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Optimization of extraction process of hemp seed protein by reverse micelle

method and study on its physicochemical properties and digestibility

LI Yunfei SONG Lulu ZHENG Guofang XU Ruiqi LIU Xinyuan WANG Zhiyuan QIN Nan
(Shanxi University of Chinese Medicine, Jinzhong, Shanxi 030619, China)

Abstract: [ Objective] The process was optimized and the physicochemical properties of the obtained hemp seed protein, extracted by
using reverse micelle method, were analyzed. [ Methods] The key factors affecting the extraction rate of protein, such as Aerosol-OT (AOT)
mass concentration, water addition, buffer pH, KCI solution concentration, solid-liquid ratio, extraction temperature and time of pre-
extraction process, and pH, KCI concentration, extraction time and temperature of post-extraction progress, were analyzed by single factor
analysis and response surface optimization. The solubility, water holding capacity, oil holding capacity and digestion characteristics of the
obtained protein were investigated. [ Results] The optimal process conditions for the reverse micelle pre-extraction were obtained as
follows: AOT mass concentration 0.090 4 g/mL, buffer pH 6.54, water addition 0.105 8 mL/mL, KCI concentration 0.05 mol/L, solid-liquid
ratio 1:30 (g/mL), extraced for 60 min at 50 “C. The pre-extraction rate was 71.38%. The optimal process conditions for the reverse micelle
post-extraction were obtained as follows: pH 7.5, KCI concentration 1.5 mol/L, post-extraction time 45 min, temperature 27 “C. The post-
extraction rate was 80.59%, and the total extraction rate was 57.53%. The white and fluffy protein powder with purity of 98.12% was
obtained by dialysis and freeze-drying. Its solubility changed significantly with pH values. The water holding capacity was 0.71 g/g, the oil
holding capacity was 3.57 g/g, and the digestibility was 93.83%. [Conclusion] Reverse micelle method can be used to extract hemp seed
protein. The characteristics of excellent oil holding capacity and high digestibility make hemp seed protein have unique advantages in food
application.
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Table 5 Scheme and results of response surface Table 6 Analysis of variance of back extraction regression
optimization test model
KI5 A B C J5 BB % KW PR AmE B FfHE  PH  WFEME

1 —1 —1 0 52.14 [ 0.290 9 0.032 1550  0.0008 **
2 0 0 0 77.53 157810 ° 1 1.578X10 > 0.77  0.4090
3 —1 1 0 77.38 0.160 1 0.160  77.27 <C0.0001 **
4 1 1 0 73.36 4766X10° 1 4.766X10° 233 0.1708
5 0 1 —1 73.80 AB  9.613X10 ° 1 9.613X10 ° 0.05 0.8346
6 0 0 0 81.66 AC 236410 % 1 2.364X10 * 0.12 0.7439
7 0 0 0 77.83 BC  7.053X10 % 1 7.053x10 * 034 05756
8 0 0 0 79.04 A’ 7.785X10°% 1 7.785X10 ¢ 0.38  0.5569
9 0 1 1 71.45 B? 0.110 1 0.110  55.04  0.0001 **
10 —1 0 —1 79.90 c? 4550X10 % 1 4550X10 % 222  0.1796
11 1 0 -1 80.82 5% 24 0.014 7 2.046X 1077
12 1 —1 0 46.16 KB 706610 ° 3 2.355%X10 ° 1.30  0.3902
13 0 —1 1 44.08 aiR2E 7258100 4 1.815X 10 °
14 1 0 1 69.22 B 0,300 16
1 0 ! ! Al TR R (P<0.01);R*=0.972 2.
16 —1 0 1 71.37
17 0 0 0 70.21 TR S S e R R R HER RIS R

X F Design-Expert.8.0.6.1 # {4 %} 3 5 v il KI5 k47
TR Z IR B L LG I K B ARy

Y=0.77—0.0144+0.14B—0.024C+0.004 9024B—

0.007 6874C—0.013BC+0.0144>—0.168>—0.033C?.
(10)

