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Abstract: Simulated gastrointestinal digestion combined with ultrafiltration was used to prepare peptides PMPa
(Prinsepia utilis Royle Meal Peptide>5 ku) and PMPb (P. utilis Royle Meal Peptide<5 ku) with different molecular weights,
and their hypoglycemic and antioxidant activities were analyzed. The added amounts of the studied peptides were 0%, 1.25%,
2.5%, 5.0%, and 7.5% biscuits. The color and texture of the biscuits simulate the rapidly digestible starch (RDS) content;
chronically digestible starch (SDS) content; blood glucose load (GL); and 2 h postprandial blood glucose levels in type 2
diabetic mice after digestion. The a-amylase inhibition rates of PMPa and PMPb were 62.33% and 68.51%, respectively,
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which were significantly higher than those of acarbose. The albumin inhibition rate and 2,2-diphenyl-1-picrylhydrazyl free

radical scavenging rate significantly higher for PMPb than PMPa and the positive control diclofenac sodium., vitamin E.

As the amount of added peptide increased, the brightness, hardness, and chewiness of the biscuits gradually decreased, the

RDS content decreased, and the SDS content increased after the biscuits were digested. Moreover, biscuits with 7.5% PMPa

and PMPb added had the lowest glycemic loads of 15.57 and 13.79, respectively, which indicate that they are medium GL

foods. The 2 h postprandial blood glucose concentration was significantly lower in type II diabetic mice fed biscuits with

high proportions of PMP (5.0% and 7.5%) than in control mice. In summary, the addition of PMP can improve the in vitro

digestion properties of wheat biscuits and regulate postprandial blood sugar levels to a certain extent. Owing to its dynamic

attributes, PMP can be applied as a natural active food ingredient in nutritious biscuits.
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m (GI>70), HEESH &G NER, SHE
TENAR N PR TE AR TS B, 5] S IRE 7K P s b
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PFFIIE R, BN 20 IS TR E AU E R
Karimi 250 K B 2F B Ad 20908 2 T ek, 395
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gy, WEER. BT FEE. 2R 2R, 44
FMEICRS, HPEASRIL 24.58%", A1
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MEEETT s IR (HAELF4ERBERC, BB TR
5 ku), Millipore A &) ; AX3WI a- V& ¥y i, 7% 5i 4k
B R AR s JERE AR (320 UL). fEfLES
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ZRE. 100 Hid i 53015 H 0 KKk, S5
aik4% 1:20 (m/V) BRHEHCHATIR G, AR
30 min j5, BT 30 CARBE P4, HH
1.0 mol/L 1) NaOH i 777 pH {H % 8.8. #2H{ 2 h
J&, #£ 10 000 r/min #%3 T &0 10 min, Y& BiF
. L&A 1.0 mol/L /) HCI1 ¥ 15 pH 1H & 4.2,
#E 30 min J5, 7E 10 000 r/min ¥ T &0 10 min,
WS TE . H R 4K eyl vE 3 Ik, 4K T,
W pH EEF M, AGTERERAIEHRMED.
132 AEILE Wil 1] &F R R Ik

¥ 0.6 g HHRIFMEALE 20 mL B H W (&
W BN 6.9 mmol/L #J KCI, 0.9 mmol/L ) KHPO,,
25 mmol/L # NaHCO;, 47.2 mmol/L J NaCl,
0.1 mmol/L ) MgCl,, 0.5 mmol/L [¥] (NH,),CO;
H10.15 mmol/L ] CaClL, IR A TRIB A ), JEMIRIE
N 3%. H 1 mol/L ] HC1 ¥f pH {5 115 & 3.0 J5
I 2 000 Ulg B & EBg, HIERAE 3T CHEAX
4 FE 2 h J5 A 1 mol/L ) NaOH ¥ pH {5 177
£ 7.0 KRB B A RR s B AR TR B
THALEE R FE M 48 mg &R g, (8% m/m, X
FTERAF), KEWE3 CEHES4METHE 2h.
B A R E, B AR pH B = i, &
B 10 min Fli4LEG, A EJ54E 10 000 r/min 5% T 5
£ 10 min, YEE BiER™ . IR LIS B
45 ku BEIEBCHATEDIE, WESTE >S5k
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] 550 RN 1 mL 0.1 mmol/L f] DPPH 2,
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A PMPb 7843 iR A 5, 1R N E L E 30 min.
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N BH P R

