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i E: AT R st E Rk E 4488 (angiotensin-converting enzyme, ACE) 94| & M4 & 7 LB A 3 3% 49 ot
B At B A At 2RO ILER T, M RBERE N 27T HILBRE AT T 8D . EGKRMESN . ACE #p#l &, BIE
BN RER ., M2 Ak Af e e ME . R ET, Bk M3 4 ACE 34 £ 7T A 71.94%+1.39%, BAEIF &

GOKRRIE e AL A, B G KREE S H (86.66+3.51) pg/mL AR, WA (71.67£2.86) °T. HH M3
BALE RS ALIE3Ih G, ACE W#H EH 74.96%+1.73%; /& pH3 693035+ 3h, &N 14.34%+1.21%, &
BH AR TIgCFUmML AL A4HA 03%A22hay3d ki 3h, & HA 37.50%+2.47%; 44 H 4% NaCl #)
EHRAF 240, AT HR 37.32%+1.84%. % HB %2 16S tDNA X 2 A Lactobacillus (Lb.) paracasei subsp. paracasei
M3. B3k, B4k Lb. paracasei subsp. paracasei M3 T FI4E K B2 44L& /= ACE #p# Ik BLAL & H L SR LA S 4
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Screening of ACE-inhibiting Peptide Producing Strains and Their
Activity Analysis in Simulated Digestive Tract Environment

SHAO Boyue, MA Chunli”*, YU Pengfei, WANG Jiaxu, JIA Lili

(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: The acid production capacity, protein hydrolysis activity, ACE inhibition activity, simulated gastrointestinal
digestion and acid, bile salt and salt tolerance of 27 strains of lactic acid bacteria kept in the laboratory were determined in
order to screen for those with high angiotensin-converting enzyme (ACE) inhibition activity and high acid, bile salt and salt
tolerance. The results showed that the ACE inhibition rate of strain M3 could reach 71.94%+1.39%, with good protein
hydrolysis activity and acid production ability, the protein hydrolysis activity was (86.66£3.51) pg/mL leucine, and the
titration acidity was (71.67+2.86) °T. The ACE inhibition rate of strain M3 was 74.96%=+1.73% after 3 h of treatment with
artificial gastrointestinal fluid, respectively. It was treated for 3 h in pH3 broth medium and the survival rate was
14.34%+1.21% and the viable count could reach more than 7 Ilg CFU mL™. It was treated for 3 h in broth medium
containing 0.3% bile salts and the survival rate was 37.50%+2.47%. It was treated for 24 h in broth medium containing 4%
NaCl and the survival rate was 37.32%+1.84%. The bacterium was identified by 16S rDNA as Lactobacillus (Lb.)
paracasei subsp. paracasei M3. Thus, Lb. paracasei subsp. paracasei M3 can be used as an ACE-inhibiting peptide-rich
strain for fermenting cow’s milk and tolerating the digestive environment with probiotic potential.
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F ] 1 H B8 1 N B EEE 5, 2019 4R
2.45 {2 MR, HAR R BURE RN, i T
M R U i 11 A5 AT R XU F 86 PR 2=, PRIk
AR 2228 35t v 1 R e AT T R A 9T .
B 22 - LA K o 3R - T 1) R e 2 5 04 1 s ) —5 8
g1, EE I i M B R SR L 40 1 (ACE )R LA S ok
F 1AL Bk R 11, J& R EZEA G2
—Bl Je sk, BEUIK UL LS ACE JUTRERA:, Mmiis 2 &7
SKIMAF AIVEH o PRIk, 3d ki) ACE &4 31 B 1k i
R IRRFAC A ROE MG T s, AT LI
I HEAREARS AR 25 ARV Y il R L 25 FEASAE
HHABEAN @ 2 A EIVER], Bk, VP28 A
BUTER S SoRIE A IR Z 2619 ACE i) e,
LM 2SR AT 05 U B T Ay a7

ACE #11#il] IR 2 28 F BTk i A pl i) —Fp /N
A, JB I ACE i, R4S Bk R ANGE 1k, M\
IR BNZ s MR AVE Y . A UF5EHRIE, —LeF iR
B Lb. helveticus. Lb. delbrueckii subsp. bulgaricus .
Lc. lactis subsp. cremoris. Lc. lactis subsp. lactis
biovar. diacetylactis T£ 7% Bz 12 v 38 55 7K i A4 5
B S 1 AT AR ACE I IR™ ), HE A JLAl ACE
0] RAE A I LU O R i U el B ok, B AE,
8 AL T I RS ACE I IR AR AL
#0213 Solanki £ F Lb. rhamnosus MTCC 5945
il R LTS, S AT ACE iR VG, 0 B K
THHY ACE Fhil K

