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Extraction Process Optimization of Ganoderma Triterpenes

WEN Shuran, MA Zhanshan, ZHAN Dongling
(College of Food Science and Engineering s Jilin Agricultural University s Changchun 130118, China)

Abstract: Ganoderma lucidum spore powder was used as raw material, ethanol with a volume fraction
of 70% as extractant. We adopted a combination of enzymatic hydrolysis and ultrasound assisted
extraction method, set different liquid-solid ratios, ultrasound time, enzymatic hydrolysis time, and
enzyme dosage as four factors for a one-way test and designed a response surface experiment to
determine the optimal extraction method and its influencing factors. The Ganoderma triterpene were
separated and purified by using macroporous resin chromatography. By optimizing the separation and
purification process, the optimal elution resin, eluent volume fraction, flow rate of the upper sample
solution and the mass ratio of the upper sample solution were determined. The compositional
differences of the total Ganoderma triterpenes were analysed by high performance liquid
chromatography (HPLC). Though the pre-experimental analysis, the results show that the enzyme
-+ ultrasound assisted extraction is more efficient compared to the single extraction method. Ethanol
is used as an extractant to extract triterpenoids from Ganoderma lucidum can enhance the purity of
triterpenoids. Under optimal conditions, the rapid and accurate determination of the triterpene
content can be achieved, providing a theoretical basis for the separation and purification of Ganoderma
triterpenes.
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Fig. 1 Structures of ganoderic acid A (A) and ganoderic acid G (B)
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D101 AR ALAR B W T K K 28 Ak 2 A B .
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(7230G Y, BEVGYLA AL BA A8 A R B 5 48 75 P 3 Ve AL (SG3300H &Y, - 1A i 47 B 4 A A8 AT FR A
Al s PEFR KA 2 H E 25 5 (SHB-IIIG 8, FBIHKIRA T8 A R A Rl s 8RB fH il & (BT1-100V-LCD
A, B AT RS A PR A R 5 Binary HPLC /K% (Waters1525 8, 35 [E Waters 24 H)); UV-Vis
e (Waters2489 I, E[EH Waters A 7)).
1.2 A ik
1.2.1 REZ 4 & AT dy & %

¥ RZMTF 8T 50 CHET, 5 100 HRf, K5 60AREL— & & RE S I A HETE i, S8 A 27 4 = i
PRI AR 22 0P, R AR 52 . FEJCOK ZBET T 59 kHz PR M A AL, JEFE 3 500 r/min
B0 20 min, B ETEW . U, 8 S FEA AR K R AR L I GE S AR, B k[ 22] 5 ik
B S BORBR B 100 pg/mL MR IR . 7E 546 nm AT OE R . FF2HbrEd <, AR

e ARURR R SRR R (me)
REZWRE SRR () (D

TR,
1.2.2 BHEFRE

PLRZ A0 8y o JEORE 3 Bl 5 R B R B SR R 2 =, 7 SRR BB 7000 . Wk
50 CH pH=4 W& F, £ 59 kHz F AT @A AR, 8@ OB W E e (VAR = m () =30 : 1,
40+ 1,50 1,60 ¢ 1,70 + 1 mL/g). # A B E] (15,25,35,45,55 min) . W f# 6] (15,25, 35,45,
55 min) M (1%0,2%,3% .4 % 5 %) #4750 1 &R 5.
1.2.3 M ERK R

FIH Design-Expert V8. 0.6 8, % BN ZIXIEER, X = HE =IKF#A7RIE, 400 DL~
B T 5t A () R P Ry 2 AR A . R PR R 20 45 SR P o R 2 TR b s Ak A W B U R R
k2 N O IR R TSI i Bl (U DVATTITRE W A o £ o
1.2.4 KRAMBERMEER T ZHR

AR R BE 550k 1.08,50 em MBEIEAE, 3 A LAY D101 A1 AB-8 B R LB B, 1032
FE. B REE AR LA 1 mL/min A9 3B R HRR 2 iR UK, K A BRI AE . WASTCHY 3 h, FHUK
PREEBEIEAE 1 B (1 AN 4.5 mL), i A SRR E B (5 mL/ ) U IR, T E R 2 =
DT R ) PN S

