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Abstract: A lactic acid bacterium with high ‘angiotensin<I converting enzyme (ACE)-inhibitory activity was screened from 31 isolates
obtained from traditional fermented foodsin Yunnan. The isolates were preliminarily screened by ultraviolet (UV) spectrophotometry, followed
by high-performance liquid chromatography (HPLC). Potential probiotic properties and dynamic changes in ACE inhibitory activity during
skim milk fermentation were evaluated. Lactobacillus, plantarum YM-4-3 strain was selected owing to its high ACE inhibitory activity, broad
antibacterial spectrum, sensitivity to‘antibiotics, and.strong-tolerance to acid and bile. The inhibition zone diameters of Lactobacillus plantarum
YM-4-3 against Escherichia coli O157:H7 and Listeria monocytogenes were 41.30 and 42.00 mm, respectively.After treatment with strong acid
(pH 2.5) and high conhcentration of bile salt (0.3%), the viable cell count was still above 10° CFU/mL. The dynamic monitoring of ACE
inhibitory activity of Lactobacillus plantarum YM-4-3 during the fermentation of skim milk indicated that the optimum condition for
Lactobacillus plantarum “YM-4-3 to_produce ACE inhibitory peptide was 37 ‘C for 48 h. Under this condition, the ACE inhibition rate of
fermented milk reached 81.23%; and the maximum biomass of the strain and the highest content of free amino acid and polypeptides in
fermented-milk were achieved. This study can provide a theoretical basis and a candidate bacterium for the study and development of a novel,
functional fermented milk beverage, with high ACE inhibitory activity.
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system, RAS) FHEIREBE-BEIk (Kallikrein-kinin
system, KKS) PURILET R4, MERIKRFE#
fi (Angiotensin convening enzyme, EC 3. 4. 15. 1,
ACE) ZPIRIERGIMHEIER, T ReEHEIN
KRR AR R R 1T (Ang 11D AR e R4 A
. AT ACE #171 CACED AT LA R B K 244 o
M TR, SRMACETI R, BALEE R
ACEI HilFIRFEESR %, AmHERIRAEA, K
WP £ R AR RITE AT, R A B R AR
# H22 251 ACEN B 245 R oAz Ui it 7 2
H#.

FURTE & E PR AN & 22 WY, #z
R i MBI Rl . AIFFEERI, 5T R
BRER, JUHE R B AR Y T 2R B A 1%
GURTE IR, H ACEL R, AHIARIER
Y5 H AL 90 R B2 fh 11 Streptococcus thermophilus,
Lactobacillus delbrueckii ssp. bulgaricus, Lb. casei, Lb.
acidophilus, Lb. helveticus /& Bifidobacterium longum
LRI B IR IR . -2 T RERA
ACE| fAEBIE RO, 2 i AL TG R 22 R IX
R IR N 22 BRI A SRS, 22 Rt
WIFLRE . FUDF LRI S SR I B i BEE, SR
WM, BoRE S, EMAREASERE, (EX
SO B i SRR REDR I

KBTS AN O EENIT, HPLC AL
AR, Mz Bk SR I b o B s B ikl
ACEl JEIERIALIRE . DR mmfE gk & fbh A
A ACEN WG PEFLER TR F) 70 AT o TN IR BETT K BL5E
HREERY, ARG AL H R A ACEL WGk
RIEEFLIIRE R B2 LR A AN T A PRI

1 M55EE

1.1 WA

AHRGURTH 8L MRFURTH IR B = ks kI &
i (PEER L) /BRIfk Staphylococcus aureus ATCC
25923 #F,  HA)E B Escherichia coli 0157: H7,
Salmonella pullorum , Listeria monocytogenes A
Enterococcus faecium 25451 MBS B & Hh 2325 4 52 T AR
FT A=,

