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Abstract: In this study, we investigated the physicochemical properties and in vitro antioxidant and antidiabetic activities of
a green tea dust polysaccharide (GTDP). GTDP was extracted from green tea dust using hot water extraction followed by
alcohol precipitation. Its physicochemical characteristics, including chemical composition, rheological properties, thermal
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stability, and microstructure, were analyzed. The in vitro antioxidant and antidiabetic activities of GTDP were evaluated
using ferric reducing antioxidant power (FRAP), 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging ability,
ferrous ion chelating ability (FIC), and glycosylation and a-glucosidase inhibition assays. The results showed that the
GTDP yield was 6.50%, with total sugar, uronic acid, protein, and total phenolic contents of 44.73%, 22.58%, 2.92%, and
4.35%, respectively. GTDP contained three polysaccharide fractions with different molecular weights, of which the major
component had molecular weight of 88.88 kDa. Monosaccharide composition analysis revealed that GTDP was composed
of glucose, arabinose, galactose, rhamnose, galacturonic acid, mannose, glucuronic acid, and xylose in a molar ratio of
31.59:27.11:22.73:8.26:6.29:1.91:1.24:0.87. GTDP exhibited an irregular flake-like structure, characteristic poly-
saccharide absorption bands, and good thermal stability. Its solution demonstrated shear-thinning, pseudoplastic, non-
Newtonian fluid behavior with weak gel-like viscoelasticity. The half-maximal inhibitory concentration (IC,) values of
GTDP in the DPPH, FRAP, and FIC assays were 90.85, 473.37, and 1159.68 mg/L, respectively. Moreover, the ICs, value
of GTDP against a-glucosidase was 420.48 mg/L, showing an inhibitory activity approximately 2.21 times higher than that
of acarbose. The inhibition rate of GTDP on advanced glycation end products (AGEs) was 56.55% at 1 mg/mL, which was
approximately approximately 63% of that that of aminoguanidine. These findings provide a theoretical basis for the
comprehensive utilization of green tea dust and highlight the potential of GTDP as a natural antioxidant and antidiabetic
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agent for functional food and pharmaceutical applications.

Key words: green tea dust; polysaccharide; physicochemical properties; antioxidant activity; antidiabetic activity

R PRI A2 — b DRI R 5% Ty RE SR AL sl i i FEASP LT
5 | R v W A S5 RN A A, Sy
S 1 B2 RUFAR R PRI — AP IS, B 4k.Co i
IR AN ARG =22 S 047 B P AN ISR (9 5 =R A
R0 Kk BRI EA AR N N 2572k
KT PEA, BEIRLRARFNRE S g A0pEThEE, fEdEdE
Fif 4 I Ak 2% 7= ¥ (advanced glycation end products,
AGEs)JE A, IR AR 3, 5 E R 2T RN
T JT. SEEgaidmiG? . teah, 9T &I
AGEs J&5 IR ZFh I AORE ) R ZLAER, LAk
Puad i R4 ) R 3Rt S 1 DNA L & RIS
JREE AR5y T, SEAN I RE RSB A, HAR
AR B PRI I K E 10 S A 5 T B A O
YA FIRENSTE BRI = 14 1 3% LA A3
PR DT R AL 3R G 7 i B AL ™ . B I 45
o A T T 1 7510 AT 30 ok U 55 A BB o 3 A
FrRET P LAY 5% A A AR SRS 48 I IR /KT, S
W RIGTT 2 BB R I —2R 24549, (B A i . 1
5. KA RO

TR B Bk A A 77 [, 2024 ARSI T
ol 374 U7 t, Horh g 2k e ik 190 7t A5
SR S R B —Fh AR S A L, SR BT
(SR NI e AR =R N U YN e i e 2 E N
Sy TR A 2.56~3900 kDa, K% 355 phy S0p i o
(1—6) . (1—-3) SEPE B Ak, HATAE SCaE, H
HHUEAL . FEINUBE . S Re i sm Ao bi s 2 ohsk, )
R AP RS 250 8RR R iR £ 5 )
SEAT . BESSAESH N T A = EE R, 29 2t
BRI 10%~30%, ERSFFHTA8MAs | BREAS . 4%
R NS R S KSR =R B LA B & & it A 1l
HAR IR0k BB e sl E s el AE AR b B, 55 5T
RAHFRBERARN O, SR AR B R e A R b 2
IS 2 43, HRTMURIBR TR AR 23R T2,

