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1 MRlEHE®
11 UB[5EHF

pH i1 (FE20), #i+ Mettle Toledo 2 7l ;
GM200 JJ XS4, #E [ Retsch 2 7] 5T25 5] 9
ML, 5 & TKA A 7] ;Avanti J-F & #2000, 551
Beckman Coulter 2 &) ; ES2030 ¥ 7R THEHL, HA
Hirachi /A 7] ; 2 U1 GEE A5 1X SpectraMax® M2e, 3
Molecular Devices 2y @] ;MRB-1 A %Y d, Jixi K
BRI P o0 S50 R A, VA e O F 55 T 5 Oasis
HLB [EAH A BUHE | 52 [F Waters A H]
1.2 #RSiKH

B 1 v IR R B (SHR) W T 15 407 3 v 52
55 sh A BRAA /L 33T 20 H(SPF 2% (12 J& i Al e
PERL) . K BRI AR 3% CE RO AN A 1Y)
SR N W= 2 B - w1 @ I e R Yy
H 25 °C, MY EE Ry 60%

SR KR AR A A KRR RN WD 5 I A5 K
R ACTE s 2 R CE R AR & Sigma—
Aldrich 23 w) 3 & A AL EN  BER — S 80 Eh iR L ik
. T RSB R 80 (Sodium dodecyl sulfate,
SDS)  FH s AFOR W OB B-Si bk LB TR
2T IR, [ 25 4 Ak 4R A RS A R AT
A, IR AR R A B L DL R Y R 4y
Mrafigy
1.3 RIEH*
131 &fe kBRAoR AR SR EL 412 kbR b 22 Bk
(048 BT 75 2 2 0 W 25 9 8 R LA
o3 BB ES A P A BREUHE R 25 ¢
BEA 500 mL B0, I A 100 mL #5182 22 v
% (0.02 mol/L,pH 7.0) , Bl J5 #F 17 5] % b 3 (% 3k
18 000 r/min, 23 iF ] 12 s, [a) BREFE] 15 s), #24)
HWET4CHE2h G, HREO(RE 4 C,
12 000xg, B[] 20 min ) , Bl 5 B _F 38, K L3
WP BE T TR BE S 2 L IR S A 3 AR IR R
(1 40% (B350 OB R IEHIRGE IR T 4 C
FE 8 h JA B0 (4 °C, 12 000xg,20 min) 15 3 £ Jik
VEW . R VR TR 2 R AR CE T 20
CUKFE TR
1.3.2 MR BRI BRVE BE DU S U7 S
Church SFF VRIS 2 olcdt . 8 ' 2548 T e i 40

HOHESR AW, B 80 mg AP E W BT 1
mL F T AR I 50 mL 85 % (100 mmol/
L),5 mL SDS(20%) 1 200 pL B-%i %k 2. % | i )5
A B F AR BRI FE R E 100 mL, 48—
TR B VR B B B 150 WL i 2 KRR A 5 2
ml S8R ZHER A WRIRS], =il FEOLmE 2
min, 7 340 nm P4 A0 2 WO AH o (R E G ] 5
4 0,0.2,0.4,0.6,0.8 mg/ml. 9 [ & 2 (B AE R b
HE S, 2 bR 2 TR R 22 JRRE i o i kv
-8

1.3.3  HLARER B B fdf A [ AH 25 BUKE Oasis
HLB 20 cc XJ#EHUAY 2 BRFE & 1E 47 B 4k ab 2, HL
R FE 2 HR Escudero SEV9R0 7 o B ETE AL AR,
FHZE R /K R e 25 BURE | PR 4R B 2.5 mIL 2 iK%
W (1 mg/mLL) T AFEAAR 5 B 5 87 FH 75 18 7K 8 B A B
FE, VR AR 3 5 AR, HE M 50%
(PRFRAr550) HR s VROKs DR W S £E 31 5 mL 50
B VR 2 3 G 78 R VR A JE PR VR T A )
() KRS B T =20 CI-AF

