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Preparation process optimization of hemp kernel
antithrombotic active peptide
SHI Jie, ZHANG Zhenghai, WEI Lianhui, YANG Qingli,
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( Daqing Branch of Heilongjiang Academy of Sciences, Daqing 163319, Heilongjiang, China)
Abstract:In order to obtain hemp kernel polypeptide with antithrombotic activity, hemp kernel protein
powder was used as raw material to obtain hemp kernel antithrombotic active peptide by enzymatic
hydrolysis, and it was purified by ultrafiltration. The enzymatic hydrolysis process was optimized by single
factor experiment and response surface methodology, and the molecular weight distribution of hemp kernel
antithrombotic active peptide purified were identified. The results showed that the optimal conditions for
the enzymatic hydrolysis process were obtained as follows: using trypsin, enzymatic hydrolysis
temperature 40 °C , solid — liquid ratio 1: 25, enzyme dosage 5. 68% , and pH 8. 0. Under these
conditions, the thrombin inhibition rate was 84.70% when the enzymatic hydrolysis time was 5 h. The
hemp kernel antithrombotic active peptide with a molecular weight below 3 000 Da had a stronger
thrombin inhibition rate at a mass concentration of 0. 01 g/mL, which could reach 99.38% . Nearly 70%
of the peptides with a molecular weight below 3 000 Da were peptides with a molecular weight of 500 —
1 500 Da. In summary, the hemp kernel antithrombotic active peptide prepared and purified by this
method has high thrombin inhibitory activity.
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Table 1 The optimal pH and temperature for each protease Fig.1 Thrombin inhibition rate of different
enzymatic hydrolysate
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Note ; Basic conditions are hemp kernel protein mass 1.5 g, enzymatic hydrolysis time 5 h, pH 8.0, solid - liquid ratio 1:16,
enzyme dosage 5% and enzymatic hyolrolysis temperature 37 °C
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Fig.2 Single factor experiment results of enzymatic hydrolysis of hemp kernel protein powder
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Table 2 Factor and level of response surface methodology

K ABRRIEC BRI C RSN/ % D Fgfi pH
-1 37 1:16 3 7.5
0 41 1:23 5 8.0
1 45 1:30 7 8.5
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Table 3 Design and result of response surface methodology

s A B c D el FED R %
1 -1 -1 0 0 30.16
2 1 -1 0 0 29.26
3 -1 1 0 0 40.77
4 1 1 0 0 30.28
5 0 0 -1 -1 55.94
6 0 0 1 -1 57.98
7 0 0 -1 1 67.21
8 0 0 1 1 80.34
9 -1 0 0 -1 45.07

10 1 0 0 -1 48.44
11 -1 0 0 1 81.33
12 1 0 0 1 49.15
13 0 -1 -1 0 35.75

gik3

ks A B c D BRI G %
14 0 1 -1 0 42.17
15 0 -1 1 0 35.81
16 0 1 1 0 45.74
17 -1 0 -1 0 51.76
18 1 0 -1 0 44.49
19 -1 0 1 0 59.48
20 1 0 1 0 53.87
21 0 -1 0 -1 44.20
22 0 1 0 -1 36.75
23 0 -1 0 1 35.63
24 0 1 0 1 72.32
25 0 0 0 0 78.63
26 0 0 0 0 76.18
27 0 0 0 0 74.72
28 0 0 0 0 74.93
29 0 0 0 0 75.94

FIH] Design Expert V8. 0. 6 % {4:%f 3 3 Fds i3k
T2 ool A G, 15 20 & B 2 5 e 107 i 358 I J 410 )
(Y) FIABIR G RN Y =76.08 —4. 424 +
4.77B + 2. 99C + 8. 13D — 2. 40AB + 0. 41AC -
8.89AD +0. 88BC +11.03BD +2.77CD —16. 454" —
27.10B*> -8.14C* -2.66D",

