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Abstract 

The objective of this work was to study the effect of dietary fibers from pea on rheological properties of 
yoghurts fortified with these fibers. The effect of addition of dietary fibers in yoghurt was investigated by 
a rotational viscometer, Brookfield viscometer (Brookfield Engineering Inc., Model RV-DV I Prime) 
with RV spindles. The Brookfield viscometer DV I Prime with disk spindles represents an easy and cheap 
method for rheological characterization of non-Newtonian fluids, in this case of yoghurt. The rheological 
analysis showed that the yogurt with pea fiber had a higher viscosity than control sample yoghurt. 
Incorporation of pea fiber reduced significantly the syneresis of yogurt in comparison to the control 
yogurt, indicating the viability of the process to obtain a commercial product. 
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1. Introduction 

Yoghurt is produced by a fermentation process 
during which a weak protein gel develops due to a 
decrease in the pH of the milk. The pH of the milk 
is decreased due to the conversion of lactose to 
acid lactic by the fermentation culture bacteria. In 
the liquid milk, casein micelles are presented as 
individual units. As the pH reaches pH 5.0, the 
casein micelles are partially broken down and 
become linked to each other under the form of 
aggregated chains forming part of a three-
dimensional protein matrix in which the liquid 
phase of the milk is immobilized. This gel 
structure contributes substantially due to the 
overall texture and organoleptic properties of 
yoghurt and gives rise to shear and time dependent 
viscosity [1-6]. 

The most frequent defects related to yoghurt 
texture that may lead to consumer rejection are 

apparent viscosity variations and the occurrence of 
syneresis [7]. 

Yoghurt rheological characterization is required for 
product and process development and to ensure 
consumer acceptability [8]. This characterization can 
be made using either instrumental or sensory 
measurements. 

The firmness of yoghurt and the viscosity of just-
stirred gel are greatly influenced by the amount of 
heat treatment the yoghurt mix receives. Heating 
unfolds the globular whey proteins and exposes 
sulphydryl groups, which react with other sulphydryl 
groups and disulfides and induce linkages and 
protein-casein aggregates [9]. 

The gel strength of yoghurt is related to the 
cumulative effects of the chemical interactions. The 
binding of δ-lacto globulin to the casein micelle 
seems to be responsible for the increase of gel 
strength [10]. 
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The beneficial effects of fiber for human health are 
well known. The incorporation of fiber into 
yoghurts represents a means of augmenting the 
consumption of fiber in all sectors of the 
population, owing to the popularity of this 
foodstuff [11]. There are several records of the 
effect of the addition of fibers on the properties of 
yoghurt. Lario et al. [12] found that the addition of 
fiber from citric fruits caused a slight decrease in 
the pH of milk; these authors suggested that the 
fact that the fiber became warmer upon mixing 
would liberate its acidic compounds, favouring a 
decrease in pH. This decrease did not affect the 
fermentation process of the yoghurt; however, the 
rheological properties of the yoghurt were 
modified by the addition of fiber from citric fruits 
and depended on the dose of this fiber: 1% fiber 
addition reduced yoghurt syneresis and improved 
textural properties, increasing gel firmness. These 
changes may be related to the disrupting effect of 
fiber in the gel, which, when this fiber dose is 
added, is counteracted by the high water-holding 
capacity of the fiber [13]. In a sensory study on the 
addition of fibers of bamboo, wheat and inulin no 
significant differences were found in comparison 
with the control yoghurt (without fiber), and the 
yoghurts were found to be acceptable by a panel of 
consumers [14]. In contrast, in yoghurts to which 
apple fiber has been added, differences in sensory 
and rheological characteristics have been detected 
in comparison with the control [15]. 

Pea fiber is an excellent choice for fiber 
fortification, improving shelf life and extending 
yield. Pea fiber is a highly absorptive, low 
carbohydrate fiber derived from specially cleaned 
and processed pea hulls. With the state of the 
health today, the benefits of daily consumption of 
fiber and a low carbohydrate diet can never be 
over emphasized. Pea fiber is an excellent option 
for those who are formulating low carbohydrate 
and low calorie food and dietary products. It can 
be used for bread, snack foods, biscuits, crackers, 
pasta, tortillas, nutrition bars and dietary 
supplements. Pea fiber's light beige colour and fine 
particle size make it an ingredient that should be 
considered by all nutritional and low carbohydrate 
formulators. 

