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AETE R ZHEOEME . BHRERR AR BT i SR FARBHERE (2015 - 2 41 BE ORI EOR | £05M6iE . BT 6%
SEHTE AT 4y F i A AT L £ AN WA OB A B A A5 R RRAE, RS  1,1- R R -2- Y R O
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Study on the extraction and antioxidant activity of non-starch
polysaccharides from Yangjiang Dioscorea opposita Thunb.

TAN Zi-Yue', XU Yuan-Yuan', TANG Shu-Jing', XU Xiao-Fei'*"

(1. College of Food cience and Engineering, Guangdong Ocean University, Yangjiang 529500, China; 2. Yangjiang
Institute of Guangdong Ocean University, Yangjiang 529500, China)

ABSTRACT: Objective

ultrasonic-assisted water extraction, and investigate their antioxidant activities. Methods

To prepare non-starch polysaccharides from Yangshan Dioscorea opposita Thunb. by
Hot-water extraction and
ultrasonic-assisted hot-water extraction combined with glucoamylase were adopted to obtain Dioscorea opposita Thunb.
non-starch polysaccharides, designated as CYP-H and CYP-U, respectively. The content of total sugar, uronic acid and
protein of the 2 kinds of polysaccharides were determined by chemical assays. Size-exclusion chromatography coupled
with multi-angle laser light scattering, Fourier-transform infrared spectroscopy and ion chromatography were used to
characterize their structural features including molecular-weight distribution, infrared absorption and monosaccharide
composition. The antioxidant activities of the 2 kinds of polysaccharides were compared via multiple chemical models
including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, hydroxyl radical, 2,2’-azinobis-(3-ethylbenzthiazoline-6-
sulphonate) (ABTS) cation radical and Fe** reduction assay, as well as the zebrafish oxidative-stress model induced by
2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH). Results The yields of CYP-H and CYP-U were 17.72% and
19.53%, respectively, with the total sugar, uronic acid and protein content of 77.56%, 19.51%, 2.29%, and 82.56%, 20.67%,
4.46%, respectively. Their weight-average molecular weights were 5.263 kDa and 6.645 kDa, respectively, and both
exhibited typical infrared absorption spectra characteristics of polysaccharides. Ion chromatography analysis revealed that
both CYP-H and CYP-U contained arabinose, galactose, glucose and mannose. The molar ratios were 1.0:6.8:93.5:11.1 for
CYP-H and 1.0:4.8:185.2:13.1 for CYP-U. These results demonstrated the differences in the chemical composition and
molecular structural characteristics of the 2 kinds of non-starch polysaccharides. Moreover, within the range of 2-10
mg/mL, both polysaccharides exhibited scavenging activity against DPPH radicals, hydroxyl radicals and ABTS radicals,
as well as Fe** reduction capacity. However, CYP-H and CYP-U exhibited differences in their ability to scavenge different
free radicals. Moreover, both CYP-H and CYP-U reduced reactive oxygen species (ROS) and malondialdehyde (MDA)
levels while enhancing superoxide dismutase (SOD) activities in the AAPH-induced oxidative stress zebrafish model, with
CYP-U demonstrating superior efficacy compared to CYP-H and exhibiting a favorable dose-response relationship.
Conclusion Ultrasonic assistance enhances the yield of non-starch polysaccharides from Yangjiang Dioscorea opposita
Thunb. and modestly increases their antioxidant activity in vivo. These findings provide scientific support for the
applications of Yangjiang Dioscorea opposita Thunb. in functional foods with antioxidant potential.

