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W E:XEZS58mE& Y 444 (Purple sweet potato polyphenol-protein complexes, PPPCs) &8 fif 4 72 % fu 4% 7 % 77
wEAGAELAME. KFFLUPPPCs AR A, RAKNZOBAMEER QI F MK, Hi@d 3 kDaf
10kDa AZEME S HRFBZARR S T2 EMKEL (449 1: <3kDa, 4% 2: 3~10kDa, 4% 3: >10kDa)
)R & B A SR BR A RS VR S AR A & (Streptozotocin, STZ) 4 8948 ki s RAE AL, #R4% &Ik B L0 3T 48 Jk A
DR EAEER, KRRABRIKSEEETEEERRIZORERITHH, HF A HepG2 w itk & FIKFALA 74
B HBOREER S BRET, SHATAS 1 HHNEE (DHHL) Wl RRE, 5EEAL S
(D+HF) A8k, R E Mg K- 2 F K (P<0.05) , BABEATZEEFRSG (P<0.05) , #BEBIIALHKE
BEERIFE., WHEASERG B Z R E (P<0.05) , &+ 52 B (Total cholesterol, TC) . H i =&
(Triglycerides, TG) . &% & 5 & @ J2 B8 (Low density lipoprotein cholesterol, LDL-C) 4 & 3 2 3 41K
(P<0.05) , & FENE& 2B (High density lipoprotein cholesterol, HDL-C) 4 Z 2 ¥ # 5 (P<0.05) . £ &
1 (% 1) £ 0.1 mg/mL & AT T4 M5 E IR HepG2 e & A H BRI E 1620%. AFFLIEET
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Abstract: Enzymatic hydrolysates of purple sweet potato polyphenol-protein complexes (PPPCs) exhibited potential hypo-
glycemic activity. In this study, PPPCs were synergistically hydrolyzed using papain and alkaline protease, followed by
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fractionation through 3 kDa and 10 kDa ultrafiltration membranes to obtain three peptide fractions (fraction 1: <3 kDa, frac-
tion 2: 3~10 kDa, and fraction 3: >10 kDa). The hypoglycemic effects of these fractions were evaluated in a diabetic mice
model induced by a high-fat diet and streptozotocin (STZ) injection. The most active peptide fraction was further purified
by gel chromatography, and its glucose uptake-enhancing activity was assessed using an insulin-resistant HepG2 cell
model. Results showed that the group of high-dose fraction 1 (D+H1) in the treatment groups exhibited the most potent
hypoglycemic effect. Compared with the modeling group without treatment (D+HF), mice in this group demonstrated
significantly reduced fasting blood glucose levels (P<0.05), markedly improved glucose tolerance (P<0.05), and significant
amelioration of diabetes-induced weight loss and damage to the liver, kidneys, and heart (P<0.05). Levels of total choles-
terol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C) in serum were significantly reduced
(P<0.05), while high-density lipoprotein cholesterol (HDL-C) levels were significantly elevated (P<0.05). Notably, its
subfraction 1 (Peak 1) significantly increased glucose consumption in insulin-resistant HepG2 cells by 16.20% at a
concentration of 0.1 mg/mL (P<0.05). This study confirmed that enzymatic hydrolysates of PPPCs possessed potent
hypoglycemic properties. Among them, the <3 kDa peptide fraction had the best hypoglycemic effect and exhibited a
certain degree of dose dependency, and its hypoglycemic activity primarily originated from its subfraction 1. These
findings provide a theoretical foundation for developing purple sweet potato-derived bioactive peptides as nutritional
interventions for diabetes. Additionally, this study highlights the potential for high-value utilization of agricultural
byproducts in functional food applications.
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I IR B MBS 24 o SR, JR 05 22367 v e S 20k
B I EAEAN KRN P, R IR 2G n gE S [ &
BIZEALE . [P EReil FERIWES . IR
RS P o PR e APy . WIVE R/ INAERR AL, TR IR
5 T T h 4832 1,

