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Enzymatic hydrolysis technology optimization of
the nutritious rice cereal for mid—-aged
and older people based on response surface methodology
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Abstract: Using the high quality broken rice as raw material, the effect of substrate concentration, enzymatic
hydrolysis time, enzymatic hydrolysis temperature and enzyme concentration on the degree of hydrolysis ( DE
value) was systematically studied by single factor experiments. Box — Behnken design and response surface
analysis, then the enzymatic hydrolysis parameters were optimized,and the basic material of mid—aged and older
nutritious rice cereal was prepared combined with spray drying technology.In the conclusion,the optimal hydrolysis
conditions were established as follows ; substrate concentration 13% ,enzymatic hydrolysis time 42 min,temperature
69 °C,enzyme concentration 0.34% .Under the optimum enzymatic hydrolysis conditions, the dextrose equivalent
reached to 33.02% ,moreover,there was no residual enzyme activity,and the starch digestion index was 50.62% ,
which was higher compared to the non-enzymatic productions by 21.71%.

Key words rice cereal; enzymatic hydrolysis technology; response surface methodology; dextrose equivalent;
starch digestion index
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Table 1  Factors and levels of response surface experiments
S
= -1 0 1
AJRRHRIE (% ) 10 15 20
B A1) (min) 35 40 45
C BEfRIRE (°C) 65 70 75
D BASINE (% ) 0.25 0.35 0.45
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Fig.1 Effect of slurry concentration on dextrose equivalent
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Fig.2 Effect of enzymatic hydrolysis time
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Fig4 Effect of enzyme concentration on dextrose equivalent
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Table 2 Experimental design and results of

response surface experiment

SERE A B C D DE {5 (% )
1 0 1 0 1 30.42
2 0 0 0 0 33.11
3 1 0 0 1 26.52
4 0 0 0 0 32.58
5 0 1 1 0 29.45
6 0 -1 0 1 28.76
7 0 0 1 1 27.69
8 -1 -1 0 0 29.84
9 0 -1 0 -1 28.81
10 1 -1 0 0 25.18
11 0 0 -1 -1 29.41
12 0 -1 -1 0 27.62
13 -1 0 0 1 30.38
14 0 1 -1 31.02
15 0 -1 0 27.74
16 0 1 0 -1 31.12
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17 -1 0 1 0 29.75
18 0 0 0 0 32.01
19 1 0 0 28.36
20 1 0 1 0 26.04
21 -1 1 0 0 3231
22 0 0 0 33.16
23 -1 0 -1 0 30.92
24 0 -1 1 0 27.64
25 0 0 1 -1 28.72
26 0 0 -1 1 29.10
27 1 0 -1 27.35
28 0 0 0 31.84
29 -1 0 -1 31.27

F)FH Design— Expert 8.0.6.1 ZA4 3 #r S 46 4%
S A, A58 R W B )T R Y =32.54-
1.94A + 1.24B - 0.54C — 0.32D + 0.18AB — 0.13AC —
0.015AD-0.40BC-0.16BD-0.18CD-2.04A* —1.43B° —
2.11C° -1.55D°

XN Ty #2 AT I7 224387, ANk 3 s o
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PlLRZEG R, iR 22/, B 52684, iz m
A T #52 AT R T8 KO I T 2 R S B0 B T
M) N 25 55347, e A B 52 e 4% TR 2R 55 1) iy B 22 (4]
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Fig.5 Effect of interaction of substrate concentration
and enzymatic hydrolysis time

on rice cereal dextrose equivalent
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Fig.6  Effect of interaction of substrate concentration
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Table 3 Analysis of variance for response surface
UE23 7 F & 77 F g pia B

il 124.67 14 8.90 39.30 <0.0001 * %
A 45.16 1 45.16 199.30 <0.0001 * %
B 18.33 1 18.33 80.88 <0.0001 %
C 3.54 1 3.54 15.63 0.0014 %
D 1.21 1 1.21 5.34 0.0366 *
AB 0.13 1 0.13 0.56 0.4682
AC 0.07 1 0.07 0.31 0.5865

AD 0.00 1 0.00 0.00 0.9506
BC 0.63 1 0.63 2.79 0.1171
BD 0.11 1 0.11 0.47 0.5059
CD 0.13 1 0.13 0.57 0.4620
A’ 26.95 1 26.95 118.93 <0.0001 * ok
B’ 13.26 1 13.26 58.50 <0.0001 ok
(o8 28.83 1 28.83 127.24 <0.0001 * %
D? 15.63 1 15.63 68.96 <0.0001 * %

2 3.17 14 0.23

R 1.69 10 0.17 0.46 0.8566

AiRE 1.48 4 0.37 39.30 <0.0001
Jsyill 127.84 28 8.90 199.30 <0.0001

T+ 225 R (p <0.05) 5+ ZZFM R (p <0.01),
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Fig.7 Effect of interaction of substrate concentration
and a—amylase and B—amylase concentration

on rice cereal dextrose equivalent
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Fig.8 Effect of interaction of enzymatic hydrolysis time

and enzymatic hydrolysis temperature

on rice cereal dextrose equivalent
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Fig9 Effect of interaction of enzymatic hydrolysis time
and a—amylase and B—amylase concentration

on rice cereal dextrose equivalent
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Fig.10 Effect of interaction of enzymatic hydrolysis temperature
and a—amylase and B—amylase concentration
on rice cereal dextrose equivalent
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Table 4  Effect of reaction time

on dextrose equivalent of rice cereal
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