was added (Table VII). After calculation for
dry matter, a good stability of this factor was found during
baking, the retention being 95.9-100.1%. The application
of iodised salt did not affect the organoleptic properties
of the final products.

VL. Iodine content in infant formula in relation to storage time
(20 °C, packed in inert atmosphere)

The food industry contributes to the solution of iodine Storage tme Todine content
e ; Sample [months] [ne/kg]
deficit in two ways. It means planned enrichment of some
products determined for target population groups that are 1 0 642
— from the aspect of iodine saturation — regarded as extre- 4 640
mely risk-bearing and the application of iodized salt in 8 660
food technologies (especially for products of meat and 12 643
bakery industry). In this work we also examined the stabi-
lity of iodine added in this way. 2 0 962
Iodine stabilities were-within this investigation-exami- 4 1040
ned in two samples of infant formula with added potassi- 1050
um iodate during their storage under normal conditions
(20 °C, packed in inert atmosphere) and no significant io- 12 1027
VILI. Effect of baking on iodine stabilities in bakery products
Dry matter Iodine content Retention
Experiment No.  Type of product [g/100g] [ng/kg] [ng/kg dry matter] [%]
1 Kievbread  dough 53.01 175.7 3314 97.1
final product 61.45 197.8 3219
2 Kievbread  dough 54.59 197.6 362.0 100.1
final product 59.96 217.3 362.4
3 Kievbread  dough 54.76 229.8 419.6 99.9
final product 60.91 255.4 4193
4 Crisproll dough 63.24 154.6 2445 95.9
final product 78.51 184.1 2345
5 Crisproll  dough 63.13 279.0 4419 95.9
final product 76.36 323.8 424.0
6 Bun dough 59.63 276.8 464.2 97.5
final product 73.79 334.0 452.6
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FIEDLEROVA V. (1998): Spektrofotometrické stanovenf jodu a jeho obsah a stabilita ve vybranych potravinarskych
surovinach a vyrobcich. Czech J. Food Sci., /6: 163—-167.

Je popsana spektrofotometrick4d metoda vhodna pro stanoveni celkového jodu v potravinich, zaloZena na Sandell-Kolthoffové
reakei (katalytické pisobeni I na reakci Ce** a As>*), po predchozim alkalickém taveni za pitomnosti KOH, ZnSO ,aKClO,. Na
zéklade hodnot opakovatelnosti, recovery a porovnani se standardnimi referenénimi materialy je metoda vhodna pro mineralizaty
s obsahem nejméné 2,5 ng I v 1 ml. Touto metodou byl stanoven obsah jodu v mléce, obilovinach, vejcich, mase, rybach a dal$ich
potravinafskych vyrobcich. V dalsi &asti prace jsme se zabyvali sledovanim stability jodu pfidaného do nékterych potravinafskych
vyrobkil bud’ pfimo ve formé jodi&nanu draselného, nebo prostrednictvim soli s pridavkem této latky. Pfi skladovani dvou
vyrobkil suSené détské mlééné vyZivy obohacenych jodem nedo$lo b&hem 12 mésicti skladovéni za b&Znych podminek (20 °C,
baleno v inertni atmosféfe) ke ztritim tohoto faktoru. V pekérenskych vyrobcich jsme sledovali stabilitu jodu béhem peceni.
Z vysledki sledovani obsahu jodu v t&sté a v hotovém vyrobku pro 6 pokusnych vyrob s pouZitim jodované soli je patrna velmi
dobra stabilita tohoto faktoru. Retence se pohybovala v rozmezi 95,9-100,1 %. PouZiti jodované soli nepiisobilo technologické
obtiZe ani nemélo vliv na organoleptické vlastnosti hotovych vyrobku.

stanoveni jodu; zpisoby mineralizace; stabilita jodu; potraviny
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Kinetic Parameters of Modified Lysozyme*

Marija GOTTVALDOVA, Alexandra PROSKOVA, Jifi KUCERA

Food Research Institute Prague, Prague, Czech Republic

Abstract

GOTTVALDOVA M., PROSKOVA A., KUCERA J.: Kinetic parameters of modified lysozyme. Czech J. Food Sci., /6:
168-170.

Antimicrobial spectrum of lysozyme (EC 3.2.1.17) was modified by the way of hydrophobization. Lauryl- and palmitoyl-
substituted lysozymes were compared with unmodified lysozyme in the action against gram-positive bacteria Micrococcus luteus
and gram-negative bacteria Pseudomonas putida strain 7, Ps. putida strain 8, Proteus vulgaris, Proteus mirabilis, Serratia marcescens,
and Escherichia coli. The X, and V___ values were determined in each case. While the K for Micrococcus luteus rises by
hydrophobization, this constant decreased for all gram-negative bacteria with hydrophobization. V_  values decrease with
hydrophibization for M. luteus and increase for gram-negative bacteria. No direct relationship was found between the length of
hydrophobic chain and the activity of modified lysozyme against gram-negative bacteria. The results show that K is the factor

more affected by hydrophobization.

lytic enzymes; lysozyme; kinetic parameters; hydrophobic substitution

The enzymes are frequently used for the food sanitati-
on(e.g.Pellegrini etal., 1992). Most of the enzymes
have bacteriostatic activity only (e.g.L iu et al., 1995), but
some of them could act bactericidally too. Lactoperoxi-
dase (Wit, 1995), for instance, is one of the enzymes ha-
ving bactericidal activity. Lysozyme (EC 3.2.1.17) is the
enzyme most frequently used in food sanitation. This en-
zyme is able to hydrolyse the cell membrane of sensitive
bacteria solubilizing them by this way (Salton, 1952).
This enzyme, first described by Fleming as early as in 1922
(Fleming, 1922), is not bactericidal, but bacteriostatic
only.

The advantage of enzymatic sanitation of food is the
fact that no foreign substances are introduced. Enzymes,
like proteins, are a natural component of food and lytic
enzyme activity could be destroyed whenever needed. The
drawback of application of the most frequent enzyme - ly-
sozyme, is its specificity which is limited mainly to gram-
positive bacteria. The other enzymes, like lactoperoxidase
for instance, introduce necessarily foreign compounds,
as they need additional substances, hydrogen peroxide in
the most cases.

Some experiments were described in which substrate
specificity of lysozyme was changed by the way of sub-
stitution. The hydrophobization of lysozyme (using pal-
mitic, myristic or stearic acids for instance) leads to the

broadening of antimicrobial spectra. The gram-negative
bacteria are lysed by the hydrophobised lysozyme (Ibra-
him etal., 1993).

Selected hydrophobically substituted derivatives of ly-
sozyme were studied in this work with the aim to get infor-
mation on the changes in their affinity for the substrate
(bacterial cell wall) and maximum reaction velocity.

MATERIAL AND METHODS

Lysozyme (food grade) was purchased from PROMED
factory, Prague, CZ. Lauric acid and palmitic acid N-hyd-
roxysuccinimide esters were obtained from SIGMA.

Lysozyme activity was determined according the me-
thodof Prockop and Davidson (1964)based ona
nephelometric determination of the lysis of Micrococcus
luteus under standard conditions. One unit of lysozyme
activity is the amount of the enzyme causing a decrease of
optical density 0.001 at 546 nm.

Protein concentration was determined by the Lowry
method in the modificationby Hartree (1972).

The bacteria, Pseudomonas putida strain 7, Ps. putida
strain 8, Proteus vulgaris, Proteus mirabilis, Serratia
marcescens, and Escherichia coli, were obtained from The
Culture Collection RIFIS supported by the Ministry of Ag-
riculture of the Czech Republic, grant No. E-97/01-3160.

*The work was supported by Grant Agency of the Czech Republic (grant No. 525/96/0523).
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L. Kinetic parameters of lysozyme and modified lysozyme with different microorganisms as substrate

Lysozyme Palmitoyl-lysozyme Lauryl-lysozyme
Microorganism K,[pg/ml] V., [w/pg] K, [pg/ml] ¥V [wpg]l K, [pg/mi] Vo [W/ng]
Micrococcus luteus 0.09 26.3 0.23 12.5 0.11 232
Pseudomonas putida strain 7 1.32 22 0.16 4.5 1.44 1.86
Ps. putida strain 8 nd nd 0.14 1.05 0.22 1.16
Proteus vulgaris nd nd 0.84 0.12 nd nd
Proteus mirabilis nd nd nd nd nd nd
Serratia marcescens nd nd 0.92 0.15 0.44 0.98
Escherichia coli nd nd 0.16 0.98 0.88 0.14

nd - not detcrmined [the value of (ODy,,) is too low to be used for estimation]

The bacteria were grown at 37 °C in meat-peptone medi-
um for 16 hours. The cultivation broth was then diluted
with 67mM phosphate buffer solution pH 6.3 to the ap-
propriate final optical density at 546 nm and 0.1 ml of the
solution of lysozyme or modified lysozyme (0.1 mg pro-
tein per ml of the same buffer) was then added. The rate of
the decrease in optical density at 546 nm was measured
after 30 s induction period. The initial rate was calculated
for each bacterium. The optical density was recalculated
to dry-matter content according to the calibration curve.

The hydrophobic substitution of lysozyme was carried
out using N-hydroxysuccinimide esters of appropriate fat-
ty acid accordingtoHaque etal. (1982). Degree of sub-
stitution was 1 : 1 in each case. Degree of substitution is
verified according to the same authors.

Scanning photometer Philips UV-VIS model PU 8730 was
used for all photometric measurements.

RESULTS AND DISCUSSION

K, of lysozyme and modified lysozyme for Pseudomo-
nas putida strain 7, Ps. putida strain 8, Proteus vulgaris,
Proteus mirabilis, Serratia marcescens, and Escherichia
coli, was determined using cell concentration in the range
of 0.1 to 3.0 mg/ml dry-matter (DM) base and K, andV__
were calculated using double-reciprocal plot. The DM dif-
fers in individual cases as the growth rate of the micro-
organisms is not identical and the final concentration from
which the suspension was prepared is not the same in all
cases. The differences, nevertheless, do not mean that
the results after kinetic calculation are not comparable.
The calculated values of K and V__are summarised in
Table L.

The results show no dependency of the modified lyso-
zyme activity against gram-negative bacteria on the ali-
phatic acid chain length. The K, and V___are different for
individual microorganisms for the same substituent. K
andV___are changed independently. The only conclusion

can be drawn that the change of the sensitivity of micro-
organism to modified lysozyme is more likely due to the
K, changes then to the changes of V_ . The changes,
nevertheless, are very individual and depend more on the
relation of appropriate acyl-group to the cell-wall structure
of individual microorganism than on the acyl-chain length.
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Souhrn

GOTTVALDOVA M., PROSKOVA A., KUCERA J.: Kinetické parametry modifikovaného lysozymu. Czech J. Food Sci.,
16:168-170..

Antimikrobiélni spektrum lysozymu jsme modifikovali hydrofobizaci. Byly pfipraveny dva derivéty lysozymu: lauryl-lysozym
a palmitoyl-lysozym, které byly srovnavany s nemodifikovanym lysozyme pfi piisobeni proti grampozitivni bakterii Mycrococcus
luteus a gramnegativnim bakteriim Pseudomonas putida 7, Ps. putida 8, Proteus vulgaris, Proteus mirabilis, Serratia marcerscens
a Escherichia coli. Ve viech ptipadech byly stanoveny hodnoty X a ¥, . Zatimco hodnota K, proMicrococcus luteus hydrofobizaci
roste, tato hodnota se pro viechny gramnegativni bakterie snizuje. Hodnota ¥, _hydrofobizaci vzristad uM. luteus a gramnegativnich
bakterii. Nebyl nalezen pfimy vztah mezi délkou hydrofobniho fetézce a aktivitou modifikovaného lysozymu proti gramnegativnim
bakteriim. Vysledky ukazuji, Ze je to K hodnota, které je odpovédné za zvy3eni aktivity modifikovaného lysozymu proti gram-
negativnim bakterifm.

lytické enzymy; lysozym; kinetické parametry; hydrofobni substituce
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Partial Purification and Characterisation of Superoxid Dismutase

from Carp Hepatopancreas*
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Abstract

KMINKOVA M., KUCERA J. (1998): Partial purification and characterisation of superoxid dismutase from carp

hepatopancreas. Czech J. Food Sci., /6: 171-173.

Superoxid dismutase from carp hepatopancreas was purified using thermal precipitation of the contaminating proteins as a single
purification step (except centrifugation and filtration). The enzyme was purified in this way by the factor of 2.27. The K,, of

resulting superoxid dismutase was 1.429 mmol/l (30 °C, pH 7.9).

carp; hepatopancreas; superoxid dismutase; isolation; purification

The superoxid radical (O%") is a highly reactive free radi-
cal produced by the one-electron reduction of oxygen. It
is produced in all respiring cells (Hassan, 1984) by a
number of biochemical reactions. Probably the most im-
portant source of superoxid radical is the electron trans-
port chains of mitochondria and endoplasmic reticulum
(Halliwell, Gutteridge, 1985).

Evidence also exists to suggest that superoxid radical
may be involved in the mediation of ultraviolet radiation-
induced cell damage (Pathak, Stratton, 1968).

Superoxid radical reaction with biological structure is
one of the general mechanisms of tissue damage which
occurs e.g. in ischemic reoxygenation, i.e. following
myocardial infarction. Further, in the site of inflammation
the macrophages release superoxid extracellularly. The
same event takes place in acute pancreatitis, etc. (Slaby,
Stipek,1989).

Superoxid dismutase (SOD), a metalloenzyme, cataly-
ses the dismutation of the superoxid free radical (M c -
Cord, Fridovich, 1969).Itis found in virtually all
oxygen-consuming organisms (McCord et al., 1971).
Superoxid dismutase was originally describedbyBrewer
(1967) as tetrazolium oxidase.

Superoxid dismutase is used in medicine under diffe-
rent trade names for the treatment of articular inflamma-
tory(Chiatti, Zazzaro, 1985), rheumatoid arthritis
(Camus etal.,, 1980), etc.

It is usually separated and purified by the five-step pro-
tocol described with Crap o et al., (1978). Immobilised

metal-ion affinity chromatography (IMAC) of human cup-
per-zinc-superoxid dismutase was used for the purificati-
on of this enzyme too (Miyata-Asano etal., 1986).
The same method was used for the purification of chicken
erythrocyte Cu, Zn superoxid dismutase Michalski,
Prowse, 1991).

In this work, we report on the simple preparation of pre-
purified carp hepatopancreatic superoxid dismutase using
thermal precipitation of contaminating proteins. The me-
thod utilises relatively high thermostability of superoxid
dismutase.

MATERIAL AND METHODS

Carp hepatopancreas was obtained from Lahovice Fish-
ery, Czech Republic. Hepatopancreas was separated im-
mediatelly after killing the fish and kept at —20 °C until
used. Before the use, the hepatopancreas was thawed at
5 °C overnight.

Superoxid dismutase from bovine erythrocytes and bovi-
ne serum albumin were products of SIGMA Fine Chemicals,
all other reagents were obtained from Lachema, Brno.

Superoxid dismutase activity was determined according
toMarklund and Marklund (1974) using bovine
erythrocyte SOD as standard.

Protein content was determined according to Lowry in
the modification of Hartree (1972).

The UV-VIS photometer Philips, model PU8730, was used
for photometric measurements.

*The study was supported by the Grant Agency of the Czech Republic, grant No. 509/95/06045.
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I. Thermal stability and specific activity of carp hepatopancreatic superoxid dismutase in crude extract

Temperature [°C]

50 60 80
Time aActivity specific activity activity specific activity activity specific activity
[min] [u/ml] [U/mg protein] [w/ml] [U/mg protein] [wml] [U/mg protein]
0 11.25 0.22 11.25 0.22 11.25 0.22
10 12.00 0.33 - - - -
20 12.15 0.46 10.37 03 3.25 0.12
30 11.87 0.82 8.5 0.2 2.62 0.03
40 11.64 0.96 - - - -
50 12.00 0.98 - - - -
60 12.25 1.02 6.87 0.08 2.37 0.01

RESULTS AND DISCUSSION

50 g of carp hepatopancreas was homogenised in 75 ml
of 10mM Tris-HCI buffer pH 7.9 containing 0.5 mM of di-
thiothreitol (DTT). Homogenate was stirred 30 min in the
same buffer and solids were separated by centrifugation
(13 000 g, 30 min at 5 °C). Cloudy supernatant was then
filtered through cheese-cloth and kept 30 min in cold (5 °C)
and centrifuged once again. Without the cooling step, the
“fines* cannot be separated. Clear solution containing
superoxid dismutase was then heated to 50, 60, and 80 °C
for different time to determine thermostability of the enzy-
me and purification effect of thermal precipitation. The
results are summarised in Table I. For the comparison, the
same thermal precipitation was carried out using commer-
cial bovine erythrocyte superoxid dismutase (Tab-
le II). As is seen from Tables I and II, both enzymes
showhigh thermostability and, as a consequence, the ther-
moprecipitation can be used for their purification. The sam-
ples were taken and filtered before determination of SOD
activity and protein concentration. The specific activity
of carp hepatopancreatic superoxid dismutase rises du-
ring heating of the crude homogenate.

The thermal precipitation could be used for the rapid
and simple purification of superoxid dismutase. We have

III. Purification of carp hepatopancreatic superoxid dismutase

I1. Thermal stability of bovine erythrocyte superoxid dismutase

Time Temperature [°C]

[min] 50 60 80
0 285 285 285

20 28.5 25.0 1.5

30 285 235 6.0

60 285 23.0 3.0

used the above results for the development of novel pro-
tocol for the prepurification of superoxid dismutase, which
is efficient for the enzyme of carp hepatopancreas or bovi-
ne erythrocytes. It is believed to be equally efficient for
the enzymes from other sources too. The results of the
purification of carp hepatopancreatic SOD are summari-
sed in Table III.

