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Optimization of enzymatic hydrolysis preparation of Korean pine kernel

polypeptide and analysis of its antihypertensive and lipid — lowering activities

WANG Jiancheng, XING Yan, ZHANG Limei

( Guozhen Health Research Institute, New Era Health Industry ( Group) Co., Lid., Beijing 102206, China)

Abstract: In order to provide reference for the development and application of Korean pine kernel
polypeptide, the Korean pine kernel protein was extracted by acid leaching method with Korean pine
kernel meal as raw materials, and then the polypeptide was prepared by enzymatic hydrolysis. Taking the
degree of hydrolysis as the evaluation index, the single factor experiment and response surface
methodology were used to optimize the enzymatic hydrolysis preparation process conditions of Korean pine
kernel polypeptide. At the same time, the molecular mass distribution and amino acid composition of the
polypeptides prepared under the optimal conditions were analyzed, and the antihypertensive and lipid —
lowering activities of the polypeptides were determined. The results showed that the optimal enzymatic
hydrolysis process conditions for the Korean pine kernel polypeptide was the step — by — step enzymatic
hydrolysis method, and Korean pine kernel protein was hydrolyzed for 2. 5 h with papain under the
conditions of enzymatic hydrolysis temperature 50 °C, substrate mass concentration 6. 0 g/100 mlL,
papain dosage 10 500 U/g, and enzymatic hydrolysis pH 6.0, and then continuously hydrolyzed for 2.3

h with alkaline protease under the conditions of
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alkaline protease dosage 10 970 U/g and
enzymatic hydrolysis pH 9. 0. Under the optimal
conditions, the degree of hydrolysis of Korean
pine kernel protein reached 25. 94%. The

number average molecular mass of Korean pine
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kernel polypeptide was 2 272 Da, and the weight — average molecular mass was 4 080 Da. The contents of

glutamic acid, arginine and aspartic acid in the Korean pine kernel polypeptide were relatively high, and

the content of essential amino acids accounted for 30. 23% of the total amino acids. The polypeptides

with a molecular mass of less than 10 kDa accounted for 92% , and the polypeptides with a molecular
mass of 0.5 — 1. 0 kDa had the highest ACE inhibitory activity, with an ICy; of 66. 05 pwg/mL. The
polypeptides with a molecular mass of 1.0 —5.0 kDa had the highest pancreatic lipase inhibitory activity,

with an ICg, of 194.43 pg/mL. In conclusion, Korean pine kernel polypeptide has high nutritional value

and certain ACE and pancreatic lipase inhibitory activities.

Key words: Korean pine kernel; polypeptide; enzymatic hydrolysis; antihypertensive activity; lipid —

lowering activity

LM EZIHS ( Pinus koraiensis Sieb. et Zucc. )
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0. 1 mol/L BIERZE ik Il ) R G ARG TE 37T CR
FHEEFE 10 min, B 50 L 6.5 mmol/L 5 fR1EZH
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4.0 h £ fl e id i A pH A5 R X LM
TTHEHRE , 25 2 5 1 R 28 X5 7K fff B R 22 IR A R A 52
i), 5 AN 1 R

30
25

140
COKfi 136
COZKEE 13

28 &

a
. Y a
R 201 1
b bbb b 1249
E15- b == 120 2k
116 =
2 1ok |->‘

BRPERR R AR A TP G MR R B
TE: Z AR LUK A & i 8 R AS [l /NS - B
FORTFE R FE 2R (p<0.05), FH
B1 FAEBWMEKBEMSRKERNZM

PP 1RO el P A R A I A ) 7K A
LRIIEFINEESORE P Nepl N =] N % SN
HEAME(p <0.05) , i 1 2 11 B A0 A A H gAY
KR FERZ IRAG R A B2 . MrEAEE T
22 ZIRTI N VIR B, AR BB ) iz 5 5
PE ARG Arg Lys M1 Gly, 285 %18, 4%

[=RN)
(=R




2023 4 55 48 15 55 3 1] T

Rl 43

BB 2 1 Tl AR A TG, 1 il A 7 0 5 Tl i o
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Irh— 21.7 33.8
)b - 23.2 36.2
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23.2% , ZJIKAF Ry 36. 2% , 415 T HoAh 2 PG
Jre J5 K — IR SRR DL T Bk 2 A A AA R
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M, At e AR TR, 11 Tl 7% e A T 5 1], SR )5 #E AR N R
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SEA A AR S (RGN TR 2 2.0 he pl 18] 3 38 1]
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R O g R e A AT A ot B TR i
e B ARG 2 R M S 1V, L T RE 2 R il S TR )
454,50 C o i v B 1 i AR IR 1 i 1 i i
o DL, SERE BRI L D 50 °C
2.3.4  JERY) R L XS K A L

