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Study on the quality control of Ganoderma lucidum polysaccharides from
Ganoderma lucidum extracts

WANG Yan-Li, ZHANG Guo-Xing"

(Beijing Tongrentang Healthcare Pharmaceutical Co., Ltd., Beijing 100176, China)

ABSTRACT: Objective To establish a specific identification method for Ganoderma lucidum extract, and achieve
the synchronous determination of a variety of monosaccharides. Methods The analysis of monosaccharide
composition in Ganoderma lucidum extracts was conducted using a pre-column derivatization reversed-phase liquid
chromatography method. A quantitative analysis of multi-components by single-marker method was established to
determine the monosaccharide content in Ganoderma lucidum extracts. Results Ganoderma lucidum extract from 3
manufacturers contained mannose, glucose and galactose, but the proportion of monosaccharides in 4 batches was
significantly different. The content of mannose, glucose and galactose could be determined by one test and multiple
evaluation method at the same time. The relative deviation from external standard method was less than 5%, and there
was no significant difference, which was feasible. Conclusion This study analyzes the monosaccharide composition
and monosaccharide ratio in Ganoderma lucidum extract, which can serve as an auxiliary means for identifying the
quality of Ganoderma lucidum polysaccharides in Ganoderma lucidum extract. It provides a reference for enterprises
to monitor the quality of extracts.
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MSA225S-1CE-DI 1+ 7 53 #1 R | Secura224-1CEU
TSI R (TEEFEZ FIH A7), Agilent 1260 = 50K AH
U BE L2 A MG # . DK-S28 THIR A E (K 22U aE
HBR/F]); LT-DBX60N A% % i) gr i HhAH (7 AR 48 miBl 4%
FAT RN AD); Atlantis@T3 C g F:(4.6 nmx250 nm, 5 pum)(3&
EIR AR A
1.3 XWFE
1.3.1  #Henhl&

FERPRBUR 2 B2 0.5 g, BT 100 mL &8+,
fngifksk 80 mL 2245, T 100 °C/KHE Nk 1 h, BHZEE
TS ANIK B 205, AR, W08, 7RI, R T
W, IR 5 mL, BT 50 mL B0, A 20 mL Fok
I, B4 °CUKREHEE 4 h I E, L4000 r/min B.0> 5 min, FF
F VB, FRIEINKE AR 100 mL, 15572 SR

I 400 pL RZ ZHERE T2, il 4 mol/L =
MR 400 pL, FEARSE T, 78 110 °CKE %l dn AL MLAE
KR 4 h, BEE=FR, 60 CARBHHARKR T, %S
M matifbk 0.2 mL ¥ AFRFRHE, A 0.5 mol/L 1-%3E-3-
FH -5 H e oK i) R BS990 55 0.3 mol/L 1 S B AL AMTA  4%
400 pL, 1247, 70 °CoKIE A RN 100 min, FIIA 0.3 mol/L
PR 400 uL, 1A, A=SEH LRI, FE =K
Bk, B R WaE 0.45 pm JEMS b s R om 1%
I3
132 MELH

Atlantis@T3 Cg ¥:(4.6 nm=250 nm, 5 pm). il
24250 nm., ik 1.0 mL/s, #1935 °C; WshAH A HZAE .
TBIAH B (0.05 mol/L BEFR — Z4N SR & — AN IR G /K
W, RFEL 12:88) B0 EURIBE, BEREVRIBE N 1.
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Table 1 Mobile phase gradient elution

A} 1] /min B A/% WS B/%
0 15 85
30 20 80
55 25 75
56 15 85

133 HEFa K& HEAL

UK R T SR O PRI A VR (1. 2. 3. 4,
5 mol/L). AKf@MEI(1. 2. 3. 4. 5Sh). /KRS0, 90,
100, 110, 120 °C)iFFTHEIZR LI B EACSL 5, LUK il
A AL S O BRI B UN SR bR, BEBUR LKA S 4 -

1.4 HIEAIE
K F Microsoft Excel 2016 %4 gkiT8inab 3 . FIE
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K F SPSS 29.0.1.0 #HATEHR G404 o
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2.1 HERESER
211 ZRTEBREW LG

