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polysaccharide in different mature stage
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Abstract: Studied the change of Lycium barbarum polysaccharides
(LBP) in different growth periods, by using the wolfberries in differ-
ent growth periods as research objects, and analyzed the LBP compo-
sition by HPLC. Taking VC as the control sample, the LBP’s activi-
ties of scavenging hydroxyl radicals, superoxide anions, DPPH and
ABTS were analyzed and compared in different growth periods. The
rheological characteristics of LBP in different growth periods were
analyzed by a rheometer. The results indicated that the monosaccha-
ride composition of LBP was the same in different growth periods.,
but the monosaccharide molar ratios of the polysaccharides were sig-
nificantly different. The antioxidant activity in vitro of the polysac-
charides of the first-crop fruits was the strongest. The
polysaccharides viscosities of green wolfberries, coloring wolfberries.,
first-crop wolfberries, summer wolfberries and autumn wolfberries
were 1.02, 1.26, 1.53, 1.49 and 1.37 Pa « s, respectively. This study
provided the theoretical basis for the future study on the
accumulation and change of LBP and the formation principle of LBP

in different growth periods.
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Wroe W AT 285 R A PUaE D) M iTY o i BT
il g o T AR S Iy T AR AR M AT 2 B LA K R —
P —O—HHEMESESEAN RS TREY i 6 Mg
BRI 1 R ER AR AL T, BRSNS AR Z R D
PRI T R B AT R S 3 BT — R A AT 2 A Y B BB
A3 B Al O AR BT R AR AR . R SR DL F O A AT SR
SEAEA TR A W 2 AR T AR R RO R B T R A,

AT G UK F 2l 25 B 5% 43 A7 M AT SR SO [ A= K A AR
20 B AR R A A B B S R 0 AR Ak £ A SR 4
B AR R A B R A b 3k B A B . DPPH Al ABTS
O BE AR, B TE AR B AR T AR S AN ) AR 4 109 20 0 i B3R DA
PR AR AR B B AR B 8RR A K B ) R R T R A K
W IR AR ML 2 R SR LS B A S
1 #MetSJ5ik
1.1 R R

PIB 22 I T R KRB 13 £ T 15 i
Tkt ek, I TT A6 A BB L F AL 5 55 9415 R(5 H 25 A,
6 H1 HO R FERRE R MW 45 25,30 K(6 H 10 H.6 A
15 HORIYHEFR G €3 (GBI 5 55 34,35 K (6 J 19 H.,
6 H20 HOREEFRAERKW K 6 A 19~22 H R MM ALK A
SLREMAT B 7 A 9~20 H SR 09 A AT BR O % 2R
10 H2~5 H A8 AL FR B 2
L2 EERKFMNE

T T B0 e ZUE L BRSO IR KM L BT
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3. 5- R A K A R 5 1-2 - 3- - 5- it mak bk ) (PMIP) |
SO R A KR B R Bk ABTS %
DPPH W Tris—HCl % vt il &8 3 = B - 43 7 28, b i ]
LT A AR e A BRA D 5

