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Table 1 Independent variables and related levels in the process of kefir production

independent variable

Symbols Code and related level
0 +1
Starter (%) A 6
Yeast (%) B 3 4
Time (hours) C 24 48

Table 2 Quadratic model for thepH, acidity, ethanol, microbial count and flow behavior parameters of
thekefir samples.

pH: 4.69900-0.0075A-0.015979C+0.00012283

Acidity: +0.71300+0.010075C+0.0000560764C>

Ethanol: -0.22636-0.00649500A+0.15722B+0.00125240C+0.00306875AB-0.000101302AC-0.020992B>

k: +0.92976+0.57414A-0.61033B-0.00525404C-0.036998A°

n: +0.37433-0.025695A+0.088770B+0.000837917C

Apparent viscosity: +370.69539+30.813A-105.493B-1.91158C

Microbial count: +6.23500+0.081520A-0.097610B+0.042386C+0.077962AB-0.00617031AC
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Fig 1 a)Response surface plot of interaction between starter and yeast percentage while storage time on the
intermediate level has been kept constant. b) Response surface plot of interaction between storage time and
yeast percentage while starter percentage on the intermediate level has been kept constant.
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Fig 2 Response surface plot of interaction between storage time and starter percentage while yeast percentage
on the intermediate level has been kept constant.
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Fig 3 a) Response surface plot of interaction between starter and yeast percentage while storage time on the
intermediate level has been kept constant. b) Response surface plot of interaction between storage time and
yeast percentage while starter percentage on the intermediate level has been kept constant.
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Fig 4 a) Response surface plot of interaction between starter and yeast percentage while storage time on the
intermediate level has been kept constant. b) Response surface plot of interaction between storage time and
yeast percentage while starter percentage on the intermediate level has been kept constant.
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starter and yeast percentage while storage time on
the intermediate level has been kept constant.
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Fig 6. a) Response surface plot of interaction between starter and yeast percentage while storage time on the
intermediate level has been kept constant. b) Response surface plot of interaction between storage time and
starter percentage while yeast percentage on the intermediate level has been kept constant
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Fig 7 a) Response surface plot of interaction between starter and yeast percentage while storage time on the
intermediate level has been kept constant. b) Response surface plot of interaction between storage time and
yeast percentage while starter percentage on the intermediate level has been kept constant.
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Table 3 "ANOVA results of the quadratic model for thepH, acidity, ethanol, microbial countand flow
behavior parameters of the kefir samples

source Sum of squares df Mean square F value P-value
pH
model 0.61 3 0.20 552.07 <0.0001
A-starter% 0.002250 1 0.002250 6.11 0.0269
C-time (hour) 0.59 1 0.59 1589.72 <0.0001
C? 0.022 1 0.022 60.39 <0.0001
Residual 0.005158 14 0.0003684
Lack of Fit 0.003683 11 0.0003348 0.68 0.7234
Pure Error 0.001475 3 0.0004917
Cor Total 0.62 17
Acidity
model 0.32 2 0.16 174.27 <0.0001
C-time (hour) 0.31 1 0.31 343.46 <0.0001
C? 0.004637 1 0.004637 5.07 0.0397
Residual 0.014 15 0.0009142
Lack of Fit 0.009744 12 0.0008120 0.61 0.7653
Pure Error 0.003969 3 0.001323
Cor Total 0.33 17
ethanol
model 0.030 6 0.004921 146.65 <0.0001
A-starter% 0.000003136 1 0.000003136 0.093 0.7655
B-yeast% 0.025 1 0.025 735.48 <0.0001
C-time (hour) 0.002393 1 0.002393 71.32 <0.0001
AB 0.0003014 1 0.0003014 8.98 0.0122
AC 0.0001892 1 0.0001892 5.64 0.0369
B? 0.001959 1 0.001959 58.37 <0.0001
Residual 0.0003691 11 0.00003356
Lack of Fit 0.0003471 8 0.00004339 5.90 0.0859
Pure Error 0.00002205 3 0.000007350
Cor Total 0.030 17
microbial count
model 5.98 6 1.00 104.98 <0.0001
A-starter% 1.12 1 1.12 118.03 <0.0001
B-yeast% 0.18 1 0.18 19.13 0.0011
C-time (hour) 3.34 1 3.34 351.55 <0.0001
AB 0.19 1 0.19 20.50 0.0009
AC 0.70 1 0.70 73.96 <0.0001
BC 0.44 1 0.44 46.73 <0.0001
Residual 0.10 11 0.009488
Lack of Fit 0.071 8 0.008829 0.79 0.6527
Pure Error 0.034 3 0.011
Cor Total 6.08 17
k
model 4.66 4 1.16 40.98 <0.0001
A-starter% 0.68 1 0.68 23.84 0.0003
B-yeast% 3.73 1 3.73 131.05 <0.0001
C-time (hour) 0.16 1 0.16 5.59 0.0342
A’ 0.097 1 0.097 3.42 0.0871
Residual 0.37 13 0.028
Lack of Fit 0.36 10 0.036 10.72 0.0380
Pure Error 0.010 3 0.003353
Cor Total 5.03 17
n
model 0.11 3 0.036 33.09 <0.0001
A-starter% 0.026 1 0.026 23.99 0.0002
B-yeast% 0.079 1 0.079 71.59 <0.0001

