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Effects of ultrasonic depolymerization on the rheological property,
solution conformation and activities of polysaccharides
isolated from the seeds of plantago asiatica L.

XIA Qiang, HUANG Dan-fei, YU Qiang, NIE Shao-ping, XIE Ming-yong "

(State Key Laboratory of Food Science and Technology , Nanchang University , Nanchang 330047 , China)

Abstract: To study the ultrasonic degradation’ s effects on rheological properties, molecular weight and molecular
weight distribution, conformation in solution, antioxidant activity and in vitro immune of polysaccharide isolated from
the seeds of Plantago asiatica L.(PLCP) ,rheometer was used to detect static and dynamic rheological property of
these treated samples, GPC/SEC-MALS system was used to detect molecular weight and solution conformation,
infrared spectroscopy was used to characterize the structure of the polysaccharide. In vitro antioxidant activities
were evaluated by DPPH radicals scavenging capacity, ferric ion reducing antioxidant capacity, and oxygen
radical absorbance capacity. The in vitro immunoregulatory activities was detected by macrophage RAW264.7
proliferation assay, neutral red phagocytosis test and NO production test.Ultrasonic degradation’ s effects on PLCP
were as follow;the apparent viscosity was sharply declined, rheological property was changed from pseudoplastic
fluid into Newtonian fluid.The elastic modulus G’ and the viscous modulus G” were reduced, gel properties were
decreased.Molecular weight was degraded, the molecular weight distribution was narrowed after the first widen.
Structural parameters p was decreased, Mark—Houwink a value was increased.Solution conformation changed from
highly branched structure into a random coil. The intrinsic viscosity [ n ] was decreased.The solution had more
compact conformation. The main infrared absorption peak did not changed, the main polysaccharide functional
groups did not changed. DPPH radical scavenging and ferric reducing ability was increased, oxygen free radical
scavenging capacity did not changed significantly, ability for promoting macrophage phagocytosis, proliferation,
secrete NO were significantly increased.
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IHPEZ B 53 T i (Mw) X HAE YIS HEA — &
P2, ELAF TR 2 2285 06 PR 00 B AR AE X 43 B i
U, 3 R B AT i 0 M R R D RISy T i, B
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AL FRAT DLREAR 22 B 09 43 53 &, F 17 5% e A2 PR AR
VRE ISP DT - i o AR e Ak B ] P B, 2B I TR
95 , AR SE R K AR W W 04 A Ak, T AAS PR BT 2D A )
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1 #EFTE
1.1 #R5EE

TORLAENG T VLVEAE T 2T K AR (&1L Pg vp
[2E 25 B JU AR A I K 2 N BRI Plantago asiatica L. 1)
) o

NRE AN R RAW264.7 15 PR S8 24 At 2 5
LPS JIg Z ¥ . DPPH [ TPTZ 7% 5% 8 . AAPH  Trolrox 3%
El Sigma 2> F]; DMEM 15 32 & G 4 1yl R E
Gibco AT ;—F LA (NO) IKF & FERENLEY
HIRAH

ARES-2 #iZx{Y  ZE£E TA 4\ 5] ; Sonic VCX —
800 & 5 P 4H Mgy e AL 3& [ Sonic 2 7] ; Wyatt
GPC/SEC-MALS Z £ B HUO'CHON BE I (235 1 &
gy LM Wyatt 2400] ;i K A2 g g &
[l Thermo 2% F]; Nicolet 5700 f# Bl - 2L #R S 3¢ [H
Thermo \FH]
1.2 RWHIE
1.2.1 AP AN IR M ORI 4 /T T8 il 2= 0 6
£ ( Plantago asiatica
PLCP) : BUCRL 42/ 1 48 L Wi MU, Tl 7K v 2 B, B
UL, Ll , savage IR 1, B HT AR TS 15

A A 7 4 A SCHR B SE AT RS AR e Bk

L. crude polysaccharide,
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WKL ZE 1 785 il 22 085 1E ¢ 10 mg/mL 7K %5 & B
8 mlL F W A&, A IR oK &, Bk B
427 mm, TR 300 WS A I R 1 em, AU
KRBT 2 min DA 0 ROBL A [T T 2208 32 WL AG B2
Y4z 1 0, HLASKE 55 ) 3 2 09 AR A i A8 4k, iR A
LT AN 7 2 Bk oh Bt E] 5 s, (AP E] 5 s, Ab 3R
WHS AR 0,3,6,12,24 R T J5 18 A BT [E] 28 0,
15,30 s,1,2 min BRI ZERT T2 8.