KEY WORDS: Dioscorea opposita Thunb.; non-starch polysaccharides; ultrasound-assisted extraction; oxidative

stress; zebrafish
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11125 (Dioscorea opposita Thunb.), X & #E1LZE ., 113,
I, JEEHRME Y H N TR AR RN, MR A
T2 FioRL T 20T 5 0 A X 2 S 2 R Y R
2z —, il 55 AMREEFERIL . b e TR
S XK FUBEFIC), M A R RO, L2 E &
FER (G YR 75%~84%) . HIEMR . JRNilR . dik R
B WG e REEF IR, oA 2h . 2 By,
R | BRSO, PRI, b £
W R TR 74%~135%, £ g R AN

il

0.08%~0.11%%. 251 KR EEL N B RIS Z—,
HZGa M AT E (RRERE ) S g,
AR 2 PO 78t & PR, 12 v A3 v Bl L LT 4k
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HE A K L 2GR 2 S 5 T 36.55%; A4
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Kb 27.54%, #AED R EHARK Y 24.55%!", R R
Wob, INZ5E & B8 5 AR R 20, ETEm 2R
2 ds E IR oy, SR I . R EHRE, T
N RLAE B RS, B 2R A YiEtka s o
AT BRI . FRILAE . PLEfk. BB BuEsT L
P& Ya S % 5 G I ARSRNI 3 <3¢ 1§ B i1 Y5, o R | | O 87
i 2 P ES F Z IR U IR, R B0 RS R
K IRAKEE PRI, WP, BRI . BRAA
FIBRIC . P D B R . R uE R B AR B R
TLHD KRB L2 O T R 58, ST I b e
AN T PERUE LR AE T, Br ™ 1L 25 A BE 2 B 44 RO
Aer il B SRS SR, R T L2 7l K S DARE ) %
HER R E, AR A2 AR L T R S T HERR OC R s )
FU S, Frb TS R R IR RS R S A
I FIAL A T 32 RUBS: (A R A%, (A SR YEBE L 25
ARG oy ——AESE R A A ST H e i, X ™
il 297 HORE BRI L4 AR BB & 5 0

AR IRV 218 M R AR e R (IR AT PR R
5 DRI OB | JREIE 55 B AR R TR A% BR B 77,
PRI 18 B 36 1) B e mig Lo R AR AT R U5
FIZIR A RSP EL TR S, BRI RE S
e AR A BIF 2T B T L2 AR SR e s ST
BRI LA, 7 R ke A0l TR o 1 R U8 ST
FH VB T Ll 2 9 22 0 2 i S AR i v, 4 Sl HORS IR
Ik & R, ARG E 1 $AOK R B vk AN 7 A B - 0K
PR A3 25 PRI L 25 ESE Ry 220, A Ak 2= 2 0
SEARRAE AR N AN AL IE M, UL R BHYT LD 25 78 B VA 4R
AR S 5 R A TN T R AR R 21

1 MR5ERE

1.1 #MR5ER

BrictIl12h, W AT ARG YT TR R4, BFAET AB &R
BEThfh, 30 d F (pE ot SEI @ A W RHE A BRA |

WRWR(ZEEE S 96%) . D-FZLBERERR (L1 =98%) . NI
WA (L =97%) . 1,1- 28 H-2- = fily H %M
(1,1-diphenyl-2-picrylhydrazyl, DPPH, Zlifif =98%), 2,2-i%
B - (3-& F IR I A me e ok - 6 - 1 R ) — B
[2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonate), ABTS] (4§
JE 99%) . #2 A Hh ZLE BRFA A £ B IERE(100000 U/g)( L
IR AR BR A b)) AL E (A igal) . oK O
THEREA (S Fral) . WAl 4N . BEIR SN . EREILET
SRR (P = 99%) (25 4 H Ak 24 0 B A
2,4,6- =ML BE L =155 (2,4,6-tripyridyltriazine, TPTZ)IE K
(10 mmol/L, K AEWFHEAT IR H]); Pk Lowry WA 1
WA &(REH AR EAERAAE) W8

(malondialdehyde, MDA AT & . BolA A AL (L B
(superoxide dismutase, SOD)iE MK & (L E =K
AR B E RAE); =R BR(GIE) . PR
Al SR R B A BRA DD, 2,2 - R 5 T3
Pk — R 2 £ [2,2 -azobis(2-amidinopropane) dihydrochloride,
AAPH](Hr4ti, b3 s kAR AR RHE AT BRA D), L(o)-9t
IR IR (vitamin C, VO)(ZMHT4E, | A GteR 8 B A PR A
rl); AN (TS A) . ZRREN(OI ML) | R . B
BURCACORE . EFUME . AR . RWE . TR EERE . JOmE . N
FUBTENR . A AR . T R . R (Ll
=99%)(Z [# Sigma-Aldrich 23 #)),
1.2 UFE5E%