The K, of the enzyme purified in this way was determi-
ned in the range of pyrogallol concentration 3 to 36 mM,
temperature 30 °C and pH 7.9. The modification of the
method of Marklund and Marklund (1974) was
used for the Km determination. The double reciprocal plot
was applied for calculation using the least squares me-
thod. The K|, was found to be 1.429 mmol/l under these
conditions.

with thermal precipitation

Volume Protein  Total protein  SOD activity Total SOD  Specific activity Purification
Step [ml] [mg/ml] [mg] [u/ml] [u] [wmg protein]  factor
Extract 130 35.5 4622 16 2080 0.45 1
1% centrifugation 108 31.25 3375 15 1620 0.48 1.07
Filtrate 100 22,72 2272 12.5 1250 0.55 1.22
2 centrifugation 92 18.15 1670 11.25 1035 0.62 1.37
Heating (50 °C, 60 min) 85 12.00 1020 12.25 1041 1.02 227
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ZIVOTNI VYROCI

Sedmdesatiny Ing. Miloslava Adama, CSc.

V leto$nim roce se dozivé vyznamného Zivotniho jubilea — 70 let — Ing. Miloslav Adam, CSc., dlouholety pracovnik
potravinaiského vyzkumu a ¢len redakéni rady tohoto Easopisu.

Ing. Adam se narodil 16. 4. 1928 v Brifanech u Litoméfic. Studoval na strojni fakult€ CVUT v Praze, kterou absolvoval
v roce 1951. Po krat3i praxi ve strojirenskych zdvodech nastoupil do Vyzkumného distavu pro mechanizaci a ekonomiku
potravinéfského primyslu, ktery byl pozdéji reorganizovan a zmé&nén na Vyzkumny ustav potraviniiského primyslu.
V letech 1953—1957 absolvoval védeckou aspiranturu na Strojni fakultd CVUT jako viibec jeden z prvnich aspirantii této
Skoly. Pfed védeckou radou strojni fakulty obhéjil s velkym tispéchem v roce 1958 svou disertagni praci. Tykala se
problematiky, které se pak vénoval dalsi l1éta — teoretickych zakladi potravinaiského inZenyrstvi.

Jako erudovany a pro zvoleny obor zapéleny védecky a pozdéji vedouci pracovnik pracoval ve Vyzkumném ustavu
potravinaiského primyslu témér 40 let. V roce 1965 byl povéfen vedenim strojniho odboru Gstavu, ktery byl pozdéji
piejmenovan, v souladu s cilené prosazovanym odbornym zaméfenim vyzkumné &innosti, na odbor potravinafského
inZenyrstvi. Postupné vybudoval pracovi$té s velmi dobrou profesni i technickou drovni, orientované na stéZejni
a perspektivni oblasti potravinaiského inZenyrstvi. PestoZe tento odbor pfi pozd&jsi reorganizaci a pfemisténi Gstavu
zanikl a fada jeho pracovniki odesla do soukromé sféry, vétSina z nich si odnesla mnoho cennych poznatki a zkugenos-
ti, diku moudrému a cilevédomému vedeni Ing. Adama. VUPP se oviem problematikou potravinafského inZenyrstvi
zabyva stéle.

Védecko-vyzkumna a pozdé&ji i fidici prace Ing. Adama sméfovala jak do aplikovaného, tak do zakladniho vyzkumu.
Zabyval se vybranymi tiseky manipulace s materidlem, vyrobnimi linkami, zpracovanim kolagenu, ale i teorii uzeni
a suseni, teoretickymi zaklady tepelnych zpracovatelskych procesi, energetikou. Byl inicidtorem vyzkumu v oblasti
fyzikélnich vlastnosti potravin a vytvafeni databanky t&chto hodnot. Tato aktivita v mezinirodnim mé&fitku dodnes
pokracuje. Inicioval také prvni vyzkumné prace zaméfené na vztah techniky a hygieny zpracovani potravin.

Ing. Adam je autorem mnoha v&deckych a odbornych praci, z nichZ fada byla publikovana v zahraniéi. Bylo mu
uznéno 14 vynalezi. N&které z jeho praci jsou dodnes citovany tuzemskymi i zahrani&nimi autory. PfednéSel v fadé
statl1, u&astnil se nékolika mezindrodnich projektii. Uzkou mezin4rodni spolupraci na konkrétnim problému prosazoval
ipfes to, Ze v té dob& mu pfinésela spiSe problémy neZ uznéni. Byl garantem fady védeckych a odbormnych setkéni, vzdy
s Ucasti nékterého z prednich svétovych odborniki.

Ing. Adam tzce spolupracoval i s fadou dalSich pracovi§t' — s jinymi vyzkumnymi Ustavy, s vyrobnimi zivody
a vysokymi $kolami. Radu let velmi aktivn& pracoval v CSAZ — v komisi pro potravinaiskou techniku, pro zem&dglskou
techniku, v odboru vyZivy, ve vydavatelské rad& a v redak&nich rad4ch &asopisti Zemédélska technika a Potravinafské
védy. Pravidelna zasedani komise potravinaiské techniky, které mnoho let pfedsedal, byly vyhledavanou prilezitosti
pro setkdvani pfednich odborniki z oblasti potravinafské techniky, a to jak ze sféry vyroby, tak z vyzkumu i Skol.

V roce 1990 odesel Ing. Adam do diichodu a odborné aktivity se prakticky vzdal, aby se vénoval €innostem, na které
mu diive nezbyval &as — své roding, vnukiim, kniham, pfirodg. Pfejeme mu k tomu hodné zdravi a radosti ze Zivota.

Redakéni rada asopisu a kolegové z VUPP
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Aspartic Acid Proteinases of Carp (Cyprinus carpio) Hepatopancreas
and Rainbow Trout (Salmo gaindneri) Stomach*

Zdenka KUCEROVA, Jiri KUCERA'

Institute of Pathological Physiology, 1*' Faculty of Medicine, Charles University, Prague;
'Research Institute Prague, Prague, Czech Republic

Abstract

KUCEROVA Z., KUCERA J. (1998): Aspartic acid proteinases of carp (Cyprinus carpio) hepatopancreas and rainbow trout
(Salmo gaindneri) stomach. Czech J. Food Sci., 16: 175-178.

Aspartic acid proteinases were isolated from hepatopancreas of carp (Cyprinus carpio) and rainbow trout (Salmo gaindneri)
stomach. The properties of both enzymes were compared with human and other mammalian pepsins and gastricsins. pH optima
were found to be 2.4 and 5.0 for proteinase of rainbow trout stomach and carp hepatopancreas, respectively. In rainbow trout
stomach the minor protease is present with the pH optimum similar to that of carp hepatopancreas. Gastric as well as hepatopancreatic
enzymes are similar to mammalian gastricsin (pepsin C), then to mammalian pepsins (pepsin A) according to hydrolysis of
specific synthetic substrates. Carp hepatopancreatic acid proteinase seems to be cathepsin D - like enzyme according to the pH
optimum found. Hepatopancreatic enzyme is more stable during storage compared with the stomach one, however the stability of
both enzymes is low. Hepatopancreatic enzyme is slightly stabilised by increasing ionic strength. Both enzymes are inhibited with

NaCl concentration lower or higher than 0.2 M.

fish enzymes; carp; cathepsin D; gastricsin; pepsin; trout

Aspartic acid proteinases are broadly distributed in
gastric mucosa, muscle and viscera of reptiles, amphibians
and fish, as well as mammals (Giraud, Yeomans,
1982;Yamashita, Konagaya,1990). Aspartic acid
proteinases of gastric mucosa are involved in food diges-
tion, but those of muscle and viscera are believed to be
involved in intracellular metabolism and post mortem chan-
ges of meat. Indices exist that even the latter can be invol-
ved in the digestion of protein (Yamashita, Kona-
gaya,1990).

Gastric aspartic acid proteinases are usually divided into
three groups: (i) pepsin (pepsin A); (ii) gastricsin (pepsin
C) and (iii) SMP (slowly moving proteinase) according to
its electrophoretic mobility (Sam 1o ff, 1969).

The presence and mutual concentrations of pepsin and
gastricsin vary according to vertebrate species, genetic
variations and, at least in human, with various gastric di-
seases as well (Kuéerové etal., 1993). Three pepsins
and two gastricsin isoenzymes, for instance, are present
in human stomach mucosa(Evers etal,, 1989;Pals et
al., 1989), only pepsin is presentin pig (Foltmann, 1988)
and only gastricsininrat(Ichihara etal., 1986).

Synthetic dipeptide substrates were used to distinguish
between pepsin and gastricsin (Kuéerova etal., 1985).

AcPhe-Tyr(Iz) is used as specific substrate for pepsins,
and For-Tyr-Phe and For-Tyr-Tyr as specific substrate for
gastricsins.

The character of fish stomach aspartic acid proteinases
was studied from this point of view only scarcely (see e.g.
Sanchez-Chiang, Ponce, 1981). No muscle or
visceral aspartic acid proteinases (cathepsins D) were
compared with pepsin or gastricsin according to the hyd-
rolysis of above specific substrates.

The present paper deals with the separation of gastric
aspartic acid proteinases of rainbow trout and hepato-
pancreatic ones of carp. The properties of these enzymes
were compared with human and some other mammalians

enzymes.
MATERIAL AND METHODS

Carp and rainbow trout caught during spring 1995 in
Southern Bohemia were supplied by the Research Institu-
te of Fishery and Hydrobiology, Vodiiany, Czech Repub-
lic. Both types of fish were frozen immediately after killing
and stored at —50 °C until used.

Synthetic substrates, AcPhe-Tyr(1,), For-Tyr-Phe and
For-Tyr-Tyr, were synthesised by Dr. Kasafirek, Research
Institute of Pharmacy and Biochemistry, Prague.

*This study was supported by the Grant Agency of the Czech Republic, Grant No. 509/95/06045.
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Bead DEAE-cellulose (Iontosorb DEAE) was purchased
from Iontosorb, Ustin. L., CR.

All other chemicals were products of Lachema, Brno,
quality reagent grade.

The rate of hydrolysis of the mentioned synthetic sub-
strates was determined as follows: The extracts of carp
hepatopancreas or trout stomach (prepared by the way of
homogenisation of 1 g of material in 3 ml of water for 3 min)
were centrifuged and clear supernatants were activated
with 1M HCI. The samples were diluted with 0.06M HCl to
appropriate activity. 0.5 ml of sample was incubated with
0.15 ml of 0.002M solution of the appropriate substrate for
4 or 6 hours at 37 °C. Free tyrosine or phenylalanine was
then determined by the method of Rosen (1957).

The inhibition of proteinases with pepstatin was deter-
mined by the measurement of enzyme activities in the pre-
sence and absence of pepstatin.

Activity against haemoglobin as substrate was deter-
mined accordingto Anson and Mirsky (1932).

Protein concentration was determined by the method of
Lowry etal. (1951).

Extracts were prepared accordingto Kuéerovi etal.
(1987).

The saccharides were determined according to Wei -
mer and Moskin (1958).

Chromatography on bead DEAE-cellulose was carried
out as follows: 40 ml of extract in 0.05M phosphate buffer
pH 7.0 was applied into the column (3 x 50 cm) of bead
DEAE-cellulose equilibrated with the same buffer. The
column was then washed with equilibrating buffer to re-
move all unadsorbed material. Then the linear gradient of
pH and ionic strength ware applied from the starting con-
ditions to 0.4M phosphate pH 5.4 (125 : 125 ml). Finally,
the column was washed with 100 ml of 0.5M NaCl in 0.4M
phosphate pH 5.4.

RESULTS

The dependence of enzyme activity on pH was measu-
red using DEAE-cellulose prepurified extracts. As shown
in Fig. 1, trout gastric proteinase has pH optimum typical
of gastric acid proteinases (pepsins, gastricsins). Except
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1. pH optimum of rainbow trout gastric acid proteinase and
carp hepatopancreas acid proteinase (hemoglobin as substrate)

176

the main optimum at pH 2.4, however, the second, lower,
pH optimum exists at pH 5.0. This secondary pH optimum
coincides with the pH optimum of carp hepatopancreatic
proteinase (5.0).

The dependence of proteolytic activity on salt concen-
tration (NaCl in mol/l) was measured in the concentration
range of 0.001 to 1 M. The activities of both enzymes (trout
gastric and carp hepatopancreatic proteinases) decrease
rapidly with decreasing ionic strength below 0.2 M. At
ionic strength higher than 0.2 M the enzyme activity de-
creases as well, but very slowly (Fig. 2). The optimum salt
concentration was proved to be 0.2 M similarly like for the
similar enzymes (see forinstanceSanchez-Chiang,
Ponce,1981).
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2. The dependence of acid proteinase of rainbow trout stomach
and carp hepatopancreas on ionic strength (hemoglobin as
substrate)

Both enzymes were found to be strongly inhibited with
pepstatin, which means that both enzymes are aspartic
acid proteinases. Substrates specific for gastricsin,
For-Tyr-Phe and For-Tyr-Tyr, were effectively hydrolysed
by both enzymes. The substrate specific for pepsin
(AcPhe-Tyr(1,), on the other hand, was not hydrolysed
by any of the enzymes tested (Table I). Then, as a conse-
quence, both enzymes are gastricsin-like proteinases.

1. Hydrolysis of pepsin and gastricsin specific substrates with
acid proteinase of rainbow trout stomach and carp hepatopan-
creatic acid proteinase

Activity [A.j./ml]

Substrate Specific for carp trout
For-Tyr-Phe gastrics 0.17 0.32
For-Tyr-Tyr gastricsin 0.06 0.08
Ac-Phe-Tyr-(1,) pepsin 0 0

The storage stability of both enzymes is relatively low,
as shown in Fig. 3. The activity of carp hepatopancreatic
enzyme decreases during 14 days to approximately one
half of the initial activity, while trout gastric enzyme decre-
ases during 14 days as much as one order in magnitude.
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II. Comparison of pH optima of various acid proteinases

Acid proteinase Source pH optimum References

Gastricsin rainbow trout 24 this paper

Hepatopancreatic carp 5 this paper

Cathepsin D carp 3.8 Brun, Wojtowicz (1987)

Cathepsin D Squid digest gland 3.9 Gildberg (1987)

Cathepsin D bovine spleen 4.5 Dorer etal. (1978)

Gastricsin human 3 Richmond etal. (1958)

Pepsin 11 Atlantic cod 2 Gildberg etal. (1990)

Pepsin | Atlantic cod 3.5 Gildberg etal.(1990)

Pepsin human 1.9 Richmond etal. (1958)

Pepsin pig 1.9 Bjelland etal. (1988)
DISCUSSION Trout gastric acid proteinase, as well as carp hepato-

Both acid proteinases, that of carp hepatopancreas as
well as that of rainbow-trout stomach, were found to be
completely inhibited with pepstatin. This fact means that
both these enzymes are aspartic acid proteinases. As
shown in Fig. 1, the pH optimum of rainbow trout gastric
proteinase was determined to be in the range similar to
other fish brands (Table II), which is somewhat higher
compared with mammalian pepsins. Carp hepatopancrea-
tic enzyme, on the other hand, has its pH optimum even
higher, which is comparable with pH optima of some mam-
malian cathepsins (Table II for comparison). Moreover,
carp is typical stomach-less fish. As such, it has neutral or
mild alkaline pH of its digestive tract. Hepatopancreas and
spleen in fish were described to contain a large amount of
cathepsin D (Mc Lay, 1980). The pH optimum of ca-
thepsins D from fish and invertebrates is usually in the pH
range2.8-4.0(Sakai-Suzuki etal, 1983;Sanchez-
-Chiang,Ponce,1986;Gildberg,1987;Mc Lay,
1980), which correlates with the data described for mam-
malian cathepsin D (Barrett, 1977). Carp hepatopan-
creatic acid proteinase has its pH optimum even higher
compared with this range (Fig. 1). Trout gastric proteinase
has pH optimum in the range usual for fish pepsins, but an
additional low secondary optimum is seen at the pH value
of 5.0. This secondary pH optimum of trout gastric protei-
nase coincides with that of carp hepatic proteinase.

Both enzymes hydrolyse synthetic dipeptides. Cathep-
sin D, on the other hand, is known to be unable to hydro-
lyse such small peptides(Manokidan, ITkeda, 1969).
As shown in Table I, both enzymes hydrolyse synthetic
dipeptide substrate specific for gastricsin, and do not hyd-
rolyse specific substrate for pepsin.

Both enzymes have an optimal concentration of NaCl
(Fig. 2) 0.2 M. This optimal salt concentration seems to be
similar to that of pepsins of marine fish (Sanches-
-Chiang,Ponce, 1981)showing in this way the clo-
se similarity between marine and freshwater fish.

pancreatic acid protease, has low storage stability. Carp
enzyme is more stable compared with the trout one, as
shown in Fig. 3.
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3. Shelf-life stability of acid proteinases of rainbow trout sto-
mach and carp hepatopancreas

From the results discussed above the carp hepatopan-
creatic acid proteinase seems to be cathepsin D — like en-
zyme, and trout gastric proteinase gastricsin-like enzyme.
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Temperature Distribution in a Layer of Food Heated by Microwaves*
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HOUSOVA I., HOKE K., TOPINKA P. (1998): Temperature distribution in a layer of food heated by microwaves. Czech
J. Food Sci., 16: 179-188.

