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Structural characteristics and hypoglycemic activity of

polysaccharides from different parts of wampee
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Abstract: Objective: This study aimed to develop antioxidant
products and anti-diabetes drugs of wampee. The study aimed to
research the structural characteristics, anti-oxidation and
hypoglycemic properties in vitro of polysaccharides from different
parts of wampee. Methods: The structural properties, in wvitro
antioxidant and hypoglycemic activities of polysaccharides from
the fruit, peel and seeds of wampee (CWP-F, CWP-P, and CWP-
S) were analyzed and compared from the aspects of chemical
monosaccharide composition,

composition, molecular weight,

appearance, DPPH f{ree radical scavenging rate and a-amylase
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inhibition rate. Results: CWP-F had the highest molecular weight
and was mainly composed of galactose and arabinose, CWP-P was
mainly composed of galacturonic acid and arabinose, and CWP-S
was mainly composed of glucose. The absorption peaks of the
carboxylic acid structure were found in the Fourier transform
infrared spectra of the three polysaccharides. Scanning electron
microscopy results showed that the surface structure of the three
polysaccharides was fluffy. CWP-P had the strongest antioxidant
capacity, and its DPPH free radical scavenging rate, OH free
radical scavenging rate, and total reducing power all were higher
than those of CWP-F and CWP-S. CWP-P had the strongest
hypoglycemic ability, followed by CWP-F, and CWP-S had no
hypoglycemic ability. Conclusion: In vitro, CWP-F, CWP-P, and
CWP-S and

exhibited structures,

CWP-P has

varying compositions,
antioxidant and hypoglycemic activity. Notably,
shown the most robust antioxidant and hypoglycemic properties.
Keywords: wampee; polysaccharide; structural characteristics;

antioxidant; hypoglycemia
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BOHL: Allegra 25R T, 2R 5 ( 1) 28 ¥ Bl 45 47 BR

/L\\A

&l
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TR R0 M € X . Waters 2695 B, 35 [# K 4% 7
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TR AR LT . LC1200 AL, ZEER R E A A A .

1.3 Ak
1.3.1 B JORTREHR A ML 2 M3 B B — i 0 3 2R

PR RN, RAITI A AS PR AR TE K £
JIg s SR B FFD T BT RE L 50 CHETF L BRI JC K 2 B (38
M) 4 ) fEdE 24 h BEAS, 10 000 r/min B 0> 15 min, JLIE
T 5 By T

B — 2 B T PR R B R R T R R R, LURL R L
(mpx * Vi)l 40 (g/mL) K (80 “C)H#ELEHLHLS WK,
BJIR 2 h(EE B Bl 78 55 — IR IR B2 B A 1= R VE ¥ il
BRIERS) 210 000 r/min BS.Lr 15 min, & I 115 D8 . e i 2%
KW B RARRAY 1/5, HEREBUR 4R A 4 AR
W9 TEK i e 4 CH#E 20 h, 10 000 r/min &L
15 min, U1 3¢ A i 25 B T /K & %, 8RR Al 43 F i it
100 000 HYBHTEE B AT 72 h, W R T 1R 15 3 8% i R L 2R