SN R A%k H 25 B B N A IR A A

G3 AT ROV AL204 T Mg e ) -FE R 2 AR IRA D

LSl LAY 6 BE 3 - T6 R, b 503 i X % A R 3
Tl

TEER K £ P BL2s % . SHB- T AL, 40 M 1 3 B T 5 A5 KR
NG

WERE 7% B 92 . RE-52AA R, [ 1 1 28 A5 AL A 3T

THIASLHE HVE R K HH o S21-Ni6 2, Jb UK %
TKANFE 2 AL S A PR 5

HAKRTIREHLIDG-0.2 B, 2 MEHE S G THAA
B 5

3% TAESE : T2100P B, gl B AR B RA A

{6 3% 4 : VenusilXBPC18 I, | i A 55 B 24 A 28 47 BR
NI

WAL : AR1500ex #1, 26 & TA A# .,

1.3 Hik

1.3.1 20 SOBERGE JERE S BRI E RA 3.5- K
wmEREIY .,

1.3.2 BROR2H B 1 W 5

(1) AT 22 0 1 B2 I« 4 S [R] 2 K 3 A AT F 30 R T
Frh 45 CHEIRTHEEE BT 60 H i, A ik 60 C
JK IV B 101 B € . T FH 80 6 I B 70 CE R KV 1~4 h
I3 2 30 T o % Ul v A AR B RO L i A ZB B UK 250 mL, F
100 CoR B TPESR 1.5 h. TmE 4 W EER . HhKE
PRAS B 1 LM WORCE T 1 000 mL (1 B RS B L 45 °C e
R L2 WA F) 100 mL, Sevag ¥ B 19,80 % BEIT , %
T (HR IR E —50 C, K& 50 Pa, il AN 40 'C), 24k
FZRBKPEMR .3 pm BT U85 3 A TOYOPEARL DEAE-
650 M B g A B e A 0 17 4l b, 2k B0 43 ) R R K, 0.5,
1.0,1.5,2.0 mol/L NaCl ¥ ¥+ 4> W% Bi 5 h, ¥E I = K
1.5 mL/min, ZE 4% /K ¥E B 2 h J5 JF 45 W 4 R BT W
10 min/48 . G JFAH N AW VR 4 BT G VR T R A AE K
B0 A AL 2 0

(2) HAC Z 8 0 7K e « o Bk IR 45 19 A [R] B BO A 2 2
W% 30 mg, 43l HF 10 mL B ZERE N MA 2 mol/L =
MR 2 mL, T 100 ‘CHEAE KR 8 h, /K MW A 4 mol/L
AFALE R PR E pH R 7. 8.0  BUS W €A F) 10 mL,

(3) AL BAOBE AR < AR OO B8 R L R LM B2
T 2 FLWE 0 R A B L BT L A1 B SR B 1 D 45 10 mg VT
10 ml {14 %5 1 i 2 2 (PR OE 25 28 20 B 4k, 453 00 BR BBE A
VAV OB VA 1 mL B F 10 mL 9 5 8Ol PR
B ERS] 10 mL, B A BB TR & bR . TR IBOIER £ BROBE At
1 mL GBI RE 1,2,4,5,8,10 mL 6 ¥ 1Y MR G ¥
W BRI RR KR & 4 20.0,10.0,5.0,4.0,2.5,2.0 pg.

C4) A it FHEAMEAR il 1R 1 AT 2R AL < K 28 WOBUTR & X IR
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i TR R 22 K IR VS W& 1 mL 5 0.5 mol/L PMP HI
% 0.5 mL % 0.3 mol/L NaOH ¥ 0.5 mL B & .70 0 I
$E,80 CAWESAF T KN 30 min I HANE S48 8l , o H) B %
JE A 0.3 mol/L HCl 0.5 mL #4757 H A, 43 5 B 1 mL
AMMERE T 10 mL B LE T IA 5 mL &5 %
HX.4 500 r/min B5.0 15 min, FEE A Y2 . EE K 5 ). 15
FEWE W, & 0.45 pm BLALUE BEUE T 3 W, R b
AR,

(5) {0 & 4 SP-120-5C,s-AP {5 % 4 (4.6 mm ID X
150 mm); i 2 #H: A AH 4 0.05 mol/L # MR ¥ 2 b W
(pH 6.98),B A} Z W% ; Y& B K8 BF (0 min, 0% B; 10 min,
18% B; 20 min, 25% B); % 4b W Uk & I 2%, K 00 9k K
250 nm; A 30 °C L M1 mL/min, KR 20 uL,

(6) FRuUEMIZR 22 Hl  Hr 1.3. 23 B F Y 6 A vk 2 1 B
WIRA W IR 1.3.2(4) 1 75 1 1 PMP fii A fL AL 38, D i
B Cpg) S B A8 B, DL 1T B (V) g 40 A A 5 2 T b of il
2R AR HE I Lk [l U5 O R S A DR RABLER 1.