1.3.4  BFRIENE R E B E 0 e
Ji 5% B Z AR & MAK157-1KT (Sigma-—
Aldrich) .

1.3.5 shWscss SHR G FREE 18 G #1750 41
R, B 20 H SHR KRESTHANT 4 S bFEA

25 N B (C) < HE B iR 3 22 1 (0.1 mol/
L,pH 7.0); 24 5 X BZL (DC) 9 B s Wkl S
mg/mL 1Y R FE 38 00 5 (R IRk B 2H (LP) - i ' ot
VN 10 mg/ml B R IR W s IRk A
(HP) . ¥ E B 20 mg/mL BRI W,

T R AR A K BRI o AT S (5 mL/
k), HEH 5 2 h M@ SHR K B0 2% M 46
JEVL K EFsK R, s Blic i E )5 2,4,6,8,10,12
h It B L R [ ) A5 — SRR A I 8 B
FEM G 3 K, &4 BB,

1.4 HIESITSHH

B g A b B A5 B 6 SAS 8.0 AT 4y
Mr, 75 225381 05 48 One—Way ANOVA, K FH X
HE2ELE, BEERRRMEN P<0.05, 1) 58 3E
PERT IO BRER P < 0.01, 2401 BE (1Cs) 19 43 #r
fdi Fi SPSS 23.0 %Ak,
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T T K BB A e At AR v LY 8 1 AR
AU il SR D AR R R A K g ST A EE
JRZEW 5, mT AT o, I R R R S S
52 I JE 4 B U A 7 Zhu 25085 F £ BR IR 10 7
AR SR KB ZIREGE R 1.16%, KR
16 > H B E KR T 2 BRSO 344%™, H
F 1 AL R WL AR VA PR IO A A K R L AR
TP RR B Ik 12.19% AR g (9 4 48 R Hh A
IR B it rl e 5 BRI Y R R A G £
JUR 7 St 0 38 0 A BF 5 EL A B YT O MBS T
filf

1 SHRANBEPHRSE

Table 1 Peptides contents in Jinhua dry—cured ham

K v oL K FER A P 4G Bk KR o Ak
RElg & F/% & E/%
4.08 +£0.33 74.87 £ 15.44 12.19 £ 2.63

T« 22 AP IBCEE JH 9 KR JULIA) BT 25 mg,n=6,

RNEZE-1ME EKEKARS (Renin-an-
giotensin system, RAS)ZEHLIEN T+ E R G, BOK
BEHL IR 22 48 (Kallikrein—kinin system, KKS)
SEHUARI R R GE, PO 7 W9 100 A9 3 7 b 77
TERS BT FR, HA P& T8 B 3h 5P i i, LA iy
MEABEAERFIEH K-, ACE FE il S 5N
TR 2 G5 M AL 1020, S HLAA il R AR
Tt 28 B U ) IO S L, R 3 A AR R AL
W, A R R IRAE R RAEM T4 Ang 1, Ang
I3 A AR RIS 7 ACE f T F 2% Ang 11, Ang
IT 5 A 5 S 4 i 78 i A 5 TR Ang T0 W] 4 4
[E6] I 7 AE R b R R B IORT Na 8 I, 3K
METHEY, 78 KKS RGEH U5 3R i il
BIAE FH R 72 2R &7 2% 4K (Bradykinin, BK) , ¥ i 4]
TR A R R I LA SR P A LA T 5K PR, A
T4 5K 6 40 48 i REAR . ACE W AT DL i 41
I B 43 M 6 s A BK 2R T, S B0 T =, A
o IS TR ) o R ], A AR ) ACE B9 1 1 2
GE A AR T R A RGERE AT R, AR R R
2R L A W e AR R K S B

BB A= 0 5 v K3 B ACE 436 % . 78 SHR
R A0 v, e g B v 4 e A5 B 2 4% ACE
PR GLP A1 LP, ¥4 0] 2 2 FAIK SHR A9 ic4s =24
TE 448 KR 2 iRk R MR 9T b, e ACE 1l 5
i 5 JORC T e B 3 I A T, 2 O R R IR
T 2.5 mg/mL I | ACE 1] 52 35 4 3 SR e, Mk
2.5 mg/mlL B 38K 3 25 70 7 B AR 5 7 JIK O vk
4 10 mg/mL I, ACE M ] #6 85 = o 53.53%™), 7E
ARG kR 22 R B 2R A ) R B A R
JE B Th B e (1), MK R E N 10
mg/ml, B, B R0 6 R E 62.21% ., @ id MG A
A AT DL 545 ) KR 2 K1Y 1Cs (B8 6.69 mg/
mL, DA 25 A0 A UE B T kR 22 R LA TR 1 1
i W
A
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Fig.1 The renin inhibitory activity of peptides

