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1 E. 86 kb E et RKEHEE (Angiotensin converting enzyme, ACE) 7|k fLEAH i 2 £ &
AR, Fik: RBFGQRMBER ACE WpH R ILBR A 4T 005, ARBIRBEIEIE 4G 49 ACE 94 F x4
55 b 2 #ALBRH ZIUIDS09 A= ZJUIDS11, #t—# it atde, A, RAFA AR EHTEEFNE, R
6 iR AR AT BLAE AL, A ATILILA . KRG AR ILA K BEG =40 ACE Wl F. 2R Rt hdHh
ZJUIDS09 #= ZJUIDS11, # & B389 % @ KAE S HIA 5.79%=0.14% F= 5.75%+0.10%, ACE %] % 5514 87.39%+
2.44% 2 90.41%£0.99%, 1Cs, 1A H1H 0.31 42 0.25 mg/mL, ZAL R BikikE ACE 4p# E 55174 70.13%0.15%
Fo 76.39%+2.91%. H #k ZJUIDS09 A= ZJUIDS11 #8 B A RAF ey At R At e & . RA AR AT HENK, & 16S
DNA £ 2 97 Hh FFRIHFE (Lactobacillus reuteri) #2365+ JAFHE (Lactobacillus helveticus) o i@ id 3+ b —
FQRET AR RS GIA3Bigdl. FA32dlE. REFBIAEHLAKFILFE) 2RARKTEGE G ACE H £, #Hx
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+HILAFHE ZIUIDS11 A % 3% 69 = ACE )ik At 7, B A T K% fo /o) At K BESLA] S b9 % 77 o
KBEIR): SLEL 1, B B IR R LB R AR, B MiEIRIE, B A4, K BR Y

hE 5 HS:Q939.9 SCHAFRIDAD: A X EHS:1002-0306(2022)10-0149-09
DOI: 10.13386/j.issn1002-0306.2021080212

Screening, Probiotic Properties Evaluation and Application of
ACE-inhibitory Peptide-producing Lactic Acid Bacteria

SONG Xiaoling, GAO Jiting, CAO Feiwei, HU Ziyi, REN Daxi"

(Institute of Dairy Science, College of Animal Science, Zhejiang University, Hangzhou 310058, China)

Abstract: Objectives: To screen lactic acid bacteria (LAB) produced angiotensin-converting enzyme (ACE) inhibitory
peptides and to evaluate their probiotic properties. Methods: Lactic acid bacteria were inoculated into skimmed milk, the
proteolysis degree and ACE inhibition rate of fermented milk were determined by colorimetric assays. Two LAB
(ZJUIDS09 and ZJUIDS11) that resulted in the highest proteolysis degree and ACE inhibition rate were selected, and their
probiotic properties were evaluated, including acid resistance, bile salt resistance, antibiotic resistance, and antibacterial
activity. The fermented milk produced by the two strains was treated with simulated gastrointestinal digestive juices, and
their ACE inhibition rates were determined. Finally, the two strains were used as starter cultures in the fermentation of
Holstein skim milk, Holstein whey, buffalo skim milk and buffalo whey, and the ACE inhibition rates of the fermented milk
were determined. Results: The degrees of proteolysis of fermented milk produced by strain ZJUIDS09 and ZJUIDS11 were
5.79%+0.14% and 5.75%+0.10%, respectively. Their ACE inhibition rates were 87.39%+2.44% and 90.41%+0.99%,
respectively. And their ICy;, were 0.31 and 0.25 mg/mL, respectively. Their ACE inhibition rates after digestion with
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simulated gastrointestinal juices were decreased to 70.13%+0.15% and 76.39%+2.91%, respectively. Strains ZJUIDS09 and

ZJUIDS11 were resistant to acid and bile salt, exhibited antibacterial activity and antibiotic sensitivity, and were identified

as Lactobacillus reuteri and Lactobacillus helveticus by 16S rDNA. Comparing Holstein skim milk, Holstein whey, Buffalo

skim milk and Buffalo whey after strain fermentation, Holstein skim milk was the most suitable substrates for strains
ZJUIDS09 and ZJUIDS11 to produce ACE-inhibitory peptides. Conclusion: Lactobacillus reuteri ZJUIDS09 and
Lactobacillus helveticus ZJUIDS11 screened in this study had a strong ability to produce ACE inhibitory peptides and had

the potential to develop fermented dairy products with blood pressure-lowering effect.