AR H 092 N 27 BRELRR B, st —kik &
WAL ACE il ik HLRAT 25 2R TR T TR,
St AR EZLIAT A S R 22 s .
1 MRI5RE
1.1 #MRI5EE

SH AT 27 BRFLIRE 11 BRI C2. C5~
C13. Q6 735 F M8, 13 #RiE M1~M13 7355 [ A4
FL, A6 3 R B FT E (Bifidobacterium) . FRZEMH
FUTFEE (L. rhamnosus) . FHPIZATEE (Lb. plantarum);
MRS WAAREEFRAEE 75 B2 R BIEFLE itk
22 s L TR 55 A PR W 5 B PR IR - 20 e ok -8 2R

(HHL) . ACECK H fafifi, By 0.1 UN)  _L¥gEnt;
HAEALF(1:3000) , BEEAM:250) KiEFXCHE

YIRS AR W Biotopped Al LR
fig  RAETH E TR AL T A BRA R HAthilF
S E ST Al

GL-21M =i R B OHL R W S B ER
TFRA BRI E]; To Fritk et 5e4h-nT WoreoeEit  db
M AU A BRTHUT A Al B i lokinss &
MFEX B0 BS) s FEME PHS-3C pH i+ LAY
Bl A B H] o
1.2 = ACE HIHIBKFLERE RO 0%
1.2.1 KEEFLHIE  M—80 °C vKAH B H A4 Y

27 BRFLBREA, 76 MRS AR =3 37 °C %1k 12 h,
BHFRALBIBERR, $2 88 2% (v/v) BOIERh BRI K 2
JEBIEZL(10%, w/v) R, 37 °C B3 = FLEEE S, #5%
4 °C VKA, UAssibdt— k. BUREDIE pH. T
AEFREE . B /KRG J1FN ACE i3,
1.2.2 pH ME FFEERE AR REZLIER =% /5 0L 5 mL
BEFT pH IIE
1.2.3 JHERRENNE  REMELLE
FOR, IT1EZS MR GB 5009.239-2016,
1.2.4 FEEAKAEMHIE SR OPA X R /K
BEHEFTINEND . DA SR AR IES R, PR B 7K
fiiG JILL pg/mL SEZAR PR

HL 2.5 g BES, IIA 1 mL 2£8577K, 5 mL 1.0%
M =5 IR, YIRS S § e, 3000xg 5.0 5 min,
B 0.4mL HEKS 3 mL OPA BIRS)/SH#E 2 min,
FE 340 nm MK SGIE
1.2.5 Ki¥zl ACE Iy tEamie  AiELis e
5 MSERES: pH, ¥ pH 8= 4.6 /5, 5000 r/min 5.0
15 min, {38 FI35#, TR pH P75 2 8.3 J&, 5000 r/min
B0 15 min, PR _FIHFW

75152 B8 Cushman 2509 5RBLT M HBEAFE &
Mo B S mL 204, A S mmol/L HHL JIEY) N
0.05 mol/L MIAEREMZZ vk 200 pL, F5I0A 100 uL
FEMZLIE, 1RA, 76 37 C ZKIEHER 3 min, A 20 pL
ACE BfffE, 7€ 37 °C /K454 30 min, FRHILA 250 plL
1 mol/L #hPRZC IE M. o A 1.7 mL LR Z. 18, ¥R
¥ 15 s, 4000 r/min Z5.0> 10 min, B )2/ 1 mL &
R 218, N3G 2 LA VLA, DA 3 mL 25
TR, HIRGFES], FHEINM 6T 228 nm
RERER G . FEIELL R 2320 ACE fipil %,

IRTRIREE(°T)

B-A
M 22.(%) =

ACEHI 2 (%) e x 100

o, A SRRSO CEE; B S X BRI 6%

{B; C NEs I CE(E

1.2.6 RSMERIAN T HHHEA ANTEH®R. Hhikz
HEZG LS JEATICH  Z RE AR AR T v T RE A
B, HURESS 5 mL, Y2 HFLIE RS B9 ACE #IHi
R BRI AT EFLLL 10% SINEIAT 8w, Rs
37 °C /KA L 3 h, WK IIF 10 min DAL RS2
W, HURE 72 . ACE $il %2, FRIEFILLL 10% @ hn )
AN T b, SR 37 °C /KU HAL 3 h, WhK ik
10 min PAZC IR N, FREUREI a2 ACE $ilR.,

1.3 /= ACE HlHIRKFLERE M 2 15

1.3.1 BEMRIGERTN 3200 2 AR e SE R0 il
FEMEAEIE . FE MRS 35323609 pH 435184k 3.0,
4.0. 5.0, pH 2} 6.0 1)) MRS 535 % BRZH, 4323
A . L 2% BERP e P 2= IR MRS 1537
Jerh, 37 °C B55% 3 h e IR, TR TR T
i sz, B
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W 1 (%) = ET %100

