
Introduction

Yoghurt is defined as the product of fermented milk made
from whole, low fat or skim milk. Yoghurt is so popular that
it contains all the food value of the milk from which it was
made (Krause and Mehan 1984). It has different forms e.g.
stirred, set and frozen liquid yoghurt. Among all varieties, set
yoghurt with a rather firm body is most common (Potter and
Joseph 1995).

In Pakistan, yoghurt is prepared in two ways i.e. by tradi-
tional and by commercial methods. In traditional method
“Dahi” is prepared at home and by shopkeepers. It is com-
paratively cheaper but has short shelf life with poor body
characteristic and problem of syneresis. These defects yield a
product of variable nature and of low quality. The commer-
cial yoghurt manufacturing in this country is in growing stage,
which mainly depends upon a high degree of mechanization
and sanitation. With the development of science and techno-
logy, chemical additives are used in foods and dairy indus-
tries on commercial scales.

In the last few years, attempts have been made to improve the
quality of yoghurt but further research is required in this field,
particularly on milk composition and whey separation. Milk
solid not fat (MSNF) play an important role in preventing
whey separation in yoghurt. Richter et al (1979) found that
MSNF was the most important component affecting the fla-
vor, rheological properties and overall acceptability of the
yoghurt.
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The influence of seven different stabilizers i.e. pectin, guargum, carboxymethylcellulose (CMC), carrageenan, sodium
alginate, corn starch and gelatin was studied at 0.4% levels in buffalo milk with 16.6% total solids, cow milk with13.5%
total solids and mixture (1:1) of both having 15.0% on syneresis, body/texture, flavor, acidity and color in yoghurt.
Results showed that corn starch gave best results in controlling synerises in yoghurt followed by gelatin, pectin, sodium
alginate, carageenan, guargum and CMC in buffalo milk as compare to mixture and cow milk. Treatment (T19) having
0.4% corn starch and 16.6% total solids got maximum scores in flavor, body/texture, acidity and appearance than all other
six stabilizers. This sample had firm coagulum, less separating whey, good aroma, pleasant taste and rheologically supe-
rior to all other samples. Statistical analysis showed that the treatments, storage intervals and total solids had a significant
effect (P<0.05) on syneresis, body/texture, flavor, acidity and color of the yoghurt samples.
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Whey separation or syneresis is a major problem of yoghurt
which occurs when the body of yoghurt is cut and undesir-
able watery (whey) comes on the surface of yoghurt. Diffe-
rent stabilizers are used to over come this problem during
processing and storage of yoghurt. Stabilizers (sometimes
referred as hydrocolloids) have two types of action i.e. the
binding of water and increase in the viscosity in yoghurt
(Boylw 1972). The stabilizers permitted by FAO/WHO in
1976 are natural gums including plant extracts (pectin),
seed flour (guar gum), cellulose derivatives (CMC), seaweed
extracts (carrageenan and sodium alginates) and cereal
starches (corn starch). From animal source includes gelatin
(Glicksman 1979).

The most common inoculating material used by the modern
dairy plants is the culture comprising of Streptococcus ther-
mophilus and Lactobacillus bulgaricus in the ratio of 1:1,
available either in powder or in tablet form. These grow toge-
ther symbiotically and are responsible for the production of
good taste and aroma in yoghurt. This fermentation process
also causes pre-digestion of protein, carbohydrates, fats,
increase in B–vitamins, enzymes and enhance the calcium
bio-availability (Shahani 1983; Kaup et al 1987). So far little
research work has been conducted on the effect of stabilizers
on the physico-chemical characteristics, particularly on
syneresis of yoghurt. It is the continuation of our previous
study (Ayub and Siddiq 2003), which has been undertaken to
improve the quality of yoghurt by controlling  whey separa-
tion with added stabilizers in fresh dairy farm milk of buffalo
and cow ( 1:1 and individual), available to common consumer
in any season.
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Materials and Methods