A 1% Rt 55 - 38 B2 R (B A 4oL 25 4 Y 45 4 4 1 R K S B It 4 O 1

B FIFD A 2 0 H 4 i 4 O CWP-F.CWP-P #
CWP-S,
1.3.2 Ak B

(D BEE R RS mmkt,

(2) W JFORE & R DNS 3077,

(3) BEHR & & CRAZ DRk,
1.3.3 X4y FREI E RS RO B B sk
3 4 S TSK gel G4000PWy, 4 % #£ (7.8 mm X
300 mm) ;A 30 C s 2 HER M (RID) IR 35 C s
VRS AH H B A K 5 W 0.6 mL/min, S FH AR S (T-
10.T-40.T-70.T-110.T-500 1 T-2000) 22 il k7 vf i £& .
1.3.4 BBIAR 2 BRI 10 mg CWP-F,CWP-P A
CWP-S TRESHH A 4 mL = Z R (2 mol/L)IE R
WML 110 “CHIE 4 ho 4 3 YA HY B W, e 5% 7% LA
bR = R . BB RS ORRE S OK R W2 PMP AR T
it A7 M. 3% 4 8 Agilent Eclipse XDB-Cyq {4,
JEHE (4.6 mm X 250 mm, 5 pm); I A WO BE—
0.05 mol/L # 8 2 ' # (KH, PO,—NaOH, pH 6.9)
(Vs 260D, WA B & B
0.05 mol/L B B2 2% » ¥ (KH, PO,—NaOH, pH 6.9)
(Vow * Vgsmann =15 ¢ 85) 3 B EEBE AL (0~10 min, 2% ~
6% A3;10~22 min,6%~12% A;22~26 min,12% ~9%
A;326~40 min, 9% ~2% A;40~42 min,2% A); iR
30 CsPi # 1 mL/min; & W ¥ K 245 nm; 3 #F k F
10 pl,
1.3.5 HLM R AN (FT-IR)  fHE 5 5 IR AL A1
& myg * mypgw A1 100 RS, F8 0 WF S I 1% A, AL
2T A0 5% 3% (FTIRD 3 47 49 5, 43 K il 08 B2k
4 000~400 em !,
1.3.6  HAHEEE(SEM)  BGE B A5, A SR B 25
HEATHE & FRi B T BB T 20 kV T UK 500,2 000 ff
X RE B R TR A HEAT WA TN IR,
1.3.7 (R AR

(1> DPPH [ H :3 B A8 00« AR 4 Scik 17 10F &2k,
# 3 mL Z BE—DPPH (0.1 mmol/L) ¥ W& 4% %1 m A
2 mL JFiRWE X 0,0.2,0.4,0.6,0.8,1.0 mg/mL 1) £ ¥l
FES WP IR AT, B % 30 min, W E 517 nm AW OGME .
PL VB BT gL #238 (D 355 DPPH A B E R R .
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R E N 0,0.2,0.4,0.6,0.8,1.0 mg/mL [ 2 Bk
MW A 2 mL PBS(0.2 mol/L.pH 6.6)F1 0.5 mL 1% %k
FALENE WL 50 C K 30 min, BHIEE IR, MA 1 mL
10% =8 2.4 500 r/min &L 10 min, B 2 mL k&
W 0.1 mL 0.1% =4 kM 3 mL &8+ K, # bR
R 20 min, 1 700 nm 4bWEAE .

1.3.8 R HMEE MBE I P

(1) o~ T M5 A 1 3 . AR B8 Sk 207,

(2) o~ 2005 H W40 0 % ARG SCk (21 ]9 B k. 43
IR 30 L AN [6) ¥k B2 A BE T 96 FLA R, Im A 30 pL
- AP B W (0.5 U/mL) 37 CHEE 10 min, i1 A
30 pL PNPG % (5 mmol/L),37 ‘C#EFH 30 min, 1 A
60 pl. Na, CO, ¥ # (0.2 mmol/L)Z 1k & N7 . P 5E 405 nm
TG L BT B A B P X B e 3 (2) T £
o~ 2 LT T O 0 R