122 #FH&mAASFERWEL FREC 1.2.1 Frig 19 4E
din L, KRS BT R 1% #5812 h, [ ARES-2 3
ARSI B A i AR 2R T . I 454 4% 50 mm
GAEAR, DHREE 25 °C, By I 1~1000 s ™',
Je B KR SRR ES (gap) 1 mm 0 2 A8 75 I b 28
0s,15 5,30 s,1 min,2 min ¥ 1% 4R T 2K
P 2 A 2

123 &A= A ni AR S il - 7E
MR X ARES—2 (50 mm ANEEHF-Hr,25 °C)
DA 72 AN )8 75 B 8] Z 08 i el & G/ OfG
A E G M ARNL A IEY] tan & FEMTR AR {L .

1.2.4 HPSEC-MALLS K5l Z 4551 & o T 845340
B ZHETERER ISR S0 1.2.1 KI5 B 5
JHE B AH B 0.5 mg/mL ¥ UE , {31 ] Wyatt GPC/
SEC-MALS Z £ 3 I 10 58 i 0 35 06 FH 3= 52 0 Bt
R ST, ST A A NS WA 5 . HPSEC H3 Ik
PRI 8 2 M O RO R I 25 ( MALLS , DAWN
HELLEOS-1D) , K4 B A6 %8 ( DP, ViscoStar—1I) , ¥ 25 46
M %% (RI, Optilab T—rEX) . Model 1500HPLC % % 4%
P43 074 : SB—-806HQ , SB—804HQ ( Shodex OHpak ,
8 mm x 300 mm ,Showa Denko K.K., HA) o A i5A: K
WM ZSTE LA 45 °C L, s had T 045 pm i1
0.02% NaN, /KW, i~ 0.6 mL/min, ASTRA 6.1
software 8 FI5r T 5838 o

1.2.5 FI-IR HiLhELr4861% % Nicolet 5700
LLANETE AN 5 2T 40 63 . BUR T 48 & KBr IR 1Y
A7, R R, I I 1 Y Rl 4000~400 em ',

1.2.6 DPPH H H3LyERRER A i 96 FLAR
Sy HTRE T R DPPH [l 3 RE L % 25 pl
0.5 mg/mL A HIJE 14 Z2 B A & 5% Trolox R 1 ¥ W
IIAE] 96 FLAR H, F3XF W A 200 L 350 mmol/L
M DPPH Z B WR , IR-G Y515 BOCHRE 6 h, K il
517 nm ZbWGSGEAE , HEEAVEZS 7. %45l Trolox ¥k &
XTI G EE R R vE R 2R, Z 050 B Bl ZE TS BREE 1 LU A
SEAE AL XS Trolox AR HERY X & (umol TE/g) KR, JI
B = URAT , S5 R AP IIME = pr i 2232/ 0R .
1.2.7 #REFik R ae SR (FRAP)  fdiH 96 fLAk
VR 75 T JE 00 Ok 41T T 2 B 2k B T ik IR R
HM L Hr & ) FRAP ( Ferric reducing antioxidant
power) 2 71 i 1] - 5 5 192 £k 22 wh % W (300 mmol/ L,
pH3.6) . TPTZ % # (40 mmol/L HCl ¥ fift . ue BF
10 mmol/L) 1 20 mmol/L #J FeCl, Fz{A&FH k. 10: 1: 1
A 300 wL gty FRAP 75 10 pL Hrdfkim

2016 F17H 81



I@%:ﬂ%fﬁ

Science and Technology of Food Industry

BRAR i B A W, 747 1R 4,37 C R H 2 h, FHEE
BRI E 593 nm A SERE . FRAP B4 vo A i %)
pmol FLIR ML R > £ ( wmol AAE/g) FRIR, B A 5L
B AT =R G5 R + FRvE Y 22808 .