Sy E A L KB EARTE HEFIE T, REI SR
T T 2RI IR ST b2k . BRI
LERRENE | AR TR X DI RETE N FH SR A S, b
S, BTHHSLE K IR RN PRI A TSR SR Z 4
B B B BT A AL R UG PR O, R, A 5%
FRAFSAR M M IR — 2 S e SR 2 HR I B AR
P R HU A AR PRI 1 PR 5 i A DL HRAE

ARG IEFNIZ LRSS 2 W 5 A R P 3
WA R 20, BT HAb 2 ik oy F & . 45M0 0%
fiE | AR RE: | $RRcE PSSR LM BT, FEaE L DPPH
H 3B ) . BB TR R ) AN AR S TR S
HEJ1 M AGEs JEINYS a- i HH B0l 6E J1 PFEHr H
PrAEAC I TE PRI IE TRV 71, LI G RIS AR
BHIRIT A& B M E e iR =
1 #RFGE
1.1 MRS5E

AR WAL R ZFRIA BRI A F]; BAMK
B R iR A . L-BThiapk . I TR . AR AR . D-
US| [RIFEFEIPOR | 238N, L-PuIRMiR (V)
B AR ESL (T10, T40. T70. T500. T2000, X i
S T4 50oA 10, 40, 70, 500, 2000 kDa)  JbRTER
SEEPBHEA R T - A AT (10 U/mg) . X
- o-D- 1 #9 BT (pNPG) . DPPH ., JFEEE | 2,4,6-
ZEEBE =RV R BI-RUEPE 3€E Sigma-Aldrich 2
"l BAELRESL  ZEE Sigma 23 E]; HAtb b4 1
S e

DNM-9602 RBffpr% b8 B AR A BRAF;
F-7000 25643 66 . S-4800 14 H T S f 5%

H A H S22 A); LSS 88406 n] Wkt i

AN AT FR 2N H]; SP Virtis Bench Top Pro L
ST EEPL S5 E SP Scientific X A% F]; LC-
LX-L60OD & &L B J1IR 4 F]; AR2000e I
AR . Q50 E 43 HTAY  E[E TA /N F]; IRPrestige-



547 % 5% 2 ) Ji A S SEORSR AR SRS MR AT R T - 137 -

21 ST AR R LT AN G5 . LC-20A 52808 B HERH
A HAS S EEH] ICS5000+2 AR5 Y 38
FEIFERR RIS A o

1.2 LWHE

1.2.1 SR ZMHMIRIL SR ER I 80 H
i, 55 80% ZBEMHERNR LA 1:10(g/mL)IRAI5]
J&, BT 30 CEEARBHR PR 12 h, RN
B uE IR E s g . EEE R 3 RS
FEDFFL I JCK ZBEBERE 2 YO HhE, Bkt =
i ANE SRR T AR BN AR N o o IR TR ET 19
AN G2 AR LR 1:10(g/mL) IR &4945],
BT kB PR E 2 h, B HESRG, 5.0
(4000 r/min. 10 min), FEERI 2 WG &IHRBOR,
Vol e 4 I Fi FEAAR R L R 1:4 JINATC/K B, 4 °C
T 12 h, #8J5 4000 r/min K 5.0 20 min 15 8LHE
Y, INFEERE G, SRS FEABAENT 3 d, BB RT
WA BRI R 2

1.2.2 Akl plille  SRFZRM -G, ¥4 e
28 BE AR UE [8] U9 7 F2 (y=0.0102x+0.0172, R*=0.9966)
M SE S i . SRR LT If2h G & T IRbR
7 1] 9 75 12 (y=0.0093%x+0.0103, R*=0.9996) M| 5& 4,
3 H . >R Bradford 72 2K e 5 0 sz 70 & 1,
¥ RE AR ILYE H 8L H BSA AR I #2 (y=3.1375x+
0.0162, R*=0.9990)MIxE&HE & . RAHMIFERIRRAE
P IEEE DR R R (y=0.0127x—
0.0147, R*=0.9928 )Mz Z M A METE R & i o

1.2.3 AHX 4 FREANE SRS S 2ZRN 2
FIA) 7y S50 TR AR 0 T S R S 25 AR 22 W %) AR X 43 S
2= P9, 3% H 4 3% A Ultrahydrogel Column Linear
(10 pm, 7.8 mmx300 mm), 0.1 mg/mL i FiR &M %5
W R EhAE, FEVE 40 °C, FEE 0.6 mL/min.