12 RIAERE

(1) MRS Rz 773 (Oxoid): MM 10.0 g,
AR 10.0 g, EEREH; 4.0 g, M4 20.0 g, 4
i IR 5.0 g, AR =% 2.0 g, H-iE-80 1.0 mL,
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WEIRA 41 2.0 g, L/KIREREE 0.2 g, LKL ER 0.05
g, MZEBKERE 1L, 121 CEAEKE 15 min. (2)
BHI 5375 (Oxoid, fin 0.75%3%fi5)5 1A BHI #35
RESEFRE): 2 200.0 g, iR 250.0 g, A
£ 10.0g, 7%k 2.0g, NaCl5.0g, Fifl§20.0g, 7%
787K 1000 mL, 75 pH 6.8~7.2, 121 ‘CwE kKb 15
min. (3) LB ¥;7dE: &AMk 1009, BEEH; 504,
SU4bEN 5.0 g, HiEPE 1.0 g, INEBIKERZE 1L,
121 °C, 15 min K&, HI0.075%85 /5 R0y LB
B (4 1%MiRFLEEFRAE: 119 BARFLE T 100
mL Z&787K, 105 CEKE 20min.

13 Wi AW X s ik

131 F&iKHA
b JR M= 2H 2 Wt - 2 & R /K & W3- CRai B HHL,
Sigma); I EKIK R CRIET %liti, BRE>2.0
units/mg protein, Sigma), 1 mg ACE A+ 1 mL0.01 M
IR R 22 (pHL 7.0 HL% 0.5 M NaCD; J&HE: (JH
R %E>65.0%); LIRER (Sigma); L (faifah);
AR (TFR TFA, tial) KIUMIRENSS; PLL
ST BREE I ARSI R A4l
132, T&%ER&
GBS £h22 v (pH 8.3): 0.6184 g iR, 2.925

g I NaCl, 7&K EZRZE 100 mL BN AW, 0.9535g
WIERAENZE /K FE 2 2 100 mL BN B ¥, A ¥ 60.0 mL
55 40.0 mL B A HI AT ; (2)5.0 mmol/L HHL: 0.2148
g HHL T 100 mL MR Eh 2z biiis (pH 8.3) EPA];

(3) AR2E HIESIE (OPA): #4 80 mg &F2K — HIfiE
W 2 mL R, AR)55 50 mL PORRERERAR (100
mmol/L), 200 pL B-5i2E .8 & 5 mL SDS ¥ (m/m,
20%) VR, TRAIEERE 200 mL, IUAHIADL; (4
MBI A: F 0.1% = LR CIEHR, Tishi B:
0.1%H) =T LRI -

14 R FENHE

RO (X (Aglient 1100); /8452 pH 1 (AS
ONE pH BOY-KS723, Japan); midt/Avs Ol (18
Sigma 3-18K), 54t tE TH (JEfE GENOVA),
fEIR KIS (KTS-2346, HA ASONE).

15 &/ ACE #1H| R ILER 1 oy - & fff

15.1 /= ACE 74| IkFLER ) 6947 i
15.1.1 ACE il [RAHF W)

BT T-80 CHIFLIR B BRI 10 pL Eef
% 5mL MRS Wiz (37 °C, #E 24h),
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B RHRBEILF] 108 CFUMML B, 4% 29% Ho 435 AL B
MREFN S 20 mL BB LR 4E, 37 CHpEREFR 48 h,
IEEEEAL AR B pH EAR T 4.5 1 R BEFL S ORI |
¥5(3000 r/min, 4 °C, 20 min), fifif51# F 1 mol/L NaOH
WA R B pH £ 8.3, FHRE LIS AR -
¥ (3000 r/min, 4 “C, 20 min) EJA ACE i ik k3%
o
1.5.1.2  ACE il kRSN vE ) 2

SR FREITED, FEAM R D
ACE [¥HERR1AS ACEL i5PE, BACBIRINTR: ¥ 80
uL ACE FMHI AR 5 200 uL ) HHL ISR A
37 ‘C/KI%3 min J5 7120 L ACE ¥, 1215 37 C
558 30 min J5¥I1 250 puL 1.0 mol/L HCI £& 15 v
M 1.7 mL 82 CERZEEUE, W 1.0 mL HZEAEH0H,
120 ‘CHtTJaE, 1] ddH,0 EAZE 1.0 mL F840EE]
FHlE S, ODgog fE. 1 FHAHFIFEALIEG O A
Y HHL A1 ACE JRGD S AXTIRA, HER A
5 ACE i3

