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Quality evaluation of Ganoderma lucidum from different areas
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Abstract: Objective A comprehensive quality evaluation analysis of Chizhi [Ganoderma lucidum (Leyss. exFr.) Karst.] samples from
different batches or origins was conducted to provide a basis for the improvement of the quality standard of Lingzhi (Ganoderma) and to
screening of high-quality G. lucidum materials. Methods Referring to the method of Chinese Pharmacopoeia 2020 edition and common
approaches in this field, fifteen batches of G lucidum herbs from each GAP base were collected and examined for moisture, ash,
water-soluble leachate, alcohol soluble leachate, the polysaccharide content was compared by determining colorimetric method, precolumn
derivatization high performance liquid chromatography (PMP-HPLC), and high performance gel permeation chromatography (HPGPC).
The triterpene sterol content was determined by colorimetric method, and the QAMS of ganoderic acid A was evaluated by HPLC method..
The fingerprint profiles of 15 batches of G. lucidum were also compared for differences. Results All 15 batches of G lucidum met the
quality standard requirements of the Chinese Pharmacopoeia 2020 edition, the results of fingerprint cluster analysis and principal component
analysis (PCA) show that G lucidum of Liaocheng, Shandong Province can be clearly distinguished from other batches of G lucidum.
Conclusion All 15 batches of G lucidum met the quality standards of the Chinese Pharmacopoeia, indicating that the quality of the
domestic G lucidum GAP base cultivation is good; at the same time, G. lucidum of Liaocheng, Shandong Province can be significantly
different from other origin batches of G. lucidum samples, mainly in the higher content of active ingredients such as triterpene sterols.
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Table 1 Test sample number, each cultivated variety and
GAP planting base of G. lucidum
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N BHEFEAN 2302 TR B A I E R, K 15 4t
FESIK S Bk Gy, 5 R AR 2. 15 HEFE S0 2
(FPEZHY KR, KPHN 14T%~7.28%, K5
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Table 2 Summary table of quality evaluation results of G. lucidum

=W
B KB R KRN e RO
Sl 5.88 141 6.50 2.57 141 0.39 1.35 0.84 0.12
S2 2.52 0.75 7.38 2.74 114 0.51 0.82 0.73 0.22
S3 1.97 0.82 7.82 3.26 191 0.50 1.87 0.9 0.27
S4 4,03 1.68 10.62 3.46 1.18 0.33 0.98 0.94 0.79
S5 7.28 0.81 9.27 2.88 1.89 0.56 1.95 0.86 0.29
S6 712 0.69 9.03 2.61 1.75 0.55 153 0.71 0.26
S7 2.32 0.81 8.32 2.45 1.07 0.51 0.83 0.70 0.17
S8 2.61 0.73 8.62 2.69 141 0.66 0.99 0.73 0.25
S9 6.86 1.75 8.56 3.40 1.07 0.46 0.91 0.94 0.63
S10 147 0.75 9.31 3.19 1.04 0.57 0.72 0.78 0.17
S11 3.93 1.08 13.33 393 3.19 0.90 2.51 0.96 0.43
S12 1.93 0.78 9.47 3.64 2.23 0.81 1.65 0.83 0.30
S13 3.02 2.79 16.43 6.39 145 0.95 1.16 1.74 0.05
S14 483 0.78 8.05 4.20 1.72 0.83 1.26 1.24 0.33
S15 3.28 1.20 7.93 341 1.55 0.47 143 1.10 0.44

