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The aim of this study was to determine the effects of seven different stabilizers on some properties of 
set-type yogurt. Stabilizers used were sodium caseinate, gelatin, carrageenan, xanthan gum, guar gum, 
locust bean gum (LBG), native corn starch. For the control group, no stabilizer was added. During the 
storage period, while the fat and pH values of the yoghurt samples were reduced, the stabilizers had no 
effects on the physical and chemical properties. The color values were affected by stabilizers and 
storage period at p<0.01 level. Stabilizers, except LBG, adversely affected the development of 
Streptococcus thermophilus but did not show the same effect on Lactobacillus delbrueckii subsp. 
bulgaricus. Control sample was the most favorite example in sensory evaluations. The microstructural 
properties of yogurt samples containing gelatine, xanthan gum, guar gum and locust bean gum were 
quite different as compared to the control sample. The results of this study indicate that sodium 
caseinate and gelatin were the most suitable stabilizers that could be used in the production of set 
yoghurt. 
  
Key words: Yogurt, stabilizer, gum, physical and chemical properties, microstructure. 

 
 
INTRODUCTION 
 
Yogurt, a functional food, is one of the most consumed 
fermented dairy products in the world (Buttriss, 1997; 
Mckinley, 2005; Weerathilake et al., 2014). The texture of 
yogurt is as important as its taste and flavor in terms of 
consumer preferences. However, the properties of the 
milk used in yogurt production, the production and 
storage conditions or the transportation to far sales points 
can lead to textural defects such as viscosity variations 
and syneresis (Trachoo, 2002; Hematyar et al., 2012). 
Various stabilizers are used to prevent these problems 
and to  create  desirable  textural  characteristics  (Keogh 

and O’Kennedy, 1998; Athar et al., 2000; Mohammadifar 
et al., 2007). 

Stabilizers, also called thickeners, gelling agents or 
hydrocolloids, can be obtained from different sources 
including animal connective tissues, sea and land plants 
and microorganisms (Imeson, 2010). They have gelling, 
thickener and stabilizer properties (Lal et al., 2006; 
Tamime and Robinson 2007). 

Sodium caseinate and gelatin increase the density of 
the protein network in the gel microstructure (Remeuf et 
al., 2003; Amatayakul et al., 2006; Supavititpatana et  al.,
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2009). Many researchers reported that yogurt fortification 
with sodium caseinate or gelatin resulted in a stronger 
network, higher viscosity and less syneresis (Modler et 
al., 1983; Athar et al., 2000; Guzmán-González et al., 
2000; Schmidt et al., 2001; Remeuf et al., 2003; Ares et 
al., 2007; Damin et al., 2009). 

When starch is heated, it swells by taking water and 
increases solution viscosity by forming a gel after a 
certain temperature. Therefore, the addition of the starch 
into yogurt enhances the viscosity (Schmidt et al., 2001; 
Williams et al., 2003; Mishra and Rai, 2006; Ares et al., 
2007). Athar et al. (2000) ranked stabilizers as 
cornstarch, gelatin, pectin, guar gum, CMC, carrageenan 
and sodium alginate according to the reduction rates of 
syneresis when compared with the control group. The 
characteristics of yogurt that natural wheat starch (NWS) 
is added to, are similar to those of yogurt with gelatin; 
therefore, NWS may be preferred as stabilizer in set-type 
yogurts (Schmidt et al., 2001). 

Guar gum, xanthan gum and locust bean gum (LBG) 
are used as thickener in food industry (Tamime and 
Robinson 2007). They enhance the texture by increasing 
the viscosity of continuous phase and reduce syneresis 
(Hematyar et al., 2012). Locust bean gum has synergic 
effects with other stabilizers to reduce serum separation 
and increase viscosity (Köksoy and Kilic, 2004). Ünal et 
al. (2003) reported that LBG concentrations above 0.02% 
decreased water holding capacity (WHC) and viscosity, 
while it increased syneresis. 0.1% of guar gum in yogurt 
achieved the best result for low acidity and low pH 
(Mehmood et al., 2008). El-Sayed et al. (2002) argued 
that the xanthan gum and its mixture with other stabilizers 
significantly increased the viscosity of cow milk yogurt 
and reduced syneresis. They also pointed out that yogurt 
including 0.01% of xanthan gum was the most favorite in 
sensorial evaluation. 

