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1.4 7k
L4.1 g afmehmgisaitt  wiES%
HR[7], B B e A ik 25 100 ¢ B3 A%, A 10 £
IRBLY TCIK BV T B 72 he, i BBk 25 £ IR
RTLRE B i Bk B A R HE TR RS
TA 25 AR 58 77K ,90 C/AKHRE 2 h, A
HUS W, OB M 46 5 A 4 A5 IRFL JE K 2
T 4 CUKA T #E 24 h, B0 (4 °C,5 000 r/min, 15
min) , R TTE . TIVE R TO/K CBEEE 3 Ik, R )5
P25 B 1K Ak i A L 2 s i, M2
WV W Sevag VLR 1, BT A3 2 W0 W2 Wk 46
JoE BEDUE B, B O WUR TUVE |, B3 DLTE 2292 U
T JE A5 B B A R 2 0
1.42 DOP M2zl lE 27 SCHR[13]109 J7
B, o R — B R v i TR — R e ok R T
W E DOP Y EObE & & BRI 2 % = RN AR 1
1.4.3  DOP MAEXT 73 F I i il i 275 SCHk[14]
W7, R GPC il %E DOP By 4:F i i, Mk 4%
. 8 3i% #1445 Ultrahydrogel™ Column (7.8 mm
%300 mm) ,DOP FiiE ¥ B 1 mg/mlL, #EHEEH 10
pL, W3k 0.05% NaN;, Jiti#E 4 0.6 mL/min, £
I 25 C,
1.4.4  JREHPEXT DOP /K 775 Wi ¢ WL Eb BE i 57 i)
JH 2585 1 /K e i Bt £ Wk 4308 5,10,20,40,
60 mg/mL. DOP K%, KHI MCR301 #i 21X, %
B2 T T P T DOP /K 3 86 L6 58 1 B
M3k 2 4 .25 °C, F A7 M (50 mm A1 1 mm 8] i),
B R A 0.01~1 000 87!,
1.4.5 R BEXT DOP /K M AR ULEE B 1y 2 e i
il 20 mg/mL. DOP /KW, K H MCR301 i 224X
FZELM X DOP /KB W 3R FE 152 o e 5%
PR I R B 4 ok 5,15,25,35,45,55,65,75
°C, ¥ DOP KW AE KW b T8 i B2 T 14 30
min, B Y1 FE 4 0.01~1 000 s,
1.4.6 & JE BTN DOP 7K ¥ I 3 UL BE 1Y 5 1

Bic i 20 mg/mL. DOP /K& W, ¢ #mA KCI,
NaCl,CaCl, Fl AICL,, i 1575 W P 42 @ 25 7 1) de ¢
e /3514 0.01,0.05,0.1,0.5 mol/L, & %145
1.4.4 A
1.4.7 AKZ pH {EXF DOP %5 8 4 WL ZH JEE (1) 52 i)
FH 4 mol/L. NaOH A1 HCI ¥ 7 Jii ¥ £ >~ 20 mg/
mlL DOP /KW %) pH {5 %] 4 2.0,4.0,6.0,6.8,
8.0,10.0, M 4115 1.4.4 S5 AHIA] .

1.4.8 DOP iy 5 % 1 # L 5 Bc Hl 10,20,40
mg/mL DOP /K% , & H] MCR301 ¥t 22 4%, 7 )
R 1% 55T, 43 5 HAE RE R i (G7) S5 FE
B (G")TEAS [FI BT YR T By 28 Ak, D 45 - i
& 25 °C, FATH (50 mm F1 1 mm BB , 451 %R 75 [F]
9 (0~100 Hz) ,

1.49 DOP Bt FT-IR 204 K 1.4.7 W
FEMUET R T, WA TS 1 DOP 5 DOP % i A
dir, 5538 Y KBr B AR JE A, >R A Nicolet iS10 18
HL-2T AR 6 A AE 4 000~400 em™ A5 305 Bl 4 1E
GG,

2 HZBR55H
21 DOPMUZHH SR> FRES
DOP (1462 i 43 5 A X 53 i 43 AR an ¢ 1
JiR o 4 Sevag Wi AR 115 BT A3/ DOP, & 5 &%
AR (0.68% ), & 2 i 4 (89.38% ) FHBE ¥ 1R
(2.19%) AL A%, B 45 5 5 He S5O 25 A7, B
1 535 1 0] %01 ,DOP /i 2 FlOR [F] A X 4 1 I
() 22 B2 B, 4351 A 435 526 il 64 713, Wang 45119
IR A b R H B R T e S BB
BEBE I 7K i, 2 DOP 1 312 AR X 437 Jo i 11 ]
eI A
2.2 REIREX DOP /KB RWNFE RN
HE 2 AT, 76 1 s B DI R4 T ,5 my/
mL [ DOP 7K & W i) 2 W %5 & 4 0.019 Pa-s, 24
DOP 7K ¥ W 5 e 2 3% fin %1 10,20,40,60 mg/mL
F, 2R 6 A 0.38,2.38,16.2,56.47 Pa-s,

