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BT SR 0 b e P Al BE R TREL W BLAF
4 FPAR BRI T, RTEIX 4 R AN W)
A NETEBHARERE I, Jf 2t — P 5
HONS o= T A58 TG A1 oo— 9] 26 W Y TG 7P 6P 0 3 T 1 T
A T, Ol 2 MR R LR SE A S P N
VA BT A BE BRI | FE o S8 3 D RE IR £ i 42 {1t 2
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1 MRlEH®
1.1 #HRSiFH

INFEENS , BRI AE YRR R )
CIEORE™ # . N 52T o ) (A (JRURE™ ML . 75 4
T PG 52 o TG B IR N ) R L (OB M - 2L T R
B 52 CJRORE ™ b . N 5800 2 0 ) Y T ) )
B ey i A BRA W) e B BT A 4 T
B, S5 A,

o—VE M B (12 Ulmg) .a—) % 5 11 i (700 000
U/mL) |18 95 A= PR A BRA B 5 4—filf SR -
a—D—NL I B (pNPG) .3 ,5- w3 /K% , b
22 SO A AR e A BR A | xR 1
B KRR WA 2 A BR A A
12 NUB5EF

TDL-5A & MR B LML, LA SInTiE
STALER T ;UV-1600B 48 4h -0 WL 40 6% B it 1

T 5 R A A AT PR 7] 5 101FX -1 g P i S0X
TRAE, RS ARG A TR A PHS-3C
W6 R BE i, A B 2= A Iy A R A D
HZT-B5000 L F K-, @ MM 48 R # AR A R A
A MVS-1 eI A%, bt &duE TR A R
] ;SHZ-82 $ /K G TR % 2%, A intBIE LAy
AR H] s DZKW-S-6 HL #E iR K 75 5, b st ik
B B YT AR A BR A H s FA1004 HLF 43 B K
g AR A E]
1.3 Ak
1.3.1 #FMtr &2 dEFARI 0.50 ¢
TCK A EET 50 mL 1975 1 e 25 B il 1%
F14) 7] 25 WA TR T T

HEFIFREL 3.15 g 3,5- 83K MR T hHesh
H, B 600 mL ZE 18 K TEK W B vh 45 Chndk,
RIGIIHEFE N A 20.00 g S AEALEN, BT R IR
VB A 91.00 g WA FREN AN \2.50 ¢ K
1250 ¢ WARER AN, 4k 45 ChnA, [A] B FEAb
300 mL ZE MK, AN Wrdi P 22 1 o 4 AR i . V2 A
2ERGE, BB RR T EZA R 1000 mL, Bt
A 3,5 fil KK 4 B2 (DNS) W, 5 V8 Wi A7 A
FEEI T, FR N ROGIRAE A T d Ja AT,

BT Syt T 0 a4 e ik 1 il ig
TN 1% 0% 7 A5 8 b HE Y T DN'S 12550 R Z8 48 7K TR
510G Tk K ki 5 min, JHZEWKERZE 25
mL, T 520 nm Ab I 5E W OERE

R1 HEBTAEHZNEE

Table 1 Drawing of glucose standard curve

KE 5 0 1 2 3 5 6 7 8 9 10
#H 5 & /mL 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
DNS 4% # /mL 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0
A8 K fmL 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

1.3.2 4 FpAMJEAE 9 88 1 % /0N 22 58 H3 A S B 4038
R 2% Englyst 500 J7 i 9 R VE B 2 .
HERRARIL 0.2 g /INEVERY FNMEA: B BT w2
4AMEAT 25 mL HERE D, MEAMEE S
INETER T I 10% ,20% ,40% , T3R5 oA
0.2 mol/L pH 5.2 (PR M 22 +h I W 7.5 mL, 4
PR IR 215 85 AL 30 min, 7E 37 CHM4T
B HEM 15 min, fIA S mL B B 15 min §) a—

UE B3 W (300 U/mlL) Fll oo— 15 5 0% 11 1 (60 U/mL) Y
TR BV W, I 0 A IR RO 5 s Bk IR 2
J& FEUR 4R 3% IR IF e TR . 43 B AE 0,20,40,
60,120,180 min B 78 5~ h W 1 mL 7K
frdE, fin 5 mL Jo/K £ B2 K ,3 500 v/min 5.0 10
min JEHERIF H 1 mL W5, % DNS B0 2 A4
B ERE S, TPEAXT .