R LA T AR iH5 DPPH [ th iz,
AA

Ay

)x100% (D

C
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D=(1-
ENE
D——DPPH #h %, %

Ay—— R SR A
A——¥ 1 mL TBER&R A DPPH LB MAF 4R

St

A——1 mL A2 45 /KA AR AR 55 0 1F 69 R AR
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MEEHES, FIK2min EHGKERS, BN
/INZZ THI Hy R0 A I BE A5 1 7 3 SRR K PMP (1.25%
2.5%- 5.0% A1 7.5%), FIE 2 min 155355 191 .
WA T TR 4 mm SR, FOFFBCE R R
PLEk 160 ‘C, Kk 140 °C, Ht#% 18 min (9 min Ff
FE LR R T I, RAIESSEHDS . P e i
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Table 1 Biscuit ingredients
PMP 41
1.25% 2.5% 5.0% 7.5%
NE @A 10000 98.75 9750 95.00 92.50
PMP 0.00 125 250 500 7.50
Hih 25.00  25.00 25.00 25.00 25.00

Mt xtEes

Eog 050 050 050 050 0.50
K 30.00  30.00 30.00 30.00 30.00

13.6 BFRERE

FH 6 22 00 58 DF TR R T Bt 8 22 AT A
10 min /5 A 60 AR HEBURS . 4 B R
SLRE. LLfh ) SRR 0/ W) LY. a* F b* 1)
B0

AE* = A/ (AL*)+(Aa*)+(Ab*)’ (3
AC* = A/ (Aa*)'+(Ab*)’ (4)
B

AE*——& £14;

AL*—— 3% 244
Aa*——41 6, | G A,
Ab*——% ¢, | 1 B £14;
ACH—— & 5 £14.

1.3.7 HFemt

F TAXT A 43 AT AXAE 25 °C R I 5 1 19 5
Mo BEESHWN: %8 TAS 3k, kNS g,
DFTHEE N 0.5 mm/s, WIRHEE AN 0.5 mm/s, W5
THE N 0.5 mm/s, WIE IFEES ]9 5 s, R4E 2R
60%, /N7 0.05 N, A0 BIRGE TR ST
85 K TR P AR IR 3 A 55 BT
H, RHEMEZAMET 3 K.
1.3.8 BT agakshimi

TH A AR R B R AL R RO R AL 2

Wore ¥ 2.5 g PTG 5 30 mL B 4K 78 55

21, H 1 mol/L MK pH AE AT 2 2.5, I
1 mL 10% B & AR (2 500 U/mL, 0.05 mol/L
(1) HCI T 1 D, ¥ #¢ it & T 37 CHE F 30 min,
PL 130 r/min #ii £, H 1 mol/L ] NaHCO, 1 5 mL
0.1 mol/L H IR — 2V AN 42 i W 15 pH fH 22 6.0 %%
1B Mo N 100 pL 3E ¥ B HF B 0.1 mol/L [
NaH,PO, ZZ /R ECH]D 15 mL 5% % fig 25 1 B VA T
FHEE A ACK AR R 2 55 mL J5, 1E 37 CHg

b — g W E] (0. 20, 60, 90, 120. 180 min) HX
FE 0.5 mL. FEMFINA 2 mL ZFEA R DA 1k BT
RN . FH ZIHEK %R (DNS) £ B+
(97K e A 2 e

AR DL = ek T f e

B=(E-F)x0.9 (5)
B,~(G-E)x0.9 (6
ENF

F——BKg 2Ty ¥ i B H) A4 % (FG);
E——mmmmM@ﬁ%%¢%zﬁﬁ%%%(mm)
G——120min & A WA XFH FHHESZ (AG);
B—— ik iR H4E (RDS);
B,—— &k i &F (SDS).