Carrageenan is used as gelling and has different forms. 
In the presence of calcium, κ-carrageenan forms a stiff 
and brittle gel, whereas ι-carrageenan forms a soft gel 
and λ-carrageenan will not form a gel, but acts as a 
thickener (Glicksman, 1987). Sağdıç et al. (2004) stated 
that 0.01 and 0.03% of κ-carragenan could be used in 
yogurt production. 

The aim of this study was to investigate the effects of 
different stabilizers such as sodium caseinate, gelatin, 
carrageenan, xanthan gum, guar gum, locust bean gum 
and native corn starch on some characteristics of plain 
set-type yogurt. 
 
 

MATERIALS AND METHODS 
 

Raw cow’s milk, starter culture and skim milk powder were obtained 
from the dairy farm of Agriculture Faculty. Stabilizers were supplied 
from ORKİM (Chem. Subst. Inc.), Turkey. 
 
 

Preparation of yogurt 
 
The milk was homogenized at a pressure of 20 Mpa (ALFA  LAVAL, 
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separations technique GMBH) after being passed through the 
clarifier (Model ALFA-LAVAL model 313 T, centrifugal clarifier) and 
divided into eight parts. In each portion, 3% skimmed milk powder 
and a different stabilizer were added. Stabilizers were added to the 
milk, mixing with skimmed milk powder. Prepared mixes were heat 
treated at 80°C for 20 min, then cooled to 44±1°C and inoculated 
with 20 g/100 L yogurt culture (Streptococcus thermophilus, 
Lactobacillus bulgaricus; DVS culture, Valiren, Mayasan). They 
were filled into glass jars of 300 mL and incubated until it reached 
pH 4.7±0.1 at 44±1°C. The yogurts that completed incubation were 
stored in cold storage at 4±1°C. Analyzes were performed on the 
1st, 7th, 14th and 21th days of the storage. 

Sample codes for yogurt samples were as follows: C (the control 
group, without stabilizer), SC (0.5% sodium caseinate), G (0.3% 
gelatin), CR (0.025% carrageenan), XG (0.015% xanthan gum), GG 
(0.02% guar gum), LBG (0.02% locust bean gum) and NCS (1.25% 
native corn starch). The ration of stabilizer used was determined by 
pretesting and regarding the ratios used in various studies (El-
Sayed et al., 2002; Ünal et al., 2003; Ares et al., 2007; Soukoulis et 
al., 2007; Hematyar et al., 2012).  
 
 
Physical and chemical analyses 
 
Yogurt samples were stored at 4°C for 21 days and all 
measurements were performed on days 1, 7, 14 and 21. The total 
solids and ash were determined by gravimetric method and the fat 
by the Gerber method. Yogurt samples were analyzed for protein 
by the mikro Kjeldahl method (IDF, 1993). Syneresis and WHC 
were determined respectively by the methods described by Sahan 
et al. (2008) and Sodini et al. (2004). Viscosity was determined 
using Poulten RV-8 model viscometer at 20 rpm. The pH values 
were measured using a digital pH meter (WTW 340-1, Germany). 
The research was conducted in two repetitions and the analyses 
were done in parallel. 
 
 
Color 
 
The color of yogurt was measured using Minolta Colorimetre (CR-
200 Minolta Colorimeter, Osaka, Japan). The colorimeter used L 
(lightness), a (redness) and b (yellowness) scales (Sert et al., 
2010). 
 
 
Microbiological analysis 
 
M17 agar (Merck) was used in the S. thermophilus count. Plates 
were incubated for 48 h at 37°C under aerobic condition. The 
enumeration of Lactobacilli was performed with MRS agar (Merck) 
for 72 h at 37°C under anaerobic conditions. 
 
 
Sensory analysis 
 
The sensory evaluations of the yogurt samples were carried out 
with a panelist group of 6 staff on the 1st, 7th, 14th and 21st days of 
the storage period. Odor, appearance, consistency, taste and 
general acceptability of yogurt samples were assessed by sensory 
evaluation. The highest score in the evaluation was 9 points and 
the lowest score was 1 point (9-8: very good, 7-6: good, 5-4: 
medium, 3-2-1: bad) (Bodyfelt et al., 1988). 
 