®1 DOPHUZEMSEEXNSFRE

Table 1 Chemical composition and molecular weights of DOP

# 5 AE 2 F % M B TR 2% (%

FRpTNEY
B b E 1% TR

%] )

bop 89.38 + 1.07 2.19 +0.13

0.68 + 0.09 435 526 64 713
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Fig.2 Effects of mass concentration on the

apparent viscosity of DOP aqueous solution

iR ER W] . DOP /KIS W ) &L LB DOP a2 vk &
(R34 FTTIG I, 3X ] BB BE T DOP JoT i v B 1) 4
I, DOP 43~ 2 6] i/ FT s , DA T TR 18 fin A
SE 11 I 45 45 1 o 48 45 25 T 2 B ) R A
0.01 s B A% 1 000 s i ,5~60 mg/mL. DOP 7K
7OWCEEE BN 62.19,19.02,3.18,0.64,0.021
Pa-s [k k 7.51,3.32,0.41,0.15,0.014 Pa-s, %

5 B3 15 i)
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U BT UIRR B T s IR G2, 33 1 0 A 07 1k 17
RURHIE, 8% R AW 0T a8 i
B USTE T G (10~60 mg/mL) B DOP 7K I i
F14) 3 WL 8 J32 I A B 1) 28 174 4 i BH b T B
I £ MR (5 mg/mLL) 1) DOP 7K 5 W1 ¢ WL 286
AR (0.021 Pa-s), HLFf % 59 D) S35 0, 28 0
FEE G AL, R MR E T 2R
AR AR SR . Adeli ZEPORN Sy 7K v P £ b
{14 B B AT Sk 2 JB ) R0 ) 45 5, i A B D)
RGN, TP EZ s T s m LT —
0, 5 3OH 4B 22 W BE 2 18] A B AR A v TR
FEREAR

XA, R » SET U % y
Z [ 1 Z 0] LA Power—law £ =k ()" #E47
PG M2 2 nI A AS[E] ER E () DOP /K %5 i
WG RZER>0.99, X UWITE 25 CHAMF R, itk
Bk 5~60 mg/mL DOP 7K #%5 ¥ 31 ik A Power—law
BEAL BT RESR I n (BT 1, R PR BT ) 4
FI (0.01~1 000 s™),5 B T 2 4 B 1) DOP 7K %
W) Ry AR AU R B IR AR 2 DOP 7K W o 1

% 2 DOP k&% Power-law FREINEG S

Table 2 Fitting parameters of Power—law equation for DOP aqueous solution

R % % /mg- mL™ n k/Pa-s R?
5 0.96317 +0.00199 0.01827 + 0.000244 0.9938
10 0.8811 = 0.00052 0.27798 + 0.00096 0.9961
20 0.85818 + 0.000675 6.17318 + 0.00257 0.9983
40 0.73165 + 0.00105 21.18134 £ 0.14616 0.9986
60 0.66263 + 0.00182 77.1296 + 0.90673 0.9991

T n MR FRPERR R b B R0 R 05 R B
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W N 5 mg/mL I n=0.96317+0.00199 , H: i s 17
R TR A 0 A WA, B TRV B Y
KN, DOP #7514 T 728 R i B W vl /)N | 4 i 7
TARAT R ES , 24 DOP ¥ W 0t i VR 4 60 mg/mL
i, n=0.66263+0.00182, ¥ i & AR 4F () B 28 %
Rifi & DOP 7K %5 ¥ (1) JoT 12 Wk B2 M\ 5 mg/mlL 34 i %)
60 mg/mL,DOP /K% W& 14 k {5 M 0.01827 Pa-s it
HIGINE] 77.1296 Pa-s, i & B T 7E = 0T 2 W B2 (1)
ZHERWT, 251 AT LR O 0 S0 B N 2%
SEAE AR A R BT v MR 00 R T BE R B R B
LRI N

K2 K52 2 45 KB DOP /K% Wi o Al 4 i
BRSO MGE W R 2 S 2
SRR ARAT SR AR, 22 DAL kg HCARR R 11 235 4 R A
Jet g  REZ R IR S SR ML A — L
ZWERIIL ST UIEHI4T 8 . Shao SFPITE R fy A1 2k
Z R AR FEVE A I 5E vh e B LA R Y 5T 1)
WS, ZHETERE 5T U1HE R T Br R I 8)
1720 vl AR LS5 M MR 2 i A8 Ak AT G
2.3 REX DOP KiZEERMFERI M