B TG ELE. 20 EOAE T SE
s, o, Z2my s 5 8 BT A el AR
A EELE ST % PPPCs!'Y, 5L 3 [ 47 (i S8 AL AT
REFEYIREMED, R AR B R AT ORI E &
Y I Re e IRE . Pa SCRIFRE, MAE Y& R
AT BIRE MBI, BA W P . fRoe v . ety
e AR R, X T4 DAy P R B AR RS
FUs SRSk, X PPPCs BTG HERIFS Sl 22, i
o TR = ) A o LB T P BN A TR

AW LA PPPCs 2y JFURL, FIl FHAS IR FH B A%
PEFR R T, G D NS B N R S KB,
FR G VPN HH PR IS /)N BRI B I oBEAE FH o I
HepG2 4t 5 25 ZARHUR A, 0582 5 J B R 7 1
U 1) K B R EE IS (i 43 B W25 2H 43 X R 25 WE T
FLRIREIR . PSS SRR PPPCs BB TEAL A FHIRML
HSARYE, SRR EE M Th e B 19 & 24 18
%, [RIAT, XPHH PRI 37 T ISR it o B 2
1 MR5RE%

1.1 MRS

HECFEE 1S BWTFILARIEYT, T-4 CH¥

FEARAT o BEHUIR S/ N 5], R L BR4B1493; ICR /)N
B M, 4 W%, WIGGARER 2042 g, 7F ICR SC46FF
BN TR SR, W A AR R R A SR s e (A
FEYF A5 SCXK(2F)20230032); HepG2 4ujitl
FI ] 25 Bog ML 760 5% 35 ) AR P o s A IR 1 il
(20 KU/g) . B81: 25 (il (50 kU/g) . R ZE A il (20
kU/g) . BRI | #idgnanla b REEREH
BRAF]; 4% ZR P (SrPr4l)  Biosharp ZE#A FR
N A AR . ERR R XUIK, STZ  S3Aali, Brlhr T
A AR B A BRAS W5 1640 15353 i d: 28 137
Pk, PBS ZZvh#  Gibeo 43 Fl; TC. HDL-C. TG.
LDL-C ikl & at 2 AE Y TR T Hogxik
FFEI Ry =43 At

TGCXZ-10B # 75 306 i i PR HE Bl Jb st 54
8 A= 0 B R B A5 B2 w5 HPS10 48 38 41 14 .
MSM201 R4S s g EE B 2A A M A R
H]; XD30 fFl'sE s TR A BRA F] AL-
PHA 2-4 LD plus ¥ V: T ¥l #2E Christ 2% A ;
IY02S 24T A6 aUE AR UK A A RS
H]; SpectraMaxM2e BPR{Y  E5F 3 FALE (i)
AR F]; SW-CI-2FD XA G L TAES 231
WAL A RS F CO, ARG T4 T8 E Mem-
ment 2\ F .
1.2 SLWHE
1.2.1 PPPCs il PPPCs M-S IR 1y
Jrik o BRI S ORI L 1:8 5 2K
(pHO6.5) 1RG5 BT W i AE A SR BL b, B2 &R
JE K 40 °C, $EBL 90 min, $EBUK T 4000 r/min F
B0 20 min, 4385 H_BIEWOFIDA G R 8 A
5 60%, 4 °C TPk 60 min AUTIEE H .. BEESS T
4000 r/min FHEKES.C> 20 min, WEETTTES FHZEMEK
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B, SR)JG A 0.1 mol/L MY S AL EMEECr: pH P4
% 6.5, B A TN 10 kDa B9 SR ARG
UEMEIA T o R M i L TR FE IR 10 ps/em
A, GRS TR T .

1.2.2 PPPCs YRfi# PPPCs 1B 2 25 24245020
AT, SR XU 325 B, JIT R FH A PR A it Ay AR IX
AN AR A . FHZR IR KK PPPCs T8
Bo il e B S 0.01 g/mL FYERIIEW, JH 0.1 mol/L
) NaOH AN HCl AT W pH.  JerE i)
50 °C, pH7.0 £&1FF, $% 5000 U/g BIEFES I i A
AR AR, S 1 h, 95 °C KB KIE 10 min, &3
FEEIR ., RIGTERE 60 °C, pHS.0 &1, $#eligzsin
H 6000 U/g AR IERE I, IR 5 he 95 °C K
K 10 min, ¥ #H5 4000 r/min &5.0> 20 min, Y4
TEWZR T RI45 PPPCs WAL= 4 .