1.2.4 PRBEZHRGAIIIE SR BT skt RS
PELH A . 2.19 mg LRASARZHEAET 1 mL. 2 mol/L —
FMEswh, 121 °C Kf# 2 h Ja, -HEASW . i
A 99.99% W EEIE ¥k, FRWRT, 42 FH il %8 3 IR
INA TR AKE S, e AT . (355514 : Thermo
ICS 5000-+5% F i R 55, HAL24 K25, Dionex™
CarboPac™ PA20(150%3.0 mm, 10 pm) AR (154,
PERERSR 5 uL, st A(H,0), imshtd B(0.1 mol/L
NaOH), #iz4H C(0.1 mol/L NaOH, 0.2 mol/L NaAc),
ViR 0.5 mL/min; 2758 30 °C; VeliEs LA : 0 min
(95% A #/5% B #H/0% C ), 26~42 min (85% A #H/
5% B AH/10% C #H), 42.1 min( 60% A #H/0% B #H/
40% C #H), 52 min (60% A #H/40% B #H/0% C #H),
52.1~60 min(95% A #H/5% B £H/0% C #8) .

1.2.5 £I5MGIESrHT FESL S TR RIR &
FIESIFER A (1:100, g/g), LLAMNT REST R TR 2
J&a, TR BGE A R A, 3 2T AR T,
REHT, AR AT, TR TR AOE . AR

AR R VE T 5, SRS RIS S ARE S ==,
T 400~4000 cm ™, GG HER 4 cm ™, 32
WEEETS

1.2.6 TWHOWITESOTHT SR ATOUIA 3 HL JRERAE it [ 2
TEER R T B R & L, Bas N s Tk E
R EE 4, B TR, SIWERAE SO 35 A RE,
I )RR 3 KV,

1.2.7 FABFRRPEMIE 3 A EC I BT R B D 2%,
5% 10%(w/v) FYERESKR ZHE I, SR TS it A2
AR S AR A4, SR BN 40 mm, [R]BA
1 mm, 7£ 25 °C T X ZHHAMHETT Flow Sweep #13(
T EaZEBY I AN Oscillation Frequency #5220 T A
PRy, RS By PS8 8 PR () 4
JEEIN 0.1~100 s7', 5% Power Law il =K x
P LA RS RS AR AR I 2R, K SRR TR R AL
n FORTBIFEEL, n FoRFOMBEE . ShAEIRG L
I WAR 1% (LR SHPEIX) | TR 0.1~20 Hz,
R RERERLIE (G) . FEAL I (G") LU S I A
(GHBEAIIR (o) ZEfEEFH, (G")? =(G)*+(G")*, R
#& Friedrich A1 Heymann BI85 20 G'=A <o X
G'F o 22161 sh A& R et AT LG, Hop
A, FRFERINITE 250, o Fom gt sREIR 1231,

1.2.8 #ESHT  BGE B LEAOR PRSI HR
L SR FHIAE PTG T E . 45 A E I (TG)
IR E 2R (DTG), S B fh i e TE . &%
PFEEE M N, FEE 50 mL/min, 3EEE AL Hl 30~600 °C,
FHEIHZR 10 °C/min.