Preparation and formulation of raw material. Buffalo
milk (S1), cow milk (S2), 

and mixture of both (1:1) S3, with
total solids 16.6, 13.5 and 15.0% were used for all trails.
Hydrocolloid @ 0.4% was added as a stabilizer in formula-
tion of yoghurt mix. Samples were pasteurized at a tempera-
ture of 85°C for 15 min in water bath, and cooled to a tem-
perature 42°C. The mixture was inoculated with already
prepared starter culture (@ 2%) of S. thermophilus and
L. bulgaricus having pH 4.2. After stirring for 1 min the mix
was filled in polystyrene cups (125 ml) and sealed. The cul-
ture mix was incubated at a temperature of 42°C till setting
of the body to pH (4.2 ± 0.05) and acidity (0.85 ± 0.05%). The
yoghurt was cooled to 4°C in order to stop further fermenta-
tion. The product was stored for 15 days at 10°C for further
studies. Samples prepared for this study with different milk
composition and stabilizers are presented in Table 1.

Syneresis or whey separation. Susceptibility to syneresis
was determined by using the drainage test described by Molder
et al (1983), using 120 ml container of yoghurt.

Organoleptic evaluation. Samples were evaluated for
flavor, body texture, physical appearance and taste or sen-
sory acidity by a panel of three judges using the score card as
approved by American Dairy Science Association (Nelson
and Trout 1964).

Statistical analysis. The data obtained was statistically
analysed using three factors factorial design according to
Steel and Torrie (1980).

Results and Discussion

Syneresis/whey separation. Table 2 shows the mean val-
ues of syneresis of yoghurt samples.  The mean values for
pectin (T2), guargum (T3) and CMC (T4) treated yoghurt
samples (0.9, 0.933, 1, 1.433, 1.333, 1.433, 1.933, 1.967 and
1.9 ml) in S1, S2 

and S3 gradually increased (8.533, 8.467,
8.767, 11.367, 11.4, 11.433, 15, 14.833 and 14.7 ml) during
15 days storage. Samples with carrageenan  (T5) and sodium
alginate (T6) showed mean values of 2.333, 2.3, 2.367, 3.2,
3.267 and 3.267 ml which was gradually increased to 18.233,
18.4, 18.567, 16.2, 16.233 and16.233 ml, respectively. The
mean values of samples with added corn starch (T7) and gela-
tin (T8) (0.533, 0.467, 0.5, 0.8, 0.733 and 0.733) gradually
increased (6.8, 6.867, 6.9, 8, 8 and 7.967 ml) during storage.
Control samples (T1) showed a higher increase (from 1.9,
1.867 and 2.033 to 21.333, 20.833 and 21.1 ml) in syneresis
during storage (Foley and Mulchahy 1989; Rouse and Moore
1973), as compared to those samples having stabilizers. Our
results showed that syneresis decreased with the increase in
total solids in yoghurt samples. Among all added stabilizers
corn starch gave best results in controlling syneresis in
yoghurt samples.

Statistical analysis showed that storage intervals and stabili-
zers had a significant effect (P<0.05) on syneresis of the prod-
uct; the interaction between storage intervals and stabilizers
was also highly significant. These results are in agreement
with the findings of ealiers (Nielson 1974; Christensen and
Trudsoe 1980; Anderson 1981; Porsdal and Jakobsen 1983;
Anon 1993), who determined that yoghurt with increased to-
tal solids, had a resistance in developing syneresis.