x4 HESW

Table 4 Variance analysis
TERE  FAf AmE  FE F P
TR 8043.35 14 574.53  53.07  <0.000 1 =
A 234.95 1 234.95  21.70  0.000 4 =
B 272.74 1 272.74  25.19  0.000 2 **
C 107.40 1 107. 40 9.92  0.007 1 #x
D 793.93 1 793.93  73.33  <0.000 1 %
AB 22.99 1 22.99 2.12 0.1671
AC 0.69 1 0.69 0.06  0.8049
AD 315.90 1 315.90  29.18  <0.000 1 #x
BC 3.07 1 3.07 0.28  0.602 4
BD 486.94 1 486.94  44.98 <0.000 1 #x
CD 30.70 1 30.70 2.84  0.1143
A 1754.32 1 1754.32 162.04 <0.000 1 =
B 4763.72 1 4763.72  440.00 <0.000 1 #x
c? 429.40 1 429.40  39.66 <0.000 1 #*
D’ 45.82 1 45.82 4.23  0.058 8
R 151.57 14 10. 83
IR 141.87 10 14.19 5.85  0.0517
aiR % 9.70 4 2.43
vl 8194.92 28

T« R (p <0.05) , #+ FRHEHE (p<0.01)
Note: * p <0.05, #*p <0.01
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Table 5 Thrombin inhibition rate of hemp kernel

antithrombotic active peptide with different molecular

weight and mass concentrations

. LI ) % %o
BRI/ Ce/mL) D T 5000 Da BT
0. 005 83.55 48.39
0.01 99.38 62. 44
0.02 97.23 59. 64
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Fig.3 Molecular weight distribution of hemp kernel
antithrombotic active peptide with molecular
weight below 3 000 Da

H &l 3 AT, 23 F B AE 1 000 ~ 1 500 Da Z [
(1) 22 KT B2 2 7 B RR B FE 1Y) 40% |, Bt hy 677
LG KRIEECH 13 NIRRT Z AR 0+
i AE 500 ~ 1 000 Da 1) 22 k= B 29 o SR BB F
JER 27. 5% , Kce 302 4>, H AT I, Tl A S I
BB 53 T /N 2 BK, X 28/ g3 1 Z IR
711 E SRR et = (=N 63 Sy IR SN 1573 /N e A
A= Z K, 23 FEARDURR A~ 22 BRI BT M A 35 7k o
3 &

A SCUABURRA AR 8 O SRk i 5 e i 1215 3]
DU B P 2 8K, JF T g alifh . @i o
PRI 22 AR ) 1, 7 925 5 S DURRA 8 11 1) S Tl A 2%
PR AR 40 °C DBRI LE 1225 (BRSNS 68% |
fiti i pH 8. 0, 75 b 4% 7 T BE i il 10 1 32 5 K, Ky
84.70% .3t #:F 8 U8 4 AR5 F) /3 Fi i 3 000 Da
PIRA1S5 000 Da LAT PR SURRA-Be MR E PR K, &
PLArF R AE 3 000 Da DLF B9 BUMAZ BT L AR 15 P
BRAE BT M B2 0. 01 g/ mlL IS B 5 14 56 I 1) 1]
AR H] 99.38%  [Al), 43F TS AE 3 000 Da
PUR R 70% 531 itk 500 ~ 1 500 Da, 7%
WFSE R — 45 PEA TDURRA BT AR T35 PR R AR Y REA
P ARALE TR e TR, S R R TLARR
A7 S E TG DD RE AL SO E T R AR T B
S,

S 30k
(1] SRAEAZ, XU, KU Te, 4. b 24 9Bl e i A A 2

ROBFSSMEIR (). LR v BE 25 koA, 2023, 47(1)

116 - 120.

[2] AHMED S, ZIMBA O, GASPARYAN A Y. Thrombosis in

Coronavirus disease 2019 (COVID —19) through the prism



114 CHINA OILS AND FATS

2025 Vol. 50 No. 1

of Virchow's triad [ J]. Clin Rheumatol, 2020, 39(9):
2529 —2543.

(3] 5k, Az, HBH, &5 Pk 25 P/ PG i pF5E sk
L)), BIZESiB1x, 2020, 24(25) ; 3682 —3685.

(4] B0, FPRAE. M/ R7E 208 B A B s 9 £
[J]. Bz, 2022, 20(3) ; 649 - 656.

[S] T2 A a] CARGT M/ MEIRTT 25255 [T ].
E 25457, 2018, 16(3) ; 296.