1.2.9 RAMLEALTE I E

1.2.9.1 DPPH H H VG BRF M E =% Zhou
SRV 7 T, BC R BE 451 S 200 50, 100, 150,
200, 250 mg/L ULRAS R Z W . B 2 mL ££5
5 2 mL 0.2 mmol/L 1) DPPH-Z. B IR & 5]
J& , FEURREOCER B 30 min, RIS TE 517 nm R AGII
FelH . LA Vi R BHPEXT R, MR BE R 2.5~250 mg/L.
DPPH [ HAESHEERRH A (D)5

A-B

DPPH H H 275 R (%) = (1 - )x 100

X D

Ao, A SRR TROGE; B S S BRZH Y
WYGAH; C Shas HLL W GIE
1.2.9.2 #EFREHAIRE I (FRAP) WllE =
2% Zhou U7 ) Ty s, BC ¥R BE 451 o8 50, 100,
150, 200, 250, 300, 400, 500 mg/L )&k 45 AR £
W . 0.4 mL BN S 3 mL FRAP TAEIRFIR G
S5, B 37 °C KN 20 min, ZRJGLE 593 nm
MEREM W SCIE . LA Ve A BHTEXT R, He R 7.5~
40 mg/L .
1.2.93 Wk TE AR (FIO KM E =%
Zhou U (Y ik, ECHIHE EE 43512 200, 400, 600,



- 138 - £ Tl B4

2026 4F 1 H

800, 1000, 1200 mg/L LRI R ZWEEE W - 2.5 mL
FEAh5 50 pL FeCl, % (2 mmol/L) F1 100 pL FE#%
BRI (5 mmol/L) 1RG5 )5, IR 10 min,

S 2.5~1200 mg/L, WWERES FEE R AR (I,

FE)XIOO = (2

Tk B T B ) (%) = (1 _

b, D SRR EH 0 UOGIE ;s E S ARE S 5ot iR
HESGIE; F has AL PIOGIE
1.2.10 ARSMTUHR PRI TP 53T
1.2.10.1 PUBERLALIEMENE S HERIAREY By )7
72, FeHI e BE 4354 0.2, 0.5, 1 mg/mL LR ASK
ZMEEEW . 1.5 mL 4135 F R AR (BSA, 20 mg/
mL) 5 1.5 mL # & ¥ % (Glu, 0.5 mol/L) . 1 mL
RS LI 6.0 mL BERR 2% b5 7 (pH7.4. 0.2 mol/L)
RAEMWS R, #5637 CHFHE 3d 1 6dJa, R
SCH G T E AGEs R &R K370 nm. &R 5T
AL 440 nm AR GIE . AH R EE Y Z EEAN(AG)
VER BHPEXT IR . AGEs $Mi3R42530(3) i,

AGEs#ll#i|Z(%) = [(F,-F,)/(F,-F))]x 100 = (3)

Ao, Fy SA/KIEEAR SRR S Y BSA/Glu 5142
IR R YD CIE; Fy /K HLESIINEE 9 BSA/Glu 151
U ZR 19 28 Y6 MH 5 Fy S AS K U B B8 AR i 1
BSA/Glu B R 15 GE
1.2.10.2 o-HIZME T REIIRIIEHENE Sk aks
SEUOV Tk, FBEIRSE i (0.1 mol/L. pH6.9) BLiil
HEEE S35 °A 10, 100, 500, 1000, 1250, 1500 mg/L
FILR ISR B . 50 ul BE5LS 100 pl a-i 25k
FHEFAEW (0.25 U/mL) T 96 fLE#R R LIRS, 25 C
FRUSE 10 min J&, JILA 50 uL B9 pNPG % (5 mmol/
L), 25 °C T4kZZ i 5 min, 7E 405 nm ZbAG Nz 5
B LABRTR OB Sy BEA T B8 o 280 BT BRI 4 3R
a4 HE

AR (%) = (1 _ X_Y)x 100

X @)

Kb, X BRSO GE; Y RS 5
ZH W SGAE; Z ARFRES X FRZH RO BB S
1.3 HIELIE

S0 H I A5 R 238 S SV I E 5 ME e 25 (n=
3) . EHmgeitor iR SPSS 22.0 4 itk k4T
ANOVA 225147, P<0.05 Frn2Z 73 03, P<0.01 %
TR ZE S W35 M Excel 2019 1 Origin 2024 %542k
Kb FPEH 5 53 AT B2z il 1 2 o
2 HBRE5ES
2.1 FEKRZUEICFELR S

