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Abstract: To study the optimal enzymatic hydrolysis conditions and uric acid-lowering activity of lipid-lowering peptides
from quinoa protein, this study used quinoa as raw material to extract protein, and used pancreatic lipase inhibition rate as
the activity index. The enzymatic hydrolysis process of lipid-lowering peptides was optimized by single factor experiment
and response surface analysis. The pancreatic lipase inhibitory activity, sodium taurocholate binding activity, cholesterol
esterase inhibitory activity, xanthine oxidase inhibitory activity and amino acid composition of quinoa protein peptides were
analyzed and characterized. The results showed that the optimal enzymatic hydrolysis conditions of lipid-lowering peptides
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from quinoa were as follows: pH1.6, enzymatic hydrolysis temperature 42.9 °C, substrate concentration 3.03%, enzymatic

hydrolysis time 1 h and enzyme to substrate ratio 0.2%. The theoretical value of inhibition rate of pancreatic lipase was

90.43%, and the actual value was 90.93%=0.10%. The optimal enzymatic hydrolysates showed excellent effect of lowering

lipid in vitro. The ICs, of pancreatic lipase inhibition rate and cholesterol esterase inhibition rate were 7.49 pg/mL and

4.73 mg/mL, respectively. Meanwhile, the ECs, of taurocholic sodium binding rate was 0.53 mg/mL. In addition, the

optimal enzymatic hydrolysates showed good xanthine oxidase inhibition effect (IC5,=5.97 mg/mL), indicating that it had

the uric acid-lowering effect in vitro. Amino acid analysis showed that quinoa protein peptides were rich in essential amino

acids (34.23%), and the percentage of hydrophobic amino acid and acidic amino acid were 34.11% and 31.66%,

respectively. The quinoa protein peptides had high lipid-lowering and uric acid-lowering activities in vitro, which provided

a theoretical basis for the high-value application of quinoa protein peptides.

Key words: quinoa protein; enzymatic hydrolysis process; lipid-lowering peptides; uric acid-lowering activity; amino acid

composition
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Fig.6  Effect of substrate concentration on the inhibition rate of
pancreatic lipase
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Table 2 Results of response surface experiment

H%

S il=3i 1| 32% (o,
FRY ERE Bopn Cochno O BRI e)
1 1 1 0 84.96+0.90
2 0 0 0 91.50+0.62
3 1 -1 0 78.43+0.72
4 -1 1 0 79.08+0.50
5 0 1 1 81.05+0.77
6 1 0 -1 83.01+0.15
7 0 -1 -1 75.82+0.56
8 0 0 0 89.54+0.25
9 0 -1 1 80.39+0.25
10 -1 0 -1 81.05+0.25
11 -1 0 1 80.39+0.43
12 -1 -1 0 77.78+0.15
13 0 0 0 89.54+0.11
14 0 0 0 89.54+0.81
15 0 0 0 90.85+0.55
16 0 1 -1 80.39+0.10
17 1 0 1 81.70+0.10

MRPEFE 2 mmi N SR T Zon I 8LE, 3k
SBEHFIRE (A) . pH(B) AR (C) 5 NG W7
PR (YY) = HEFE M R I BT R

Y=90.2+1.23A+1.63B+0.41C+1.31AB—0.16 AC—
0.98BC—4A2—6.13B>—4.66C>

BRSPS 3 iy FAERN P AE T L LR
Ui 2 5 R DR 2R 2 R A SCBe PR AN i 25, F(E
PR TR AT B A5 ER) 2 X6 S B AR A (1 SE M SR 1S, BeIE
] U= A% 7Y F 7 R 9 Sk M, S5 AR BN F{E=25.65,
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Pl , 4% B A KRR R] # SAAS NI 5 P TR IRIG HERT ST - 161 -

P {H=0.0002<0.01, B BB BLAF By ) 35 25 5,
50 IR A R = Y, R A Ty R, — kI
B FI¥RIGT A%, B” HI C* FH 2= 54 8 3 (P<0.01),
— IR A FHA 2257 35 (P<0.05), —IKI C MIZZEH
I 22 5 AN 4 35 (P>0.05) , Ui IH R TR A pHL X T8
fitE R AT S R, AELES A RN A8 BAE FH B4 E
JAARBH R . [ F A F(A)=6.97, F(B)=12.39,
F(C)=0.77, Y51t B 5 nia JpR s s B0 1) 22 ) =i ]
ZIF SR pH>ElE R B> e BE o AP s sy g 2
I F{E A 3.38, P{H >N 0.1353>0.05, 227 AN g 2%
FERA AL ST 19 [0 AR 7 B S B HERE AR PR R R
i S /)N, AR S R EL CV (H=1.58%<10%, SZU 45 B nl
(B =, DA gk SR SR H P e S 4 v oz T S50 L
B ATV, B HLG BERE P, S5 2 R 1
PIFEATRI LB S5 T AR LRI, MITZRAS BR AR 7 it
Ei2 | Bt =l NSRS T v - 2 s [ L6 S o

