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Abstract. Dose-effect relationship was studied in 
the rheoviscometric behaviour of geliffied suspensions of 

irradiated corn starch and black pepper, as the variation of 
the apparent viscosity and the shear stress related to the 

dose. | 

Irradiation has been performed up to 16 kGy. Black 
pepper was ground and sieved to three particle sizes to 

analyse also the influence of particle size on the apparent 
viscosity variation by dose. The rheoviscometric measu- 
rements have been carried out by a rotationary viscometer 

on geliffied suspensions of starch and black pepper, into 

equivalent starch concentration and alkalinised suspen- 
sions for pepper. 

For starch, shear stress variation by dose is expo- 

nential, where the coefficients depend on the shear rate. For 
black pepper, the curves of apparent viscosity relation to 
dose also fit an exponential equation and the influence of 
particle size is discussed, too. 

Viscometric behaviour similar to irradiation of both 
corn starch and black pepper could be attributed to starch 

degradation at relatively high doses and should be used to 
develop an identification and control method for the ioni- 

sing treatment of starch-based food materials. 
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INTRODUCTION 

Nowadays irradiation represents a feasible, 

reliable and quite usual method of improving 

quality and reducing spoilage of different dry or 

dehydrated food items like spices, including 

black pepper (Piper nigrum); crude and modi- 

fied starches; starch-based materials; other 

ingredients [4,14,15]. 

In the last years nutritional behaviour, 

market and technological requirements led to an 

increase of demand for spices and starch-based 
foodstuffs. However, consumer protection and 

current trends towards improvement of food 
safety, quality and convenience increase the 

interest in ensuring hygienic standards for 

spices and other dehydrated foodstuffs while 

retaining their technological and organolaeptic 

qualities [6,9,15,16]. 

Effectiveness of irradiation of spices and 

starch-based ingredients is well known. Radio 

-induced starch damage 1s also recognised [3,5, 

7,10,16]. To promote such a controversial tech- 

nology as irradiation, it is necessry to check 

compliance with food regulations and consu- 

mer protection rules to set up appropriate 

methods to investigate all the radio-induced 

modifications and to control and identify 1oni- 
sing treatments applied to different food ma- 

terials and foodstuffs [12,16]. 

Viscosity changes due to starch damage 

under irradiation is one of the most extensively 

studied methods for the identification of ionizing 

treatments [1,5-7,13]. Generally, this method 1s 

simple, cheap, and reproducible, however some
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problems related to its specificity and precision 

need to be elaborated. 

Therefore, this study is focused on clari- 

fying relationships between irradiation dose 

and viscometric properties of some dehydrated 

starch-based materials and, to discuss the influ- 

ences of different experimental parameters on 

the variation of rheoviscometric properties re- 

lated to irradiation dose. 

MATERIALS AND METHODS 

Crude corn starch and black pepper pur- 

chased from the market have been used as study 

materials. Corn starch has a moisture content of 

approximately 12 %. Black pepper was ground 

by an electric kitchen grinder for 5 min, divided 

into three equal parts and then sieved using 

standard wire mesh sieves with apertures of 

@1< 125, D2 < 250 and ®3 < 500 um, respecti- 

vely. The sieves apertures characterise particle 

size of ground pepper samples. Moisture con- 

tent of the ground black pepper was appro- 

ximately 11 %. The moisture determination was 

carried out by standard method using a Mettler 

-Toledo LP 16 moisture analyser. The starch 

content of ground black pepper was determined 

spectrophotometrically [17] and the mean value 

obtained was 40.2 % on d.w. basis. Prior to 
other treatments or ionisation, both corn starch 

and black pepper were checked by EPR and TL 

methods [2,3,8,10,11] to see if they were not 

irradiated. 

From these materials samples of 20-25 g 

each were packed in sealed foil bags. These 

samples were irradiated to a 6000 gamma-ray 

source at different doses, D = 1, 2, 4, 8 16 kGy 

with a dose rate of approximately 3 kGy/h. 

Standard chemical dosimetric methods was 

used to check the doses. 
For both corn starch and black pepper non 

-irradiated (D = 0 kGy) samples, were analysed 

as well. 

Rheoviscometric measurements were per- 

formed on geliffied suspensions with a mean 

starch content of approximately 2.5-4.0 % w/v. 