1.2.8 S HHHEREE S (ORAC) & H hIIER
BE 7 ARG ) 7 325 FE SC R R 38 19 O 28 LAl 1 FE A 0
BP0 25 L AR & Trolox | B R £h 2% v ¥ W
(75 mmol/L,pH =7.4) it A 96 FLHZ, $RJ5 43 FJm A
150 pL 285GHA M (8.68 x 10 mol/L) ,TRA] 5 37 °C
WEE 30 min, 4FLINA 25 L APPH 7] (153 mmol/L)
= 10 s J5 2 DI GE bR A B - b SR — IR 2%
Jeum BE (PRI K/ R ST = 484/528 nm) |, FF&k
2 h, 13225650 AR i £k, ORAC A £ F i AR /INit
o A HHRIEEREE T A TEAE SR X Trolox FRUERY
M (pmol TE/g) Fern o FTA SLE —WKFPAT, &R A
SEIE = BRAETT 223K .

1.2.9 ZUiEdsEae 1 BOW S KW g, T80
BEE 3.2 x10°/mL, 28T 96 FLH, FFL 100 pL, &%
Fe4 h JEvh RN BEAN M, FH 50 pg/mL #8770 s,
15 5,30 5,1 min,2 min [ 22 8% 5] 8 40 Mg, [5) B 35 5
1 pg/mL LPS FIAR NN Z 45 i) 25 (X B2, 5 3% 24 h
JEINA CCK-8(10 pL/fL) , 537 F8 I H 2 h )5, BF
FRASCK I H: 450 nm Ab WG HEE .

SIS R TR
IO AF 8 B (% ) = (950 AL 6 IE — X4 1
GURICTE ) / X} BELHLIIEIE x 100

1.2.10 PR FEERE S HE4IMELL 8 x 10°/mL ¥
JEEEFNT 96 LAl , [fL 100 pL, SrgH Az ab 2
7] 1.2.8,355% 24 h ZJ5 , 5+ RIEFR W IT LA PBS Pk 2
W, 10 mg/mL (14 o PR 4T AR FRER K S W, dh & 3%
## 30 min, X FiEW, A PBS ¥k 3 i, BFLI A
B AR ( LT PRBETR = 1: 1) 100 L, 3R F &
2 h, 5 A0 M AR S, TE I AR A I E 540 nm Ak
JGRE,

TR A

M WE R (%) = (SESH A H-ZHEH A
{B)/(XTHEZH A fH-ZS 4] A {H) %100
1.2.11  NO 43w BOWBUE K g 4L 5 x 10°
AAHHLITA 96 FLAR , 35 7, He Uk, I A 28 R
24 h, W i, $ BRI S BB A5 NO &=
2 HER54H
21 EBERTFEMNR

[l 1 2y 8 P I i B8 %o 22 W TS W 22 UK B 1Y 52
Mg, DRI S 14 45 SR AT LR HY S U A S TR R
1% 1 FRL 45 /i T 22 08 22 XORY 22 & /) T BE, BB
2 min J5RNAGEERZE F 0, REH S 19 RBL 47T+
Z2HH (0 o) FNUAG BEEAR K, 1Bl 55 UJ 3 232 i) 39 KT
SR RE, P BT DR AL B S, B AR A M A AR R R
R 25 768 75 AL BR A R AT, FUURN B B Y IR E), 55 D) 3
SR FEUAG B 5 1) 7B S R /)N, B DA A4 B 5 B Sk R
AN, R P I AL PRET (R GA F 1.2 min B, 55 §) 3
SR WA KA VAT 5 ), 3¢ B AR 0 P O 4
e pigs
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Fig.1 Effect of Ultrasonic depolymerization
on apparent viscosity of PLCP
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Fig.2 Effect of ultrasonic duration
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on elastic modulus( G") and viscous modulus( G”) on PLCP