ESJ30-5A HL RO 0.00001 g, ¥ FH# T Ip R
A BR2FE]); XHRE-2000A JERE 78 &AL (I I Sk &
R MR F]); DHG-9240A i #E I 5 KT 4546 (i —15
R A R F]); BI330A 2B AL(FE S FRAS L 28
FRZ\]); DF-101S SRR IR 07 7 e FE RS (LT T U
HIRFAEAT; TU-1901 $E5M0] W43 60 BT H (A 5T il
FHALE A FRTTAT A w); TY96-1IN 8 75 I 41 Mok B ML (T
B E AR AR A R FD); LGI-10C HAS W% VR TR L
(s A YR A BR A F]); OPTILAB T-rex 75 2546l
#% .DAWN HELEOS-I#OEGHS R 25 (35 [ Wyatt A F);
Ohpak SB-805 HQ #4315 F:(300 mmx8 mm, 13 um),
OHpak SB-803 HQ #EMi i +1:(300 mmx8.0 mm, 6 pm)(H
7% Shodex /2% #); UltiMate3000 = % Wi #H €6 3% 12 .
Reacti-thermo &SI . ICS5000 BT i%{Y . Nicolet
iS50 fd 7 AR B 2T A% . Dionex™ CarboPac™ PA20
ARG IERE (150 mm*3.0 mm, 6.5 pm)(3E[E Thermo Fisher
Scientific 24 H]); SpectraMax ZINEERFIR L (EA 7T
A PR E]); HISSOR s B L. L550 Rl K%
B OHLGH R LR = AT A IR D)o
1.3 LWHE
1.3.1 LR S 4Ee &

(D)JFRL AL 3

PRI 250 25 B L Y0 (B R 2~3 mm), 60 °CHE
Fh TR 24 h SRR 100 B, SRS T T
HPRAE

Q)FIK LI 25 VE K 2 H

HR A SCHR (19157 34 D i, FRE— 7 i L 24, 4% BEOR}
W 1:25 (@mL)ImAZifbK, F 100 °CE&AFFKE 1 h, o
FRAS W 100 T8 0 Fo 40 W01k, & B0 i B 24005 It 1Y)
3%IMAREALEGT 50 °CTF 343 (399 [7a) FH LS80 A 0 i A9
R HEE 4, MR RS 2 100 °C T PR 12
1.5 h, ZRJGE5.00(4000 g. 20 min), WA FIHW T iERE 25 %
{XHE 50 °C . —0.89 MPa 4 2 JFUARUY 1/3, BEEINA 4 £
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RFATCIK 21, 4 °CHFE 277 . B40(4000 g, 20 min)F L iEH,
B OEMABAKZ IR, 2 3500 Da LRSS T4l
KB 3 d, WIEIAE 12 h Hok—Ik, FRd TAERUKIZRINZ
ATERHL (4 0 CYP-H)., MR () H 5

W/%:%XIOO% (1)

K w2 Z MR ER, %, n MG T R 250 Fia,
g oA ISR, g.

Q) BNRBOL 25IETE 8 Z ML T 2

B 13.1Q)P R 2= IS, T 100 °Co%
PF K 10 min, 2 FESCER[20156 -8 KL T 70 °C 270 W
TR IRE 1.5 h, FEMES.0:(4000 g, 20 min), WS G
Y B8 AR BRI TR BT, R, AR RBUL 2GR
TERPHLZHE(fir 4 CYP-U),
132 BHE. Ba R e 24an

SRR A0 B ) 2 il 25 ARGk ZHER Bk
Wl LIRS IENY . K T R TR, E R
WK 1 mg/mL, MR FAZEB R IR P . Pk Lowry
2 11 O 2 A B DA A e e 3 ARG T
Wi BEA LRI IR N &8, LRER 2 K.
133 HMEHEHSTREESTEHS AL

