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Abstract: Objective: The potential ability of probiotics to prepare
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angiotensin-converting enzyme ( ACE) inhibitory fermentation
broth from quinoa and the effects of fermentation process on it
were investigated. Methods: In this study, 18 strains of lactic acid
bacteria and 12 strains of yeast were screened for their ability to
prepare ACE inhibitory fermentation broth using quinoa as the
raw material and the ACE inhibition rate as an indicator. The in-
oculum amount, fermentation temperature and {ermentation time
were optimized by orthogonal tests. Finally, the peptides in the
fermentation broth were identified, and the selected peptides
were tested in vivo to evaluate the antihypertensive effect.
Results: Lactobacillus paracasei 1.2 had the best effect among the
30 strains, and the ACE inhibition rate of the fermentation broth
prepared by fermenting quinoa was as high as (86.50+0.25) % ;
The optimal fermentation conditions for the preparation of ACE
inhibitory fermentation broth by fermenting quinoa with Lactoba-
cillus paracasei 1.2 strain were 5% inoculum, 48 h fermentation
time, and 34 ‘C fermentation temperature. Under these condi-
tions, the ACE inhibition rate was the highest, which was
(90.414-0.16) % ; By comparing the results of liquid quality iden-
tification with the database, two peptides NIFRPFAPEL and
AALEAPRILNL ACE inhibition
obtained. Both NIFRPFAPEL and AALEAPRILNL could signifi-

with  better effect were
cantly lower blood pressure in spontaneously hypertensive rats
(SHR), and both achieved the best blood pressure lowering
effect at 6 h after gavage. Systolic blood pressure ( SBP)
decreased by (2.6740.21) and (3.46+0.01) kPa, and diastolic
blood pressure (DBP) decreased by (29.3640.54) and (22.33+
0.77) kPa, respectively. And NIFRPFAPEL and AALEAPRI-
LNL had no effect on blood pressure in Wistar-Kyoto rats
(WKY). Conclusion: Therefore, quinoa is a high-quality grain raw
material for preparing ACE inhibitory fermentation broth, and NIFR-
PFAPEL and AALEAPRILNL can be used for the development of
blood pressure-lowering functional foods or medicines.

Keywords: probiotic; hypertension; quinoa; ACE inhibitory pep-

tide; process optimization; in vivo test
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18 #k 7L CEh ¥ W B AF B Bifidobacterium
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YTL5, i ¥ . #F Lactobacillus paraplantarums
YTL6 K FEFLAT B Lactobacillus fermentum YTLT . %K
FLFTFH Lactobacillus pentosus YTLS BT EEFLITHE Lac-
tobacillus paracasei YTLO, T B F, #T B Lactobacillus
casei YTL10)H 12 ¥REEBE B (58 508 Pichia anomala
H2.H5. H7, H10, [} % /% Saccharomyces cerevisiae
Hansen WF1,WF17, WF38, WE58, WLLS21,PF14, YNG6,
4 PUACAIRRE B R 2 B MR 2 5 TR 2 B 2 e 2
il & 5 2 E R AT SR % .
1.2 Ak
1.2.1 BRI S ORAETE —80 CL,30% H i i FLIR
PRI B 422 156 1 LL 1) 43 591 2 b 7E JE T MRS A % Fil
YPD £ 5% kv, i LR TR A B B A2 05 O B L O TR
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1.2.2 ZEERBEWRR A B =R T R LR
w60 B, HRRELZTY ., REMMEBHAERTT
121 C TR 15 min™ ), [ ) 11 4% 10 mL/100 g
BR 4 b i A K B R T R T S BT K B my
Vamx A1 2 (g/mL) B H B G 5  H2 0 ZLIR B 19 T
TE 37 CHi AT A K BE 72 h; BERETE 28 CHFR46 P
BIALWE 72 he REESSRIE KM EE K BEYTE MK D
VL mogms ¢ Vemx N 1 10 (g/mL) B b Bl FG B, SR )5 78
L2522 CITHH 1 h, HRBWIREYWTF 4 C,
5 400 r/min B0 10 min, b5 4 Whatman & 7 38 48
T8, T —20 CIBHE T — 250 H70
1.2.3  ACE Ml &M 2% Deng H1 1971k,
B T 50 pL KW S 30 pL HHL 1B & fil #4
5 min, @M ACE JFA SRR, 78 37 CF R$5 B30 min.,
RIGVR N 80 pL 1 mol/L HCL P45 1k . ¥ W 3t
0.45 pm WU HE B 10 pl KW R AL 35 ZHE1E TC-
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THIRIR CHA) By ¥ BE . €835 2% 1F: i 3 A0 2 /8 2l K
(0.1%6 TFA) 1 L By 25/75, %% B ¥k i, Wi & K
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12.5%,15.0%) ([ & K 10.0%) & B A [R] (24,48,
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40,43 C)(EE KK 37 TH3 ANHRZEM 5 A KT
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ACE Vil 5232647 00 7 , 6 WU AR 9 4% R lE AT 1E 32 I 50
1.2.6 IEzgilEe  7ES R A AL B,k 3 ANk
BWHEETDE BB 3 AKF, LI ACE # il 2 Jy 48 47
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FRTE ST A 0.1 00 BRI 25 B F K v, 14T 400 K W AH €63 4
B WHM ARG 01X PRI BAK, WM BN
01V R NG — UK (Vo ¢+ Vgux =4 1), BBE
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TAHEYE,
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Figure 1 ACE inhibition rate of fermentation broth
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HI T BR 2 BETEY (P <0.05) , Hiyk o BRUZE B 2L AT 3 LS,
H ACE #1239 (85.7440.62) % o 3 bR [ 45 & 28 &
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Yy I 17 0 B0 D R — 28 ACE 0 il 3% 4 4 IR sk A7 2R K
PR MR ACE Ml R R B, 2E LN
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TR T 9 0% P ) B R I L X ACE (9 40 o) 256 0 i =2 %
fi&. o5 72 h AR sk A AR 2 ol R RN (]
2.2.3 R EX % ACE Wb IR A s 4 5
N R ACE 01 ) 5 i 2 T a2 194 0 85 2t 1 38 i )
TRELAE 34 CIRBIR O, X ATRESE T 7E 34 “CI, i
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RS2 B4 AR 5 9 T R bR Ml O R AR IR N B 1 A RS
i Al B IR TS 3% 2 49 B ) % a0, ACE R T
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Rl FEERBEGESTREEARZERKTE
Table 1 Orthogonal test factors and levels of quinoa

