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Abstract: Objective To investigate the best extracting conditions of Polygonatum sibiricum polysaccharides by single and
compound enzymatic methods, and to study on the change content of polysaccharide in processing of P. sibiricum by steamed and
shined for nine times, which provide theoretical basis for processing of P. sibiricum and other Chinese herbal medicines. Methods
Response surface method (RSM) was used to optimize the extraction of polysaccharides in P. sibiricum. PMP precolumn
derivatization and HPLC characteristic map technology were used to identify and analyze the changes of polysaccharide of P,
sibiricum being steamed and shined for nine times and establish polysaccharide characteristic map of P. sibiricum by ancient
processing and distillate. The effect of different enzymes on the extraction efficacy of P. sibiricum polysaccharides was also

compared. Results The extracting effect of cellulase in single enzyme was the best. Moreover, cellulose and pectinase were also the
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most significant factor for extracting polysaccharides from P. sibiricum in four complex enzymes. The best extracting conditions for
polysaccharide obtaining by RSM as follows: Cellulase temperature was 51 C, cellulase dosage was 2%, and the total
polysaccharide content was (675.34 =+ 0.10) mg/g when the pH value of enzymolysis was 5.40. PMP-HPLC was used to detect four
processed P. sibiricum, which contained mannose, ribose, thamnose, glucose, and galactose. Glucose had a high proportion in P.
odoratum, P. cyrtonema, and P. sibiricum polysaccharide, and P. filipes polysaccharide mainly composed of mannose. With the
increase of processed times, the content of each monosaccharide increased first, then decreased, then increased and then tended to be
stable. The content of mannose and galactose varied greatly. The content of monosaccharides in the distillate increased first and then
stabilized, and the content changes of mannose and glucose were obvious. Conclusion The extraction efficiency and purity of P.
sibiricum polysaccharides can be improved by single and compound enzymatic extraction with cellulase, and the extraction yield of
polysaccharide in P. sibiricum could be affected by steamed and shined for nine times. PMP-HPLC characteristic map technology
can be used to determine the content of the polysaccharide in processing of P. sibiricum accurately and reproducibly, which can be
used for the quality evaluation of P, sibiricum and other Chinese herbal medicines.
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Fig. 1 Summary of research on P. sibiricum polysaccharide
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Table 1 Total polysaccharide content and extraction rate of

samples
Pai! ZHERER /% Z P E/(mgg ™)
H-E 17.17 462.07
U-E 4.72 835.20
H-X 9.82 820.31
H-G 2.12 651.51
H-W 2.46 248.36
U-X-G 6.58 985.72
U-X-W 8.87 731.30
U-W-G 6.21 472.08
U-X-W-G 6.80 894.86

H-E: $UKIREG U-E: @AIRIG H-X: oKL 45 B R
H-G: BUKFEEERPRE: H-W: #UK B & AR U-X-
G: A YR - R REGH BRI U-X-W. B4R B &
EEGA BRI U-W-G: A B & A - R A DR G U-X-W-
G: ML YRR B AR A R

H-E: hot water extracted polysaccharide; U-E: ultrasonic extracted
polysaccharide; H-X: cellulase extracted polysaccharide under hot
water; H-G: pectinase extracted polysaccharide under hot water;
H-W: pepsase extracted polysaccharide under hot water; U-X-G:
cellulase and pectinase extracted polysaccharide under ultrasonic;
U-X-W: cellulase and pepsase extracted polysaccharide under
ultrasonic; U-W-G: pepsase and pectinase extracted polysaccharide
under ultrasonic; U-X-W-G: cellulase, pepsase and pectinase

extracted polysaccharide under ultrasonic
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F2 MEEREEHERKESER n=3)

Table 2 Factors and levels and results of response surface test design (r = 3)

N oass A/C B/% C Yimgg") | RIET A/C B/% C Y/(mg-g™)