Horb: Ny N 4351 A7 56 2H A ot FITXT REZH AR
TS EIEL(CFU mL ') .
1.3.2 BEFRAVIEERHAZ RS S IaR TAERY Jy
HIFAREM. BFLERE LA 2% BRI T34 0.3%
AHER MY MRS WiARFEFRIEH, T 37 °C £53% 3 h, LIA
JINAAELR Y MRS N7 R 3R 5 % B4, JEAT PR T
B ¥ AV AR SR R 324

2 (%) = % « 100

o N, « N 4350 R 06 2R i At BEZH A &
G EEC(CFU mL ™),
1.3.3 BRRAFRTNSZHEIRES S REPNAREER It
WEAEIE PR . B FLER TR LA 2% 350 T8 NaCl JFi i
MM 4 /100 mL (19 MRS 3537387,37 °C 5537 24 h
JE BRI, YETREYE I TEL, AN NaCl B4 MRS 1557
FErP Y BRYE B XT R, TR R R A2, B

. N,
il 32 (%) = — x 100
N,
i N, N, 43531 A3 06 0 RS Sl R B8 2ERR 5
G EEL(CFU-mL ),

1.4 Bk 16S tDNA ¥ &
W58 PO R ARG = T M S AR R A BR A

HHEAT 16S rDNA M5, IR 4 45 1 4 RDP £
JER24 et s, il MEGA 7.0 BP9 47 R 8Lk
BRF
1.5 HIEAIE

>R SPSS22.0 Geit MU T a2, B
PIRAX + SDFsR, IR FHIT 22534, AHGHE e Asops
e, R Origin8.0 #EAT1ER], T E 3 K.
2 FBR5HH
2.1 7= ACE #ilHIRKZLER R A ¥ T

XSG =R 27 MRFLIR B UEA T &2 TS5, )
AE pH. W E MR . B H/KMTEJ1 & ACE Wil =R, i
REEIR UL 1.

250 R, AR B RR TR 4 3 e BEAF FEAR K22
5, AN [F LR B & 1 PR FL A9 ACE #1116 M 7
60% LI HYA 6 BR B M11. M3, M10. Bifidobac-
terium, M12, M6, #1775 PE Fe = B 2 B Ak M1, H1
IR 76.84%+1.98%, HYJE: M3, A 71.94%+
1.39%. ACE #lIfHIZ/NT 30% WA 11 BRZLER T, £
KB HA 3.79%+1.79%. FE &Y pH ¥E 4.40~5.10
ZI8], T EMR AL 45~85 °T 6], B@ikk M10. M5,
MI11, M2, M6, M3, C7 EHA X5 & I r=farERE .
T KBTS PETE 100 pg/mL 25 &8 DL IS E A
6 Bk, Efil)E C11. M10, C7. M9, M12, M13,

FLIR B R IS ZL A ACE 735 A4 S i 1%
PRURR I B FE b, 07 56 HH & 3L ACE il vk P 7E

#1 RIEFL pH ERREE | HHKA#E S ACE 6 R4S

Table 1 Results of fermented milk pH, titration acidity, protein hydrolysis activity, and ACE inhibition activity
T R EAEVIN Sy
=i pH — ACE#HIFR (%)
°T) (ng/mLZEHER)
MI11 4.63+0.03 77.47+1.33 93.14+3.02 76.84+1.98
M3 4.75+0.06 71.67+2.86 86.66+3.51 71.94+1.39
MI10 4.42+0.03 84.53+£3.87 119.02+6.31 66.15+3.30
Bifidobacterium 4.79+0.02 68.33+2.53 71.56+0.79 65.26+2.02
MI12 4.954+0.03 61.20+0.87 108.96+1.94 62.81+2.45
M6 4.72+0.03 76.53+2.23 87.97+2.47 61.02+1.97
M9 5.02+0.06 58.60+1.38 110.35+3.64 59.69+0.95
M2 4.65+0.03 76.13£2.47 71.38+£2.68 57.68+0.85
C6 4.99+0.03 57.07+1.40 91.20£1.55 55.23+2.74
Cc7 4.77+0.06 71.27+1.33 115.81+2.11 53.45+0.77
M5 4.45+0.03 82.27+1.90 98.47+3.20 52.34+0.58
Cl1 4.98+0.02 57.73£1.86 141.99+1.69 43.43£1.72
C13 5.07+0.04 48.33+0.50 79.75+1.74 41.87+£2.10
M4 4.91+0.02 59.47+2.47 83.08+3.08 41.65+0.82
M7 4.96+0.03 59.27+2.20 96.11+4.35 39.87+1.02
C2 4.80+0.02 59.00+1.60 53.38+2.41 31.45+1.71
Q6 4.92+0.04 67.67£2.87 47.14+1.96 29.71+1.34
M13 5.03+0.07 55.27+£1.22 105.69+2.42 28.95+2.81
C12 5.08+0.02 47.20+0.87 79.87+£0.46 26.73+4.41
Ml 5.09+0.02 45.73+1.13 81.14£2.76 25.84+0.63
Cc9 5.01+0.10 58.47+2.87 95.62+2.85 23.39+2.12
M8 4.92+0.01 57.13+£2.53 87.99+3.11 22.274£0.67
C8 5.02+0.03 59.53+1.42 59.20+2.06 20.53+1.41
Lb. rhamnosus 5.03+0.02 57.60+0.92 43.62+2.17 14.14+2.05
C10 5.00+0.03 57.53+£1.42 89.80+2.30 11.80+1.94
Lb. plantarum 5.00+0.01 58.47+1.29 57.93£1.79 4.01+0.81
C5 5.08+0.02 49.07+2.14 92.59+2.37 3.79£1.79