& 3 AL, FE 5~75 CCHu P, o ik R
20 mg/mL ) DOP /KW 02 2 284 R 0 « BE A
T ZR R B TH s, DOP 7K V5 W1 2 UL 285 138 3% ¥ [
K 7E 17 BIUIE R T, 5 CHF DOP /K% T 4 2%
FHEEN 4.21 Pa-s, iR # 15,25,35,45,
55,65,75 CHf, ZiE o ml728 46k 3.11,2.28,1.80,
1.71,1.49,1.46,1.29 Pa-s, B DOP /K ¥ Wi i %
JEE T RS 2 R Y TRk g, MR E
KT 45 CHE W EMF G TR, X 0%
551 B XoF B R R 22 WAL RL RN 2 i RN 1 20 Y 5
M A L2421,

= 0 mol/L NaCl

o 0.01 mol/L NaCl
®  0.05mol/L NaCl
© 0.10 mol/L NaCl
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Fig.3 Effects of temperature on the apparent

viscosity of DOP aqueous solution
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Fig.4 Effects of metal ions on the apparent viscosity of DOP aqueous solution

JE B 38 R HE i, AT BB Nat B AR > T 2443
R OSSN LW 7/ Dt i N 1]
SRR B K Ca> AT 3 DOP /KIFH
FHE R D K Ca® APRIN NS5 T 28553
THEBME, SR T 20 RS TRk =R
RV NUEINAEZ 3% -1 2 e
I AR 1 s AT ,20 mg/mL 1)
DOP 7K % W R A 1.71 Pa-s, 5354
Na* K* Ca® AI*ZE DOP /K W 4 J8 B 1 W
0.5 mol/L B, W 1 ZE BE 3 A8 oy 3.42,1.23,
1.66,1.84 Pa-s, 45KV A5 FHET ,DOP
VW FG BE K/ NIBUT 2 - Nat>AP>Ca®>K*, DOP
MR SR B FMEAX, &5 FMN
ABAE F (NaBR b ), M A8, 25 B IR R g
XA Xu SFOE R 5T TCHLFH B 7 0 2 X 45
Vo IS Y 266 B2 52 e 45 SR AR, Xu BN 2+ 5
Z A 48 B T 2 0 0] e & AR 55 B 4 A RN, 3X
FofroRE E A BB 3 40 K 30 T FL e 3 S %) 86 4
&Ko Nat 55 KO B g i (i B B R X —FetE 5 2
238 1) 58 JE 1T 4 8 22 M 0 U s AT i AL, Hentati

PSP RIF 5T — i PH S X 28 2 0T A 8 2 0 11 T AR
110 & B, Nar bt K+l 224 B 07 R4 1Y) P R 45
¥, 3% S T AE NatfAE7E T, 2085 1 el A B A
FH () 2 25 14 0, A B o3 22 i R e 4k B 1 RS
SRIMFE KAFAE T, X B4 ] 250D

gl BRE TR DOP ¥ W Zh B 5 A )
B TEZE VR RS KA VA ol 45 ¥4 T 1 6l b 35 0
T Na B 78 045 45 v 10 00 266 B2 Wl 25 B A, X T
X =L, Xu FR R K EE R
RN, ZWERM GRS — L2 B
B, TE RS BRI, X AT LA K5 45 v e i A0 25
KRR, KKEN IR 2 iR e 2408 i 25
TR ARRL, DA By KA W8 e 4 i) 17 RS s 1
2RI L E58 , YT DOP ¥ P Natin A 51
MRS INAT R, St T SE S EHSE
R 5 1Y 58 oK A AR B2 iR A Ry i — 25 F
2.5 pH{&EX DOP /KA &R NFE KM

WE s s, 78 1s™ 3 Y) 3R T 20 mg/mL
fIDOP 7K ¥ W AE pH A 2.0 B} A Y 2 W26 1 R



9228 %2

kR T % A0 AR B B R 5T 93

pH 2.0
pH 4.0
10° | e pHG.0
© pHG6.8
4 pHBO
ARE Ak pg & pH10.0
AA
10'F Aaaaa, AAAAAAA
" AAAAA A
Aa,
= 000 4aa O
fa ) O O oo, A A
& L L L T F P TP U
B B gl meanancooited #88500,, ‘4
- L L F TR - 2044
w3 ", “og fe
3] m., "E8
12!
R
> 1071_
. L L L L L
102 10" 10° 10! 10° 10°
LIRIBUES

