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Table 1 Effect of different conditions for milk coagulation on yield of rennet casein
i e pl it fix Additizlil@?ime of fix :;ﬁlgzgl\foii?if fix
Temperature/C Yield /% pH value Yield /% enzyme/mL Yield /% 4%CaCl, /mL Yield /%
25 2.130.02° 5.4 2.4140.02° 0.1 1.43+0.02° 1 2.84+0.01°
30 2.47+0.02° 5.7 2.59+0.02¢ 0.2 2.0540.01° 2 2.85+0.03"
35 3.39+0.03" 6.0 2.92+0.03° 0.3 3.23+0.02 3 2.86+0.02°
40 2.8040.04° 6.3 2.90+0.02° 0.4 2.32+0.01¢ 4 2.87+0.03"
45 2.74+0.02¢ 6.6 1.97+0.02° 0.5 2.42+0.02° 5 2.88+0.02°
50 2.30+0.01° 6.9 1.83+0.01* 0.6 1.89+0.01° 6 2.85+0.01°

i 45RFR N Mean+SD JBER, RHJ SPSS19.0 Zivt 1 /FH LSD VX fi — MIBHR AT BT (P<0.05) 5 BEATHRFRZRIS, JLARA A
SEJ9HE 40°C, pH {H 6.3+ JNE§#EE 0.4 mL. 4% CaClL, 5 mL, ¥ JIEFAYSEF724 1000 SU/mL.

Note: Data was expressed means and standard deviation, the last column data were analyzed by LSD method using SPSS19.0 software; In the single factor
experiment, the other conditions were as follows: temperature 40°C, pH value 6.3, addition volume of enzyme 0.4 mL, addition volume of 4% CaCl, 5 mL, and

the milk-clotting activity of additional enzyme was1000 SU/mL.

3) MR R m R LR AR GE, il
ARG RO RERT, WPt iRt 45 J5 o AR (il 2
SRS G, AR R OT, B I )
ZEASE AT AN BT R, AR b 21 e L WA
G RNE, TR FEMA L LTS TR, A
0.3 mL BEFLAE (300 SU/mL) W, TR MR
i, I 0.3 mL B, BEAE EEFLER S N ) =S
SN

4) Ca® MR MR B2 Nl Ca® gk
45 8 A T HL oD, RN Ca® T JE R
B DT sE TR AE H PR, S84 pH {HFF
%, Ca™ iBu] ARy tlg G TE, (H Ca® Wk —
52 BRI LA S i e N ARG T R R A
A 2.84%~2.88%IKJuHE N, KW CaCly X T &=
M EMALE (P<0.0D) .

2.2 Box—Benhnken &

ZRE RIS R, 75 500 mL ARG
NEFLF I 4% CaCl, 4 mL, LR 25000 25 1K)
PRI 25H0 % . pH A ANEEFLIG A I A ik 56 R 7
M.H Design-Expert {1 11" Box-Benhnken X4,
Box-Benhnken &% K £ 7K .3 2, Box-Benhnken
RIS W S RN 3.

% 2 Box-Benhnken i3 E &K TR
Table 2 Factors and levels of Box-Benhnken
[X/ 2% Factor

7qu X1 Xz X3
Level L pH 1 %VJ‘JJH 8
. Addition volume of
Temperature /C pH value
enzyme/mL

-1 30 5.0 0.1

0 35 6.0 0.3

+1 40 7.0 0.5

#& 3 Box-Benhnken X35 i& i1 5 45
Table 3 Experimental design and result of Box-Benhnken

I % Factor 2%
Test number X X X Yield/%
1 -1 -1 0 2.46
2 1 -1 0 2.85
3 -1 1 0 2.71
4 1 1 0 3.16
5 -1 0 -1 2.65
6 1 0 -1 2.57
7 -1 0 1 2.74
8 1 0 1 3.21
9 0 -1 1 2.63
10 0 1 -1 2.61
11 0 -1 1 2.78
12 0 1 1 3.11
13 0 0 0 3.48
14 0 0 0 3.47
15 0 0 0 3.45
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Table 4 Significance test of regressive coefficient of
regression equation

s SRy PR o pyy
Source squares df square Fvalue P value
% Model 1.73 9 0.19 27.92  0.0009
X 0.19 1 0.19 27.49  0.0033
X, 0.095 1 0.095 13.76  0.0139
X; 0.24 1 0.24 3461  0.0020
X X, 0.0009 1 0.0009 0.13  0.7323
XX 0.076 1 0.076 1099  0.0211
XX 0.031 1 0.031 445 0.0886
x? 0.40 1 0.40 5875  0.0006
xX? 0.43 1 0.43 6236  0.0005
X’ 0.44 1 0.44 62.28  0.0005
R:ﬁal 0.034 5 0.0068
Lajfi% Fit 0.0339 3 0.0113 4846  0.0203
Pi?:’éfm 0.00046 2 0.0002
Ej:l 1.763 14

HE 4 TDLEWE, TRET X X Xy XX,
X2 XA X0 YRR R, K] 3 AN
WL pH B BEFLEGAN N 13 56 A0 AT 1835 5%
T L5 00 AR ) AN 2 ] B R 2 1 DG &R

3AMNHNREZ AR HAEAEAE 1. B 1ah
e FLRAS DAL T L K, BEFLIEE R pH
RN TI% R A Fo R 45 = 26 1, i P mT DL B A
FHEEFLIR SR pH 128 HAEHA R ZE (P>0.05) .
Kl 1b B30 pH AEAL TR0 /K I, EEFLE R
HEFLEG S IR 2 A F0 e 1) S = 26 1,
AT LU H 7 L 5 RN 4 L AN n 1 A8 B AE ) W
(P<0.05) o F 1c A4 BEFLaE A T AT,
Bl pH AEUR LIRS 0 B o) 1% 22 152K 2 M 11 45
gk, R LA BTl pH (EREEFLER S N
PR HAEFHBAEE (P>0.05) .