€, B 500 mL BB, KK 240 mL, &
Blh, A 2~4 5, BRHESR, ERMRE
B, IAEWE, RN 4 h, ERdmE, A
25 mL #OKIEYE 3 ¥k, AR SR AR BRRE K
240 mL, fn#ElE 3 h, BEAER L, SR8, TN
JKZE 640 mL, #2%], ®HL 320 mL (£ 4 g FEiD,
BOEERENZERLY, KiKZETE, T105°C
T4 3 h, BFEREEhAE 30 min, TR SR E
TR, R WE 2. 15 R KRR
YIS B (FREZG ) 2020 ERRIESR, FED
N 6.50%~16.43%.
RZMBHEWRBYS R (PEZ ) 2020 4
FRGE I 220109, DLOK R B Tk, A
BN COBE, Wi PRI T REZ PRI, i
i, B 2~5 502 MM AKL 49 , FEKE,
B 250mL B R, R % I\ TEZK 2.1 100 mL,
b 2~4 Fi, %%, HE 1h, EERREE,
90 C/KIEMEI 1 h (s 5 IGTHED D, KK
By EYRIE NN K BRI G R E PR, M
B gE, MAKAHZEERE, EESE-0.01~
—0.03 MPa Ny, #hiT /55K A 25 mL oK 45
VRSP JEaR e, 3k 3K, MR R
CTEREEEERERZERILF, 7F 90 TR L7
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HH 2.45%~6.39%, Hr S13 QLRI & &
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Zj) 2020 FEhR R Z 2R S &N E %
P R VE DU > T, DL 2 B 0 = o O M A bR
(XD, WETRUNMARER (YD, #lERER LN Y=
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A RS, S5SRINE 20 15 MRS
(R EZj ) 2020 4 RESR, E S BIEEA
1.04%~3.19%, HAFEM S11 (BN YR 1
5 MW ER .
23 HAEINTESMRER®IEE (PMP-HPLC)
ELZPEEE
2.3.1 WEESATAEERIIH S BUH BN A
PERERR . ~F-FUWE . 5N %40 10 mg, i &HEZ) 100
mg, REERRE, HAEKIEMIEERZ 50 mL &
M, PEA1, VENTRA R SR s B T
FIREL 10 mg, FEBME, HAGKIERIEE
A 25 mL, FRE, BN AR HE S %
K& % R HL 0.125 mL IR A 06 IR R A R 0.125 mL
AR, TR 2T . M 0.15 mol/L ) NaOH ¥ 7% 0.3 mL
A10.1 mol/L () PMP 3 0.5 mL, 7RG,
70 C/K¥ 30 min, vKim# k&M, fnA 0.15
mol/L F)#: 8 0.32 mL A14lii$ /K 0.65 mL, 7¢ 5 i
Z1JG, 12 000 r/min =i 250 10 min, WE_E
WG =R
2.3.2 BEAMATAEMERPIH S 217N 8¢
RETHARRKIRY), EHZE 10 mL, 4022 pm
M BE NS, HX 0.25mL, O 0.250 mL =% LR
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W, REA, RN EE, B 110 CHFETK
fik 4 h, HUH, JRE=R; I 0.5mL FEE, 60 C
DL B 00E T, A 3K, ZKMRT 5
TE4s: RIS 0.125 mL # KA1 0.125 mL
b CRIME, HA 30s, ke B IS WiR
78 098%), I NaOH 0.3 mL #1 PMP 0.5 mL, 7
IPRAIG, 70 C/KMRIE 30min, HGERH, VKB
30's &1k M, i 0.32 mL ) HCL 1 0.65 mL 4§
WK, FIEAIE, 12000 r/min =550 10 min,
NOIRE EIE RIS &, B,
233 i @ik Waters Symmetry Shield
RP1g (250 mmX4.6 mm, 5 um), #i& 30 C, DL
18%Z.ffi5-82% 0.1 mol/L BEmR4 /KA NI ShAH S
FEVEML, AR EA 1 mU/min, #3250 nm,
HBEFER 20 pL, VAT RS (i BRI S AT AR AR
Tt ] L 1
234 JikiEEEE OREEE. fautE. EER. N
FE RIS IRAR I SCHR 77 712045 4F, RSD #4/hF
3%, HIEFHRERTTEER,
2.3.5 FERIIE K BT s DL R AR
THE A2 GHERN FIR AR RK D), BEE &
WK 3. AitEREZHEERE, SR NK 2. ZHY
&EIE 0.33%~0.95%, ¥fFE (HEZH) 2020 4
BRELE, Hod S13 LA &8,

