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B E: BW OB £ i (okra seed polysaccharides, OSPs) A4 25 44 3% Hobt EAL TE P AT IR o
B3k FESLZ DEAE-52 B B8 T 5c At Fl Sephacryl S-400 SR (1 FE 43 2 4l 4015 2] Rk Sk 205, SRR T HE
BEL€E AT A BT L i, JEXT LA A3 | BB A T R 1 5 A B AR 5 2T 413 (Fourier transform
infrared, FT-IR)Z5H {5 B b A AL TR PE A TS . S8R /B 2iAk 1Y OSPs 14> T RE(M,) K 7.09x10° Da, %
Y3 FE (M)A 7.01x10° Da, My/M, 4 1.01, 8] OSPs A4 i, 15580 0.45%, BRIEEHBRATE AL
Ja S @ %I A3 OSPs Hy TH Ml . B FLBE L ORBE L BT RLAA WA B AR AL, BERE A
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ABSTRACT: Objective To analyze the composition structure of Abelmoschus esculentus L. Moench okra seed
polysaccharides (OSPs) and evaluate its antioxidant activity. Methods OSPs was subjected to DEAE-cellulose-52
separation and Sephacryl S-400 HR gel filtration. The molecular weight (M,,) was determined by size exclusion
chromatography, and the chemical compositions, monosaccharide compositions, glycosidic bond type,
Fourier-transform infrared spectral (FT-IR) analysis information and antioxidant activities of OSPs were studied.
Results The OSPs had a weight average molecular weight (M,,) of 7.09x10° Da and a number average molecular
weight (M,) of 7.01x10° Da, and M,,/M, was 1.01, indicating that OSPs had good purity and the yield of OSPs was

0.45%. OSPs was determined to be composed of mannose, galactose, xylose, arabinose and rhamnose by gas
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chromatography after acid degradation and glycol derivation, and the mole percentage was 36.98:

31.29:15.61:8.87:3.37. FT-IR result represented the existence of mannose residue. The periodate oxidation and Smith

degradation results indicated that the existence of 1—, 1—6, 1—2 and 1—2,6-linked glycosidic bonds. Besides, the

OSPs exhibited effective antioxidant activities, especially against superoxide anion radicals. Conclusion The

composition of OSPs has been preliminarily defined, and it has good antioxidant capacity. These investigations

provide a theoretical basis for the high value utilization of okra seed resources.

KEY WORDS: Abelmoschus esculentus L. Moench seed; polysaccharide; chemical composition; structural analysis;

antioxidant activity
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KRN ) 220 2 B DL B i ok S % =X o
HHITH R KR = FREY, B RZERA . Jrafb .
B . OB PRI AR YIS, Tz N TR
BE2h Tl 45, 2R TGRS e S AL . T
Fb R SFE AT o, TER KRR 20, HIRAIGR
HESFFEPEXT T T i 2O R B EEE L.

TEFkSE (Abelmoschus esculentus L. Moench), FRFRMIIME
WL PCEE, B THERIRCER, YO IE TR A
WSS LXK, H RGeS E pg A S A ke,
TS HAT B (078 IR S TR I ShREN), R <di 3¢
ZEEE, BKEHMUE SEELE. Ak, i
EFERR, BEHEDW. Z2MEMEGYURMETER, B
A AR R E R RE RS LE O IT 2 A FES ™. HAG, A
SO B AR BIRKE R R A 43, SE5H A SOE TP
Wy, BEIEHAHR | BRI VESE ShRE A RESE KU A3 X Rk
FERFR YR | iR CL R BT E AL TR T
YriHISER o™, SCTH RS Z B ST 2N A 4K
I, AW LA RN A kL, 2o aifb iR B ks AT 2
WALy, FE e S ABT S, BB ESEAT I TT & A
FRER LSO R A A AR S, RISk AR A 1 1k 2 4
PRSI PR S AR

1RSI

1.1 UE5RF

LC-20AT #2280 HORH G A [ 5 HE A A5 20 (o ) A PR 2
H]; Agilent 7890A AH A IE(L (3 B 2 HERFBHE A H]); 1S50
AN GEE R B FULER A FD); K9840 4 A ZhLICER
LA EERERF AL A R F); TU-1810PC 5£4M0] WLk
TR ATIE FAER A RS D).