B 2 ZHEEWE 5 0y 400 pL, AR 518 EsH T, &
A1, 2. 3. 4. 5 mol/L = LIRHEEW 400 pL, AR
B, £ 110 °CHE% ] R MR K 4 b, BEIEEIR,
1 60 °CAB PRSI T . AR, LUK #5
W AR RS, I 1. BE =R ORI E R,
Kt A B R A BE SR S TP AR, 4 mol/L B K i
HER R R, I = 2 R O %4 4 mol/L.
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Fig.1 Single factor experiment results
212 KR E ek
KB IR 2 Z VR 5 045 400 pL, 4351 5 102
W, i 4 mol/L = ZBRVETR 400 uL, FTEARSE M, 4351
1£ 80,90, 100, 110, 120 °CH5 % v RFLIBEAH HK AR 4 b, &
HEZER, 7 60 CKIBHPHEIKT . T4 FIE &5 R L
Bl 1o DoKfgfa i H S BEVE v 55dain . FE K iR
FEIHER, AR AR T A5 B BR Wk B SR 5 s T AR, 110 °C
Ao A A BT A T 8 v B R R, TR /K A I B 6 4 110 °C,
2.1.3  KfRRTIE) a9 i F
TR 2 L2 5 1348 400 pL, 2331 & Tas A, i

4 mol/L = ZMREM 400 pL, FTARSE O, 4HI7E
110 *CHE B P MFRLFE KRR 1. 2. 3. 4. 5h, BHEZE
R, 78 60 CCKIEH AT . FidFELsRILE 1.
VIIK 5 B H SR B 25 5538 hm . BlLA ZK kB ] fr 38
i, KA RS BRI B SRS TR, 4 h KT
P H B R R, R K IS E] 3 96 4 he
2.1.4 FEHH

Wit 2 FESER, ZRORWE | KEHA] |
IKARIRE 3 AN R KRR BE A BB 22 5

x2 RHESH
Table 2 Analysis of variance
FHE AmE ¥ F BTE 23
411 485.924 4 121.481 20.866  P<0.001
20N 58.220 10 5.822
BT 544.144 14

2.2 IEXEE

HR A 5 R 2 S8, BN Kl R 2 2P M E =R &
FRUCRE | JKARETE] . JKARIREE 3 NMIRE, B 3 K, IE
LG R R KDL 3,

R3 EXIRERDN
Table 3 Analysis of orthogonal test results

g ATRLE BAKRRE  COKBRME
¢ /(mol/L) /°C /h 1%

1 3 100 2 44.8
2 3 110 3 49.5
3 3 120 4 41.9
4 4 100 3 46.1
5 4 110 4 50.3
6 4 120 2 494
7 5 100 4 45.2
8 5 110 2 40.6
9 5 120 3 38.5
K 454 454 44.9
K> 48.6 46.8 44.7
K; 41.4 433 45.8
R 7.2 3.5 1.1

MWK BB R 4,8,C5; RVIRHE
4 mol/L. /KFFIRFE 110 °C. KMERTIE] 4 h; MARZETT LA
H, ZHECREER R, 3 MHEENEERE N =HL
R Y J32 > 7K A T > K i B 1] o
23 FAEFXESER
231 & &

LA Bt 5k 2 R A PR (X, pwg/mL) ., TR
AFRNZ IR HEMZE . T EEHETE 10~50 pg/mL AL INA
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r2=0 9927 %%ﬁﬁf 10~50 p.g/mL E"J ‘?E‘li] V‘]ﬁ aﬁ} H‘J%ﬂ Table 4 Precisions, stabilities test, standard recovery test
) ° - results (N=6)

M TE 8~ SH) JZR RoH
., 9;[ fXIfM | 8{2 09058 i A% RSDs% A% RSDs% FHIE% RSDs%
232 HEE o . O HEHE 246 0.8 252 0.9 953 1.0

EHRROK AT G S RE 5 0, WA e iy, WWRE 340 05 370 14 960 13
AR XS bR UE N 22 (rlative sandard deviation, RSD), Hi# 4 AHE 212 1.5 21.6 1.0 96.0 1.1
AL AR RS RSD HE/NT 2%, £NES T
9 BT
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Fig.2 Chromatograms of monosaccharides in 15 batches of samples
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25 —NMZBIFNELHESE
25.1 MR ERFIHE
SRR )R R 2 AR I b ORI 25 R, Y
AR AN . RFUME 3 A-SbE, WS IR e R Y
TR A X RS W, LUTHT R 2, TH A AL GE
Fo GERWNE S,
®5 ANREETHHER

Table 5 Results of the calculation of the relative correction factor

AHXARE IF BT
JU e /(mg/mL)
S i S st

1 1.1967 0.9325

2 1.1568 0.9294

3 1.1147 0.9388

4 1.1484 0.9256

5 1.1181 0.9131
FEME 1.1469 0.9279
RSDs/% 291 1.03

252 RE&EER SR EELE K

B M . A I 3 AR A AR A
W, fird:Jeik Agilent 1260 % Waters 2695 %I m= 0RAH 4
FEAY, 435I Atlantis@T3 Waters Cyg (4.6 nmx250 nm, 5 um) .
Thermo BDS-HYPERSIL Cig (4.6 nmx250 nm, 5 pm),
Agilent ZORBAX SB-Cg (4.6 nmx250 nm, 5 um) 3 ik
FEIC I A, TR ROE R F. 4551k 6 fiw, W
PR U ST SR Z W] B A XA 1E Bl F RSD H
<3%, LR FAN ] = OB A €T (SR AN [R] €2 A X R %
EIE H - TCR2 M .