extracted from Jinhua dry—cured ham
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22,1 A KOBRRE R B % K B 2R (1) 5 1)
[ RIINESRERINE X f o871 i B SN | K s B =
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Py AL 0BG 2R I 2 5% 0 S8 1 o — i 2 B )
S B 2a AT, S 45 SHR K B LA IR 5T
W ¥ 10 mg/mL JEATHE H I, £ W] SO0 75 SHR
KEOFESZE HAMILIF IR # 25 (P> 0.05),
M 2b v LLE B W 20 mg/mL #E B ),
SHR K ELFE 2 h Fil 6 h /9.0 3 I 1% T 25 (X iR
4 (P<0.05), MK 2¢ /] LLA H, K638 F)#E H
J& ,SHR KB A0 FTE 2~6 h N i FHAK T o5 F X
MR, Forp SHR KEUDREHE 2h H54h 54
etk 2 AR (P < 0.01) %5 o W B (4RI 2 B )
P T AL R TG, AR 2 h A 4 h J5 5K
ALK Y3 B, BAEREE S 8 h fm Ik FEdH
SHR R FLCF8 I T 25 i 0 B (P < 0.05) o HT I
AT, R B 22 R B O A s AR oA R
JE o
222 A KRR B R RIS 4E PR A 5 )
WA T 20 IR U 4 s, I 9 s U 3 17 DY
R BSF I 8 X 00 A B R T o Y MR 4 R R 2k =140
mmHg (&) 21.3 kPa) W w12 Wi & 152, Wi
2 5 O LA It i A5 A 1) d5 B ZEFE B Fatani 5517
F 5% 2 B o I R0 3 e T i A8 Ak, T A S ik sr
U F R i A AU A AR, PR IR 3 T IR
JORJBT 45 e 32 2 | v A B ek ok B 2 | 24 0T R A A
B 5 B 2~10 h, ¥4 5 25 BEAR AR e 80 4
fH 35 8L T2 AT IR (P < 0.05) , fIRIK T ik
JEAAERES 2h 5, XK BRGS0 3 i AE 4
55, B S T ICAE 4E  RCR A TE 5R . FE 8 h
J&, 22 BRTE S A B A% T 2 K R 2 A i 4
JE, B 525 HAM2ES W EE (P<0.01) 7 4~10
h N, 2K 03 ) Ak B 2 A 0 4 R X A (B
T2 EH4(P<0.01), H 3 MAb 4 2 8] 0 i %
225 (P>0.05), BT, 5 RFEEFIAH L, & Rk
Jo H A A SHR R B 4 R 1) 3R 5 1 FH 22 4B
GiREIRR R, B RIEE AT FEL 25 2 h N SE I
PR M TE 6 h 15 B AR RUR , 2 M 5
£ 8 h ik B Fe AR R AR .
223 G KRR B X R BUET Tk K A 5 )
EP oK RS TR O NERF SRS, Bk il 4 RE ]
AiEE AR T, IEEIRS T SRR A T 60~
90 mmHg (12 kPa), 44 kR Z kXt SHR K &
%F%WWME4ﬁr ORI VR JE 2 SHR K
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Fig.2 Effect of peptides extracted from Jinhua

dry—cured ham on the heart rate of SHR

after intragastric administration
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25 (P>0.05); (EHEE 4~10 h 4, 5 i e i 40
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Fig.3 Effect of peptides extracted from Jinhua
dry—cured ham on the systolic blood pressure of SHR

after intragastric administration
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Fig.4 Effect of peptides extracted from Jinhua
dry—cured ham on the diastolic blood pressure of SHR

after intragastric administration

R SO 2 IR — LK%, R T I
355 P 9 J B T T A i, R 4 A A
I A5 o 4 KR 22 R IR 23 B 2% L s 3
VERR I ZE A DD REAF AR R 22 5%, B AR i &2
JIKRT E K 4 25 W AT D