By using the energy equation, Lambert’s Law and finite difference method, the relatively simple programme for prediction of
vertical temperature distribution inside the layered slab heated by microwaves was developed. The 1-D model described in this
article was tested under various process conditions and compared with results of experiments to evaluate its performance and the
exactness of prediction. Relative good agreement was found out by comparison of prediction and results of experiments in the
cases of mashed potatoes, tomato and cream sauces, but some differences both in the shape of temperature profiles and in heating
rate, were found out in the case of the dumpling heating. The possible reasons are discussed. One of them is the value of physical
parameters of process, namely reliability of dielectric properties used for calculations. In all tested cases, the response of predicted
temperature distribution in a layer of material to a change in process parameters was considered as real. Validity of prediction is
very much influenced by values of input parameters used for calculation. Sensitivity analysis has shown that namely the value of
power flux and some physical properties of heated material very influence on the prediction.

microwave heating; mathematical model; temperature distribution

In recent years microwave heating of food has become
popular, as it is a quick, simple and convenient method of
heating. Microwaves are used mostly for reheating of pre-
-cooked foods before their consumption. Different types
of food products designed specifically for use in micro-
wave ovens are available on the market now as a response
of food producers to consumers’ demand for convenien-
ce and microwave oven popularity.

Successful results with microwaveable food products
can be achieved only when the necessary attention has
been paid to the specific interaction of microwaves with
individual foods. Uneven heating as a known problem of
microwave heating in food applications is the main conse-
quence of insufficient attention to the microwaveable food
product’s design.

Design of food products for microwave heating requi-
res experience with microwave heating and many experi-
ments. It can be facilitated with the aid of modelling tech-
niques. Mathematical models offer better understanding
of microwave heating process and can help to predict
— with some accuracy — the thermal behaviour of food
during its heating.

Different simple or more complex models have been de-
veloped until now for different food microwave heating
applications.

Generally, two approaches for microwave heating pro-
cess modelling are used. The first is based on electromag-

netic field equations of Maxwell and their solving, second
on Lambert’s Law. According to the Lambert's Law the
microwave power falling upon the heated body surface is
exponentially attenuated as a function of distance of one
dimensional microwave penetration into the material.

Because of its simplicity, Lambert’s Law was used in
many models to predict temperature distribution in heated
food of simple geometry - slab, cylinder, sphere (Ohls-
son, Bengtson, 1971; Kirk, Holmes, 1975;
Nykvist, Decareau, 1976; Datta et al., 1992;
Tong, Lund, 1993; Hou§ov4 etal, 1996; Ren-
nen etal., 1996). However, Lambert’s Law is only valid
for the case when the heated body can be regarded as
infinitely thick, which does not usually hold for every food
application. For exact description of microwave heating
process Maxwell equations must be applied, but speciali-
sed simulation packages are often needed in this case and
numerical computation is very time consuming. First mo-
dels of microwave heating based on Maxwell equation
solution are from the nineties (Ayappa et al., 1991;
Ohlsson,Risman,1993;Chen etal, 1993;Lin et
al., 1995).

Finite difference or finite element method is used for
differential equation solutions in both approaches toge-
ther with various simplification and assumptions in pro-
cess description according to the individual case of hea-
ting.

*The work was supported by international project EU PECO CIPA-CT93-0240 and by the National Agency for Agriculural Research

of the Czech Republic No. EP 096 098 6629.
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Anrelatively simple 1-D model for prediction of vertical
temperature profile in a slab (layer of food) heated by micro-
waves is described in this article. The model has been
developed as a tool for facilitation of a design of microwa-
veable ready meals, which are packed and heated mostly
in flat trays. The same approach has been used in the
work as in our previous 2-D model for prediction of tempe-
rature distribution in a heated cylindrical food (Hou§o-
v4 etal., 1996, 1997).

Theoretical approach
Model description

The model describes the dissipation of electromagnetic
waves' energy during their transmission through the slab
(infinite layer of material) and the conversion of this ener-
gy in heat. Only perpendicular incidence of waves to both
faces of slab (upper, bottom) and multiple passage of wa-
ves through the slab are supposed. The slab can be re-
garded as a system consisting of one or more internal
sub-layers. Different thickness and different properties
of sub-layers are possibly supposed. The value of power
flux [W/m?] is used in the model as an input parameter
(parameter of microwave oven system) for calculation and
its constant value for the whole upper or bottom slab sur-
face is supposed.

The Fourier heat transfer equation with internal heat
source has been applied to process description [1]:

aa_f=3+%.[v(xvr)+Q] 1

where: p - density [kg/m®]
¢, — specific heat capacity [J/kg.K]
A - thermal conductivity of heated material [W/m.K]
T - temperature [°C]
t —time [s]
Q —internal volumetric heat source [W/m?]

Internal heat generation term Q expresses volumetric
heating rate based on the level of power dissipation in
successive shell/layer volume.

Lambert’s Law [2] has been used to express power
dissipated in each individual layer of slab (P,) accor-
ding to the distance of layer from slab surface (x) and
dielectric properties of heated material. Depth of pene-
tration D, is used in this model as a parameter of di-
electric properties:

X

D
Px=P0'e 4 [2]

where: P — value of power on the slab surface [W]
P_ - value of power at x distance from surface [W]
DP— depth of microwave penetration [m]

Dependency of D, on dielectric constant and dielectric
loss factor of material is described by equation [3]:

180

[3]

where: A, —awavelength of microwaves in a free space
(0.122 m)
€ -relative dielectric constant [1]
€ —relative dielectirc loss factor [1]

Initial condition
Uniform initial temperature distribution in a food samp-
le is considered

Tx)=T, att=0

Boundary condition
Heat exchange between surface of slab and surroun-
ding air in the oven cavity by convection is assumed:

V(s 1)

where: h - surface heat transfer coefficient - SHTC [W/m?.K)
T, - temperature of surrounding air (°C)
A - thermal conductivity of surrounding air [W/m.K)
x ~distance [m]

SHTC and T, are considered as constants during hea-
ting, different values for the upper and bottom face of slab
surface are possible.

Various assumptions have been made at the model de-
sign, such as:
~ thickness of slab is constant during heating
— internal mass transport during heating is neglected
— evaporation of moisture from heated material occurs at

the temperature of 100 °C and is considered only in heat

balance

— physical properties of the material are considered as a
function of temperature (polynomial substitution of third
power)

— multiple transmission of microwaves through the slab
to the minor value of power (0.1%) is considered

— internal reflection of waves on interfaces of slab sub-
layers is neglected

— power dissipated in the slab during multiple transmis-
sion of waves can determined out by the calorimetric
experiments

Calculation

Finite difference method with constant mesh distance
and explicit substitution was used for the numerical solu-
tion of equations. A scheme for calculation is given in
Fig. 1. Input process parameters for model calculations
are in Table I

Using in this work developed programme for calculati-
on, the actual temperature in five arbitrary selected points
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1. Input process parameters for model calculation

Parameter Unit Test 1 Test 2 Test 3 Test 4 Test 5 Test6
Time of calculation [s] 480 480 480 180 120 180
Time of delay [s] 0 0 0 0 0 0
Time step for calculation [s] 2 2 2 2 2 2
Time for 1. Profile [s] 60 60 60 30 30 30
Time for 2. Profile [s] 120 120 120 60 60 60
Time for 3. Profile [s] 240 240 240 90 90 90
Time for 4. Profile [s] 360 360 360 120 120 120
Time for 5. Profile [s] 480 480 480 150 150
Power flux — upper [W.m2] 8500 17000 8500 22000 22000 22000
Power flux — bottom [W.m2] 8500 0 8500 0 0 0
Losing power 1] 0.001 0.001 0.001 0.001  0.001 0.001
Initial temperature [°C] 10 10 10 10 10 10
Ambient air temperature — upper [°C] 30 30 30 30 30 30
Ambient air temperature — bottom  [°C] 30 30 30 30 30 30
Heat transfer coefficient — upper [W.m2K™] 20 20 20 10 10 10
Heat transfer coefficient — bottom  [W.m=2.K™'] 20 20 20 60 30 60
Number of layers m 2 2 2 2 2 2
Layer 1

Layer height [m] 0.02 0.02 0.02 0.015 0.015 0.01
Thermal conductivity [J.m'.K 1 0.4 0.4 0.4 0.6 0.59 0.6
Density [kg.m3] 1035 1035 1035 1035 1039 1035
Specific thermal capacity [T.kg K] 3500 3500 3500 3800 3860 3800
Penetration depth [m] 0.008 0.008 0.008 0.012  0.007 0.012
Layer 2

Layer height [m] 0.02 0.02 0.02 0.015 0.015 0.01
Thermal conductivity [J.m™1.K"] 0.4 0.4 0.4 0.6 0.59 0.6
Density [kg.m™3] 1035 1035 1035 1035 1039 1035
Specific thermal capacity [J.kg K] 3500 3500 3500 3800 - 3860 3800
Penetration depth [m] 0.008 0.008 0.016 0.012  0.007 0.012

and vertical temperature profile through the slab in five
different times can be stored at once during heating. Re-
sults can be shown in a graphic way as well as stored data
can be used in other spreadsheet programs.

Influence of process parameters (thickness of slab, num-
ber, properties and thickness of sub-layers, value of power
flux on both slab faces, initial and boundary conditions)
on vertical temperature distribution in the slab and the
rate of heating in certain points in the slab can be followed
from the results of computation.

RESULTS AND DISCUSSION
Testing of the model

Various sets-up of process parameters were used for
the testing of the programme to evaluate its performance
and validity. Model conditions for heating together with

those from practical applications were used as process
parameters. The vertical temperature profiles in the slab
during heating and time-temperature dependency for se-
lected points inside the slab were followed and their chan-
ge in dependence on the variation of process parameters
was judged. Some results of this series of model computa-
tions are given in Figs 2-4. The influence of process para-
meters on the vertical temperature profiles in the heated
slab (the thickness of 40 mm) during the heating of
480 s can be followed in these figures. In all calculations,
the slab conisists of two sub-layers of the same thickness.
The same values of physical properties of the sub-layers
were considered in Figs 2 and 3, different values of depth
of penetration of the sub-layers (8 mm for upper and 16 mm
for bottom sub-layer) in Fig. 4. Symmetrical heating from
upper and bottom surfaces was considered in Figs 2 and 4,
but radiation falling only upon the upper surface in Fig. 3.
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1. Scheme of a layered slab for model calculation

h bottom

Pb - bottom power flux

All input parameters for calculations related to Figs 2— 4
are in Table I (indicated as Test 1 — Test 3).

Experiments for model verification

Experiments with some food samples (model material
and real food products) heated in flat one-portion trays in
amicrowave oven were performed to evaluate model vali-
dity and accuracy in prediction.

100

Domestic microwave oven Moulinex FM 2915 Q (850 W,
241 of cavity volume, without turntable) was used toge-
ther with Luxtron’s thermometric system (Luxtron Corp.,
Cal., USA) with four fibreoptic probes MIW —2 m for local
temperatures monitoring. Temperature data were collec-
ted at an interval of 2 s by four-channel data acquisition
system and transported to the computer via serial port RS
232.

The samples of dry mashed potatoes and water mixture
(87% moisture, 20 and 30 mm height of layer in the tray),
slices of dumpling (44.6 % moisture, 1 slice of 30 mm thick-
ness in the tray), tomato sauce (88% moisture, 30 mm
layer), cream sauce (87% moisture, 30 mm layer) and
cooked pasta (68% moisture, 30 mm layer) were gradually
used in the experiments. The food samples were filled and
heated in flat one-portion trays for sterilized ready meals
(aluminium-foil trays, volume of 460 ml, height of tray
36 mm, Alcan, Germany) and heated without the lid. Only
one-side irradiation (from free upper surface) is allowed
using this type of tray, which simplifies the simulation of
heating.

For comparison with model calculations, four points at
nine (mashed potatoes) or five (other types of food) le-
vels of heated material layer were selected for temperature
probe installation and temperature measurement (all points
near the geometric centre of individual layers). Except of
the experiments with heating of dumplings, the special
holder was used to fix Luxtron’s probes position inside
the samples during heating.

The local temperatures of samples were monitored from
initial temperature of 10to 60 °C as a minimal temperature.
Measurements were carried out in triplicate and mean va-
lues of temperatures in individual measured points were
estimated. The mean value of temperatures for each probe
level (mean of four local temperature values) was calcula-
ted, too. The comparison of predicted and experimental
temperatures in individual points of food samples was
made.

Temperature [°C]

2. Vertical temperature distribution in a
slab during the microwave heating — model

0 10 20
Distance from upper surface [mm]

8- 60 s W~ 120 s=Ar 240 sl 360 s 480 s
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prediction. Slab thickness of 40 mm. Sym-
metrical heating both from upper and bot-
tom faces of the slab. Parameters for
calculation as Test 1 in Table I
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100
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Temperature [°C]

20

3. Vertical temperature distribution in a
slab during the microwave heating — model
prediction. Slab thickness of 40 mm.
Heating only from upper surface. Para-
meters for calculation as Test 2 in Table I

Distance from upper surface [mm]

- 60 s W~ 120 52 240 s 360 s~ 480 s

The comparison of predicted and experimental vertical
temperature profiles in a heated sample of mashed potato-
es (layer of 20 mm) and of tomato sauce (layer of 30 mm) is
represented in Figs 5 and 6. Time of heating is 180 s for
Fig. 5, and 120 s for Fig. 6. Chemical composition of both
foods is in Table I, thermo-physical and dielectric proper-
ties together with other input parameters used for model
computation in Table I (Test 4, Test 5). The first initial
minutes of heating were selected for comparison of expe-
rimental and predicted values because of a low level of
moisture evaporation at this time (in the model, an influen-
ce of moisture evaporation on heat transfer is neglected).

As can be observed from the figures, relative good
agreement of model prediction with results of experiments
was estimated for mashed potatoes and tomato sauce, both
in the shape of profiles and in the values of temperature.
Prediction of temperature profiles for cream sauce gives
good agreement with experimental measured profiles, too.

A little worse was the comparison of the model prediction
with the results of experiments for dumplings and pasta.
There are possibly different reasons for this fact. One of
them is an accuracy of measurements which is influenced
by the structure of such foods as dumplings and pasta.
Different size and different placement of pores in the sam-
ples of dumplings or between the individual pieces of pasta
make difficulties at the exact probe installation and wor-
sen the reproducibility of results. The other reason is the
values of physical properties and the value of microwave
power flux used for the model calculations in these cases.

The thermophysical properties of foods for model cal-
culations were taken partly from experiments (mashed
potatoes—Ambros, 1993), partly were calculated using
COSTHERM programme (conceived by Miles et al.,
1983, improved by Nes vadb a, 1989) according to the
chemical composition of food. The dielectric properties
(e,e” orDP) were taken from literature in all cases (Kent,

100

Temperature [°C]

4. Vertical temperature distribution in a
slab during the microwave heating — model
prediction. Slab of 40 mm thickness con-
sisting from two sub-layers of different

20
Distance from upper surface [mm)

-3 60 s ~W~ 120 s 240 s—alkc~ 360 s~ 480 s

depth of penetration (8 mm upper, 16 mm
bottom sub-layer) and of the same thick-
ness (20 mm). Symmetrical heating. Para-
meters for calculation as Test 3 in Table I

40
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80 - - . - 5. Comparison of predicted and experi-
. . . . mental temperature profiles in a layer of
. i . . mashed potatoes (30 mm) during 180 s of
J heating. Heating only from upper surface.
(s e D AT PR SRS C e Parameters for calculation as Test 4 in
i . Table I
g
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experiment — — model 22 000 W/m
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II. Chemical composition of foods used at comparative experiments
Chemical composition
Food Water Protein Fat Carbohydrates Minerals NaCl
Mashed potatoes 86.94 1.59 0.06 11.12 0.04 0.04
Tomato sauce 88.40 0.95 0.30 9.16 1.19 0.77

1987;0hlson, 1993;Datta etal., 1995). As the detai-
led description of food in the literature is often missing,
the values were selected only according to the name of
food and to the microwave frequency. Only in some cases
the selection was made also according to the chemical
composition of food and to the temperature range. In this

situation, the reliability of many of selected values is not
very high. Only the data for mashed potatoes may be con-
sidered as relatively reliable. No values of dielectric pro-
perties for dumplings could be found in the available lite-
rature and therefore the value for bread was used in this
case, but the differences probably exist.

F’S
(=]
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Temperature [°C]
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T v T
0 4 8 12 16 20 24 28
Distance from tray's bottom [mm]
——  experiment = e model 20 000 W/m
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6. Comparison of predicted and experi-
mental temperature profiles in a layer of
tomato sauce (30 mm) during 120 s of
heating. Heating only from upper surface.
Parameters for calculation as Test 5 in
Table I
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7. Sensitivity analyses — change in
temperature versus the corresponding
percent change of model parameters. Cal-
culation for centre of mashed potatoes
layer of 20 mm. Heating only from up-
per surface. Parameters for calculation as
Test 6 in Table I
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Further problem with validity of model prediction is the
value of microwave power (or power flux) used for predic-
tive calculations.

First computations were made using the values found
out according to IEC 705 Standard (IEC, 1988, 2™ ed.,
calorimetric method, heating of 11 potable water). A com-
parison of results of these calculations with experiments
has shown the too high rate of heating, the reason of
which was probably to high value of power used in calcu-
lations. -

Some publications from recent years give attention on
influence of food volume on power dissipated in food
during heating ("coupling effect” — Mudgett, 1994;
Rivaetal, 1994;Griineberg,1994;Persh-Schu-
bert, 1995). According to this publications, the real va-
lue of power dissipated in a certain volume of material
decreases with this volume. The difference between the
value of power absorbed during the heating by the water
sample of 1000 ml and by the food sample with moisture
about 80% or less and volume about 300—400 ml can be
therefore supposed.