For pepper these suspensions were alkalinised 

by 33 % NaOH solution to adjust pH value to 

12.2-12.5 [7,13]. After preparation, the 

suspensions were homogenised with an electri- 

cal stirrer for 8 min, then they were heated in 

boiling water bath for 30 min, which was 

followed by cooling at room temperature (20- 

22°C) for 3 h to reach sample temperature of 

about 26°C. 
A rotationary viscometer Rheotest RV2- 

type with S/S2 cylinder coupling was used for 

the measurements. For all the samples and 

irradiation doses, shear stress, t (mPa) and ap- 

parent viscosity, 74 (mPas) were determined for 
twelve shear rate values, Dr (571) in the range of 

1.0-437.4 s”! specific to the viscometer type 

[1,6]. All the samples were measured in tri- 

plicate. The results represent arithmetic mean of 

direct measurements. 

An important assumption is that visco- 

metric parameter variation in relation to irra- 

diation should be related to starch degradation 

and the number of molecules or chemical bonds 

damaged presents an exponential variation in 

relation to the irradiation dose [1,5,10]. As rhe- 

oviscometric parameters should be related to 

the number of damaged or undamaged starch 

molecules, relationship between these visco- 

metric parameters and the irradiation dose can 

be established. 

The experimental data were used to analyse 

the variation of shear stress and apparent visco- 

sity by irradiation dose, for different shear rate 

values 1.e., 7((D) and yq(D), respectively. On this 

basis, by usual methods of regression analysis 

and linearisation dose-effect relationship and 

related curves were established. 

RESULTS 

The results of rheoviscometric measure- 

ments for corn starch are presented in graphical 

form in Figs 1 and 2. The first illustration (Fig. 1) 

presents the variation of the shear stress with the 

irradiation dose, t(D) for the different values of 

the shear rate, D = 48.6-437.4 s"! for corn starch 
suspension of approximately 3% w/v con- 

centration. 

Figure 2 presents variation of the apparent 

viscosity by dose, 7a(D) with the same values of
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Fig. 1. The variation of shear stress, t (mPa) with the 

irradiation dose, D (kGy) for corn starch suspension (2.5% 

w/v concentration) at differnet shear rates, D, (s). 

shear rate, D, and for the same com starch 

suspension. 

In the first case, the equation obtained from 
the experimental data presented in Fig. 1 for the 
shear stress, t(D) has an exponential form: 

tT =a exp (-b D). (1) 

Therefore, in the logarithmic form: 

Int=Ina-b D (2) 

it represents a linear variation of In t(D) with a 

negative slope. By regression analysis parame- 

ters Ina and b (which give the slope) presented 

in Table 1 together with the correlation coef- 
ficients for different values of the shear rate, D,; 

are obtained. 

From these data, it is clear that Ina depends 

linearly on D,;, for D, > 27.0 s! and should be 

written as: 

Ina=cD-+d (3) 

where, using the least squares method, we ob- 

tain: c = 159-10>, d = 2.867 with a correlation 

coefficient r = 0.995. 

Fig. 2. The variation of apparent viscosity 77 (mPa s) with 
the irradaition dose, D (kGy) for corn starch suspension 

(2.5% w/v concentration) at different shear rates, D, (s). 

For the parameter b of Eqs (1) and (2) a 

variation with D; values, may be observed, but 

the relationship is more complex and could be 

written as: 

b= bot bi (1+ Dy”)! 

with bo = 0.05 and Б1 = 0.6779. 

These equations fit the experimental data 

and describe the relation between shear stress 

and apparent viscosity of the starch suspensions 

and irradiation dose, D. 

For the black pepper alkalinized suspen- 

sions, the experimental data are presented in 

Fig. 3 as apparent viscosity by dose, 7a(D) for 

the six values of shear rate, D; = 27.0-437.4 g! 

for the particle size ©; < 125 um. 

Experimental data show the same variation 

of apparent viscosity by irradiation dose, 7/a(D) 

also for the other two granulation levels of black 

pepper, ®2 < 250 and 3 < 500 um, respe- 

ctively. Therefore, the relation of apparent 

viscosity and irradiation dose, 7a(D) should be 

expressed, in terms of the so-called “dose-effect 

relationship” by an exponential equation: 

(4) 

Table 1. The parameter values and the values of correlation coefficient, r for the equation describing the variation of 
starch shear rate by irradiation dose (Eqs (1) and (2)) 

  

  

  

Parameter Share rate, D, (s) 

5.4 9.0 16.2 27.0 48.6 81.0 145.8 243.0 437.4 

Ina 2.681 2.803 2.938 2.917 2.917 2.983 3.116 3.289 3.542 

b 0.178 0.177 0.180 0.159 0.134 0.118 0.098 0.084 0.074 

т 0.999 0.999 0.999 0.995 0.994 0.997 0.997 0.998 0.998 
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Na = A exp (-k D) (5) 

where the two coefficients, A and k, depend both 

on the shear rate, D; and the particle size, O. 