AR IR ) o R R, AR ORI B O
12 000 U/g B IEE 50 C (B pH 6. O | i i 8]
2.0 h ZEAFF, X LLAMT B A AT R, SR 5 IR
pH 2 9.0, %51 10 000 U/g AR F AR 22 il
2.0 h, %GR W) TR e SR X K it B AR I, 25 SR L
K5,

45 50 55 60 65 7.0 175
JEE W) I 2 ¥R S/ (2/100 mL)

BS [RYIREREXKEER I

FH TS RIHT, 7K i B B RS 400 SO e vk B2 P38 K 2 0
T REAR A S ZENR Y BTk 4 6.0 g/100 mL
B 7K B2 d5e R, AT R A B IS W Wk R A — i 1 ]
P, B HR BE ()38 KA R Z IR S 45 &,
KA 7= W3 2 ELRG A B ek v D) 2 A0 o) e O
FEUKMREEREAR, B, EEIRY W R 6.0
g/100 mL,
2.4 kM= G RK B R B 04 vh BB SRR
2.4, 1 ma T SEER BT 4

PR IR R S g 25 R TE R Y B Rk B 6. 0
g/100 mL, i fi# I B2 50 °C, Fgfig pH 6. 0 (KRR H
fit) 9. 0 (I G S50 T, LA H g N
i (A) RN A B a1 (B) B B A B S
I (C) B ER B R (D) 4 N RN B
st DAKAR BE (1Y) Sy i AR, >R I U B R =K F
M) 7 TET 552 3 %o 21 P 2 1 it A 2 PR AT Ak i
o7 T S B PR 2 K P LR 2, e 7 T S B i T 4
23,

Rx2 MWEEEREEZEKFE

ARIREH BAREH CHWtkEA D tkEn
KV MEAS IR WA R/ BEAS I AR R

(U/g) h (U/g) h

-1 10 000 1.5 8 000 1.5
0 12 000 2.0 10 000 2.0
1 14 000 2.5 12 000 2.5

®3 MEEXRERITSER

SEH S A B C D Y/ %
1 -1 0 1 0 25.39
2 0 0 1 1 25.20
3 0 1 1 0 23.59
4 0 -1 0 -1 20.59
5 -1 0 0 -1 23.08
6 1 1 0 0 23.11
7 0 1 0 1 23.99
8 1 0 -1 0 24.89
9 0 0 0 0 25.22

10 -1 1 0 0 25.29
11 0 -1 0 1 21.77
12 0 0 -1 1 24.56
13 -1 0 -1 0 25.41
14 -1 0 0 1 24.77
15 0 0 0 0 25.03
16 -1 -1 0 0 19.96
17 1 0 0 -1 22.13
18 0 0 0 0 25.74
19 0 0 -1 -1 23.05
20 0 0 1 -1 23.71
21 0 0 0 0 25.74
22 0 0 0 0 25.51
23 0 -1 1 0 23.71
24 1 0 0 1 25.56
25 0 -1 -1 0 21.62
26 0 1 -1 0 23.07
27 1 0 1 0 25.93
28 0 1 0 -1 21.96
29 1 -1 0 0 22.13
2.4.2 WL do

%M Design — Expert 12. 0 #{x5 4 3 Bdfaitt 47
PG 1534 DR 5K Z A 5 # Y =
25.65 -0.014 +1.02B +0.58C +1.03D —1.344B +
0.27AC +0. 694D - 0. 39BC +0.21BD -0.01CD -
0.054% =2.54B% +0.01C* — 1. 34D, [ 5 7 L e
EEEH0.9115,

