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Abstract
In this paper, seed oil of hemp was extracted by aqueous enzyme method, and alkaline protease
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was determined as the best extraction enzyme. On the basis of single factor experiments (enzy-
molysis time, enzymolysis temperature, pH value and solid-liquid ratio), response surface analysis
was carried out using Box-Behnken Design multi-factor test method of Design-Expert V8.0.6.1 test
Design software, and the technological conditions of aqueous enzymatic extraction of hemp seed
oil were optimized. The results showed that under the condition of solid to liquid ratio 1:6, hydro-
lysis temperature 52°C, enzymolysis time 2 h and pH 9.2, the theoretical yield of hemp seed oil
could reach 36.30%. According to the optimal extraction conditions, the yield of hemp seed oil was
36.22% % 0.05, and there was no significant difference between the actual and the theoretical val-
ue by variance analysis (P > 0.05), indicating that the optimal extraction process was stable and
reliable, and could be used for the extraction of hemp seed oil, which provided experimental basis
and data support for the further development and utilization of hemp seed.
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Table 1. The optimum catalytic conditions of hydrolase

1 OKBERREELEY

IR S 22 T R HE Tk PR G B 2
pH 5 3 3 7 10
W 50 50 45 45 50

242 BERXE

218 2.3 WO EFRICORAT I, DOBHREL 1:4, BgARINTA] 1 h, BRI 50°C, pH Jy 9.0 JEEARIX
Sk, R A AR RS, 40 B E B A (A1 (0.5. 1. 1.5. 2 F12.5 h). E§ARIT (40, 45, 50,
55 A1 60°C). pH fH(8+ 8.5. 9. 9.5 F1 10)FEHA EL(1:3. 1:4. 1:5. 1:6 F1 1:7)%F K BRAZ IR R (K 500

2.4.3. MR E SEH

MG RARLIR LG R, EFX A BN R, DI Rl(A) . BEMFIRZ(B)AT pH {E(C)AN
Wi BT AR R, LKA AR % A RAE, RIS Design-Expert V8.0.6.1 45 1HER (¥ Box-Behnken
Design % AR 71%, PABENLIR P #EAT, BR 3 GRS, SERREKTILE 2.

Table 2. Experimental factors and levels of response surfaces

F 2. MR ESEEERSKFE

P BF RN 1] (A)/h W R (B)°C pH {8(C)
-1 1 40 8
0 2 50 9
1 3 60 10
2.5. WHEALE

Box-Behnken {5 77 ¥4 # ] Design Expert V8.0.6.1 % {4#it43#7, FIH Microsoft Excel it 47 $ 4 %
#, A Origin 9.0 B AHER], KH SPSS 25.0 F A AT EHR Gt Loy dr, T7 27 iR B ANOVA
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Figure 1. Yield of hemp seed oil extracted by five hydrolases
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Figure 2. Effect of pH value on the yield of hemp seed oil
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Figure 3. Effect of solid-liquid ratio on the yield of hemp seed oil
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Figure 4. Effect of enzymatic hydrolysis temperature on the yield of hemp seed oil
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Figure 5. Effect of enzymatic hydrolysis time on the yield of hemp seed oil
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N — B A TR 2R 2 R A A B s, AR B DR R SEIR 45 3, Bt ORI AR B e AH
MK =FhRI . BT R (A) . BEARULEB)A pH {E(C), LAKBRAZHFEECZR(Y) Ay AR, F A
Design-Expert.\V8.0.6.1 %1 1¥] Box-Behnken Design i 1752560 11, & 17 4525, 2550 W% 3 FiR. f§
i Design-Expert.V8.0.6.1 B fxt & 3 W HEAT /01, HEAT ZWURARLA, 1520 LA SAB (YY) H bR
BB R Z oA RE: Y = 36.12 + 0.54A + 0.55B + 0.30C — 0.24AB — 0.30AC — 0.16BC — 0.57A%
—0.62B2 — 0.46C?.