T RZ =R 5 E TAHIER . HILH OB KR RVE DM, MR 2 =i 42 BUR Y R
14, #HIME A 1 mL/min BB ARFE. S S 0 VR WOk B2 43 0 AR B 43 %k 40%6,60 %,
80 %0l 95 Vo ¥k BE 19 £ WX ILHEAT VR . 1 3 Ac B 2he i AC A Wk I ) P 6 U 00 R 2 i ) O o R R
1.2.5 AAMBRMEEMEREITH

1E 500 mL = AL A . 450K 5 g AR B 5 200 mL RZ = @F Y (1. 0 mg/mIDRE. #k
P 3 hJa s W PR S W B AR . AR K 2 ik B a8 A B R AT i g, AR E] A )
B B R Bl AE B ARI 0.5 g B W B R AL iR 1 45 40 iXRE . A 10 mL RFR 35 95 06 1 £ 1
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1.2.7 RE=ZHwaREETE
FE AR AR v, B R 2 AR AR R R A N EE A 1. 0.2, 0,30 mL/min, U E AR
MW (5 mL/ B3 i 5T kB2, AT 2 C2) TH 5 W BE 32, R i, 43 S0l C A BT vk B S 10,15, 20, 25,
30 mg/g MRS = WERE W, LN 1.0 mL/min 09 33 I 2% 20 RIS A . W& 4 0 7 iR
(5 mL/ ) Bk B, A 20 (2 TH 3 g i .
il FH AB-8 70 K AL Jig S B 52 2 HH =5 V5 AR 1) 20 25 VR R A WO o G 2 A 4 R VL. VR 4 A
FE O T I R 0 R S IR RO IR
gy — RE MR G YU (2)
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1.2.8 W& KA € 3% o A7

1 OB A TS R DU AE B AL 3 . B 1 mg Zalifh . WA AR TR Z =, T 10 mL WEEp, &
0.22 pm HSLIERE T UESS . A G D, PRl ECH . IR ECGR Z W ARG dadfEsh, B
VA, REURIE, RIS BIARME SR, 2% SCER(24 105, DL CAD-TE R (o=0. 01 20) /K ¥ (B) Ry ik
SAH, AR (4. 6 mm X250 mm, 5 pm) XTRE 5L HEAT B B VEBE. A IR AR A 30 °C L ATk
254 nm, LA 1.0 mL/min JEE A, B HE R R HILE 20 pL. W RORAE G5 Ve &5 T3 1, 400
A3 T =0 R A B — R o TSRS TR A A M S A, 38 I i 2 R ) R B ) 1 T
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Table 1 High performance liquid phase elution conditions

/min 20 45 55 75 95 100
w(A) /% 28 39 60 100 100 28

2 HR5H®R
2.1 HRAEHMZHSEH

M 546 nm LG RS 2 B bR dE R ZE A& 2 CAD FToR. LG EE M PNAR AR, SFECR R IR k%
WA bR, 13 FIARUE R PERIE FFE R y=9.152 92+0.042 1, R*=0.999 2, FUWLMW LRI, 7]
iz AR Z = s & &
2.2 BERRE
2.2.1 MERNAREZ=ZHHFEHZ W

PL30: 1,40 : 1,50 1,60 1,70 = 1 B9 IE Hb A XF B, R 58 A [R1 I8 b X6 R 2 =il fie A5 R 1Y 5%
M, S5 AE 2B s, ik M HAL TS50k - BEAFETR] 40 min, & A BAE B 40 min, B8]
3%, MEMRIRE 50 (C. M 2B AT UL, BEA W LB, R A RON W B, T AR Ok 4R
WO 5 Wy R il T AR i SE ST ), REUR 2 S RO A YW LS 50 ¢ 1 B, 22 = A
R KA R 0. 86 mg/g; W kL misy, R2 =#5 MR T, &l FRIEE L, mTREN
HAbZeFisg m 7 R Z =Zafifr i, A2 =i B TR AR ERERRBKNS0:1, 5
SCHR[25-26 145 5 [A].
2.2.2 BMMEXNRE=-HHENEW