1.3.9 H-FHGIAGLYH
HI Al GI 1% [8 R 514 A5,

AUC 54 min
H:—AUCg %100 D
0, =39.71+0.549H (8)
K
AUC g pin—— R A S5 180 min A MXAE & ] E) 48

KT 6 @A
AUC, ——xF ARS8 F)
H——7K #4584 (HI ),
0,——duEds4k (GI).
7E 50 mg Y FF & H N 6 mL 2 mol/L 1)
KOH 7 %% T4 30 min, LA 4N VA MRIIVER
o\ 60 uL ¥ELLEE (0.4 mol/L, pH 1H 4.6 [KESER
BN MR DD, 7E 60 CHIZKEH I E 45 min J5,
PL 3 000 r/min %% 3% 25 0 10 min Y& £ & W, W
DNS =l EiE Wl i wibE & s . HEESMt
JETHE 540 nm bWl E W ' AR T BB TIK) i 26 B IR
FE, FEARLL 0.9 HB N B A E (TSP, Gl
HIRE AR NS BRRE S, RO O LU & 9 b
Y. GL BT AR

A KT A @ AR

0, xT
0, = 100 9
B
0,——0,%0.7;

T—— X7 H4% (TS);

0,——f#E R AT (GL).
1.3.10 TAE KRR RAE2 hafn s 15

% 100 H CS7BL/6 /N R B T 78 o5 A 48 1 28 k)
e, ZFEN (25 C), IEHOILR, MG
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40%~60% N I& B — &, HEAT 11 2% JR 95 /) BRLASE 2R
L. FTA M OGS AR P i it B B B TR AR )
{40 5y seié gt [PZWH (GED K2021-0019] $2
BEFESE N, L B T EHY b %
R, R eI TR BT R B S
5o FE e vEDRL R IR N R AT G B RS IR — S,
FE R AR L, MEFRNER 4 8 . 56 4 T b K .
G5 /0N bR s 0 S R A TR R VAT (40 mg/kg, VT
0.1 mol/L A7 R 2% i, pH {H 4.5). 1S5 Ml
/NER 4~5 d BEAE, 2 IR 7K~ =7.8 mmol/L 1
FE R 11 R PR R

FEREIRIE (n=100) /NERBEAL N 10 H, BT f
GG LR :

(1D XTHEZH CFE R 3 T BE /N ER, 200 mg/(kg-d),
n=10)

(2) BufRJHE (Aca, 200 mg/(kgd), n=10)

(3) PMPa 4 (1.25%+ 2.5%- 5%+ 7.5%,
200 mg/(kg-d), n=40, 4 10 2D

(4) PMPb 4 (1.25%. 2.5%+ 5%+ 7.5%,
200 mg/(kg-d), n=40, &4 10 2D

KRB R /N SR — BB N . ZE B 120 )5,
o BEOXT IR 1.25%. 2.5%- 5.0% 1 7.5% f] PMPa
A PMPb 1T, HAHXREBOS g+, H
GA-3 R {5 5 = MBSO /s BV S5 2 h IR
1.3.11 %itFik

HHELPIE £ drEER R H SPSS B4
B AT K R 7 Z M1, Duncan’s VAT Z & L
B, P<<0.05 MR MK H Origin 9.0 B fF4 K.