A]iAo
~ (1 2) X100% 2
b (1 A:;—Al) 00% @

N

b~ M BT RO I 2L 0
Ay R A BOGRE 5

Ay FE i IR OG5

Ay EELSN
A, 25 N B WO

(3) M o-VE B B F o7 %5 W5 1T B 3 1 2% 43 A . i
PEocHk[22] B, M5E «-YE M (5 U/mL) 1% 77, I &
A JF) BTk BE CWP-F(0,2,4,6 mg/mL) fil CWP-P(0,
0.025,0.050,0.100 mg/mL) fF 7 i}, X} B 7R 2 1Y [ B 8
KB B (1,2,4,8,10 mg/mL) 284k, [
o H A B RS 0.5 U/mL) & J1 , W 7R 7] i i 4k B CWP-
F(0, 2,4, 6 mg/mL) f1 CWP-P (0, 0. 005, 0. 010,
0.050 mg/mL) AETE T, X R 442 5 1Y) S N 3 248 Bl I 40 VR
(1,2,4,8,10 mmol/L) Ay 251k .
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[S1— &M T ak vk B g %o il 26 2R -~ D - N i 7] 45
BEH W B . mg/mL 3 mmol/L;
¢——CWP-F Al CWP-P Jfi & #¢ % , mg/mlL;
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K, —REKHEEH
K—— 10l 550 5 Bl 25 & 10 7 5 55 405
K, — W57 50— K2 & W& 06w 40

——R} 5
b—HIE,

1.3.9 Hus® AR ER 3 W, H M Origin #
P25 &, R SPSS #44 #F 47 22 57 W 35 1 43 A, P<<0.05
2 R 550r
2.1 EEAREBLSERNLFEERK

MR 1 AT 0, DB A ) T8 o 412 WY HL 22 0 0 1k
2R AR (P <C0.05) , H oy S py B A7 42 By 2 0 &5 1=
B HAR F BT S i s ik R B A 19 2 0 i Ik (B
I GRS B s R AR ALY B VR AR S R .
x1 BRARMLASHENLEAR
Polysaccharide content,

protein content of CWP-F, CWP-P and CWP-S
%

Table 1 reducing sugar and

4151 wEESE EARSE

CWP-F 66.184+2.85* 0.97£0.04¢ 2.2240.04¢ 65.24+£2.85%

CWP-P 52.40+1.43> 15.1840.47*  5.66+0.04> 37.2241.30°¢

CWP-S 70.65+0.78* 12.24+0.74> 13.44+0.15* 58.41+1.46"

T SR R 7R 22 5 35 (P<<0.05).,

2.2 HEMLFRENH

Hi & 1 AT, CWP-F,CWP-P fl CWP-S iy i 15 A i
Bk o Uk B LA 78 R R AE X 43 7 1 0 8 B 2 AL oy . AR
FRUE 4R 1gM, = —0.342 3t +9.421,R*=0.995 6,15
TR Z BE A 1 A W BT R Y AR X 4y F BT R 40
5 776 600,5 681 800,1 993 300, H: it CWP-S Hy X 23 T
i B #ECT CWP-F 1 CWP-P,
2.3 BYEAR

B2 2 A%, CWP-F,CWP-P 1 CWP-S 3 F Z i 1
AT W 2 W T TR L TN T TR L AR Lk FLRE A
By R A B B2 [ LB (B R S BO AN R, 4 . CWP-P &
AR ARE 0.06%, CWP-F.CWP-P fil CWP-S
o L e R B 4 ) R 2 FLAE (60,10 %) |2 L b I R
(35.54 %) PG 4 5 (89.77 %) o 3 A~HE i Ay B bl 28 Al K B8
IR T 22 5, 2SR Rl ORIE AL AR [l 51 1Y
2.4 BEMTHROMRIE

P 2 W1, 3 407 em ™' AR W MU 2 - OH B4 1 4
PR 5IHERY .2 932 em ™' FFE MG —CH. 2 C—H
B X FR 4 45 Bk o 51 & 7. CWP-F fl CWP-P 1
1751 cm "M G B W W g S R Ch B R Ak R R
(—COOR) , CWP-F ,CWP-PHICWP-S7E1 641 cm ' [
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Figure 1 Liquid chromatography of polysaccharide
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Table 2 Monosaccharide composition of CWP-F,

CWP-P and CWP-S %
B CWP-F CWP-P CWP-S
8 0.54 4.69 0.49
sy i 0.06 —
] 2] Wk T TR 3.22 0.85 1.34
> L 7 R 10.32 35.54 0.90
i 2 A 0.36 0.39 89.77
Sk 60.10 28.64 6.16
[TER(EE 25.47 29.83 1.34
W
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L L L L L L L L
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i3
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Figure 2 FITR spectra of polysaccharide
AT i1 % W U1 RS S S T AR I R HE (- COO—) P, CWP-