R1 7T BEIRAESE

Table 1 Calibration curves of seven monosaccharides
B P o i £k B354
H 4 (Man) Y=879.3X +23.27 0.996 2
R 25 (Rha) Y=509.3X+37.69 0.994 1
2 BERAER (Gal UA)  Y=1 272.3X —66.52 0.999 5
% B (Glo) Y=294.8X +73.91 0.997 6
- FLHE(GaD Y=693.2X+52.31 0.996 5
A (XyD Y=1 148.2X —26.15 0.994 6
BAT 37 A B C Ara) Y="774.9X+65.2 0.998 3

1.3.3  WAEMEMME R ARIS00EX i 484, & ] H &
40 mm AFEWPER ARG A 25 CFFAF 20 min J5, E il
TN B B R 0.2 mg/mL AT Z ARG REDTY
1.3.4  HMuAc 2 B8R S0 Bt A0 1 2 0 I

(D T BRF A B M4 2 mmol/L FeSO, W .
1 mmol/L H, O, %M 6 mmol/L BY/K#ERE R 3 mL i
A 25 mL e B RGES A KBS T 37 CTKi
20 min, KA FE AR AN R MR EE A Z AR RE R4S 1 mL A
B g5 1 L T, o) B— 3R A T mL Sk AR R 43
MEARZE 10 mL, 7 37 ‘CTF K 20 min, BUE J57E 510 nm
FAT WA S AE WO BE (AR A, X BERE i 9 WO BEE 10
1B Ay BARBRVE 3 A FATRF B3|, R (D
IR AR A HRIEC OF) WiEKRR,

Ay — A,
Ay

Favis e

P— « OH iK%, %;

Ay —FEBR O BEE 5

Ag—XF BORE S I RO BEAA

(2) 7 BB S BH B 1 1076 1 K 45 B BE A AR 22 4% 43 1
BCA 0.1,0.2,0.3,0.4,0.5 mg/mL ¥ W 7 I 4 H . B

P = X 100% (D
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0.05 mmol/L [ Tris—HCIl Z #p ¥ 4.5 mL, & T 25 ‘CKH
HTE, A B0 I AR 1 mL AT 25 mmol/ L 148 A = A T
0.4 mLIR2) G T 25 C/RK M W 5 min, il A 8 mmol/L
HCI T mL % 1k 52299 nm &b I 58 W% O B2, 25 13 % B 20 L)
FHFEMR R R R R . S A MIREEICE Ao FE
HIRSEEE M CAE AL B D IKAEAE 3 A FAT R, IR 2y
P R O R A TIERE.

(3) Wk DPPH [ Hy Je i 75 1 - BOAS oy BoAS ] ok i 1 22
B 2 mL, A 0.16 mmol/L DPPH & 2 mL #ERGAb =
TRBCE R R 30 min, PL 6026 1Y £ BEVE U8 E L £ 517 nm 4b
I E WO REME A28 BT b 28 1R KA U A5 It

B Ao. A IRAEM 3 WOE 17 R B BH P 2 Y,
DPPH H 335 bR R 3% U2 5.
P:wl—A’*A“>xum%, 2
A,
A

P——DPPH [ 3G RIFHR %, 705

A;——JmA DPPH J5 2 Wl W /) OG5

Ay, —RJin DPPH (1% 2 ¥ W1 WG 5

A, —— RN Z B W) DPPH BOGEE

(4O B ABTS B b 5E 09 7% P o W B2 24 6 mmol/L
ABTS" %% 10 mL # 5 mmol/L K, S, Os % # 20 mL jE &
TR RN 15 h, 75 ABTS 3 b S . R BRI A
1020 MY LLBIH AN W FE R 5 i 74 19 ABTS' 3 by 238 W =
N7 B RN 5 min, 78 745 nm A OB AL LIZE IR K
RABFERAEZ X IR Ao AR 3 YOPAT IR, O P
BEET, AR OIS ABTS (935 BR R .
2 g5
2.1 AEEKHZHENRE