fermentation conditions

BE 2508 | 2022 F 8 A | RSG5V

F2 Li(3')EXRAE

Table 2 L, (3*) Orthogonal test
= A B C ACE M=%/ %
1 1 1 1 84.21+0.39
2 1 2 2 90.28+0.01
3 1 3 3 85.23+0.34
4 2 1 2 85.98+0.13
5 2 2 3 88.37+0.44
6 2 3 1 85.53+0.17
7 3 1 3 82.62+0.22
8 3 2 1 84.21+0.39
9 3 3 2 90.28+0.01
& 25972 25281 25395

ko 259.88 262.86 266.54

ks 257.11 261.04 256.22

R 2.77 10.05 12.59

MG R 2 I, 4 R X FE 22 R BEW W ACE 4l %
M K/MRIRCE C>B> AL il s 2 & R W A&
HCB, Ay, MR 3 TR, ST HEZ EEEW ACE ) i 3
HET AR P {E<C0.05, W AR A i 2, U I TR Y 41
ERERL., RIBESERARY.3AFENELERBR
ACE Ml 576 B & 50, 3l i 45 2 K- ] 7y 5 2543
Bl 4Rl 5% F1 7.5 % b, ACE | % B % & T
10% ; K MEmf ] g 48 h #1 72 h i}, ACE M K B ¥ w T
24 h; KEEE A 34 CHI 37 CHY, ACE # il % 1 2 25 T
31 °C, ZAIRIE R, C,B A C, By Ay $1] 4E Jg fie i
KL 4

3 gt X A F e A 9 T A 1R R AT 56 IE ST 46 L 2

K AR/ BEREENE/h CEEBERE/ C BB C, B,y A, il CyBy Ay 19 ACE J 1 %49 111 (90.41 4
! >0 2 i 0.16) %, (89.5520.18) %% , Mtk Bt C. B, A, M Jie b 32
’ 0 1 o KA B AR BN 500 . K I I 48 b % BRI Ny
3 10.0 72 37 34 °C .

K3 EXRBEAESHTR'
Table 3 Orthogonal test ANOVA table
V3 fifs 22 - 75 Fl F e B ¥Ir F i P i
RBEIE AL 93.811% 6 15.635 11.908 0.000 *
R 132 326.413 1 132 326.413 100 783.614 0.000 *
A 22.311 2 11.155 8.496 0.006 *
B 35.421 2 17.711 13.489 0.001 *
C 36.080 2 18.040 13.740 0.001 x
B Ve no s

it 132 434.667 18

BEIERY St 108.254 17

t % #R P<0.05, %% 0F,
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W R R MW LSRR R Z TS
TR RS B LR RO . L X BIOPEP %4 0 v 1 T
I A T TE [ TE fiE 1 (9 Ik Bt AALEAPRILNL A1 5 SCHk
[27]/ NIFRPF 5 — B AH A )7 31 /Y ik Bt NIFRPFAPEL
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JIK 1 B &1 DL I 5
2.5 HRRE

%} NIFRPFAPEL ., AALEAPRILNL 4 Py & J& % 5
HEAT T WE , 5 5 WLE 6.,
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SHR A {3 (Y B JE0R ,0~4 h iF . SHR Y SBP.DBP #
BEREAL AE 4 h AR BN BAR, 40 3 TR T (2.67£0.21)
(3.4640.01) kPas4 h 5 25800855 , i 32 7 =1 A+ 7E 8 h
ik 2 AR 1] T 2 90 46 1 R . 2 W NIFRPFAPEL {4 P B& R 5%
HEE, #E AALEAPRILNL X SHR 4/ ifil JE # 3 5
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TR 114 i R A P AR
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R TR AR B H R RS A TR 4B A

6 (o) FIEN 6 (43 5 AHEH WKY [8) % 5 & 19 NI-
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