W 1 PN, SR ZHEIS RN 6.50%, HPEHER
RERFAR N RS 5N 44.73%, BEIEIR & 2N

22.58%, TN 2.92% LI K Ay & 4.35%,
5 WANG %504 A5 S A5t 20 b 20 43 1 e 45
RAFAE2ZE S, XA RE S A RIS SL A R AR A | Ak
S RIN T2 LA MR B S AL U7 1 AR s T TR 3R
FE S

R 1 BERSHENL AL
Chemical composition of green tea dust
polysaccharide

Table 1

(e BHRERE MERSE EARAER SMOR
R (%) (%) (%) (%)
6.50+£0.16 44.73+0.51 22.58+0.69 2.92+0.07 4.35+0.07

22 HFENE

FHIE 1 AT UL, £ B8 A ] (RT) AE 10~18 min 2Z[7],
1035 B H BT = AN [ 58 BE AR 5 194 5 Tk I 04
RT #£ 19 min L5 HBRAG BENIGRT N ) 0T 19 53T T
AR/, H RT XA 0O AT REJZ IS I . BF 5 e U4
RT 435120 12.792, 14.517 Fll 17.576 min, FEH & 4E
RS —Fa T REAHZEE RN 2R B
R Y AR E S RT-40F 52X E (1gMw) R R
28 0] 9 )5 72 1gMw=10.254—0.5721RT( R>=0.9973) ,
B RNGERR RN =5 FE 550 862.38. 88.88
1 1.58 kDa, WETH AL 5 L4351 8.29% . 57.24% F
34.47%, FRAGEI AR W EZE R 43T 520 88.88 kDa
M ZHHELA B, X 53 TR G R E 4 =
FFAE P AE 0.5~135.8 kDa 22 [d] i #F 9% 45 15 4H
—3.

300
200 -
100

—100
—200
—300
—400 ) . . ) .

10 12 14 16 18 20

LR TR (min)

K1 SRS 7 B oA
Fig.1 Molecular weight distribution of green tea dust
polysaccharide

2.3 EPEARNIE

FHE 2 7T, 5 13 Flrepbidauish (B 2a) AR
A () AH Be s, 225 AR 2 ([ 20) il 2] T 8 Fea
R, A3 B . BTRLACORE . LB . A . R
WL H A DL R e U T 158 R e 260 A 1S 198, L PBE R
S b4y B h 8.26:27.11:22.73:31.59:0.87:1.91:
6.29: 1.24, HAFdiZhE . BATRAFoREAT = U I & AT
XS, 43R 31.59% . 27.11% i 22.73%, FEAH 4%
FEOR 20 22 p A NE L BTR AR e U 4 AR o
WAl IR WL S 7.53% BPFEIENRR, FHirb2l3,
HHIZETR & B BH 0 i T A BRI . SRR Z R 2R

i B {E (mV)




4785 H 2 W JH

A A BRI B S A M A A ORR R T - 139 -

WHLL AN 285 5 T2 A e b e im s s
P ESE ARG .

a 150
63100*

g

g

g 50 +

1
23 1112
. 436769 |10 73

0 5 10 15 20 25 30 35 40 45 50 55 60

] (min)

b 250

200 f
% 150 +
+
g 100

50 + ;

0 L 2 4ﬂ5n 67 1012

1 1 1 1 1 I ! 1 1 1 )

0 5 10 15 20 25 30 35 40 45 50 55 60

] (min)
B2 HUBEBRIE S TR A TR (a) FIZRAS K 208 (b) 1)
BTt R

Fig.2 Ion-exchange chromatogram of mixed sugar standards
(a) and green tea dust polysaccharide (b)
Vs 100 2. UK 3 BTRLEE: 44 2L S48 6.4
Hits 7 H SR M 840 900 10 FUBERERR; 1.7 B HHIE MR
12 AR R 13,1 SR MR .