Body/texture. The body/texture of the product is the next
important factor in organoleptic evaluation. For body/texture
excellent score was 30 and 24 for acceptable. The mean score
for body/texture of samples from T2 to T6 (30, 24, 24, 22, 16,
10, 22, 16, 12, 16, 12, 8, 24, 20 and 12 in S1, S2 

and S3) de-
creased (28, 24, 22, 18, 12, 8, 14, 8, 8, 12, 6, 6, 22, 16 and 12)

Table 1
Plan of study for yoghurt samples

Code Stabilizers        Concentration      Milk          % TS

T
1

Control Nil Buffalo 16.6

T
2

Control Nil Cow 13.5

T
3

Control Nil Mixture 15.0

T
4

Pectin 0.4% Buffalo 16.6

T
5

Pectin 0.4% Cow 13.5

T
6

Pectin 0.4% Mixture 15.0

T
7

Guargum 0.4% Buffalo 16.6

T
8

Guargum 0.4% Cow 13.5

T
9

Guargum 0.4% Mixture 15.0

T
10

CMC 0.4% Buffalo 16.6

T
11

CMC 0.4% Cow 13.5

T
12

CMC 0.4% Mixture 15.0

T
13

Carrageenan 0.4% Buffalo 16.6

T
14

Carrageenan 0.4% Cow 13.5

T
15

Carrageenan 0.4% Mixture 15.0

T
16

Sodium alginate 0.4% Buffalo 16.6

T
17

Sodium alginate 0.4% Cow 13.5

T
18

Sodium alginate 0.4% Mixture 15.0

T
19

Corn starch 0.4% Buffalo 16.6

T
20

Corn starch 0.4% Cow 13.5

T
21

Corn starch 0.4% Mixture 15.0

T
22

Gelatin 0.4% Buffalo 16.6

T
23

Gelatin 0.4% Cow 13.5

T
24

Gelatin 0.4% Mixture 15.0
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during storage. The mean score of samples T7 and T8 
(30, 30,

24, 30, 24 and 24) remain same during storage, while in con-
trol samples it significantly (P<0.01) decreased during  stor-
age, due to weak body development and lumps production
(Table 3).

Comparative study of the samples showed a significant
(P<0.01) increase in the score of body texture of yoghurt
sample, with added corn starch as compared to other stabili-
zers and control. Our overall results showed that body/tex-
ture consistently and gradually decreased during storage in
all samples.

Statistical analysis showed that storage intervals, stabilizers
and total solids had highly significant (P<0.01) effect on body
texture of treated yoghurt samples. Interaction between
storage intervals and stabilizers was also significant. These
results are in accordance with the findings of (Mehanna and
Gonc 1988; Rohm and Kneifel 1993), who reported a decre-
ase in the score of texture in yoghurt samples during storage.

Color and flavor. For color maximum score (excellent) was
10 and 7, for minimum. The mean values for color of samples
T

2
 to T6 (8.66, 32.66, 6, 5.33, 2.66, 2, 6, 4.66, 2.66, 5.33, 4, 2,

6.66, 5.33 and 3.33) decreased (8, 6.66, 4, 3.33, 2.66, 2.66, 4,
2.66, 2, 4, 2.66, 2, 6, 4, and 2) during storage. The initial
mean scores of samples T7 and T8 

were 10, 9.33, 7.33, 10, 8
and 6.66. In control samples the mean score (7.33, 5.33 and
3.33) decreased (7.33, 4.66 and 2.66) during storage. Among
all yoghurt samples treatment (T19) with added corn starch
obtained maximum score, while samples with added guargum
got minimum score, which developed a velvety and gummy
appearance. Sample T1 

also showed same results. The results
showed that samples with added corn starch gave best results
for color than other six stabilizers and control samples.