% 42% 5% 18 HER

, S 7 ACE IR R A7 e S AR AT PR BTG P AT - 145 -

60% LI BB AR 6 Mk FLER B M11. M3, M10,
M12 FIl M6 18 7K fi# RE J7 B AE 80 ng/mL 5% 2 iR
LA b, B AHXT RS s 048R K AR RE D75 ZLER TR M1
M3. M10 F1 M6 197 <& FR FE#HRAE 70 °T LA I, Bf
BAF iR R 1, RIS $EE M3, M6, M10 F1 M11
A THEE Tk ik
2.2 FLEAEERIAB MR+ ACE HIFIEERNTK
wmE 1 s, REIZLIRE Y A AL N T. B
Mz we eI, 745 ACE $ii% e Atk A R k22
5o HRE M3 7E B W AIHRAEA S, ACE Ml ih 4
FeFt e Ja BEAR, (B0 25 T IE AL AT (P<0.05), iy
74.96%+1.73%, H i 35 = F HAN AR (P<0.05); M6,
M10. M11 & B W ARG AE 5 28 AL, 4351
7 49.21%+2.20% . 58.80%+3.67%. 62.66%+2.68%
FEMR M3 S T4 R R ] GE = R A 7R B B H I IAE
JAF, — e A S IR TR IL K fF /N F B Z AR,
{345 ACE Il R 14 v 88 A8 R, Pl 308 PR 3 58 1T A
JBEE ABRAVE T, —28/ N T2 Rl — 2 0 il
TCIE PE W U B A Rk R ml R e R ak L, T A
ACE iiliSPE R, XFTFA40 3 MFLBR I, 78 W &
FA Bt K SR 2R BV EFH ™ ACERIRI TG Mz i I~ [4, n]
BESEIN M IEA B ACE JHIIE PR i Bk 3, TG
P A IR B8 3 Ui 5 2 e LU A9 1 s g 26271,
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Fig.1 Effect of artificial simulated gastric and intestinal fluids
on ACE inhibitory activity
TE: ARG TR [R] 371 [R] — B BOAS [F) R 5l 22 3 W 2%
(P<0.05), AR R 7 B 327 ] — K dl A [ B BE 22 S W0 35
(P<0.05),

23 BEMRERT =14

AR AR 5 2 A R U RE R AT S RENS
DNGEAR) 3 e B A ) A 4 e, B e RGBT b 2 4t
i, SEEEAEPY . B B AR BRI 2 1~
3 WP, PRI EERE 3 h VE N SZEsta] . 7 & A FL ] &
J&, B pH —BAE 3 224700, Rk, REASTE H ImiE
Hh 23V A B FLRR AT R AT ARSI BT 32 1 o 3k
I oA R BRI 2 Mgl SR Al 2 froR, #E pH i 3.0~5.0
PRIFE BT P, B P 3 () 5 0, PRI 1) PR T A2 1 7 28 T
TR, 7E pH3 B, EEARIYERIN SZ 1 5% 2 10%~30%, B
EBORLI N 7 1g CFU mL™', MR T JE 725 A2 T RS
PWEAFEIRT 61g CFU mL™ F|HEP, [Kth, BEfk M3,

100 ~
90 M3
g0 ] E5 M6
— 701 EEMI0
3 EE
< w0 Mi1
i 201
i 40
& 30
20 A
10 4
0

pl—IIS ) plrli4
K2 BEREIERIT 2
Fig.2 Acid tolerance of the strains

1 RRVNG R RR Rl — pH A [ERE 5 25 5 .35 (P<0.05),
AFIRE FE R R R —FE AR pH 225 2.3 (P<0.05) .
M6. M10., M11 ¥JREMAZ B B2 FR3E H AR —E BTG
[y
2.4 BEFRBEETZ