O HEBR 4 35 B A 2 1 8 306 BT (size exclusion
chromatography-multi-angle light scattering, SEC-MALS)#%
AT LIRS B0 30 2 K 40 400 B A 4 ) 43 F TR R F RO,
TCTG 4y T B BE AR P K 2R SR T 0.1 mol/L il
FRENI (1 0.02% NaN;), ATk E R 1 mg/mL, i
0.45 pm K RGNS A R RORAREE I (- 22 -2 M 8
BOBEELS R4 SB-805 HQ BRI (54 SB-803 HQ BRI
AR R, AR s 22 R AR AN OB U R AR, BB
#H(0.02% NaNj, 0.1 mol/L fiER4H)Hi# 0.6 mL/min, F1iE
45 °C, #FER 100 uL, FrDUET[E 75 min, 28550 FH K
BN EGERE AR, R ZE G I RAS I 3 AR, £
£ B BB R RSO 43 F R B B 5 2, THE 3RS
ALt T .
1.3.4 S s 2

HRAE SCHR[25 1038 Jr ik, FREXZD 2 mg ML ZMEAE T8
T, A 1 mL 2 mol/L =5 LMRIF T 121 °Chingk 2 h,
RIGEAS . T, AR BEE S BFR T (EE RIS
2~3 ), RIEMARELKE, HACREHS REE 6
A (HERER 5 pl). @i 45f4: Dionex™ CarboPac™
PA20 WAHEIERE(150 mmx3.0 mm, 10 pm); WEAH A (H0),
T B (0.1 mol/L & fk4M), FiahHH C (0.1 mol/L 4 1L,
0.2 mol/L Z.FR ), Wik 0.5 mL/min; FEIR 30 °C; Vit
0 min A/B/C #H(95:5:0, V:V:V), 26 min A/B/C #H(75:5:20,
V:V:V), 42 min A/B/C #H(75: 5: 20, V: V: V), 42.1 min A/B/C
FH(60:0:40, V:V:V), 52 min A/B/C #H(60:40:40, V:V:V), 52.1 min

A/B/C #H(95:5:0, V:V:V), 60 min A/B/C #H(95:5:0, V:V:V),
13 Fofr xR 5439 2 0.5.1.0.,5.0,10.0,20.0,30.0 pg/mL
v O T R R B =V AT T AR - el S P = R N
BRI %A Chromeleon(JfiA 7.2.10)Ab 3, BRI (% &
Ip ) e e L WA TR FRE
135 52 ebd i shbigiats

FRIBOE 12 T8 1 #H 2 Wi E B RIS AL S M oK, RS 1Y
S)JETBIR, FILIAMEREAE 400~4000 cm™' HIZIE T
SR 128 W, HERN 4 em!, AR LT ANEIE
OMNIC ¥ /(A 8.2)H T4 #r
1.3.6  #L % ¥R sh 3 BALE MM 2

(1) DPPH H H 25 B8 J7i 2

MRPESCHR 2010138 7 ik, # 2 mL ARRERIEEN L
BEREW0. 2. 4. 6. 8. 10 mg/mL)'5 2 mL DPPH Z. ¥
(0.1 mmoVL)FEAHRA, AEZE ARG H N 30 min, HiHf
I 200 pL = 96 FLik, BAHEREHERE 3 ME1L,
7E 517 nm FIWESBEEE 2, YL VCHEN XTI, #
Al DPPH H H 635 BR 242 20(2) 15

DPPH 46 i (=2 2X100% (o

A Ay zs FIX IR ROCRE(E, ARSI AE; A
SRR T IR AL B

(2) ABTS"H H FL i bR aE 11 I

HRAESCHR[26] 00 J il 15 ABTS TAEW .. 4 0.2 mL
N[l B ML BRI S 1.2 mL ABTS TAEW /R4, 16
ZE RS H R 10 min, B 200 uL 2 96 fLAR, HEMS
WSR3 ANEAL, 76 734 nm AMHREOGE, TE 2K, P
VCAENFEPESTRE, FESLEY ABTS A 2L i R (3) 143