Statistical analysis showed that storage intervals, stabilizers
and total solids had highly significant (P<0.01) effect on
appearance of treated yoghurt samples. These results are in
agreement with the results of ealiers (Radha Krishna 1972;

Table 2
Effect of storage time on syneresis of different yoghurt samples

Milk             Treatments           Storage time  (days)        Average (ml)

                       0                     5                 10               15

Buffalo (16.6% T.S) T1 1.900 7.967 14.100 21.333 11.325
T2 0.900 2.500 6.133 8.583 4.517
T3 1.433 2.733 6.633 11.367 5.542
T4 1.933 2.900 7.167 15.000 6.750
T5 2.333 6.067 12.433 18.233 9.767
T6 3.200 5.500 11.433 16.200 9.083
T7 0.533 1.433 5.200 6.800 3.492
T8 0.800 2.067 5.900 8.000 4.192

Cow (13.5% T.S) T1 1.867 7.733 13.500 20.833 10.933
T2 0.933 2.500 6.233 8.467 4.533
T3 1.333 2.700 6.733 11.400 5.542
T4 1.967 3.400 7.167 14.833 6.842
T5 2.300 6.100 12.467 18.00 9.817
T6 3.267 5.667 11.567 16.233 9.183
T7 0.467 1.533 5.300 6.867 3.542
T8 0.733 2.167 5.967 8.000 4.225

Mixture (15.0% T.S) T1 2.033 8.067 14.00 21.100 11.300
T2 1.000 2.467 6.333 8.767 4.642
T3 1.433 2.667 6.800 11.433 5.583
T4 1.900 3.167 7.233 14.700 6.750
T5 2.367 6.133 12.500 18.567 9.892
T6 3.267 4.800 11.667 16.233 8.992
T7 0.500 1.667 5.367 6.900 3.608
T8 0.733 2.267 6.033 7.907 4.250

T
1
, Control; T

2
,
 
Pectin; T

3
, Guargum; T

4
, CMC; T

5
, Carrageenan; T

6
, Sodium alginate; T

7
,
 
Corn starch; T

8
,
 
Gelatin.
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Mehanna and Gonc 1988). In a similar study, Varbioff (1979)
determined that yeast and molds mainly affect the appear-
ance of yogurts during storage.

Flavor of the product is one of the most important factor for
determining the consumer’s response. The flavor score for
excellent was 45 and for acceptable 36. The mean values for
flavor of samples T2 - T6 (42, 36, 36, 24, 24, 15, 21, 15, 12,
24, 18,12, 33, 24 and 21 in S1, S2 

and S3) decreased (39, 36,
33, 21, 21, 15, 18, 12, 9,15, 9, 9, 30, 27 and 21) during storage.
The mean score of samples T7 and T8 

(45, 45, 42, 45, 39 and
36) showed no changes in flavor during storage. Our results
showed that samples with added corn starch (T7) obtained

maximum scores; compare to other samples (T2 
- T8). The

data showed that fresh samples got an acceptable range for
flavour both for treated and untreated samples, which was
significantly (P<0.01) decreased during storage. The flavor
retention in corn starch samples (T19) was comparatively
higher than other samples during storage.

Statistical analysis showed that storage intervals, stabilizers
and total solids had highly significant (P<0.01) effect on the
flavor of treated yoghurt samples. Interaction between stor-
age intervals and stabilizers was also significant. Our results
are in agreement with the findings of (Abrahamsen 1978;
Resubal et al 1987; Rehman 1987).