Excessive use of fiber supplements is associated 
with greater risk for intestinal problems. 

Some of the benefits from a high fiber diet may be 
from the food that provides the fiber, not from fiber 
alone. For this reason, it is best to obtain fiber from 
foods rather than from supplements [16]. 

New sources of fiber are recommendable to explore 
for several reasons: (a) for designing novel food 
systems considering the precise technological and 
physiological functionality of dietary fiber (DF) 
depending on its sources and chemical composition; 
(b) to contribute to the social and economic 
development of local producers by successfully 
applying the fiber components of native plants in 
food systems; and (c) to promote higher acceptability 
of fiber-rich  products and ingredients, using local 
and traditionally consumed plants as sources of DF 
[17]. 

2. Materials and methods 

2.1. Materials and apparatus. UHT milk,  
Lactobacillus bulgaricus and Streptococcus 

thermophilus pure starter culture DI PROX YBA 
986, pea fiber provided by Enzymes & Derivates, 
Piatra Neamț, Romania. 

The equipment used consisted in a thermostat, an 
orbital shaker, a  Brookfield viscometer Model RV- 
DV II Pro, with disk spindle, RV3, RV4, RV5, RV6 
type, LACTOSTAR 2005 FUNKE GERBER. 

2.2. Sample preparation. The yoghurt samples 
were made using UHT milk. The milk analysis by 
LACTOSTAR 2005 FUNKE GERBER led to the 
physical and chemical parameters presented in Table 
1. 

Table 1.  Milk properties 
Fat, g/100g 3.54 
Protein, g/100 g 3.28 
Lactose, g/100 g 4.74 
SNF (Solid Non-Fat), g/100 g 8.72 
Freezing point, 0C - 0.511 
Minerals, g/100 g  0.02 
Conductivity, mS 0.25 

300 mL milk was inoculated using 0.015 g starter 
culture. After inoculation with starter culture, the 
samples were homogenised with an orbital shaker for 
15 min at 100 rpm. After shaking the samples were 
thermostated at 420C for 6 hours. The pea fiber was 
added to the yoghurt sample in the concentration of 
1%. 
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2.3. Syneresis and acidity of yoghurts.Syneresis of 
analyzed yoghurt was determined using drainage 
method [18]. The analysis was done using a 
whatman filter no 589.2 (S&S, Dassel, Germany) 
placed on top of a funnel. After that, 
approximately 25 g of the samples were spread on 
the paper. The drainage time and temperature were 
20 min and 4°C, respectively. The percentage 
syneresis was calculated as (liquid weight/ initial 
sample weight) × 100. 

Titratable acidity of the yoghurt samples was 
estimated according to the standard AOAC 
procedure  [19]. 

2.4. Determination of rheological properties. 

Viscosity measurements were carried out on the 
yoghurt samples at ambient temperature (250C), 
with a Brookfield viscometer (Brookfield 
Engineering Inc, Model RV- DV II Pro+) at 2,5; 5; 
10; 20; 50;  and 100 rpm with RV spindle (RV3, 
RV4, RV5, RV6 type). The spindle nos was used 
in accordance with the sample nature to get all 
readings within the scale. 

The samples in 300 mL of beaker with a 8,56 cm 
diameter (according to the Brookfield requests) 
were kept in a thermostatically controlled water 
bath for about 10 min before measurements in 
order to attain desirable temperature of 250C. 

First measurements were taken 2 min after the 
spindle was immersed in each sample, so as to 
allow thermal equilibrium in the sample, and to 
eliminate the effect of immediate time dependence. 

All data were then taken after 40 s in each sample. 
Each measurement was duplicated on the sample. 