R = (Ru/Rs) X As X (F/W) X 100
Ru ARE SRR H RIS W FRIIIIEAEIRRIEL, Rs bR
Wik FRF0 5 AR S L, As R AR BRI T
e R AR ST B, W AR TR A AR i
FHG F ol &R I R TSk R B
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Fig. 1 Chromatogram of mixed reference substance (A) and
ganoderma lucidum monosaccharide (B)

24 BSHMEKSEEILE (HPGPC) MELHES
%[21}

ANFISRIFE ST R 2, 2 HE R AR 43

FREEBKNESR, HPGPC y:1E il £ HEAH T 4>
THRELGENE WS FE, CERARE R
PR AT ML L T732:, AR S ok LN AN [ 7= i
IR Z R EH LR EZ —.
241 RATIR AR EUA ENE T A
BT IR 2 50 mg, FEERRE, 4 BN AKIE R
SERZE 5 mL &I, HEE 10 mg/mL (KA e BT X
B i 2% VORI 6 WG R B i . TR A XTI S
WK 4.
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Table 3 Monosaccharides content in 15 batches of G. lucidum

s H#EERE(mg g™

1w HEEE R (mg g 7Y)

EFLBE (Mg g ) & /(g gt

4 R (mg g7t

Aitl(mg g7

S1 0.7840 05711 0.9634 4.657 3 0.2939 7.2697
S2 0.426 1 0.1918 0.7313 8.502 7 0.1114 9.963 2
S3 0.520 2 0.302 8 0.8375 7.963 4 0.1789 9.802 8
S4 0.484 9 0.3105 0.6075 4.8270 0.069 8 6.2997
S5 1.362 3 0.503 5 0.986 9 6.9247 0.6219 10.399 3
S6 0.3730 0.1329 0.652 5 8.9650 0.095 4 10.218 9
S7 0.449 2 0.1303 0.706 6 8.649 6 0.106 6 10.042 2
S8 0.5090 0.197 7 0.6719 11.343 8 0.1338 12.856 2
S9 0.5103 0.2817 0.5518 7.088 4 0.1181 8.550 2
S10 0.4959 0.1438 0.8757 9.666 5 0.1379 11.3199
S11 1.4478 0.594 2 1.082 8 13.564 5 0.5926 17.281 9
S12 0.8817 0.3441 1.3787 12.753 4 0.450 7 15.808 6
S13 1.2247 0.2344 0.6126 16.007 7 0.2775 18.356 9
S14 1.0558 0.2824 0.7391 13.652 9 0.1112 15.841 4
S15 0.716 9 0.4557 0.6520 6.988 2 0.196 2 9.009 1
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Table 4 Dextran reference standard parameters

Bl &R /Mp ERSIT, HIIMn p/(mg mLY) GPC #2FIE T t/min
761 ) W 180 180 180 10.02 52.267
D5000 4440 5220 3260 9.67 48.258
D12000 9890 11600 8110 9.99 46.625
D25000 21 400 23 800 18 300 9.80 44.192
D50000 43 500 48 600 35 600 9.68 41.908
D80000 66 700 80 900 55 500 9.52 40.250
D150000 123 600 147 600 100 300 9.00 38.408
D270000 196 300 273000 164 200 9.30 36.892
D410000 276 500 409 800 236 300 9.23 36.250
D670000 401 300 667 800 332 800 9.19 34.667