17. Analysis of variance



C-time (hour) 0.004044 1 0.004044 3.67 0.0759
Residual 0.015 14 0.001101
Lack of Fit 0.013 11 0.001184 1.49 0.4139
Pure Error 0.002387 3 0.0007957
Cor Total 0.12 17
Apparent viscosity
model 0.00001703 3 56771.09 42.29 <0.0001
A-starter% 37977.64 1 37977.64 28.29 0.0001
B-yeast% 0.00001113 1 0.00001113 82.90 <0.0001
C-time (hour) 21047.91 1 21047.91 15.68 0.0014
Residual 18794.88 14 1342.49
Lack of Fit 16099.09 11 1463.55 1.63 0.3800
Pure Error 2695.79 3 898.60
Cor Total 0.00001891 17
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Table 4 Optimization conditions

Row Goal lower limits Upper limits Weights
Ethanol (%) minimize 0.0025 0.1284 1
Apparent viscosity (pa.s) minimize 45.79 418.13 1

Table 5 Comparison of Predicted and experimental results of the optimal sample

Amounts pH Acidity Ethanol Total count A'ppar§nt k n
VISCosity
Predicted 4.3337 1.01968 0.03558 6.91523 208.729 1.20966 0.48163

Experimental 4.3618+0.03981 1.0088+0.01533  0.03029+0.007481  6.87011£0.06380 207.483+1.76211  1.19033+0.027337  0.4878+0.008818
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Kefir is a traditional beverage that is produced by fermented milk with kefir grains, Kefir grains are
complex mixture of bacteria, yeasts, and polysaccharides produced by this micro flora.The initial
amount of kefir grains used to produce kefir drinks affects the quality of the beverage in terms of pH,
viscosity and microbial characteristics of the final beverage.In this study, the effects of different levels
of starter (4, 6 and 8%, containing Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
Bulgaricus, Bifidobacterium), yeastSaccharomyces cerevisiae(2, 3 and 4%) and storage time (24, 48
and 72 hours after inoculation) on the physicochemical and microbiological properties of kefir
beverage was studied using a central composite design and response surface methodology,in order to
produce a product with higher probiotic bacteria than yeast.Physicochemical properties including
acidity, pH, ethanol, apparent viscosity and flow behavior parameters, as well as microbial counting
was performed.According to the results of the tests,the amount of yeast had the most effect on
apparent viscosityand by increasing the amount of yeast and during of storage time, the apparent
viscosity and consistency coefficient decreased. In addition, the viscosity increased with increasing
starter rates. Regarding the amount of ethanol, the amount of produced ethanol increased by
increasing the amount of yeast and during the storage time due to the increase in the amount of
yeastand finally the microbial count decreased during storage.Optimization results showed that the
sample containing 2% yeast and 4% starterin time 38 hours after inoculation had the lowest amount of
ethanol and was suitable for rheological properties.
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