N/ NGB REER & 2290 0.3%, St —
T 2L 1~4 ho B, ZLAR TR N A — & fy IHER BT
e, IR/ NH B RE LR R G T, RIE 2R AR RAE
FACPY, ISR AR IBER I =2 AN 3 2 B, FRk M3
2 0.3% MHERAVER 3 h 5, IRER AT 32142k 37.50%+
2.47%, 32 T H A B ARk (P<0.05) , M10 S A% h
24.09%+0.31%. RIEHITEIEGE R, & 0.3% 1
FRAEF 3 h s, 4 BRSO PRRRTE R = T 25 2R PAHE
TFRAE . FEI, 4 BRFLER PR B JHER TS24
2 PERRAI IR 32 Pk

Table 2 Bile salt tolerance of the strains

P NIRRT 321 (%)
0% A%k 0.3% fAh

M3 7.99+0.07 7.56+0.07 37.50£2.47°

M6 8.28+0.03 7.69+0.03 25.77+0.68"

MI10 8.70+0.06 8.08+0.04 24.09+0.31¢

Ml1 8.52+0.04 7.95+0.03 27.24+0.58°

T ARVINE FRERIR AR R i 25 57 .25 (P<0.05); 3317

25 EHRENEM

LR B A R U PN LR B B 1 — 2R
FFEPR. NaCl FE AR BTN 1~4 g/mLP?,
FEL SR EGRBIE R, 40 K 3 R T 4 B
2 3 i IS AR B ER TR AZ PRSI, BRI 4% NaCl
J& . B R BT EL M R ZTE 20%~40%, Hidr M3 AYEh
Mt 57 Pk S B Y, N 37.32%+1.84%, 56 B 57 £L 41
T EARIAETE B, TFLER A — a2 i ERifit 52 M, fi5

3 OWRIER 2

Table 3  Salt tolerance of the strains

E%(lg CFUmL™)

Hir's LT A2 (%)
0% NaCl 4% NaCl

M3 7.99+£0.07 7.56+0.05 37.32+1.84°

M6 8.28+0.03 7.65+0.03 23.67+0.80°

M10 8.70+0.06 7.99+0.05 19.81+0.58°

Mil 8.52+0.04 7.84+0.03 20.65+0.30°
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941 Lactobacillus zeae D86516.1
73 Lactobacillus casei AF469172.1

100

Lactobacillus paracasei subsp. paracasei D79212.1

4 [
z Lactobacillus rhamnosus D16552.1
78 Lactobacillus saniviri AB602569.1
43 97 Lactobacillus suebicus AJ575744.1
{ Lactobacillus hokkaidonensis AB721549.1

100 I:
100

Lactobacillus thailandensis AB257863.1

0.0050

Lactobacillus oligofermentans AY733084.2
Lactobacillus nenjiangensis HF679039.1

99 Lactobacillus songhuajiangensis HF679038.1
100 Lactobacillus manihotivorans AF000162.1
Lactobacillus porcinae HE616585.2
Lactobacillus nasuensis AB608051.1
Lactobacillus camelliae AB257864.1
00 | Lactobacillus coryniformis subsp. torquens AJ575741.1

1
Lactobacillus coryniformis M58813.2

100 I: Lactobacillus iwatensis AB773428.1
100~ Lactobacillus backii AB779648.1

K3 HEHRRGERTR
Fig.3 Phylogenetic tree of strains

FRVETTEULEHAE 7 1g CFU mL ™ DAL, ARER I I HE
it R R AR AR A . R, PORRFLAR R H
A —E FERI 5214, Horh M3 1gERi S2 PE s i
2.6 Ttk 16S IDNA ¥7E

20 e )5 & BL, TR R M3 B9 ACE #3464 R
71.94%+1.39%, REMN3Z N T HRAEE, HizE A
B P RRERE R FAZK A G 14, BB SZAALL M AL ER
e, DA 8GR . XAEIIGE M3 PR 16S rDNA
J¥4, If28 RDP B e LEX At R ge A d e (& 3)
J& &, M3 B KR 5 Lactobacillus paracasei subsp.
paracasei W BIRPELE 99% LA I, A b 2L IR B bR A%
M3 J& Lb. paracasei subsp. paracasei.
3 g

AW R, U8 R BRIE] 1Y ACE Sl iG PEAFAE
BOR 225, 0T ARAT B R M3, M6, M10 £l M11
A HRGET ACE $HIEHE, [RIBF BAT 541 P iR el ik
K ffPERE , U E i L), BERk M3 19 ACE
s PR e ETHE T BRI O R i T,
I35 3 BRFLIR T 1 ACE 103 1 4 01 52 I T T B
AEaH . AERRIRE 52 M s, 4 BRFLER TRHR 2 I
HXTIR | HHER . FhA0 RAFISZ0E, s T R 2o,
HRRET ARG A PR AR 1R (6 1g CFUmL ™),
JEHIE M3 TERE, B S S RS2 e, M3 B
R 22 16S rDNA B Bk % & & Lb. paracasei subsp.
paracaseio WAL, IZBEERANATANH] ACE 7514 LA AE
NS HAYUS MUERE ), Tt 2P

Sk
[1] PEChE-RESRBRERTH FECLERES K
IR E 2019 4 & [1].F B 78 3R 4 &, 2020, 39(9): 833-854.
[ China Cardiovascular Health and Disease Report Compilation

Group. Annual report on cardiovascular health and diseases in China

2019[J]. Journal of Cardiovascular & Pulmonary Diseases, 2020,
39(9): 833-854. ]

[2] Nawaz K A A, David S M, Murugesh E, et al. Identification
and in silico characterization of a novel peptide inhibitor of
angiotensin converting enzyme from pigeon pea (Cajanus cajan)[J].
Phytomedicine, 2017(Dec 1),36:1-7.