RDS (% )=(Gx—G4)x0.9/TSx100 (1)
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SDS(%)=(G 12~ )x0.9/TSx100 (2)
RS(%)=[1-(RDS+SDS)]x100 (3)
VEHB K A2 (%) =0.9xG /TS (4)

R, Go—— K fift 1T E K3 T 0 o
E MK At 20 min B V€ R 7K i R T Y
R B mg; Go——VE M K i 120 min B 3E
KAV R A SR R A A i mg; G, R ¢ I
A A % B8 & i, mg; TS FE i i i S TE B
i, mg,
1.3.3 4 R AN Y 8 O S8BT AL 3 ) 2 R
PEFEECRY S MRS Gomi SEUSIY 7 ik, g T 3E
K RSN AE TR K A i 2 — S 3h
EHRUR .

C=C.(1-e™) (5)

Horf, C——VE R I AL ¢ I 20 15 1) 5 76 1 o
W% me/mL;t——H AL B B, min ; C.——3E #3 7K
i VR 2 R I 220 1) 76 25 W BT B VK B mg/mL s h——
— B TR s T

i Ji] Origin 145 #6432 C. B kRS 1H5
KA B AR, 2T

AUC=C..(tto) - (Cu/k)[1-exp[-k (t—to)]]  (6)

A, t—— 28 1B B[R], min ;2 v
UEHE] , min,

HR A8 =X (6) TH53F it (19 7K fife 8 %5 (HID) A i 4
HE(GD),

mg; Gy

HI=AUC/AUCy (7)
GI=39.71+0.549HI (8)
K, AUC—FF i 41 € ¥y ) i, AUCy
KA ATIE A
1.3.4 4 Fh AR UG AR 4 2R 160 U8 H TH Ak i %) 3% P
il

1.3.4.1 4 FhAMIEARL Y AR X o TE #9310 375 1 410
H o DN WER AR AR #EAT I E , K TE R
FE I RAE 0.2 mol/L. pH 6.8 HRE IR £h 2% i
Wb, Ayl As B0 B EE R 1 /100 mL (9 € B
WA 1,5,10,15,20 mg/mL B 8 LR, K 15 e
HITEH T 85 CEAAF NI 30 min #5 1, m]ial4E
A 250 pL B2 WO 250 Ll oo— € # i
W (300 UmL) 1B 5515 T 37 °C,150 t/min %)
KV IR AR 48 th RN 10 min, AR5 7E AR AN
T 500 WL VE A W Ak 22 W 10 min, A 1 mL

DNS W a5 4k S o Z 587K 5 min, R 2 4
BERGHERFKERZR 25 mL, ffiHI5M-1]
UL YEC TR I 540 nm A0 I W B L 315
AN TR 2 AEAS () 5T TR B 6 o= UE B I M Y
MAERL, 25

o—JE A3 A A0 28 (%) =[1- (A je=A wesnsme)/
(A sy=A 2pxm) X100 9)

KA g EEAT ., Y a—TE B A
DNS 55 (IR G Y RGBS A b am HH
TR AT DNS S 6500 (TR 5 0 A WO B FH il R
G MWAE a-VER ;A 50— IR - TE R
ity F1 DNS 586555 (101 5 0 19 O B, 22 v AX
BHE B BAMEI A 5 pe— Y F DNS 1 (5]
MRS P I OB
1.3.4.2 4 FhANEHLY) 8L X oo 71 260 4R I A 90
PEID R E ¥ o545 4 1 B8 (60 U/mL) FHJE )
pNPG (15 mmol/L) % fi# 7£ 0.2 mol/L. pH 6.8 K
M kh Gz vh i Wb o ) I 7E i 1R R 22 w5 R b ) A%
Jo e 4 A 1,5,10,15,20 me/mL Y 2 3%
o A N 800 WL 2 H I W 400 pL B9 -
HATPEH MW, RS 25 T 37 °C, 150 r/min
() K v T i R 9 A SO0 10 min, P i) B SR TR
i 200 wL pNPG ¥ W 4% 22 [ )i ,30 min J5 /il 5
mL 0.2 mol/L ) Na,CO; £ 1k v, JF7EE K 405
nm AP E WO RE L TE SRR BN oo 4 B
AT PE S RACR AR

o~ BE AT B A 2 (%) =[1-(A wp—
A e )! (A z=A sz pxm)] X100 (10)