Shear rate/s™
5 pH{&EX DOP AR FUF ER M
Fig.5 Effects of pH value on the apparent viscosity
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0.83 Pa-s, 4 pH 7t %1 4.0,6.0,6.8,8.0,10.0 Y,
BhE s s 1.32,1.86,2.28,5.98,12.75 Pa-s,
S5 RN . DOP /KW G FE & pH (1 7
AW ETE, HVE WA TR 25 0 2 R 1 3
RS F R AR i  Valeria SFPUF5E & #E, pH
1B 23 52 W) v R W0 1) 114 P, 47 285 BE A9 O X, il
WREE R A=A TERRYE SR N, 20 43 F TRl 1 &
SRR IR | 220 53 00 0 28 45 K0 i 35, AT B AIR T

(a) EBERT Y DOP #¥ i (b) R EE ) (9 DOP B

HEGEE, DOP W WS EEAE pH 6.84~10.0 3 [l 4
(A8 AL T g J& R oA DOP J&—Fh & & L B £
Wi, TEOMESRAE T CBEEE R A KA, {23 T DOP
oy F IRV IR K, T BB RS

MW pH=10.0 B ,20 mg/mL Y DOP 7K
VW SR RS . BB 6 FTAT, E 20 mg/mL
1) DOP KW, B & W NaOH 5 KOH 1
JT iU FE N 3 mg/mL 1 E] 12 mg/mL, DOP 7K %
TR J 48 15F 1) 43 3 AN 63 min AT 69 min ZE Sk 39
min F1 45 min, 2§ Z K% H NaOH 5 KOH 1)
J B W O 9 mg/mLL B, Bl % R DOP 1) i
e B N 20 mg/ml 381 E] 40 mg/mlL, 5 I A9 i 5 i
[a] 43 5 )\ 44 min A1 51 min 2% & 37 min 1 48
min, 25 E I DOP 7K ¥ W1 5 58 2 B 15 5 Bl s
T R 22 BE VA W) o R B A DG, [) A JB vk
() DOP % ¥, ¥ NaOH Fb KOH H 0 i 58 1)
JEE X — R e 2.4 75 Nat5 KH91E A
A AR TE pH 2~6.8 35 Bl , DOP 1 1 1 Zh
JE AR AN UL DOP IS RAE R T 210 A
B R R E M

® 20 mg/mL DOP+NaOH
0 40 mg/mL DOP+NaOH
® 20 mg/mL DOP+KOH
70 3 © 40 mg/mL DOP+KOH
=
g
= E 60 | [
=3 2 g
oo Sof ]
B2 s
= = £ z
T 40t =
& =}
z
30+
3 6 9 12
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Fig.6 Effects of alkalis on gelation time of DOP solution
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AER i (G ) M AR IR i (G A/ N T 1% 8128 T 3
PREFESE o MBI R 30 3R 5 BT U1 R DOP 4514
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Analysis of Fluid and Gelation Properties of Dendrobium officinale Polysaccharide

Jing Yulin, Hou Furong, Tang Wen"
(School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418)

Abstract The effects of mass concentration, temperature, inorganic cation type and pH on the fluid and gelation prop-
erties of polysaccharide from Dendrobium officinale (DOP) were evaluated by rheological analysis and FT-IR analysis in
this study. The results showed that the DOP aqueous solution exhibited shear—thinning flow behavior under different con-
centration, temperature, inorganic cation type and solution pH. The viscosity of DOP solution increased with its increas-
ing concentration and the pseudoplastic was more obvious. The viscosity of DOP solution decreased with the increasing of
temperature in the range of 5~75 °C. The addition of Na* significantly increased the viscosity of DOP solution. However,
the viscosity of DOP solution was decreased when K*, Ca®, Al* were added respectively and the change trend was re-
lated to the inorganic cation concentration and valence. DOP extracted with hot water had good stability under acidic
conditions. However, the viscosity of DOP solution significantly increased under alkaline conditions and the gelation of
solution will be occurred under alkaline conditions (pH>10.0). The dynamic rheological results showed that the gel tran-
sition was enhanced with the increasing of polysaccharide mass concentration. The FT-IR results indicated that the gela-
tion was related to the absorption peaks at 1735 cm™, 2935 cm™ and 2 881 cm™. The above results suggested that the
aqueous solution of DOP had unique fluid and gelation properties for processing. The results are useful for the formula-
tion and processing of polysaccharide extracted from Dendrobium officinale.

Keywords Dendrobium officinale ; polysaccharide; viscosity; rheological properties; gelation