242 BOEERIHIE BCC2.07 TUN KR
PEIZ IR 160 mL(Zy 2 g R, MK 2T,

25.1

25 HEENELRZ=TEREEREN
Xt SR TEBIN  2% HCTRR EAE E SRS

F 5 mL #oKH A, S48 I TG K Ol 2 a4k
240 mL, 7, 4 CFEE 12 h, 4000 r/min,
4 CEL 30 min, 7 LiEWRE BT, UIEY
FHOKIEMRIF R ZE 10 mL Bid, FEEHO,
50 CHiF 10 min, MEER, EREZ|ELE, %
51, BB 5 mL, i T 4000 r/min 250 10
min, FiEWIL 0.45 um GFLIERE, HL 3 mL A4
SRR A

243 AR R BB A% TSK-GEL
(300 mmXx7.8 mm, 10 um), iR 35 ‘C; ¥izhHH
N 0.71% NazxSO4 i FR N KW, RV E 0.5
mL/min, #EFEE 20 L.

244 brdEdhZes ] DU T R AL A X 431
JR S B E A AR (YD, TR a1/ R AL bk
(XD, HEBRIEE Tl L F AR IEARE 2615 1gY =
10.491 4-0.162 4 X, R?=0.998 2.

245 JjUkEEESE OREWE. REtE. mEEME.
FE W R0 4% R 2 2 SOk 5 AP, RSD 3470
T 3%, HIEEERAERTEER.

2.4.6 FESIIE ¥ Y N 5000 A1 400 000 18
AARHERT LR A S, SRAG XS B VA7 A 6 2 T B R
(UG TR R 1B) X2 A X2, o &l i g X1 3] X2
2 [B) () e 2 RS AT AR 4y, SRAFUEAL AR X 43
& 5000~400 000 Fyma M THIAR S1s AR 43 br PR A
2y 1N 5000~670 000 A7 Jirg B BT xof 18 i [
B, IRAS S HERE T IR B RV THAR, IRgE— T
SR 10 mg/mL ¥ BE IR AR, SR 5 SR A5 T 24 e i
M Ss2. MATARGZHSE, BNz RN
K2R 15 AR Z M 25 8 1E 0.72%~
2.51%, HH/RZ S11 (BRI F L 15) ML

PEEER .
£ WA B =S1/S2 X 10 X 10/ 5244 Jii /1000

BURBR WA Z) 10 mg, AEEFRE, INHEERRIE
FEAZ 50 mL &, A SRR Z 0.2 mg/mL
FRIxeE L A i 26 T

252 PHASBEHRIIS & RZ TR, o
i, HU2~5 S M RL 29, FEERE, &
150 mL HZEHEE T, K% A JG/K £ 100 mL,
A 2~4 F, %%, FREME, 85 1h, KE
IR 1h, WEIEER, e s, HIKOERE
JE, RS, BUEET 0.22 um MFLUEME, BUZE
W 2mL £ H .

253 FrdEMiZR ] R B B BN IR I
0.1. 0.2. 0.3. 0.4. 0.5mL, %% & 15 mL H %X
b, ¥ET, A 2 min JE RS I HT R 1 i A
VKBS RIS R PRI SR 0.5 g, MHOKES R
¥R 10 mL, EIf$) 0.2mL, =& 0.8 mL,

H38, MUKIHECH, WIEIRA, A 70 CKRiBH
Ik 15 min, SZRPECH B oK A E 5 min, BUH
BERAPER 5 min, %A LB 4 mL,
WHERE], RAAELE, PAMNIRFAT A,
HE8 A -] L2366 B 9 G U] 0401)1291, 7 546 nm
BeAAL I B WAFE, ARG EE R AR (YD, WREE
NREARER (XD, il briEfh 28 Y=8.095 4 X+0.038 8,
R2=0.999 9.

