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Abstract 
Viscosity of grain aqueous extract is a function both of the concentration of NSP and of its degree of polymerization. 
The objectives of this study were to quantify the relative and reduced viscosities of wheat and barley aqueous 
extracts at various concentrations and to determine the effect of centrifugation rotational speed on the viscosity of 
these solutions. Both relative and reduced viscosity increased as the cereal concentration in water increased from 
0.05 to 0.50 g/mL. The viscosities of wheat and barley extracts isolated by centrifugation at 10,000 rpm, due to an 
increased rate of sedimentation, were lower than the viscosities of extracts separated by centrifugation at 5,000 rpm. 
The relative viscosity of water extracts correlated very well with the wheat (r = 0.9678) and barley (r = 0.9690) 
concentration We have observed, both in wheat and barley, a higher correlation between reduced viscosity and 
concentration than between relative viscosity and concentration. 
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1. Introduction 
 
Wheat and barley flours contain both water-
soluble and water-insoluble non-starch 
polysaccharides (NSP). The major structural 
components of endosperm cell wall in barley are 
the β-glucans (ca. 70–75%) and arabinoxylans (ca. 
20%) [1]. NSP comprise approximately 75% of 
cell wall dry weight in wheat endosperm, and 
arabinoxylans are predominant (85%) among them 
[2]. 
The water-soluble NSP of the endosperm cell 
walls of cereals have anti-nutritive properties in 
poultry. It has been clearly demonstrated that the 
presence of soluble β-glucans in barley [3] and 
soluble arabinoxylans in wheat [4] are the major 
cause of growth depression and poor feed 
conversion in poultry. The primary mechanism of 
the anti-nutritional effects of the soluble NSP 
activity is related to their viscous properties, 
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which consequently affect the aqueous fraction 
viscosity in the small intestine contents [5]. 
Most of polysaccharides give viscous aqueous 
solutions. The viscosity of NSP depends on their 
solubility and molecular weights. Relative 
viscosity of grain aqueous extract is a function 
both of the concentration of NSP and of its degree 
of polymerization. Measurement of water extract 
viscosity in cereals is an indirect means of 
estimation of their soluble NSP content [6,7] 
The objectives of this study were to quantify the 
relative and reduced viscosities of wheat and 
barley aqueous extracts at various concentrations, 
and to determine the effect of centrifugation 
rotational speed on the viscosity of these 
solutions. 
 
 

2. Materials and methods 
 
The water-soluble fraction was obtained without 
endogenous enzyme inactivation, using a simple 
water extraction, with constant shaking, at 40°C.  
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The grains were milled by a laboratory grinder to 
pass a 0.5 mm screen. The extracts were obtained 
at different flour to deionised water ratio, by 
shaking the mixtures of flour to water at a ratio 
between 1:2 and 1:20, at 150 rpm in a LabTech 
LSB-015S water bath. 
The extracts were centrifuged for 10 minutes at 
10,000 rpm and 4°C (experiment 1, E1) and at 
5,000 rpm and 25°C (experiment 2, E2) using a 
Hettich 320R centrifuge. 
Following the centrifugation, an aliquot of 0.5 mL 
supernatant was removed and assayed for dynamic 
viscosity. Dynamic viscosity was measured at 
25°C using a Wells Brookfield Cone/Plate Digital 
Viscometer Model DVIII Cone CP-40. All results 
were expressed in cP and calculated also as values 
relative to that of water. 