1.2.3 PPPCs Hffir=#isresgift ¥ PPPCs Hif#
M=) EARE S Sep-Pak HE, ZRAR /K Pe I I U 45 Ue i
Wo VRAAE G URT, PR FHZEE /K B B R 5%
PRSI . T4E)E 3 kDa Fl1 10 kDa FUEHE R0
B VEIRAE 4000 r/min BS.L> 40 min, 53] 3 R [E]
Syt 5 I, Rt

1.2.4 BRI/ EBSRIA S, A I sh ) S 508y
PRAETPRM K250 S 2 By 2 HEE, 8T AH
Kb, ICR /N A BIRE 1S, 5020 12 40
(n=10), 3R 1 s, /NERIEFE 4 H )5, @AZH DA
50 mg/kg MUFIEZESE = RIEIETEST STZ, Xt a4 s
ST 0.1 moVL AP LE vhik P!, E 5T 2 i S,
BY EE L, I A2 MM (E, MFE{E T 11.0 mmol/L
BB AR /N0, 22 e BEGT Y B B ks
%, I MRS LA TR HE B 2525, Rk —Ik, LA
KAR(200 mg/kg)VEABHMXT IR, AR TS A
JUE AR 5, IR (BN 5 71T/ BRAS B 8 hOREEIK),
Y FEHREUML, A MUBEE . 25 6 JEXT T /MRt 7
AR 1) 28 Coral glucose tolerance test, OGTT) .
MERTEEE 12 hOREEK), HEE 1 g/kg HATHES, M

FEAALH/NEL 0L 15, 30, 60, 120 min B ILEEEL

1.2.5 IMyEFINERS RAE M E  SLEEE 6 8, /INEL
12 h JERRE .. IRIEE PR, =R EEL 2 h,
1500 r/min &5.0> 15 min 4725 L35, —80 °C #Hff. W
IO B M L BT4HL, 4% 2 R R FEE S
—80 °C P47, F iR & a2 ML7E + TG. TC.
HDL-C F1 LDL-C &g, /DNERAEASFEEEE A (1) i3
AT

OR(%):%XIOO #® (D

i OR: WEESFEEL, Yo; m: /NERIEAS BT, g;
M: /NERAEFIRTIOIARE, g
1.2.6 ZH5r | B AR E B G75 BE (a3
KR o | SHATHES, Sy s S5 INRERE S 1 mL, i
FEHRE A 50 mg/mL, YEBLHHA 2 r/min. YRR L
if 220 nm ELAME, SR S TR T S
1.2.7 HepG2 diffiiyE37 HE 55109 HepG2 4H
MaEEFP T 85 10% B4R 195 1Y 1640 R53E3Eh, &
T CO, FEFRFA NI IR . IR 4: 37 C IR BE .
90% FHAFHFTRIEE LI KL 5% 14 CO, M . 42k
BERTRERR 3 d A R—kP,
1.2.8 HepG2 ARy FEHCHIAL AL e~y #EEkt
TR AR50 . FH 0.25% JHEsE 1
XA TIE AL, BE/S 0 10% BG4 MyE 1Y 1640 55
FEW A AR o AR RETTER, SRS+ RFFL 100 pL
2N ARV (5 B R 1< 10* 4l ife/FL) 2R+ 96 FLAR
T TSR . RRAIMNSEE S, SCIG A FLINA S A X
R B U (1x1075, 1x107°, 1x1077, 1x107%, 1x
107 mmol-L™) Y 1640 155K 100 pL, 1E & X FEZH
M AZEETCIMNIE T 1640 532, FH4EE 6 F
17 ¥5FE 24 h 5 EH N TCITEN 1640 B3R, 4ksk
B:5% 24 h )=, SR A ARG o e B 3 vl i A
EE S . DAICHH ALY As R R, AR 2H Y
HEPYEEFER, FELAHFERE AR — X R R 5 2R
e AR SRy ST R A TR Y i e