ABTS" H H 23 R /%= (1 - BlIgoBz)xlOO% 3)

e By Ry s IR HRZH RO REAE; By AE b 2O A B,
A T BRI Y

(3)F3E A M BLTE R BE e

AN TF) e B A 22 R A 35 1 Pl R 7 B E 7 34 B3R
EERVE I AGI, LI VC YRR B R BE

(4)8k B TR J5 i

HRHESCHR2 71 AR 75, B 1 mL HLZAEER R 15 mL &
DR, HIRNIA 2.5 mL BERRERSE MR (pH=6.60, 2 mol/L)
2.5 mL 1%ZREF AR, FHRE)GT 50 °C F7K¥ 20 min,
FFIA 2.5 mL 10% =S ZFR¥E, #5.0(5000 g. 10 min),
B 2.5 mL FIFW, MKAINA 0.5 mL 0.1% =48k F1 2.5 mL
ZEMK, FEHE PR 10 min, F2HL 200 uL = 96 fLAR, 4
RS E 3 NE AL, 7E 700 nm ARG . BHE 2 1K,

B 11k )5 1=D,-Dy “)
3 Dy 2 FU IR HEAE; Dy ke ALOL (R
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(5) BB A AL RE Sy

R 8 SCHR [27] B7 3 O 25 45 8 B 4 A6 B8 77 (ferric
reducing ability of plasma, FRAP) T/E# ., 437l 25, 50,
100, 200 400 800 pmol/L FRARFZIAE T 10 mL &,
A FRAP TAEW 3 mL, T 37 °CI¥# 10 min, 7 595 nm &b
DN WA o DA R IV Ak kB A S B AR AR (X, umol/L), W
SCAEAEAPALFRCY), Ll B -G ARUE LR . AR RIRERY
1, WA R R M ZERE%(0.2 . 4.6, 8. 10 mg/mL)
5 FRAP TAEMBURN, MR, Kb it
FEAH 24 5 8 W2k Tk B 1 bt AL B
1.3.7 W25 S AEAR AR EAF AT

(DEE T F A 37

ZISCHR281T IR Ty vk, FHERATIES 1 d 19 ARk
MR DR AL, RN 28£1) °C, YRR N
14 h, BH5 10 h, & HIRAGABE S ARE 3 mg, FHRE
FEFE](9:00 A1 19:00)45 M2 1 ¥k, ME37 10 min J5 5 FRIR AR
BLFIHEM )

(2) AAPH V53 AV B0Hk 15 T 2o Wl B 1 a2

PEBE T3 HE T 15, 20, 25, 30 mmol/L AAPH ¥
Y, T SR R B IR R UL BE Y AET N O, e
AAPH B Sk i 4 25 mmol/L, 45 Ki% SHFE 24 30 min.
A e B B B T £ 4 ) AN [ o e ok A
W6, 8. 10, 12 mg/mL), VABEE a3 27 I LL
0 FE LA A T 2 S0 Ve AR 28, e i 9 TR P B R T 32
B R 8 mg/mL, & RALHLAFE]SY 120 min,

(3 Z M %o S 0 J e T A Ao B

B Z B 8 mg/mL B2 A E 4 L 2 mg/mL BEEN
I, 43 APHs B S fa BEHLAY CYP-UIRF LA | & i
#4). CYP-HURFIEA . i), 25 axt i, Bt
R4, FR4 20 Sko 25 AT AL HIBE th i 700 R FokAb B,
RATERR 9:00 MESE/GFTHi £ 25 mmolV/L AAPH iR hib
FH 30 min 5 %R AR IR AL SR A0SR 120 min, DL b
REPRSE R SR BE Tt 55 IFRAH R e, SCRFEEEAT] 7 d.