2.3 HESEC-MALS S8 E KB ERFEZHES
FESHEBRREAKNTH

HESEC—-MALS JE&7EAE G0 G el 22 H ok
A3 AT 1 43— T MR A — PP R R, B AN AT LA I ey
Sr YT ST B Mw FEIBE 42 Rg, 8 0] LL 43T 43
T AR ST TR

B UL 1, J5 2 hE TR 208 B, S
2 min J5Z W4T 2 M 3.870 x 10° u FREF] T 0.651
x 10° u s #E7 J5 Z2 B8 10 22 53 WOrEFE 50 (Mw/Mn) J i
RGN 1k B 2288 04 43 7 B 43 A S AR 5E S AR
/N SRR RER]RESE IR R S T 22 W T4 R AR
TR S AL BN R I i T R AR By B



@&sﬂ@h‘il

WR St

B T 22 B i i o T e 3 A AR S, T B A R RS B 4
SEHEAT , Z200 53 1 W 200 S0 40 A4 B L9 1 RO AT

Vol.37,No.17,2016

Tt EE W R B H EEEREA
110 0s v

T T LA 22 43 i 2R B 2 A ] £ 4 K 2l 10079

SN Y < o)

LERIBHL p(p = R/R,) J& ST BSR4 W40 S 14 T F 701

FEHC L R THSIERMRKI S, p < 15X TR = o0

PETCHLLE A, p = 2.05 ; %F T 5 32 AL 45 (09 TS5 4 , p 50-
St 2;5p FEACT 2 B, S RIPERE .l 4% ST, 401 3
ol 2

Z R TAR J1 22245 Rh | [B]JE 245 Rg 76 A8 75 4k #
ZJEXA R B, UL EH R JE 2 B A K W i TR 4R
ARASBEME IR . SCHRHRIE T A7 7S I s | in £k 45
BRI P R Iy vk, Hip A A gk
Bl FT A o3 K i Z2 057 . PLCP i p iy 2,400, J& F
= AkgE RS p FRE, S 2 min ZHEM) p N
2.042 MR A 5 .

HPSEC S5 RI MALLS \DP il £ , 0] X o i)
IARE S E 57 Mw 5 [ m ] Rg 19 2% FR FF 38 i Mark —
Houwink 2330#EEN K FR: [m] = KM, 58151 o (H W
Fl, a 7E0.5~0.8 ZJa], 43T R PEM JCHLLR ],
a <0.3 B, ZHEAERCIREEH , TS XIS o — B
TE 0.20~0.34 Z [0, Z 8 o 18y 0.354, F W] 4/
Tl LR B G S AR Bt R o (B
Wit K, A 30 s 1 min 2 min {2 o HIYTE
0.5~0.8 ZZ[al, Ui B 75 1o 2 AR 52 1) TCHLER B FEAE .

TR T BB 5> T-45 4, bt 3 [ m ] R
W Lh KA e 2 R S S PLCP B9 R MRS B2 R 1%,
i BH AR 75 22 B 3 B AR S T i K2

GEL ZZPEGERN BB p o {E BRI RG AR A RT S
FIAR AL, BT LLJINIE AR 75 T 208 & A T RS, LT I T
IR AR SR IR, 43 F A G DNET R 1Y 7 S b2
A ] TR U] 28 [ 5 A% . X R] RS 7 o F o, 20
S35 W 2R A I AR B0 TR BB SR IR 2 B4y T
'] 114 BRI TR 1 40 18 SR A R A e [ s 114
2.4  LI5pik