Key words: lactic acid bacteria; angiotensin converting enzyme inhibitory peptide; gastrointestinal environment; probiotic

properties; fermentation substrate
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F8 7N B OBR . K g AF B O157:H7( Escherichia coli
O157:H7) ATCC 25922, R A5 FE V011 G (Salmo-
nella typhimurium) ATCC 13311 35 [E MBI £ 354
AR Lo s B AN M 8% A 2= BT R (Listeria monocy-
togenes) CMCC 54007 . 4 ¥ (0,755 % Bk B (Staphylo-
coccus aureus) CMCC 26003  H [E E2A 4N HE AR e
Hidues; HER | MRS Rz 73E | BUiER 3L dbat
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1.2 LWHE
1.2.1 kpEzLiiles U S50s= 2L0R oA 2 AR
FRAR, 7E MRS [FA$5 323 1610 =A%, B &3
T MRS ARG FR 5 37 C B35 20 h J5ECH,
PBS BB RRME BRI 2= 108 CFU/mL, 3288 3% (v/v) 1Y
PR AP B KRR FL (1%, w/v) HR, 37 °C H55%
48 h JHL, —20 °C WGHTICE:, RRiE—2E 53T
1.2.2 FREZKMEREME 8K e =5 %
Hade G 7k . DAL AR MERR W, SR OPA
PRIEAE SLTE 340 nm A IOGAE, il A=
F/Kf# s (DH) . FREL 0.01 g 2258 T 100 mL &5 &
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FRHPE 2, M S 1 mmol/L, PR 4l K i B
% 0,02, 04, 0.6, 0.7, 0.8, 0.9 mmol/L, Bl iz
SRIRERE L, 17] 96 FLARH LA 20 nL 2220 bRitE
WM 150 uL OPA IR A, # & 2 min J5 2L
340 nm B W S AE (Br #E it 8 7 #2 28 y=0.5746x+
0.0178, R?=0.9935) , I & B FLIE M F 20 fF )5, B
20 pL A5 150 pl OPA ¥EWIRA, # 8 2 min J5
B2 340 nm FYIOGIE, TN
VXN

WserineNH, = C x T = (D
b= (WserineNH, — 3) &£ (2)
a
h
DH(%) = — x 100 X 3

P Wserine NH, 7R 4 50 85 T 7 22 2R 119
T, mmol/g; C FRANFEN: OD (EARXT W Tl Hh 2245
PR PRI 2, mol/L; V TR AT, L; N FonFm B
B X FERE R, g5 h 2845 v 2 11 DR K il bt
24 B IRERZL, mmol/g; h,,, 72755 5o 85 T & A9 I
ZEEE JREL, mmol/g; FLEEH M o {HM 1.0, B{EH 0.4,
1.2.3 ACE i E AL a0 W) & B A 5
FL pH = 4.6, 8000 xg B5.0> 10 min B 15, F-F
7w pH JEE 8.3, 8000 xg B5.0» 10 min HX 15K
15 & LI

HEPES Z% % : pH8.3, 80 mmol/L HEPES 2z 1}
(% 30 mmol/L () NaCl); FAPGG &5#%: Bl FAPGG
BRI A 2| HEPES 2% vh i b, Be il s 1.0 mmol/L
i) FAPGG ¥ ¥ ; ACE ¥% & : BU ACE [E 44 i A 2
HEPES 22, il 0.1 U/mL Y ACE ¥ -

ACE #1122 (i < k225 D IS0 7 F1 Memar-
poor ZEUS FEREAEME M, LA FAPGG IR E & 1
FLIENI ACE R, HZ 40 uL AA5FT 50 ul 1 FAPGG
IBEE), BE A 10 uL B9 ACE ¥k, I FHEGEAR
AL RE OD,,, FUE M AT 5 ZE LR AU FR ACE B 7%
e, 25 X IE SR HEPES 2% vhik (40 pl), H4xim)
R Lo =T AR

AB—AA

ACEHHI (%) = % 100 L))
A AA S X B ZHAE 0~40 min P9I SGIE

S AL ; AB N S8 2H (ACE #1157 ) 75 0~40 min Bt
SCE AR L .