1 50 (0) 1.0(-1)  450(-1) 467.90 10 50 (0) 2.0 (0) 5.25 (0) 680.22
2 45(-1)  2.0(0) 6.00 (1) 334.54 11 55(1) 2.0 (0) 6.00 (1) 517.03
3 55(1) 2.0 (0) 4.50 (-1) 368.47 12 50 (0) 1.0(-1)  6.00(1) 385.11
4 55(1) 3.0(1) 5.25 (0) 597.62 13 45(-1)  2.0(0) 4.50 (-1) 449.29
5 50 (0) 3.0(1) 4.50 (-1) 440.28 14 50 (0) 2.0 (0) 5.25 (0) 667.83
6 50 (0) 2.0 (0) 5.25 (0) 685.49 15 45(-1)  3.0(1) 5.25 (0) 419.92
7 55(1) 1.0(-1)  525(0) 488.85 16 50 (0) 2.0 (0) 5.25 (0) 642.50
8 50 (0) 3.0(1) 6.00 (1) 557.47 17 45(-1)  1.0(-1)  5.25(0) 395.74
9 50 (0) 2.0 (0) 5.25 (0) 650.36

#F3 2MAEVFRBE FENFER

Table 3 Results of variance analysis of binomial regression model

TIERIE CFOTM HWmE U7 F{E PAE | WZERIE CFOOR HEE B F Pa
1Y 224 900.00 9 2499255 35.18 <<0.0001| A? 58 183.54 1 58 183.54 81.90 <<0.0001
A 17 342.67 1 17 342.67 24.41 0.0017| B2 21945.76 1 2194576  30.89  0.000 9
B 9638.97 1 963897 13.57 0.0078| C? 71590.97 1 71590.97 100.77 <<0.000 1
C 581.58 1 581.58 0.82  0.3957 | Wbz 4973.15 7 710.45
AB 1788.87 1 1788.87 252  0.1566| KL 3593.46 3 119782 347 0.1302
AC 17 333.04 1 17333.04 2440  0.001 7 | 2wz 1379.69 4 344.92
BC 9998.00 1 9998.00 14.07  0.0072 | KA 229 900.00 16

P<0.05, ®FZER; P<0.01, WRFZEZER
P <0.05, significant difference; P < 0.01, highly significant difference
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Fig. 2 Response surface and contour plot of effect of enzymolysis temperature, enzyme dosage and enzymolysis pH value on

total polysaccharides content of P. sibiricum
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Fig. 3 HPLC of nine mixed monosaccharides under different concentrations of acetonitrile
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Kl 4 iR A SpERRIE Sy HPLC B, SRRV,
CIERRR BN 19%, oAb i 1R 5 ik FE A
T IR k2B PR IR BE e AN R . AR 4 ] LR
o UG T B B Z2, (HH SRR AN,
DU RD T U, - BB 73 s g Z1

A z3, PiEGIEIE LT 10 AMaigig, HEHI
TXUERIHE RIS, M 21~23, 5 BRSUR B
(1128 Z4 T Z5. ¥ = F 0 B EEHATRE, WE R
SBERIRT 1.5, H z5 b 8 ANMailhig it oy Bk
T z4, XU Z5 19 B RO BT .

.
—— S S ——— 2
0 10 20 30 40 so0 60

t/min
Z1-0.05 mol-L ™ BAMRZZ M, FREMFRFELL 1050  Z2-0.05 mol- L' BARZE MR, FRiEMARFELL 11 100 Z3-0.02 mol-L ™! BER#HVAW, pH 6.8,
FRAEMAERELL 1150 24-0.05 mol L™ BHIRZEMVAW, 0.1% LR, FrdERMEELL 1150 Z5-0.05 mol' L™ BAIREEMVATR, 0.2% MR, ARiEm
BELL 1250
Z1-0.05 mol'L™! phosphate buffer solution, standard diluted to 1 : 50 Z2-0.05 mol-L™! phosphate buffer solution, standard diluted to 1 : 100 Z3-0.02
mol-L™! phosphate solution, pH 6.8, standard diluted to 1 : 50  Z4-0.05 mol-L™! phosphate buffer solution contained 0.1% acetic acid, standard diluted
to1:50 Z5-0.05mol-L™! phosphate buffer solution contained 0.2% acetic acid, standard diluted to 1 : 50

4 ETRFFERREREMBRARRE TR S LEIRER HPLC BiEE

Fig. 4 HPLC of nine mixed monosaccharides under different standard concentrations and phosphate buffer concentrations