SHEL 549 em ™ ALY W I 1T R O N—H 2l R 30,
CWP-F #il CWP-P 7£ 1 447 em ' Pl K& CWP-S #E
1419 em ' AbAY IR Wi 2 B C—H 25l 98 3h 5 A2 g,
CWP-F.CWP-P fl CWP-S 7£ 1 238 cm ' Jff 3T (1) W i
HJET C—O MgiiRsh . 76 1 146,1 027 cm ™ &b il Wi 6
Hig F C—0—C $f# #& sh™, CWP-F fl CWP-S %
1081 em 'PA S CWP-P#E 1 104 cm ' &b % W it I 36 75
B B2KFLEME, L 1 027 em b i W R A T B A B

BEE, CWP-S7E 935 em ' Ab 19 W I T BE 5 4% B 50 22 18]
B g A B A XY, CWP-F, CWP-P fl CWP-S 7£
841 cm ' hb By KW FEAE o BEAF 6 7E 765,711 cm ' Ab
) W g e 2 T A7 7 Wk MR AT L 28 I, CWP-FL.CWP-P Al
CWP-S 275 A 3 JR B oM 00 00k g o A5 114 BT 241
L BBE LM CWP-S if BAT p-BEF Al A,
2.5 PAWBFERE

A&l 3 AT 1, CWP-F 5% 22 (% R R g5 4, R e it B
BRI CWP-P MIFZWH LM/ ER. DR S5/ Z
) AR K 25 B s CWP-SHT I 22 A BTN 1 - AR 285 4 3 1

(a) CWP-F(500x) (b) CWP-P(500 x)

(¢) CWP-S(500 x )

(d) CWP-F(2 000 x )

(e) CWP-P(2000 x)
A 3

Scanning electron microscope of polysaccharide

(f) CWP-S(2 000 x)
S Hhae T REHEA
Figure 3
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HASBR, 3 HE SO 45 4 25 5 0T BE R B T AT 09 A X
Oy F ARG, NS T 4 FI A S £
W22 1] ) AR I AR L TR OR [R] Sh 4 TS,

2.6 fESMAEMLE

2.6.1 DPPH g i W& R%E il & 4(2) W %1, CWP-F,
CWP-P #l CWP-S ¥ A /& ik DPPH H i B g )1, H.
Wi J5 i 3 JBE B 19 KT 1S K (P <<0.05) L 7E 1 mg/mL I 3k
F e KAE, 4 F N 73.81%,75.62% Fl 41.26% . UL 4b,
3 FhZ M B DPPH H il 3£ 88 1 K/AMR I CWP-P>
CWP-F>CWP-S,

2.6.2 FHHEMEHRFE HEAMDAH,3 FEENA
BIERE A BN EE S, CWP-P 1975 & J1 5 H B vk BF
I FE (P <<0.05), 7 1 mg/mL Wik B T 45.38%, 1M
CWP-F #l CWP-S 19715 B & 7 Bifi 5t &% 4k 52 /) 384 Jin ¢ 9] |
AL, A, CWP-F.CWP-P fil CWP-S (%52 [ i 3£ 75 B
B AL F4E AR C 0, HIEBRAE 1 KN CWP-P>

BE 29/ | 2024 £3 B | BRENM

CWP-F>CWP-S,

2.6.3 RS HE 4%, CWP-F fl CWP-P &
A Wik 7, BB T S v BE A HE 3 Bk (P <
0.05) . 7F 1 mg/mL Bk 5] T & KAE , 43514 0.30 F10.86,
M CWP-S W8 1 5055 .