IC, I RE - 4 K BELIE VR T, BOA TRy Nk &2 i
A% 30 mg/mL ¥R, 2 B G0 0 s v 22 AR
&, AL 8000 g 5.0 10 min PR EE FIEW, fil
JH 10 kDa #BIEEXT G WA T8 08, WO IS B
BCA & e H 2 k&3 (BR300 , AR
WA RE R 6 P Z KM AL A 0.001. 0.1, 0.2, 0.3,
0.4. 0.5 mg/mL, M & 25U JE AL E T 19 ACE i) 25,
FI FH Graph Pad Prism 8 #4318 £F 19 1C,, 1B
(IC5, 7€ X H ACE i 383K 50% I} AT 5 i) 22 ik ik

).

1.2.4 #RIEmEE AN TE®AmE S Lisson
ZEO) AT K . BUREERL 5 mL, B AL S AT H
Wit 2:1(vV)IRE, T 37 C HEIB/KBIR 2P
1k 2 h, WK INE 10 min PLZE E N, BUREI < H:
ACE il ;B & I EHE LS RESFE 1:1(vv) 1Y
5 N T HEiRA, EEEKBEIRZ A 2 h,
WK IR 10 min PAZL R 2 W, BUREI 2 H: ACE
{11 IRz

1.2.5 EEFEk 16S rRNA X5E ik 2] A BERX 2=
AT AR T AR A BRA W 70, s 2009
JF 2T NCBI ¥4 % vhif it BLAST dEF7 [R5 E
BHE R . I MEGA 7.0 B3 THRR RS &
BRI
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1.2.6.1 ZFLIRWIRMTZMHEEENE S A IR
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A E T pH b 3.0 19 MRS W AR B F2 3L b, 7F
37 °C T3, 43 BITE 0. 3 h U Uk, BEA 710 TR,
TR A2
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1.2.6.2 FLEREAHELTHSZPEREME SR EFRAER
A, B FLIR A (MR EEZY 10° CFU/mL) LA 10%(v/v)
FUEEFP R R TS 0.3% 4 HER (viv) 19 MRS AR K
FEFE, FE 37 C FEEFE, 4350HE 0. 3 h BUEEVR, 4T
W BT, THE N ER T 3714

B BT 52 5 (%) = %x 100 % (6

Hdr: Ty Ty 435I M B AR O A1 3 h 197 B
¥, CFU/mL.
1.2.6.3 FLRWEMMETEIE SFHRE S5 WI7
2, SR AR BEY A I EL B AR ZJUIDS09
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4 FhFENEAR CORIATEE . YT TR . & F i A Bk e
IR 20 i 1 A 2= R TR Y B R MR U
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F(50 ), IRE A EEIEF R (15 mL/IL), ¥
BEIE =i o E i JC R A AR, K FRRR ZTUTDS09
1 ZJUIDS11 st F3ERESInARFLA1(200 pL/AL),
DIAREEZLIR P ) MRS R7EIas AXT IR, #6 37 C
THEFE, 24 h JFIEAN R EAR .
1.2.6.4 FLRPMPUAERBURM: SR E—HP
MR, SR A AR T EE P R AR ZJUIDS09 Fi
ZJUIDS11 Wbz FHfuskt: . 4358 100 pL B R
ZJUIDS09 Fi ZJUIDS11 BB E# (29 10° CFU/mL)
F MRS BMARBEFEIE L, AR5, SRIEHCE DT 3R
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4K, 7 37 °C 3%, 24 h JE Pl e Bl A%
1.2.7 FLERBEXTAS R BENCROR LUEE Wit
MRReZL BN #2 11% W i /K E i, JE3E pH = 4.6,
8000xg i .[» 10 min £ B LiH#, A LiH W pH =
7.0 AT 2 2LV /K AR 2L T PR 2R TR AL, Kk
47, 5000xg B .0» 10 min JILJE, 4R 5 ¥4 ¥ pH4.6,
8000 xg Z.0> 10 min £ IE W, VA LIEW pH &
7.0 15K AFLH o A BCA 1855 &0 435 e fr dr 8
HRABZL . far i FLIE . AKAREZL . KA ZLIEE N
HeEE . FHEZEACK 4 Bl 008 e BEJREE Ry [W]—
WL, B PERR ZJUIDS09 F1 ZJUIDS11 % 3% (v/v) i)
BRI 4 PRI, 37 °C K EE 48 h, BUREDIE
ACE #lIifi3,
1.3 HIELIE