[3] Fagyas M, Uri K, Siket I M, et al. New perspectives in the
renin-angiotensin-aldosterone system (RAAS) I: endogenous angio-
tensin converting enzyme (ACE) inhibition[J]. PloS One, 2014,
9(4): e87843.

[4] Seppo L, Jauhiainen T, Poussa T, et al. A fermented milk high
in bioactive peptides has a blood pressure-lowering effect in
hypertensive subjects[J]. American Journal of Clinical Nutrition,
2003, 77(2): 326-330.

[5] WuQ,LiY, Peng K, et al. Isolation and characterization of
three antihypertension peptides from the mycelia of Ganoderma
lucidum (agaricomycetes)[J]. Journal of Agricultural and Food
Chemistry, 2019, 67: 8149-8159.

[6] Priyanto A D, Doerksen R J, Chang C I, et al. Screening,
discovery, and characterization of angiotensin-I converting enzyme
inhibitory peptides derived from proteolytic hydrolysate of bitter
melon seed proteins [J]. Journal of Proteomics, 2015, 128: 424—435.
(7] £E&M, 6036, 5K F, . B ASNAB 2 AR ARIKI].
X 244 ,2010,29(5): 883-888. [ Dong X M, Bao Y, Zhang Y,
et al. Research progress on domestic and international fermented
soymilk[J]. Soybean Science, 2010, 29(5): 883—888. ]

[ 8] Fitzgerald R J, Murray B A. Bioactive peptides and lactic
fermentations[J]. International Journal of Dairy Technology, 2006,
59(2): 118-125.

[ 9] Korhonen H, Pihlanto A. Bioactive peptides: Production and
functionality [J]. International Dairy Journal, 2006, 16(9): 945-960.
[10] Ugwu C P, Abarshi M M, Mada S B, et al. Camel and horse
milk casein hydrolysates exhibit angiotensin converting enzyme

inhibitory and antioxidative effects in vitro and in silico[J].


https://doi.org/10.1371/journal.pone.0087843
https://doi.org/10.1093/ajcn/77.2.326
https://doi.org/10.1021/acs.jafc.9b02276
https://doi.org/10.1021/acs.jafc.9b02276
https://doi.org/10.1016/j.jprot.2015.08.018
https://doi.org/10.1111/j.1471-0307.2006.00250.x
https://doi.org/10.1016/j.idairyj.2005.10.012
https://doi.org/10.1371/journal.pone.0087843
https://doi.org/10.1093/ajcn/77.2.326
https://doi.org/10.1021/acs.jafc.9b02276
https://doi.org/10.1021/acs.jafc.9b02276
https://doi.org/10.1016/j.jprot.2015.08.018
https://doi.org/10.1111/j.1471-0307.2006.00250.x
https://doi.org/10.1016/j.idairyj.2005.10.012

5 a42% 5 18

HRABL , % 7 ACE i KB RRAY T e S TR AL TE PR AT P AT - 147 -

International Journal of Peptide Research & Therapeutics, 2019,
25(4): 1595-16.

[ 11 ] Martini S, Conte A, Tagliazucchi D. Effect of ripening and in
vitro digestion on the evolution and fate of bioactive peptides in
Parmigiano-Reggiano cheese[J]. International Dairy Journal, 2020,
105: 104668.

[12] Rani S, Pooja K, Pal G K. Exploration of potential
angiotensin converting enzyme inhibitory peptides generated from
enzymatic hydrolysis of goat milk proteins[J]. Biocatalysis and
Agricultural Biotechnology, 2017, 11: 83—88.

[ 13] Ashok A, Brijesha N, Aparna H S. Discovery, synthesis, and
in vitro evaluation of a novel bioactive peptide for ACE and DPP-IV
inhibitory activity[J]. European Journal of Medicinal Chemistry,
2019, 180: 99-110.

[ 14 ] Solanki D, Hati S. Considering the potential of Lactobacillus
rhamnosus for producing angiotensin I-converting enzyme (ACE)
inhibitory peptides in fermented camel milk (Indian breed)[J]. Food
Bioscience, 2018: 16—22.