[6] NARAN N H, CHETTY N. The in vitro effect of ridogrel
on platelet function in normocholesterolaemic and familial
hypercholesterolaemic type Ila subjects[ J]. Thromb Res,
1997, 88(5) : 399 -407.

(7] #sn, Wik BT MRS PR TEERE (1], SR}
MRSHEAR, 2014, 3(4): 263 -266.

[8] LEED H, CHUN E J, HUR J H, et al. Effect of
sarpogrelate, a selective 5 — HT 2A receptor antagonist, on
characteristics of coronary artery disease in patients with
type 2 diabetes[ J]. Atherosclerosis, 2017, 257 47 —54.

[9] DE LUCA G, SAVONITTO S, VAN'T HOF A W J, et al.
Platelet GP 1IIb — Illa receptor antagonists in primary
angioplasty: Back to the future [ J]. Drugs, 2015, 75
(11): 1229 - 1253.

[10] RAESR. RRAEEMMBUEEIE LT ]. IR B2 25 3Ciik

B T2, 2016, 3(40) : 8091 —8092.

[11] TU M, CHENG S, LU W, et al. Advancement and
prospects of bioinformatics analysis for studying bioactive
peptides from food - derived protein: Sequence,
structure, and functions [ J ]. Trac Trends Anal Chem,
2018, 105; 7 -17.

[12] CHABANCE B, JOLLES P, IZQUIERDO C, et al.

Characterization of an antithrombotic peptide from kappa —
casein in newborn plasma after milk ingestion[J]. Br J
Nutr, 1995, 73(4) : 583 -590.

[13] NASRI R, AMOR 1 B, BOUGATEF A, et al.
Anticoagulant

activities of  goby muscle

Food Chem, 2012, 133(3): 835 -

protein
hydrolysates[ J].
841.

[14] ZHANG W, TIAN G, GENG X, et al. Isolation and
characterization of a novel lectin from the edible mushroom
Stropharia rugosoannulata [ J ]. Molecules, 2014, 19
(12) . 19880 —19891.

(IS] skBlk, RHESS, RAF, % JORCRBUR TR I
MARTE AR AT (1], B2 h2iZeak, 1999 (1)
13 - 15.

[16] BALE, 3. KIRRAZ A D0l T 22 A MW 50 0k Jee
[J]. &fhTlk, 2015, 36(7) : 256 —260.

[17] AN, TEE0E, Ak, 5. SO BB AR R

REFEMEMFZmMBRLI]. PEEMY¥MR,

2011, 11(2): 60 —69.

TR, BmsR, KA, AE. ORREE PO AR ot

LICEE R FEHE R [T ], o [ AR~ 4, 2023, 38

(10) ; 231 -242.

TR, A2, XA, . R B PIAE T PR

il g KA ELCl/ mIEE SRR . RER

M RFEHEOR A T Z RS U . JLat. g

IREE T R AL T 5 A 2 2 e, 0% Tl R 2 i B

w5 TR B, B %R TR SR U5

., 2016.

ISy 0. TR ) 4 DI DL ot A IR B A T AL 1 0 4R

[D]. BEREE: PR/RIE TR, 2017.

[18

[

[19

[

[20

[

(L#% 9% 1)

[25] B, Ko KR/ 5 JRUBATRAE VR EEL b o 4 S e i
SRBFFE[D]. K. KEPHE R, 2021.

[26] Ahiblee. i 28 1128 I 1 X v U 30 3L 0 B
SUMARTZEL D). LR JoB . VLRI, 2021.

[27] VFEE T, Wit B0, 4. KEBEN - Mg
B - W TRRE A Pickering FL 4 M LR E P4y
)], &Rk, 2022, 43(24) ;. 42 -51.

(28] =), BRI A, XU RS , 465 SR 1A 8 6 K i S B

LY/R) ERRR Sl R RN S Wk 5= A LR el I B =8
SRl 2023 ,44(17) . 188 - 195.

[29] ZIAEIFAR L, LABBAFI MAZRAE SHAHI M, SALAMI

[

M, et al. Effect of casein and inulin addition on physico —
chemical characteristics of low fat camel dairy cream[ J].
Int J Biol Macromol, 2018, 117 858 —862.

[30] Zenif. HEYEERR VS VREE 3T FLI S i B eI oY
[D]. v T8 TLRg R, 2022.