2 HR5VE

2.1 F R R Mt o- 7 M B 0 | & fnDPPH
B i 2R R E

o- VE ¥ Bl J2 — FhK il 22 B o R B A
PR ZZ 2R IR A AE T e ORI AR TP 1) a- YEAG
il 57 5 o0 R VE R P2 AR 2 W, BT DASI ) o R R 1
A DA 22 0 /K M 7 A 78 2 B I KPR, sk 2 Bt
7N, PMPb B A & a- vER RS, X a- i€
W BRI N 68.51%, 23 F T PMPa (1 62.33% #il
B 4 Xsf & Bl < 38 B 1) 55.99% (P <<0.05). Chamorro
SRR, R B TR <S5 ku 1R
FAR T AKEL > T8> 5 ku B4 Bk o o A 201 -
JER BEAMEEE . /N[ PMPb ¥ a- JE 47 B0 1)
TEPERT T PMPa, 1] BEA2 KON LIRS & (1 19 0 5 80
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& H 2 AL, TIFER o JERREHIENE 1R .
& 2 BRIRAERKE o M BN 5 M FIDPPHB FRIE 1%

Table 2 The a-amylase inhibitory and DPPH free radical
scavenging activity of PMP

FEH a- A EEIP R F /%  DPPH FHRE/%

PMPa 62.33 £0.88" 76.38 £1.59°
PMPb 68.51 0.82° 79.21 £ 0.46°
T kb 55.99 +0.54° —
Trolox — 72.49 £ 1.40°
E: 7 RATAMNE. B =2 HAE EARRR B F A

R THEE £FEE (P<0.05). TR,

ok B R AR R T MR P IR B A A
BRI B B 25 WA AN R DA ROR R 9 A R o
=, BFFLRM, BRI E B2 T 5 DPPH H
P 0 PR U O 6 T it € 1Y) DPPH-H AL &4,
M RBH B praatE™, £ 2 8or, HHE
FIK B B3 75 B DPPH H /i 3 i Ak 35 1,
PMPb () DPPH H H 25 BG4 N 79.21%, &3 &
T PMPa (76.38%) #IFH 4%} H8 Trolox (72.49%) H]
DPPH J&5 &M (P<<0.05). 2581/, Ruben 25" PL
257 0 iRk d I AL B W Y AR DR AR B o T
<S5 ku WELZKPPAENEES T 5 FE>5 ku
MEEZ K. FFARIESE, Ko T ERKE AT LA AR
FRPUARALTE R, [, PMPb 8T FI B BE
JIAl eSS KM 2 K.

22 FRIEMIKXHTHREN YW

HETAER3I T (B FHOEGETE
BELR ER—mEEI, GXEAMt, &
B PMPa F1 PMPb [ 0F T L* F1 b* {35 i 4 JK 8
W PE G IO BRAK, 7.5% RIS INEf# L* [ F %%
A%, A TR T 11.3 F17.06 (P<<0.05), b*{H
W23 5 R BT 3.27 F14.7 5 BETH a* {85 0 BE 7 1
SR RS n B A9 () 38 B 7.5% B B B E A
(P<0.05), a*firn EF 7 1.8 1051 PFHH
AE* R AC {8 -t B 75 ) SRR JDR 7S 0 2 1 4 o g 36
75N PMPa f 9T 575 i PMPb (90T 2B 35
B, Haex EMNIE (SE) BHHNEEHE
(ELLth),  HoEEa 5 AN RN #84 Fr i % . Kumar
ST 5 R IR A v T D 2 R B 86 T, T
(1) L* B b* {EZ B PR, a* (EZE A=, AE* Fl
AC* {HA FT IR, 20 (0 F n) 58 R 1) 58 a4l s B
AR B, T 3R TH B A TT R S5 0F T R
JREBEIINAE R, 5l KL RN T BT B A
IR FEREAIC
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Table 3 The surface colors of different biscuits
ikl L* a* b* AE* AC*
xt B8 82.48+0.36° -1.79=0.07° 23.93+0.27°
125% 77.27+028° -0.84+0.01" 2320+0.72" 5.63+0.07°  128+0.05
AP 2.5%  76.39+033"  -032%0.05° 22.71=0.08" 6.36*0.04°  1.91+0.03
50% 7557+026" -0.13+0.03" 2238+0.10 6.65=0.11°  2.27+0.07°
7.5%  72.50+0.25°  0.96+0.01'  20.66*0.12° 12.08*0.10"  4.27 0.09°
1.25% 80.41+0.45 -1.53+0.02° 2255+034% 249+0.02"  1.41+0.04
2.5%  79.28+0.86° -137%0.04° 22.10+0.19° 371£0.05°  1.88%0.11°
PMPD 50% 7853021 -1.19£0.02° 20.00+0.34" 6.06+0.03"  3.98+0.06°
7.5%  76.36+027°  -1.02+0.01° 19.22+0.02° 852+0.12°  4.77+0.02°
x4 PFROREEFINEEE
* e Table 4 The hardness and chewability of biscuits
d \J \-) \J s i R
125%PMPa  250%PMPa  5.00%PMPa  7.50%PMPa *t F2 25472.08 +342.24° 538528 +89.19"
1.25% 22577.14+217.11° 4 447.85  68.36™
o '- .' :-3 2.5% 20432.86+32225°  4168.9+7557"
\J ;J \ J L—J PMPa