 
Microstructure 
 
About 30 g of the yogurt sample was weighed in the aluminum 
caps, and dried in the  vacuum  oven  at  70°C  and  at  3.3 kPa  for  
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Table 1. The means and standard deviations of some physical and chemical analysis results of yogurt samples. 
 

Sample code Total solids (%) Ash (%) Protein (%) Fat (%) pH Viscosity (cp) WHC (g/kg) 

C 12.84±0.72 0.886±0.030 4.01±0.30 2.74±0.41 4.14±0.14 5516±990
 

60.10±4.66
 

SC 13.13±0.58 0.897±0.038 4.23±0.39 2.69±0.35 4.09±0.05 6432±1344
 

60.82±5.48
 

G 13.04±0.55 0.880±0.041 4.06±0.38 2.56±0.41 4.15±0.17 4877±1145
 

58.58±6.08
 

CR 12.73±0.71 0.883±0.044 3.94±0.40 2.73±0.31 4.08±0.11 4887±1331
 

56.26±4.91
 

XG 12.87±0.68 0.898±0.058 3.94±0.44 2.84±0.34 4.09±0.05 5444±1067
 

54.28±5.49
 

GG 12.73±0.59 0.881±0.050 3.90±0.37 2.66±0.36 4.11±0.11 4753±1279
 

53.15±4.08
 

LBG 13.47±0.35 0.897±0.028 4.08±0.22 2.70±0.72 4.16±0.09 4983±777
 

56.44±3.59
 

NCS 13.44±0.63 0.897±0.050 3.92±0.30 2.75±0.41 4.09±0.08 5080±728
 

60.92±6.82
 

Σ 13.03 0.89 4.01 2.71 4.11 5246 57.56 

        

Storage period (days) 

1 13.16±0.77 0.884±0.042 3.99±0.36 2.89±0.34
a 

4.22±0.11
a 

5245±1058 55.04±4.31 

7 12.99±0.67 0.900±0.048 4.04±0.39 2.92±0.27
a 

4.10±0.07
b 

5200±950 57.43±4.78 

14 12.99±0.59 0.895±0.048 3.99±0.33 2.74±0.23
a 

4.08±0.05
b 

5575±1462 58.11±7.27 

21 12.96±0.55 0.880±0.026 4.01±0.35 2.28±0.44
b 

4.05±0.09
b 

4966±1155 59.70±5.42 

P 0.23 0.484 0.03 7.820** 8.61** 0.58 1.46 
 

Letters a and b indicates means that are significantly different at P < 0.01 level. 
 
 
 
about 16 h. The samples taken out from the oven were stored until 
it reached a constant weight in airtight desiccant (containing silica 
gel as the desiccant) before analysis. Thus, the samples were fully 
dried. Lentil-sized pieces were cut from dried samples and were 
analyzed with SEM (Field Emission Scanning Electron Microscope, 
JEOL JSM- 7001F) after the process of gold plating in the vacuum 
cabin (Jaya, 2009). 

 
 
Statistical analysis 

 
The SPSS statistical software program version 13 (SPSS Inc., 
Chicago, IL, USA) was employed to analyze experimental data and 
Duncan’s multiple range tests were employed to determine 
differences between results (SPSS, 2004). 
 
 
RESULTS AND DISCUSSION 
 
Raw cow’s milk had 11.93% total solid, 3.5% milk fat, 
3.31% protein, 0.71% ash, 6.52 pH and 1.031 specific 
gravity. 
 
 
Physical and chemical analyses 
 
According to the statistical analysis results, stabilizer and 
storage period had no effects on the physical and 
chemical properties of yogurt samples. Only the storage 
period had a significant effect (p<0.01) on the fat and pH 
values (Table 1). 

The dry matter ratio of milk is one of the important 
factors that determine the physical properties of yogurt. 
The average dry matter ratio of yogurt samples was 
found as 13.03%. Smit (2003) stated that  the  dry  matter 

ratio in commercial yogurts ranged from 13 to 17%. The 
ash content of yoghurt samples varied between 0.880 
and 0.898%. Proteins have water binding properties and 
reduce syneresis by increasing the water holding 
capacity of the yogurt (Smit, 2003). The average protein 
content of yoghurt samples was determined to be 4.01%. 
Sodium caseinate, gelatin and LBG were found to 
increase protein values, but this increase was not 
statistically significant. 