xSRI KA AL

Table 1 Grouping and treatment of experimental mice

i (/9Ey HEH i T Fixil EE]
1 IEH R K 0.1 mol/LAT AR ZE v TEH /N ER IR N+C
2 R K 0.1 mol/LFF5IRZE il EHE/NR+E IR E N+HF
3 AR TR K 50 mg/kg STZ BRI/ N R+ m IR IR D+HF
4 e i e ZHIBUIR(100 mg/kg) 50 mg/kg STZ Tl PRI /N B+ P XU D+M
5 [ 2H431(200 mg/kg) 50 mg/kg STZ PRI /N B+ R 2 43 1 D+HI
6 [ 2H1431(100 mg/kg) 50 mg/kg STZ PRI /N BRHIRR 2 43 1 D+L1
7 R 2432(200 mg/kg) 50 mg/kg STZ AN RS S el R ) D+H2
8 = R 41432(100 mg/kg) 50 mg/kg STZ PRI /N BRI 20 432 D+L2
9 Sy 21433(200 mg/kg) 50 mg/kg STZ PRI /N B+ 77 20 433 D+H3
10 Sy 21433(100 mg/kg) 50 mg/kg STZ DRI /N BRI 20 433 D+L3
11 = IR PPPCs(200 mg/kg) 50 mg/kg STZ Tl PRI /N B+ =5 57 5 PPPCs D+HC
12 iR R PPPCs(100 mg/kg) 50 mg/kg STZ BRI /NG B PPPCs D+LC
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1.2.9 HepG2 4H M #j 2 HEIHFE UM & %P8 1.2.8
HH T R SR AN, ARG BESE AL, 43R IE & ) B
20 | BRETILH N = A5 25 40 (B XUIREE L 1 1 2 Fiig
2 2H) . IEHXTREZHAFFLANFE 100 pL TG 1640 1%
FEW, AFLIRY L RN 45 45 2 i A 46 i S R I Y
1640 JCIMFEEFEWE, W E 24 h J5 BB IR0 .. BE)S,
TEH X R ZH FASE A 20 B e Sk i JT M TS 1640 B 3%
W, AR ST I A T AR 259 (1. 0.5, 0.1,
0.05. 0.01 mg/mL) AY JGIML 75 1640 £5 3£ 100 pL,
AhsEiEFE 24 he ZJS PR E S IRIE, 5535 18 h 5
M A LA AT & B, FR R AR
1.3 HEIE

ASSL B AR AR 22/ 3 YR EE S A ST S BRI AR
B, SIS F o RV bR M 22, B 1 k3
1 2% 5543 H7 5% F SPSS Statistics 27 K 4 #E47, P<
0.05 FnA W E2E 5, SR Origin 2022 #4742 E,
2 HBRE5ESH
2.1 PPPCs HUESHESIZ

FE T IR JT EH LA 1) S B0 2% SR, SR FH AR I
T B B S RS> 25 X PPPCs #EFT B AL 2,
A IR = R ER L URT L B IERS B A B S,
153 21 B2 3, Ho oy s o5 ok 45y 1: <
3 kDa, ZH4) 2: 3~10 kDa, ZH4} 3: >10 kDa.,
2.2 FBERLE S XTHERRR /)RR PE M AE(E TN
2.2.1 BERIRE/INEESH G Ny WERRE PRI AR R S
B 2H /N BRAFIE R, 555N B T S i == AL H B
BEANIN3Z . IR R BRI S 2OE T . Ai3R 2 R,
B H AT R T MR (DHHF) . HoA,
D-+H1 ZH . D+HC ZHH1 D+LC ZH/ N RIS T N
&, RPN AAIG SRR A BUIRAS R A7, B By
HEFhs R iR, YoKIEHR . JEEzige T
PRI [ T8 L AR R LA 29T BOAF G AR, T gk
T HErE

2 SH DRI R

Table 2 Survival rate of experimental mice

TH/NRECR SETNREOE SRR AR

=1,

S () () (1) (%)
1 N+C 10 0 10 100
2 N+HF 10 0 10 100
3 D+HF 10 4 6 60
4 D+M 10 2 8 80
5 D+H1 10 2 8 80
6 D+L1 10 1 9 90
7 D+H2 10 3 7 70
8 D+L2 10 3 7 70
9 D+H3 10 2 8 80
10 D+L3 10 3 7 70
11 D+HC 10 1 9 90
12 D+LC 10 1 9 90