*3 TEM

Table 3 Variance analysis

FZERIE FAFM AHE ¥ FE PEProb>F)  BENE
HR 397.98 9 4422 2565 0.0002 ok
AT 12.01 1 1201 6.97 0.0334 *
B-pH 21.36 1 2136 12.39 0.0097 o
C-IRMIRE 133 1 133 077 0.4081
AB 6.83 1 6.83  3.96 0.0867
AC 0.11 1 0.11 0.062 0.8106
BC 3.84 1 3.84 223 0.179
A? 67.48 1 67.48 39.14 0.0004 o
B’ 158.09 1 158.09 91.7 <0.0001 o
C? 91.31 1 91.31 52.96 0.0002 ok
5 12.07 7 1.72
JAIT 8.65 3 2.88 338 0.1353 ENTES
2R 3.42 4 0.85

ps¥il 410.05 16

LE: P<0.05, 225¢ 3%, LI*F0R; P<0.01, 2253 B3, LI**30R; P>0.05,
RARE.

FEN S LR E S i E RE s e AL B C =%
B PR A PR 3 22 18] A AH AR PSR, N 7 B
7N, BRI . pH ISR B 1428 B AE FH X R AR
BRI R A2 Se_L TS T R, FAAE— e Ya Bl N i i
KA. FE—EMICPHRIE T, G pH IR
ArAk., 1Az i R AT R 2 SR AR RO B i, B RE
B P A A0 e R U TSI 56 A A 3 2 pH
T AR A BE A S ], 553 3 R T 25 0 T A R — 3K

LEE 75 R TEARIRE . pH RS BE XS I T
N ZR A 5EN, SRAGZEZ K M AR A Bl Bl #s T 2R
Tt Ui B 42.88 °C.. pH1.57 . ISWIHEE 3.03% . [iffi
BHE] 1 h FIERJES b 0.2%, 5 JE S SEPRERE, B 1.2
A BEfETRE 42.9 °C. pH1.6. IEMIHRE 3.03%.
BfTa] 1 h FIEJE L 0.2% DA ZEEE Z2 T s Wi
TR 90.43% X UM (1) Fe A 2R AR A 7 S 56 56
TIE, 15 31 (Y 22 22 B L UK -5 BB g 7 166 174 S B i) 1) 232
A 90.93%=0.10%, 5 Wi &5 RAEAR 2432250 .

1.40

B. 1200 <" 390
oYy 1.00 37.00 @)

B RIS (%)

K7 BRI . pH R B BRI s i i <
SR HE) AR W) 7 AT
Fig.7 Response surface of the effect of temperature,
pH, and substrate concentration on the inhibition rate
of pancreatic lipase

24 BEZACEMDR

2.4.1 ZEZIXTBAEIBEAIHIMEH PR LR

ARG , BRIVIASRE ELAHEW AL, T2 i i B

JUs it (0 A FHZK A 2R D7 FR AN 3-PA B RE H v ms, 2F
M S AET SR E, LUBSRRIRIE A8 (R 5T 2 i A0

b B AR A THERE . AR T T ) /K i SR AT 5

mi) fiz T B s e IR AR dnlsl 8 iR, BEE 2L 2
JURCHR B R i, XebJgE g D e (o ) A FH 52 Tk 34

500 pg/mL B 345 f mi {H 62.53%+0.11%(P<0.05),
I H IC5, /2 7.49 ng/mL(3E 4), XULERHEY FHnm b7 1A
DA IR P 1T 20T HE T4 90k 4%, MRS <

1 kDa [ 3V JFRAF JIK 1149 BRI 107 it 4100 1 4/ FH 1 1C5, Sl
6.20 mg/mL . A= HRAESS (il SRR (i o0 ik
FRAGAAT - {1 BTS2 EBC) , ARSI IR g A Uy T )

