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Table 1 Uncoded and coded levels of independent variables used in the RSM design

Range and levels

Independent variable Symbols

-0.5 0 +0.5 +1

Basil seed gum (%) X
Fenugreek seed gum (%) X2

0.05 0.10 0.15 0.20
0.05 0.10 0.15 0.20
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Table 2 Regression coefficients and analysis of variance (ANOVA) for predicted models for different response

Acidity (%) Syneresis (%) WHC (%) Viscosity (Cp)
Source Coefficie P Coefficie P Coefficie P Coefficie P Coefficie P
nt value nt value nt value nt value nt value
Constant 427 <°'f00 0.92 <0';)00 1427 00020  59.45 <0'{)°0 3691 <0'10°°
Linear
X -0.09 <O'{)°0 0.08 <0'f00 5.3 0.0016 9.30 <0'?°0 1165 <0'1000
Xz -0.06 <°'f00 0.07 <0';)00 464 0.0031 771 <0'{)°0 968.8 <0'10°°
Interacti
on
Xi2 0.002 0.588 0.015 0.128 2.65 00489  226* 00014 1425  0.0318
Quadrati
C
Xii 20.028  0.155 0.012 0.753 3.02 05230  -6.13 0.0113 211 0.3604
X2 20.008  0.651 20.008 0816 232 0.6213 3.53 0.0904 205 03734
R2 0.9907 - 0.9650 ; 0.9024 - 0.9940 - 0.9827 -
R>-adjust  0.9840 - 0.9400 ; 0.8327 - 0.9897 - 0.9875 -
La‘;ﬁ of - 0.398 - 0392 ; 0272 - 0.073 - 0207
[e\Y% 021 ; 1.90 ; 13.79 - 1.58 - 3.00 -

X1& Xz are Basil seed gum and Fenugreek seed gum, respectively.
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Fig 1 Response surface plots for interaction effects of gums on pH and acidity of low-fat yogurt
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Fig 2 Response surface plots of interaction effects of gums on syneresis of low-fat yogurt
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Fig 3 Response surface plots for interaction effects of gums on WHC of low-fat yogurt
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Fig 4 Response surface plots for interaction effects of gums on viscosity of low-fat yogurt
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Table 3 Regression coefficients and analysis of variance for predicted models for different responses

Source Color (1-5) Flavor (1-5)

Coefficient

P value

Texture (1-5)

Overall acceptability

Constant

Linear
Xi
X2
Interaction
X2
Quadratic
X1
X22

R2

391

-0.022
-0.11

0.000

-0.38
0.42

0.5542

0.2436

0.6756

0.0654

1.00

0.1251
0.0967

Coefficient
3.90

0.26
0.14

-0.04

-0.19
-0.11

0.8603

P value

0.0067

0.0023
0.0452

0.5233

0.4656
0.6733

81

Coefficient
3.97

-0.17
-0.12

-0.12

-1.87
-1.07

0.9965

P value

<0.0001

0.0122
0.0435

0.0495

<0.0001
0.0015

Coefficient
4.01

-0.29

-0.22

-0.15

-1.05
-1.85

0.9893

P value

<0.0001

0.0125
0.0371

0.1463

0.0252
0.0016
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3.58 - 6.10

0.5583

Xi1& Xz are Basil seed gum and Fenugreek seed gum, respectively.
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Fig 4 Response surface plots for effects of formulation ingredients on organoleptic characteristics of low-fat
yogurt
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Table 4 Predicted and experimental values for responses at the optimum point ingredients

pH Acidity Syneresis WHC Viscosity Flavor Texture  Total point

Predicted 4.21 0.974 11.12 64.50 4410.8 3.99 3.47 3.46
Experimental 4.25+0.23 0.982+0.08 11.67+0.85 63.96+1.04 4350+82.1 3.89+0.11 3.52+0.12 3.55+0.13
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Table 5 Means+SD of pH and acidity of different low-fat yogurt samples during storage