3 it
TEVRGI B 3 PR T b, i KR 22 ik A



140 OE A IR 2023 4E 55 1 1)
IR A RS, ICs 1 6.69 mg/ LI Y. Discrimination of digestion properties of pro-
mL. 7E SHR K U PS5 b | 3 3 5 5 A ) o 1 teins from three types of dry cured ham in China
B 1 IR 22 Ik 5 R AT A UEAT S R B, kR [D]. Nanjing: Nanjing Agricultural University, 2017.
e v e o 6] XING L, LIU R, GAO X, et al. Th teomi
LKA B EH R FLOR Wi E g Ry (O o o T peone
N L S =y N omology of antioxidant peptides extracted from dry—
e Y E B B 20 mg/mL I, R BRI 0 4 . . ,
SUFELE 8 b E 2 I L A T cured Xuanwei and Jinhua ham[J]. Food Chemistry,
TR RFIRRAE 8 h /5 2 B A, ML 2018, 266: 420-426.
bt T A T S 2 Ly N X
AVRIRELIES o 5 RAERAARIE, MIRRIED ) qone | wwets, TReR, 5. ¥R OB T 1 8
S it 5 DI, FLI TSR o DL B L R RS AL BLER (D). £ T RHEE, 2019,
ESE T < e K B 22 KA PR S 7 B 3235 4 1 2 40(1): 101-104, 208.
fE, [ S e L R P 98 1 S 8 LA Il SHAO J X, GAO X G, WANG Y N, et al. Mech-
hRL, DU g5 R T R ok R 22 R i 1A P A= BRI anism of antioxidant peptide change of Xuanwei ham
RERF ST 24558 T SLa during processing|J]. Science and Technology of Food
Industry, 2019, 40(1): 101-104, 208.
. 8] ZHOU G, ZHAO G. Biochemical changes durin,
5 % x W . | o T
processing of traditional Jinhua ham[J]. Meat Sci-
T WEORRR, BREE, PR R4 DU ¥ A cnce, 2007, 7701 P10
) N, PREE, TR 2 - VOB & Al
1] N . " o ‘ n‘ B [9] MORA L, GONZALEZ-ROGEL D, HERES A, et
ST AR LR BRCRITFAN ] SRR 2GR M, 2019, . i
al. Iberian dry—cured ham as a potential source of
17(17) . 108-109. . S .
a —glucosidase —inhibitory peptides [J]. Journal of
YAO P L, CHEN F, XIAO S Y. Effict of Nifedip- .
Functional Foods, 2020, 67: 103840.
ine combined with Benazepril in the treatment of
[10] GALLEGO M, MORA L, HAYES M, et al. Pep-
senile hypertension[]J]. Contemporary Medical Sympo- . . . . . .
tides with potential cardioprotective effects derived
sium, 2019, 17(17): 108-109. .
o md B WE/E K ACE M KBRS from dry—cured ham byproducts[J]. Journal of Agri-
e, X , PREA. B i1
21 ) b‘ ot cultural and Food Chemistry, 2019, 67 (4). 1115-
JE(D). W SAE, 2017, 30(3): 37-40. 1126
ZHAO S, LIU K L, CHEN F S. R h . e a .
e e "?;”‘J p(:"grejs (1] R, SKITRI, R, . &1 Rk
t = t t . ¢
on the foo orn inhibitory peptides|J]. Cereals Wﬁl‘ﬁi%fﬁ‘@[ﬂ. WIRIE. 2013, 27(6): 5-9.
& Oils, 2017, 30(3): 37-40. .
- N ) ZHU C Z, ZHANG W G, XU X L, et al. Antioxi-
[3] ERZ, kM, T, 5. BYIE ACE Ml ik o . .
2 7 KR 6 TG R, f B L 2012 dant activity in wvitro of peptide fractions extracted
M y A R I ut PR =) > Sy 5
S from Jinhua ham[J]. Meat Research, 2013, 27(6):
33(15): 314-317. s
WANG L Z, ZHANG Y L, WANG Y M, et al. A '
[12] DELLAFIORA L, PAOLELLA S, DALL’ASTA C,
review of angiotensin converting enzyme (ACE) in- o . .
et al. Hybrid in silico/in vitro approach for the i-
hibitory peptides derived from foods: Production and o . ) . L
dentification of angiotensin I converting enzyme inhi-
quantitative structure —activity relationship [J]. Food . .
bitory peptides from Parma dry —cured ham [J].
Science, 2012, 33(15). 314-317. . )
. e . R Journal of Agricultural and Food Chemistry, 2015,
[4] e, mEFmW, #Ak4, % o T JOR T 63(28): 66-75
T2 B TR w3 BT R (D). P92 ' '
SNy TR W [13] MORA L, ESCUDERO E, ARIHARA K, et al.
2019, 33(4): 55-59. . . .
Antihypertensive effect of peptides naturally generat-
LIANG D N, XUE Q L, HU Y J, et al. A review . . )
ed during Iberian dry—cured ham processing|J]. Food
of processing procedures for Yunnan dry—cured hams .
- ) N i Research International, 2015(78). 71-78.
and factors influencing ham quality [J]. Meat Re- (4] B0, TR . o0 . 4. IO % 4