&1 ) M AT A S AR R R OB L I SR A
ZWER & AR IEA O B R B W A R R IR F AT
19 d, ZHEE R B T8, SO R JEOR B B S i
19~24 d BAEAGE M SRR, SN H RN
0.384 g/100 g, iR JEHENY H Y &4 0.38 /100 g, I AT ZHE 1
AN 5 24~29 d J5 . BB DI JEORE 1) B 2R R
T, SOE Y H 3 RS 0.524 /100 g, b SRR Y H 3
0.454 g/100 g, Z R FR B, A %46 3] 0.07 g/100 g;
29~34 d AR H 3G 0.568 g/100 g, i J5 0 i R 2 3
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Figure 1 Changes of total sugar, reducing sugar and poly-

saccharide in different growth stages

/N H RS 0.384 g/100 g Z2 B R A< 35 2 B bR . H
WaE R 0.184 g/100 g,

HI 3R 2 AT, 3 R EOHE R JEORE Y i e . Sk A
Mifemg A Bk B RN IE AN AZFR S5, K2 W&
S HEMIAC 20 % B s e o R R R 20
TR,

EMIAC SR SE 25 M (B P BB R R R 2 Rl &
BEAEMT . X MIAR SO | 220 A 5B S i g A5 AR R
B4 R RARAR R AEHE AR GG o A [ SR MO SRt | 38 Jt
Wl K 20 e A TE 22 5%, UL AS ) SR WAC B A AT 22 9 485 440 1
PR AT BEAAAE 25 59 o 0 2R LB 0 300 D & = PR A M AT, LA
3 E R AR S L2 HE A T AT Sk R AT B .

K2 AREKHHURCEE.EERNSESE
Table 2

The contents of total sugar, reducing sugar and

polysaccharide in different picking periods

g/100 g
A K3 e & JE A ZHk
KR 11.20 9.68 1.52
W3 R 11.32 9.84 1.48
R 9.62 8.39 1.23

2.2 AEERPHATSHERBEHNK

Hy [ 2 AT 7 ol BORE AR O A AR A R . DLER B Y
(60 5 1 43 BT o L TR BRI AR 4 o 2 A8 s o I 6 TEAR B35 A
b 1 e T BRLHE AT S (R 0 TR S A . S5 2 R TRAR LR
[l A S IPIAAC 22 0 114 BEOWE 3% o T o L B R L LB R R
R R FUBE ARBE RIS RS 7 R SR R (S

A AWM AL Z Bl 7 BRI 3. ik 3
AR AN E R A Z B AL A B E R &
SO0 B ZH B JRE R L AT RAAS Y SR 2 0 B LA SR AN
PLAE W 2H A e €30 20 2 T LA OB TR R A 2 W R BT i
AFVHE 2H 180 SRR AT 22 0 2 DL LW B R L A LR L
R BT 7 A B AR R R S R AR B A B 2
LT E o2 N ER NG R N R R [ R S R S e
1R o BRI R AT B2 BT e A e, 2 L IR R 52 S U o
(UF SR
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Figure 2 HPLC separation of standard monosaccharides
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Table 3 Monosaccharide molar ratio of different mature stages
FE H &R Fl 2 A FLBE R R Gk SR N [ETR(ER
HRZHE 0.4840.041  0.6440.02°  0.69+0.08¢  0.694+0.05¢  1.11+0.14>  0.79+0.05*  4.174+0.23¢
W ZHE 0.2440.01¢  0.51£0.02>  1.54+0.13*  1.4440.09*  1.10%0.18>  0.5840.11>  2.7740.284
Sk A5 S 2k 0.67+0.04%  0.5340.03" 1.31£0.11° 1.95+0.13® 2.01£0.17¢ 0.3840.05¢ 6.70+0.31¢
Wil H B LK 0.6420.05 0.5440.02%  1.4940.08"  1.80£0.25%  2.2140.20°  0.464:0.07"  6.2120.29%
hER LM 0.7440.05*  0.6240.03*  1.254+0.10°  2.20+0.24*  2.07+0.24*  0.51£0.07* 5.88+0.29"