254 FESMIE  REE RIS RIET 0.2 mL,

B 15 mL B2 b, HEbRvE i 2R 1) 4 TR 17
H “HET7 R, FEEE, Bt MArdEd
Lt EAAM R P RS &2, SR IE 2.
15 fitAR 2 R 2 (R E 25 H) 2020 4ERREER, Y
£ 0.70%~1.74%, H.rh7R2 S13 CLZRI ™) =
i 8 B A

26 HPLCEMERZEEER

26.1 it ik Waters Symmetry Shield
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RP15(250 mm X 4.6 mm, 5 um), {AF & 1 mL/min,
Tl 257 nm, EFEE 20 pL, AR 20 C. DA
0.1% MR /K (A) -ZF (B) 1ENFREIH, Welifs
>4 0~10 min, 85%~75% A; 10~58 min, 75%~
71% A; 58~60 min, 71%~69% A; 60~68 min,
69% A; 68~78min, 69%~64% A; 78~98 min,
64% A; 98~100 min, 64%~0% A.
2.6.2 IREXIMERIH S BRZ]R A 4 4
mg, RZIR B. RZMIR B. RZMK C2. RZNM
fg C. RZMGIR D. RZM D. RZMF. RZW
G. RZMH K% 2mg, FEWE, HHEEREF
SEAF] 10 mL EHF, PRAIS . HilFS S0 B
8 0.2 mg/mL 5 E S A
263 RZBAXEBEBIGE BRZH®A
YRR 10 mg, FEEME, HHEISH I ER
F) 25 mL &=, BoHI R 0.442 mg/mL ) R 2R
A B0 R R, PR AP MR 0.331 500, 0.221
000. 0.110 500. 0.055 250. 0.027 625 mg/mL
Xof A
2.6.4 ALK TIER SR KRERERZMAK 39,
BN 150 mL SR S8, KW ENR 1 h, HhiE, A 25
mL BERR S FRDEE: 3 K, &IF IR, 85 CARMBIET,
FHFREE 5 mL VA i skiE e 5 2 5 mL &), #8250,
it 0.22 pum FAFLIEME, % H.
265 FrAEHNZRMIZH] K “2.6.3” AN [F T EAE
(1R ZHR A KT R SIER BERE, DU R Ak
OO, PUEHRAMNASR (V) ilbriefhisk, 15
Y=11290.231 6 X+11.852 7, R2=0.999 9.
266 JIiktES KEEFL. RoEtE. EEE N
FE U 2200 iR 48 25 ik 777224, RSD #5/hT
3%, JTiEEERERGEER.
2.6.7  FESIIE BRSO A A v
SRR, AREEIILE 2. IRZE A brdE il
LA AT, HAR H bR e i L AT A
HNRZE A, RFAGERZREE, 4558 W&k 2,
G R 15 MR ZAM R Z S =1E 0.05%~
0.79%, Hr i ZRI /R 2 S4. S9 MR Z R
TERE.

R Z R E=(Ru/Rs) X As X (F/W) X 100

Ru ARE SR B ARIEIIE TR, Rs J9bRifEa ik R
EW A IETTR, As NAREEEIR R 2 A R, W
il 5 B VAV R TSR TR, F O S ROZ R A BRI I
3R

A 8

10
Mo i

6
|7
|| | l'| Il [

.:'I W." l\ - ‘('-’l l."l lll N _'| |-'”

B > T
2 7

y

|
e .II laJ | J

il
J L8 10
|| ._.lllih"._ ‘ TV I

I P YW 'IL-“ WL L

010 a0 30 40 o s 70 s s
t/min

1-RZMRC 2-RZMC2 3-REMG 4-RZMKB 5-R¥

IRB 6-RZMRA 7T-REMEH 8-RZMMMRD 9-RZM]D 10-

RZWF

1-ganoderenic acid C  2-ganoderic acid C2  3-ganoderic acid G

4-ganoderenic acid B 5-ganoderic acid B 6- ganoderic acid A

7-ganoderic acid H  8-ganoderenic acid D 9-ganoderic acid D 10-
ganoderic acid F

2 RExRm (A) Mtide (B) BRRZBMIENE
BiLE

Fig. 2 Chromatogram for determination of Ganoderma
lucidum acid content in mixed reference substance (A) and
test substance (B) solution

2.7 EYELIERIEIL

271 AHFER SIS R Z4me) 3 g, K
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