YEF IC5, A 0.0076 mg/mL. T HE A SEL B LT HA
B A EHR B IEAS3] 5 AP oy T TR AN F 2 4T,
h1~5 kDa 2H 53 4 JB IR U7 B0 ) 4 B i (1C 5=
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Fig.8 Effect of optimal enzymatic hydrolysate on the inhibition
rate of pancreatic lipase
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Table 4 Evaluation of peptides activity in quinoa

PRI T B A (%)

J

b

EPERR AR ECs,/ICs,
JBENg s B R 7.49 pg/mL
A IRRREhES A hE 0.53 mg/mL
JIE ] e e 11 47 P 4.73 mg/mL
B AL R R £ 5.97 mg/mL

194.43 pg/mL) . WAL, FEAZ Z IRARIN I AR 17 T 1)
W, HEIRE A 22 USE i R DT i 1A 25 A A8k, 23K
JiJE g JU7 Tt o IV 42 1) 43 fe A FH 32 BEL, 35 3 B4 Il AR 2
BT, 2R TR, B Z AT Gt b2 Sy Bl
Al AT B A AR U B AR, 52252 96 m 1 i
PR ARA MR T BT i FH B A1) PR AR
2.4.2 FEZWITIHFRER LS G RES  IHE B LT
AR PR iR AR R, Iz s IR ERER S B S R T
T AL P ) 4 A s, A R AR [ s BE T R R,
T 452 R A IR F) D120 i 9 B, 7 0.1~
2 mg/mL JLFE P, Ak IR FR N 45 A 5 B 5 14 184 i
TSI A, A ZRNHE N 2 mg/mL B, 4+
REHERENEY A Rl B IAE. 76.95%+0.37%(P<0.05),
i# it SPSS #AFSMHT ECsy 1N 0.53 mg/mL(5& 4) .
FERLEEEO FH 50% 1Y Z BB R, I HEHUY)
B AR AH FR AN ES S /R, EC 153 1.26 mg/mL. K
£ 208 RO € 76 VA s = == )13 A e o B G & oW R o N =
90
80 1 a

70 1 b
60 1
50 d ¢
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301
201

101

oL M
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K9 IRAERGARN A B IHRREN 4G 5 3 1 52
Fig.9 Effect of optimal enzymatic hydrolysate on the binding
rate of sodium taurocholate

AT IHRR BN ZE 253 (%)

BEHEAITE 10 mg/mL T A AHERERIIHIZF N 55.47%
LG AHSCTIR T A, B3 Z IR IR EL 45 6 RE 14
SR, IX A]ABR R R Z I S IAREha G e ) WonEE
A 22 JIRAT DL R FERE M AR 04 AT ReE, 38 ok BEAS A R £k 32
AWl , A ARFRER BEHE A HE Y o IE [ 53 il I
TR ER 7K TR, SCBRRE AR FARCRE®