[15] #hel, F#k, RAR, 5. ARAFE QKM KM 3 Frml 2
Jr ke e (7], AR k4R, 2011,26(6): 1076-1080. [ Lin Q,
Huang W, Song Y K, et al. Comparing three methods in determining
hydrolytic degree of cottonseed protein[J]. Fujian Journal of
Agricultural Science, 2011, 26(6): 1076-1080. ]

[16 ] Cushman D W, Cheng H S. Spectrophotometric assay and
properties of the angiotensin- converting enzyme of rabbit lung[J].
Biochemical Pharmacology, 1971, 20: 1637—-1648.

[17] skAkLr, Hidh SUAF 1 A8 54U 7% ACE 474l IRIEALZ 5 B
#i4e [D]. % Bk G AH X %, 2014. [ Zhang Q H. Optimization
and purification of ace inhibitory peptides from goat milk fermented
by lactobacillus plantarum[D]. Xi’an: Shaanxi University of Science
and Technology, 2014. ]

[18] BRHA#ER A PEARLREH R (FZM)[M]. LXK:
T OE A A OE R AR, 2005
Commission. Chinese pharmacopoe (second edition)[M]. Beijing:
China Medical Science and Technology Press, 2005. ]

[19] WRAUEE, SR 2, HHifor, 5. M2 ) BF SLEL 1 49 i 8
B St w2 B A AT A ()] Ao 5 R B Tk, 2018, 44(5):
29-33. [Chen Y T, Zhang H X, Xie Y H, et al. Selection of

cholesterol- lowering lactic acid bacteria in vitro and study on it's

[ National Pharmacopoeia

tolerance of acid and bile salts[J]. Food and Fermentation Indus-
tries, 2018, 44(5): 29-33. ]

[20] k&R, 3039, 08, & MA2 ] BE SLBA B 49 4R ST 0 i &
H e B B LRt 1], & A5, 2018, 6: 95-101. [ Huang Y
Y, Guo J, Li H X, et al. In vitro screening of lactic acid bacteria for
cholesterol-lowering activity and the underlying mechanism[J].
Food Science, 2018, 6: 95-101. ]

[21] MK, Bisb &, SR, F. ARILEE o B a2 3L 4L 7
Ve he B B AR AT R T, & e 5 AU, 2017,33(10): 1-5. [ Chen
D W, GuR X, Lu M L, et al. Ability of acid and bile salt resistance
of lactic acid bacteria and its cholesterol lowering effect from human
origin[J]. Food & Machinery, 2017, 33(10): 1-5. ]

[22] #hA, TR, ZAGE, 5. W ILAF I PUMIT8S #r 15 A
oy e i Aewt bk (] F B AR & & E, 2020, 32(10):
1128-1133. [Sun J, Yuan S W, Wang Q Y, et al. Bacteriostasis,

bile salt tolerance and salt tolerance of Lactobacillus plantarum

PUM1785[J]. Chinese Journal of Microecology, 2020, 32(10):
1128-1133. ]

[23] ColeJ R, Wang Q, Cardenas E, et al. The ribosomal database
project: improved alignments and new tools for rRNA analysis[J].
Nucleic Acids Research, 2009, 37: D141-D145.

[ 24 ] Wang Q, Garrity G M, Tiedje ] M. et al. et al. Naive bayesian
classifier for rapid assignment of rrna sequences into the new
bacterial taxonomy[J]. Applied and environmental microbiology,
2007, 73(16): 5261-5267.

[ 25 ] Kumar S, Nei M, Dudley J, et al. MEGA: A biologist-centric
evolutionary analysis of DNA
sequences[J]. Briefings in Bioinformatics, 2008, 9(4): 299-306.
[26] Chen P, Liu L, Zhang X, et al. Antioxidant activity of