The mean values of fat and pH regarding the yoghurt 
samples were 2.71% and 4.11, respectively. While the 
stabilizers had no effect on these values, the storage 
period was effective on fat ratio and pH at p <0.01 level. 
The lowest fat content (2.28%) was determined on the 
21

st
 day of storage. This decrease could be a result of the 

lipolytic activities of yogurt bacteria during storage. The 
highest pH value (4.22) was obtained on the 1

st
 day of 

storage (Figure 1). It was similar in 7, 14 and 21 days. 
This change in pH was due to the increase in acidity of 
the yogurt samples during the storage period. 

The viscosity values of the yogurt samples varied 
between 4753 (sample GG) and 6432 cp (SC); WHC 
values were between 53.15 (GG) and 60.92 g/kg (NCS). 
Although sodium caseinate increased viscosity and WHC 
values, an increase in WHC value was also observed via 
natural corn starch; these increases were not statistically 
significant. 

Sample G with the addition of gelatin was different 
from other samples in terms of various parameters. 
Syneresis values of sample G decreased rapidly after 
day 7 and were lower than other samples (Figure 2). The 
protein and pH levels of sample G quickly decreased 
(protein from 4.13 to 3.91%  and  pH  from  4.37  to  3.98) 
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Figure 1. The change in pH values of yogurt samples during the storage period. 

 
 
 

 
 

Figure 2. The change in syneresis values of yogurt samples during the storage period. 

 
 
 
during the storage period. It was accordingly considered 
that components with acidic characteristics that were 
formed as a result of the breakup of gelatin and lactose 
by yogurt bacteria decreased syneresis with an increase 
of water holding capacity. These changes reduced the 
viscosity of sample G. Supavititpatana (2008) found that 
as the gelatin ratio in yogurt increased, syneresis values 
decreased. In addition, Fiszman et al. (1999) reported 
that gelatin formed double network structure in yogurt 
and this structure reduced the syneresis values of yogurt. 

Color  
 
The results of variance analysis indicate that the effect of 
stabilizer type and storage time on the color values of 
yogurt samples was found to be significant at the level of 
p<0.01. The changes in color values of yogurt samples 
during the storage period are shown in Figure 3a, b and 
c. The highest L and a values were observed in SC 
sample. Sodium caseinate created an increase in density 
of  the  protein  network  by   increasing   protein   content 

 

Storage period (day) 

 

5.0

6.0

7.0

8.0

9.0

10.0

1 7 14 21

S
y
n

er
es

is
 (

m
l/

2
5
g
) 

Storage period (Day) 

C

SC

G

CR

XG

GG

LBG

NCS



2146          Afr. J. Biotechnol. 
 
 
 

 
 

Figure 3. The change in L, a, b color values of yogurt samples during the storage period. 
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Table 2. The means and standard deviations of S. thermophilus and L. debrueckii subsp. bulgaricus counts of yogurt 
samples. 
 

Sample code S. thermophilus (log kob/g) Lactobacillus debrueckii subsp. bulgaricus (log kob/g) 

C
 

7.77 ± 0.41
a 

7.01 ± 0.44
c 

SC 7.38 ± 0.28
c 

6.98 ± 0.61
c 

G 7.52 ± 0.21
bc 

7.14 ± 0.38
bc 

CR 7.66 ± 0.39
ab 

7.28 ± 0.33
ab 

XG 7.11 ± 0.38
d 

7.41 ± 0.40
a 

GG 7.47 ± 0.29
c 

7.27 ± 0.37
ab 

LBG 7.72 ± 0.21
a 

7.12 ± 0.32
bc 

NCS 6.07 ±0.19
e 

7.39 ± 0.53
a 

P 114.72
** 

8.33
** 

   

Storage period (days) 

1 6.99 ± 0.54
c 

6.63 ± 0.34
c 

7 7.45 ± 0.55
ab 

7.33 ± 0.28
b 

14 7.52 ± 0.58
a 

7.48 ± 0.17
a 

21 7.38 ± 0.62
b 

7.35 ± 0.33
b 

P 40.52
** 

90.49
** 

 

Letters a, b, c and d indicates means that are significantly different at p < 0.01 level. 
 