A R R S 208 2 B A i AR il 3T FT-
IR 75307, S A &5 S LI 3, Wl Y, 1042.1 em ™
b 1y 58 2 AL Ay W R B S 14 A 46 Bl . 903.1 em T AT
P8 I IAC 0 2 7 A Uit B AR SR B 7R, 1616.1 em ™ IR UK
W, ¢ MRS 2 A A7 A6 . 3393.0 em ™' Ab ) W UL U4 Sy
C—H 457550, 29272 em ™ F1 14195 em ™' 1 2& C—H
hgrdRsh . W LAE H 400 F 2 08 7 0 e =2 L0 4h
G LA e Aoy — B, b B P I I A IS, 22 Bl I 5 A AR

4000 3500 3000 2500 2000 1500 1000 500 O
W (em™)

3 A OB A R 5 2 HELLAMATE 5 R

Fig.3 Effect of ultrasonic duration

on FT-IR spectra of PLCP

2.5 BEMEBNIRNEINFSERENENNZN
LEIRUNE 4 Fros, SR 7 ) ROBL 40T+ 2 W AE
DPPH H 3 HE 7 Bk Fif JFEE 7 V5 H B R bR
BES = VP i R B BT RGP ik i, 5
ZRTERGE 2 . AR S, BT T 2T
HAkBE 1 E —E R T

#A 30 s,1 min,2 min A9 Z 859 DPPH 58/~
BIAH LU i E 2 s A 15 5,30 s, 1 min,2 min FE 45
i) FRAP B LU 75 a0 A W 2 48 05 |5 B R
ORAC {H R P T (AR S RNRE .

HEFE RENS S8 = ORL 4SHT - £ M DPPH g
LV BRAE T, 8RS TR JRHE JT , X ORAC 152 M I
NEE,

2.6 WBEKEMBIKNENFSEEMEREER
=41

AT TR PR RS 2 A8 % RAW264.7 E g 41 fitd
PR OVE F , A 5236 R FH CCK -8 46 I 22 4 5 41 fify
HEHE ) SE ), DAIE] SA, REIE S FEME 15 5,30 s,
1 min,2 min ¥JEEI IR ZE i T 2 W2 3 B 40 i 1
FA RS 7 2 R

5 5 24 M i T TR A U SRR e K B LR 9 A
A S —IE 5 2, 7 I R T 2 I I A A VR P 4 TR
RIEMIEE—2 o R HP P 40 7 W S 56 G 5985 1 0 40 i
MAEVEDIRE . & 5B A, A8 A A] LI 042 gk
fugEwgE PR I RE B, B XSRS A E] 1 min A
2 min B, A5 BEHEER

NO J& H Wi r= A= i) B 5 T, AR
S ey 0 4 MU T RO, Bl 5C AT, G 30 s,

# 1 HPSEC-MALS 45 i B A A J5 4500 T 2 M0 7280
Table 1 ~ Molecular parameters detected with SEC-MALS

e BRI e awsw TR agpay

A T Mw T Mn ( M/ Mn) 4% Rh Re( nm) (Re/Rh) [m] o« BH
(10 u) (10° Da) (nm) (Vg) =

0s 3.870 2.446 1.582 96.264 231.0 2.400 1.301 0.354
15s 2472 1.168 2.117 74.457 167.4 2.248 1.003 0.427
30 s 1.667 0.877 1.902 61.157 134.4 2.198 0.809 0.549
1 min 1.007 0.561 1.794 47.131 97.1 2.060 0.604 0.656
2 min 0.651 0.421 1.558 37.211 76.0 2.042 0.444 0.753
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AT AR IR, L0506, S F 8 R F R0,
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ZERT T 2T 2 LR 2, v 55 BY VIAG Ak B &, i v
A Fr8g P B DA AR 8 P A A B ) A R A A B A%
AL 5 TS R M 23 AR R ZF BT 22 BIDRS PEAST B L gk
G, ol FC A S PR AR B o O A AR OR PR B O O
Fe, T AR Z2 W 4 e e 1A JBT 5 A P (e ROk 42T+ &2
WO T B RRAR, 2 T8 45 A & A A8 Ak 85 5 Ak g
#2642 Rh [WfEEAE Rg W, U] 2 E S W h
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