PL1%.2% 3% 4% 5% B FH it g i JE, R 98 A ) il R ook 28 2 =i B & A3 e iy sg i, 25 R
B 2(O iR, A ER HAL T2 S 800 B it 8] 40 min, 875 3 1E A B ) 40 min, 8§ ff 35 B
50 °C. W IE L 50 2 1. M 2CO A UL Bl B B A HEN, 2R2 =455 K, Mg 408, R
Z MR R KA R 0. 92 mg/g; ZJE R E =G ARIEEAL, XS H TR 2 =R A Y,
BT HAL Y T, Al T H AL T, MW m T R 2 b SR AT, RBR 2 S S R
IR PR, A SCBE S FE R L 406,
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2.2.3 BWMAEHEMRE=ZFEREHNY N

Ph15,25,35,45,55 min B B[R] Sy %t B, AR 90 6 A BsF [0 R 22 =il 75 R 52 e, 45 R & 2(D)
fis. BN HAL T A S 8008 BSR40 min, B0 3% . 5 6 B % I8 4 50 °C . W E
50 ¢ 1. tIE 2CD) n] UL . Bl 5 A S R B TRD A 3G, R 2 = A SR IO SR B K 2 i W B E] R 35 min
A, RE =M RN ERKMEN 0. 96 mg/g; ZJG R 2 =ik BRI T BOX Ao 30 5 AT §E & 4F
i 22 Tl AE — o 5 () DY 8 A AR AR B R R, A AL, H T 2R A 2% ) T R T A7 A PR, B P o T
SERMIWEREIR . B R EREAR, SEGRE AR L, AR S0k E fe M R R B RN 35 min.
224 BEHEMRE=ZHFERENZ N

VLB B ] 15,25,35,45,55 min X%t B, WFF08 75 B ()X R 2 =513 R A, g5 R aniE 2(E)
FR. RN HAM T A28 0 . B A 40 min, B 3% . 274k K B RE R BE 50 °C . W He
50 ¢ 1. FIE 2CE)TT UL, B A5 8 7 B[] A 385 n, R =S A5 8 K Y S BT A4 45 min B, R =
A R A RN 0. 84 mg/gs ZJF R Z =M R R, T 3R 2 =5 A 18 A I 09 BL AR AL
o7 R FAAL R 3 B A% -7, AR 2 — s iR, R EUE RE T G OR, ZE TR R e T &
M =R AW At AR TR, Bk, A SOk i 7 B (A 45 min.
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Fig. 2 Standard curve and effect of various factors on yield of Ganoderma triterpenes
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ABA DR 2R 0 2 SR O R A 007 LR 2 = A A A o R IR b DA e R IO S R Ry 3 A
B o3l ] CAD | I E] CB) A T 8 (O o X FE AT w137 1 43 A 3K, 308 H SR A 4R IO T 28
FIH Design-Expert V8. 0. 6 #ff, @3 = HE =/KF R EIHTRE, iR RKESFE 2.
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Table 2 Design factor level

% 1 7K F- # H  [6] / min i fifé 15 [] / min B/ 2%
—1 35 25 3
0 45 35 4
1 55 45 5

A Design-Expert 156 BT MEAEH . 704 745 0 6] CAD il A B5F 6] CB) i (OO X R 2 = ifl 2
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Table 3 Central combination test design and results

P = A B C =Ef3E/ (mg - g )
1 0 0 0 0.893 7
2 0 0 0 0.896 1
3 0 0 0 0.885 9
4 1 —1 0 0.723 2
5 0 —1 1 0.740 5
6 0 0 0 0.900 1
7 —1 0 1 0.836 1
8 —1 —1 0 0.810 7
9 0 0 1 0.7857
10 —1 1 0 0.695 3
11 —1 0 —1 0.689 4
12 0 —1 —1 0.757 6
13 1 0 —1 0.721 7
14 1 1 0 0.724 1
15 0 0 0 0.861 7
16 0 1 1 0. 800 5
17 0 1 —1 0.641 2