RltE, Jd R 5508015 2t HPLC FIEERE 2%
2 FBIAEN 0.05 mol/L R Eh &M (% 0.1% 4
FR) -2, AN 81 19, #ERFE N 10 uL, 14
FUAE AN 1 mL/min, #3540 'C, ik HPLC %
BERESRAF SR R A
2.4.5 PMP-HPLC £ E 2 Bl 20 53 S0 & B I 2k
PERREE iR EFRE 5.00 mg 9 P b bRiE
BT 10 mL EJiH, A 5.00 mL #2EF£H 5.00
mL FTEIA, FCAK 1 mg/mL H5% SRR BRI .
Z Ja FAH B SRR B # WA, 23 0 ANES #1 F 1.00
mg/mL FRAEF R EL 50, 200, 400, 600 800 pL
T 10 mL 2, FaalEs, 535, 20, 40,
60+ 80 pg/mL MIFRAEIER . FHECHI O PbRviEIR
Fa 8 “2.4.27 BUTEATAEARL S o 36, 347 HPLC
FE I, 05 F 9 BN XS AN [R] 5 B R ) € il Ui
o 2t O AR SIS TR (V) REIRE
(X PrifEize, 1529 s mEETRE . MK R
B2 MEVEE 4378 Man Y=15 983 X—15 587,
?=0.996 9, MM 5~80 ug/mL; GlcUA Y=
17 210 X—35 814, »=0.980 5, £kM:yulE 5~80
ng/mL; GalUA Y=9 2543 X+642.55, »=0.995 1,
2R V] 5~80 pg/mL; Rib Y=15 837 X—26 548,

?=0.993 9, £ V] 5~80 pg/mL; Rha Y=6 268.7
X—40 562, #=0.969 6, Z&VEiEH 5~80 pg/mL;
Glec Y=14 315 X+7 262.8, »=0.999 0, £ti5H
5~80 pg/mL; Gal Y=15 923 X—46 524, »=0.987 9,
LRV 5~80 pg/mL; Xyl Y=20 964 X—70 038,
?=0.988 5, 2k V5 [ 5~80 pg/mL; Fuc Y=6272.3
X—7251.3, ?=0.9953, ZM:EH 5~80 pg/mL.
2.4.6 FEEEIRL  HU“2.4.57 Wit 40 pg/mL HpE
TS MR, SR 6 IR, THE 9 Pl
PEIETRIAR Y RSD. TH5 45 345 %] RSD 43778 Man
2.29%. GlcUA 2.37%. GalUA 2.17%- Rib 2.56%-
Rha 2.49%. Glc 2.25%- Gal 2.75%. Xyl 2.35%. Fuc
1.81%, HJ%01 9 Fhepif RSD ¥/NT 3%, iR
WH RIFHIFEE L.

247 FaEMERE  HU 40 pg/mL 474 S AR5
VI, BERE 3 hoERE 5 IR, DLATAE 24 h JEEFE,
THE 9 Rl RIS A RSD, 5455 RSD 437
N Man 1.71%-. GIcUA 1.62%. GalUA 1.34%. Rib
1.28%. Rha 2.09%. Glc 2.06%. Gal 1.47%. Xyl
1.63%- Fuc 1.44%, wJH 9 FHEgE) RSD ¥/ T
3%, Tt BRSSP AT A AR A TRAE 24 h AR
L RS 1
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248 HEEMHRAK FEERI5.00 mg ZEHEEL
PEREML, % “2.4.37 WUTVER A RIS, 7
1T 6 4, MRS, THERE S s I e i
SEM 7 FRE 2> 2 RSD. 2558 RSD 4051k
Man 1.46%. GalUA 1.14%-. Rib 1.64%. Rha 1.01%.
Glc 1.39%. Gal 1.91%. Xyl 1.80%, ] %17 fh e
(1) RSD 31/ 3%, RIF1Z 775 HA RIGFHIES M.
2.4.9 IFEEIERRES AR E I CIE & O &
HEREZHE, 2L TG P ) 3 FRAN A 5
EIREEN 9 P BER A FRIE VA, &
W6 4, HEATIRERISGES, RN E SR 3
W, S48 B o I8P I [N 43 51 9 Man
101.32% . GalUA 100.57% . Rib 98.28% . Rha
100.75%- Glc 97.65%- Gal 100.42%. Xyl 100.88%,
RSD 437524 Man 0.16%- GalUA 0.23%- Rib 0.08%-
Rha 0.02%. Glc 0.05%. Gal 0.52%. Xyl 0.54%. 9
Tt B 1) 51247 [B] USSR AE 97.00%~101.50%, RSD )
N 0.54%.

