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FOOD-INDUSTRIAL PRODUCfS 
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A b s t r a c t. For the past years physical methods 
- among them rheological investigations - have been 
widely applied in the field of agricultural and food in
dustry. Rheological methods can be sucessfully used 
for the detection of irradiation in the case of treated 
foodstuffs. 

We investigated the rheologicał properties of pro
tein-containing food-industriał ingredients (milk pro
tein eoncentrale powder and whole egg powder) as a 
function of absorbed y-dose (max. 20 kGy), using rota
tionał viscometers. 

Our investigations form part of complex exami
nation for comparlog the above results with those of 
thermoluminescence, chemiluminescence and ełectron 
spin resonance methods applied for the study of irradi
ated foodstuffs. lt was found that the rheołogical metbod 
was suitable for significant detection of irradiation in the 
case of protein-containing foodstuffs, even after a longer 
storage. 

K e y w o r d s: rheołogy, agriculturał products, 
food-industriał products, gamma-radiation 

INTRODUCfiON 

Ionizing gamma-radiation is applied for 
quarantine treatment of agricuiturai pro
ducts and for improvement of hygienic 
quality and proiongation the lifetime of 
preseiVed agro- and food-industriai products 
(spices, vegetabies, herbs, protein-containing 
powdered ingredients). This requires the 
eontroi of irradiation process, i.e., whether 
the products was irradiated or not, and a 
qualitative and, if possibie, a quantitative 
detection of the degree of irradiation after 
radiation treatment and during storage. 

Earlier studies have proved that physi
cai, chemicai and bioiogicai methods to be 
applicable for the detection of the degree o f 

irradiation; among these methods, the physi
cai ones are the most promising. 

The following physicai methods have been 
mainJy used for the above-mentioned pu~ 
[l]: ciectron spin resonance (ESR); thermo
Iuminescence (1L), chemiluminescence (CL), 
near infrared spectroscopy (NIR), viscosimeuy, 
and impedance measurement 

V~imetty has been e:xtensively applied on 
the basisof the artide by Mohr and Wichman [2]. 

Visrosity of suspended spices exhlbited a 
dose correiation between irradiated and unir
radiated samples. Namely, the structureS of 
starch, pectins and cellulose - the main compo
nents of foodstuffs of plant origin - are de
stroyed by ionizing radiation, resulting a 
change in the viscosity. 

The viscosity of sampies is influenced 
primarily by pH, temperature and concen
tration of the suspension, time of wetting 
and particie size. Therefore, great care must 
be taken during the preparation of sampic 
suspensions [3). 

Rheoiogicai investigations have been 
used mainly for the detection of irradiation in 
the case o f different sp i ces (e. g., w hi te and 
biack pepper, ginger, nutmeg, marjoram, all
spice, onion powder, mustard seed, ceiery, 
shallot), [3,4]. 

The aim of our investigations was to test 
the applicability o f visrosimetry for the detec
tion of irradiation in the case of protein
containing ingredients (e.g., milk protein 
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eoncentrale powder and whoie egg powder) 
as a funetion of storage time. 

MA TER~ AND ME1HODS 

Milk protein eoncentrale powder as a 
patented produet was prepared at the Hun
garian Dairy Researeh lnstitute (Mosonma
gyaróvar, Hungary) with 75 % protein eontent 
[5]. The sampies were irradiated with 5, 10, 
15 and 20 kGy absorbed doses by means o f a 
60Co radiation source. lt shouid be men
tioned that the internationally recom
mended doseis 10 kGy (6], the application 
of higher dose is necessary for basie re
seareh purposes. Sampies were stored at 
room temperature and Iow reiative hu
midity of 50-60 %. 

For rheoiogicai measurements suspen
sions 20 wt/v % were prepared from milk 
protein eoncentrale powder with a homo
genizer of type MPW-309. After homogeni
zation, the foamed suspensions were stored 
at 10 °C for 24 h. Apparent viseosities were 
determined with rotationai viseometers of 
types RV-2 Rheotest and Haake SV 500 at 
10-12 different shearing rates. Tempera
tures between 5 and 50 °C were reguiated 
with an accuracy of ±0.2 °C by means of a 
water jaeket attaehed to the outer cylinder. 
The obtained resuits were evaiuated with an 
IBM PC-AT eomputer. 

Considering the propa;al of Heide et al. (3] 
for working out the optimai eonditions ex
perimentally for eaeh sampie, on the basis 
of preliminary measurements, aqueous sus
pensions of 40 wt/v % were prepared from 
whoie egg powder by the above-mentioned 
method. 

RESULTS AND DISCUSSION 

On the bisis of our resułts it muld be proved 
that the milk protein and whoie egg powder 
suspensions behaved as non-Newtonian fluids; 
their flow curves couid be described with the 

Ostwaid's equation: r=K D n (7]. The decrease 
of apparent viscosity vaiues as a funetion of 

shear stress was not linear and indicated 
greater ehanges. 

The exponentiai temperature depen
dence of apparaent viseosity (71) is shown in 
Fig. l between 5 and 50 °C. The aetivation 
energy (E) vaiues were determined from 
71(1) eurves. It was found that activation en
ergy considerably decreased after irradiation 
in both cases of milk protein eoncentrale (8] 
and whoie egg powder (Tabie l). 
T a b l e l. Activitation energy (E) values after milk 
protein and egg powder irradiation 
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Fig. l. Temperature dependence of apparent viscosity. 

Figure 2 shows flow eurves ('r(y)) as a 

funetion of absorbed dose. The eonsistency 

parameter (K) - whieh depends on t he e har

aeteristics of the sampie - inereased mar

kediy with the absorbed dose; the flow index 
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Fig. 2. F1ow curves as a function of absorbed dose. 

was constant (n=0.176) with a standard de
viation of ±8 %. 

Histograms of Fig. 3 show the depen
dence of apparent viscosity on absorbed y
dose and storage time. It is apparent that 
these values are increasing with the ab
sorbed dose at each moment, and have a de
creasing tendency during storage. 
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Fig. 3. Dependence o( the apparent viscosity on the ab
sorbed dose and storage time. 

Similar behaviour was obtained in the 
case of aqueous suspensions of whole egg 
powder; in the course of storage, the dif
ference between viscosity values of irradiated 
and unirradiated sampies remained, though 
with a decreasing tendency (Fig. 4 ). 
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Fig. 4. Viscosity differences between irradiated (10 kGy) 
and unirradiated sampies as a function of storage time. 

The results of rheological (R) investiga
tions can be compared with those o f TL and 
ESR measurements [8], (Fig. 5). It can be 
established that signals of the latter two 
methods decrease quickly in time, and 
therefore the rheological metbod seems to 
be more suitable for the characterization of 
irradiation during longer storage. 
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Fig. S. Relative changes during storage in R, 1L and 
ESR signals. 

CONCLUSIONS 

To sum up, it can be concluded that the 
apparent viscosity values increase unam
biguously with the absorbed dose as a resułt 
of the partia! irreversible change in the fłow 
characteristics. This phenomenon can be at
tributed to the change of the protein struc
ture caused by irradiation. 
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For the sake of well-evaluable radiation
induccd responscs, it is more cxpedicnt to 
apply more identification methods simulta
neously, and to analyse the obtained signals 
specifically in the case of each produet 
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