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Accelerated Solvent Extraction and Determination of
Polysaccharides in 16 Alpine Plants from Qinghai

TAN Liang,JI Tian, GENG Dan-dan,HU Feng-zu "
Northwest Institute of Plateau Biology ,Chinese Academy of Sciences ,Xining 810008 , China

Abstract; In this study,an accelerated solvent extraction( ASE ) method was developed for extraction of polysaccharides
in 16 alpine plants from Qinghai. A phenol-vitriolic colorimetry method was set up for determination of polysaccharides
contents. The lipids were removed using ASE350 with diethyl ether through on-line purification. Monosaccharides, oligo-
saccharides and uronic acid were on-line removed with 75% aqueous ethanol ,meanwhile the samples were bleached with
it. The plant polysaccharides were continuously on-line extracted by distilled water through ASE. Colloidal substances
that were formed by swelling of gelatinized starch were removed by centrifugation, proteins in the supernatant were re-
moved with Sevag reagent. The 5% phenol solution and concentrated sulfuric acid were sequencely added in the test so-
lutions for chromogenic reaction. The absorbance was monitored at 490 nm using distilled water as blank. Polysaccharide
conversion factors were measured. The results indicated that the linear response range of polysaccharides in samples was
0.01 ~0.10 mg(r=0.9996). The average recovery(n =9)was 97.26% and RSD was 0.53% . The assay demonstrated
that the method was simple, accurate , stable and reproducible. It was suitable for the determination of polysaccharides in
plant samples. In addition,it can be used to assist the quality evaluation of alpine plants from Qinghai.

Key words : accelerated solvent extraction ;on-line remove impurities and extract ; phenol-vitriolic colorimetry method ;al-

pine plants from Qinghai;polysaccharide ;assay
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Table 1  Sixteen alpine plants samples collected in different habitats from Qinghai(n =3)
%' FIEM AR 7 G = FERE ) A g
No. Name Origin No. Name Origin
] PSS S R NIIPN 217 9 LRI TSRS M
Lycium ruthenicum Murr. Dagele , Geermu,, Qinghai Araceae Qiabugqia, Gonghe , Qinghai
5 ARl il TSI 7 L 10 JRRR TR IR /K S
Lycium barbarum L. Tawakeli, Delingha , Qinghai Potentilla anserina L. Haergai , Gangcha , Qinghai
L N ] SN Y e ; I
ol R E AR AT A B %
3 Rheum tanguticum . . . 11 . .
. Dawu , Maqing, Qinghai Inula racemosa Hook. f. Baoku,, Datong , Qinghai
Maxim. ex Balf. e
HRE L RCEE IR PN H . HFE B AR
4 Rh matum L Dawu , Maging, Qinghai 12 Hordeum wvulgare Linn. Biantan , Huzhu , Qinghai
eum palmatum L. awu , Maqing, imghai var. nudum Hook. f. l1antan, fuzhu, Yinghai
5 S FHET TR RIS s sz A H B Y
Russula lutea( Huds. ) Fr. Huangcheng , Menyuan , Qinghai Avena sativa Linn. Jianshe , Dari, Qinghai
I YN o TR ot s
o L B 1 I T LR Sk
6 Astragalus membranaceus

(Fisch. ) Bunge.

Lanlongkou , Huangzhong, Qinghai

Morchella esculenta(L. )

Qiaotou , Datong, Qinghai
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Rhodiola rosea 1. Jigang Mountain , Henan , Qinghai o .rant ema maeum Andier, Hetianmingfeng, Qinghai
(Linn. ) Des Moul. ’
KM H IR RIS 6 B TIF L 2 LA R4
Cordyceps sinensts ( Berk. ) Sacc.  Dongba, Nangqgian, Qinghai Cistanche deserticola Ma. Keke , Wulan , Qinghai
1.2 7k R PRI 80% LB TE/K B HTN R 2% e %
1.2.1 3 E AT R R0 B b 5 AT W & 09 25 4) 3 U, BREA VUG T UU0E, R AR, &
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0.6.0.8.1.0 mL & T 25 mL BI04 h, NzE 8K
#E2.0 mL,BEA] . A 1.0 mL 5% ARy, 4%
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T 60 CHEFEEZS THE RIS St 2. FRICH 15
AR Z 4 20 mg KEHFRE, BT 100 mL 75 &
T, A ZERK B i DT B 2 20 B2 #2250 VR Al
WG o B S WA ELARS DU B e L A
FERPUAE W — ik LR 1L 2. 17 WP NA R
8, FFF 490 nm ARG EE , AR i £ ok R
R h A AR s, %X f=m/C - DitHZHE
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(%) = sl it i A0 0 & 1 (% ) x ZhEH AN
T
1.2.5  FkFhiEXn
1.2.5.1 L@k