PRSI E B S BRI . AR R, H
(8N ) N S NS S G L DN T 2 A G
T 5300, 3700, 2400, 2000, 500, 110, 70, 40 kDa) (4
Hrali, S€[E Sigma A ),

il

FRKEERF (BB, s =M P2 =R 25,0 FR
INH]); £F4EZE DEAE-52 (CRiAR 50 pm). PO A SR A
Sephacryl-400 (Rif% 45~165 pm) (FHLS E A P1H ARG BRTTT
AN, IR VKBERR(OHTEL, IR T A AR Ry
HIRAED; R =S BEMTAL, RKETT R AR
BATBRAF)); 523658 F/K g MIlli-Q #B4lik; milidh . £7ih
ik 2 ThH R G-250 (SMHrali, 2GSRI Fi A FRA F);
S (A TEE, FIRSER AL T A BRA ).

1.2 SKWHE
12,1 HHEMF ZHEGRIR. 5B st

(DFEREEAFH 2RI ERFREL 100 g FIETRKZERT
3, JA 500 mL Ak EIGEEEI 6 h, DABGRRHRA R Fih
fg; RLUEARVTRE, WO TGRS, # 1:10 (m:V) ELBIInAZENR
7K, 52 °CHEEL 1 h, 3500 t/min B.0> 15 min, #4i)5KFH Sevage
PR 10 ¥k MA 4 f5RFUY 95% (V:V) LEEATRFE 4 °C
TR 24 hy PIRELSENT, TSI 2.

() EE KL RF ZHH I 7y B 4lifk: SR DEAE-52 [+
A2 AL F Sephacryl S-400 & (6 15 AT X6 T8 Rk 2 AP HH 22 4 idE
T4y B alifkl'®, $EHL DEAE-52 {4 1%4:(®16 mm=200 mm)
FAE 30 mg/mL BRKEEAFHLZHE 2 mL, BB DR 2 4l ik
HLZHE, Z&0B KRB Fhvk 20, NaCl A YR ARtk 22
B, NaCl B B Pl He 43 s 2 4 0.1, 0.2, 0.4, 0.6 mol/L,
PR | mL/min, 5% 5 mL, BB 209, &%
HE A eI KR 280 nm R, SRR R R
RIS R R . K DEAE-52 €23 Ak YR i
HOR I 2 MR HEA TV VR T 0, P 28 B /K 1) B0 Sk Vi 32y
20 mg/mL AU, RN R BHEE RS Sephacryl-400
(©16 mmx500 mm)#EAT FAEVR, [FAEE 1 mL, 208K
JiE, PRI E R AR 6~8 s, BEEY 2 mL, RFHBERAE L
R 445 Z2 05 O ik, 2l DR Hh & .

122 FHFMKEAFSZHESTEHMNE

SR RO HEBH € 1 0 T 22 v Bk SR A 20 o F i £
T4 LC-20AT RIS 40 AH (3%, OHpak SB-805 HQ
B A, RZERW RS, WA Ak, BE
0.8 mL/min, #EH#ZE N 30 °C, S 1.0 MPa, #EF:&
20 pL, ZHHFE S FIE REbR U 5 BT R R BE N 1.0 mg/mL.
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R A 4 SRR o it e i 2 IR RIS 2 A F
123 FAKEAT L B0 R AT

b 2F LA M SR A B B R vk D A2 Bk K AL & 9 &
U SR P - P e 0 0 R R o ALY, SR T M
ST E B S R SR DNS S0 5E i SO U
1.2.4  FHHGEAT S4B L L0 R AN T

SR FH M B I 2 B RKS R 2 W BB AR, i
S0y BEAE OV-1701 (30 mx0.32 mm, 0.5 pm), SR
5 uL, J3Uith 10:1, A & OGRS nR
250 °C, HHREITIEE N 250 °C, AR N 34 mL/min, &
AP 40 mL/min, 25N 450 mL/min, #FHE ERAE
250 °C, S MA .

FHEFEF: FEE 150 °C, £A%F 1 min, LA 10 °C/min F+
T2 200 °C, f#4F 10 min, L 5 °C/min FFE £ 220 °C, LA
1.5 °C/min F} & £ 240 °C, 4% 20 min,

12.5 &8 8 4%A» Smith 47

(LR Ak HEFIFRIL 5 mg 20, BWMT
30 mmol/L M EALENIFE T, E4ZE 25 mL, 4 °CT#HBDG
IV o B 24 W B 0.1 mL W, ZEIR/KEARZE 25 mL, 78
ARVEZS M, W 223 nm AAWOBEAE; WOLEERERE, )R
s 1 T S A i IR O B ) 2 (E D s o T 2 T 5 e LR 1)
THFER; 0.2 mL & —EERAZ k)0, B2 mL W, LA
By BRAEFE R 7], L 0.01 mol/L NaOH IFW#HATIN &, it
NaOH BRI AE R PR RO B R 9 A Ui ISCSE TR 4 J o
W, FRKBEHT 48 h, AT Smith FEAR SN