 
 
(Table 1). Thus, it enabled yogurt to seem whiter by 
preventing the release of the serum phase from casein 
network. L values increased on the 7

th
 day, and then a 

decrease was observed in these values. a Values 
decreased in parallel with the decrease in L color values. 
This situation resulted from a spontaneous syneresis in 
yogurt after the seventh day. The highest b value was 
determined in XG sample and the lowest value in sample 
G. Fat levels affected b color value.  

Yogurt samples showed significant differences in terms 
of color values. The syneresis ratios of yogurt samples, 
the color and usage ratio of stabilizer had a significant 
effect on these differences. 
 
  
Microbiological analysis 
 
Stabilizer and storage period significantly affected S. 
thermophilus (p<0.01) and L. delbrueckii subsp. 
bulgaricus numbers (p<0.05) (Table 2). Stabilizers, 
except LBG, adversely affected the development of S. 
thermophilus but did not show the same effect on L. 
delbrueckii subsp. bulgaricus. This effect could be 
explained thus: reducing water activity of stabilizers 
affected negatively, the development of S. thermophilus. 
S. thermophilus needs higher water activity than L. 
delbrueckii subsp. bulgaricus.  

It was considered that the lowest S. thermophilus count 
in the M sample may be due to the fact that water activity 
of the medium was lower when compared with other 
samples regarding the high corn starch concentration 
used in the M sample. S. thermophilus and L. delbrueckii 

subsp. bulgaricus counts increased until the 14
th
 day and 

decreased after 14
th
 day. This decrease might have been 

due to the decrease in pH values as a result of acidity 
development. 
 
 
Sensory analysis 
 
Storage time had no effect on the sensory properties of 
yogurt samples. Stabilizers were effective at p<0.01 level 
on appearance, consistency and general acceptability, at 
p<0.05 on taste. C, SC and NCS samples for appearance 
and consistency, C sample for taste, and C and SC 
samples for general acceptability were the most 
preferred. C sample was the most popular example in 
sensory evaluations (Table 3). 
 
 
Microstructure 
 
The microstructure analysis of sample C showed that it 
had a homogeneous network formed by casein micelle 
(Figure 4a). The microstructure of sample C is in 
accordance with the study of Hess et al. (1997), Fiszman 
et al. (1999), Sanchez et al. (2000), Oh et al. (2007), 
Jaya (2009) and Rascón-Díaz et al. (2010). Sample SC 
had a denser network and fewer voids than the control 
group (Figure 4b). These results are in parallel with some 
physical and chemical analysis results found in yogurt 
samples with the addition of Na-caseinate. The 
microstructure of sample SC was similar to that of Modler 
et al. (1983). 
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Table 3. The means and standard deviations of sensory analysis results of yogurt samples. 
 

Sample code Odor Appearance Consistency Taste General acceptability 

C 7.34±0.62 7.50±0.57
a 

7.43±0.52
a 

7.15±0.48
a 

7.31±0.55
a 

SC 7.35±0.67 7.40±0.58
a 

7.21±0.54
a 

6.91±0.51
ab 

7.19±0.54
a 

G 6.68±0.48 6.46±0.48
bc 

5.96±0.87
bc 

6.34±0.59
abc 

6.22±0.49
bc 

CR 6.73±0.27 6.49±0.44
bc 

6.42±0.41
bc 

6.25±0.91
bc 

6.57±0.59
abc 

XG 6.85±0.38 5.77±0.87
c 

5.75±0.56
c 

5.87±0.42
c 

5.89±0.38
c 

GG 7.11±0.46 6.92±0.45
ab 

6.54±0.70
b 

6.81±0.73
ab 

6.84±0.67
ab 

LBG 7.16±0.62 7.16±0.57
ab 

6.49±0.59
b 

6.78±0.50
ab 

6.75±0.49
ab 

NCS 7.21±0.71 7.35±1.02
a 

7.29±0.74
a 

6.53±0.99
abc 

6.94±0.87
ab 

P 1.18 5.61
**
 7.51

**
 2.45

*
 4.26

**
 

      

Storage period (days) 

1 7.13±0.59 6.87±0.74 6.62±0.64 6.66±0.48 6.90±0.61 

7 6.99±0.47 6.76±0.76 6.50±1.07 6.62±0.68 6.66±0.72 

14 7.04±0.61 6.83±1.06 6.56±0.97 6.60±0.92 6.59±0.79 

21 7.05±0.65 7.07±0.79 6.86±0.59 6.44±0.87 6.70±0.76 

P 0.12 0.56 0.96 0.26 0.67 
 

Letters a, b and c indicates the means that are significantly different at P < 0.01 or P < 0.05 levels. **P < 0.01, *P < 0.05. 
 