Special experiments were performed to find the value of
power absorbed by small samples of foods with volume
like in experiments. Calorimetric methods were used for
this purpose. Heating of water samples of the same volu-
me as food samples was performed at full setting of mag-
netron. Alu-trays were used as containers in these expe-
riments and the heating was performed from water
temperature of 10 + 2 °C at temperature elevation about
10 + 2 °C. Ten measurements were carried out and avera-
ge values of power were found and used in following
calculations for mashed potatoes and both sauces.

Because of a lower moisture content for the dumplings,
the values obtained by this method are not too reliable.

= SHTC-bottom

Sensitivity analysis

To determine how changes in various parameters for
model calculation may affect the prediction of thermal be-
haviour, a sensitivity analysis was conducted. The sensi-
tivity of temperature predicted for certain points inside
the slab to change in parameters such as power flux, tem-
perature of air around the slab (upper, bottom), surface
heat transfer coefficient (upper, bottom) and properties of
heated material (density, heat capacity, thermal conducti-
vity, depth of penetration) was evaluated. Nominal values
of each parameter were varied in steps on 10% over aran-
ge—50to + 50%. During the variation of one parameter the
others were kept constant. The temperature correspon-
ding to the change (increase, decrease) of a parameter was
compared with the original (nominal) value. Their differen-
ce was expressed also as a percentage of nominal value.
The results of analysis were expressed also as a relative
sensitivity. Accordingto Lin etal. (1995)andHou$o-
v 4 etal. (1996), the relative sensitivity was calculated as a
percent variation of temperature change to a correspon-
ding percent variation of model parameter.

Fig. 7 shows a plot of the change in predicted tempera-
ture (in °C) versus the corresponding percent change in
individual model parameters when other parameters are
held constant. Calculation was performed for the centre of
mashed potatoes layer of 30 mm thickness and second
minute of heating. Only one side heating (from upper sur-
face) was considered (simulation of food heating in Alu-
-trays). Nominal values of model parameters are in Table I
(as Test 6).

The sensitivity of a model to change in input parameters
gives an indication of the level of care which must be gi-
ven to using different input parameters, and whether it is
safe to assess parameters to be constant or account for
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changes in its value with change in process conditions.
As may be observed, the model is very sensitive to chan-
ge in microwave power, density and heat capacity and
also depth of penetration of heated material is of some
importance. Surrounding air temperature and surface heat
transfer coefficient have a minor influence. These conclu-
sions are related to the layer of mashed potatoes of 30 mm
thickness and one side heating. Calculation for other hea-
ting conditions is providing now.

Conclusions

By using the energy equation, Lambert’s Law and finite
difference method, the relatively simple programme for
prediction of vertical temperature distribution inside the
layered slab heated by microwaves was developed. The
model was tested under various process conditions and
compared with results of experiments to evaluate its per-
formance and the exactness of prediction. Relative good
agreement was found out by comparison of prediction
and results of experiments in the cases of mashed pota-
toes, tomato and cream sauces, but some differences both
in the shape of temperature profiles and in heating rate,
were found out in the case of the dumpling heating. The
possible reasons are discussed. One of them is the value
of physical parameters of process, namely reliability of
dielectric properties used for calculations. In all tested
cases, the response of predicted temperature distribution
in a layer of material to a change in process parameters
was considered as real. Validity of prediction is very much
influenced by values of input parameters used for calcula-
tion. Sensitivity analysis has shown that namely the va-
lue of power flux and some physical properties of heated
material very much influence on the prediction. Using the
parameters of limited values, the validity of prediction is
lowered. More effort to obtain real values of thermal and
dielectric properties of various food products, especially
cooked foods at condition of microwave heating (tempe-
rature, frequency), is necessary to produce the more reli-
able results by the predictive model.
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RoziiFeny souhrn

V ptipadé potravin je mikrovinny ohfev predeviim vyuZivén pro tepelnou regeneraci pfedem pfipravenych, vétSinou zcela
tepelné dohotovenych potravin. Vyrobci potravin reaguji na rostouci popularitu mikrovinnych zafizeni pfipravou specidlnich
vyrobki, hlavng hotovych pokrmil, dodavanych na trh v chlazené, zmrazené &i sterilované podobé.
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Uspéch vyrobkii pro mikrovinny ohfev je podminén specifickym pistupem k jejich vyvoji. Nerovnomérny ohiev je v pripadé
viceslozkovych vyrobki velmi pravdépodobny a miiZe se projevit i vyraznym poklesem kvality po ohfevu. Pfi¢inou je nedostate&né
pozornost vénovana vyvoji vyrobki, neznalost zdkonitosti mikrovinné technologie €i nerespektovani specifické interakce mikrovin
s jednotlivymi potravinami. Ur¢itou pomoc pfi vyvoji vyrobkll pro mikrovinny ohfev nabizi matematické modelovéni procesu.
I kdyZ je pfi tvorbé matematickych modelil proces mikrovinného ohfevu zna¢né zjednodusen, nabizi prostfedek pro lepéi porozuméni
procesu a pro pochopeni vazby jednotlivych procesnich podminek s vyslednym efektem, tedy s rozloZenim teplot ve vyrobku
v jednotlivych fazich ohfevu. S uréitou pfesnosti souvisici s mirou zjednoduseni popisu procesu pfi tvorbé matematického modelu
nabizi i pfedpovéd’ priibéhu ohfevu pfi uréitych procesnich podminkéch.

Pfi modelovani mikrovinného ohfevu jsou pouZivany dva zékladni zpiisoby pro vyjadieni rozptyleni energie mikrovin v objemu
ohfivané latky. Prvni, a vzhledem k jednoduchosti stdlé velmi pouZivany zpiisob, vychazi z Lambertova zdkona, podle kterého
energie mikrovin pfi priichodu diclektrikem exponencialné klesa v zavislosti na jeho dielektrickych vlastnostech. Lambertiiv zékon
plati pfesné pro téleso nekone&né tloustky, coz ve vétsiné potravinaiskych aplikaci neni zcela pravda, pfesto viak v fadé pfipadi
poskytuje uspokojivé vysledky. Druhy pfistup k modelovani mikrovinného ohfevu je zaloZen na fe§eni Maxwelovych rovnic,
popisujicich rozloZeni parametrii elektromagnetického pole. Nabizi pfesn&jsi pfedpovéd’ ohfevu, numericky vypodet je viak
¢asové velmi naroény, vyzaduje vykonny poéitad a specidlni programové vybaveni. Modely mikrovinného ohievu zaloZené na
feseni Maxwelovych rovnic se objevuji v publikacich od zagatku 90. let.

V tomto ¢lanku je popsana tvorba a vysledky testovéni jednoduchého jednorozmérného modelu mikrovinného ohfevu materialu
ve tvaru ploché vrstvy. Model byl vyvijen s cilem ziskat pomémné jednoduchy prostiedek, ktery by umoznil sledovat rozloZeni
teploty v materidlu pfi zméné jeho fyzikalnich parametrii €i rozmérl nebo pfi zméné vykonovych a dalSich parametrii ohfevu.

Pristup ke tvorb& modelu byl obdobny jako pfi vyvoji pfedchoziho dvourozmé&rmného modelu mikrovinného ohfevu materidlu
vélcové geometrie (Hou$ovaé etal.,, 1996). Na rozdil od modelu pro vilcové téleso je v pfipadé ploché vrstvy predpokladan
vicenésobny priichod mikrovin vrstvou materidlu aZ do poklesu jejich vykonu na volitelnou mezni hodnotu (bez vnitfnich odrazi).
Je pfedpokladén vnitfni pfenos tepla kondukci a pfenos tepla mezi povrchem vrstvy a okolnim prostfedim konvekcei pfi konstantni
teploté prostfedi i konstantni hodnoté souinitele konvektniho pfenosu tepla. Dile pfedpokladdme moZnost vyjadrit tepelné
fyzikélni a dielektrické vlastnosti materidlu v zavislosti na teploté. Model pracuje s hodnotou penetraéni hloubky materiélu. Neni
uvazovan pfenos hmoty — odpafovani vihkosti pfi dosaZeni teploty 100 °C je zohledn&no v energetické bilanci. Mezi vstupnimi
parametry pro vypodet jsou dale: vykonova hustota (W/m? - Ize volit rozdilné hodnoty pro horni i spodni povrch vrstvy), teplota
okoli a koeficient konvektivni vymény tepla, skladba vrstvy materialu (1ze simulovat ohfev vicevrstevného vyrobku, po&et vrstev
riznych vlastnosti a rizné vysky je volitelny) a doba ohfevu i pfipadna zavéreéna vyrovnévaci prodleva.

Numerické kalkulace je zaloZena na metodé koneénych diferenci s konstantnim rozmérem sité, vazanym s asem kritériem
stability feSeni. Vypoé&tené hodnoty jsou zpracovavany do grafickych zévislosti teplota — &as (pro p&t volitelnych bodu ve vrstvé)
a do podoby vertikalniho teplotniho profilu (profil Ize sestavit pro pét volitelnych &asi).

Model byl testovan pro riizné varianty vstupnich parametrii, aby byla zhodnocena jeho funk&nost, vykonnost i vérohodnost
odezvy vysledkli vypoétu na zménu zadini. Testovini modelu prokéazalo, Ze odezva vypoé&tenych hodnot na zadéni i tvary
graficky zpracovanych vysledki jsou redlné.

Pro posouzeni vérohodnosti vypoétenych teplot byla provedena fada experimentii s ohfevem modelové latky (bramborova kase
ur¢itého slozeni) i potravin vyskytujicich se jako slozky béznych typili pokrmu. Vybér materidli byl podfizen moznosti ziskat co
nejvérohodnéjsi uidaje o jejich fyzikalnich zejména dielektrickych vlastnostech, které byly erpany vyhradné z literatury. Byly
porovnany experimentalni i vypoétené teploty pro ohfev bramborové kaSe, rajské a svi¢kové omacky a platki knedliku pfi
jednostranném ohfevu vrstvy shora (pfi experimentech pouZity ploché misky z hlinikové félie). V diskusi je konstatovano, Ze
mira shody je ovlivnéna nejen matematickym modelem, ale i vérohodnosti zadavanych vstupnich parametril (jde zejména o vérohodnost
hodnot fyzikalnich vlastnosti ohfivanych materidli pfebiranych z literatury a redinych hodnot vykonové hustoty pro konkrétni
pripad malého objemu potraviny a pouZity obal) a pfesnosti a reprodukovatelnosti teplotnich méfeni. Dobrou shodu vykazalo
porovnani vypoétenych a experimentdlnich hodnot pro pfipad ohfevu bramborové kade a dvou typli omaéek (rajska, svickova),
horsi shodu porovnéani hodnot pro ohfev platkid knedliku. Pfedpoklddané diivody hordich vysledki pro knedliky jsou v ¢lanku
komentovany. Srovnavaci experimenty s dal$imi typy pokrmovych sloZek probihaji.

Pro stanoveni miry vlivu jednotlivych vstupnich parametrii pro vypoget na vysi vypoétenych teplot byla provedena analyza
citlivosti modelu. Analyza byla provedena pro stfed 20mm vrstvy bramborové kase pfi jednostranném ohfevu (pfes horni povrch
vrstvy — simulace ohfevu v hlinikové misce). Analyza prokazala, Ze vysledek vypo&ty, tj. jednotlivych hodnot teploty, ovliviiuje
predev§im hodnota mikrovinného vykonu, resp. vykonové hustoty, a ddle hustota, mémé tepelnd kapacita a v mensi mife
penetraéni hloubka ohtivaného materialu. Vliv teploty okoli a soudinitele konvektivni vymény tepla je nevyznamny. Vysledky
analyzy upozoriiuji, s jakou pfesnosti je tfeba pfi modelovych vypodtech pouZivat parametry s nejvyznamnéjsim vlivem,
a potvrzuji nutnost podstatng rozsifit dostupné udaje o fyzikalnich vlastnostech potravin, zejména ve sméru dielektrickych
vlastnosti.

Testovani modelu mikrovinného ohfevu potvrdilo jeho pouZitelnost podle ziméru jeho vyvoje. Modelem, umoZiiujicim s uréitou
piesnosti pfedpovéd rozloZeni teplot ve vrstvé potraviny v riiznych fazich ohfevu i béhem postprocesni vyrovnavaci vydrze, lze
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velmi dobfe sledovat zménu priibéhu ohfevu pfi zdméné suroviny, pfi zméné rozméru &i skladby vrstvy i pfi zméné& vykonu
pouzitého zafizeni. Je pouZitelny pro simulaci ohfevu vyrobku jak v transparentnim obalu, tak napf. v hlinikové misce. To vie
miiZe pomoci pfi vyvoji vyrobki pro mikrovinny ohfev a to od vybé&ru surovin pro viceslozkové vyrobky, jejich optiméalni
porcovini &i davkovéni do obalu aZ po volbu optimélnich rozméri obalu tak, aby se loklni teplotni rozdily pfi mikrovinném
ohfevu minimalizovaly.

Sourn

HOUSOVA J., HOKE K., TOPINKA P. (1998): RozloZenf teplot ve vrstv& potraviny p¥i mikroviném oh¥evu. Czech J. Food
Sci., 16: 179-188.

Clanek popisuje relativné jednoduchy po&itagovy program, vyvinuty pro ptedpovéd rozloZeni lokalnich teplot ve vrstvé potraviny
za uréitych podminek mikrovinného ohfevu. Model je zaloZen na Fourierové rovnici vedeni tepla s vnitinim zdrojem energie a na
Lambertové zakoné pfedpokladajicim exponencidlni pokles vykonu mikrovln pfi jejich prichodu materidlem. Pfi vyvoji modelu
byla uplatnéna fada pfedpokladii pro popis déje, napf. vicendsobny priichod mikrovin vrstvou materialu. Pro numerické feSeni
rovnic byla pouzita metoda koneénych diferenci. Model byl testovan pro fadu riiznych procesnich podminek pfi sledovani jeho
spolehlivosti a redlnosti odezvy vypoétli na zménu zadani. Pro ovéfeni pravdivosti vypoétl byla provedena fada experimenti
s rliznymi potravinami (bramborov4 kase, rajské a svitkovad omacka, platky knedlikil). Dobrou shodu vykézalo zejména porovnani
vypoétenych a naméfenych teplot pro pfipad ohfevu vzorki bramborové kase a obou omacek. Diivody pro horsi uspésnost
pfedpovédi priibéhu teplot u platku knedliki jsou diskutovany. Provedena analyza citlivosti modelu definuje parametry ohfevu,
resp. vstupni parametry vypoétu s mimofadnym vlivem na vysledky vypoétu. Jde o hodnotu mikrovinného vykonu, mérné
hmotnosti a mérné tepelné kapacity ohfivané latky, ale i o hodnotu dielektrickych vlastnosti.

mikrovinny ohfev; matematicky model; rozloZeni teplot
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Reologické vlastnosti ovocnych dieni v pribéhu zahust'ovani*

Milan HOUSKA, Karel KYHQS, Rudolf GREE, Jan STROHALM, Ale§ LANDFELD,
Pavla NOVOTNA, Jifi SVADLENKA', Lubomir ADAMEK

Food Research Institute Prague, Prague, 'Deva, a.s., Nové Mésto nad Metuji, Czech Republic

Abstract

HOUSKA M., KYHOS K., GREE R., STROHALM J., LANDFELD A., NOVOTNA P.,, SVADLENKA J., ADAMEK L. (1998):
Rheological properties of fruit pulp during concentration. Czech J. Food Sci., /6: 189-194.

The rheological properties of the reference fruit pulp were measured; it provides the optimum consistency of fruit baby food.
These properties should be reached for all the semiproducts used for preparing fruit baby food of different sorts. To reach this goal
the semiproducts should be thickened by evaporation not to standard refractive index (dry matter) but to the constant rheological
properties. The second possibility to regulate the rheological properties is to add the specific amount of fruit or other natural dry
fibers. Therefore we measured the changes of rheological properties of fruit pulps during their thickening by evaporation and as a
function of concentration of added dry fibers (here used the chitosan type of fibers). The power-law rheological model was used
for description of flow curves and its parameters evaluated as functions of refractive dry matter and amount of added chitosan for
different temperatures. Two typical fruit pulps were measured — apricot and peach.

rheological properties; power-law model; concentration; fruit pulp; fiber; apricot; peach
Souhrn

HOUSKA M., KYHOS K., GREE R., STROHALM J., LANDFELD A., NOVOTNA P., SVADLENKA J., ADAMEK L. (1998):
Reologické vlastnosti ovocnych dfenf v priib&hu zahuSt’ovani. Czech J. Food Sci., /6: 189-194.

Byly proméfeny reologické vlastnosti vzorové ovocné dfené pro optimalni konzistenci ovocné détské vyzivy. Viechny vyrobky
tohoto typu vyrabéné z ovocnych polotovarl by mély mit tyto vlastnosti. Dosazeni tohoto cile pfedpoklada zahustovani
polotovari na konstantni konzistenci, nikoli refrakci, jak je tomu doposud. Proto byly proméfeny reologické vlastnosti typickych
ovocnych dieni v zavislosti na refrakci v prib&hu zahu$tovéani odparem a pfi zahust'ovani pfidavkem vldkniny chitosan. K popisu
reologickych vlastnosti dfeni byl pouZit mocninovy model a uréeny jeho parametry jako funkce teploty a refraktometrické susiny
pro dva typické druhy ovocnych dfeni — broskvovou a meruiikovou.

reologické vlastnosti; mocninovy model; zahust'ovani; ovocné dieii; vlaknina; broskev; meruiika

Dosavadni zpuisoby pfipravy ovocnych polotovarti jsou
orientovany na dosaZeni konstantni refraktometrické su-
$iny. V zavislosti na teplotni a mechanickeé historii plodd,
stavu struktury a stupni zralosti se pii dané refrakci docili
urcité, avSak velmi kolisajici konzistence polotovaru. Po-
kud je v dalim procesu vyroby vyloudeno nebo omezeno
pouZiti zahust'ujicich latek, je jedinou cestou k dosaZeni
stalosti konzistence finadlnich vyrobki provéadét pti pii-
pravé polotovaru regulaci na viskozitu a ne na refrakci.
Ideélni by bylo pouzit definovanych a vhodnych odrid
ovoce sklizeného v zralosti optimalni pro tyto uéely. Pri-
béh produkce obvykle neodpovida poZadavkiim a kapaci-
t& zpracovatell. Proto je jednou z moZnych cest provadét
zahu$t'ovani prvotng ziskané ovocné dfené odpafovanim
do konstantni konzistence.