Treatment Ph
Day 1 Day 7 Day 14 Day 21
Control low-fat 4.39+0.0434 4.33+0.02%* 4.2540.01¢A 4.09+0.0244
Optimized low-fat 4.25+0.038 4.18+0.04%¢ 4.11£0.01¢¢ 4.01+0.0248
Control low-fat+ Probiotic bacteria 4.37+0.032A 4.28+0.04%B 4.20+0.04¢B 4.06+0.039A
Optimized low-fat+ Probiotic bacteria 4.23+0.03%8 4.13+0.05°° 4.07+0.05P 3.9840.05%
Acidity
Treatment Day 1 Day 7 Day 14 Day 21
Control low-fat 0.780+0.0069° 0.795+0.003P  0.812+0.001°®  0.850+0.001%P
Optimized low-fat 0.982+0.005 0.994+£0.002°8  1.09+0.001*B  1.15+0.005%5
Control low-fat+ Probiotic bacteria ~ 0.789+0.0019¢ 0.810£0.005°C  0.832+0.007°C  0.869+0.005%¢
Optimized low-fat+ Probiotic bacteria 0.994+0.009¢* 1.09+£0.005¢*  1.18+£0.006™  1.29+0.001*A
24 Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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Table 6 Means=SD of syneresis of different low-fat yogurt samples during storage

Treatment Syneresis
Day 1 Day 7 Day 14 Day 21
Control low-fat 25.87+0.19°4 25.90+£0.22¢4  26.73£0.12%4  27.25+0.20*
Optimized low-fat 11.67+0.22<B 11.75+0.17>B  11.95+0.30"®  12.43+0.31°B
Control low-fat+ Probiotic bacteria 25.15+0.25 25.39+£0.25%4  26.43£0.32%*  26.90+0.25*
Optimized low-fat+ Probiotic bacteria 11.43+0.29°8 11.44+0.315®  11.83+0.29°8  12.33+0.21%8
2d Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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Table 7 Means+SD of viscosity of different low-fat yogurt samples during storage
Treatment Viscosity
Day 1 Day 7 Day 14 Day 21
Control low-fat 129945348 1690+61°8 2046+70°8 247347340
Optimized low-fat 4350+829A 4832+95¢A 523249204 5621487
Control low-fat+ Probiotic bacteria 1310+5698 15784918 2001+71°8 2560+828
Optimized low-fat+ Probiotic bacteria 443949044 4841964 5168+87°4 5770+98%

*d Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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Table 8 Means+SD of bifidobacterium bifidum count (logl10 cfu/ml) of different low-fat yogurt samples during

storage

Bifidobacteriumbifidum

Treatment Day 1 Day 7 Day 14 Day 21

Control low-fat+ Probiotic bacteria 7.35+0.11%8 7.05+0.08%8 6.5340.08°B 6.03+0.15%
Optimized low-fat+ Probiotic bacteria 7.95+0.15%4 7.64+0.06"* 7.32+0.16%A 6.94+0.159%

ad Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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The use of fat substitutes with prebiotic properties, such as seeds gum, can
be a suitable solution to improve the quality characteristics of low-fat
products. In this research, response surface method with central composite
design used to investigate the effect of basil seeds (0-0.2%) and fenugreek
seeds gum (0-0.2%) on the physicochemical, textural and organoleptic
properties of low-fat yogurt. The results showed that with the increase in the
amount of gums in the low-fat yogurt formulation, the pH decreased.
Addition of basil and fenugreek seeds gum reduced the syneresis of low-fat
yogurt, while the water holding capacity and viscosity increased. Based on
the results of sensory evaluation, the highest overall acceptance score was
obtained in the treatments containing intermediate amounts of gums. The
results of optimization with the central composite design showed that the best
sample with optimum physicochemical and sensory properties was obtained
when 0.14% of basil seed gum and 0.13% of fenugreek seed gum were used
in the yogurt formulation. In the second part of the research, the viability of
Bifidobacterium bifidum in the optimal yogurt formulation and different
characteristics of low-fat yogurt was evaluated during the storage period. The
results showed that by adding probiotic bacteria and increasing the storage
time, the pH of the samples decreased while the acidity increased. The
findings indicated that during the storage time, the amount of syneresis and
viscosity of all samples increased, while the addition of probiotic bacteria
did not have a significant effect on these parameters. Based on the results of
counting probiotic bacteria, the use of optimal amounts of basil and
fenugreek seeds gum had a positive effect on the viability of probiotic
bacteria. In general, the results of this research showed that the use of basil
and fenugreek seeds gum as a fat substitute in probiotic low-fat yogurt
formulation can improve the quality properties of low-fat yogurt and increase
the viability of probiotic bacteria.
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