3 Aok R 55 43 AT R R 2o T AR A [ 5 A B . A5 B0 2 i A IR R A T T Y [ S A A Ry
y=0.8886—0.009 6 X A—0.021 4 X B+0.044 1 X C+0.029 1 X AB — 0. 020 7 X AC +
0.044 1 X BC —0.063 5 X A? —0.086 8 X B> —0.066 9 X C?,
Ky R 2 2 =R AL B, C 43 a7 s a) L e A ) A G S A . T 2540
Hr CANOV A) 45 151 F 3 4.

x4 HEHW
Table 4 Variance analysis
55 kR B B Fl i B 7 A S| F K5 Pr>F

R 9 0.108 0 0.012 0 44.260 0 <<0.000 1 %
A 1 0.007 0 0.007 0 2.720 0 0.143 2
B 1 0.003 7 0.003 7 13.460 0 0.008 0 * *
C 1 0.000 2 0.000 2 57.400 0 0.000 1
AB 1 0.003 4 0.003 4 12.470 0 0.009 6 *
AC 1 0.001 7 0.001 7 6.300 0 0.040 4 *
BC 1 0.007 8 0.007 8 28. 680 0 0.001 1 %x
A? 1 0.000 2 0.000 2 62.580 0 <C0.000 1 %%
B? 1 0.000 3 0.000 3 116.870 0 <<0.000 1 *x
C* 1 0. 000 2 0. 000 2 69.410 0 <C0.000 1 %%
Bk 2% 7 0.001 9 0.003 0

E el 3 0.001 2 0.004 0 2.370 0 0.211 8

af 1% 2% 4 0.007 0 0.002 0

MR 16 0.109 9

e ox P<<0.05 ZRMRE,; «x P<0.01 2R R E.

H3E 4 AT 0L AR P(Pr>F)<<0.000 1, AFR B EAKT, fFAEWNRES,; HAE5%%A
AR AL R B, RP=0.982 7; I P=0. 211 8>>0. 05 A W3, i B i 7 {8 75 7% SC BT 15 %k
I YRS o 4 1 T 5 AR OB R 2 R R CAd). R?) =96. 05% ., AL 58 R # (Pred. R?) =81.35%,
e Wi B TR LA A e 0 T {5 R AR U LS B s RN S R EL(CVO Ol 2,09 %, FH O 2540 4l SR T
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7 ] CAD | iR s [E] (B AT H 3k (O) Z IR A7 7 B i i 22 BLAVE . R[] B3R % R 2 =i 45 2R 5 i A
6, i RE/MRIRCS C>B>A.
2.3.2 N EAEEYE RSN

MR — R ABL [ 5 R 4 o o 07 T B S e 2 AR 3 . T oL RSO IR ) RIORR 7 B ) P R 2 )
S AFE S HAE T, HWN RS HAE B3, R R 2 =R &8 R, fE 3CA) AL, 8 7H a)
CA) T B 18] (B — 2 A0 LA X R 225 = i A5 356 10 5 i) 4 35 PR i, [R) Isf 52 2 = il 75 3% i I Tt 19
Boohn 5 e R0 5w R e, AR A Ty il T AR A R BT, O 25 40 B v AR R R G 25 SR 5 ) G 3
(P<<0.0D), HA 5 B X HAEMESAMAREWR R, Tl —#2 /EM R (P<<0.05). HE 3(B)
AT O . R A ) CAD R 2 (OO AR AR PG 28 25 = 75 38 00 52 )tk 35 Pk Ao i o 8 7 s ) 14 386
RE =R INF W HJr 2RI, FE A Jy il E AR OR KL R C e il AR Ak
(P<0.0D; A5 C XHEAEHSmAMMARENRZ, Hit —FZHAEMNRE(P<<0.05. H
3CC) AT WL . ik st 1] CB) AN 42 (OO AR B AR FH X 28 2 = i 45 55 14 52 g I8 38 Ik ol . i 25 8 7 p 42
BRI 3G, R 2 = w58 e miEw A oy 2200 A, £ B 5 C Jr i il 4 1 i @ 3%
(P<<0.0D), H B5 C A2 B AEH] % e 15 72 B B 2, i DL =35 A2 5 /R IR 8.3 (P<<0. 0D).
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Fig. 3 Effects of enzyme dosage, enzymatic hydrolysis time and ultrasound time on extraction rate of Ganoderma triterpenes
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2.3.3 mERBAHHE

