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Optimization of brewer’syeast hydrolysis condition by response surface
methodology
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ABSTRACT: Objective To determine the optimal conditions of enzymatic hydrolysis of brewer’s yeast.
Methods Brewer’s yeast hydrolysis condition was optimized by response surface methodology. The optimal
level of each factor was determined initially based on the single factor experiment with the temperature, pH,
enzyme dosage and substrate concentration as affecting factors and the degree of hydrolysis as response value.
A mathematical model was established by the test method of quadratic regression orthogonal rotation design for
response surface analysis, with the degree of hydrolysis as response value. The effect of hydrolysis time on the
degree of hydrolysis was also investigated. Results The optimum enzymatic hydrolysis conditions were listed
as follow: temperature 59.9 C, pH 7.5, enzyme dosage 6.0% , substrate concentration 1:10, hydrolysis time 12
h, and hydrolysis value 33.23%. Conclusion Actual value shows a less difference with predicted value, which
means the model is reliable to predict results.

KEY WORDS: hydrolysis conditions; brewer’s yeast; response surface methodology; degree of hydrolysis

=R (2012A03003  2013A02004)
Fund: Supported by Competing Allocated Science and Technology Objects of Financial Funds of Zhanjiang (2012A03003, 2013A02004)
*BIES: , , , E-mail: yeshengq@163.com

*Corresponding author: YE Sheng-Quan, Professor, College of Food Science and Technology, Guangdong Ocean University, No.67, Haining
Road, Xiashan District, Zhanjiang 524005, China. E-mail: yeshengq@163.com



[5]

(6]

[7]

2 MRERE
21 #MR5ERF

( );
)
NaOH( ,
); ( ;
); 37% ( )
); ( ,
); (
) ( ,
); ( ,

3 s 1081
)
1 5 &
22 UE5ERE
’ KDN-F (
[1]
); UV2550 ( ( )
); HH-8 ( )
[2]
g PS-40T (
, 5 ); BSA124S-CW ( (
) ); CR22G 1I (
’ ) ATTACHI); (
[3.4]
); PHS-3C pH (
50%, )

23 WK
23.1 BEEHTHAESSZHNE

GB 5009.5-2010 (8]
232 BEEAHAREEE AT
GB/T 23527-2009 91,
(1-1):
=3ec™io (1
, X , U/mg;
X: ’
pg/mL;
8: , mL;
2: , mL;
C , mg/mL;
10: , min

233 RIE B BRI 4 ) &

, 0.1000 mol/L

NaOH pH s
2 h, 15 min
, 6000 r/min s
2.3.4 IKAEEEGNE
(101 10 mL , 60
mL , 0.10 mol/L  NaOH pH
8.2, 2 10 mL (
0.10 mol/L NaOH pH=8.2), 0.10
mol/L NaOH pH 9.2, Vs,
NaOH Vi=V,-v, ,
12t
DH =—MVI=V2) 00

T Cwx X xV x htot



1082 6
(1_2) 0.400
: DH: , %; 0.300
g
M: NaOH , mol/L; 5 0.200 Y= 0.008X-0.004
N R=0.998
Vi: NaOH 8 0.100 |+
, mL; 0.000 ! ! !
V,: NaOH —0.100 2 10 20 30 40 50 60
mL;
Cw: , g/mL; !
X: . Fig. 1 Standard curve of Tyrosine
V: , 10mL; 16
htot: , , 15
8.38 mmol/g S ;‘3‘
235 FRERE 3 1
pH 11
10 1 1 1 1 1 ]
. 45 50 55 60 65 70 75
2.3.6 @A IKER ;
R (°C)
pH 2
Fig. 2 Effect of temperature on degree of hydrolysis
) , Design
Expert8.05 ) 2 50°C 60 °C,
R , 60 C ,
3 HBRES -
60 C, , s
31 BEYRTHHEERSE :
6.25 3.3.2 AHs pH A KM 897
N o .
(43.873+0.779)% (W:w) 60 C, 3.5%6(W-w),
. 1:10(w:v) 2 h, pH
32 MEHHEANEDE S \
16 -
[12] 15 |
> ~ 14 L
S
o’ 13 |
b b Q 12 B
11 |
’ 10 1 1 L 1 I I
(1_1) ( 1)’ 5.5 6.0 6.5 7.0 7.5 8.0 8.5
(287.50+2.04) U/mg pH
33 EMEHHEERAR -
3.3.1 BESHKEE R R Fig. 3 Effect of pH on degree of hydrolysis
pH 7.0, 3.5% (W:w),
1:10(w:v) 2 h, ,
) 2 pH pH



