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Application of electron beam irradiation to modify the rheological 
behaviour of pectins 

Monica R. Nemțanu, Mirela Brașoveanu 

 
The paper deals with the investigation of the effects of the electron beam irradiation on the 

rheological behaviour of pectins. The results showed that the rheological parameters of the pectin 
aqueous suspensions were influenced in a dose dependent-manner. The viscosity decreased with the 
increase of the irradiation dose as a consequence of the pectin molecular weight degradation. Overall, 
it was revealed the potential to obtain pectins with modified rheological properties by electron beam 
irradiation. 

Използване на електронно-лъчево облъчване за модифициране на реологичното 
поведение на пектин (Моника Р. Немтану, Мирела Брасовеану).  Статията  представя 
изследване на ефекта на електроннолъчевото облъчване върху реологичните параметри на 
пектини. Резултатите показват, че реологичните параметри на пектиновите субстанции се 
влияят от дозите на облъчване. Вискозитетът намалява с увеличаване на дозата на 
облъчване с електронния лъч, което се дължи на деградацията на теглото на молекулите 
пектин. Като цяло това показва възможността за получаване на пектини с модифицирани 
реологични свойства чрез електроннолъчево облъчване. 

 

Introduction 
Polysaccharides have remarkable physicochemical 

and biological properties being widely used in various 
fields such as food processing, agriculture, cosmetic 
and pharmaceutical industry, surface and waste water 
treatment, etc. Chemically, pectin is a natural 
carboxyl-containing polysaccharide whose bases are 
chains of polygalacturonic acid [1, 2], and its 
composition depends on the botanical origin [3].  

Functionalization of pectin is generally preferred to 
obtain convenient physicochemical characteristics of 
pectin suspensions for different applications. For 
instance, low viscosity and improved solubility of 
modified citrus pectins enable the preparation of 
highly concentrated solutions required for medical 
purposes [3].  

Irradiation is a feasible, fast and environmentally 
friendly technique to change the properties of 
polysaccharides resulting in their functionalization. 
Ionizing radiation (gamma rays, electron beams) 
generates free radicals able to initiate various 
chemical transformations that cause alterations in the 
structure of polysaccharides and further detectable 
changes in their physicochemical and functional 
properties such as solubility, viscosity, thermal 
behaviour. Investigations on the effects of gamma 
irradiation on pectic substances revealed the 

degradation of macromolecules rather than the 
radiation-induced deesterification of methoxylated 
carboxyl groups [3 - 5]. There is no information 
available regarding the effects of electron beam 
irradiation on rheological behaviour of pectin. 

In this direction, the aim of the paper is to evaluate 
the impact of electron beam irradiation on rheological 
behaviour of pectins. 

Experimental 

A. Materials 

Pectin from apple (76282; faint brown powder; 
moisture content: ≤ 10%) and pectin from citrus peel 
(P9135; light brown powder; moisture content: ≤ 
10%) were purchased from Sigma-Aldrich Company.  

B. Electron beam (e-beam) irradiation 

      Packed pectin samples were irradiated with an 
electron beam generated by a linear accelerator of 
energy of 5.5 MeV (NILPRP, Bucharest-Măgurele, 
Romania), with mean electron beam intensity of 6 µA 
and mean dose rate of 2.5 kGy/min. The irradiations 
were carried out at room temperature and normal 
pressure in air atmosphere. The applied irradiation 
doses were in the range of 10 – 50 kGy checked by 
using cellulose triacetate film. 
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C. Rheological evaluation 

      Rheological measurements were carried out on 
aqueous suspensions using HAAKE VT® 550 
rotational viscosimeter (ThermoHaake, Germany). 
These measurements were performed on different 
concentrations (0.5%; 1.5%; 3.0%) of pectin aqueous 
suspensions at 25o C and different shear rates (0 - 
1082 s-1). The obtained data were analyzed by 
RheoWin v.3.5 software. 

D. Statistical approach 

The results reported are expressed by means of 
values ± standard deviation of triplicate 
determinations. The regression analysis and statistics 
of experimental data were performed using OriginPro 
8.1 (OriginLab Corporation, Northampton, USA), 
Microsoft® Excel 2010 (Microsoft Corporation, USA), 
and InfoStat version 2016 [6]. The data were analysed 
by using analysis of variance (one-way ANOVA) with 
Fisher LSD (least significant differences) post-hoc test 
to discern the statistical difference. A probability 
value P < 0.05 was considered as statistically 
significant. 