B-A

ACE#IH] (%) = ke 100%

HF AHHES: OD1E, B Akt ése) ODE, CHE
G xR e OD 14,
1513 REESLFIT B R sk & i

(1) L-BEEBRAREIERERZE: K5 mg/mle [
L - SR AN PR R AR VA M R 22 0.01 mg/miL 0.5
mg/mL. 1 mg/mL. 2 mg/mL. 3 mg/mL. 4'mg/mL< 5
mg/mL, ZRJ5 53 I EL 100 ul AR5 2 mL OPA &
SJI5EF: ODsgofH . B MREEM —AFAT, DL L-FEE
PR B PR IR FEE AR AR, ODagg AN ARARE%: il A
2, THEABIRE o T o 2 B R A I, Rt R A
0 LR TR TR 1) B KR RE D
(2) JZ L o i S B B U S B = 4 W

1 mL LR B pH AT 4.5 MR TERALRE S 2 mL
=% (0.75.mol/L)E 51,85 05 (8000 r/min, 4 °C,
5 min) WL 100 UL .FiE5 2 mL OPA JR2A], Failldt
ODs3yofHs [ElZ:AbFE ddH,0 1A A xR .
152 BA Z3k ACEIl & 3LEA ) 64 205

ZH WU 575 L ACEL i FLER T R i
B, ACE SMAJEH) HHL J5 27+ 2E 5 JRR, R HPLC
Gy ARSI S S B PRI E RIT 73 AT ACE 36 1 %
REEFLH ACEN 351
1521 HJREFRER L

Sy BIBCHIREE A 0.10. 0.20. 0.30. 0.40 K 0.50
mmol/L 1) 5y FREGFREER, LA, FRIEAR AR FE A Al
b, WETHRUE AN, SfbriELZ. HPLC 2T

41N Agilent ZORBAX. Eclipse XDB-C18 7 [z #H {4y
WERE (4.6>250 mm, 5 um, Agilent, USA), WelifE
¥ 20%3i5AH A F1 80%iishAH B, Jiti& 1.0 mL/min,
K 30 °C, KM K: 228 nm, #EREEN 20 L.
1.52.2 REERESLFL ACEL 5K HPLC 204t

WWITHHAFE) 15 HRAREE (R 2) HATHAEFLK
B, KRG 1.5.1.1 K740 % ACE S0
H 20 uL SR BEALFE RS, NN 40 pL HHL f5
37 CHFHE 2min, W HEUIN 40uL ACE A, 1R
J& 37 “CH¥E 30 min, /5 85 CUKifA 10-min £ 1%
N, WREX 20 pL SR 3 HPLC 47#f. [l L ACE
YD HHL BRSO BG4, (ECe 4l HHL
TICNIEYIIEZHCED Ch 4D, B (D115 ACE
2

Cc - Cs D

ACE 1%3(%) = ————— x 100%
I %(%) , e 0

H b Co AR R BURJZ, Cs ) T 20 B FR BRI
Cb 4 & A*t P20 B R BRIKJE .

1.6 F A7 A ACENE 1 5L B T 09 4 A A M 3R

it
1.6.1 /% = ACE #p 4| IRFLBR B 6937 18 1K 36

K H spot-on-lawn A =20 ACEN i PEFLIR B
FITIEES, 2 P4 B 10 uL (10° CFU/mL)
IR RIMFLIR R 7% LB INE MRS Beki 7%
Frhdy, BT 4 CIEFE2hJ535 CHI:48 h, L
HAARZIN 5 mm [RRBERINIEZ TR, B2 TAR: 1
FH 2K B A 3 R 7KK CL R R SR R R T B R R A
10° CFU/mL, #4 10 uL FR &2 3145 10 mL K
FEAHIZE 40 CHI BHI K LB BB R RIS (B
S. aureus 5 BHI #EARRE4F, Hp5 LB #IhE
TBA), A FRIE TR T2 AR N EEAR, F
AHIEEE G 35 CREFR 24 h, MEINEEER, B4
FARS AR 3 A TPAT
1.6.2 &2k ACEI &M 3B i 64 o BR A 2 2k
45