T [FSFRERE 22 5 B 2% (P<<0.05),

2.3 FAREKPHLSHERTENTHL

r 3 AT, 22k K R A BOAS ) A K ST AR AT 2 00 1 R
X B2, B 100~300 s [ 20 4> 55 19 (8, 15 3] & R
B HE SR SR FE I R R IR AR B 2 ol 102,
1.21,1.53,1.49,1.46 Pa » s, X F RO THEZ D T4,
R TR R 3 WY 45 0 A e R R 4y TR K R R A R T
Sk FE R RS B e K, RIAH 24y T i R S 2 A
i fih e
24 AEEKPHRREMELFENE
241 WEHREAREGEE BB 4 RTHL AR A KB
Zo T o R 11 b R I T A A B R 1 38 o T 8 0 1, HLAE
R NARLTZHEEREE B WS R A,
3 mg/mL W T 0T L 600, B 2B E
20% B R EHH T 52% . A ) SR WO B4 MO AT 22 0 5 R
BH MM EWA R SR> W H R >R
2.4.2 TEHRBANEFOESE BB S a4 K
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Figure 4 Activity of polysaccharide in scavenging

hydroxyl radica
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T 22 W5 o A I 2 1 19 T P AT I Ak SE e n T 3 . B A
TE— 5 WY 28 St o Sk AR AT 2 W 5 B3 4 BT 88 T B0 06 1
Fi .3 mg/mLYREET Sk R 2R IR L 2400 Lt BR 20
Wim 1400, HeE R Z WG YE e 2106 A [ R o b 46 1 2
T B B 2 18 e R R AR ] Sk FE R > R SR >
[EE i

2.4.3 4Bk DPPH A M2 pi& 1t mil&l 6 A0, Bl 35 A A0 A
SHEK LT . HZ B ER DPPH A i 5 576 v A B =T,
HZ B B2 5 35 Bk DPPH A i 3k /9 & 5 5 IE A ¢,
3 mg/mL W FH R 800, B S L AU 1
#55.25 A AR Z R B Z MG R 167 . AR
PO Z B LR SRR > Bl H F R >HFR.

2.4.4 J5BR ABTS A & dilE 7 "R A EAE KB
Bl Z M BR ABTS B i S 56 T A W12 42 & . LI o
JESEAN A5 B B 2 B MR G B 2L 3 me/mL W E R BR
ABTS Al ZER G PR LB HR S <W AR Z M<K R Z

W<l H R Z <L R 2 HE.
1107
o .
X
T o70p ——TREH
¥ E IR
& z S0r 3 TR L
gl sl HEER
= TR
DR —
10770 15 2.0 25 3.0

W
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Figure 5 Activity of polysaccharide in scavenging

superoxide anion

110

R R
Clearance rate/%
N
S

30
10+
~10 ‘ ‘ ‘ ‘ L
1.0 1.5 2.0 2.5 3.0
wIE

Concentration/(mg * mL™)
B 6 %AEAk DPPH g wka Sk

Figure 6  Activity of polysaccharide in scavenging DPPH™"
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Figure 7 Activity of polysaccharide in scavenging ABTS"

Li LT AR RIS AE Z PR T 1 mg/mL W
RTINS B R ST B0 A A S B B T R 2 R SN BR A
SEE PRI IN o AS [) o R b B ) — 2R IOU P 2 0 LAV BR
DPPH [ e HE 78 P e £F 35 BR R Sl B B 7 A s e 22 . A
(7] e JE2 T AN [ A A S M A 22 B 22 B A el 0 S B A AT
RGN, RASK 7SR 2 R O .

3 g

AR LT A8 A 2 3 A 9 AT SR S5 X 5L e B TS
[0 A R 22 1 A AN () A B B AT 2 i 1) S 2
R RV I 23 T FL VS BR R A 2k B 4B & T DPPH,
ABTS A i 3k RSN A AL 6 . 28 U5 m] LLAS i AN [
PR ) 20 W A PO AL O A P R R S B A T A
TEAR K2 71k

PATERT ST AC 22 4 22 DL A A B v SR O i L Al 4l L 45
53 Bt I3 A 2L 2y R A i AR AC 228 A AN (R A 1300 B T
T AR AL Sk vk R WA T8 . A B 58 o B 1A [
AR A 220 2 AR A L IR A e T B R TE R S
FHIP TR ARG L S 5 B8 e e B 3R 1 (D 2 IR B 56 &R
K I LA TG BF 5 1) 8 4 A7 1]

5% 30k
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