KA wp——E AR, IEY) o1 %5 B 1T il
F1 DNS 2 500 IR 5 D WOGRE 5 A e &
FIBE . P H DNS (050 /9 TR & W0 B O HE
8 1Rk 22 vl AR oo 4 A I A o o —— IR
Wy o~ %G B AT DNS 2005 1018 A 9 1 IO
JE 28wl AR B 1 B R R A o X BR—— I
PyF1 DNS 2 6455 (R & W i RO
1.3.5 Hdlisbs Lo 4o 4 3L SPSS 25 il
Microsoft Excel 2016 %458 i, £: &I {fifH Origin
2017 B 5 1, HerboK g sl 01 2 RGO
rigin 2017 #AFAE L MU BoxLucasl bR AL HE1T
PG R KR NP E AR R 22 (n = 3) ,P<
0.05 &R N BFH X F ,P<0.01 FR 22 TR B3
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Fig.3 In vitro digestion of mixture of four exogenous plant proteins and wheat starch
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2.3 A FSMEEYE QX EMIE W3 S FE A mE
it LR

% 2 0 4 Fh AN D) B U AEAS [ KR X/
2 VERY BN B J1 A SRR — e B I
T8 EL (G 2R 1 1 42 (G1=100) 7E A SN AL AE A
SHARYE N RN 2 TEARBEGE , R T HE
LR TN 4 Fp S0 VSR 0 26 16 /N 22 E B T Ak i) 2
i), B 20/ N A2 BB G HI(ELAE R 100 S 31530 1 b 48

B, R 2 W LUE I MR E A S kR
TRERET kB KRR TE R R 7K A BB R
kA UL VEM 25 2 T Ak . BEAN 4 Rl AN IE A ) 2R
FLES I, & AEF T5000 10 B 1B (pG1) ¥ 980 /)N , BBl 7R
L RN SR N R, YR R IR R
FIUS I 2 409 I, 43 J31) ke Tt 00 ot 49 8L R IR 22
84.98 i1 84.62, 13 HHANIE AL Y 2R (1 REMNS 5 /N TE
53 A AR AR FH AR /N 22 T8 #3199 7K A B0

R2 TREEBAKBENSHRMEFEY

Table 2 Different proteins hydrolysis model parameters and glycemic index

] N F B KRS
QA ERS M E
Col% k/min™ R? HI pGl

0% 62.87 £ 1.28 0.084 £ 0.011 0.99336 100.00 94.61
10%# £ % & 60.35 £ 5.36 0.039 £ 0.013 0.91504 88.30 88.19
20%% £ & @ 62.60 + 3.87 0.026 + 0.005 0.97053 83.82 85.73
40% % %% @ 64.70 £ 3.33 0.022 + 0.003 0.98393 82.47 84.98
10% % %% & 63.50 £ 0.97 0.042 + 0.002 0.99733 93.89 91.26
0% % A% G 61.32 +1.03 0.033 + 0.002 0.99729 86.85 87.39
40%# %% @ 59.83 +2.09 0.029 = 0.003 0.98941 82.51 85.01
10%2 2%%a 55.74 £ 2.98 0.078 + 0.025 0.95659 88.21 88.13
20% %2 2% @ 5747 £4.04 0.048 £ 0.014 0.94009 86.53 87.22
0% L 2% 4G 53.61 £3.16 0.053 £ 0.014 0.95521 81.81 84.62
10% 4 2% & 60.07 + 3.46 0.068 + 0.021 0.95246 94.01 91.32
20%4# 2% @ 59.13 £4.07 0.058 +0.019 0.93756 91.07 89.71
40%m 2% &G 61.00 + 5.05 0.036 = 0.010 0.92938 87.94 87.99

2.4 A FhSMEEY)E B XTE M E WA E D &
iz

2.4.1 4 FpAMIEAR Y EE X o3 o i I P 1 0
W 4 Fp AN G EE T o T8 B D 1 45 FH
LN 4 Fos, 4 FONERIY)E A P e R FE
7 HE R SR G Y BRI o R T A TS P L I
Jit 2B IR o= VE M3 il 1) S MR A S (R 4 R
R, BEEMEERN FEEEAMBLEN 3 ME
P T (38, S0 VE R v g, Horh BB e
EEMMERCR L THEEAMBEEZEA, YK
TR BN R — o mE A, MHESZ B MR B I
50 A FHAS T i ol v R 1% 34 i B e G A TG
FECE R X o= T B I A 4 1 FH D A B T v
JERBE R — B3R . BREPHE IR R A ReE S
a—VE N 4G A o5 VE MR a—TE B T A 1 )