i MRS AR F= 00 HAA s s s v B
7= ACE VEMEIR I ALER R &0, BT 37 "CHiFR 24 h
Je, WRER 1 mL BT 1.5 mL KB SO, B
X 3, Horh 2 4 FH pH 2.5 F1 pH 4.5 (1R ZE
MRALER 2 h, B =48 SR AR SR KA A E X R
ANRER L 3 ANTAT, FHIRACHL S I LR RHRAT T MRS
TR, BT 37 TR 24 h Jeit BARAAEw AL B
THCEAR B 5 5L 20~200 AR, [AE, 4r g H
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0.03%/32 0.3%JEAHERALFE 2 h, FAFRER/KIED A%
s AU AR B R
l 6 3 EBA 3 ACEIl ZH IR E ¢ 2 80X 5
P B Iey H0E (K-B ) RilFLmE R
ZNURE , ERCHIE AR SRR IS F 2903 BEAHIR. (&
EANT 2 mm), SRJE¥ 500 uL R (10° CFU/mML)
55500 mL KEFHAHIZE 50 CHI MRS Bflg i3t
A IR 10 mL FLER BB R 2 AR ) R 7R 0L
A G RSP AEZG AR, AN RIEEAR /N T 24
mm, FEPARANZIEE T RT 15 mm, KGR T
37 ‘CH:F: 24~48h, MEANPHRCR . [RINT DAARHERUR
P4 S. aureus ATCC 25923 1EXTHE, (58 Bk I 25 ik
Tk 22 B WHO $244£) NCCLS &3 pibrit i o,

1.7 Lb. plantarum YM-4-3 Btk & B2t 42 &

ACEI 7 M 1 50 4 B

¥ EA =2 ACEL i P£ Lb. plantarum YM-4-3
WK TR LR, TERfC iiE RIFEE IS, 0
Wil oh, 6. 12, 18. 24. 30. 36. 42. 48. 60 &% 72
h REEFESRFLI pH. BEAEYIE. IFREAER (B
TR G &) B RS R ACEL VS HEIZh AL,

BN W USR] 548 3 ANFAT o TERSIUARE S pH ERS S

K B4y 4 °C, 3000 r/min, 10 min; A&
OD {HIFE 5 75 4.5 mL vk EDTA 43 G EE0.2%,
pH 12), JRSIJEHEIIEL ODey (l; S8 1.5 Hik bt
W E IR . MK S & . ACEIE T .

18 HABEAHE G4

AW FCTAR SRR RSD {HE ST
PERAT VM EACEE, TS T HE A bR 22 25 B T A
AR E S R T EAR R 1E ACE TEVESZR I
Wk A2, FrE $dE 484 Microsoft Excel A4 1
SigmaPlot 12.0 #HALFE1F 2

2 ZR5WL

21 EAwEs ACE M| & tIL IR & o 4 5
%
2.1.1 = ACE 74| AR ILBR IR 6979
IR AN CEEE T, KIE B ZRfEg K
FEEr L) 31 ARFLER T, %% 4 PRAS 4% ACEN 5 1E4F,
Hox 27 RIJBEAT ACE MG E (1587.1%, X 1.
® 1R, ACE HIfilFKT 0% EMILA 15
¥k, Hr 9 #8Lbe plantarum, 5 #£4 Pediococcus
pentosaceu, 1 RV Weissella confusa; 4 7 KRB
ACE |2 52 KT 70%, Jt A P KY-6-2L ] ACE
R By, Al IS 81.23%. MEIRFFLREE, i~
ACE [FH KA IE BT AR 9 MU, BAARCo i if
E R B FLER T £ DA Lb. hevleticus Jy3:M, Hik
#& Lb. .delbrueckii ssp. bulgaricus, Lactococcus lactis
subsp. Cremoris, Lb. casei /2 Lb. plantarum 2528
020, SCikiRIEAR L, AHT T4 SR R R,
B SCk B FR B 4, &I Ped. acidilactici, Ped.
Pentosaceu, W. confusa /% Lb. fermentum &5 J& 1 FLIR
W EA ACEl iEME, U RmESR KR mEN
i BAT ACEN TE VAL B I B FhZE -