F 6  FEMLEEF GG N E X EREF

Table 6 Relative correction factors for different instrument and
column determinations

. AR AL A 7
X il
S wtaniesm S ot tmnn
Waters 1.139 0.9004
Agilent 1260 Thermo 1.1634 0.9239
Agilent 1.1602 0.9108
Waters 1.142 0.898
Thermo 1.1688 0.9186
Waters 2695 Agilent 1.1917 0.9184
FXIME 1.1608 0.9117
RSDs/% 1.66 1.16

253 RRER®ER
CFESRMEAA, WE AR R 0.8, 1.0, 1.2 mL/min,
WA G EENE . HEE . RILBRR A B, 12
ST AN, TR IE R T AR, RS
H#H Z [B] A XA IE B F RSD {EXI/NT 3%, 45 Hansk

7 J7R, BT SR 4 EEA [0 AR IE A B
PEZES

x7 FRIRENEHENRIERF

Table 7 Relative correction factors for different flow rate

determinations
3 /min AEXT AL IE 5
S it irs S oesmrsn
0.8 1.1432 0.9062
1.0 1.1391 0.9005
1.2 1.1443 0.9049
RRefict 1.1422 0.9039
RSDs/% 0.24 0.33

254 FRAEBER
IR, BOERE 25, 30, 35 °C. {EAT
AR AR . TR . R FUBHR GO0 B R, 10 S0 T
R, TP IE N 7o AR ~EFLREAN S g b
Z [ AR X 42 IE B F RSDs {HY/NT 3%, 455402 8 iR,
A RV AT I 25 B A ASE IE PR 8 A S P 2 5
#8 TEMHEBENENHENRERTF

Table 8 Relative correction factors for different column
temperature determinations

) AHX A 1 PR T
FE/°C
I wamirsen S esmirmn
25 1.1519 0.9147
30 1.1391 0.9005
35 1.1479 0.9102
P E{E 1.1463 0.9085
RSDs/% 0.57 0.80

2,55 —l ZIREAR RS &k A
ARV @B AANSY), BB REES
PREAEIR 2, Qi3 9 FiR, & BUARXT R B2 i H) 22 RSDs fH R
F 5%; FHXHREE(E RSDs fE/NF 5%, Rtk FAHX R B
TELAE A R 0 4 € 0 57 4K 4 o
Fz9 FRMLZFFMEIEHENEMEREBE

Table 9 Relative retention values for different instrument and
column determinations

2 i MR
¥ diuth/ 1oyt

Waters 1.99 2.22

Agilent 1260 Thermo 1.94 2.12
Agilent 1.97 2.18
Waters 1.89 2.06
Thermo 1.99 2.23

Waters 2695 Agilent 1.98 2.18
S 1.96 2.165
RSDs/% 1.99 2.98
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Table 10 Monosaccharide content of Ganoderma lucidum
extracts from different manufacturers was determined by

one test and multiple evaluation method and external
standard method (%)

T EE b A 7L
W . i AR .. —Z AT
MR MR i - SR W
1 29.89 3.77 3.87 262 2006 20.64 2.99
2 2155 290 297 239 1423 1464 2.84
3 2959 281 2.8 246 19.63 2020 2.86
4 1834 210 216 282 1273 13.10 2.86
5 2003 201 206 246 1347 1386 2.85
6 2062 3.09 317 256 1499 1543 289
7 2076 281 289 281 1515 1559 2.86
8 782 40.60 41.66  2.58 595 612 2.82
9 2303 1.70 175 290 1474 15.16 2.8l
10 6.94 3543 3635 2.6 482 496 2.86
11 7.82 40.62 41.68  2.58 595 612 2.82
12 217 11.00 1128 251 162  1.67 3.04

13 756 917 941 258 709 730 292
F1 AR RRZRAA BES B

Table 11 Proportion of monosaccharide content of Ganoderma
lucidum extracts from different manufacturers

5 LB E AW ER b
1 0.7 0.1
2 0.7 0.1
3 0.7 0.1
4 0.7 0.1
5 0.7 0.1
6 0.7 0.1
7 0.7 0.1
8 0.8 5.2
9 0.6 0.1
10 0.7 5.1
11 0.8 5.2
12 0.7 5.1
13 0.9 1.2
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