Jednim z cilt této prace bylo provést modelové odparo-
vaci pokusy v pilotni odpafovaci jednotce a v jednotli-
vych fazich odpafovéni odebranych vzorki proméfit reo-
logické vlastnosti. Takto ziskand data byla porovnana se
vzorkem, jehoZ reologické vlastnosti se bliZi pozadované-
mu charakteru konzistence pro dany vyrobek (v tomto pii-
padé pro détskou ovocnou vyzivu).

Dal§im zpusobem zahustovéni polotovaru je pfidat do
ovocné diené& ovocnou nebo jinou potravindfskou vlékni-
nu. Vyhodou je, Ze produkt se nemusi znovu ohfivat,
a proto je energeticky vyhodnéjsi, akvalitativni znaky (napf.
barva) neutrpi. Proto jsme postupné zahu§t'ovali meruiiko-
vé dfené vlékninou chitosan, proméfili reologické vlastnos-
ti t&chto zahusténych vzorki a tyto vysledky porovnali
s vysledky ziskanymi u vzorki zahust'ovanych odparem.

*Tato price byla vypracovana s podporou grant NAZV &. EP 096 000 6634 a GA CR &. 525/96/0060.

189



Vol. 16, No. 5: 189-194

Czech J. Food Sci.

MATERIAL A METODY

Zahu$t’ovani odparem

Odpatovani bylo provadéno na pilotni odparce AV-50
opatfené topnym plastém a systémem michadla se stérka-
mi. Ota&ky michadla byly v prib&hu pokusu konstantni
(100 ot./min), k ohfevu produktu byla pouZita topné péra
z parniho elektrického vyvijee Chirana o pfetlaku 1,5 aZ
2 bary. Odparovani za snizeného tlaku (absolutni hodnota
tlaku se ménila od 1 do 0,05 baru) probihalo pferu§ovang
po odpateni pfedem zvoleného mnozstvi brydového kon-
denzétu, aby doslo k zahu$téni o pfislu$nou hodnotu re-
frakce. Po odbéru vzorku a pfem&feni refrakce pokus po-
kracoval. Poéate¢ni néplii odparky &inila cca 35 litri
nafedéné ovocné dien&. Prvni pokus byl uskuteénén
s broskvovou dfeni a druhy s dfeni meruiikovou. Vzhle-
dem k tomu, Ze druhy produkt po nafed&ni enormng pénil,
bylo pouzito odpéiiovadlo Tekodef (VTX NiZbor) v divce
nékolika mililitrii na vsadku (vmichéno pfedem do cca 0,5 1
produktu a vpraveno na hladinu). V priibéhu odpafovéni
byla méfena teplota vsadky a mnozstvi brydového kon-
denzatu jako funkce &asu od startu vakuového varu, ktery
byl indikovan objevenim se kondenzétu ve sb&radi. Start
varu musel byt opatmé regulovéan vzhledem k nebezpeti
pénéni a odtaZeni 4sti produktu z vafdku odparky do sbé-
rate kondenzétu.

U odebranych vzorki byla stanovena ihned refrakto-
metricka suSina na refraktometru Zeiss a nasledng su$ina
suSenim do konstantni hmotnosti v horkovzdugném steri-
latoru Chirana zapojeném jako su$éarna (pfi teploté 105 °C).
Reologické vlastnosti vzorki byly proméfeny pfi étyfech
teplotach — 60; 35; 25; 20 °C (teploty odpovidaji primémé
teploté zahustovéni, teploté, pfi niZ opousti chladici sekci
pasteru ve vyrobé, teploté hodnoceni produktu v praxi
a v senzoricke laboratofi). K méfeni byl pouZit rotaéni reo-
metr se souosymi valci Rheotest 2 — Typ RV2 (Medingen,
SRN) s vyuzitim valce S2. PouZiti vilce S1 u n&kterych
vzorku vyluovala nehomogenni struktura obsahujici hrud-
kovité ¢astice zplsobujici nerovnomémost odeéitanych
dat. Pfi méfeni byla pouZivana pfevazné méfici hlava ],
vyjimeéné pak hlava II. Metodicky bylo postupovéno od
nejmensich smykovych rychlosti k nejvét§im. Tento po-
stup byl pak dodrZen pro viechny vzorky. K temperaci
pred méfenim (10 min) byl pouit Ultratermostat UH4-MLW
(Medingen, SRN). Stejnym zpiisobem byly stanoveny re-
ologické vlastnosti vzorové broskvové diené, a tak byly
ziskdny informace o kone¢ném reologickém chovani sprav-
né& pfipraveného polotovaru.

Zahu$tovini vlikninou

Pro experimenty byly pfipraveny vzorky meruiikové dfe-
né& (vychozi polotovar stejny jako pro zahu$t'ovani odpa-
rem o pH = 3,33) s pfidavkem vlakniny chitosan (dietni
vlaknina z mycelia, vyvojovy vyrobek VUPP - Ad4-
m ek, osobni sdéleni) o koncentracich 0,5; 1; 2; 3;4;5%
hmot. OdvéZené mnoZstvi vldkniny bylo nasypéano do die-
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né, vzorky byly po zamichani uloZeny do chladnicky. Vlast-
ni méfeni prob&hlo druhy den po dostate¢ném nabobtna-
ni vldkniny ve dfeni. Pfed méfenim byly vzorky znovu pro-
michény.

Reologické vlastnosti vzorki byly proméfeny pfi teplo-
t&€ 20 °C (teplota odpovid4 hodnoceni produktu v praxi
av senzorické laboratofi). K méfeni byl pouZit rotaéni reo-
metr se souosymi vélci Rheotest 2 — Typ RV2 (Medingen,
SRN) za stejnych podminek jako pfi zahu§tovani odpa-
rem. K temperaci pfed méfenim (10 min) byl pouZit Ultra-
termostat UH4-MLW (Medingen, SRN).

VYSLEDKY A DISKUSE
Vzorova broskvova diefi

Reologické vlastnosti vzorové broskvové dien& byly
proméfeny pfi teplotich 65,4 a 23,3 °C. Refrakce tohoto
vzorku byla cca 12 %. Regresi naméfenych dat mocnino-
vymmodelem

R, =K% [1]
pro teplotu 23,3 °C a korekci smykové rychlosti na nenew-
tonské chovani byla stanovena hodnota koeficientu kon-
zistence K’ =20,56 Pa.s" pfi indexu tokun =0,238 v rozsahu
smykovych rychlosti 1-280 s'. Jde tedy o siln& viskézni
nenewtonskou kapalinu bez &asové z4vislosti. Pro porov-
néni s reometrickymi daty zahusténych vzorki byla uve-
dena hodnota koeficientu konzistence piepoétena na tep-
lotu 20 °C (s vyuzitim stanovenych teplotnich zévislosti
pro podobnou refrakci u zahustovanych vzorka) s tim, ze
vysledné hodnota koeficientu konzistence ¢ini 24,2 Pa.s".

Pfi napodobovani vzoru je tedy nutné doséhnout nejen
piibliZzné stejného koeficientu konzistence, ale i pfiblizné
stejného indexu toku (piiblizné stejné tokové kiivky).

Broskvova a meruiikova dfeii zahu$t'ovand odparem

Naméfend data smykovych napéti jako funkce tabelo-
vanych smykovych rychlosti platnych pro newtonské
kapaliny byla pfepo¢tena na zdéanlivé viskozity a prove-
dena regrese vztahem [1] v&etné korekce smykové rych-
losti na nenewtonské chovani. Jelikoz bylo zjisténo, ze
méfené kapaliny nevyhovuji mocninovému modelu v ce-
lém méfeném rozsahu smykovych rychlosti, bylo vyhod-
noceni mocninovym modelem provedeno po ¢astech. V-
sledné hodnoty koeficient konzistence K a indext toku
n pro rizné teploty méfeni jsou uvedeny v tab. I-1I.

Na obr. 1 je zndzornén typicky pribéh zdanlivé visko-
zity broskvové dfené na smykové rychlosti. Z hodnot in-
dext toku je patmé, Ze kromé& nejvysSich teplot a nejniz-
§ich refrakei jde o kapaliny silné nenewtonské, které s ros-
touci smykovou rychlosti znagné& sniZuji svou zdanlivou
viskozitu. S rostouci teplotou klesa koeficient konzisten-
ceK’, ktery byl nami zvolen za miru konzistence dané dre-
né. Ditvodem pro tuto volbu je skuteénost, Ze tato velici-
na pfedstavuje hodnotu zdéanlivé viskozity pro pomémé
malou smykovou rychlost (1 s™), kter4 je velmi blizké roz-
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I. Reologické parametry dfeni zahustovanych odparem pro teplotu méfeni 20 a 25 °C — Rheological properties of fruit pulp
thickened by evaporation for the measuring temperature of 20 and 25 °C

K n Rozs:h’ Y K n Rozsah Y
Refrakce?! [Pa:s”] [-] [s7] [Pa.s"] -] [s7]
Dreii! [%] 20°C 25°C
Broskvova? 72 2,26 0,462 0,536-1,608 2,26 0,607 1,560-4,68
2,98 0,540 1,894-8,521 3,32 0,381 5,945-481,577
3,57 0,381 9,918-482,015
8 3,63 0,648 0,517-3,099 3,31 0,506 0,530-1,59
4,69 0,345 5,036-489,45 426 0,350 2,011-488,576
9,2 6,72 0,483 0,533-1,919 522 0,630 0,518-3,108
8,37 0,301 3,097-437,4 6,69 0,332 5,067-492,512
10,6 10,44 0,526 0,528-1,584 9,81 0,498 0,531-3,186
11,92 0,286 2,086-253,473 12,05 0,280 5,234-254348
13 18,17 0,561 0,524-1,886 14,63 0,486 0,533-1,917
19,85 0,251 3,218-260,69 19,03 0,259 3,194-517,444
16,2 64,80 0,583 0,191-0,382 51,72 0,549 0,195-0,588
50,39 0,184 0,646-188,374 38,64 0,211 1,132-275,125
Meruitkové? 7 0,41 0,602 25,296-455,333 0,58 0,538 9,477-460,582
8,5 1,16 0,496 8,610-464,956 0,91 0,559 1,888-9,441
1,07 0,495 14,351-464,956
11,5 3,41 0,432 1,948-473,267 3,82 0,355 0,557-10,026
2,78 0,464 14,472-468,893
142 9,06 0,262 0,590-3,54 8,20 0,251 0,596-6,431
7,08 0,401 4,919-239,039
17 15,72 0,287 0,579-9,38 6,07 0417 8,805-237,727
12,16 0,394 9,864-479,39 10,69 0,402 14,756-478,078

!fruit pulp; 2peach; 3apricot; “refraction; Sshear rate range

sahu, v némz probihé senzorické hodnoceni viskozity jako
parametru textury. Metody stanoveni této smykové rych-
losti uvedli ve své praci Hou§ka etal. (1998b). S ros-
touci refraktometrickou susinou roste koeficient konzis-
tence K'platny pro broskvovou dfeii (obr. 2) a pro
merutikovou dfeii (obr. 3). Dal§im parametrem je index toku
n, ktery pomé&mé siln€ klesa s rostouci refrakci a velmi

mimé roste s rostouci teplotou. Podrobné jsou veskeré
vysledky uvedeny v technické zpravé (Houska etal.,
1998b).

Srovnanim ziskanych parametri s parametry vzorové
broskvové diené je mozné udinit zavér, Ze srovnatelného
koeficientu konzistence je dosaZzeno pro zahusténi b&zné
dfené aZ na refrakci 14 %. To v8ak plati jen pro pravé méfe-

8

lapparent viscosity; 2shear rate

Zdanlivé viskozita ' [Pa's]

1. Typicka tokova kifivka pro broskvovou
deni o refrakci 8 % méfena pri teploté 20 °C

K4
[=1
—

0,1 1 10 100

Smykova ry(:hk)stz ™

— Typical flow curve for apricot pulp with
refraction 8% measured at a temperature of
20 °C

1000
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1L. Reologické parametry dfeni zahu$tovanych odparem pro teplotu méfeni 35 a 60 °C — Rheological properties of fruit pulp
thickened by evaporation for the measuring temperature of 35 and 60 °C

K n Rozsah® ¥ NN K n Rozsah ¥ NN
Refrakce?* [Pas"] -] [5‘l 1 [Pa.sn] -] [s]
Dreii' [%] 35°C 60°C
Broskvova? 7,2 1,90 0,650 1,033-5,578 0,65 1,000 0,500-5,400
2,97 0,366 8,982-485,077 2,17 0,337 9,104-491,638
8 2,54 0,520 0,529-1,903 1,82 0,514 0,952-9,522
3,46 0,348 3,019-489,013 2,56 0,347 15,107-489,451
9,2 4,72 0,519 0,529-5,708 3,13 0,466 0,536-5,783
6,88 0,324 9,161-494,699 4,00 0,314 9,218-497,761
10,6 8,40 0,371 0,553-1,991 5,53 0,432 0,541-4,869
9,96 0,288 3,124-281,151 6,39 0,316 6,14-497,324
13 13,42 0,524 0,528-3,168 9,20 0,472 0,535-5,773
16,25 0,264 5,306-515,695 12,74 0,279 9,437-509,571
16,2 23,07 0,474 0,535-3,207 18,15 0,446 0,539-5,816
28,36 0,257 5,333-518,319 22,43 0,253 9,631-520,069
Meruiikova? 7 0,49 0,528 4,748-461,457 0,26 0,523 4,752-461,894
85 0,89 0,494 8,610-464,956 0,62 0,455 9,666-469,778
11,5 2,97 0,367 0,997-9,972 1,10 0,718 1,104-5,962
2,16 2,232 14,459-468,455 1,82 0,401 8,853-478,078
14,2 7,18 0,285 1,043-18,776 4,37 0,341 0,561-10,089
4,47 0,444 26,195-471,517 3,21 0,424 14,648-474,579
17 11,72 0,296 0,576-10,359 7,85 0,339 0,562-10,107
8,23 0,420 14,661-475,014 5,67 0,410 14,715-476,766

'fruit pulp; 2peach; apricot; “refraction; Sshear rate range

Ibatch refraction

2. Zavislost koeficientu konzistence broskvové
dfené na refraktometrické susiné (pro teplotu méfeni

w 1

| e
_ 0 | |
o i |
< | '
& | |
o ' ;
204 alid t
o ;
« * 5

0 ® 2 , . | +

6 8 10 12 14 16

Refrakee vsadky' [%]

nou surovinu a stav jeji struktury dany obsahem a stup-
ném narudeni obsaZenych pfirodnich pektind.

Reologické vlastnosti merufikové diené zahu$téné
pfidavkem vlikniny

Naméfena data smykovych napéti byla pfepoctena na
zdanlivé viskozity a opét byl aplikovan mocninovy model
[1] a uréeny jeho parametry K’ a n. Ziskané parametry

192

20 °C) — Relation of the coefficient of peach pulp
18 consistence to refractometric dry matter, applying
to the measuring temperature of 20 °C

modelu jsou uvedeny spolu s rozsahy smykovych rych-
losti v tab. III jako funkce pfidavku vlakniny chitosan.
Podrobné vysledky jsou uvedeny v technické zpravé
(Strohalm etal., 1998). Koeficient konzistence K "velmi
silné roste s rostoucim pfidavkem vlékniny (obr. 4). Index
toku s rostoucim obsahem vlakniny klesa (tab. III), po-
dobné jako je tomu pfi zahust'ovéani odparem s vlivem re-
fraktometrické sudiny na index toku. Z obr. 5, do kterého
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3. Zavislost koeficientu konzistence meruiikové

20 T T T ]
! f | | dfené na refraktometrické susing (pro teplotu méfeni
I e LT JU ,,‘ Ll 20 °C) — Relation of the coefficient of apricot pulp
_ | i : ‘ consistence to refractometric dry matter, applying
‘2 12 4 ; i H ! to the measuring temperature of 20 °C
& i
& 8 - ¥ i 'batch refraction
4 1 ot e o = —
0 ol W f '
6 8 10 12 14 16 18
Refrakee vsadky' [%]
30
<
25 " odparem?
— -« = refrakce’l 1,5%
2004+ ] eseeees refrakce 14,2 %
74 — — — —refrakce 17 %
& 15
ORI e 1.2 S B i ; . ; :
10 3 Ich cc tration; 2by evaporation, *refraction
5
s R A GARCE SR ST i L) o N—
0 4. Zavislost koeficientu konzistence meruiikové
0 1 2 3 4 5 dfené na pfidavku vlakniny chitosan — Relation of
the coefficient of apricot pulp consistence to the
Koncentrace chitosanu' [%] addition of chitosan fiber
0,5 T
n[-]
odparem?
0,46 —--—~ refraked 11,5 %
T R I Rar R e T Y R ol ORI 15 B SC R 2D refrakce 14,2 %
02 * ¢ L3 — — — —refrakee 17 %
...................................... s i
0,38 ps
¢ Ichitosan concentration; 2by evaporation, 3refraction
0,34
03 5. Zavislost indexu toku n meruiikové dfené na
0 1 2 3 4 5 pridavku vlakniny chitosanu — Relation of apricot

Koncentrace chitosanu' [%]

jsou vyneseny ¢ary odpovidajici indextim toku odparem
zahu§téné dfené stanovenym pii teploté méfeni 20 °C,
vyplyva, Ze s rostouci koncentraci chitosanu klesa index
toku, tj. roste odchylka od newtonského reologického
chovani.

