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Application of Whey in Cheese Production

MA Ling, WANG Hong-yan, CHE Tian-tian, LI Zhi-gang
(College of Food Science and Engineering, Shanxi Agricultural University, Taigu 030801, China)
Abstract: One-factor-at-a-time design coupled with response surface methodology based on Box-Behnken experimental design
was applied to explore the effects of different amounts of whey and glutamine transaminase (TG) added to raw milk and
enzymatic reaction time on cheese yield. A corresponding mathematic model was established. In the production process of cheese,
whey and TG were concurrently added at levels of 30% and 1.4048 g/100 mL, respectively and allowed to react for
89.955 min before milk clotting. Under these conditions, the maximum theoretical cheese yield was 14.8463%, which did not
significantly differ from the actual average value, 13.875% (P> 0.05). A difference in texture characteristics, protein hydrolysis
and color was observed during the early stages of ripening compared to control samples. After 50 days of ripening, all other
tested indexes showed no significant difference (P>0.05) except springiness and chewingness, both of which had significant
difference (P <<0.05).
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Table 1 Factors and their coded levels in Box-Behnken design
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Fig.1 Effect of different amounts of whey addition on cheese yield
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Fig.2 Effect of different time points of whey addition on cheese yield
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Table 2 Box-Behnken design arrangement and results

R 0 %f YW %
1 —1 —1 0 9.7
2 —1 1 0 11.7
3 1 —1 0 12.8
4 1 1 0 13.8
5 0 —1 —1 115
6 0 —1 1 12.5
7 0 1 -1 11.6
8 0 1 1 12.9
9 —1 0 —1 9.8
10 1 0 —1 11.8
11 —1 0 1 10.5
12 1 0 1 13.2
13 0 0 0 10.2
14 0 0 0 9.8
15 0 0 0 10.4

3 CLYHBRAR AR iy v I H ) (5] 5 BE 2 05 2 4 A

Table 3 Variance analysis for the established regression model for

cheese yield
J5 E R H A ST F B3 F1{E P {E
X1 1 12.251 12.251 61.002  0.000551
Xz 1 1.531 1.531 7.624 0.0398
Xs 1 2.420 2.420 12.050  0.0178
Xi? 1 1.050 1.050 5.229 0.0709
X2 1 6.564 6.564 32.684  0.00229
Xa? 1 1.600 1.600 7.968 0.0370
XiXe 1 0.25 0.25 1.245 0.315
XiXs 1 0.123 0.123 0.610 0.470
XeX3 1 0.0225 0.0225 0.112 0.751
it 9 24.880 2.764 13.765  0.000501
AU 3 0.817 0.272 2.897 0.267
gl 2 0.187 0.094
AR 5 1.004 0.201
eyl 14 25.884

H: P<0.05, ZREH; P<0.01, ZRHEHE.
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Fig.3 Response surface and contour plots for the effects of three
process parameters on cheese yield
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Table 5 Proteolysis , texture property, color and sensory evalution of the two cheeses during storing

sk 10d 30d 50d
FLIE Wi X} FLIE Wi X TR LG YR X K

pH4.6 SN/TN/% 4.35 + 0.38° 4.68 + 0.46° 8.26 + 1.05° 7.55 + 0.89° 11.50 + 1.56° 10.10 + 1.272
12% TCA SN/TN/% 1.86 & 0.15° 2.04 £+ 0.35° 3.07 £ 0572 2.86 + 0.38° 3.68 &+ 0.75° 3.37 +0.81°
fifi £ /N 17.30 + 2.41° 13.30 + 1.60° 13.30 + 1.87¢ 11.80 + 2.98° 4.25 4+ 0.82° 455 + 1.31°
Pk /mm 10.6 + 1.86° 9.31 £ 1.57¢ 2.44 + 0.54° 4.08 = 0.912 1.83 & 0.220 3.78 £ 0572
BRI 0.57 +0.122 0.54 +0.18° 0.59 + 0.22¢ 0.53 + 0.09° 0.60 + 0.172 0.58 + 0.28°
ML /md 104.52 + 8.37° 66.81 + 6.38" 18.64 + 4.520 24.96 + 5.522 4,67 +1.24° 9.99 + 2,072
L {8 55.99 + 257" 59.76 + 2.94° 57.80 + 1.86° 57.37 + 2.14° 57.73 + 2.08° 60.00 + 2.552
EE VY 86.54 + 8.522 87.28 +9.112 88.15 + 7.28° 88.35 + 8.38° 85.37 + 8.372 86.37 & 7.61°
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Table 4 Composition of the two cheeses %

D% R H Ky iz} i
LI Wik 25.85 43.57 26.51 1.38
XY I 23.76 42.32 26.18 1.29
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