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Optimization of Dual-Enzymatic Hydrolysis for Protein Extraction from Sloanea hemsleyana Seeds

MA Cheng-jin*’, HUANG Wei’>, HUANG Qun*®, FENG Lei’, WU Li-ya*®, SU Chao’
(1. Key Laboratory of Hunan Forest Products and Chemical Industry Engineering, Jishou University,
Zhangjiajie 427000, China; 2. Institute of Food Science, Jishou University, Jishou 416000, China;
Key Laboratory of Plant Resources Conservation and Utilization of Hunan Province, Jishou University, Jishou

Abstract: Dual-enzymatic hydrolysis of Sloanea hemsleyana seeds with cellulase and papain was the best way for protein
extraction as demonstrated by a comparison of the hydrolysis efficiencies of 6 different enzymes on Sloanea hemsleyana
seeds. The effects of simultaneous or stepwise hydrolysis, cellulase/papain ratio, solid/solvent ratio, total enzyme dosage,
temperature, hydrolysis time and pH on protein yield were investigated using one-factor-at-a-time design. Further, total
enzyme dosage, temperature, hydrolysis time and pH were optimized using quadratic regression universal rotary combination
design. The optimal hydrolysis conditions for protein extraction from Sloanea hemsleyana seeds were determined as follows:
Sloanea hemsleyana seed meal was suspended in deionized water at a solid/liquid ratio of 1:25, and added simultaneously
with cellulase and papain at a ratio of 6:4 until a total enzyme dose of 370 U/g for hydrolysis at pH 7.6, 57 ‘C for 80 min.
Under these conditions, the extraction yield of protein from Sloanea hemsleyana seeds was 74.91%.

Key words: Sloanea hemsleyana seed protein; extraction; dual-enzymatic hydrolysis; quadratic regression universal
rotary combination design
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Fig.l Effect of enzyme type on the extraction yield of protein
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Table 1  Effect of simultaneous or stepwise hydrolysis with cellulase and
papain on the extraction yield of protein
B e pH w0
ﬁﬁzﬁ;&\;ii% 50 7.0 100 64.75+0.21
gg&ii&?ﬁm 55—50 7.2—65 50—50 54.85+0.17
%g%fﬁigzg 50—55 65—7.2 50—50 61.14+0.23
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Fig2 Effect of cellulase/papain ratio on the extraction yield of protein
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Fig.3  Effect of solid/solvent ratio on the extraction yield of protein
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RN R AL 6:4. B LL1:20. g R i S
50°C. WIS (M 70min. BEAFPHT7.0%AF T, HEAT S nil
HOO A PRI RS, S5 R WIE4. B4, &
P B M3 B o il ) 38 Im i AN n, - AE350U/g N 42
R, 24N se 5t 350U/gF IR IT 4G FRE. X2
DA NN BRI 5 2T 4 22 B A 1 A 0 40 T B 1Y) 21 4
FEHA, EARES NGNS, Ak T EA
JRHRICR s HBEA BN R 4R E8n, d 2 EgE
FF B 20 R AT K ARES, IR AR T 2R 1 42
I, WO s kPR 350U/g 4 H -

2.5.3 A R B ECR K B

70 -
68
66
64
62

60
4
58

HARINE/%

40 45 50 55 60 65 70
R fiAit g/ C

B S ERAFIE BRI R H SRR

Fig.5 Effect of enzymolysis temperature on the extraction yield of protein
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Fig.6  Effect of enzymolysis time on the extraction yield of protein
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Fig.7  Effect of enzymolysis pH on the extraction yield of protein
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Table2 Variables and levels used in quadratic regression universal rotary
combination design
HSE X%“z l)j'/]f Egﬁi X BRI limin - X, B fpH{E
—2 250 45 40 6.4
-1 300 50 60 6.8
0 350 55 80 7.2
1 400 60 100 7.6
2 450 65 120 8.0
#3 SABRIIRFEALZRAECKEMRERASRHRBER
Table3  Quadratic regression universal rotary combination design
arrangement and corresponding results
ERes X, X, X, X, Y%
1 1 1 1 1 71.68
2 1 1 1 —1 62.97
3 1 1 -1 1 70.85
4 1 1 —1 —1 62.31
5 1 —1 1 1 68.61
6 1 —1 1 —1 59.99
7 1 —1 -1 1 67.87
8 1 —1 —1 —1 59.3
9 —1 1 1 1 68.11
10 —1 1 1 -1 59.45
11 —1 1 —1 1 67.34
12 —1 1 -1 -1 58.71
13 —1 —1 1 1 65.07
14 —1 —1 1 -1 56.43
15 —1 —1 —1 1 64.24
16 —1 —1 -1 -1 55.61
17 —2 0 0 0 60.11
18 2 0 0 0 67.07
19 0 —2 0 0 64.99
20 0 2 0 0 71.03
21 0 0 —2 0 63.04
22 0 0 2 0 64.66
23 0 0 0 —2 56.17
24 0 0 0 2 73.41
25 0 0 0 0 73.05
26 0 0 0 0 72.76
27 0 0 0 0 73.04
28 0 0 0 0 72.58
29 0 0 0 0 69.98
30 0 0 0 0 72.97
31 0 0 0 0 73.01
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1.94878X,°—0.01375X,X,—0.015X,X;—0.0075X,X,—
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Table 4  Analysis of variance for the experimental results of quadratic
regression universal rotary combination design

SRR PR AmE B Fi Pl WEM
X, 75.4022 1 754022 515952  <<0.0001 **
X, 55.1460 1 551460  37.7346  <<0.0001  **
Xy 3.6193 1 3.6193 2.4765 0.1351
X,  481.3313 1 4813313 329.3588 <C0.0001 **
X 1785490 1 1785490 1221751 <<0.0001  **
X 55.5507 1 555507 380115  <<0.0001 **
Xy 169.3807 1  169.3807 1159015 <<0.0001  **
X;Z 1085993 1 1085993 743108  <0.0001 **
XX, 0.0030 1 0.0030 0.0021 0.9643
XX;  0.0036 1 0.0036 0.0025 0.9610
XX,  0.0009 1 0.0009 0.0006 0.9805
XX 0.0004 1 0.0004 0.0003 0.9870
XX, 0.0004 1 0.0004 0.0003 0.9870
XX, 0.0042 1 0.0042 0.0029 0.9578
[H[)4  1011.8364 14  72.2740 F,=49.45469 <<0.0001 **
Fl4 233827 16 1.4614
K 158849 10 1.5885 F,=1.27117 0.3226 A3
W% 74978 6 1.2496

SR 1035.2191 30

e BENARE L, P<0.01; » SR, 0.01<P<0.05.
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Fig.8 Analysis of the one-factor effect of four main hydrolysis

parameters on the extraction yield of protein
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Table 5 Frequency distribution of variable value in the optimization scheme
KT _ X % % —
UHL B % WH B % WAL ST % WHL SR %
—2 0 0 1 0.99 0 0 0 0
—1 18 17.82 20 19.8 30 29.7 1 0.99
0 38 37.62 29 28.71 41 40.59 27 26.73
1 36 35.64 31 30.69 30 29.7 39 38.61
2 9 8.91 20 1.98 0 0 34 33.66
IIESESE 0.356 0.485 0 1.05
PRz 0.087 0.104 0.104 0.08
9506 {5 [X. 1] 0.186~0.527 0.280~0.690 —0.150~0.150 0.893~1.206
PRHURAT SN 54359.03~376.35U7g fif 7 )£ 56.4~58.45°C it % 1 1) 77 ~83min i i pH7.5572~7.6824
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