2.4.10 PMP-HPLC Errgi R R “2.4.17 i

NI SRR A R B 9 A EISEAL
B, SEEXIRT 1.5, WK 5-A. #E 5-B~E 5
5-A i E R B B T EAT LA, (R AT N 4 Fl
AN TR R SRS 2 BEAE TR BT S I SRR A S .
HPLC £ 5E B0 2 B8 h OB A, 4%/ “2.4.5”
Tor A TH S 4 BB R S b S R L) . S
# ki1 Man. GalUA. Rib. Rha. Glc. Gal. Xyl,
HEH )y 7250053 051523 0 1; M sik
4 Glc. Rha. Gal. Man. Xyl. Rib. GalUA, Hlt
BJ934:18:19:20.1:5:3.7:02; EEHRH
4 Man. GalUA. Rib. Rha. Glc. Gal. Xyl, It
BilA 3:1:3:24:051:011:7; MKk hE
Man. Rib. Rha. Glc. Gal. Xyl, FEbfl 4 14 :
17 25107 7. A0S #EEORSFE A P DL Man A3,
FLU2 Gle: T sRG FE LA Gle 3, HkZ& Man;
LILEHRE L Gle NE, HIRZ Rha; 153k pR; 32
JEbl Gle AE, HKE Rha. HA DHFEE R & Man
s, Prisns. ZRER. Ok HY

& Gle H) & B

i1
PMP || X
| | ‘
6 8
h ‘k |\ M f3\ [ 5 /\ ,’7\ "f'\ 9

A I‘JL_,_“ NN fl \\ \_ _/ NANE J \k_,' \ _J N SN
Br I‘H‘
SM/JI\“ 1 A e i
D | 'J‘ » | 7
.
0 10 I Y I S S S

1-Man 2-GIcUA 3-GalUA 4-Rib 5-Rha 6-Glc 7-Gal 8-Xyl 9-Fuc, KI[F
1-Man 2-GIcUA 3-GalUA 4-Rib 5-Rha 6-Glc 7-Gal 8-Xyl 9-Fuc, same as below

5 REER A) SDHERE B). MTHEE (0. EFERE (D). BLERE (E) #MmEY HPLC $FHEEE
Fig. 5 HPLC characteristic map of mixed standard (A), P. filipes (B), P. odoratum (C), Po. cyrtonema (D), and P. sibiricum (E)

sample

2.5 NENMEFERE ZIEMZ L R ZHEN PMP 17
44 HPLC AP h4ER

TESLZE U e FE v, SRS (F) mIEits
BHTHEE AN BE G, HARRNEGeREZ
RN, HEFEREE O N EEG, IR
NG, 5. 6 BB RIE. K
FUZE U TR SRS (1), FPPAENZRERSES Lk 4
FRFE AT AH AL, 35 18 ANFORS 2 HEAT AR &
W, o AldERE 10 uL, AT HPLC &5 M 6
AP, EZHWE, 9 RIEKS ZHERE M SR A b

FRAEdh A T8 B EE, R B 9 UG RS X
Rib 5 Fuc. K 1 9 YR (U AR 73 73 BEAT B in 45 ELAR
RIMFEAE 2 K 2 HE . b g
WRRZ . HMEHIRER () RN TEREZ
ek (B 7D WAL JRMBLT 7 Mg, AT
GIcUA Fll Fuc, HupE 5B 7% Hh U 88 i im sk
b, Horp Gle WA FEARIEEE 5k, {H Gal fJU
T ARE 2 2 19

HIP] 8 AT, MIMISORE () Lh 9 AR
& ERAR, FEZRMIRRER 2 RIS B

=]
=]
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S2

S1

32 40 48 56 64
t/min

S1~S9-58 1~9 KU RIS A
S1—S89-1st—09th distillate  R-control fingerprint
6 9 RELBHNLZHEITENREILE