T 1 KSR RERN SR ES ACE IHIREX M

Table 1 Relation between ACE inhibition rate and the content of free amino acids and peptides in fermented milk

iz ACE 7% %/% 2, # 3B AA(mg/mL) k42 /(mg/mL) R
ZTLM-3-4 - Lb. plantarum 1.1040.06 1.9640.06 1Bid g 3
YML-4-5 - Lb. plantarum 1.060.04 1.9240.11 Bz
YM-4-3 78.80.53 Lb. plantarum 4.6940.17 4.8040.16 Bz
YM6LM-2-6 15.4040.93 Lb. plantarum 1.33#0.10 0.91+0.03 Bz
YML-4-3 76.2040.85 Lb. plantarum 5.6120.40 5.8740.14 Bz
QBLB-3-1 - Lb. plantarum 5.3340.35 5.5440.15 mib2s
QBL (17) -3-1 16.50.18 Lb. plantarum 1.9040.15 1.5740.10 fib g3k
QBLT-3-1 41.4041.08 Lb. plantarum 2.810.20 2.62+0.10 fibz sk
QBLB-3-1 73.1740.90 Lb. plantarum 5.9140.21 6.2140.04 fib 2 3%
S10 61.2740.31 Lb. plantarum 1.4040.11 0.9940.10 ez sk
AY01 73.7340.91 Lb. plantarum 5.0440.20 5.20:0.18 BRI R
JSB-7 22.43#4.53 Lb. plantarum 2.23#0.06 1.9640.08 #KEHK
TR
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#FEER
KY-6-3L 49.7040.53 Lb. plantarum
KY-6-2L 81.2340.81 Lb. plantarum
KY-1-2L 75.4741.19 Lb. plantarum
SP-8-7L 51.9340.99 Lb. plantarum
HH-4-1L 43.6740.81 Lb. plantarum
HH-4-7L 66.1740.95 Lb. plantarum
YY-1-3L 73.27H.07 Ped. pentosaceus
YY-1-5L - Ped. pentosaceus
YY-1-7L 66.7730.57 Ped. pentosaceus
GJ-2-2L 17.3340.68 Ped. pentosaceus
GJ-4-2L 54.6341.38 Ped. pentosaceus
GJ-4-10L 16.8740.60 Ped. pentosaceus
GJ-5-1L 58.2020.66 Ped. pentosaceus
GJ-5-4L 34.1740.93 Ped. pentosaceus
GJ-5-6L 64.30+.15 Ped. pentosaceus
JSL-9-2 47.0320.68 Ped. acidilactici
JSL-9-3 27.33#0.91 Lb. fermentum
JS4 58.4020.36 W. confuse
JSL-9-1 17.7740.38 Lb. fermentum

3.2840.13 3.1640.19 Friz 8.3
4.0640.09 40740.11 Friz & 3%
4.7340.18 4.8440.15 Friz & 3%
4.0640.23 4.0740.21 by 541
4.5740.28 4.6620.21 LI 2 3K
3.8940.21 3.8840.15 LI 2 3%
3.96:40.23 3.9640.14 AR
1.9740.09 1.6640.05 Alrag sk
40740.18 4.0840.13 A Sk
2.1920.07 1.9140.10 AN B 23K
4.7520.16 4.8740.17 AN Bk
3.3540.09 3.2640.17 ANB 2.3
2.5440.05 2.31:40.12 AP 2.3
2.0840.09 1.7840.11 A8 E 35
4.8020.11 4934013 ANE 23K
3.6240.13 3.8740.18 #REHK
3.3840.11 3.2840.19 #REHK
4.6420.13 4744917 #REHK
3,040.09 2.8840.14 #REHK

VE: A ACENE MR R R A I E .
2.1.2 K EEILS B RABRASE IR A4

R HP i B S R B R IR A AT R e
B 7 5 2 4 5 N y=0.39x-0.20 ( R=0.995 ) 47l
y=0.36x-0.05 (R=0.995), &gt %K 1. & 145
SABIR, 15 Bk ACE il 225 i (1) FLIR A TR e i s
FL A B R LR AN R K A AR A, (H ACE #1)
HlR g e E 2 AR 2R RSSO R, Wi Lb.
plantarum QBLB-3-1 FFEIEH IS, Haill I ACEI V&
PN, R R TR R 25 2 SRR & AR
fe, AR e 5 1% BRI g S A ) 22 S A K,
BAARJFE PRI A R DA SR
2.1.3 B 5z ACEl EHILBRE & 7%