Table 3
Mean score of judges for the body/texture of

different yoghurt samples

Milk Treatments Storage time  (days) Average

5          10           15

Buffalo
(16.6% T.S) T

1
28.0 22.0 26.0 25.33

T
2

30.0 28.0 28.0 28.66
T

3
22.0 14.0 18.0 18.00

T
4

22.0 10.0 14.0 15.33
T

5
16.0   8.0 12.0 12.00

T
6

24.0 18.0 22.0 21.33
T

7
30.0 28.0 30.0 29.33

T
8

30.0 28.0 30.0 29.33

Cow
(13.5% T.S) T

1
22.0 18.0 20.0 20.00

T
2

24.0 24.0 24.0 20.00
T

3
16.0   8.0 12.0 12.00

T
4

16.0   6.0   8.0 10.00
T

5
12.0   6.0   6.0   8.00

T
6

20.0 14.0 16.0 16.66
T

7
30.0 24.0 28.0 27.33

T
8

24.0 24.0 28.0 24.00

Mixture
(15.0% T.S) T

1
18.0 14.0 14.0 15.33

T
2

24.0 18.0 22.0 21.33
T

3
10.0   6.0   8.0   8.00

T
4

12.0   6.0   8.0   8.00
T

5
  8.0   6.0   6.0   6.66

T
6

12.0   6.0 12.0 10.00
T

7
24.0 22.0 24.0 23.33

T
8

24.0 18.0 20.0 20.66

T
1
,
 
Control; T

2
,
 
Pectin; T

3
, Guargum; T

4
, CMC; T

5
,
 
Carrageenan; T

6
,

Sodium alginate; T
7
,
 
Corn starch; T

8
,
 
Gelatin.

Table 4
Mean score of judges for the acidity of different

yoghurt samples

Milk Treatments Storage time  (days) Average

5            10           15

Buffalo
(16.6% T.S) T

1
14.67 14.67 13.33 14.22

T
2

13.33 14.67 16.00 14.67
T

3
14.67 18.67 13.33 15.57

T
4

12.00 13.33 17.33 14.22
T

5
16.00 16.00 12.00 14.67

T
6

13.33 12.00 16.00 13.78
T

7
20.00 17.33 20.00 19.11

T
8

16.00 20.00 13.33 16.44

Cow
(13.5% T.S) T

1
10.67 12.00 12.00 11.67

T
2

  9.33 12.00 12.00 11.57
T

3
10.67 13.33 10.67 11.57

T
4

  8.00   8.00 10.67 8.89
T

5
12.00 12.00   9.33 11.11

T
6

  8.00   8.00 12.00 9.33
T

7
16.00 16.00 16.00 16.00

T
8

12.00 17.33   8.00 12.44

Mixture
(15.0% T.S) T

1
  6.67   8.00   8.00 7.56

T
2

  5.33   9.33   6.67 7.11
T

3
  6.67   8.00   6.67 7.11

T
4

  4.00   4.00   4.00 4.00
T

5
  5.33 10.67   5.33 7.11

T
6

  4.00   5.33   8.00 5.78
T

7
14.67 12.00 12.00 12.89

T
8

  8.00 12.00   4.00 8.00

T
1
,
 
Control; T

2
,
 
Pectin; T

3
, Guargum; T

4
, CMC; T

5
,
 
Carrageenan; T

6
,

Sodium alginate; T
7
,
 
Corn starch; T

8
,
 
Gelatin.
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Acidity. The mean score for acidity (excellent) was 20 and
for acceptance was 14. The mean score for acidity of samples
T2 to T6 (13.33, 9.33, 5.33, 14.67, 10.67, 6.67, 12, 8, 4, 16, 12,
5.33, 13.33, 8 and 4) increased (16, 12, 6.66, 13.33, 10.67, 6.67,
17.33, 10.67, 4, 12, 9.33, 5.33, 16, 12 and 8) during storage.
The mean values of samples T7 and T8 

(20, 16, 14.67, 16, 12 and
8) slightly decreased (20, 16, 12, 13.33, 8 and 4) during sto-
rage. The mean values of sample T1 

also (14.67, 10.67 and 6.67)
decreased (13.33, 12 and 8) during storage (Table 4).

Our results showed that the mean score for acidity decreased
(due to increase in acidity) during storage. Among all the
yoghurt samples, treatment with added corn starch obtained
maximum mean score for acidity followed by samples with
added gelaton.

Statistical analysis showed that storage time, stabilizer and
total solids had a highly significant (P< 0.01) effect on acidity
of treated yoghurt samples. Interaction between storage inter-
vals and stabilizers is also highly significant. The results are in
agreement with the findings of previous (Salji and   Ismail 1983;
Rehman 1987; Mehanna and Gone 1988; Shin et al 1991).
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