1.25% PMPb 5.00% PMPb 7.50% PMPb

B 1 A[E PMPa #1 PMPb iR 25 FE &
Fig.1 Biscuits with different proportions of PMPa and PMPb

2.3 F R R MO B R A B R o

TE (PO 5 2 E R N AR 2 T K73 SR HH 1 2
JoR SR AR I o 1 A2 L T e I, R T A Y
28 SEAE AUk /D AT DA B T IO RE P ln R 4 B,
Bl & PMPa 11 PMPb ¥ i L6 48] (1 384 &2 7.5% B,
T (1) B P55 R L DG i 3 R R R I (P <<0.05),
TEPE 5 ) R % 7 8 102.49 A1 11 448.03 g, NHIEJE
SRR T 2 460.76 712 973.41 g, 15t B 55 ) 544
JORC BT AN T B A A 7 e 0 1 IR 4 g IRk b T 0
T 0] DL A IR ) REL i R K, BIAE — e R B eGE )
PEDFT- 0 K. IX AT fE S PMPa il PMPb 5% 4+ 1 1
W ALK 43, 5 G A JBURE 4 A E THI 73 99 485 45 4 v
BH Ik 2 AN A 7R RS — e, ST
23 [] [0 4% 25 44 (1 F2 1. B % PMPa il PMPb
I i 3G n, R IR THI 5 AR R T AT FRDORG B 1R
B, U RO R R RS X SRR AR
BIF S0 285 A — 25, 2 0l A A8 VRV n 2 5 e T )
T R, TG o K 0 T %0 A e v, R AR T
ININE B2 N 24.79% B B GF T B B 8 A 1K o

2.50% PMPb

5.0% 19283.18 £185.90™ 3 686.71 +47.49™

7.5%  17369.59 £379.86" 2 924.52 +86.65™
1.25% 21966.75£319.92°  4908.52 +53.36"
2.5% 2077516 £376.23 3 841.46 £ 99.95™*
PMPb . .
5.0% 18333.89 £154.53™ 3 091.09 £ 36.45™
7.5% 14 024.05*158.41°  2411.87+73.21°
24 FHRFEMKA S THEHGEREKE
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Fig.2 The glucose release curve of biscuits of different adding
levels of PMPa (a) and PMPb (b)
7Z: (a) PMPa; (b) PMPb.
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Table 5 GI and GL values of biscuits

20 5 bR A (GI)  fbEfi# (GL)

3 1R 98.85 + 1.35% 18.29 +0.93¢
125%  89.38%0.92° 16.51 £1.07°
25%  89.41+0.72° 15.99 +0.49°
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5.0% 86.71 £1.37°

7.5% 85.28 £0.16"
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15.70 £ 0.63"
15.57 £ 0.40™

14.72 £ 0.46™

2.5% 92.96 £ 1.37° 14.54 £0.42°
PMPb

5.0% 88.26 + 0.94° 13.87 £ 0.46"

7.5% 84.75 £ 0.72° 13.79 £ 0.88°
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Fig.4 Postprandial blood glucose response of type II diabetes
mice to biscuits with different levels of PMPa and PMPb
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