(2)Smith F&f#: 0] FARFEHTIR FMA 30 mg NaBH,, #£
4 °CR#EBGRUN 12 by HAVKESER A, LUK SR8 4= R
B NaBH,; RV IBGENT 48 h, W45, %15 5 mg R THEM N
A1 mL =522 mol/L), B4, 120 °CR W 6 h; BRI
Y, THE, A 1 mL HEE, BAHET, EREMERE 5K
VIBRR =R B TR0 . JREERE . HhaEA TR
FAE AL S AT AR GRS 0T, ik rER 1.2.4,

1.2.6 A% Z et &L oh k8w &

FRER 1 mg THRKZEFTZHE, A 100 mg T4 KBr #)
K, TR, JERHLUER 30 s )5, B ALAMEREYL
BT . TR 400~4000 cm ™, ARERECH 16 TR,
1.2.7  FHAFAT B 42 BACE MGG E

BUEALTE P 2 3% DPPH A 2. ABTS H i,
0, A M #EA OH A M L1 BRAE S -

(1)DPPH H FEETEBRAE T E : 43 il BT vk ok
0.5. 1.0, 1.5, 2.0, 2.5, 3.0 mg/mL BEFEHKF ZHVEWL; Kt
2 mL N[k 2T 5 2 mL WS K 0.2 mmol/L DPPH
H AT, TRAYI2], 37 CClEYER N 30 ming DAPTIR IR
FBHPEXS R, T 517 nm ANE W ORRE, #IRAK Q)
114 DPPH A i FLiEBR %,

DPPH [ H FE 1B (%)=[1-(A;-A,)/A]x 100 1)
P Ag, Al Ay BIPREE FLL BER . R RIROE R

(2)ABTS™H HILIEBRZFME: # 5 mL ABTS %
(7.4 mmol/L) 5 5 mL i B R ¥ (7.4 mmol/LYIRS), BEGTHE
16 h, Bl ABTS  TAEW . ¥ ABTS TAEM IR EL S
M (phosphate buffer saline, PBS, pH=7.4)#i# £ 734 nm T
WOGEE I EITE 0.7~0.8 ZZ[7], HX 0.4 mL 7 [m]k BE 224
5 4 mL ABTS'7£ 25 °C N #2826 6 min, J%E 734 nm T (1%
WEREAE, #HIRARQ)ITH ABTS™H H LR,
ABTS" H 1 B35 BR (%) =(Ao-A3)/Agx 100 ()
A Ao, As A3 AIRES L BRSO B (A -
(3)0, A M FLIERRAE S AZ: ¥ 5.0 mL Tris-HC1 28 #ft
i (pH=8.4)F1 4.0 mL ZEIFAKIRAHES], 30 °C/KIfE 25 min,
A 1.5 mL BT 0.4 mL S8 =W, IREWER, 7
6 min, S.EPINA 2 MR ERIRZL 1 SO o FE 321 nm AbE
WO, &HAXG)ITHE O, A HIEIERR A
DPPH [ H1 3 B 3R(%)=[1-(A4-As)/Ag]x 100 3)
AP Ag, Ay, As P IERZS L FESL L KT IR
(4)OH™ H HZETEBRAESIMIAE: B 2 mL AN BE 22 Wi
fm, A 9 mmol/L FeSO, ¥ 2 mL, FIA 9 mmol/L £,
IKGIRIEW 2 mL, FJE A 8.8 mmol/L H,O, ¥ 2 mL i3
IR, IRAET 37 °CKIE 30 min, F 520 nm 20 E
W CRE(E, BRI OH H FILIHRR %
OH A HEIEBRE (%)=[1-(As-A7)/Ag]* 100 (4)
K Ao, As, As 0N ZS 1L FEE . XTI AE