software for and protein

cheddar cheese during its ripening time and after simulated
gastrointestinal digestion as affected by probiotic bacterialJ].
International Journal of Food Properties, 2019, 22(1): 217-228.
(27 ] #RAKBL, FEWe R, 203, 5. 25+ JUAF B A 3234 F 86 s 3
[ = ACE 3 Bk 69 %5 mf & FLiH ALAE 2 [J/OL]. R Suft5: 1-12
[2021-08-13]. http://kns.cnki.net/kems/detail/11.2206.TS.20201228.
1533.006.html. [ Hao X Y, Li X D, Liu L, et al. Effect of Lacto-
bacillus helveticus on ACE inhibitory peptide of Cheddar cheese
during ripening and the digestion stability[J]. Food Science: 1-12
[2021-08-13]. http://kns.cnki.net/kems/detail/11.2206.TS.20201228.
1533.006.html. ]
(28] M, ZRE, $ ke, . HALBR S ¥l § i 75
HBRA N AR L ERAABEPHEAN]. R AL,
2018, 44(3):114-120. [Sun M, Yuan F X, Cao X H, et al
Screening of lactic acid bacteria strains with resistance to
gastrointestinal environment isolated from traditional foods and their
application in fermented yoghurt[J]. Food and Fermentation
Industries, 2018, 44(3): 114-120. ]
(29 ] Hesadd. M W A G4 R KA [J]. o 5 A B Tk, 1996,
32(2):69—-73. [ Chen R I. Intestinal flora and healthy longevity [J].
Food and Fermentation Industries, 1996, 32(2): 69-73. |
[30] Shah N P. Probiotic bacteria: Selective enumeration and
survival in dairy foods[J]. Journal of Dairy Science, 2000, 83(4):
894-907.
[31] xm, Xim, ek, F. L8868 7" GABA LERHA &
o B %R K BB AT R [J/OL). & A5 1-16[2021-07-08].
http://kns.cnki.net/kems/detail/11.2206.TS.20201212.0814.014.html.
[Liu L. Wu J L, Yang J T, et al. Isolation and fermentation
characteristics of gaba-producing lactic acid bacteria from fermented
yu jiang suan[J]. Food Science: 1—-12[2021-08-13]. http://kns.cnki.
net/kcms/detail/11.2206.TS.20201228.1533.006.html. ]
[32] Ak, Ronde, i, . A4 LA H NCUL16 EBMA
W ACERIL ey it 2 Ay [T). & & A4, 2011, 32(11): 114-117.
[ Xiong T, Song S H, Huang J Q, et al. Tolerance of Lactobacillus
plantarum NCU116 in stimulated digestive environments[J]. Food
Science, 2011, 32(11): 114-117. ]
[33] F#4, ke, X E4. 3 HRIUAFHEBDE NI F EE
WA AT ], P B 5Ls T4k, 2005,33(5): 15-17. [ Xin L, Guo
B H, Wu Z J. Studies on the survival properties of three lactobacillus
strains in imitative gastroenteric environments[J]. China Dairy
Industry, 2005, 33(5): 15-17. ]


https://doi.org/10.1016/j.idairyj.2020.104668
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.ejmech.2019.07.009
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.1093/nar/gkn879
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1093/bib/bbn017
https://doi.org/10.1080/10942912.2019.1579836
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3168/jds.S0022-0302(00)74953-8
http://kns.cnki.net/kcms/detail/11.2206.TS.20201212.0814.014.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.1016/j.idairyj.2020.104668
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.ejmech.2019.07.009
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.1093/nar/gkn879
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1093/bib/bbn017
https://doi.org/10.1080/10942912.2019.1579836
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3168/jds.S0022-0302(00)74953-8
http://kns.cnki.net/kcms/detail/11.2206.TS.20201212.0814.014.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.1016/j.idairyj.2020.104668
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.ejmech.2019.07.009
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.1016/j.idairyj.2020.104668
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.bcab.2017.06.008
https://doi.org/10.1016/j.ejmech.2019.07.009
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.3969/j.issn.1008-0384.2011.06.030
https://doi.org/10.1016/0006-2952(71)90292-9
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.7506/spkx1002-6630-201811015
https://doi.org/10.1093/nar/gkn879
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1093/bib/bbn017
https://doi.org/10.1080/10942912.2019.1579836
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3168/jds.S0022-0302(00)74953-8
http://kns.cnki.net/kcms/detail/11.2206.TS.20201212.0814.014.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.1093/nar/gkn879
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1093/bib/bbn017
https://doi.org/10.1080/10942912.2019.1579836
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3321/j.issn:0253-990X.1996.02.017
https://doi.org/10.3168/jds.S0022-0302(00)74953-8
http://kns.cnki.net/kcms/detail/11.2206.TS.20201212.0814.014.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
http://kns.cnki.net/kcms/detail/11.2206.TS.20201228.1533.006.html
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004
https://doi.org/10.3969/j.issn.1001-2230.2005.05.004

	1 材料与方法
	1.1 材料与仪器
	1.2 产ACE抑制肽乳酸菌的初筛
	1.2.1 发酵乳制备
	1.2.2 pH测定
	1.2.3 滴定酸度的测定
	1.2.4 蛋白水解活性测定
	1.2.5 发酵乳ACE抑制活性的测定
	1.2.6 体外模拟人工胃肠消化

	1.3 产ACE抑制肽乳酸菌的复筛
	1.3.1 菌株的酸耐受性试验
	1.3.2 菌株的胆盐耐受性试验
	1.3.3 菌株的盐耐受性试验

	1.4 菌株16S rDNA鉴定
	1.5 数据处理

	2 结果与分析
	2.1 产ACE抑制肽乳酸菌的初筛
	2.2 乳酸菌在模拟胃肠液中ACE抑制活性的变化
	2.3 菌株酸耐受性
	2.4 菌株胆盐耐受性
	2.5 菌株盐耐受性
	2.6 菌株16S rDNA鉴定

	3 结论