KH Design-Expert A4 TI0ll #3211 i 25 £4%
M KA HHE R 3.534%, HINNE X Xoo X310
SERAE S 5K 0306+ 0216+ 0.342, 3 AN ZEHI%}
MKy U 36.53°C. pH {H 6.216. HEFLERAR
Ji4 0.368 mL.
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a. Contour plot for interaction effects of temperature and pH of coagulation
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b. Contour plot for interaction effects of temperature of coagulation and
addition of rennet

133/%
1.0
0.5 4
;\:I:EI 0o 28 [} >
=
34
-0.5 1
3.0
10 T A d T
-0.5 0 0.5 1.0
B N /mL

c. pH 1 5 BEFLBGVR I A0 A 45w £ 4]
c. Contour plot for interaction effects of pH and addition of rennet
B EE. pHIAS 5B A E X IR FHLE
Fig.1 Interaction effects of temperature, pH of coagulation
and addition of rennet
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Table 5 Physical and chemical analysis of products %

Bt Koy Koy E9S)y Jig s
Sample Water Ash Protein Fat
YN BRE LTS R

Rennet casein produced 6.85+0.02 5.73+0.03 86.89+0.01 0.96+0.02
with bacterial rennet

N4 B BT R
Rennet casein produced 6.82+0.01 5.68+0.02 86.82+0.02 0.99+0.01
with calf rennet

2 5 W LLEH, dIESUEE TSRS /KL
N E BT R 0.03%, ZRAEE (P>0.05) ;
K& m /N E B BT S 0.05%, 25 AR
= (P>0.05) ; FwEAMSEL/NEY S TS
0.07%; HEWi & & b N 45 B T %K 0.03%, %
RAERE (P>0.05) o BKIME, 2 MR
Bhr e m AR, HIFRF oAk,
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Infrared spectral curve of rennet casein using calf rennet as coagulant
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b. Infrared spectral curve of rennet casein using bacteria rennet as coagulant

B2 2 FhatILEe T B F Lol Kb an
Fig.2 Comparison of infrared spectral curve of two kinds of
rennet casein
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A L L R IE TN BB (60~65°C) 45 H il
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4 Z
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B NI 4 AN ORI 1, DR TEks, 8
i PR 250 M1 Box-Benhnken 07k ) fef T
S8 WA RN LS80 Byl
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Optimization of technology parameters for casein production with
bacteria rennet

Zhang Weibing', Yang Min?, Liang Qi*, Zhang Yan'!, Chen Lijun®, Jiang Tiemin®, Ren Fazheng"**
(1. College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. College of Science, Gansu Agricultural University, Lanzhou 730070, China,
3. Beijing Sanyuan Foods Co. Ltd., Beijing 100085, China; 4. Key Laboratory of Functional Dairy,
College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In this paper, rennet casein was prepared from fresh milk using bacteria rennet as a coagulant and the
technology was optimized by a single factor test and response surface methodology. First, temperature, pH value,
and an addition volume of enzyme were shown to have significant effects on the yield of rennet casein using the
single factor experiment. Subsequently, three significant independent variables were selected and further
optimized using the box-behnken design to determine their optimal levels. Via multiple regression analysis on the
experimental data using Design-Expert software, the following second-order polynomial equation was obtained.
The regression coefficients and the analysis of the variance indicated the high significance of the model. The
highest R* value (0.98) was also in good agreement with the experimental results and theoretical values predicted
by the model. From equations derived by differentiation, the optimal values of X;, X, and X3 in the coded units
were found to be 0.306, 0.216, and 0.342, respectively. Correspondingly, we obtained the maximum point of the
model, which was 36.53°C of temperature, 6.216 of pH value, and 0.368 mL of additional volume of enzyme,
respectively. The maximum predicted yield of rennet casein was 3.534%. The optimal coagulation parameters in
the validated experiment were set as follows: temperature 36.5°C, pH 6.2 and 4 mL 4% CaCl,, 0.37 mL bacteria
rennet per 500 mL milk. Under the optimized conditions, the yield of rennet casein reached 3.527% +0.02% and
the relative error was 0.19% compared with the predicated value, showing that the response surface method are
effective to optimize culture conditions. The contents of water, ash, protein, and fat of rennet casein produced
with bacterial rennet and calf rennet were measured. The results showed the contents of water, ash, and protein of
rennet casein produced with bacterial rennet were higher than that of calf rennet, but not significantly different
(P>0.05), the contents of fat of rennet casein produced with bacterial rennet were lower than that of calf rennet,
but not significantly different (P>0.05). The FTIR technique was used to determine and compare the rennet casein
produced with bacterial rennet and calf rennet. The spectra of rennet casein produced with bacterial rennet and
calf rennet were similar. The results of physical and chemical tests and infrared spectrum scan showed that there
was no obvious difference between the two products, suggesting that bacteria rennet from Bacillus
amyloliquefaciens could be used as calf rennet alternatives in the production of rennet casein. The research can
provide a reference for the full utilization of bacteria rennet.

Key words: optimization, enzymes, casein, bacterial rennet, process parameters
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