The obtained empirical data were converted using 
the Mitschka relationships to shear rate and shear 
stress. The shear rate versus shear stress data were 
interpreted using the power law expression [25] 

σ  = k·γn                            (1) 

where: 

σ - shear stress (N/m2), 

γ - is the shear rate (s-1), 

n - is the flow behaviour index, k is the consistency 
index (Nsn/m2). 

The values for the flow behaviour index n, were 
obtained from plots of log shear stress versus log 
rotational speed; the slope of the line (if the 
dependence is sufficiently close to a linear one) is 
simply equal to the flow index of the fluid, n. 

2.7. Statistics.Samples were assayed in triplicate and 
results are given as averages ± SD. Student’s t test 
was used for the statistical evaluation and p < 0.05 
was considered statistically significant. 

 

3.Results and Discussions 

3.1. Syneresis and titratable acidity of yoghurts 

Syneresis is an undesirable property and determined 
by various methods. In the present study syneresis 
was measured by means of the drainage method. The 
results of the syneresis experiments, titratable acidity 
and statistical analysis are shown in Table 2.  

Both yogurts presented non-significantly different 
acidity values after 24 h of preparation, acidity being 
significantly higher for the yogurt with pea fiber. In 
conventional yogurt formulations, acidity is a 
consequence of lactic acidification obtained at the 
end of incubation and post-acidification during 
storage. Lactic acidification is the result of lactose 
fermentation by the associative growth of the two 
thermophilic, homofermentative lactic acid bacteria. 
Post-acidification during storage time can be linked 
to the progressive transformation of lactose into 
lactic acid. However, in yogurts added with soluble 
fiber components, other mechanisms may take place 
that promote a further increase in the acidity values 
[19].  

An increase in syneresis with storage time was 
observed in both yogurts. Although the phenomena 
occurring during syneresis are not fully understood, it 
is agreed that increased syneresis with storage time is 
usually associated with severe casein network 
rearrangements [20], that promote whey expulsion. 
Syneresis was significantly lower for the yogurt with 
pea fiber  than for the control yogurt at days 1 and 7 
(Table 2). Functionality of hydrocolloids in yogurt is 
demonstrated by their ability to bind water, interact 
with the milk constituents (mainly proteins), and 
stabilize the protein network, preventing free 
movement of water [19]. 
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Table 2. Syneresis and acidity of the yoghurt samples 

 
YC – yogurt control sample, YPF – yogurt with 1% pea fiber 
per 100 mL.  
Values are means ± standard deviation, n = 3 

3.2. Determination of rheological properties 
Yoghurt is a non-Newtonian substance and 
yoghurt viscosity is an indication of a network of 
casein-particle aggregation leading to gelation [21, 
22, 23, 24].  

In general, addition of pea fiber increases the 
viscosity of yoghurt. Through addition of pea 
fiber, the viscosity is increased and the yoghurt 
reduces the tendency of destabilization by 
separation of components.  

The variations of shear rate in the apparent 
viscosity are given in Figure 1. Shear rate was 
obtained from conversion of spindle factors 
(torque and speed spindle) of the Brookfield 
viscometer (under standard measuring condition) 
to viscosity function, according to Mitschka, 1982 
[25]. Increasing shear rate from 0.3 to 20.00 (1/s) 
clearly demonstrated decreases in apparent 
viscosity indicating a pesudoplastic ‘shear thing’ 
characterization of gel yoghurt.  

 
Figure 1. Viscosity profile of yoghurt samples 

4. Conclusions 

Yoghurt is a complex viscous food material due to 
the complexity of its nature and composition. 
Rheological behaviour of yoghurt is influenced by 
sugars, fats and water. 

The Brookfield viscometer DV I Prime with disk 
spindles represents an easy and cheap method for 
rheological characterization of non-Newtonian fluids, 
in this case of yoghurt. 

When pea fiber was used in strained yoghurt, 
significant differences in colour and rheological 
behaviour were observed. The rheological analysis 
showed that the yogurt with pea fiber had a higher 
viscosity than control sample yoghurt. Incorporation 
of pea fiber reduced significantly the syneresis of 
yogurt in comparison to the control yogurt, indicating 
the viability of the process to obtain a commercial 
product. 
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