Results and Discussion 

A. Flow behaviour 

The control samples of the investigated pectins 
indicated non-Newtonian behaviour for which the 
ratio of the shear stress and shear rate is not constant 
[7], the shear stress dependence of shear rate 
indicating the pseudoplastic character of the pectin 
suspensions (Fig. 1). Although this feature was kept 
for the irradiated samples, even at high irradiation 
dose, a slight tendency towards Newtonian behaviour 
as the irradiation dose increase could be noticed. 

Different known rheological models (Newton, 
Bingham and Ostwald de Waele) were used to 
analysis the rheological behaviour of the investigated 
samples. The determination factor for each used 
model for both types of pectin is shown in Table 1. 
The comparative analysis realized concerning the 
rheological models indicated that Ostwald de Waele’s 
model was the best one of the applied models. Thus, 
the Ostwald de Waele rheological-model fitted the 
rheological behaviour (Fig. 1) with determination factor 
between 0.9595 and 0.9992 for pectin from apple and 
between 0.9593 and 0.9991 for pectin from citrus peel. 

Moreover, Ostwald de Waele (power law) model is 
very used to characterize the rheological parameters of 
non-Newtonian fluids having wide technological 
application mainly in the food industry [8, 9]. It is a 
simple model as can be seen in Eq. (1): 

  
 

 
(a) 

 

 
(b) 

Fig. 1. Shear stress vs. shear rate of native and irradiated 
sample of (a) pectin from apple and (b) pectin from citrus 

peel (concentration of 1.0% ) – fitted with Ostwald de 
Waele model. 

(1) 1−⋅= n
a k γη &  or nk γτ &⋅=  

where: ηa – apparent viscosity [mPa·s], k – fluid 
consistency index [mPa·sn], n – flow behaviour index, 
γ&  – shear rate [s-1], τ  – shear stress [Pa]. 

The fluid consistency and flow behaviour indices 
are typical rheological parameters used in the 
Oswald’s model. The resulting rheological parameters 
k and n for both pectins are presented in Fig. 2. The 
consistency index that is usually correlated with the 
apparent viscosity showed a decrease of its value with 
the increase of the irradiation dose. The increase 
evolution of the flow behaviour index to the value of 1 
(typical for Newtonian fluids) as the increase of the 
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Table 1 
Determination factor for different rheological models indices  

Irradiation dose 
[kGy] 

Suspension 
concentration  

[%] 

Rheological model – determination factor, r 

Newton Bingham Ostwald de Waele 

Pectin from apple 

0 
0.5 0.9741-0.9788 0.9806-0.9846 0.9834-0.9883 
1.5 0.9775-0.9788 0.9945-0.9955 0.9977-0.9983 
3.0 0.9698-0.9687 0.9921-0.9923 0.9990 

10 
0.5 0.9741-0.9806 0.9782-0.9815 0.9784-0.9824 
1.5 0.9744-0.9788 0.9873-0.9905 0.9900-0.9949 
3.0 0.9898-0.9906 0.9969-0.9979 0.9990-0.9992 

30 
0.5 0.9604-0.9779 0.9629-0.9787 0.9719-0.9788 
1.5 0.9689-0.9796 0.9797-0.9853 0.9837-0.9869 
3.0 0.9765-0.9871 0.9929-0.9939 0.9949-0.9967 

50 
0.5 0.9571-0.9792 0.9582-0.9794 0.9595-0.9795 
1.5 0.9701-0.9758 0.9724-0.9783 0.9733-0.9797 
3.0 0.9630-0.9707 0.9847-0.9887 0.9912-0.9942 

Pectin from citrus peel 

0 
0.5 0.9650-0.9740 0.9721-0.9790 0.9753-0.9808 
1.5 0.9697-0.9796 0.9906-0.9923 0.9929-0.9947 
3.0 0.9780-0.9805 0.9949-0.9950 0.9991 

10 
0.5 0.9659-0.9761 0.9680-0.9777 0.9688-0.9784 
1.5 0.9559-0.9684 0.9746-0.9829 0.9800-0.9884 
3.0 0.9885-0.9915 0.9967-0.9972 0.9975-0.9979 

30 
0.5 0.9717-0.9801 0.9719-0.9802 0.9718-0.9802 
1.5 0.9624-0.9633 0.9689-0.9726 0.9718-0.9788 
3.0 0.9650-0.9747 0.9863-0.9870 0.9912-0.9915 

50 
0.5 0.9593-0.9692 0.9594-0.9715 0.9593-0.9716 
1.5 0.9667-0.9750 0.9727-0.9773 0.9735-0.9779 
3.0 0.9635-0.9703 0.9811-0.9822 0.9851-0.9887 

 
irradiation dose indicated that the pectin suspensions 
slightly tend to have Newtonian rheological behaviour 
after e-beam irradiation. The rheological parameters had 
a similar evolution by irradiation for both pectin from 
apple and pectin from citrus peel. 
 