search, 2019, 33(4). 55-59.
[5] A2, FRE =T HE R /Y 28 1 BT A A1 1 £k 45 P T
D). mA: ML R, 2017.

A BRI W BT A8 AL 5 PR B 52 R [T, B Tl R,
2015, 36(14): 115-118.
HU Y Y, XING L J, ZHOU G H, et al. Effect of



B236 H1M

et KRR b A IR 0 4 B e R RAT R 141

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

extraction methods on the antioxidant activity of

crude peptides from Jinhua ham [J]. Science and
Technology of Food Industry, 2015, 36(14): 115-
118.

CHURCH F C, SWAISGOOD H E, PORTER D
H, et al. Spectrophotometric assay using O-phthal-
dialdehyde for determination of proteolysis in milk
and isolated milk proteins[J]. Journal of Dairy Sci-
ence, 1983, 66(6): 1219-1227.

ESCUDERO E, ARISTOY M C, NISHIMURA H,
et al. Antihypertensive effect and antioxidant activity
of peptide fractions extracted from Spanish dry—cured
ham[J]. Meat Science, 2012, 91(3). 306-311.
RARAT . RKOBR N i AR vp 2 TS R AR R R
X OBE XU B 2 [D]. R, RBUR TOR2E, 2017,
GENG C Z. Protein degradation and its effect on
ham flavor during the processing of Xuan’en ham[D].
Wuhan: Wuhan Polytechnic University, 2017.

ZHU C Z, ZHANG W G, ZHOU G H, et al. Iso-
lation and identification of antioxidant peptides from
Jinhua ham [J]. & Food
Chemistry, 2013, 61(6): 1265-1271.

MR, AW, AR, AR R O o kY
PEICE PR AL TR MR A E (D] M oAt Rl R
2015, 38(4): 661-666.

XING L J, HU Y Y, ZHOU G H, et al. The ex-

traction and antioxidant activities of crude peptides

Journal of Agricultural

from Xuanwei ham[J]. Journal of Nanjing Agricultural
University, 2015, 38(4): 661-666.

Fef, &, VR, ACE 0 ki i A K R 454
PG PE RS2 J]. RS, 2016, 35(11): 54-58.
WU N, SHUANG Q, XU W H. Preparation of ACE
inhibitory peptides and effect of their structures on
ACE activity|J]. China Brewing, 2016, 35(11): 54-
58.

ZEAEOR, WAL, aRAk, . BURE AW MR T
AESCHAE B P A N D). &R ATSE 50T %, 2020,
41(20): 210-217.

LI F R, ZHAO S, ZHANG Q, et al. Functions of
dietary peptides and its applications in food industry
[J]. Food Research and Development, 2020, 41
(20): 210-217.

MINKIEWICZ P, DZIUBA J, MICHALSKA J.
Bovine meat proteins as potential precursors of bio-
logically active peptides—a computational study based

on the biopep database[J]. Food Science and Tech-

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

nology International, 2011, 17(1). 39-45.