1.3 HIFEAIE
K SPSS B A4 B HE A THE 44T, origin FRAER

2 FER5HH

2.1 EREFFZRENREIR. oBAk

WRKZERF A Z B IR BUR 2 5.82% ., HLZ MR
DEAE-52 [H 1 sckt 7 il 28 808K . 0.1, 0.2, 0.4,
0.6 mol/L NaCl VEBLAF R Ve ML (5] 1A). & 1A R 25
DEAE-52 FH&F3cHtt aifb i sk s dr 2 2o ik 2
Wi, AR PE NS R, R 2 o T BT
VT4, R Sephacryl-400 %E (oAt 4kstalifh, 155
FIVENR TR, I 1B FiR. s il LiarE it 2 A5
g%, TS 1 AR, HXTHS 2 AR X R ) s Ak
BN BT, ek . s . BT IR 24liL
P B BK S K 2240 43 (okra seed polysaccharides, OSPs), &
IC Jy OSPs I RO AH €415 5 (high  performance liquid
chromatography, HPLC)ik &, FLAT H—XiFRig, SN+
(M)A 7.09%10° Da, $03453F&(M,)H 7.01x10° Da, My/M,
1,01, KB OSPs AR AR, 1354 0.45%.

22 BREFZHES DN
HIZE 1 AT, OSPs R T #bl . ~FILbE . AHE. BT
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FLARBEFN A ALl . AR SRR S R 2R I I T R T34
A FOE I EE IR A 43 b, v, T EE R ZUBE AT & L
e, BIRABERIANE LBk 2, BRZEHE e Bl /b o
23 EMETZHENESMERS S Smith EE

T LR AN T RE RN 0.1173 mmoL, H 0.001 mol/L 4
FALENTTE RN, A5 EIH R AR 0.0203 mmoL. HiE
LR SRR 45 S mT 1, OSPs HAE T iR HL A4 Al AR, 15697
OSPs %A 180 16 Hiifs; mmansFERE KT HRAeE
B 2 A5, BAEH A FUNAE M R T AN AE BRI 152
12,6, 1—4, 14,6 BEFFHEENS JE— LU0 AREEFEm
R P BRIl . ARERRE . IR A ARE S A
OSPs 4 Bl S AL Al Smith FEAR IS 1Y (@3 R A 2 B
e BB 2 AIAL B S REN . DR E R

14 - A 0.25

REFIACKE, BIRAMRE ARG, W OSPs FZ&H
1> .1-6.152 12,6 BT, HERMEATRELL 153.153,6.
1523, 1524, 1534, 15234 BiTrHELE; AR AL
152, 153, 1523, 154, 1534 PitHEeE.
24 FEMEITZEHLINE SR

LLHMETER] FH T/ Mt s | R sl OSps
LIAMERE BTN R 3 TR, 3416 em ' Ab 5 M T2 A W I I
O-H f&dRzhig, 2921 cm™ W&y C-H (45 IR 3004, X
2 KW i Ay Z2 B A IR i, 1655 em™ AT 1421 em™
AW T C=0 Fl C=C h4ifikzh, W OSPs HIETE
FEEFE, 1200~100 em ! XI8 C-0-C #1 C-O 5@ Afigg AL,
T ZHIEAER, 867 cm™ bW i WBE T4 A1 H 78
W sR LA £ e

1400

B C
—=—490 nm
12 | —+ 280 nm 020 | OSPs 1200
1.0 + —— NaCl /(mol/L) 1000
w 08 | - 800
06 i £ 600
=
04 + = 400
02 + i 200
0.0 + TR 0
02 1 L 1 L L L 1 1 1 1 -200 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 0 5 10 15 20
B EH i) /min
TE: A WEKGERPL LMY DEAE-52 (il tEpe e, B: BRKZEKF h Pk 2480 Sephacryl-400 (AL P I £¢;
C: fife sk Zekr LR HPLC @ik .
Pl SRR 2 MR 2 (3 ]
Fig.1 Elution curves and HPLC chromatograms of all levels of okra seed polysaccharides
1 OSPs B 5 53 i F0 A HELE AL
Table1 Component analysis and monosaccharide composition of the OSPs
osp i BRI
s
sy R IR+ H I JEUE WA BTRRE PN e F U
TR/ Y% 85.58+0.12 1.02+0.04 8.954+0.05 0.01+0.00 3.374+0.69 8.87+0.36 15.61+2.16 36.98+1.44 31.294+2.20
T * R T RS B A S8 # R E AP, R B BOPELSD B FR .
3000 -
5000 A B
4500 +
4000 L 2500 |
3500 2000 L
> 3000 [ || M i e
iz E 1500 |
5 2500 5
£ 2000 - ¥
1500 L 1000 |
1000 500 |
500 -
0 = 1 0 [— I T 1
0 10 20 30 40 50 60 0 5 10 15 20 25
Fisf&] /min Bt Al /min