1 i 43 85085 A - Design-Expert X081, & n e A2 =i T2 W REZG R U
(LB =T0 % WG, I ol 50 = 1, AT A PR, B A BFE (AN 46 min, FJE17
fil s B LR E R RIAE 50 C L IR EERIEE R (O N 4. 8%, LRI E (B)N 35 min. EZEMT. R
AT RS AN 0. 98 mg/g.
2.4 KELWASRHM R Z =75
2.4.1 EHEREWMHKE

Bl 4 S KL R S A I B it 2. bl 181 4 R D0 o Sk g 40 O o YR 52 2 =l Ok e B R AT O L E A
5 T~13 B, KA B R 2 =i R e . WM RCR B dr. BT RIS T~ 13 R R
(U LE T, O 22 1 80 28 R R e A it 2k

K5 o8 D101 Fil AB-8 Wi Fh K FLA A 3l 25 08 B il 2 0 8 2 = ik 4l A F2 B A9 2. fR 18 5 A O, sl o
XF LGP AR KL Bl D101 FT AB-8 W B 5 2 =R AR, T 0 3+ VR 2R 2 il A U A R R A X
W 3 T4 31 AB-8 BURALR R F1 D101 B FLAR B 19 A W2 26 5331 R 94. 39 Y6 Fi1 83. 51 % » AT WL AB-8
RYK AL g EL A 04 0 W B L 7E o S e B 56 v Al A SO T . AB-8 ALK LA B 7 4l 4k 4 b Y
kMR, mH TR E SR A Y E £tk

35 100
=30 F
b 90
W 25 F
E b <
L 15+ =
E 70
11 10 F
N
w5+ 60 - —=— AB-87f!
——DI101%Y
0 -
L L 1 1 1 50 L 1 1 1 L
0 d 10 15 20 1 2 3 4 5
L RE A t/h
B 5 D101 F1 AB-8 7 7 K FL 4 5 3 25 IR B
B 4 KFLWAE & 4 0% B 2% MENMRZZMEAENLEENZN
Fig. 4 Optimal adsorption curve Fig. 5 Effect of dynamic adsorption curves of D101
of macroporous resin and AB-8 macroporous resins on purification

degree of Ganoderma triterpenes
2.4.2  KRILHAE R M 5 dh &
K6 S RALR AR Zh A5 W Bt itk B it £k pr I8 6 al UL, R = A R EE B ORI Ok, Y B AR
16 45 (29 70 mL)B, R =35 K 12. 33 mg/g. HULEESE 70 mL N fefE A&
2.4.3  GRRBLAIRAR 5 BOH R
P 7 S AN T R 00 A AR 0] R 25 =G A R B R R e 7 AT DL R AR AR K G

1 " e p(ZFH)=95%
~ 1t . —a p(LFE)=80%
& o —— P(ZTE)=60%

W 10 o8 —a p(ZF5)=40%
Al 2
T 6 =
= S a7
Dl
N N 2
w2+ :¥\
0F 0
1 1 1 1 Il 1 1 1 1 1 1 1 Il Il
0 5 10 15 20 0 10 20 30 40 50 60 70 80 90 100
TR PEA ARV mL
B 6 KFLW AR 3h 7 W% M it 55 i 2% EB7 ARERAGRSBERZ=GEFRNZM
Fig. 6 Dynamic adsorption leakage Fig.7 Effect of different eluent volume fraction

curve of macroporous resin on yield of Ganoderma triterpenes



460 oMK A R (B 2R RO %62 %

R =R BT RS, Y (LB =40% i, R 2 =55 R/, 4 8.49 mg/g; Y
(L) =95 % I, RE=MEMERE K, N 9.97 mg/g. R NRE =iEKY IS EEY R, 5K
T ORESEA VLA, Y OB TR B0 KB, =il 2 W o i 1 FE R W K, HLAE (L) =95 o i
HA B E e, BRSNS Hk, ®mEER 2 =5 MU R R o=95% 1 LB,
2.4.4 B RR G E N E