By analysis of the experimental data a 
direct relationship between the coefficient A 

and the shear rate value was obtained. It means 

the variation of A(D,), given by the equation: 

(6) 

where p and g depend on the particle size. 

Whereas, variation of the coefficient & by shear 

rate, k(D;) cannot be expressed in a satisfactory 

manner. 

Figure 4 presents variation of apparent 

viscosity of black pepper suspensions in rela- 

tion to shear rate values higher than 48.6 s"! for 

all three particle sizes and irradiated at 10 kGy. 

This figure presents the influence of particle 

A=pD;'+q 
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Fig. 3. The variation of apparent viscosity 7¢ (mPa s) with 

the irradaition dose, D (kGy) for black pepper alkalised 

suspensions (~2.5% w/v concentration as starch equiva- 
lent) at different shear rates, D; (57, D, 227.0 s"). 
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Fig. 4. The variation of apparent viscosity with the share 

rate, D,(s !, D,248.6 s") for the black pepper alkalised sus- 
pensions (~2.5% w/v concentration as starch equivalent) 

obtained from ground pepper at particle size, ®} = 125 pm. 

size on the apparent viscosity in a more detailed 

way. 

DISCUSSION 

For both considered materials the values of 

apparent viscosity for non-irradiated samples is 

significantly higher than for the irradiated ones, 

when the values of share rate are D, > 27.0 s". 

For the shear rate values lower than D,<27.0s'"! 

and for the lower doses (D = 0, 1, 2, 4 kGy) the 

difference between apparent viscosity and shear 

stress values of different samples were not very 

clear and reproducible (Figs 1-3). 

As expected, apparent viscosity, 7q decre- 

ased with increasing irradiation dose, as shown 

in Figs 2 and 3. Variation of apparent viscosity 

by dose is described by an exponential equation 

as in the case of shear stress variation by dose 

(Eqs (1), (2) and (5)). These equations represent 

the dose-effect relationships in the case of rhe- 

oviscometric properties of corn starch and gro- 

und black pepper. 

The influence of experimental conditions, 

mainly of the shear rate value, D; on the rheo- 

viscometric measurements is proved by all the 

experimental data shown in Figs 1-4 and it is 

also presented in the equations which describe 

variation of shear stress and apparent viscosity 

by dose. The relation between rheoviscometric 

equation coefficients and shear rate values are 

described by Eqs (3), (4) and (6) in both cases, 

for corn starch and black pepper. 

It is obvious from the experimental data 

presented in Figs 3 and 4 that particle size si- 

gnificantly influences rheoviscometric proper- 

ties of ground black pepper suspensions. 

By rheoviscometric measurements and 

data analysis all the coefficients of the equations 

which describe rheological behaviour of corn 

starch and black pepper under irradiation and 

their relations can be established. 
The rheograms for both corn starch and 

ground pepper are clear enough, for D, 2 27.0 

s to differentiate between irradiated and non 

-irradiated samples and to be used as an identi- 
fication method of the ionising treatment ap- 

plied to these materials.
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CONCLUSIONS 

Corn starch and black pepper obviously 

present the same rheoviscometric behaviour 

under irradiation and this fact should be at- 

tributed to starch degradation and depolyme- 

rization due to ionising radiation and confirm 

one of main assumption of this study. 

For both materials the variation of apparent 

viscosity by irradiation dose is described by ex- 

ponential equations and the apparent viscosity 

decreases by dose. These equations fit the expe- 

rimental data for both corn starch and ground 

black pepper well, the correlation coefficient 

values being, r > 0.93 for all the cases and 

represent the dose-effect relationships for corn 

starch and ground black pepper suspensions. 

The coefficients of these equations could 

also be obtained by analysing data from visco- 

metric measurements and they strongly depend 

on the shear rate values. 

Some of the experimental conditions, like 

sample preparation procedure or the particle 

size, have a significant influence on the rheolo- 

gical parameters and on their variation by dose. 

In all the cases ionising treatment showed 

relation to the irradiation dose by viscometric 

measurements and the rheological parameters 

of the considered materials. For shear rate 

values, D, > 27.0 s! all the dose-effect curves 

are clear enough to differentiate between the 

non-irradiated and irradiated samples. 

Therefore, the variation of rheological 

parameter values by the irradiation dose could 

be used as the basis for setting up a simple and 

reliable method to identify and control the 

ionising treatment applied to different dehy- 

drated starch-containing food materials and 

foodstuffs. 
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