3 s 1083
) , , 5.5%
[13] 3 ,
pH 70 334  JRMIREAT KGR
o4 55 60 'C,pH 7.0, 3.5% (w:w)
5 pH 2 h7 >
, pH 5
pH ;
16
15 +
) B g 14 B
H H z B
p ! ; p 2Ll
" - i -
333 JmBgE KRR 10 . . . . .
60 'C, pH 7.0, 1:10 1:5 1:10 1:15 1:20 125
2 h, s JEPIRE (g/mL)
4
5
19 Fig. 5 Effect of S on degree of hydrolysis
18
Q 17
85 16 (w:v)  1:25  1:10 R
A 15 , ,
14
13 1 1 1 1 L 1 L I ’ ’
30 35 40 45 50 55 60 65 70 7.5 80 85 110
TG (%) >
4
—_— A | P Q A \%’ . 73
Fig. 4 Effect of E/S on degree of hydrolysis 34 = AE)HIEXHE?%'H = ﬁtgi{tﬂzﬁgﬁ*%1¢
4 , 3.5% ,
5.5%, , (X)) pH
, , (X2) (X3) (X4) ,
, 5.5% , 4 5 , 30
6.5%, , 24 (1-24), 6
(25-30)19), 1
Fz1 EXEERASEITERREKE
Table1l Factorsand their levelsof response surface design
X] XZPH X3 (g) X4
+1(2) 70 8.0 6.5 1:5
1) 65 7.5 6.0 1:6
0) 60 7.0 5.5 2:15
(-1) 55 6.5 5.0 1:10
-1(-2) 50 6.0 4.5 1:15
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Table2 Theresult of response surface design

X1 X2 X3 X4 DH(%)
1 -1 -1 -1 -1 14.64
2 -1 -1 -1 1 13.16
3 -1 -1 1 -1 15.54
4 -1 -1 1 1 14.28
5 -1 1 -1 -1 17.58
6 -1 1 -1 1 15.78
7 -1 1 1 -1 18.25
8 -1 1 1 1 16.90
9 1 -1 -1 -1 15.25
10 1 -1 -1 1 14.44
11 1 -1 1 -1 16.41
12 1 -1 1 1 15.91
13 1 1 -1 -1 17.63
14 1 1 -1 1 16.34
15 1 1 1 -1 17.88
16 1 1 1 1 17.65
17 2 0 0 0 14.06
18 2 0 0 0 15.82
19 0 2 0 0 13.69
20 0 2 0 0 18.57
21 0 0 2 0 17.58
22 0 0 2 0 17.22
23 0 0 0 2 17.95
24 0 0 0 2 15.73
25 0 0 0 0 15.77
26 0 0 0 0 16.21
27 0 0 0 0 15.53
28 0 0 0 0 16.25
29 0 0 0 0 16.76
30 0 0 0 0 16.89
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Table3 Variance analysis of regression

SS f MS F P
54.34 14 3.88 33.04 <0.0001**
0.34 10 0.034 0.12 0.9975
1.42 5 0.28
56.10 29

x4 EEERRYHNEZMRELER

Table4 Significant test results of regression coefficients

t P
Intercept 16.235 1 116.02 0.0001**
X, 0.3708 1 5.30 0.0001%**
X 1.1725 1 16.76 0.0001%**
X 0.4533 1 6.48 0.0001**
Xq -0.5483 1 -7.84 0.0001%**
X1 X -0.2125 1 -2.48 0.0255%
X1 Xs -0.0238 1 0.28 0.7854
XoXs -0.0813 1 -0.95 0.3581
Xi X4 0.1913 1 2.23 0.0413%
XoXs -0.0388 1 -0.45 0.6576
XsX4 0.1275 1 1.49 0.1575
X2 -0.3238 1 -4.95 0.0002%*
X2 -0.0263 1 -0.40 0.6940
X;2 0.0663 1 1.01 0.3275
X2 0.1513 1 231 0.0355%
R) 0.9686
(R 0.9393
s HE (P<0.01); * (0.01<P<0.05)

S
T
]
0-10 0.05 0.00 50.00
D:S
6 pH 7
Fig. 6 3D surface of effects of temperature and pH on the Fig. 7 3D surface of effects of temperature and substrate

degree of hydrolysis concentration on the degree of hydrolysis
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