JaEE SO EL AL 7 2B AT = ACEL VT FL
P& A1 R AR SR F HPLC 3 iTisdb AT 520, DAAR S B
P A o FLWE AR EZR R R A 20T, A5 R PEIRNE 7 2
y=14695x+427.5 (R=0.996); & fiilii%#¢ 15 ¥k ACE
HIHIZEK T 40% M FLRR B AR ERE U B, BARESIR
W 2. WHREEREH, YM-4-3, KY-6-2L, AYO01,
YML-4-3 J KY-1-2L S5 R ACE il AT
75%, HHURH YM-4-3 RS IR BERLIT) ACE )
il 7] ik 80.83%, LT B R W1 64%I1I4MI] 2 AH
b, ASHE TS FLRR T HR I ACE $ii i et
AN [FI i 1) ACE #i 2R L Ase sl RINZR I, HE )L
B R ACEl 35, 17 Lb. fermentum F1 Ped.

pentosaceus AHXTALSS . BRAMAIEMRSL, WIFEE RS E
T2 RIEAY) G, I R] WA IR RIPTEENE, 1%0)
T3 AT A RN F TR ACEL V& 14 BRI 4 7 o
7% 2 ACE HIHIZRME iFLER
Table 2 ACE inhibition rate of secondary screening

_ o, ik ACE A% ACE
FEEM HE%

YM-4-3 Lb. plantarum 78.80#+.53  80.8340.93
KY-6-2L Lb. plantarum 81.23#.81  78.9040.66
AY01 Lb. plantarum 73733091  78.17#.00
YML-4-3 Lb. plantarum 76.2020.85  76.2340.81
KY-1-2L Lb. plantarum 7547419  75.5040.70
YY-1-3L  Ped. pentosaceus ~ 73.27+.07  66.7740.96
YY-1-7L  Ped. pentosaceus  66.7740.57  66.8040.87
QBLB-3-1  Lb. plantarum 73.17340.90  65.4340.76
GJ-5-1L  Ped. pentosaceus  58.2040.66  58.2340.51
SP-8-7L Lb. plantarum 51.93#.99  51.9340.45
GJ-4-2L  Ped. pentosaceus  54.63+1.38  49.7740.85
JS4 W. confusa 58.404.36  41.5020.36
KY-6-3L Lb. plantarum 49.70#.53  40.1340.61
GJ-5-6L  Ped. pentosaceus  64.30+.15  36.8040.70
GBLT-3-1 Lb. plantarum 41.40#.08  30.8720.65

2.2 E5% ACEl 7E ML B 0 25 4 45
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221 ZH3 ACEl 7 FLER H 6937 1 X5

FLIR A A& [ PR AN B b Z e, i
2 ST TR BT (R, SRR
i ERCES T, FRGERe W EAm R R
LARANIREINE, TR AL A5
Xt 5 PREA R0 ACE T A FLIR TR B PRZEAT HI A 1t

3%, IMEERRHZ 5 IR B AR B g
P, X} S. aureus ATCC 25923, E. coli O 157: H7, S.
pullorum, L. monocytogene, E. faecium %5 5 FREriEiit
T SR TR 1) SR IR R, ek YM-4-3 T AY 01
PR BRI BRI R (GR 3.

R 3 ARSI ACE| FEMFABREAMIEIRIE (mm)
Table 3 Bacteriostatic test result of five lactic acid bacterial strains with higher ACE inhibitory activity

2+ R 9 % ) 4447 ) B 42 D/imm

Ko FLEL . .
S. aureus ATCC E.coliO157:H7 S. pullorum L. monocytogenes E. faecium
YM-4-3 37.4740.35 41.3040.17 315740.21 42.0740.36 21.1020.20
YML-4-3 36.3040.26 43.3340.21 29.3340.21 40.5040.30 19.0720:15
AY01 39.6340.15 38.3020.20 38.0240.20 41.6040.30 22.5740.21
KY-6-2L 27.5340.32 39.500.20 38.6340.15 36.0740.25 18.070.15
KY-1-2L 36.2740.20 41.2740.42 28.0740.15 35.0349.32 16:5320.15