8 JJy AR N R 2 =i B AR R 2. B 8w UL, B AR R, LA S X
T U B RE T WA, QIR B e B B R A G, AR e X YR 1 TR R B T R R A
R AL R AN RE T 70 W B W2 Bfaod 78 oK 5 Ao A U e A IR A, P DA B ARV i s 64 1. 0 mL/min, Utk
RS SE=
2.4.5 LHBRELNHE

B9 Ry bR T e R LA B W PR BE RS2 . B 9 AT L, BE SRR A A E 3 R, R AL
JE X R 2 = R B R 5 e BN I B R R A, TE AR B E T 20~30 mg/g W AB-8 B AL gt
B i P B 3R 05 Sl 5 /. R 2 =i A9 S Bl R T T A L A B s 2 T = e A, Y B ER LEoh 25 mg/g B,
R 2= RIA B R 18, 34 mg/g. (H AL BT o mi B & A g 22, B PR H: Al 4y o
T (5 W B3R R R, PR, RV L e #E 25 mg/g. DAFEAr IR R 2 =

90 30 100
- —s s s+ —*
80 |- & I -+ 80
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Fig. 8 Effect of flow rate of upper sample solution on Fig. 9 Effect of mass ratio of upper sample solution on
adsorption degree of Ganoderma triterpenes adsorption performance of Ganoderma triterpenes

2.4.6 REZTEMHE SN
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Fig. 10 HPLC of mixed components of Ganoderma triterpenes standard (A) and sample (B)
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W, AifbERBURZR A MAZR GRHFEWTHRZ =BGy, WELRZR, @i HPLC
Rl o34, 2l bR e 2, 15 B M: ma Jrfe

REM A: y=2.039 3X10°x — 62 245.530 3, R?=0.999 2;

REMR G: y=3.8941X 10°x — 61 808.139 3, R* =0.999 4.
GERFI, R =MELE 0.01~0.1 mg/L NWEA BIFMLMELR.

X A R 2 =GR AL S W AT A X AR IR 25 (RSD) T2, 45 5243 51k 0.51%,0. 41 %, FH{L &
KRB R A, TFAE WA R 2 =i iR m AR, 450K, —F LW A1k, RSD 45840518 1. 17%,
1.250, RUIZ G EEA R AT EEME XMWA R 2 =858 RSD 45 RIE1TiH5, 45850518
1.38%,1.28% ,» RHIZIK S IFRAE 48 h WEFRE. 8 X =il i & e A8, R2Zrh =ik dl
R RAERREZS, RZM A FMRZM G 40l RZ MR AR 26.17%,38.35%.

ZE LT IR A SR FH G 68 75 03 4 B S O sl . S e i B R 22 b =i 2 . i P R
5 0 1 TR0 B 0 R 2 =i i B TR SR REGRN o=T0 0B S BE, WIS L 50 ¢ 1, WA i i
JE 50 °C, HAHA] 46 min, WEFEEE] 35 min, BEER 4.8%. XKL TXRZHFHARE =55
K 0.98 mg/g. HEHE AB-8 B KFLING 4 85 2lifb R 2 =5 W it , 3 48 25 4% 2l 25 W B A I 5% 14 ff
AT AR PHERRAZ =Y Rk E N 25 mg/g, LW WEA 1.0 mL/min, 568 WK
ShIFH 18 (.5 mL)ZEMKVEZRIE, HH o=95% 0 ZEEAE M PR H L 1. 0 mL/min 3 2 ¥E K.
A R RE =R Y Rai B 42, 57 %4 & E 87.09%. i HPLC 4 P4, &5 SR %1,
PR EA BT 56. 875,65, 442 min BF I BLIE(E, AW RZR G MR ZR A, HILAE R 2 =k
AW RZR A MR ZIR G R EZR .
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