2.2.2 BRI XT/N RS I M BVE AR s
IR, BN BRES B AEZEA T 1 Uil E, P E LS

SanE 1 fras . BRI i N BUAs I MUEE EE S s T IR
WL/, Hoh, DHHF 489708 BB — B s 7k
SRS, I W T A 254 (P<0.05) . 245245 3 A,
D+M. D+H1 ZHF1 D+HC ZHA47/) BRIy S B 45 BH
Wy RS, —EH314525 6 JHJE, D+M 4. D+HI
ZHFN D+HC 417970 BURUAE A S 4K T HoAth A5 2
FEAHARE R ISR, 7 1~6 JH N, D+HI1 211 D+HC 44
/N BRI K S R AT DM 2, HAEJF LA 2 JH
D+H1 ZH#& T D+HC 41, (HAEZ SR PUJE Py D+HI
HIRLALT D+HC 20, PIRESERIFFLERY 2 JEZa56hs
AKRGEARAR, 2 SR IROEETRaE . ALy 1 A
BB EAT —E IR MU, 253 1 IR IMUBERL
S, BRI AR 2 — XD,

1 2 3 4 5 6
J% ()

1 A2 /N B TR I P 520
Fig.1 Effects of each fraction on fasting blood glucose in mice
TE: *FR5 D+HF 410 22 5 8.3 (P<0.05) .

2.2.3 [l 2H 3%t /)N BT AR I 22 P4 10 e s R

OGTT PPN/ BB Gl 5 B8 1 i 7 5123,
ZE RN 2 s, #EE 15 min N, 4% 21 /) BLUILDBE
PR EFHEE, 15 min J&, N+C 41/ BRUAUBEE T 4R
BAARG, A HARZH /)N BB (BT 2 L T Ha s, xR I
REZE /N BRI i 28 W T 2 A AR F T 15 B 4 /N R AZ 40
TE 30 min B, EEARLH /N ERAY I ELIS B B i 1L, 4545
2520 /)N B B E MK T D+HF 4. 30 min J&, 5%
AR ZH /)N BRI OB 28 52 BN [R]85 ) R R . AE
120 min A, D+HT 4 549 B (E & AK, H R D+HC
ZH . FRWIZH 43 1 AT g ) BRI 3 8B it 52 M 451453
AIRERE T4 1 aT sl s SRR, IR R

40+
351
30+
254 i
20+

UUARAANA
PYPYTTPIITEy

z
RELELACEZEEO

I AEE (mmol/L)

D+HC

I
I%E D+H1
10- —
5.
0 20 40 60 8 100 120
Fif ] (min)
Bl 2 4155/ B A BET 32 P A 52 i

Fig.2 Effect of each fraction on glucose tolerance in mice
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523 I MBS S 56 45 AR R, L ZE AL 53 1 A9 R I %
SR T M AR A E A A — UK.

2.2.4 [ SN RAREE FIESS RECsEm 52
AL, /N ERAER AR f g Bl an i 3 Tz, N+HF 21
IREHE IR R, 5 15.67 g, 3 N+C 4175 5.93 g, fH
PR, ARG I /IS B B 37 4 221
TIEHH/MR(P<0.05), X AT RES STZ 55 2B .
REACIZEEL . 85 B o f g oinAT O, Sead 45245+
TijE, D+H1 20/ BUARE R e s, HokCh D+HHC
21, VEBHLZE Sy 1 AT RO /) U PR 9ps AH DG 1) 4

20

PREIG I (2)

K3 &2 %0/ R 1Y 5
Fig.3 Effect of each fraction on the body weight of mice
TE: AF/ING FRERRA 35255 (P<0.05), K 4. & 6 [,