222 FH3 ACEl &M 3LER H 64 o BR A ft e
#¥ M Escherichia coli O 157:H 7
FURBEE N AR B 2 BT Tk K ey 7
PRAY, AN il A e A D I s B R
IR ARFRAEARSI 5 ¥R EAT 3L ACEL 1%
(14 LI A PRIV SR AL 13 I8 2% 1 T 7 B i I 3K
56, DIVEBIRIIX 5 bREARN B i et ). R0
FEW, %5 PREVRIAIBENT 32 0.03%MHEE & pH 4.5.4
FRIEZAT (4D, 1F 0.3%fHEL K pH 2.5 HIfRPER&LE

US LY =P/ (a7 S 7R 101 o et EAE | | SRR TTR=
A YM-4-3H1 AYOL 5k B PRAE A B IE 2h A iR R
FAAEE, 98 REEHAAE, HAEE AY0L
T B 2 T il ik 40" ofu F1110° cfu B2
I, T LIWPER & YM-4-3 Al AYOL PiERAEFUAT
BA BRI S M IE SRR, R P HE DX I B
MR HRE) B iE et /1, SRMEYIP 4R Ii T
PREVIBAMALS, A RIEA 7T e SEmshi Nk
P ARG A T IRIE

7 4 Itk ACE| JEMFRSERIMER R IAEELINIE (L log CFU/mL)
Table 4 Acid and bile tolerance properties of five'lacticacid bacterial strains with higher ACE inhibitory activity

_— EEH
PRAERS 003%A2  0.3%f2i pH 45 pH 2.5
YM-4-3 11.2140.26 7.5540.01 4074008 6704018  0.840.03
YML-4-3 9.6210.19 4.7840.06 0484001 1404011  0.2940.02
AY01 11.7540.11 7.610.02 6.0240.07  3.604048  1.2840.02
KY-6-2L 9.9540.12 3.580.06 0634011 5724018  0.7320.02
KY-1-2L 9.620.19 4.9240.08 1.0240.04 8734009  0.7140.02

2.2.3.4 HECACEITE M 3LEL 1 69 25 8GRI

2 MEURKSEI6 R VT e 2E 1A 1) — N EL R A,
R BHAATZEE, AR ety rI AR
IR, W BTG R S A T 24 3 PR R A s
T 727 A PR T 245 P B » AR 90 T8 5 bk LA 74 ACE
HPEFLBR I 2500 SE R IR 5, BRFEgs RE,
1% 5 PRI B2 . BEICER &R, sl
KEFRPIVD  EGRIDE RER ER L — e 2
YA, STHAR B R BA T, FHiZ 5
PRERTT DL 22 4T ) 2 BOREA T- & i S5 E 2 Tl

gt LIRS L R IR FO g B, AR AR
— Rk ACEN 1 5 Xt WL B Y06 SR B4 A 19
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B iE e 108 XA 245 25 42 1 Lb. plantarum
YM-4-3 bk, ZEARAT G A E R, AT T E sk
WAL E RIS o

2.3 Lb. plantarum YM-4-3 Btk & Bt fE &

ACEI 7& M iy 55 745 M|

TEREITh R CR (& A v, SEBRREA L,
KRR H A P R B R Th REME R & S R 2
R T DREME EARTE KRR T AR a5 () 324,
TS TR A5 2 St . A B T BE I (i fd L
AR B8 E BB LA, AR FTXT Lb. plantarum YM-4-3
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TR I R R P S L R B FE b ACE 4% (178 4k,
THEOUEATAIAS IR, SR WK1 5K 2. 145858
7K, Lb. plantarum YM-4-3 i Fk & B4 ACEN HftiE
KIFER 37 °C, {EZREEKEE 48 h J5, H ACE
PR A ik 80.53%. iZ bk 72 h REESRE R
PRA R pH A T RS SRR B R IR B AR R A I
FUHE ACE HfI SR 45 R, ZBRIEES 5% 6
h JEHEANKTEUCERI, UEERmT A0 48 h i, AR
Wk RME (1.05%10% CFU/ML), i R B L)
(1) pH 164 4.1, ACE #lifi|#% ] =ik 81.23%. HIR,