Porovnani reologickych vlastnosti meruiikové diené
zahu3téné odparem a pFidinim vlikniny

Porovnanim koeficientii konzistence meruitkovych dfeni
zahu$ténych odparem (obr. 3) a zahusténych pfidavkem
vlékniny (obr. 4) jsme zjistili, Ze vakuovému zahust'ovéni

pulp creep index n to the addition of chitosan fiber

meruiikové dfené odpovida zahusténi vldkninou chitosan
(srovnani plati pro T=20 °C):

refrakce (pfi zahusténi odparem) pfidavek chitosanu

11,5% 1,2%
142% 2,6%
17,0% 3,6%

Z téchto vysledku vyplyva, ze ptidavkem vlékniny do
ovocného polotovaru je moZné uSetfit ¢as i energii. Vy-
sledny produkt navic ziska vldkninu, které je prospé$na
lidskému zdravi a produkt bude mit standardni reologické

parametry.
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III. Reologické parametry meruiitkové diené zahust'ované viak-
ninou Chitosan pro teplotu méfeni 20 °C — Rheological pro-
perties of apricot pulp thickened by chitosan fiber for the
measuring temperature of 20 °C

Pridavek
Dreit! chitosanu® K’ n Rozsah®
[%) [Pa.s) [-] [s']
Meruitkova? 0,5 2,556 0413  1,959-476,154
1 4,541 0,139 1,423-7,682
3,188 0,411 8,825-476,526
2 6,936 0,162  0,672-7,262
4,754 0,414  8,816-264,475
3 8,899 0,33 0,564-9,139
8,89 0,378 9,925-482,36
4 14,372 0,37 0,996-484,119
5 27,892 0,355 0,557-487,292
0 0,994 0,367  2,992-484,6

!pulp; 2apricot; 3addition of chitosan fiber; *shear rate range

Zavéry

Byly proméfeny reologické vlastnosti vzorové broskvo-
vé diené. Pii 20 °C je koeficient konzistence této diené
K'=24,2 Pas" pfi indexu toku n=0,238. Jde o silné viskoz-
ni ¢asové nezévislou silné pseudoplastickou kapalnou po-
travinu.

Byly proméfeny reologické vlastnosti broskvové a me-
ruiikové diené jako funkce refraktometrické suiny v roz-
sahu 7-17 %, teploty v rozsahu 20-60 °C a smykové rych-
losti v rozsahu 0,5-500 s7".

Byly ziskany zavislosti refrakce na zdanlivé viskozité
pro danou teplotu, z nichZ je mozné urcit refrakci koneéné-
ho produktu pro dosazeni poZadované hodnoty viskozity.

Byly proméfeny reologické vlastnosti vzorkli meruiiko-
vé dfené s riznym piidavkem vlakniny chitosan pfi teplo-
t& 20 °C. Jde o siln€ visk6zni Easové nezavislou pseudo-
plastickou kapalnou potravinu.

Ziskané vysledky vzorki byly porovnény s vysledky
vzorki zahu$t'ovanych odparem. Vzorky zahusténé vlak-
ninou o koncentraci 3,6 % jsou porovnatelné se vzorkem
zahu$ténym vakuovym odpafovanim po dobu asi 40 min,
u néhoz bylo dosazeno refraktometrické susiny az 17 %.
Z toho plyne, Ze zahust'ovani pfidavkem vlakniny chitosan
muZe usetfit znaéné mnozZstvi energie i suroviny a pfitom
zajistit poZadovanou stélost konzistence ovocnych dre-
flovych vyrobku.

Seznam symbolid

¥ smykova rychlost (s")
Ko zdénliva viskozita (Pa.s)
K’ koeficient konzistence (Pa.s")

n index toku )
Yyv  smykova rychlost (korigovana
pro nenewtonské kapaliny)

(s™)
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Bakteriolytické enzymy v ochrané potravin
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Abstract

GOTTVALDOVA M., PROSKOVA A., KUCERA J. (1998): Bacteriolytic enzymes in food safety. Czech J. Food Sci., /6:

195-201.

The application of bacteriolytic enzymes in food safety was reviewed from the point of view of the structure of bacterial cell-wall
and enzyme-substrate interaction. The structure of bacterial cell-wall is briefly discused and the point of possible atack shown.
Henn-egg lysozyme is the enzyme most frequently used for food sanitation and, therefore, its way of action is discussed more
profoundly. The sensitivity of Gram-positive bacteria to lysozyme action is explained on the base of enzyme-substrate interac-
tion. The application of lysozyme for the bacterial infection in animal and fish is mentioned. The attention is also paid to the
methods of lysozyme modification leading to the antibacterial spectrum broadenin.

food safety; antibacterial enzymes; lysozyme; lysozyme modification

Pro ochranu potravin proti mikrobiélnimu znehodnoce-
ni se pouziv, vedle viech metod fyzikélni a chemické kon-
zervace, stale ve vétsi mife konzervace enzymova (napf.
Pellegrini etal, 1992). Rada enzymu plisobi bakte-
riostaticky (L iu etal., 1995), pouze vyjime&né viak pliso-
biibaktericidn& (Ellison, Giehl, 1991). Takovymen-
zymem s baktericidnimi G¢inky je napf. laktoperoxidasa
(Wit, 1995), které v pfitomnosti peroxidu vodiku oxiduje
Zivotné dulezité proteiny v mikrobidlni buiice, nebo kom-
binace enzymu glukoso oxidasa a katalasa (W hachun,
Rand, 1995). Pouziti t€chto baktericidnich enzymt ma
vSak znacnd omezeni piedevsim v tom, Ze vétSinou jsou,
zejména pfi dlouhodobém pulisobeni, schopny napadat i Zi-
voci$né buiiky, a proto nejsou dostateéné bezpeéné pro
uzivatele takto konzervovanych potravin. K odstranéni ne-
gativniho t¢inku laktoperoxidasy se napf. pouziva katala-
sa, ktera po provedené sterilaci odstrani pfebytek peroxidu
vodiku (Tarhan, 1995).1zde jsou viak nékterd omezeni.

Zcela bezpeénymi enzymovymi prostiedky ochrany
potravin jsou enzymy pusobici rozklad mikrobidlni bun&¢-
né stény, z nichZ nejznaméjsi je lysozym. V této reerfi se
budeme zabyvat pouze touto skupinou antimikrobiélnich
enzymu, protoZe jen ta miZe mit prakticky vyznam.

Lysozym katalyzuje hydrolyzu strukturné dulezité vaz-
by v buné&né sténé a tak vede k jeji solubilizaci (Salton,
1952). Lysozym je viak pouze jednim (a nejzndmnéj$im)
enzymem z celé skupiny bakteriolytickych enzymu. Jiz
Fleming (1922)aponémdali (napi.Lieske, 1921;
Gratia, Dath,1924;Welsch, 1947) ukazali, Ze en-
Zymy katalyzujici rozklad buné&né stény jsou v pirodé
pfinejmensim stejné& &astou obranou proti infekci, jako an-
tibiotika.

Lytické enzymy se vyskytuji nejen u Zivodichu, ale také
urostlin a mikroorganismii. Je zndma skupina autolysini,
tj. enzymi hydrolyzujicich vlastni bunéénou sténu pro-
dukéniho mikroorganismu a plisobicich pfi jeho autolyze,
virolyzini, enzymi produkovanych bakteriemi pro hydro-
1yzu ochrannych proteinii bakteriofdgi a dalsi. U mnoha
patogennich a fytopatogennich organismi je lysozym
a jemu podobné enzymy sou&asti mechanismu atakujici-
ho buitky (M ushegian etal, 1996). Mechanismus ti¢in-
ku t&chto enzymt byl podrobné popsén jiz v Sedesatych
letech, a pfestoZe se jednd o skupinu enzymt s riiznym
mechanismem U&inku a naleZejicich do riznych podttid
hydrolas (peptidasy, sacharidasy), jsou ¢asto oznacova-
ny skupinovym nazvem lysozym.

Tato préce je sou&asti fedeni grantu Grantové Agentury CR (reg. &. 525/96/0523).
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Struktura mikrobidlni bun&fné stény a moZnosti
jejiho ataku

Bunécna sténa je v podstaté rigidni Gtvar tvofeny po-
lyacetylhexosaminem a peptidovym fetézcem, ktery tvoii
pii¢né vazby a zpeviiuje strukturu bunééné stény. Enzymy
mohou napadat bud’ polyacetylhexosamin, nebo peptid.
Polasacharidovy fetézec je tvoten stiidavé B-1,4-vazanym
N-acetylglukosaminem (NAG) a N-acetyl-muraminovou
kyselinou (NAM). Polypeptidovy fetézec miiZe u nékte-
rych mikroorganismt substituovat v§echny volné pozice
v muraminové kyseliné nebo pouze nékteré vazbou N-ace-
tyl-muramyl-L-alaninu. V peptidovém fetézci jsou témeéf
vZdy L- nebo D-alanin, D-glutamova kyselina a néktera
diaminokyselina, nejéastéji L-lysin, pfipadné D,D- nebo
L,L-diaminopimelové kyselina. U mnoha peptidii bunéé-
nych stén byla stanovena primami struktura. Napf. u Sta-
phylococcus aureus je struktura NAM-L-ala-D-g-iso-
glutamyl-L-lys-D-ala. Bylo prokazéno, Ze tento nebo po-
dobny NAM-tetrapeptid je umistén v pfiénych vazbéch
bun&éné stény v8ech mikroorganismii. Prekurzorem je zde
nukleotid — UDP-NAM-L-ala-D-glu-L-lys-D-ala-D-ala.
Posledni aminokyselina tohoto pentapeptidu se oddéluje
pfi transpeptidaci, ktera je posledni reakci syntézy bun&¢-
né stény. Mezi tetrapeptidy vznikaji kfiZové vazby, které
dale zpeviiuji bunéénou sténu. Tyto vazby vznikaji mezi
karboxyskupinou koncového D-alaninu a €-aminoskupi-
nou L-lysinu a to bud’ pifimo, nebo prostfednictvim dalsi-
ho peptidu. Délka tohoto peptidového fetézce je u iiznych
mikroorganismi rizna: napf. pentaglycin u Staphylococ-
cus aureus, tri-L-Ala-L-Thr u Micrococcus roseus, mono
L-Ala u Arthrobacter crystallopoietes. Vyjimeéné se
v peptidovém fetézci mize vyskytovat i L-ornithin. Pev-
nost bun&éné stény je obvykle déna &etnosti piiénych
vazeb a napadnutelnost riiznymi bakteriolytickymi enzy-
my je déna jejich etnosti i strukturou. Je nékolik druhti
bakteriolytickych enzym, které se li§i mistem ataku.

Polysacharidova &ast peptidoglykanu bakterialni bun&g-
né stény miZe byt napadina endoacetylmuramidasami
nebo endoacetylglukosaminidasami, pokud vlastnosti
bun&éné st&ny, jejich substituce, Eetnost pfiénych vazeb
apod. spliiuje poZadavky jejich substratové specificity.
Mezi glykosidasami zaujima az dosud nejvyznamné;jsi po-
staveni acetylmuraminidasa, lyzujici bun&&né stény nebo
je solubilizujici u v&tSiny grampozitivnich bakterii, jako
jsou Staphylococcus, Lactobacillus, Corynebacterium
apod. Zda se proto, Ze struktura polysacharidové &ésti je
u riznych bakterii velmi podobna. Na druhé strané piiso-
beni endopeptidas je znaéné& specifické. To je zplisobeno
velkou variabilitou polypeptidi tvoficich pfi¢né vazby.

Mezi endoacetylmuraminidasy zpusobujici lyzi bakte-
rilni stény patii nejen klasicky vaje¢ny lysozym, ale také
ostatni lysozymy Zivoé&i¥ného nebo rostlinného plivodu
(napf. Lynn, 1989), dile enzym F1 Streptomyces albus
(Dierickx, Ghuysen,1962), autolysinStreptococ-
cus faecalis (Conover etal., 1966), nebo lysozym T2
fagu (K atz, 1964). Mezi endoacetylglukosaminidasy pa-
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tii napf. muralysin(Barkulis etal., 1964) nebo lysosta-
phin(Browder etal., 1965). Také n&které exoacetylglu-
kos-aminidasy piisobi lyzi bakteridlni bunééné stény. Ta-
kovym enzymem je napi. exoacetylglukosaminidasa
vepiové epididymis (Findlay, Levy, 1960) nebo au-
tolyticky enzym E. coli(Pelzer, 1963).

Z endopeptidas §tépicich peptidoglykany bunééné stény
jsou to napi. endopeptidasa Streptomyces albus (Ghuy -
sen etal., 1966) §té€pici vazby D-Ala-L-Lys a D-Ala-L-
-Ala nebo endopeptidasa Myxobacterium sp. (Ensign,
Wolfe, 1966), §tépici vazby Gly-Gly a D-Ala-Gly. Prekva-
pivé i nékteré exopeptidasy, jako napf. L-ala- a gly-amino-
peptidasaStreptomyces albus(Mun oz etal., 1966) nebo
D-ala karboxypeptidasa E. coli (Leutgeb, Weidel,
1963), mohou vyvolat lyzi bunééné stény bakterii.

Lytické spektrum enzym $tépicich peptidovou slozku
muzZe byt vyuZito taxonomicky vzhledem k vysoké specifi-
cité. K vlastni ochrané potravin pfed mikrobialnim kaze-
nim v3ak mtZe slouZit pouze spoleéné se skupinou sacha-
ridas Stépicich sacharidovou ¢4st peptidoglykani. Rizny
stupeni kfizovych vazeb vysvétluje také pomémeé znacné
rozdily mezi citlivosti jednotlivych mikroorganismu k pi-
sobeni lytickych enzymi. Na tomto misté je viak tieba
zdiraznit, Ze pro kazdy typ bunééné stény existuje v priro-
d& lyticky systém. Dokladem toho je mj. skute¢nost, Ze se
nikde v pfirodé nehromadi biologicky neodbouratelné
buné&&né st&ny mikroorganismi. Tento fakt dava pak na-
dé&ji na co nejirdi vyuziti lytickych enzymi v ochrané po-
travin.

Enzymova ochrana potravin vajenym lysozymem

Vaje¢ny lysozym je nejsnize dostupnym enzymem pro
enzymovou ochranu potravin. Je vyradbén z vaje¢nych bil-
ku technologii, kter4 neznehodnoti bilky a dovoluje tak
jejich dalsi potravinafské vyuZiti (napf. Banka etal,
1993). Kromé toho je mozné ziskat lysozym ze skotdpek
technologicky pouzitych vajec (L i etal., 1994). Lysozym
viak muzZe byt ziskan i z dalSich odpadi, napf. odpadii
vznikajicich pfi zpracovéni hiebenatky (Myrnes,

Johansen, 1994). To v3e ¢ini lysozym mimoradné zaji-
mavym lytickym enzymem, jehoZ potravinaiské vyuZiti sta-
le nariista.

Rada studii ukazuje, %e lysozym ma antibakterialni i¢in-
ky proti celé fad& mikroorganismi napadajicich potraviny,
v&etné Bacillus cereus, E. coli, Salmonella typhosa, Shi-
gella dysenteriae, Proteus vulgaris a Pseudomonas ae-
ruginosa(Chander etal., 1984), déle pak Listeria mo-
nocytogenes (Hughey et al., 1989) a n&které kmeny
Clostridium botulinum (Hughey, Johnson, 1987).
Také thermofilni bakterie Bacillus thermosaccharolyticum
je velice citliva k lysozymu, podobné jako Clostridium
tyrobutyricum (Hughey, Johnson, 1987). I v téch
pripadech, kdy lysozym nepiisobi pfimo baktericidng, sni-
Zuje termotoleranci mikroorganismil a zvySuje tak G¢in-
nost tepelné konzervace (Scott, Bernard, 1985).
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Antivirovy G¢inek vajeéného bilku je v posledni dobé
pfiditan spiSe ovomucinu neZ lysozymu nebo ovomukoidu
(Tsuge etal., 1996). Vaje¢ny bilek viak piisobi inhibi¢n&
na fadu vyznamnych virt, jako je mj. virus chiipky IV.

Lysozym je pouzivan ke konzervaci Eerstvého ovoce
a zeleniny, tofu, moiskych produktl, masa a masnych vy-
robk, bramborovych salati, syt (Eidam, Gouda apod.)
a fady dalSich potravinafskych vyrobki(Cunningham
et al., 1991). Je rovnéz pouzivéan k piipravé kvasni¢nych
extraktl, kde zajistuje dobrou kvalitu a vyraznou chut’
(Cunningham etal., 1991).

Hlavni uplatnéni lysozymu v potravinfstvi je pfi zpra-
covanimléka (napi.Ribeiro, Carminati, 1996), vy-
rob& vina (napf. Bisson, Butzke, 1996) a vyrob&
masnych vyrobku (napf. Liu etal., 1995).

MIéko obsahuje v malé koncentraci vlastni lysozym,
ktery viak nestaéi pro ochranu proti infekci béhem zpra-
covani, tim méné ve vyrobé mléénych vyrobki.