B 4 A1, LA P < 0.0001, FREIXBIAZ SR, KL P =0.0683 > 0.05, RITIA
B3, RE BRI A FE R KT R = 0.9750, 3 W% 0] V55 F2 H A AT AR G2 5 R = 0.9428,
FEW K RA 2 T R AR 94.28% 5 R A B RS [] L B 2  pH AR b = AR 28 53 R E(CV)
= 0.55% < 10%, CV /), sSRIGZERERGE, XRUIARLE HA BN S ARSI 5% 5 (Adeq
Precision) = 16.755 > 4, RIAASIGAIE, W& 3 RATLLEH, SUAMENE T FEFFSARI FEIN, &N
U, A8 A RS FEAT 2 B o AR AR 4K, R 1) e B B S i B

Table 3. Experimental results of response surfaces
= 3. MR E SRR LE R

G5 B AR [H] (A)/h FififiR FE (B)/°C pH {f(C) KFRAZ IR 2R 1%
1 1 50 10 35.36 + 0.08
2 2 40 8 34.11 +0.06
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3 2 50 9 36.15+0.07
4 1 40 9 33.42 +0.09
5 3 60 9 35.96 £ 0.08
6 1 60 9 35.08 £0.12

3 40 9 35.28+0.11

2 40 10 34.92 +£0.08
9 2 50 9 36.28 £ 0.07
10 3 50 10 35.54 +0.06
11 2 60 8 35.48 +0.07
12 2 50 9 35.96 +0.12
13 1 50 8 34.05+0.14
14 2 50 9 36.11 £ 0.06
15 3 50 8 35.41+0.08
16 2 60 10 35.64 +£0.09
17 2 50 9 36.09 £ 0.07
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(P<0.05), X—£EREEATREZMHr—E. IR A% B®. C*HI D*[ P {15<0.01, X}45H Mtk
iE
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RS BRI [A] 2.20 h, BEMRIRFE 52°C, pH=9.2, fEMEMETN, KBRACMERERME N
36.30%. %M AT ISR AT SLER =R, 15 B KR I A R I IME N 36.22% £ 0.05, S5 5
5 20 ERAEZEEP > 0.05), R [ENH 7R AT USRI TR A Sz a6 45 31, Fe B4R B T 2 4B
-

4, gEip

BT KR E S 0-3. 0-6+ 0-9 ZEZFAEATE TR &2 MY R, B TRE AR TT O
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WLEA 1:6 B, BEMRIGE 52°C, BEMERTIE] 2 h, BEME pH N 9.2 AT, KR %A 36.22% + 0.05,
L RSEYy, IR T EREn %, el T Tk,

Table 4. Analysis of variance for regression equation

F 4 EEABENBESN

K S5 i H By F {8 P{H BEN
A 10.46 9 1.16 30.30 <0.0001
A-Ti i e 1) 2.29 1 2.29 59.70 0.0001
B Ui 52 2.45 1 2.45 63.95 <0.0001
C-pH {& 0.73 1 0.73 18.93 0.0034 -
AB 0.24 1 0.24 6.26 0.0409
AC 0.35 1 0.35 9.08 0.0196
BC 0.11 1 0.11 2.75 0.1410

*k

A? 1.35 1 1.35 35.07 0.0006
B? 1.61 1 1.61 41.89 0.0003 ”

c? 0.90 1 0.90 23.51 0.0019
k2% 0.27 7 0.038

EE 0.22 3 0.072 541 0.0683 NTES

Ho

%= 0.053 4 0.013

SRR 10.7 16

H: TRRP<0.05 EREFE, THERP<001, ERHREE.
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Figure 6. Effects of the interaction of various factors on the yield of hemp seed oil. A: Interaction between
enzymatic hydrolysis time and temperature; B: Interaction between enzymatic hydrolysis time and pH; C:

Interaction between enzymatic hydrolysis temperature and pH
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