(4)Fa A

YGRS L BE T 0 5] 0 4 IR ) S e e
B4 E ROS WERE . SOD % /1 Hl MDA ¥z, Hir,
ROS 3 bR LU R BE 2H %% ) (optical density, OD){EH &
100%, FEALZL OD {HFEAR AL BE T4 45 1 2L,
1.4 HIBAIE

R IEE DLV B E AR IR 25 2R, RAT Origin(RiA
2021b)MIEl . SPSS(RRLAS 22)FALIK 3R 5 22 43 B 22 4 e s
HEATSEH 00T, P<0.05 R 5 B3

2 GR55HH

2.1 WHIEEMAEZFEFERR
W2 2 B . BRE. BT, BTG T R, B
FEE AR G, CYP-H 52K 17.72%, CYP-U 4 19.53%,

FHH B 7R G B RE AR R S R, TR R A I A s
ARG T B ) A0 M BE i 4R a4k TG Bk B, RO
Z2 1) BEAM N 5%, AT HE G 1 2 R0 Fak
THEERIR AT A B A . 60 °CoK AR IUHE 1L 25 224, 421
HRAIK 15.2%, SAWIRERE EE . CYP-H 1605
WEREIR . A9 77.56%+3.46% . 19.51%+3.71%
1 2.29%+1.59%, i CYP-U B =500 82.56%+4.18%
20.67%+2.33%H1 4.46%+0.92%, W] PR BT vk SR
TEM Z LA N F A EES . AR HESURFFBT
R AL X 111 2 AR TE B 22 WA SR 4 ARG 5 & BR, B R AE
AR AT HE S 2R BRI R S i e, AR
FEBCT A Z 5 R BUROR, W0 X 24 56 B 1k &
SR A R, LA DR A [ R s S R T
J3E 1225 DA 200 B R o Hh B R B A [ U1
22 HDFREHMANLFELERK

%1 SEC-MALS %t CYP-H #1 CYP-U (W4 F &4
AR, WE 1R, REFSER CYP-H A 2 Mg
(fAEEEFE] 31.0~33.5 min), CYP-U A 3 AN ({4 & i} jE]
28.5~33.5 min), HAEAAFEIA 33.5 min MR,
WGP M) o0 i o A AR 25 5. M 24 B SO il
SHUF AR 2R FRME A 1, CYP-H 1Y
18 5.263 kDa, CYP-U BT T 6.645 kDa,
CYP-U B4 F8 5T CYP-H, {H CYP-U 5 F=4
FEEFRS T (S EAREK). F i R A SEC-MALS #:iU15
SCRRG L 25 ZBE RN 145,693 kDalYl; i 43 %
FHITHOKSRE . BRPZI . 5 FE AOK SR IR R el B i B A
B L2 Z W -390 5 B 43 3 514.7.153.9, 318.2,
36.9 kDa®*!, HIt#E7R, CYP-H il CYP-U (04 FEZ &
P $E B I AN [ I 38

Wi FlOHL 2 05 09 20 40 ok 3% B B 2(a) BF R, TE
3200~3500 cm ' b W1 FE0E, FERHEE O-H P4 IR 351
e, TE 2930 cm™' F1 2940 e YRR SR C-H (B4R IR 3h
550 £ 1610~1650 cm™ 3 A5 W BARAE I S C=0 fih 45
WREhES, RS THEARRERRET, 52 Hrise
Ie4E FARIE; 1kAh, CYP-U F CYP-H 7E 1200~1000 cm ™' 4b3%
HELRY 24 S R g IR TRk &9 C-0. C-C
B4R S % C-O-H WfMIRsEY, Hitk CYP-U Al
CYP-H HA WHIF) ZHE 0 F LU M RFAE

2o B XA it 11 £ B o ) AR e v - A v
W 2(b)~(d)Fi7R, CYP-H | B REFRE . - 7UA . A An
@, HEER N 1.0:6.8:93.5:11.1; CYP-U L fi
PR . 2EFUBE . AR gL, FLEE IR H N
1.0:4.8:185.2:13.1, 2 FpIEE M ZHEIA & 4 Fh b H LU A 24
Wik 3, AEOE LA BN TR o SR, BOBE L A A rh ok
YEFIE IR, S5 T AR, HIRE T R
FT R K RSN, 53805 MR R e 2 O M T R ek
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U BT, VT SCRURR LU 2 220 bl o L SR
CIENAISE AN S R K NI S NI S8 R A e
LA, FLUTT @St A i Y, T AR L 2 2 Y O L
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