CAO S, WANG Y, HAO Y, et al. Antihyperten-
sive effects in wvitro and vivo of novel angiotensin—
converting enzyme inhibitory peptides from bovine
bone gelatin hydrolysate [J]. Journal of Agricultural
and Food Chemistry, 2019, 68(3): 759-768.

LEE J K, JEON J, BYUN H. Antihypertensive ef-
fect of novel angiotensin I converting enzyme in-
hibitory peptide from chum salmon (Oncorhynchus
keta) rats [J].
Journal of Functional Foods, 2014, 7. 381-389.
ZUO Q X, ZHANG W G, XING L J, et al. Sta-

bility of angiotensin | —converting enzyme inhibitory

skin in spontaneously hypertensive

activity of peptides exiracted from dry—cured Jinhua
ham [J].
2017, 5(5): 301-308.

GIUSEPPE M, STEFANO M, PAOLO P, et al. El-
evated heart rate and cardiovascular risk in hyper-
tension|[J]. Journal of Hypertension, 2021, 39 (6):
1060-1069.

RILHE, SKIEW, FFREL. mmEREHBORS
AR EBER R PEmLERE, 2013, 21
(12): 1188-1190.

SONG J H, ZHANG Y M, QI X H, The relation-

ship between damage of target organs and resting

Journal of Food and Nuitrition Research,

heart in hypertension[J]. Chinese Journal Hyperten-
sion, 2013, 21(12): 1188-1190.

SCHROEDER E B, LIAO D, CHAMBLESS L E,
et al. Hypertension, blood pressure, and heart rate
variability: The atherosclerosis risk in communities
(ARIC) study [J]. Journal of The
American Heart Association, 2003, 42(6). 1106-—
1111.

U, B/, Ba L. IRk A B K R B e
0 R o B S S ()] R AR LRIE, 2019, 25(8):
1490-1494.

LI M, YANG X L, ZHAO J L. Research progress
in angiotensin—converting enzyme inhibitory peptides
from foods[J]. Medical Recapitulate, 2019, 25(8):
1490-1494.

FATANI N, DIXON D L, TASSELL B W V, et al.

Systolic blood pressure time in target range and car-

Hypertension :

diovascular outcomes in patients with hypertension|[J].

Journal of the American College of Cardiology,

2021, 77(10): 1290-1299.

[31] ARDL. T 25 K 5 5 2 5 1w 7 fife i 7 1% 2 1 B Y



142 oE B A R 2023 4E45 1 W

R PR IR RIS [D]. BA R . A JRTE Tl K2, 2020. structural informatics[D]. Harbin: Harbin Institute of
LIN K. Screening of novel antihypertensive peptides Technology, 2020.

by directed hydrolysis in qula casein based on the

Studies on the Antihypertensive Activity of Bioactive Peptides in Jinhua Dry—-cured Ham

Xing Lujuan, Zuo Qingxiang, Hao Yuejing, Fu Lijuan, Zhang Wangang'
(National Center of Meat Quality and Safety Control, College of Food Science Technology,
Nanjing Agricultural University, Nanjing 210095)

Abstract Dry—cured ham possesses many bioactive peptides produced from muscle degradation during the whole process.
In order to investigate the antihypertensive activity of bioactive peptides in dry—cured ham, Jinhua ham was chosen to
isolate the peptides with measuring their renin regulating effect in vitro as well as the blood pressure regulating capacity
in vivo. Known from the results, the Jinhua ham peptides had the suppressing effect on renin under the mass concentra-
tion of 10 mg/mL with the inhibition rate of 62.21%. In spontaneously hypertensive rats (SHR), ham derived peptides
were gavaged with the measurements of diastolic and systolic blood pressure. In the treatment of 20 mg/mlL peptides, di-
astolic and systolic blood pressure was significantly decreased compared with control, which showed the similar effect with
5 mg/ml. of captopril clinical. However, the suppressing effect of Jinhua ham peptides lasted longer than captopril. In
summary, the peptides in Jinhua dry—cured ham had significant antihypertensive activity supplying the potential to carry
out the further research on the physiological regulation function of bioactive peptides in dry—cured hams.

Keywords Jinhua ham; bioactive peptides; renin inhibition; spontaneously hypertensive rats; blood pressure