Lysozym je u¢innym prostfedkem proti Listeria mono-
cytogenes v mléce pfi vyrobé syri (Carminati, Ca-
rini, 1989). Testovano bylo mléko s riiznymi koncentra-
cemi lysozymu (0 aZ 1000 ppm) s tepelnym opracovanim
pred piidavkem lysozymu nebo po ném, acidifikované ky-
selinou citronovou nebo mléénou, Samotny lysozym apli-
kovany 24 h po inokulaci L. monocytogenes byl G€inny
pouze u dvou ze sledovanych kment. Plisobeni neni tedy
zcela obecné a pred kazdym pouZitim lysozymu je nutné
provést test citlivosti. PouzZiti lysozymu v3ak ve viech
pfipadech prodluZuje lag fazi pfi ristu mikroorganismu
(Johansen etal., 1994) na 60—70 dni, coZ je dostate&na
doba pro pfipravu vétsiny syri. Pokud neni poéateéni in-
fekce mléka prili§ masivni, Ize pouzitim lysozymu dosah-
nout velmi dobrych vysledki. Tak bylo s ispéchem pou-
Zito lysozymu pfi vyrobé& syri typu Gouda (Bester,
Lombard,1990)aGrana(Fantuzzi etal., 1996). Také
pfi konzervaci koziho mléka se osvédgil pfidavek lysozy-
mu(Pieczonka,Burek,1994).

I v t&h pfipadech, kdy lysozym sdm neni dostate¢né
ucinny, zvysuje citlivost mikroorganismi k teplu a tim
i u¢inek tepelné sterilace (K ihm etal., 1994).

Evropska unie svym rozhodnutim &. 96/657/EC podpofi-
la italské vyzkumy pouziti lysozymu pfi vyrobé vina (EU,
1996). Rovnéz v Némecku pokraduji prace na pouZziti lyso-
zymu pro inhibici bakterii mlé&ného kyséni pii vyrobé vina
(Diel, Fischer,1997).

Byl srovnavén G¢inek riznych konzervaénich prostfed-
ki a jejich kombinace na prodlouZeni trvanlivosti Sunky
(Kim etal.,, 1991). Nejvyssi trvanlivosti bylo dosaZzeno
pfi kombinaci polyfosfatu s lysozymem (0,2 % polyfosfa-
tu a 100 ppm lysozymu). Barva ani pH nebylo ovlivnéno
béhem celého skladovani. T€kavé dusikaté latky byly
v Sunce konzervované touto smési velmi nizké po celou
dobu skladovani.

Ke stejnym vysledkiim vedlo i sledovéni vlivu kombi-
nace polyfosfatu a lysozymu na trvanlivost parki (Lee
et al., 1991). V tomto pfipadé byla nejisp&$néjsi ddvka

500 ppm lysozymu a 1 % polyfosfatu. Zatimco samotny
lysozym nepiisobi lyzi, je uvedend kombinace G¢innd i pro
lyzi nerostoucich bakterii. Také &inské parky jsou stabili-
zovany stejnym zplisobem (L iu etal., 1995).

Byl také studovan vliv riiznych pfisad, aminokyselin,
glukosy, kofeni a dal$ich na plisobeni lysozymu pfi kon-
zervaci masnych vyrobki (Proctor, 1992). Ukazalo se,
Ze aspartam a karageenan snizuji u¢innost lysozymu o 84
a 67 %. Naopak kyselina borit4, chlorid sodny, benzoan
sodny, etanol a glycerol zesiluji i¢inek lysozymu. V pfipa-
dé tii zakladnich patogent, které se mohou vyskytovat
v masnych vyrobcich, tj. Salmonella, Listeria monocy-
togenes a Staphylococcus aureus, byl lysozym v kom-
binaci s nisinem G&inny proti L. monocytogenes, a to pii
9,27 mg/ml lysozymu a 212,8 mg/ml nisinu. Stejné koncen-
trace v piitomnosti nebo nepfitomnost EDTA je uéinna
i protiS. aureus.

L. monocytogenes miZe byt pfitomna i v rybach a vy-
robeich zryb. Lysozym a EDTA opét prodluzuji skladova-
ci dobu a sniZuji vyskyt L. monocytogenes. Na pfiroze-
nou mikrofléru vak nemaji vliv(Wang, Shelef, 1992).

Ne vzdy je lysozym (¢inny v masném primyslu. Napf.
pti aplikaci lysozymu a EDTA na kufeci maso masivné na-
padené salmonelou bylo jednozna¢né prokédzano, Ze hlav-
ni efekt ma EDTA, zatimco lysozym jen nepatmé zvySuje
ucinek této laitky (Samuelson et al., 1985). V tomto
piipadé vSak sniZeni i¢inku lysozymu bylo pravdépodob-
né& zplisobeno pfilis silnou infekei, takZe riist bakterie byl
rychlej$i neZ pusobeni lysozymu.

Lysozym se také osvédcil pfi konzervaci dzust (Lin,
Wang, 1994). V tomto piipadé se lysozym ziskany z od-
padnich skofdpek vajec pfidava do pfipravenych dzusu,
Sledovanim uéink se ukazalo, Ze lysozym je v nékterych
pfipadech inhibovan a Ze tedy koneény efekt zavisi do
znaéné miry na druhu ovoce.

Jak jiZ bylo uvedeno, lysozym zvy3uje citlivost fady
mikroorganismi k tepelné inaktivaci. Toho bylo vyuZito
k odstranéni Salmonella enteritidis z vajec. Pfitomnost
lysozymu ve vejcich zpuisobuje, Ze tento mikroorganis-
mus je inaktivovan jiZ pfi teplotdch 55-57 °C, pfi kterych
nedochazi ke koagulaci vajec (Hou et al., 1996). Vejce
jsou zahfivana na 55-57 °C po dobu 1-3 h v horkém vzdu-
chu nebo po dobu 1025 min ve vodni lazni. Zahfivani ve
vodni lazni po 25 min sniZuje obsah o tii fady, zatimco
zahiivéni 3 h v horkém vzduchu o p&t fadi.

Enzymova ochrana hospodafskych zvifat a ryb
pied infekci

Lysozym svou antimikrobialni aktivitou miZe pusobit
také terapeuticky. Znamy je napf. G¢inek lysozymu na Strep-
tococcus pneumoniae (Coonrod etal., 1991), ktery je
vyznamnym respiraénim patogenem. Lysozym in vitro pi-
sobi vy¢ifeni pneumokokové suspenze a uvolfiuje z bu-
né&né stény fragment obsahujici cholin. Elektronovy mik-
roskop ukézal znadné poskozeni bunééné stény a rychlou
lyzi mikroorganismu. Ukazuje se, Ze lyse je pouze iniciova-
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na lysozymem a déle pokraduje plisobenim vlastniho pneu-
mokokového autolysinu N-acetylmuramoyl-L-alanin ami-
dasou, protoze tato autolyza je inhibovéna specifickymi
amidasovymi inhibitory, jako jsou etanolamin, fosforyl-
cholin apod.

Lysozymy riznych zivo¢isnych druhi se ve svych Géin-
cich ponékud lisi. To se projevuje zejména v plsobeni
téchto enzymi pii ochrané zvifat pfed nékterymi choroba-
mi. Tak napf. lysozym izolovany z ledvin pstruha ptisobi
proti mastitidé, zatimco vajeény lysozym ma v tomto pfi-
padé jen maly GCinek (Grinde, 1989).

Infekce ryb v rybnicich gram-negativni bakterii Edward-
siella tarda je pomé&mé Castd. Lysozym vizany kovalent-
né na galaktomannan nebo lysozym substituovany palmi-
tovou kyselinou, podavany infikovanym kaprim
(Cyprinus carpio) po osm dni, chrani ryby pfed uhynu-
tim. Zatimco kontrolni ryby uhynuly béhem tii dni, preZi-
valy ryby 1é&ené lysozymem vézanym na galaktomannan
z 30 % aryby 1é&ené palmitoyl-lysozymemz20% (Naka-
mura etal.,, 1992). Ryby, kterym byl konjugat lysozymu
s galaktomannanem podén pfed infekci, pfeZivaly ze 40 %.
To ukazuje, Ze lysozym a ostatni lytické enzymy mohou
byt vyuzity také terapeuticky.

Modifikace lysozymu vedouci ke zméné
antibakteridlnich vlastnosti

Vyzkum lysozymu a aprotininu (inhibitoru proteinas slou-
Ziciho pravdépodobné jako pfirozena ochrana Zivogisné
tkan€) ukazal, Ze obé bilkoviny mohou piisobit lysi jak
gramnegativnich, tak i grampozitivnich bakterii, a to
i v nepfitomnosti jinych faktorti, napi. EDTA. Chemicka
denaturace, napi. dithiothreitolem, nevede k tplné ztraté
antibakterialnich vlastnosti, coz ma samoziejmé& vliv na
praktické vyuziti téchto inhibitort riistu bakterii (Pelle -
grini etal., 1992). Bylo tak prokazano, Ze baktericidni
ucinky obou bilkovin nejsou dény jen jejich hydrolytic-
kou aktivitou, ale také jejich kationickymi a hydrofobnimi
vlastnostmi(Pellegrini etal.,, 1992). Z t&chto vysled-
ki vyplyva i nékolikrat pozorované zvysena aktivita hydro-
fobizovaného lysozymu proti gramnegativnim bakteriim.

Podrobnou studii (Ibrahim etal., 1996a) bylo proka-
zano, Ze lysozym po zahiati na 80 °C pii pH 7,0 si zachova
pouze 50 % enzymové aktivity, ale soucasné se 14krét zvysi
hydrofobicita povrchu. Vlivem této zvy3ené hydrofobici-
ty se vyznamné zvy3i vazebna kapacita pro vazbu na pep-
tidoglykan Staphylococcus aureus a lipopolysacharidy
Escherichia coli, coz vede k zna&nému posileni bakteri-
cidniho G¢inku na gramnegativni bakterie. Vysledky jed-
noznaéné prokazaly, Ze tato zména antibakteridlniho spek-
tra lysozymu je vysledkem zvy3ené vazby enzymu k
povrchu bakterii.

Toto zjidténi vysvétluje jiz dfive popsanou skuteénost,
Ze substituci lysozymu palmitovou, myristovou nebo stea-
rovou kyselinou lze vyrazné zvysit baktericidni u¢inek proti
Escherichia coli(Ibrahim etal., 1993). Utinek jednotli-
vych kyselin odpovida délce hydrofobniho (alifatického
fetézce) a tedy i hydrofobicité.
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K podrobnéjsimu testovani bylo pouZito afinitnich kon-
stant pro vazby lysozymu na imobilizovany lipopolysa-
charid E. coli. Souvislost mezi vazbou enzymu na bakte-
ridlni sténu a jeho lytickym ¢inkem byla jednoznac¢né
prokézéna. Pro zesileni Géinku je rozhodujici afinita lyso-
zymu k bakterialni sténé. Hydrofobicita je jen jednou
z moznosti zvySeni této afinity. Nezavislym potvrzenim to-
hoto vztahu je vyrazny efekt vazby lysozymu s lektinem.
Takto vznikly konjugét vykazuje bakteriostatické G&inky
na gramnegativni bakterie, ackoliv se hydrofobicita prak-
ticky neméni (Gottvaldova etal., 1998).

Také substituce lysozymu kovalentni vazbou perilalde-
hydu(Ibrahim etal., 1994) prostfednictvim tvorby Schif-
fovych bazi s naslednou redukci borohydridem vedla
k preparéatu témé&f nezménéné rozpustnosti ve vodé se sla-
bé klesajicim stupném lyze Micrococcus lysodeicticus se
zvySujicim se stupném substituce, zato se stoupajicim stup-
ném lyze Escherichia coli. To ukazuje na skuteénost, Ze
modifikace lysozymu miiZe vést k vyvoji novych prostied-
ki ochrany potravin, pfipadné i novych farmaceutik kon-
jugaci lysozymu s dal$imi antibakteridlnimi latkami.

Z tohoto diivodu byla také podrobné sledovéna stabili-
ta lysozymu v kombinaci s jinymi antimikrobialnimi latka-
mi(Yang, Cunningham, 1993). Byl sledovan vliv
pH, pfitomnosti soli a dal§ich faktori na stabilitu lysozy-
mu v pfitomnosti butylovaného hydroxytoluenu, nitratu
a dalSich konzervaénich latek. Ukézalo se, Ze v neutralnim
prostiedi je stabilita velmi dobra, zatimco v kyselém pro-
stfedi lytickd schopnost lysozymu v pfitomnosti téchto
latek klesa. Podobny efekt ma také kombinace lysozymu
s ampicilinemaf-lysinem(Asensi, Fierer, 1991).Na-
proti tomu nedochazi k synergismu mezi lysozymem a tet-
racyklinovymi antibiotiky nebo chloramfenikolem (A sen -
si, Fierer, 1991) Lysozym lze tedy kombinovat s dal§imi
antimikrobidlnimi latkami. Kromé toho také nékteré dalsi
nizkomolekularni latky, napf. glycin, zvy3uji t€inek lyso-
zymu(Ibrahim etal., 1996b).

Jinym zptsobem hydrofobizace mize byt vazba hydro-
fobnich peptidi, které je mozné ziskat napf. hydrolyzou
nékterych bilkovin pepsinem nebo chymotrypsinem. Tak
byl na lysozym navéazéan hydrofobni peptid Phe-Phe-Val-
-Ala-Pro, ktery pfedstavuje rozvinutou -strukturu a tedy
mé délku hydrofobniho fetézce pfiblizné stejnou jako
kyselina palmitova (Ibrahim etal., 1992). Takto pfipra-
veny derivét lysozymu byl testovan na antibakteridlni ak-
tivitu proti Escherichia coli jako reprezentantu gramne-
gativnich bakterii. Bylo prokézano, Ze plisobenim takto
modifikovaného lysozymu dochazi az k 50% lyzi E.coli.

Za zpusob modifikace vlastnosti lysozymu lze povazo-
vat také konjugaty lysozymu s polymixinem nebo EDTA
(Dean, Ward, 1992;Pro3kovai etal, 1997). Lytickd
u&innost takovych konjugatl je dostateéné silnd i k pre-
parativnimu vyuZiti pro pfipravu intraceluldrnich produk-
ti gramnegativni bakterie Escherichia coli. Ukézalo se, Ze
lysozym v kombinaci s EDTA ma lepsi G¢inek pfi extrakcei
intracelularnich bilkovin neZ plisobeni ultrazvuku (Dean,
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Ward, 1992). K dosazeni tohoto efektu bylo nutné pou-
Zit ddvku 100-800 mg/ml EDTA a 25-50 mg/ml lysozymu.

Kromé nizkomolekularnich antimikrobilnich latek byly
studovény také konzervaéni G&inky smési lysozymu s né-
kterymi dal3imi antimikrobidlnimi proteiny. Vyznamné je
z tohoto hlediska zejména studie smé&si lysozymu a lakto-
ferrinu(Ellison, Giehl,1991). Pfestoze mechanismus
antimikrobiélniho pisobeni laktoferrinu neni pln& objas-
nén je zfejmé, Ze ovliviiuje strukturu vnéj$i membrény, ze-
jména gramnegativnich bakterii. To je pravé misto, které
zpusobuje niZsi citlivost téchto bakterii k lysozymu. Spo-
leéné obé& antimikrobialni bilkoviny pusobi baktericidné
na Vibrio cholerae, Salmonella typhimurium a Esche-
richia coli. Pisobeni je blokovéno vysokou koncentraci
véapniku a je zavislé na ddvce obou proteini. Ukazuje se,
Ze musi byt pfimy kontakt buné&né stény s laktoferrinem
a pfi pisobeni dochazi k pfechodné vazbé laktoferrinu na
bunéénou sténu. .

Dalsi moZnosti zvySeni i€inku lysozymu a roz3ifeni jeho
antibakteridlniho spektra je jeho konjugace s polysachari-
dy. Ukazuje se, Ze vazbou lysozymu na polysacharidy, napf.
maillardovou reakci, vznika konjugat s modifikovanymi
antimikrobidlnimi vlastnostmi. Konjugét lysozymu
s galaktomannanem ma nejen vynikajici emulgaéni vlast-
nosti, ale je sou¢asné i vysoce i¢innym antimikrobidlnim
prostfedkem plisobicim i na gramnegativni bakterie (N a -
kamura etal, 1992). Stejné u¢inky mél i konjugat lyso-
zymu s mannanem (K ato, 1996). V tomto pfipad€ byl
polymannosyl-lysozym pfipraven také metodami genetic-
kého inZenyrstvi.

Podobné byl prokazén u¢inek konjugitu lysozymu
s dextranem (Nakamura etal., 1990) nebo lysozymu
s iminodiacetyldextranem (Pro$kova etal., 1997) na
gramnegativni bakterie.

Nekteré latky naopak inhibuji aktivitu lysozymu. To pla-
ti pfedev3im o zeleninovych $tavéch, které zvySuji tepel-
nou odolnost mikroorganismii véetné Clostridium botu-
linum v pfitomnosti lysozymu(Stringer, Peck, 1996).
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KONFERENCE A SEMINARE

XXIX. Sympozium o novych smérech vyroby a hodnoceni potravin

Ve dnech 25.-27. 5. 1998 se ve Skalském dvofe konalo XXIX. sympozium o novych smérech vyroby a hodnoceni
potravin, které kaZdoro&né pofad4 Odborné skupina pro potravinafskou a agrikulturni chemii Ceské spole&nosti che-
mické. Akce se ziéastnilo 100 odborniki z Ceské republiky a Slovenska a bylo na ni prezentovéno 31 Gstnich sd&leni
a 40 postertl.