24 LIIMNIESHT

WA 3 s, SRACGR 2054 3326 cm™' BfHE Y8R
TE R VT ® T HESE 4T O-H B4 IR 3 e fic e,
TE 2937 cm ' ALY YIS -CH, 8%-CH, ) C-H f#
A PRSI LA S AE 1350 cm™' | 1380 cm ' Ak 1 I YTl Ay
C-H 48 £ Pz 2 2, e [6] ¥ ol #8 28 458 1FE W2 1805 76
1737 ecm™' 4L C=0O(-COOH) 11 i 45 ¥k 5h W2 Wi
U700 SR WA AEREIE R ; 75 1597 em™' AbAYSRITTIR
BRI IR I . 620 em ™ Ak B 55 I W VT TR TR

Q \]
N\) \)
S Y

rﬁbQQ ’»@Q r&@ \@Q \q,QQ & O
HEL (em™)
Kl 3 AR ZHER LIS
Fig.3 Fourier transform infrared spectrum of green tea
dust polysaccharide

%) C=0 MYIEXTFRfd 45 P 201>, R BHAFFEREER 115 7F
1243 cm™' &b B 2 IS I ) 2 -COOH . 1% O-H 2% £ 7
1, £ 1101 cm™" AbTRIFIKIE A2 1022 em™ 49551
WelgA C-0-H B8 C-O-C H1#Yy C-0O 5 idiRsl, 1A
S R IR AN o7 o (= A
25 MRS

FHIE 4 7] 0, SR 5OR Z2hi S IR R T | 3L
AT A K Z2 2 VR A oK sl /8 IR 0 SR A A g
FITESRAFAE, 585 KA 2R s R AE gl IR AR
A7, 5T AR, 22052 i 2 i T 1a]
JUAEAEAH B AR DA 2Bl ) &4 5 ik, s
SN R FLZEFARAT, BRI AR 0T & R
AT T IE LSS 2 | VEF J136 K DL A
PR (A P SRR TR B INUR, JURLIR] 454 50 i 5 %%, ik
(RS NN =3 @i N w5 L N ET BTN A IRV N
ZEFHES

K4 SEORZHEEH
Fig.4 Scanning electron microscope graph of green tea
dust polysaccharide
E: A: 2000%; B: 5000%,

2.6 FERSEERIRTHE

2.6.1 #ARRREE & 5 AL SRAORZHERIER
XZH L B DY DI AR I EEAR, mifa]-— Byl
T BOFUR R FEE H SRR R I T T, SRBED
IR ST DA A RSB VEA R AR A IEA T, A ]
TR T BRI IR FIRERS, SR T Sl ik
BEF I Z2 MRG0 18] nT 2 Bl AR [ 9 S IR A 24
R R E R oy v B W) S R B NS T(T T L R P B
I, TR AL W R, e AR B
YL IR, S3 A EAE VS, sl g,
LG REREAR . e 2 AT, AS[R] BT  BE I aR 25

10° ¢
2%
Yy. 0 5%
7 o0y vy, v 10%
Q«j 102+ OOOOO'Vv'
g ®oe OOOVvvvv
i ®o, °°o°°vvvv
ey ‘.’0 C)c":‘oc.:v'vv
s o, 000 V¥,
= 10' ' 000003
® ‘00...‘..
10° . . . . |
1072 107! 10° 10! 102 103

SPIEAE (s7)
B 5 AR ZRERRASR AR

Fig.5 Steady-state flow curves of green tea dust polysaccharide



- 140 - é’uﬁ&TWﬂ*ﬁ

2026 4F 1 H
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Table 2 Rheological characteristic parameters of green tea dust polysaccharide

FS TR = K™

HEFEBAI G = A 0"

FSE (%)
K (mPa-s") n A, (Parrad *s%) a R?
2 24.199+0.881° 0.563+0.005° 0.996 0.156=0.004° 0.697+0.007° 0.992
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Fig.6 Dynamic oscillation frequency scanning curves of green
tea dust polysaccharide
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Fig.7 Thermogravimetric analysis curves of green tea dust
polysaccharide
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Table 3  ICs values in antioxidant and enzyme inhibitory activities of green tea dust polysaccharide
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Fig.9 Ferric reducing antioxidant power of green tea
dust polysaccharide
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Fig.10 Ferrous ion chelating capacity of green tea
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Fig.11 Anti-AGE:s abilities of green tea dust polysaccharide
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Fig.12 a-Glucosidase inhibition activities of green tea dust
polysaccharide
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