Zi I ,CWP-P B I i i B 4k J1 , CWP-F ik Z .
CWP-S W#55, Wi A i A Lae Sy, T RE 2 H 4548 h
HA S B R B 25 G TR LR E 1Y A R 3k, AT 45
A g R R, e Ah s Wang ZEU0 A K 2 L OpE B R
WIAETE 2 G 4 )8 B+, B J5 & Bk DPPH [ iy 1, i
CWP-P SR 21 B rp & 2t d5 22 14 8 2 2L 0 T e, 3 T
HE Bk DPPH [ 3k fg Jy fimm R 2R ,

2.7 f5MBE MLE

2.7.1 o TEREEF o A A H B H R B 5 () A]
H,CWP-F F1 CWP-P A il o€ ¥ B (149 68 1 , B H 30 il
R i IR R ok A 8 0 T 3 K (P <<0.05) . Hih CWP-PHY

sb B
He &

X ° - -
= BN
='100F a a a a a Z100- L.2r ed d ey
g 5 80 8T so0¢ Loy
i E oo ¢ 08F
wW g o0 5 60 y
X B < B2 0.6 a/ =V, ——CWP-P
m & 40f & 40r Xz ——CWP-F —~—CWP-$
== am “ = 04r )
=< 20 ¥ E 20p 02}
/A s =V, —o—CWP-P ’g ’
T o ~4-CWP-F +CWP-s = Of 0.0p h b e d
o I I I I I L o I I I I I L 1 I I b IS a,
a 00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Mass concentration/(mg *+ mL™) Mass concentration/(mg *+ mL™) Mass concentration/(mg *+ mL™)
(a) DPPHH HiJEilBRE (b) B HMIEFERRE (c) WIBRE
NG RN R 2R 4 ) 25 5 B 2 (P <C0.05)
B 4 CWP-F,CWP-P #= CWP-S #j 3 &AL 4k
Figure 4 Antioxidant capacity of CWP-F, CWP-P and CWP-S
£ o0
= T
EXE
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1001 e © —— R - = £
" . & CWP-F L 100F d 4 i‘% L2
E DERNe 3 ; . F 6% o0 00
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i g d de © E £ b SRR T
fé E c % 2 60F b Mass concentration/(mg * mL™)
= i E 40+ d de ‘ . .
& = s . b
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= g be  be  he $ . e V —&~ CWP-P
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NG RN [R) 0 4 ) 22 S % (P <<0.05)

A5
Figure 5

CWP-F.CWP-P f= CWP-S & [% oo 45 7
Hypoglycemic activitiesof CWP-F, CWP-P and CWP-S
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P04 68 7 fie o L B AIC T BT R B . CWP-F il CWP-P 1y
1Cs fH 43524 13.803 8,0.040 8 mg/mlL, ifif CWP-S JG il
il - VEM EEIIBE T

1 b B 240 03 W 1) o0 0 R B AR R TR SR W K A Sy
BARH Y O B T o7 70 W 00 0 R0 AT LA 22 % B b Bk
KACE WA AR TG = % B o7 DL T 98 97 4
R, & 5(h) Al A, CWP-F fl CWP-P (i 1l % 5
Hovfe BE 5L IE A1 96 (P <C0.05) , {5 B3 & I F B - 5 . =
ICso fH 23 S~ 14.223 300,0.008 649 mg/mlL, ifif CWP-S
X o 250 G TC I ) .

25 b CWP-P ] o3 ¥ B I o % 4% 1 B8 1 8
¥R E KT CWP-F, i CWP-S ER I RE 1. £ 8EA
H o VE R T o A T T B A AL T R L T R
B TR AL AR N AR R 4 A 56T, CWP-P A
A F I 0 R S B IR R D W] R R B AT e 2 2R I R A
T AR A3 BT . W A OO IR e AR TR A i 4 Ak TR
PR IR 4 2L ), Zhang %79 &k 3l TFE M
TTE B B 2 85 48 ) A5 = 2 ) ) 3l 2o vt 55 i
Jo sk SRR T 5 1 AR BT S R v DA 52 I il B Ry AE O 67 5%
HYURE R R . CWP-P B B il 8 3% o 7 F CWP-F Ml