KB EL AR 0. 1000 me/mLL %25 WAn 1 75 T
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2.1 FRAEMERERARE

DIROGRE (A) g GhAR b, 5 4 15 ot it (m) Sk
ABFR 2 i B o R 2R SR A R AR o TR T
0.01 ~0.10 mg 75 [l Py 22 R AF 2t 6 &, A 7
FH y =8.0428x +0.0668 (r =0.9996) .
2.2 ASE BZRFIENSESGHNEE

FIFH SPSS16. 0 SEit-h 44, XF 16 F = FEAH Y R
FHRIERLST BR 20 s ol (RSB FIRHRE R L) I %
BRI e R S5 e o3 b, AT IEAC I g X T
2.2.1 BEBEVRRELEMHEER

VLRG3 5 i i i I 44 U RO X 42
HEET (1) SR A bt S e = A e
Mk (2) # e BB (] : 2 .5 .8 (11 (15 min; (3)
PEFRFRBOREL: 1.2 3 K, B TR EZEA M
B AR, e PR AR 1 Sk B T SR
K Ly (3*) IEASIRER, 45 R L 2, SR mT A
AT 250 AB,C L B FE IR 4 T H L ik
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TR o BEAN, 25 A w5 M A b T 254 o B B
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Table 2 Resulis of orthogonal test L, (3*) of removing lipids

K £ Factor
N - - y — 6> 8%
Extraction solvent time ( min) of eycles

1 3( Z i Ethyl ether) 3(11 min) 1(1 %) 8.32
2 1 ( — % F %% Dichloromethane) 2(8 min) 3(3 ) 6.55
3 3( i Ethyl ether) 1(5 min) 3(3 %) 6.75
4 1 ( =4 F 4% Dichloromethane ) 3(11 min) 2(2 %) 6.07
5 2( =% F £ Chloroform) 3(11 min) 3(3 %) 6.89
6 3( Zfit Ethyl ether) 2(8 min) 2(2 ) 9.00
7 2( =5 H %% Chloroform) 2(8 min) 1(1 %) 7.02
8 2( =& 4 Chloroform) 1(5 min) 2(2 %) 6.00
9 1 ( — %4 F %% Dichloromethane) 1(5 min) 1(1 %) 6.14
K, 18.76 18.89 21.48
K, 19.91 22.57 21.07
K, 24.07 21.28 20.19
R 5.32 3.68 1.30

2.2.2 B3 E AR AKFARAARREROR & SR R

DIBEZR o3 35 i o g (9 2SR A AC S 10 X 42
FEET (1) 32 BUILEE - %5 40,50 .60 °C; (2) i
FEPURFE] 3 .6.9 12 15 min; (3) JEFFRHOAL 1

2.3 W AR NFRIR AR it T =R =K
F Lo (3%) IEAZIAS, 45 R IL3R 3, a5 Rl A
W T N AB,C, B AW ARAT T 75% L1
FFE S 12 min, fEERHEIC 1 YOI $2 U AR Fre
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WEA , 5 SR A 8 7% S MR s o S 2 il 7 B
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Table 3 Results of orthogonal test Ly (3*) of removing monosaccharides , oligosaccharides and uronic acid

K2 Factor
S A B B i BB ] C RFFHLIRUCAL LES el
Test No. Extraction Static extraction Extraction number Yield of saccharides(% )
temperature( °C) time ( min) of cycles