 
3. Results and discussion 
 
The effect of concentration on viscosity of wheat 
and barley aqueous extracts was examined at 6 
concentration levels. 
In both experiments and for both cereals, viscosity 
measured at the same temperature increased as the 
concentration of flour in water increased from 
0.05 to 0.50 g/mL (Tables 1 and 2). 
The viscosity of polysaccharides in aqueous 
solutions will develop as a result of 
interpenetration of individual chains or coils to 
form entangled networks. The extent of 
entanglement and resultant viscosity is determined 

by the concentration of polysaccharide in solution 
or the number of chains or coils present [8]. 
The increase in viscosity was curvilinear, 
illustrating a nonlinear relationship between 
concentration of the solute and viscosity at a 
constant temperature [9,10]. 
The viscosities of wheat and barley extracts 
isolated by centrifugation at 10,000 rpm were 
lower than the viscosities of extracts separated by 
centrifugation at 5,000 rpm (Figures 1 and 2). The 
increased centrifuge speed results in an increased 
rate of sedimentation and consequently in a 
decreased in viscosity. 
The relative viscosity of water extracts correlated 
very well with the wheat (r=0.9678) and barley 
(r=0.9690) concentration (Figures 3 and 4).  
The variation of reduced viscosity (red) with 
concentration has been also studied. The reduced 
viscosity represents the ratio of the specific 
viscosity to the concentration and it is a measure 
of the specific capacity of polymers to increase the 
relative viscosity. The specific viscosity divided 
by the concentration (sp/c), expressed in g/ml is 
also known as viscosity number. Specific viscosity 
(sp = rel – 1) represents the increase in 
viscosity that may be contributed by the polymeric 
solute. Reduced viscosity is expressed also in the 
following equation: red = (rel -1)/c. 
The reduced viscosity changes as a function of 
concentration (Figures 5 and 6). 

 

Table 1. Dynamic, relative, and reduced viscosities of wheat extracts 
No. Flour:water 

ratio 
Dynamic viscosity 

(cP) 
Relative viscosity 

 
Reduced viscosity 

(mL/g) 
E1 E2 E1 E2 E1 E2 

1. 1:2  2.20 2.24 2.44 2.57 2.88  
2. 1:3  1.56 1.64 1.73 1.88 2.19  
3. 1:4  1.22 1.42 1.35 1.63 1.40  
4. 1:5  1.12 1.27 1.24 1.46 1.20  
5. 1:10  1.00  1.11  1.10  
6. 1:20  0.94  1.04  0.80  

 
Table 2. Dynamic relative, and reduced viscosities of barley extracts 

No. Flour:water 
ratio 

Dynamic viscosity 
(cP) 

Relative viscosity 
 

Reduced viscosity 
(mL/g) 

E1 E2 E1 E2 E1 E2 
1. 1:2  2.36 3.02 2.78 3.47 3.56  
2. 1:3  1.60 1.71 1.88 1.96 2.64  
3. 1:4  1.22 1.39 1.44 1.60 1.76  
4. 1:5  1.00 1.28 1.25 1.47 1.25  
5. 1:10  0.90  1.06  0.60  
6. 1:20  0.88  1.03  0.60  
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We have observed, both in wheat and barley, a 
higher correlation between reduced viscosity and 
concentration than between relative viscosity and 
concentration. 
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Figure 1. Variations of relative viscosity as a function 

of wheat flour concentration 
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Figure 2. Variations of relative viscosity as a function 
of barley flour concentration 
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Figure 3. Correlation of relative viscosity with wheat 
flour concentration 
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Figure 4. Correlation of relative viscosity with barley 
flour concentration 
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Figure 5. Correlation of reduced viscosity with wheat 

flour concentration 

R2 = 0.9744
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Figure 6. Correlation of reduced viscosity with barley 

flour concentration 
 
4. Conclusions 
 
Both relative and reduced viscosity increased as 
the cereal concentration in water increased from 
0.05 to 0.50 g/mL.  
The viscosities of wheat and barley extracts 
isolated by centrifugation at 10,000 rpm, due to an 
increased rate of sedimentation, were lower than 
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the viscosities of extracts separated by 
centrifugation at 5,000 rpm. 
The relative viscosity of water extracts correlated 
very well with the wheat (r = 0.9678) and barley (r 
= 0.9690) concentration. 
We have observed, both in wheat and barley, a 
higher correlation between reduced viscosity and 
concentration than between relative viscosity and 
concentration. 
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