Uvodni blok referatti byl zamgFen na zdravotni bezpe&nost potravin. V souasné dobé je znamo asi 200 latek, které
prostfednictvim potravin mohou vyvolat onemocnéni &lovéka. VéEtsina onemocnéni z potravin je spojovéna predevsim
s bakteridlnimi a parazitdrnimi pivodci, ale mohou je piisobit i rezidua chemickych latek, mykotoxiny, biotoxiny aj.
Podkladem pro hodnoceni zdravotnich rizik je sledovéni obsahu téchto latek v potravinovych komoditach. Vedle
toxickych prvki, dusiénani, PCB a organochlorovych pesticidi se nové sleduji i moderni pesticidy, polycyklické
aromatické uhlovodiky, estery kyseliny ftalové, nékteré mykotoxiny a pfirodni toxiny. Zji§téné udaje byly komentovany
ve vztahu k novym provadécim vyhla§kdm k Zékonu o potravinich. V pfipad& chemickych rizik i mikrobiélni kontamina-
ce byly diskutovéany jejich vznik a eliminace pii vyrobé a skladovani potravin. Podle Zékona &. 110 z roku 1997 je
vyrobce povinen zajistit zdravotné nezdvadnou produkci potravin mimo jiné zavedenim preventivniho systému kontro-
ly vyroby — systému kritickych bodi (HACCP). Byly diskutovéany praktické zkuSenosti pii zavadéni tohoto systému
v podnicich. Na ptikladu bylo dokumentovéno i propojeni dvou systémi fizeni jakosti — HACCP a ISO 9002.

Dal3i skupina referati se zabyvala nutriénim hodnocenim potravin rostlinného ptivodu. Bylo napf. referovano o novych
odriid4ch obilnin a jejich uplatnéni ve funkénich potravinach, o studiu variability zdravotn€ preventivnich slozek zrna
jarniho je¢mene, o hodnoceni kvality brambor z ekologické a konvenéni produkce, o vyznamu lu§ténin v lidské vyzivé,
o komplexnim vyuziti obilnin jako obnovitelného zdroje energie a 0 novych smérech hodnoceni jakosti potravinaiské
pSenice. Zajimavy byl ptispévek upozoriujici na novy pohled na Glohu glukosinolatii v lidské vyZivé vzhledem ke
zji§ténym antikarcinogennim vlastnostem.

Nékolik sd€leni bylo vénovéno problematice aditivnich latek. Jednalo se o komplexni vyuziti latek z cerného jerabu
a o studium antioxidaéni aktivity antokyaninti (z bezu chebdi, erného rybizu, vina) a flavonoidi. K prodlouZeni tdrz-
nosti lahtidkafskych vyrobki byl s ispéchem pouzit pfirozeny inhibitor mikrobidlniho ristu — laktocid (pufrovany
systém laktat—acetat).

Z praci zabyvajicich se interakcemi sloZek potravin byly prezentovany vysledky sledovani modelové reakce allyliso-
thiokyanatu s cysteinem, degradace methiinu za podminek simulujicich kuchytiské zpracovéni zeleniny, inhibice oxida-
ce askorbové kyseliny plisobenim antokyanini aj. Pozornost byla také vénovéna perspektivnimu baleni potravin, pfi
némz dochazi k zamé&mé interakci obalu a potraviny.

Rada referati se zabyvala novymi technologiemi a charakterizaci procesti sledovanim riiznych parametri. Jednalo se
napf. o maturografické sledovani procesu kynuti amarantového tésta, o zpiisoby ziskavani potravinafské vlakniny,
o izolaci vlakniny z brambor, o vyrobu mlééné kvasenych zeleninovych st'av. Byly uvedeny vysledky sledovéni vlivu
fizené fermentace na sloZeni aromatickych latek maceratu z kv&ti Eerného bezu a vypracovéni postupu extrakce hoi-
kych latek ze suSené &ekanky. Pfi sledovani kombinovaného uéinku vysokého tlaku a teploty bylo zjisténo, ze vede
k inaktivaci askospor termorezistentnich plisni v ovocnych vyrobcich.

Oblasti dietnich vyrobku a d&tské vyZivy se tykaly napt. referaty o fortifikaci détské mlééné vyzZivy kyselinou listo-
vou, o néhradg tukii energeticky méné& vydatnymi latkami a o cholesterolu v rostlinnych olejich a margarinech.

Hlavni &4st programu byla zamé&fena na metody hodnoceni potravin z hlediska nutriéniho, senzorického a hygienic-
kého. Pisp&vky se zabyvaly analytickymi aplikacemi chromatografickych, spektrofotometrickych, bioafinitnich, senzo-
rickych, mikrobiologickych a fyzikalnich metod pfi analyze potravin. Prezentované prace se tykaly sledovéni jakosti
pomeranéovych §fav metodou HPLC a kapilarni izotachoforézy, stanoveni polycyklickych aromatickych uhlovodiki,
kyseliny propionové, tokoferold, vitaminu B,, kyseliny fytové a taurinu metodami HPLC, stanoveni cholesterolu meto-
dou GC, vypracovéni postupii frakcionace a charakterizace bilkovin p3enice, vyuZiti infracervené spektroskopie
s Fourierovou transformaci pro klasifikaci vin, stanoveni vody v pektinu metodou podle Karla Fishera, stanoveni
hemoglobinu a myoglobinu v mase metodou IMAC, ur&eni typu tepelného oSetfeni mléka metodou ELISA, vyvoje
novych technik pro koncentraci a separaci patogennich bakterii z potravin aj. Zajimavé bylo sezndmeni s moderni
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technikou pfipravy vzorki — mikroextrakci na tuhou fazi (SPME) — a jeji pouZiti pfi analyze nealkoholickych napoji
a stanoveni rezidualniho acetaldehydu v PET lahvich. NIR spektroskopie byla pouZita pro stanoveni zakladniho slozeni
tavenych syri a syrového mléka. Méfeni reologickych vlastnosti slouZilo k hodnoceni vlastnosti §krobovych mazii
a tavenych syri. Piispévky tykajici se senzorického hodnoceni se zabyvaly napi. metodikou ochutnavani tuhych
a kapalnych vzorkd vzhledem k rozloZeni smyslovych receptorti, korelaci senzorického a pfistrojového hodnoceni
viskozity nenewtonskych kapalin, uréenim korelace mezi chuti a obsahem sacharidi u vin, problematikou hodnoceni
kanéiho pachu u vepfového masa, hodnocenim barvy ovocnych jogurti.

Pravidelnou souéésti programu je diskuse o metodéch senzorického hodnoceni spojend s praktickym hodnocenim
nékterych potravinafskych vyrobki. V letodnim roce byly hodnoceny vzorky ceredlnich ty&inek, ceredlnich snidani a
¢ajii. Béhem sympozia se prezentovaly firmy Ekofrukt Slany s. r. 0. a Sipochss. r. 0. Praha.

Sbornik souhrnil véech sd&leni je dostupny ve VUPP, Radiov4 7, 102 31 Praha 10.

Jubilejni XXX. sympozium je plénovéno do Skalského dvorana dny 17.-19. 5. 1999.

Vlasta Fiedlerova, Marie Holasova (Praha)

INFORMACE

Mezindrodni spoluprace Vyzkumného ustavu potravina¥ského Praha

Vyzkumny stav potravinaisky Praha spolupracuje s istavem TNO Nutrition and Food Research Institute v Zeistu
v Nizozemsku. Spolupréce v soucasné dobé& probiha formou spole&ného projektu oznadeného jako Q-Food. Projekt je
zaméfen na pieneseni zkusenosti se zavadénim systému HACCP v zemich EU do podminek CR. Pro realizaci projektu byl
vytvofen spoleény tym slozeny z pracovnikit TNO a VUPP. Clenové &eské &4sti tymu absolvovali kurs ,, HACCP based
Food Safety Management”, ktery byl uzavien zkouskou a udélenim osvédceni. Dva &lenové projektového tymu méli
moznost se z(i¢astnit mezindrodni konference v nizozemském Noordwijku (2. International Food Safety and HACCP
Conference), mezi jejiZ hlavni organizétory patfil istav TNO. Konference byla zaméfena na rozvoj a vyménu zkusenosti
ze zavadéni systému HA CCP na mezinérodni Grovni.

2. mezindrodni konference o zdravotni nezdvadnosti potravin a HACCP Noordwijk 1998

Aby se snizil pocet nemoci pochézejicich z potravin, je tfeba, aby viechny podniky, které produkuji, zpracovavaji
nebo pfepravuji potravinaiské vyrobky, zavedly systém zajiStujici zdravotni nezdvadnost potravin doporudeny mezi-
narodnimi organizacemi FAO (United Nations’ Food and Agricultural Organization) a WHO (World Health Organiza-
tion). Tento systém, ktery je zndm jako Hazard Analysis and Critical Control Point (HACCP), se stdva vyznamnym
v celosvétovém méfitku a uplatiiuje se pfedeviim v takovych oblastech svéta, jako jsou Australie aNovy Zéland, USA
a Evropska unie. World Trade Organization podporuje celosvétové pouZivani systému HACCP, jako jeden z hlavnich
nastroju pro vytvafeni podminek pro rozvoj svétového obchodu s potravinami.

Tato témata byla zékladem jednani 2. mezinarodni konference o zdravotni nezdvadnosti potravin a HACCP (The
Second Food Safety & HACCP Conference), ktera se konala v Noordwijku ve dnech 8.-9. éervna 1998. Konference se
zicastnilo celkem asi 180 (i€astniki ze 37 zemi svéta. Organizatorem konference bylo Noordwijk Food Safety & HACCP
Forum, nezdvisl4 skupina usilujici o lepsi porozuméni systému HACCP v celosvétovém méfitku, Vyznamnou roli v této
skuping hraje také ustav TNO v Zeistu. Jednéni navazovala na prvni konferenci, kterou tato skupina uspofadala
v tnoru 1997.

Organizace FAO a WHO definovaly smérnice pro systém HACCP v Codexu Alimentarius. Podle tohoto systému
vyrobce potravin stanovuje ve vyrobé moznéa nebezpeti pro spotiebitele a identifikuje body, které jsou kritické pro
zvladnuti téchto nebezpedi. Vyrobce potravin musi piijmout opatieni pro zvladnuti téchto kritickych bodt a provadét o
tom odpovidajici zdznamy. Timto zpiisobem mohou vyrobci potravin vzdy doloZit, jakym zpisobem probiha zvlddnuti
vyroby vzhledem k zabezpeceni zdravotni nezdvadnosti potravin, a to jak kontrolnim organiim, tak zv14st& svym zékaz-
nikiim a spotfebitelim. Skupina expertli soustfedéna v Noordwijk Forum se snaZi o sbliZeni souasnych nejednotnych
piistupi k HACCP do jednotné koncepce a do jednoho celosvétového standardu.
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Hlavni diskutovanou otézkou na konferenci byly bezpodmine¢né nutné podminky, které musi provazet zavedeni
HACCP. Zastupci USA se domnivaji, Ze mezi zdkladni pfedpoklady pro G¢inné fungovéni systému HACCP patii hygie-
nické podminky vyroby, dodavatelské specifikace a plany udrzby, které musi vyrobce splnit je§té pfed zavedenim
systému HACCP. Jini uéastnici konference vSak uvadéli, Ze tyto prvky by mély byt soudasti kazdého integrovaného
systému HACCP, protozZe jejich selhéni lze také identifikovat jako , kritické kontrolni body”. Nizozemsky pfistup upfed-
nostiluje ,,komplexni plany HACCP* obsahujici v3echny Zivotn& dileZité prvky pro zaji§téni zdravotni nezavadnost
potravin, které se vztahuji k dané vyrobni jednotce. Komplexni plany HACCP poskytuji systém garantujici zdravotni
nezavadnost vyrobki, daji se pomé&rné& snadno uplatnit v praxi a jsou vhodné jak pro malé a stfedni vyrobce potravin
v rozvinutych zemich, tak pro vyrobce potravin v rozvojovych zemich.

Od roku 1993, kdy byl doporucen systém HACCP v Codexu Alimentarius, maji narodni vlady zapracovat pozadavky
na HACCP do své legislativy. Vlady vSak umoznily pom&mé volny vyklad tykajici se zplisobu zavedeni systému
HACCEP v potravinafskych podnicich. Tomu odpovidalo tematické zaméfeni pracovnich sekci konference. Otazkami
souvisejicimi se zajisténim celosvétové jednotného piistupu k zabezpeéeni zdravotni nezdvadnosti potravin se zabyva-
ly sekce o ekvivalenci a globalizaci svétového obchodu s potravinami. Dalsi sekce se zabyvaly zdkladnimi pojmy
HACCEP (jako jsou validace a verifikace, hodnoceni rizika) a jejich aplikaci v potravinafské vyrob&. Vyznamnymi a velmi
diskutovanymi otazkami byly iloha statu pfi zavadéni a inspekci systému HACCP a otazky souvisejici s certifikaci
systémi HACCP a jejim vyznamem. Pozornost byla v&€novana také novym technologiim v potravinafském primyslu
z hlediska vlivu na zdravotni nezdvadnost potravin.

Koncept HACCP byl vyvinut v 70. letech v USA v Pillsbury Company, v dobé& kdy National Aeronautics and Space
Administration (NASA) poZadovala ,,nulovy podet vad* u potravin pro astronauty. Koncept pfevzal FDA (Food and
Drug Administration) a souasné o systém HACCP projevily z4jem organizace FAO a WHO. Nyni doch4zi k velkému
roz3ifeni systému HACCP, i kdyZ zpisoby implementace se mohou velmi odliSovat. Rozdilné pfistupy lze najit mezi
Australii a Novym Zélandem, Evropskou unii, Japonskem a USA. Soucasny vyvoj v USA (prosazovany FDA) lze
charakterizovat skute&nosti, Ze vyrobni spole¢nost musi pfed zavedenim systému HACCP pfijmout program zajist'ujici
splnéni nezbytn& nutnych pfedpokladi. Ve Spojenych stitech je vyznam systému HACCP zdiiraznén v tzv. Iniciativé
prezidenta Clintona z roku 1997, kde je systém HACCP jmenovité uveden jako systém, kterym se ma zabezpecovat
zdravotni nezdvadnost potravin. V Austrélii a Novém Zélandu je registrovano vice nez 80 rliznych zplsobl vyvoje
a implementace HACCP. V Japonsku byl zvolen pfistup, pfi kterém se systém HACCP zavadi postupné po jednotlivych
krocich. Evropska unie zahrnula poZzadavky HACCP do své Direktivy 93/43/EEC; tento dokument se v soudasné dobé
reviduje. Vét3ina lenskych statl jiZz zavedla tyto poZzadavky do své legislativy. Neznamen4 to vSak jednotny postup ve
viech ¢lenskych statech. N&které &lenské staty EU jsou pii zavadéni systému HACCP aktivné&j§i nez jiné. K tomu je
tfeba dodat, Ze bude nutné vyvinout jest€ zna¢né usili, aby bylo vyjasnéno, Ze systém HACCP je Zivotné dilezity pro
vefejné zdravi a nelze je sméSovat s opatfenimi proti konkurenci.

Zna¢na pozornost byla v&€novéna otdzkdm vztahu mezi inspekci a certifikaci systému HACCP. Stitni orgény dozoru
maji za povinnost kontrolovat, zda potravinafské spolednosti maji spravné vypracovany a zavedeny systém HACCP.
To znamen4, Ze inspektofi se svym zplisobem stavaji auditory pro zkouseni funkénosti HACCP systému. V Nizozemsku
predstavitelé potravinafského primyslu jiz dfive uvazovali o moznosti certifikace systému, aby bylo moZné dosahnout
mezinarodniho uznéni systémit HACCP. V kvétnu 1996 pfijalo sedm mezinérodn& uznévanych certifikujicich spole¢nos-
ti pisobicich v Nizozemsku (mezi nimi napf. Lloyd, TNO Certification a det Norske Veritas) zékladni schéma pro certifi-
kaci HACCP — Criteria for certification of an operational HACCP system. Dne 10. Eervna byl v ndvaznosti na konferenci
v Noordwijku uspof4dén tzv. Workshop, ktery se zabyval certifikaci systémi HACCP. Zde bylo mimo jiné uvedeno, Ze
certifikat systému HACCP jiz v Nizozemsku ziskalo celkem asi 100 spole¢nosti. Certifikace je vyjadfenim nejen toho, Ze
se spole¢nost rozhodla investovat do spln&ni poZadavki systému HACCP, ale také Ze systém provozuje a udrzuje
spravnym zpusobem. Nizozemsky systém certifikace je charakterizovan tim, Ze neni zaméfen pouze na analyzu nebezpe-
¢i a ovladani kritickych bod, ale Ze také zahrmuje prvky nutné pro management zajist'ujici funk&nost systému HACCP.
Timto zpisobem systém zahmuje celou oblast managementu, ktery je zaméfen na zabezpeceni zdravotni nezévadnosti
potravin.

Skupina z Forum Noordwijk m4 celkem devét &lenti: Ton BArENDsz, TNO Nutrition and Food Research Institute, Zeist,
Nizozemsko; Gregory Orriss, FAO, Itilie; Daan BArUG, Ranks Meel, Nizozemsko; Peter FOLSTAR, TNO, Nizozemsko
(pfedsedajici Forum Noordwijk); Tony Maes, Unilever, Velk4 Britanie; Yasmine MoTariemi, WHO, Svycarsko; Ross
PeTERs, Food Operations, Austrélie; Merle PiErsoN, Virginia Polytechnic Institute and State University, USA; Mike van
ScHoTHORsT, Nestlé, Svycarsko.

Pii zpracovani byly pouZity materialy z 2. mezinarodni konference o zdravotni nezavadnosti a HACCP v Nordwijku a z roz-
hovoru s p. Barendszem, ktery byl uvefejnén v &asopisu World Food Regulation, 8, ¢. 2, Cerven 1998.

Antonin Hor¢ica (Praha)
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