 
Fig.2. Evolution of fluid consistency and flow behaviour 

with the irradiation dose. 

 

B. Apparent viscosity 

The apparent viscosity of apple and citrus peel 
pectin suspensions (230C, γ&  = 100 s-1) showed a 
descending evolution (P < 0.05) as the increase of the 
irradiation dose (Fig. 3). This behaviour suggests the 
pectin molecular structure is fragmented to lower 
molecular weight structures. These findings are in 
accordance with previous investigations on gamma 
irradiated pectins reporting the decrease of viscosity 
and molecular weight with the increase of irradiation 
dose [3 - 5]. 

For both investigated pectins, the variation of 
apparent viscosity with irradiation dose after electron 
beam irradiation occurs after an exponentially 
decreasing law in accordance with Eq. (2): 

(2) 
a

m
D

D

i
aaa e

η

ηηη
−

⋅+= *  

where: ηa – apparent viscosity [mPa·s], *
aη   – apparent 

viscosity of the macromolecular fraction unaffected 
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by irradiation [mPa·s], i
aη   – apparent viscosity of the 

macromolecular fraction affected by irradiation 

[mPa·s], a
mDη – characteristic irradiation dose [kGy], D 

– irradiation dose [kGy]. 
Nemtanu and Brasoveanu [10] introduced the term 

‘characteristic irradiation dose’ for the irradiation dose 
that results from the exponential decreasing law of the 
apparent viscosity of starch against irradiation dose. 
Similarly, in the present work, the material constant 

a
mDη  represents the characteristic irradiation dose of 

pectin for which the apparent viscosity iaη  decreases 
by e times. Taking into consideration this aspect in the 

present study, the estimated values of a
mDη  were 7.2 ± 

1.2 kGy (R2 = 0.9944) for pectin from apple and 12.2 
± 2.9 kGy (R2 = 0.9452) for pectin from citrus peel, 
respectively. 

Moreover, the constant a
mDη  can be considered as a 

measure of the pectin radiation sensitivity based on 
the apparent viscosity. Thus, one can notice that the 
pectin from apple is more sensitive to the electron 
beam irradiation than pectin from citrus peel.  

 
Fig.3. Apparent viscosity (γ& = 100 s-1, t = 23o C) evolution 

of the studied pectin suspensions (concentration of 1.5%) as 
a function of the irradiation dose. 

The pectin suspension behaviour dependence on 
concentration is important mainly for technological 
procedures. The study of the concentration influence 
on the apparent viscosity (230C, γ&  = 100 s-1) revealed 
viscosity increase with the increase of the 
concentration for control sample of both pectins. The 
irradiated samples showed similar behaviour to 
control one (Fig. 4). 

 
(a) 

 

 
(b) 

Fig. 4. Variation of the apparent viscosity (γ& = 100 s-1, t = 

23o C) with the irradiation dose and concentration of the 
native and irradiated samples of (a) pectin from apple and 

(b) pectin from citrus peel. 

Conclusions 
The study of rheological behaviour of the pectin 

from apple and pectin from citrus peel exposed to 
electron beam irradiation showed that the rheological 
parameters were influenced in a dose dependent-
manner. The apparent viscosity of pectin aqueous 
suspensions decreased exponentially with the increase 
of the irradiation dose, indicating an obvious 
reduction of molecular weight. The radiation 
sensitivity of pectins defined by analysing the 
apparent viscosity behaviour of their aqueous 
suspensions as a function of irradiation dose proved 
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that pectin from apple is more sensitive to the electron 
beam irradiation than pectin from citrus peel. 

The value of the pectin apparent viscosity 
increased as the increase of the concentration, the 
irradiated samples keeping the same evolution as the 
control sample. 

The results of this investigation revealed that the 
electron beam irradiation can be an efficient tool for 
producing pectins with modified rheological 
properties without the introduction of additional 
chemicals. 
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