A5 /N AR R BRI AN 3 s, H
o, BERE R B AL P TG e S R 22 5 (P>0.05), DB
T =y % NG A PR R A B ERASZH ) I 52 %K
I T IE R 4 (P<0.05), Ui BHER AR 4 /N Bl T BEXT
TERG Wi AT ¥ 42, Hovh D+HF 28 i AT IE 3 B ok, ik
6.31%+0.53%, IR LS ™ i . 4524540
F D+M 2 . D+H1 20 F1 D+HC 20 I 5 B AR g
FERCH, 4335 D+HF 4% T 21.39%. 19.81% Fll
18.07%. FHAE GYIFILH S 1 HRA] LAAG SADH]/IN
ARG T 25 AR, HLE gl gy 1 AR R oA BRI
ZH /0N BRAR O I BR800 TE 7 4H A e .35 B TH(P<0.05),
FERAMEPRIG /DB B T DR OIS . 45245110
Ja, BT D+L2 HANINRAY O IE R B LA T ANF R
JEIR R, Horh: D+H1 20T D+HC 4.0 IR REC TR

(@

[ NS N N LY I RN |
! 1 1 1 1 I

SR RS 2 (mmol/L)

S IR A AR
R e o P
415

35 (P<0.05), UiEHEFIEZH 5 1 FIE -S4 nl vl
O E R A B S s DAL, D+H2 1 D+L3 415 D+HF
HAHFLTC 3255+ (P>0.05), DiHLA S 2 LIS AR
ZH 4y 1 ARG ZH 53 3 %F /N Bl O e i B 5 TG A
38 BHIRIG 231 Al B AR ZH 4R B35 405, DRI DR I /)N
FRUA B 2R 80 251K T 1R W /N (P<0.05), N+C 21
JINERUEY B E R BN 1.44%+0.19%, T D+HF 2H T [%
ZFE 1.06%+0.23%, N T 26.39%. &ad4425 )5
LB BT RO R A T AN FEIRREE I, Hod D+
M 41, D+H1 4151 D+HC Y _E TR B e ok, 43 355
D+HF 44 EFI T 17.70%. 14.16% F1 15.93%. ¥iHA
RS 1 A A3 n] RIS R IR G 5 [ B B
PG LA 259 nT R GeMilsE PPPCs M HI i 7=
P IHEPRIR S | & i 2 WS 5 B SRR AR E o
23 BWHINENERS R B R

Table 3 Effect of each fraction on the organ
coefficients of mice

4 OIEER(%) IR E(%) ISR E (%) BIETEE(%)

N+C 0.45+0.05" 3.96+0.35° 0.27+0.08" 1.44+0.19¢

N+HF  0.43+0.07° 4.26+0.62° 0.28+0.10° 1.13+0.17%®
D+HF  0.49+0.07° 6.31+0.53" 0.35+0.06° 1.06:£0.23"

D+M  0.47+0.06% 4.96+0.74° 0.28+0.08" 1.33+0.25%
D+H1  0.46%0.05* 5.06+0.59% 0.30£0.12° 1.29+0.17¢
D+L1  0.48+0.08%* 5.98+0.43° 0.32+0.09° 1.21£0.21%
D+H2  0.48+0.06* 6.17+0.64¢" 0.36+0.07° 1.13+0.18%®
D+L2  0.52+0.07° 6.29+0.72" 0.3440.12° 1.25+0.18%
D+H3  0.47+0.07¢ 5.75+0.35° 0.32+0.10° 1.27+0.23%4
D+L3  0.49+0.05° 6.03+0.59' 0.33+0.09° 1.12+0.22%®
D+HC  0.46£0.09" 5.17+0.43¢ 0.28+0.06° 1.310.15¢
D+LC  0.47+0.07¢ 5.66+0.53° 0.34+0.08" 1.18+0.26"

H: FFIANRING FREFR7R 22 5 125 (P<0.05) 5

2.2.5 il 2H 43/ RIS NS BRI Ar i 8 45

AR E] HLAT 25 U0 JCIe 4, DM RSl A ig
AR 58 101 B0 RO, T AL i AR 2K P e AR Ak AT
LA St Ay e B A QI 200, R1 IE 4 o) ot g 7K ST B TA
ShAnEE AR R S B 2R, PPPCs M LR =110
B 5t/ NEUMIEFE PR ISE AN &l 4 iR, Bl D+
HF #EARYZH A/ BRI 5 TC. TG Fl LDL-C 7K &
T IEH 4 (P<0.05), 5353 25.15%. 88.89%
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