AR E R 3 K. KM Graph Pad Prism
8.0 M HATAE LR M L& 45 2 Il U3 i £ &5 SR HH
SPSS 19.0 A4 T 0. B 2 J7 224387 S b 4547
(one-way ANOV A Fil two-way ANOVA), fiiF] Tukey
T 2 H LA, e 2h SRR o I E R R 22,
P<0.05 2R A gei24E X
2 HBRESH
2.1 /= ACE #IHIBRFLEE BRI R#) I7%

Xof S E AR Y 30 SRR AT FLR BE ST
36, W52 AR KR ALE 2.74%~7.54% =2 1A, ffidk
T 13 BRIKARE J1 BB PR AR (P<0.05) A J5 HH o
%, WE 1 R, #ITiAR 3180 13 FPEAR, iR EH K
FRIEIITE 5% LI, Hh R ZJUIDS22 Fil ZJUIDS13
PRI I K A BE 1 B (P<0.05) , ZK A 435115 7.54%
M 7.51%;
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Fig.1 Protein hydrolysis degree of fermented milk by
different strains

H: ARVNEFRFRRERBE, P<0.05; K 2, % 1 6,

SN D D

2.2 7= ACE #IHIRKFLERE Y £ 06

X IR Y 13 BRAK A GE 7 B850 00 b AR E
AT WSS, I ACE =R, Frfggh i LiE 2, 4%
SRR, IHRIRCR B A 2 Ak ZJUIDS11, H: ACE
THIFRIS 90.41%, 13 BRFLIRE P, A 6 BRFLIRFR A&
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Fig.2 ACE inhibition rate of fermented milk by
different strains

BEZLIY ACE #1025 b 25 vy T B Pk (P<0.05) ,
ACE I ZE97E 80% LA L, i 6 MRid T Inss
FIITSY o
23 ABMEAEBILERIUBI&ES ACE 15 ZE A
Tk

6 KRB I K EFL A N T B W Mz m AL 5 1l
ACE #liIZRULIE 3., 6 FhERAR A MRl B 8 M R
JEAE B K AR TS, ACE MR 54038 R I, 3
1T AL BT (P<0.05) . ZJUIDS09 % R4 8w
W AE IS, ACE #ll il 32 70 i 55 M A8 16 (P>0.05) ;
ZIJUIDS11 & EEFL2 B WAL ACE i =5
JelER S FHE (P<0.05) s & N T mW /5, ZTUTDS09
1 ZJUIDS11 ‘& B2 %L 09 ACE ) 1 22 45 51| 35 5] T
70.13%+0.15% F 76.39%+2.91%, B&w THE 4
H(P<0.05), KL, &S ZJUIDS09 Fll ZJUIDS11
K E T ACE $I BRI A1 7 bk

50 o

80

ACEHIHI % (%
—_— N W B L
SO O O O O o OO

S " 9
&S
Y S
BiffkEl DA AT HK s ATHK
B3 AN WAz & Bl ACE il <) 52
Fig.3 Effect of artificial gastric juice and intestinal juice on the
ACE inhibition rate of fermented milk
TE: A RS 70 208 7] — B i A R AL By BE 22 5 1 3%,
P<0.05; AN[Rl/ING FhEF R [F] — TH AL T BEAS [RTRE i 18] 22 57 1
#, P<0.05,