251
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Inhibition rate/%
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Fig.4 Four exogenous plant protein inhibition curve

of a—amylase activity
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S R A e LR R R LAY I REAE
WP ¥ S sk S Mas S, MBRGEANR
fif MR 22, R B A I AR AR P R I R O B A 1
D 28 25 8, DRI T oo A9 Tt £ 47 1) 200 S B it
2.4.2 A FPHMEAL Y N oo 2 W BT Y
TR E 4 FhAMEAL Y X o R R
TR AR UL S 4 MRS Y 2R A e LR
P P R N oo ) 25 R T I 0 T M A B
HAE ], 622 A R EE 22 38 IR o 7 W 1 O
PEEA W (RAEE S h iR ), IWEIH AT LLE
SRR R LA A AN (] T Y L P )k
ou— ) 2] W T AR AE T, L BT v R
TIE G an . A TR B E A F 15 mg/mLE
IHIRORA B B8, Yu SFPIF5E R W] R A 1
BEAMFEAERCSED TS S, W
I, BEHEAMEZEARTRBAELMEE LY
fitg R A= AR AL S BOE 55 T o 2 W Y T X
TE M VR P, A5 30T i 1 P AT PR R

5 /N VE R B AR S AR 5 25 2R SR
W, BT RE FR AR /N 22 T 0 i T AL 2 R B T S e
o3 AH B A RN AR, 1 5T 5 0 3 Ak i R [ 4 T 0 45
R A BAEE 5 E M A& A AH BAE FH FELAG UE B
BAE AL, T ELAE 5 UE M T 1k B 45 5 Wl A i 1 0
R AR TE RS BT AL, X6 PR R AR A AR
),

3 it

Mt EA EEEN RUEE NS E
1 4 F S5 A P 2 10X 7N 22 B8 R 1 1R A0 3 b Bk
PR UE A V1 b It ) 3% P AV R T Y A 5T
B ENEE ST 4 Fh AR Y B A Y BB
G2 /INFE VE R (R OK i R 2B RDS & f i, SDS
FURS a3, ST /N2 Ve by 04 F0I0 1l b5 (E
AR 40% 3 2  AAR RDS & it M\ (52.50+
0.22) %R % (27.32+1.94)% ,SDS & & M (11.83+
0.54) %38 %) (35.33+1.62) %, 4 FhoMEFEY & A
FRIHE A B 1 B R RN SR R A - R Y
T P B A s g I i 4 T T et L 2R A o
it 1) % PE T A S b R O X o TE K
B I ROR e g, YA G R YR 20 mg/
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Fig.5 Four exogenous plant protein inhibition curve
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Influence of Four Exogenous Plant Protiens on the Digestibility of Wheat Starch

Ren Shuncheng', Zhang Dandan', Liu Zelong’
("Henan University of Technology, Henan Provincial Key Laboratory of Natural Pigment Preparation, Zhengzhou 450001
*College of Food and Health, Beijing Technology and Business University, Beijing 100048)

Abstract Starch is one of the staple foods of human beings. The long—term use of foods containing rapidly digestible
starch can easily induce chronic syndromes such as diabetes and obesity. Slowly digestible starch and resistant starch can
control and prevent these syndromes. Proteins are another major nutrient of human diet. It can interact with starch, affect
the digestibility of starch, and then affect the rise of postprandial glycemic glucose. In this study, the effects of oat pro-
tein, quinoa protein, black bean protein and lentil protein on wheat starch in wvitro digestion and glycemic index were
studied. The inhibition of four exogenous plant proteins on a—amylase and a—glucosidase were further investigated. The
results showed that the four exogenous plant proteins could significantly reduce the hydrolysis rate and glycemic index of
wheat starch, reduce the content of RDS and increase the contents of SDS and RS. Oat protein and quinoa protein had
a greater impact on the content of RDS, and black bean protein had a greater impact on the content of RS. In addition,
oat protein, quinoa protein and black bean protein decreased a-amylase activity. Among them, black bean protein had
the greatest inhibition effect on the activity of a—amylase. Effects of black bean protein and lentil protein had the inhibi-
tion effects on the activity of a—glucosidase was inhibited, and the inhibitory effect of lentil protein was greater than that
of black bean protein.

Keywords exogenous plant protein; wheat starch; starch digestibility; a—amylase; a-glucosidase