XF B D5 R AT 7 22500 5 R L3R 4

x4 FESW

KIE FR BHE BN F J
%l 90.22 14 6.44 10.26 <0.0001"*
A 0.00 1 0.00 0.00  0.9572
B 12.46 1 12.46 19.85 0.000 5"
C 4.00 1 4.00 6.37 0.024 3"
D 12.67 1 12.67 20.18 0.000 5
AB 7.16 1 7.16 11.40  0.004 5**
AC 0.28 1 0.28  0.45 0.5145
AD 1.88 1 1.88  2.99  0.1058
BC 0.62 1 0.62  0.98 0.338 7
BD 7.00 1 7.00 8.44  0.0115°
CD 0.00 1 0.00 0.00  0.990 1
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KiE FHM BRE B F p HIER o HIER e
A2 0.02 1 0.02 0.03  0.8647 RAHIR 46.62 || SEER” 38.57
. T 14.74 || BRE R 29.98
B 41.73 1 41.73 66.46 <0.000 1 e 28, 55 R 21,91
c 0.00 1 0.00  0.00 0.984 9 BER 97.64 || &R 11.01
D? 11.63 1 11.63 18.52 0.000 7** HAR 22.43 AR " 18.82
. NER 26.16 Y ERRN T 77.34
i 8.79 14 0.63 TR
%ﬁ:: e iR 1.68 =N 27.90
I 8.05 10 0.80 4.32 0.0856 P 2951 DR 160. 00
@Ry 0.75 4 0.19 EER 14.77 || &3 529.30
Je¥ill 99.01 28 SRR 21.68

H: s RAREFEFE(p<0.05), = R/RERRE
2 (p<0.01)

i 4 ATAL, [ B 2 RPN B2, L
P RO 0.911 5, e B [l )3 77 B 5 SEBR 1R 0 b4
AHAF R 2B/, AT 3853 S e B 2% AR e 1oz {2 (8] 1Y)
KF. MFEABAALB D AB B D' 3%, C
BD ¥ 8.3 1 A AC AD BC .CD A* .C* {52 RIS
B4 NHERZERGSIUT A D >B>C>A,
2.4.3  FMUAMEE S RIE

PSS AU B P 45 1SR A, DT 455 S B L 20 e
B L2005 AR R PR ER I 10 500 U/ g,
B AT ) 2.5 b, e 2 1 B n o 10 970 U/ g, il
ffisEE) 2.3 ho 55RO 05 pG A% 1R T K A R R
26.17% , 235 0E 52 BRK M FE R 25. 94% , — 5 M 2%
AN, T ST B i 7 T AR TR A3 BT A £ A 1
(B L2 AR AT
2.5 amf=ERyTFRESH

FeBR1.2.5 W5, R GPC R 2T A= 2 ik
Oy F RS, GPC EIEIIE 6 fin . 200, 20
ZZ B4 5y F ity 2 272 Da, H¥ 50 F il
4 080 Da, fit 044y FE &l 5 104 Da,

251
20
15
10
5 L
0 =
_5t
_1o0k
-15t

-20 L L . L L ! L !
0 20 40 6.0 80 10.0 12.0 14.0 16.0

At [E]/min

6 - Zi GPC Ei%

2.6 M= B ARE IR BR LR,

LM ZIRAEERA B ANER 5 Frn. fER S 7]
AL LI Z IR 8 2R G 2 BRI R A IR e 3
1o, He AT S R R 160,00 mg/g, (5 2 R
M9 30.23%

S5R &/ mV

15

Vs T AR
2.7 k= % Bk ACE #9445 %
FEHR 1. 2.6 JriE RS AR 7 i iy 2 K, JF
W5 FEX ACE {4 3 il 238, 3138024 00 il ok 7 (1Cs, )
ZERAT I T FiF 6,

100
90
80
701
60
501
40
301

ACEINHI 2/ %

0 260 4(;0 660 8(‘)0 1.(;00 1‘2()0
J VR B/ (pg/m)
7 ARADFRELABIZZ I ACE Rl H =

*6 ARESFFRELM{ZSIIT ACE #IFIZRE IC,,

Z K5y it/ kDa /% 1Csy/ (pg/mL)
=10.0 8 580. 13
[5.0~10.0) 28 171.06
[1.0~5.0) 40 119.62
[0.5~1.0) 14 66.05
<0.5 10 69. 85

H L7 AT, AN 3 T e L1 22 B ACE
A FEE 50 ~ 1000 g/ mlL J5T i B2 31 L P 2 51
AR . 3 B AR /N T 10. 0 kDa 1y 2 R XS
ACE W40 HE S 5K, 177 0.5 ~ 1.0 kDa FI/NF 0.5
kDa [y Z kXt ACE 41l B )1 %, & 6ty 10, {H
WIIE TiX —45 R, ACE 7EH R - M B KR R
gEHum L A BIK R -1 HAh B Rk R -2
s WU, 51k TR . R, ] ACE
T X R AT AT B L, PR R K+
PR Z KT e 25 5 5 ACE (i 456, R 2A
B ACE $MHIEE "
2.8 LrAM= B AKX MRS By B 64 A )

3 AN 7] 43— S50 P 2T A 22 ROGT IR g s T 1
P IR IR BE (1, ) , 45 3R 43 51| DL &L 8
ME7,
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