6 M, R P<<0.01, 2 E;AMTP RN
0.390 2>>0.05, A i &, UL IR 4L & BOR B4 s R"=0.972 2,
Tl W 2B TR T gt B 97.22% K M) L 1 A8 A, 455 R0 A 4% SR 4%
B IR, AT L R X KORRAT B 1R A RO AT 15000 AR
o — U B R YR I B2 ARRAT AR T FE IR S M AR
B (P<C0.01) o 45 P X JORRATEE 11 J5 26 IR i HE T
9 pH {H > K CL¥e B = J5 ZE IO

3 Ao 0 DL A R EAT 43 T, A L T AR KRR R
A B fe 1225 4 pHAA 7.5 . KCLHR B 1.5 mol/L .
J ZE IO TR] 45 min 5 6 IO EE 27 °C, 398 TE 52 46 I 75 52 B
J& IR 80.59% , 5 WUINAE 82.19% AHIE .
26 RERERBARCEGHELER
2.6.1 KR A RE BB 12 A, O CEE
VoS A% B 32 pH U W S8 3 BB pHE A B R, OB B
VS A i e T R IR Th i, 24 pHAH S 5.0 B A B R 19.68%
4 pH {E A 10.0 B %5 i B 125 35 96.90% o 115 11 ¥4 fife &2
A DL MR A 5K 5y T2 MK & RE S KT 5 &
P B 22 (0] B 7K A BE 7 7 A D) A R B e Y, LA T A
PEAE R R R B TN AR, pH (E 5.0 45253

ULV« 38 H &5 TE B E 46 0F T A8 19 5 A, U 0 B 0l Al
IR, 85 5T 43 - A T [R] e A A 5L HE R AT O 7 A
W& pH B A4 T e I8 DR P00 38 T R 2 11 R — i 1
HH, — A AF T R 0 R A I 4 D R
ERMP.

VA I
Solubility/%
W
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Figure 12 Solubility of hemp seed protein at different pH

values

2.6.2  JURATEE B Rl A 3R, KORR
B REK P FFIE S 5 0.71,3.57 glg. B BTREK/
H{Elﬂfélim?“ﬁélﬁik skl BEAE S HRE I, E

TR K AR IR TT R T OGE E RY R  RURE
)(J%fTﬁFﬁEE’JTﬂKﬁiﬁc% AT RER TR T KRR
A (A e P e B0 32 T PN B K T 3 R pH (B R

BEAT BCHE AT fiff X — AR KORR S F AR S R TR
FURTY , BB LT i B £ B 427 v
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Figure 13 Water holding capacity and oil holding capacity

of hemp seed proteins

2,63 KRAZHEBARMINELR W IE 14T, KRR
HHZB B4 h )RR 93.83%, 5 Wang 27
WEFEAAL o JORRAT 28 R B Eoiioe , B A A9 2 2
2 4L o N AT 3 A A SR R B HO T A b Bl A
2, JORRAZ 85 BAT P05 1 B AR, & AT B AT ) 5
FERR , W5 AR A A A T A S 2~5 2 L EE Y
HHEOR, P AR T il R BE s E A Sk
JPRAT 2 AR g e 2 o I 8 B 1) B S TE D B SR RTAE )
TGP B3 R A (Y e Ah KRR TR 1 2 g T
Az FLA I SR G R L e WA A R R AW L 2t
WA ) 4 ) 45 5 RE ) PTSRUIGIE A IE AEL I  A  R af
B A5 A T A B KL 5 A KORRAT O S A T AR ORR
CEATEREE T P BA ) TS .
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Figure 14 In vitro digestibility of hemp seed proteins at

different time

3 i

KRR TR R B T S0 2-2 3 O L85
% 1 % 19 M R B Mk B 0.090 4 g/mL i A% BUR pH {H 6.54
fin /K & 0.105 8 mL/mL . KCI ¥ £ 0.05 mol/L ., Bl ¥ k 1:
30 (g/mL) i & HUET 3] 60 min . i ZE B 2 50 °C, iif 25 B
Rk 71.38%; J5 A B pH {E 7.5 . KC1¥ J& 1.5 mol/L 7
HECHE ) 45 min 5 A BORE 27 °C, J5 2EHCR 15 80.59%,
MRy 57.53% . L5 ZE MU BT T 1R 3R A 1 AR
(% AR RS RGN IUFE TN il RN GRE A= o V2 S N i
FREVE A AT I PR 0 £ R ER L, EL R IROR

BEE 276 83 | 2024 5 10 A | RRS5HUR
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