2.4.3  HLAZ ZZ AN NE [ EEER A S BT I s e
7K St HEL 51 2 P DT A5 R R 24 )l OIEL T s R g U
12 ), L [T P R T e R A2 AR, PRIk
O] T i P Rt 4 9 DA e A AR I [ s Py WA A A1) A 58
JriEB, anE 10 R, —EWREEVE I, B3 2K
000 ) AL [ P A SR B R BTt AE
2 pg/mL B I [ P 7R O ) 50k B 5 = (B 41.18%+
0.20%(P<0.05), V14 tb & 2k 22 (5 mg/mL ik
F 40.11%) B b o Hovy, B2 Z2 0] A [ s 1 it
FIVEFH Y ICs, S 4.73 mg/mL(FE 4), 5N
= PI(1C5,=57.2 mg/mL) Fl {5 18 fZ 2 Bt 11 1C4=
25.00 mg/mL)#AH Lt, 2252 22 K4 B EBsEmE B f4E A
G, XN RE S Z2 IR R A 010 o) L ] s i
1, MRS AR 28 AR LV E RS e 22 )ik
I [ PR s 5 DT REARXT IS il A A A 0%
2% TR, 27 Z O BA BRI AR DI R TEAE R AR
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Fig.10 Effect of the optimal enzymatic solution on the
inhibition rate of cholesterol esterase
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A P RS AIGT, Al o RIS 78 il B RS, AT 401k
TR PRIE . e FINEERS SR 0T, DRIRTEAAR Y SRR
i 2o T EEE S T 2 A SRR . DL, P
WSRO EALAE ., WT DABRAIRPRERFR 2100, anlE 11
PR, 4B TR B U AL T 8 mg/mL B, P
EERS S AL RN ISR 35 67.96%+0.90%(P<0.05) o
FIH SPSS BAF 5 HT 1Cs, fHZN 5.97 mg/mL, FL
A UK (ACECD) (IC5,=7.23 mg/mL ) f 311 il 56 S 5
LSRR | 0 NV = ST SR 5 vivi N 1 4 B i i 2y
HEARF 4 1 F /N T 1000 kDa 11 T 420 20 45, H:
ICs, i F 15.89 g/L. SCUGEE AR, FE R LB 5%
P B ZZ R AR IRt e LV FE A R PR R TE P
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Fig.11 Effect of optimal enzymatic hydrolyzates on xanthine
oxidase inhibition rate
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B 57 Z2 PRI ZA FE R 4H AN 3= 5 IR, Z KRG
PP E IR S B (19.85%) , HIR S &R FI R
LE MR, B 10.80% Fl 9.58%, BFSY 3 WK
SRAEAR N PR — S AU = HE i i it i, MAITTRRATC
AR PR BE NG 25 P H I sk, s 2 IR FY
B B A IR 34.23%, #231IT WHO/FAO Fi{BiX
) 36% WAy s FEIRME, Doir e ZEIR 1Y o5 Lk, 1iAH
B ANEFRMENS, RIEEILR S =
Bk 31.66%, XFRE MGG A BB AE T, 5ok
PG RERR 04 FL il 34.11%, BFFERATETEIR & A
= LB B K M e A B TR LAV E AT Rl
FHAETS) L IRDURFFEAR R 5 - RRBEESA s S 5l
KRS IR, 545 A IRIRER T HE T BB & U=
Fo e B R PEE IR IRV R S, G iR &

K5 OHEDZIRNEIETRAN

Table 5 Amino acid composition of quinoa peptides

[ e N |
S O O

W
(=

BN S AL EHI I ER (%)
) I

—_
(=3

(=)

IR AR i (%)
KA Z R (Asp) 9.58
N (Thr) 3.43
22512 (Ser) 4.80
BRI (Glu) 19.85
H& R/ (Gly) 5.36
NE R (Ala) 433
P4 R (Cys) 131
s MR (Val) 5.89
AR (Met) 1.82
Sese R (1le) 431
52442 (Leu) 7.03
1% %R (Tyr) 3.83
RN % (Phe) 4.50
ZH %1% (His) 3.09
HE R (Lys) 6.25
F4M (Arg) 10.80
Jifi% 2 (Pro) 3.83
W IR (EAA) 34.23
K PEE SRR (HAA) 34.11
TP LR (AAA) 31.66

1 EAA: Wil R IEIR; HAA: Bk ALFL (Tle, Ala, Pro. Phe, Val, Leu,
Trp. Met); AAA: TRIEZE LR (Asp. Glu),

FEEE AV, B PR SR E o i KA 5AE S5 AE
THREE S, AR AT HE T . oAb, FREETS AP,
JRROF H AT JIH ] s A B 4T ) 5 e v 11 4 ik, HE
IR P AR EA KK R AR . A WFEdE
H K P Z LR 1 5 Ho B, SR TR ANBBURR
HrlOl FEREDRIRTS P b, 2R TR F ik ta 53 B alifl
TS B BFEPRIERIK, HEI 22 PR 2 F4E R PRI A E 2 X S s b
G K 2 FE R RE AN B S S AL IS &, DI
B 4G DA EFSY, Sead iUl 1. 2 2E 2 4R
PG PRI S A T2 5 BRI, A3 R LIS TR PR IR 1
fAEJ.

3 g

AWIFFE CARE FZ SN JEORE, BRE FRUTTEL SR INEE A2 45
1, FHIBENE DT B 22PN B 2 2R R SRR 2R
T o T RS HP B el T 2 S8 WRIERE 42.9 °C.,
pH1.6. IR 3.03% ., BEFFFHTR] 1 h AIEEICEE 0.2%,
BEZRAE T AT RPN T B 5 90.93%+0.10%
WIARIE T B Z IR IR FNREPRIR I, SRR
A% A Z2 T BAT AR5 A JBR I s I A5 L A s iE
PR BN LS A« I s P00 o) 4 FH D o s 4k
BERHIHIVE . S REmR AT R B, 222 8 Ik bss Lu A7)
PR Z R IR | i 7K P R R R A 2 R P X i e
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