24 BEHHEENMRGELBMLE
e )R A, WikR ZJUIDS09 & EZLI ACE
RN 87.39%+2.44%, BBk ZJUIDS11 A BEFLIY
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ACE 4] 3 A 90.41%+0.99%, Wi & &1 HE it 52 A5
THAEERIR ﬁﬁiﬂ'ﬂfﬁﬂﬁ*ﬁ%%% 16S rDNA J¥51, K3k
MFFEAHET BLAST AT, £345 16S rDNA FIFR
fﬁﬁiﬁﬁiﬂ@m%ﬂﬂ( [l 4), Witk ZJUIDS09 % {7
ECHUITFEI (Limosilactobacillus reuteri), itk ZJUIDS11
R EFUTEE (Lactobacillus helveticusstrain) o
Lactobacillus oris strain NCDO 2160 (NR 118973)
Lactobacillus antri strain Kx146A4 (NR 027206)
Lactobacillus panis strain DSM 6035 (NR 026310)
Lactobacillus pontis strain LTH 2587 (NR 036788)
Lactobacillus caviae strain MOZM2 (NR 157747)

ZJUIDS09
Lactobacillus reuteri strain DSM (MN 537548)

A 90

99
98 Lactobacillus alvi strain R54 (NR 118032)
{Lactabacﬂhlx ingluviei strain KR3 (NR 028810)
100 Lactobacillus equigenerosi strain NRIC 0697 (NR 041566)
TGELactubacillw_fermentum strain CIP 102980 (NR 104927)
100 Lactobacillus gorillae strain KZ01 (NR 134066)
ZJUIDS11
Lactobacillus helveticus strain NM55-1 (HM 218240)
Lactobacillus amylovorus DSM 20531 (NR 117064)
Lactobacillus kalixensis strain Kx127A2 (NR 029083)
Lactobacillus amylolyticus DSM 11664 (NR 029352)
Lactobacillus delbrueckii strain NCDO 213 (NR 118877)
Lactobacillus colini strain 111144-L1 (MN 156075)
Lactobacillus taiwanensis strain BCRC 17755 (NR 044507)
Lactobacillus apis strain R4B (NR 125702)
Lactobacillus kimbladii strain Hma2N (NR 126250)
Lactobacillus kullabergensis strain Biut2N (NR 126251)

100 Lactobacillus helsingborgensis strain Bma5N (NR 126253)
84 Lactobacillus melliventris strain Hma8N (NR 126252)

K4 PIRRFLIRR R R SR T M
Fig.4 Phylogenetic tree of two lactic acid bacteria
TE: A: B CELFF B ZJUIDS09; B: B+ FLFFH ZJUIDS11,

2.5 ENERAEEZLA ACE 15 1C,, EMNE
ZJUIDS09 Fil ZJUIDS11 & EFLH ACE M=
HHZ R 2Z A fF e B i E e R, Z AR EE
5 ACE #ifilZ [a)idsC R SA(RP=0.951)F1E] 5B
( R?=0.928)ffi7~. M Graph Pad Prism 8.0 #¢f’}:ik
FTIAELR L5453 ZJUIDS09 Fil ZJUIDS11 R BEFL
ACE W il ICso 18 43 51 24 0.31, 0.25 mg/mL( 7F :
ICy, 5E SR ACE #lilZRIE 50% B ETs A2 e ) .
2.6 MRFLEREAVEE ST
2.6.1 PARRZLEG B I BRI A2 R A AHER T 223 ARk
5 eh, F AR ZJUIDS09 F ZJUIDS11 B RR i 52 2 Fl
AHERTR 22 2405 1 s, B pH —AE 2~3 A2
17, BATTRMN S22 LR PR A eI A B Wil vh R4 E
JH, 36 245 L 7R AR BRI BR TR 52 %50 531 62.50%
Fi1 152.00%, ZJUIDS 11 MR 32 322 ZJUIDS09 1)
2 5P b AN IIREER B e 240 0.30%, HAT
ARERHTHE LR T A RE7E/ N T 4ERRNE 1 9 & 528
A= BRE A, 1006 45 SR S s AR B A4 HE R it 52 3243531
H 0.26% Fi1 0.004%, F2HH ZJUIDS09 1] LA 52 /1N
FUNEERFRES, ZJUIDS11 JLF3eA RS
2.6.2 PRARFLER B XT 4 FhH DLECOWS 1A i 4T B 1 4

TEAIRIG 7, SR 4 Rz iE s EVE e, 251
I B AR ZJUIDS09 Fl ZJUIDS11 7S BN 7%

A 125+

100 1 }

751

1C4,=0.31 mg/mL
50

ACEMHIZ (%)

Oi T |Jl T T
0.1 0.2 0.3 0.4 0.5

—25 g%@ (mg/mL)

1C,= 0 25 mg/mL

ACEHIHIZR (%)
3

O{ 1 I: 1 1 1
01 02 03 04 05
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K5 KIEFLAZ RS ACE i 3 E] A 5C &
Fig.5 Relationship between the peptide concentration of
fermented milk and ACE inhibitory rate
FE: A: B LA ZTUIDS09; B: i+ FLAF R ZJUIDS11.