 
 

Sample G had a low porosity (Figure 4c). A number of 
researchers reported that gelatin could interact with 
casein and form a denser porosity in yogurt 
microstructure (Fiszman et al., 1999; Gonçalvez et al., 
2005; Ares et al., 2007). This information was supported 
with a decrease in the syneresis values of the sample G. 
However, it is in contradiction with viscosity decrease. 
Modler and Kalab (1983) pointed out that no gelatin was 
visible in the microscopic appearance of yogurt with 0.5% 
gelatin and the gel network was similar to plain yogurt. 
The microstructural analysis of the sample CR showed 
that the carrageenan had a larger structure as compared 
to the milk components and the microstructure of yogurt 
had fewer voids (Figure 4d). Rascón-Díaz et al. (2012) 
reported that yogurt samples produced by adding 
carrageenan had a tense structure. 

In sample XG (Figure 4e), the xanthan gum particles 
were bigger than the casein fractions. Consequently, they 
broke into the network of the casein micelles and created 
a more heterogeneous structure than the control sample. 
So, the use of xanthan gum in yogurt increased serum 
separation values and adversely affected the 
microstructural properties. The microstructure of sample 
XG was similar to that of Sanches et al. (2000) but was 
different from that of El-Sayed et al. (2002). Harwalkar 
and Kalab (1986) reported that large pores in the protein 
matrix would promote serum separation. 

In the sample GG (Figure 4f), large guar gum particles 
caused buildup of a heterogeneous structure. The pores 
were small but their number was high. The guar gum was 
a neutral stabilizer and there was no electrical interaction 
with casein micelles (Everett and Leod, 2005). Rascón-
Díaz et al. (2010)  reported  that  the  guar  gum  samples 

showed low porosity and low homogeneity and such a 
structure had low water holding capacity. 

LBG molecules increased porosity and made yogurt 
structure more heterogeneous (Figure 4g). However, the 
serum separation values of LBG-added yogurt samples 
were close to that of the control group. This effect 
resulted from the fact that LBG had a more thickening 
function rather than being a gelling agent. Thaiudom and 
Goff (2003) determined that LBG particles were excluded 
from the structure formed by casein micelles. 

In the samples NCS, casein micelles were closer to 
each other than those of the control sample and the 
pores of the network were smaller (Figure 4h). This effect 
was due to the fact that the starch granules absorbed 
some of the water in the medium during the heat 
treatment and the water amount in the pores of the 
network decreased. Oh et al. (2007) concluded that 
swollen starch granules appeared as dark globules 
embedded in the protein network and this structure 
increased in parallel with the increase in starch 
concentration. 
 
 
Conclusion 
 
A variety of stabilizers can be used to improve the 
textural properties of yogurt. This study was carried out to 
reveal the effects of various stabilizers on the quality 
characteristics of set type yogurts. Physical, chemical, 
color sensory and microstructural properties of yogurt 
were investigated and the counts of yogurt bacteria were 
performed during storage period of of 21 days. In 
conclusion, the  yogurts  produced  without  the  stabilizer  

http://www.springerlink.com/content/?Author=Martha+P.+Rasc%c3%b3n-D%c3%adaz
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Figure 4. 2000-fold magnified microstructure images of yogurt samples. 1, A field of casein network; 2, L. debrueckii 
subsp. bulgaricus; 3, S. thermophilus; 4, A void; 5, stabilizer. 
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were more favorable in terms of sensory properties. 
However, Na-caseinate could increase viscosity and 
water holding capacity and gelatin was capable of being 
used to reduce serum separation in the event that 
stabilizer is required for use. Carrageenan, xanthan gum, 
guar gum, LBG additives alone and in the concentrations 
used, had no positive effect on the these properties of the 
yogurt.  

Sodium caseinate and gelatin were the most suitable 
stabilizers that could be used in the production of set 
yogurt. 
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