1 3(50 C) 3(15 min) 1(1 k) 48.78

2 1(=ER) 2(12 min) 3(3 ) 50.07

3 3(50 C) 1(9 min) 3(3 k) 47.36

4 (=) 3(15 min) 2(2 k) 49.24

5 2(40 C) 3(15 min) 3(3 k) 48.59

6 3(50 C) 2(12 min) 2(2 1K) 49.95

7 2(40 C) 2(12 min) 1(1 ) 50.15

8 2(40 C) 1(9 min) 2(2 1K) 47.93

9 T(EIR) 1(9 min) 1(1 %) 48.31

K, 147.6 143.6 147.2

K, 146.7 150.2 147.1

K, 146. 1 146.6 146.0

R 1.53 1.23

2.2.3 REREBRESMHF K

DLW & i e P OR B i g X 42, B2 T
(1) $EHUR B : 2= 60,70 .80 .90 C; (2) i E 1L
] 25,10 .15 .20 .30 min; (3) fEAAPEHKEL: 1.2 .3
Wo e ZAR I A L ml E BT T = & = KF
Ly (3*) IE 2R IR 00, 45 T UL 3 4 pha 4 SR v o e 42

W Z 0 A,B,C B A 80 “CAR1F N HIZE IR K A EL
FEICLS min, PEFRFLH 1 U B2 BE2SR dei
RS, S 2RI 7 B T R i T 22 M BBORCR 19 4% I
R EUIRFF A >B > C, R MR PORLE X B i h 2
&S A PN

R4 ERSHEL () EXHBER

Table 4 Resulis of orthogonal test Ly (3*) of extracting polysaccharides

2 Factor

s A IR B BT ] C FAFF LI EaE
Test No. Extraction Static extraction Extraction number Yield of polysaccharides(% )
temperature( °C) time ( min) of cycles
1 3(90 °C) 3(20 min) 1(1 %) 16.13
2 1(70 C) 2(15 min) 3(3 %) 15.99
3 3(90 C) 1(10 min) 3(3 ) 15.87
4 1(70 C) 3(20 min) 2(2 1K) 15.86
5 2(80 °C) 3(20 min) 3(3 %) 16.24
6 3(90 C) 2(15 min) 2(2 1K) 16.18
7 2(80 C) 2(15 min) 1(1 %) 16.30
8 2(80 °C) 1(10 min) 202 %) 16.12
9 1(70 °C) 1(10 min) 1(1 &) 15.86
K, 47.71 47.85 48.29
K, 48. 66 48.47 48.16
K 48.18 48.23 48.10
R 0.95 0.19
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2.3 HEYERSEUNELSR I 10% 5 LU B4 B BRI T, 20 i
SR R A B -BRRRIL I E 16 PR iE R EMT A8 9% ZoAa s LURAMIAC Ry R R B R B 205
Yirh 2R S AR AR 5. AR S T A mgE R ARARERRERRZM S AL 7% 2ot B
YN T R AR A AME . L 12 8 S MR ST DM & B8, &2
R A RBRR AR B 2R S A, S E Y 3% .
x5 BEARFHA 16 MESEEDPEHESENELE R (n=3)

Table 5 Determination results of 16 alpine plants samples collected in different habitats from Qinghai(n =3)

y A~ EL P P =N
PRI £ soggray e RS 4 shpgrny AR
Name of alpine plants Conversion factor ontents o Name of alpine plants Conversion factor ontents o
polysaccharides( % ) polysaccharides( % )
L R Gl
. 1‘%%}{6 1.029 2.64 D1 0.918 2.33
Lycium ruthenicum Murr. Araceae
A3 38
Lycium barbarum L. 2.905 715 Potentilla anserina L. 2.863 12.02
R AT
Rheum tanguticum Maxim. ex Balf. 1442 7.30 Inula racemosa Hook. f. 0.937 16.31
LN =
Rheum palmatum L. 1835 6.43 Hordeum vulgare Linn. var. nudum Hook. f. 0.942 6.88
Russula lutea( Huds. ) Fr. 1777 9-89 Avena sativa Linn. 0.952 3.27
HIE FRER
Astragalus membranaceus ( Fisch. ) Bunge. 3.072 8.32 Morchella esculenta(L. ) 1705 8.38
RPN RBEE%H
Rhodiola rosea L. 2915 6.33 Dendranthema indicum ( Linn. ) Des Moul. 1.594 3.78
2 PRI AR
Cordyceps sinensis ( Berk. ) Sacc. 1.520 6-11 Cistanche deserticola Ma. 2.785 12.50
2.4 FEREFRIDKEER £ 06
241 HRs KRB E RS T 04 o
TN TN = : J v
FRIRK €05 AR K L B €6 M B = 0
M 0.1 \#«\/B
VA 300 ~ 800 nm S FELPA 19 4 e 4 FI P A 1 N e
. Ve v = 300 400 500 600 700 800
F)]t/j_\‘ o EB [zl 1 ﬂ%ﬂ s ﬁ@)ﬁ E‘JX‘T‘E»@ Ell:llil‘/fﬁ'r.? Y&E 490 nm Ve Wavelength(nm)
AT e DR M AT W T 22 R K A B 0L S ) 28 AR K AE . e rn o
490 nm A H T e R 45 25 11 T4k Bl ZEEKk(A) REEZREBEK(B)SRREXRMAE
nm > 1 N t == 1Y s L
, bR Nt T (C) 023 <43HE (300 ~ 800 nm)
EWL B RAF, BOEERE 490 nm VR ARG K Fig. 1  Full wavelength scanning spectrum of distilled water
2.4.2 REMHRE (A),distilled water after chromogenic reaction ( B)
B A A RS (No. 1) B85, Z IR T 5 and reference substance solution after chromogenic
[% 15 min 490 nm AN ERSGE 455 L3 6, 458 reaction( C) (300 ~800 nm)