%1 SURREIR. AR %

Table 1 Acid and bile salt tolerance rate of lactic acid bacteria
P PR 2% (%) RHERT 37 . (% )
ZJUIDS09 62.5042.13° 0.26+0.04*
ZJUIDS11 152.00+3.98° 0.004+0.00°

P, BmEs SR LER 2. BEIRR ZJUIDS09 #11 ZJUIDS11
X} 4 PO PE AT — 2 ANHIAE L Bk ZJUIDS09
Ko} 4 P €04 26 BR AR i A TR A Sl = 1 0 28R
(P<0.05), 1M FElIA 15.25 mm, FEk ZJUIDS11 X4
WO A BREE . S A MG A= 2= B RE B A A A B
A BARCR (P<0.05), Herp ol PR 4 it 4 A= 2
TR R B RSO R B A, IR 15.01 mm. Kl
HikE ZJUIDS09 F1 ZJUIDS11 A= K3 B vp = 2B i 4t
U R B — 2 PTG TR, X A TE R A e
HEEH

2.6.3 PHIRFLERFR PIPTA RUSM: ARG CLSI /Y
290 EARYE, 43 BIFTEIRR ZJTUIDS09 Fi1 ZJUIDS1 1
MR DLBT AR B UB AT R, 5 R UL 3. TRIAR
ZJUIDS09 X 4 Frhi AR (EEER . 4.5 R whid
. AMATER) 2 IGUSIRE, HoA X E BAUEk,
B BBl 1k 35.15 mm, % 35 & 2= AR . B Rk
ZJUIDS11 % 2 FhHiE R (LIEE . UIFER) S UK
IRAS, HoA X185 2R B fURR, FERT Bl IR 20.51 mm, X
AE R P EME T EEE P EUR. e
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Table 2 Antibacterial activity of lactic acid bacteria

» o I A% (mm)
3k FRRTERR —
ZJUIDS09 ZJUIDS11 FEPEXT R (PRAT 25 22)
G 4 VR A ERE CMCC 26003 15.25+0.75" 14.75+0.25" 11.2342.03
+
AR AN RIS A ZE MR CMCC 54007 14.2542.25 15.011.00" 11.67+0.62
G KIHFFHEO157:H7 ATCC 25922 13.50+0.50" 11.1120.107 8.52+0.05
RUFE T TIREATCC 13311 8.55+0.01 8.53+0.10 8.5+0.05

T *RoR 5 PR RRARLL, 225 3 (P<0.05).

F 3 PIRRILRR B A B R AU

Table 3  Antibiotic sensitivity of two lactic acid bacteria

W EE R E A% (mm)
2 AR
ZJUIDS09 ZJUIDS11
HER 17.55+0.45% 13.56+1.26%
AEE 35.15+0.95% 14.50+1.47"
[ARE S-S 27.90+1.20° 20.5142.48%
TR 26.65+0.55° 17.91+2.01"
UIEZ S 17.20:£0.90" 19.51+0.50°
ANEER or 13.14+0.03'
AR 23.15+0.05° ot

T SR YUFR /s RIGERTRZY

SR 3% W PR R R ) R 415 2R 3R I L1 A v A AU, R
AR EWPTER(EER . AERK. WhiER. UK
)T 2 (e XA AU T AU
INEAGTZG1E), Bk ST ERT .
2.7 PHABREN T RIRILZEEE ACE HHIRR
837