Fig. 6 Polysaccharide chromatogram of distillate for nine

times
PMP|
|
234 5 6 7 8  gp
X I
N, . H
) R . G
R . F
__ . e E
. Y N D
R . C
. B
JANE A
0 8 16 24 32 40 48 56 64
t/min

A-JUEl B-)\H C--b#l D-NHEl B-Td F-PUE G-=#
H-—#] T-—# R-XH$ L0

A-9th processing B-8th processing C-7th processing D-6th

processing E-5th processing F-4th processing G-3rd processing

H-2nd processing I-1st processing R-control fingerprint
B7 a9 ReEE (F) TEHmReIEE R REE
Fig. 7 Polysaccharide chromatogram of P. sibiricum being

steamed and shined for nine times

EMan MGIcUA®GalUAMRha ®Glc Gal mEXyl

I I [ |
I I AR
| | [ | ] [ | !; -
19 H 8 G 7 F 6 E 5 D 4 C3 B2 Al
A~T-—HHl~ LB FERE (7)) 1~9-58 1~9 IR
A—I-1st—9th processing 1—9-1st—9th distillate
B8 S0l 9 RIESE (F) 5 9 WA BES BRIt
Fig. 8 Comparison of monosaccharide content between
nine distillates and P. sibiricum being steamed and shined for

nine times

H B TR R —H ~ Lkl 2R aE. 178
A 7~9 I 20 SRR TP, AR
JHI R )\l Gal S E &R AE. B8 i
TN T 75 TR M) TR BB 288 B P o B AR (1) AR
b, RBUVEHIERE ILE. I\l SHIF 6 Gal
Gk, Hdl. PUHIH GalUA Sk, Z&H
FEE 9, 8. 7. 6 X Gle I 5 EbE K. & ) Man
B e B TR e .
3 g

MEERE Z IR T 2R E, BRI K
F P00 B 2% s pHEL IR B AN R B 0 Bk 22
PEISEECE — 2 i, @l 2H, 58, RSM L
b, 13 H RS 22 BEHR BRI RN Bl g I P > Tl 1)
ININEE > BfR pH H. $EHELEH, RSM AL 7
% BERRIEEN 51 C. BEEINEAN 2%. BEE
pH {HA 5.40. ZHEiEE (675.341+0.10) mg/g 5
RSM Filil (1) &6 4230

TE X BERG 22 WB 20 53 34T HPLC 7543 My By 2
MBIAHRIEC LG pH A R B AR R S5 0 f . 755250
AR, MR SRS, WAAHE) pH IS
i w0 s A R, SR 2R TR
SRR H. pH {EEEIE 3~7, RULAERsA F A
0.1% B2, ESH T H0H A 22 08 i fife 25 AN ik 22
FEME A EORBEBIPERT s AN RIS AH XA i 0 e
SRR, ISHAE FIEC FAS [R5 B0 A 85 R AN [ 5
WORE il 23T HPLC VE AT, FR At iiikde:
B B 0 U 25 1, A B ORAIEJG SR S50 k4T
ASIG R B ) A vl 2 1t AR IR AR B IR B
40 “C, {AFA BN 1.0 mL/min, 3R 3h4H 4 0.05 mol/L
BERR ER 221 N 0.1% 218 -2 i (IEFALL 81 -
19), BEFEEAN 10 pL. %5256 25 A RE R Hh 4 B TR
G BRI R, B 22 BT VR P SRR RO

WIHEHIER () 52 R TR 2 Mk
it () €3 I P G AT, BT A Man. Rib. Rha.
Gle. Gals Xyl; J&# & Man. GlcUA. Rha. Glc.
Gal. i 5/ #% 2 MRS 205 LT LRI, J5 & 1)
ZHES RS T, UL RS TE 2T 22 o
KR, AE )RR B R AR, A g
5 28 R B SRR Lo R A T AR TR
Gal EEZ T)a&, F&ETH Gle ZTHi#E.

ARSI R AR, AHERBES SRk
ME S BRI 208, AT LA T B0k 2 0
FERICE, Wit m sk £ PB4 ; PMP-HPLC ¥
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