A 1% Rt 55 - 38 B2 R (B A 4oL 25 4 Y 45 4 4 1 R K S B It 4 O 1

CWP-S, il g2 h Hbi A /b RE ST m . 1M Chung %5
N, 20 EL A R s T, A AL A e 2 3 i 4 1
T AR KA o 2 T 0 T B ) TR SR 5 i, DT AR
iR
2.7.2 o VEM G o F AW H GRS 52 K 5]
H . CWP-S X o1 ¥ il . o~ 285 4 17 1 JC 70 11 58 77, I8
IR B CWP-F il CWP-P X o-VE ¥ il Il o4 25 W5 1
it (g 4 ) 2

F3~3K 6 ME 6 K CWP-F.CWP-P Xt o1& # i A1
AR R0 A, th R 3 ME 6 () TT A, B A
CWP-F Bk FERY3E N s K oo TV o 3B W7 8/ 5 & BT 42 U
JE B AR RN B A R A AT, LB CWP-F Xt
o~ VE B g 558 A A VR T L BE CWP-F R B2 5 1% 25 19
- VERIL G RIS S S NE Y55
55 4 T 410 ) Wl 9 T

Hi 3% 4 FIBE 6 (b) Al 1, B & CWP-P i i ¥ J 19 44
TN K o TV o TR B0 /0N 5 25 J05 S VR B (1) ol A2 52 O 32K %6 40
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Table 3 V.. and K, values of e-amylase inhibited by CWP-F
0 50 BT/ (mg « mL— 1) K3 K5 il £k 07 A Vimax/(AA « min~ 1) Kun/(mge+ mL™ 1)
0 y=21.298x+5.972 6,R?=0.995 6 0.167 4 3.566 0
2 y=21.853x+6.851 4,R?=0.984 3 0.146 0 3.189 6
4 y=21.643x+8.109 4,R?=0.984 3 0.123 3 2.668 9
6 y=21.392x+10.567,R*=0.970 4 0.094 6 2.024 4
R4 CWP-PH o EMEEH V... 50 K. &
Table 4 V.., and K, values of a-amylase inhibited by CWP-P
o ohil 390 B vk B/ N ‘ Vimax/ K/ K/ K/
(mg+*mL 1) S 27 (AA+*min"!') (mgemL ') (mgemL ') (mge+mL ")
0.000 y=18.608x+6.736 9.R>=0.987 0 0.148 4 2.762 1 0.107 9 0.041 0
0.025 y=26.7452x+17.213,R*=0.996 8 0.058 1 1.553 8
0.050 y=235.5402+27.055,R?*=0.972 1 0.037 0 1.313 6
0.100 y=238.590x+31.682,R?*=0.925 9 0.031 6 1.218 0
R5 CWPFHlH o« HEBEBEN Voo fl K. &
Table 5 V.. and K, values of a-glucosidase inhibited by CWP-F
10 700 oA R R/ Vinax/ Ku/ Ki/ Ki/
(mg * mL™1) AR 2y e (AA+*min"!') (mgemL ') (mgemL ') (mge+mL 1)
0 y=16.539x+7.451 6,R?=0.996 4 0.134 2 2.219 5 10.901 6 21.524 8
2 y=19.5222x+8.029 2,R?*=0.999 5 0.124 5 2.431 3
4 y=22.724x+8.806 5,R?*=0.999 3 0.113 6 2.580 4
6 y=25.587x+9.487 5,R?*=0.996 9 0.105 4 2.617 5
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x6 CWP-PHlfl .- HEEEHBHYV,. . MK, &
Table 6 V.. and K, values of a-glucosidase inhibited by CWP-P

PO F PR/ (mg » mL™ 1) XU Bl £ 07 # Viax/(AA * min™!')  Kun/(mg+mL ™D
0.000 y=12.3342+8.397 3,R?=0.948 8 0.119 1 1.468 8
0.005 y=19.662x+14.341,R2=0.980 1 0.069 7 1.371 0
0.010 y=25.368z+18.411,R?=0.999 3 0.054 3 1.377 9
0.050 y=054.885x+39.681,R?=0.993 5 0.025 2 1.383 2
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Figure 6
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