KgAK A AR FL . /K AZLI . iy BEAR L . farir
LI IX 4 PR JRHE R R — 2R U, in AFLIR
B ZJUIDS09 1 ZJUIDS11 #E47 A& B, 5 % 5%
WY ACE 3R, anlEl 6, A W) B AR A& B 7K 4 it
REZLAKA-ZL3, ACE IR 5ITE 77.25%~89.92%
1 34.22%~37.38% = [a]; A [A] BRIAK & e o B dH g
FLATHTEELIE, ACE #2253 HI7E 86.46%~88.48%

100 N

aA aA

90 anal A T
_ 80 -
§ 70 L
- 60
E 50 o B -
5 40 e
% 30 , o
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ZJUIDS09 ZJUIDS11

i
CUKSEIIREL KRS DRIIHHABIETL BT
Bl 6 DUFhAREIRYIN ACE Hifil%

Fig.6 ACE inhibitory rate of four different fermentation
substrates
T AR RS P R Al — B AN [R] A B ) 18] 22 5 .35
[l NE PR Al — R B Y AN Rl BRI 22 57 .2, P<0.05.

1 37.29%~41.32% Z [8]; Toit B irH g 2Lic 2
IKAEREFL, REES I ACE 3| 848 035w T2L
(P<0.05); XF LhAar 0T sH e AR ZLAR /K 4 W AR L 2 9 /5
i) ACE il =8, & B3 J0 i M2 5 (P>0.05);
i FHAS Rl PR AR R B TR — IS, R BLH: ACE fii| 30
I E M2 R (P>0.05),
3 g

HA = ACE Ml KD RE i FLIR 5> 52 5|
ARSI 22 (19 5T, SR PRRR Y BR /K R ST AR
25 5P TRk & LN B PR A B R R, DR R
MR R Il R Go B w, nT LOR LR I R A R
HAIZRK, 7= ISR I TR B B4 42 7™ ACEL ik
MW T o AT S5 3 AR 30 SRR IE AT
REZL A WL S, LK BRI iiida bk i 13 ok
fir 25 1 RE Ju B o Y TR AR (P<0.05) , K EE I 7E 5%
157 s

FLIR B Wi i 2L RS ACET IR, i 255
AT LS ACE 3 P44, M BHAS i 7 Bk 2
0 74 22 i DA B AR i3 5% T3 K 1) 3 A, s B A8 LR i g
2o LiZEPO PN 41 R T ESFLAT R b, G gkl 2 Bk~
ACE il SR AR TR, IH] =ik 73.50%;
Chen 807 P\ 59 #k B b FLAF B8 A, O 6t 3 Bk
ACE il R BRI, 3] 22 5% =53k 81.71%; Pihlanto
S8 et 25 B HL AT ACE i 3R 19 LR B &
i 7L, ACE #lilil R AE 5%~74% Z 6], ICs, 7E 0.42~
0.52 mg/mL ZZ []; Tsai &6 (i 2L o (98 $uat Bk
PRANGR IR ZLATB&) A1 B F 2 B A 2L, I &
Pz 31 IC, {ECA 0.27 mg/mL; Leclerc 4511 Fuglsang
SEROSI it F S - FUAT B8 2 R 2L, e A2 I FL I
B ICsy M 0.16~1.1 mg/mL. ASHWFFE I 13 KRk fift 25
FIRE S 405 m PR AR R T e HY 6 7™ ACEIL IRBIUCR 5
G AR, A B [CELFF AT ZTUIDS09 ki 1-FLAT
B ZJUIDS11 % BEFLIY ACE 151553 3k 87.39%
F1 90.41%, 1C5, 1H 535120 0.31 F1 0.25 mg/mL, 5 I~
RERAH LY ACE $Hi R 038 . 3X A] GBI A Ak
BegE B B, HAA R R E A RS, HAi
R R I . A PO DIl B 8 R, T LA S s b A
A FLE L A W TE R AT LUA R B e i
ACE {&PEruogiG, il ACE rIE1E-