WA Hh; B gREREE
2 YRS AHaRER

Fig.2 Gas chromatograms of each substance
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3000 11 1000 - 1
2500 |- 800 |
o 2000 - P 600 | il
BT
e
500 1 L i HEH
o X ! D
0 10 20 30 40 50 60 0 10 20 30 40 50 60
fis} /B8] /min f} /B8] /min
T C: A RHEN:; D: OSPs MR 5A{L . Smith PEAR S S A EIEEL,
B 2(8%) SYRNSAHEAEE
Fig.2 Gas chromatograms of each substance
0r 0, . OH" [ Hi LR R IIRZE S, WA 4 iR thIE 4A 1]
o | 1, OSPs [y DPPH [ H1 S35 B3 Ff % OSPs [t vk B (14 14
m hnimisgn, BT R E T VC B DPPH H 35 %; Y
2 50 \ M | OSPs JFitHe R 1~5 mg/mL i, DPPH H 3L RE K
%’f hoa1 867\T/ 13.54%~61.08%. [l 4B W7~ OSPs (%] ABTS™ [ B 5L if %%
% 40 t ol 6l ) B S IRV AR 24 OSPs ik 5 mg/mL B, 3
1Sse0 | ABTS" [ H L5 3 Rk 5 71.3%. [ 4C 1] OSPs H AT
0T A Oy A HFE IR OSPs EVEIE W 1~5 mg/mL X
- 3416 . . . . . LA Oy A A BETSBRHAE 69.49%~80% 2 [, H.2§ OSPs Jit
4000 3500 3000 2500 2000 1500 1000 500 HEE T 3 mg/mL A, & O, [ MBI BRI W My
B3 e W, FARETE 80%7:47. [ 4D 7% OSPs 1) OH" [ th HLi

2.5

€13 OSPs [y fif B AR a2l S 5]
Fig.3 Fourier transform infrared spectrum of the OSPs
BB SR AR
BRI R 2B BT LTS M, [UF% DPPH, ABTS',

HEEWE AL S DPPH., ABTS'H A ER A 251k
—3, A B i BRI, X 0T e B T OSPs XA
[ B LA BRI RITEG Oy A B R e AR X 458
. ATRERZ S OSPs 5 O, A MAEZS &, Bt 1) H B
FEMTTZE AL [ H e 2R

A B
100 - ¢ ab b b a 100 -
—=—OSPs
< 80 ——VC < 80F
¥ a K
w60 b & 60 |
@ 40 - o 40t
+
2 : 5
S0t 2ot
0 1 1 1 1 1 0 1 1 1 1 1
1 2 3 4 5 1 2 3 4 5
OSPs/it izt #¢ 8 /(mg/mlL) OSPs/5i ¥ B /(mg/mL)

e a~e: WA, RRIFRFNEA B E M2 5 (P<0.05),
4 OSPs [y DPPH (A). ABTS' (B). 0, (C). OH (D) H H1FEIH KRR (n=3)
Fig.4 DPPH (A), ABTS" (B), O, (C) and OH" (D) radical scavenging activities of the OSPs (n=3)
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C D
100 - b b a a b
c. . s - 100 a b b b
80 L c ab bc  a
N d < 80
%Ti], / e ospe %-
& 60 ——VC i
or : &
H 40 H 40
k! @
© 2} 3 2
0 1 1 1 1 1 0 1 1 1 1 1
1 2 3 4 5 1 2 3 4 5
OSPs|5it ¥ & /(mg/mL) OSPsJF 9% & /(mg/mL)
H:a~e: AP, RNFRFEFRREA B2 57 (P<0.05),
[#] 4(4%) OSPs f) DPPH (A). ABTS™ (B). O, (C). OH (D)AY [ i FiHBR K (n=3)
Fig.4 DPPH (A), ABTS' (B), O, (C) and OH" (D) radical scavenging activities of the OSPs (n=3)
3 éa: ﬁ:\, a Nigerian okra seed (Abelmoschus esculentus Moench) flour [J]. Food

i3 73 s ARG B SRR SE K 2 W2 23 (OSPs), F ¥4y

FRABSFEIMERN 1.01, 52K 0.45%, HbHE
BhLCEFUBE . RME . BTRAAE A AR, BEIKE A
9 36.98:31.29:15.61:8.87:3.37; FHEH 1—, 16, 12,
12,6 WiTr§#. OSPs A RIFMHTA AT, JLIHX) O
A BB RRE R . ASCHRUT R T B2 0
B4y B alifb S Howl B g5 i A E Akt AT, iR TR — A i
Wr ek e FF 2 50 450, St — 2B WPy SLRR Ak o 12
Urgeidte, DA R HAE B S ATl U 1
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