TR 2RI TR B A K, IR IEFLI TR 484,

Bk Ek I, SAERBEAR pH (HlF—D T, 4K
B2 720 J5, REEFL pH (EREZE 3.7, KEFIEKIFIEHT

H, WREYE K ACE fifilZ 46 N % (ACE #)
HIFAL Ny 61.80%), ZILG SAHF SRR IEAR R,
DRI, BT 2R R I L R Bt 5 PR SR i K 48 he Ak,
PROTRIEFL T2 h KB AR s R e 2 ks B S
ACE iR EaA R I, 1ERT 48 h R A,
TG RN, MR R 48 h B, EATI
e (T A AR & 5 5.01 mg/mL, £ k& & 5.10
mg/mL), Ui ACE #ii| 3 ik i (81.2340.09%),
H5 0 B E IR & 2 A& AR S EABG . H R i
R R BEALAME ACEL iV, i HHE SR EH
B SRATE R BRI E TR S Al A e,
NLEFE 37 C kI 48 h {FA Lb. plantarum.YM-4-3
PR BRI 2 e e S A B 2 A

&5 IHkS ACE| FEMFLERE A ZHIEURIALE
Table 5 Drug sensitivity test of five lactic acid bacterial strains with higher ACE inhibitory activity

N wAEE
AR
P AM CFP AMX PIP AM CTX CZ AZl ASP
YM-4-3 R S S S S S S S
YML-4-3 R S S S S MS S S
AY01 R S S S MS S S S
KY-6-2L MS MS MS S S S S S S
KY-1-2L R MS S S S S S S S S
E
B
N SXT VA CIP OFL NOR CM RA FT PB
YM-4-3 S S R R R R MS S R
YML-4-3 S S R R R R MS R
AY01 S S R R R R R
KY-6-2L S S R R R R R
KY-1-2L S S R R R R MS MS MS R
E: R-2h, MS-F AR S-BUR.
1.0 - r 71.0
6 -
0.8] T | 5| oDk . — 108
© T 1 —o— pHIA 2 s
; 4f v WWEESR (mgml) T 0.6
s 0.6) 1 T P T
E T 3g—a—§$ﬂjﬁ,1;f{mg}mL) T~ loa
= 04 —a— ACE#i| & _/ .
w 0.4+ L E =
2 ? LA {02
02F i
ok Jo.0
0.0 1 1 1 1 1 L 1 ! L 1 1
30 35 37 40 0 6 12 18 24 30 36 42 48 60 72
M/ C

1 JREXTLb. plantarum YM-4-3 ZEEFLAY ACE| SEMEFZNT
Fig.1 Effects of temperature on ACE inhibitory activity of Lb.
plantarum Y M-4-3-fermented milk

I} [E]/h
[ 2 Lb. plantarum YM-4-3 &E#idF26h ACE| SEMERITHZS M
Fig. 2 Dynamic monitoring of ACE inhibitory activity of Lb.
plantarum YM-4-3 during fermentation
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2t ik, — H. Lb. plantarum YM-4-3 F- 1574
DhREME REEALLE R, B = AR R B AN
KA SR G0 R BARRWIAR L, 1200 R i L 2% B T
ACEI JEMFTEFRME, [N IR RSB 7 TR
FNGREL, 2P fe G R i BHIR AR B3 A 20T R &
FIH-.

3 g

3.1 AWHFLETRA LLRAN G EEEAI R, LA
HPLC EEImImIEA RIASTTT, RemAINam
FE4s R S R H iy ACEL R MERIALIR B, Rk
AR T kg kR ACEL WG TEALIR
BRI PR 70 B 5 i 12k

3.2 AR B LG R S ) o B AR R —
PRi=24 ACE #II[iE £ B Pk Lb. plantarum YM-4-3,
H: ACE I3 ik 81.23%, 1 Has B rmf 7e &
RN, ZERTCERT S A WA 2R, Fik
R ] T S R DR tt K PSR o

3.3 AWK EA R ACEl iHTER Lb. plantarum
YM-4-3 BRI SRt R et FEE DA S R B R R e Ak A
Vi, pHME. VRS EIEIR & 2 RS BT ACE i) 2
(RIS T S ISR B, RN 37 C, K%
A4 48 h 42 Lb. plantarum YM-4-3 itk KBz =42
ACE i RS iE o IR B AR R 2%, I L
HEAAEYIRE. IFREEERS Z KA E & ACE i
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