FLIER B & B LB A= s M R BE RSP B
AR A BERFEE P, — L PoIAE R



%43 % 55 10

RN S 77 ACE MRIKFLRR B BRI | 5 AR AR ETERE S - 155 -

B S TCHE RN, I R2e0t B M R Al LS 2
W, — LB R AR T E P KT E 2 B I AR I T AL S
S K S /IS TS A B, TR B AR s T A S A
ACE i 22 & W 2LAE NN & #EE 2 s
bro ASIREE M 6 BRF= ACEI ISCR B G-I Z LR B
30 S AR AL i T A 0 e L 2 R A B0 PR AR & e
L, 43 B2 ZJUIDS09 I ZJUIDS11, XPFE kA
BEFLAELe St B AL , ACE $ SR I94T BT T %,
ZJUIDS09 Witk & mEZEL FFEZ 70.13%, ZJUIDS11
MR EEFL TR 76.39%, Chen ZEB4 (i FAHYFLAT
B L69(Lactobacillus plantarum 1.69) & ¥ 111 =45, 18
RSN B AL & FR, HEAERTHY ACE $il] 3 nT
ik 79.11%, & BIHALIE B E 70.22%, fx )5 (EI7E
Wb 4Edr 59.89%, RIEEFL&AN B BiHib/S ACE #il
HREBRAR . X FGANRIGSE e — 2k, A Al T
iR bRl A= 7= A9 ACE $Ii Ik 2 B 15 25 1 T Ab J5 Bt
T — 28/ NA ORI A BE . AR EEHAth AR ARG 4G
A I i 158 (14 3K PP PR AR & IR ek B T Ak
JG 1 ACE Wil 244 s g . Eitk, ZJUIDS09 Fi
ZJUIDS11 & 77 ACE Mk KA v I bk

ARERFNPR A7 M B e 2 LR B 2 75 e NS
30 AR B R A iz I BRI, DI HE fRi A1 1 SE A
MR o ARG i 158 1) PR R LR BT A R T A7 S M4
60% LA I, 5EIRZLATFBEAH 4, HAT 1 45 19 it i
Pk RS FLIR B AERHER Hh A 15 SR AL T 0.2%~
0.4% Z [a]RPe8 A ge v i B P CELAT B ZJUIDS09
FURHERAAIE N 0.26%, HLERH-FUFFE ZJTUIDS11 55
AT RETERGIE AP L el ko h, PrsieE R
X AR B - P R e — e R AR A
WHRE, PERFATE ZIUIDS09 i 4: 25 (4 255k
TR BRI, BT ZJUIDS 11 X 2
2R PRAT AT AR . b RS R R
AR )28 P34y, B R ERF LA R ZJUIDS09 X4
P ERURE, BRI ZJUIDS 11 X145 23Uk

ANTFARYE (A . KA A= ZLI BRI RR MR A A i 5
255, RNRIZERIYZLE A (FLIS S A . BEER . BLIE
T A=A IR A E S AN D BE L A 5 B X
SC S ARER T H IR ZL . T ELYE | KA
NEZFLAIZK AL VA3 Sk ] —3E R B, ek AR R 1%
JE Xttt ACE #PHil3, & BRLABENSFLAE A & B4y it
i) ACE Il 2 b ZLiE & — 1% (P<0.05) , iX R FLAR
TR A 1 25 A I AR 7 B ACE JIRTERSOCR: I e FLG &
FA5i . JRI6 & B B B s FL AR A B 2L A eSS
) ACE il TG i P 25 5 (P>0.05), JE A AT B &
FLE AP A ARG RN, Dtk 25 s)2e
GEAS, far B B 2L S S S BRI & BRI o
FLrp (R RS R K 1) 43 85 S T 3800T e AT e iE— 2 W 5
BIRE o
4 i

AT I A ER KRS . ACE HHISR  A5E

LB B HALIS B9 ACE $IHiI5, e 5 2 BRIl
& ACE 10 il JIKk i LR 7, o3 ol o 2 OF IR ELAT 7
ZJUIDS09 Fiiffi+FLAFE ZJUIDS11, ACE #lliil 3855
B R 87.39%+2.44% Fll 90.41%+0.99%, 1Cs, 1H 535
A1 0.31 A1 0.25 mg/mL. Tz Ay T, PAAR X
T FREERHBAT R AF a0t sZ e, HASH A 254, X A
IAEFRAA AR . 3L IR 108 LEASCA S, 3X T
RRIF AR B CY A ATrEIE 7L . WFFESsRER
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P L) i T o
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