FRESARU T (R 1E 60 min PYATR AR ENE R

x6 REMKBER
Table 6 Results of stability test

SO (60 min )

T Eﬂ‘(llﬂ. ) 15 30 45 60 75 Mean absorbance RSD( % )
fmefmm ('within 60 minutes)
Y {H Absorbance 0.3694 0.3733 0.3751 0.3779 0.3886 0.3739 0.95
2.4.3 FIMRKE 3, A5 T 490 nm AR GE RO R, 25 R LR T,

VRS I B[] — L T 4R B 2B (No. 1)S 45 BEF WG J7 ok 0 T PRV B
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£7 BOEERER(1-5)
Table 7 Results of reproducibility test(n =5)
I [ - HE G <
Time ( min) : 2 3 4 3 Mean absorbance RSD(% )
5 {E Absorbance 0.3667 0.3778 0.3816 0.3711 0.3757 0.3746 1.55

2.4.4 KRR RE
1E9 1 B 2 B 5 09 [R] — A8 W0 A O 9 TR
(No. 1, 4343 0. 1 mL) % g & 5 70 A 4

INA G EAEPRER B (2 pg/mL) |, i )5 73 51
T 490 nm AEMERERE, 45 R UK 8, AT RE K
M7k AT R R HERRE .

%8 ERERBER (n=0)
Table 8 Results of recovery test(n=9)

B g AW R MANERES R WSS R IES -4 [ml i
‘%anfule ]\;i Original amount Added amount Detected amount Recovery Mean recovery RSD( % )
e o (ng) (ng) (ng) (%) (%)
1 2.650 1.0 3.620 97.05
2 2.635 1.0 3.599 96.38
3 2.638 1.0 3.612 97.45
4 2.645 2.0 4.604 97.93
5 2.645 2.0 4.583 96.91 97.26 0.53
6 2.651 2.0 4.590 96.96
7 2.640 3.0 5.555 97.17
8 2.644 3.0 5.577 97.76
9 2.642 3.0 5.574 97.73

2.4.5 X EFMAAR R
FRBR R TR A5 1 S, 10 473 25 A il WA BE(RLSR HY

PRUENR2E oo MRS T2 30K 7 B BRI ER
BRI,

x4 FEERMGNRIXIELER (n=10)
Table 4 Results of quantitation limit and detection limit(n =10)
= RS | 2 3 4 5 ERMR QL AR DL
Blank samples No. (pg/mL) (pg/mL)
MG EE{H Absorbance 0.0034 0.0037 0. 0040 0.0036 0.0042 2.85x10°* 0.177 0.058
25 FHFEfh 45 Blank samples No. 6 7 8 9 10

Y {E Absorbance 0.0035 0. 0040 0.0042 0.0039 0.0041

e s TSR R I AR AR R R T

3 WS4

3.1 ASE HREAFIZEEMMRE

FEAR - R D 7 20 BB, bR 2 W LA AT Y
ZRITAn A 7 i EE R AR, S AR - B R
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