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Abstract: In this study, the bioactive components of Ganoderma lucidum were extracted by low-temperature continuous phase transition
extraction technology. The yields of the extracted solids, total sugars and total triterpenes from Ganoderma lucidum were taken as the main
indices to study the effects of factors such as extraction temperature, extraction time, extraction solvent and solvent concentration on the
bioactive components extracted by low-temperature continuous phase transition from Ganoderma lucidum. The extraction conditions for the
bioactive components in Ganoderma lucidum were optimized by orthogonal experiments, and the molecular weight distribution of the total
polysaccharides in the water extract obtained under such optimal conditions was analyzed by GPC (gel penetration chromatography). The
experimental results showed that the optimal conditions for low-temperature continuous phase transition extraction of bioactive components
from Ganoderma lucidum were: water extraction temperature, 100 ‘C; desorption 1 temperature, 78 C; water extraction solvent flow rate, 30

G

B 22 X5 5 R, A8 AR R SR AR AR 235 P 0 ) 2 A0 [0] DA R i FH,2022,38(2):180-189

HU Liuyun, LTU Cencen, CHEN Hongzhang, et al. Optimization of extraction process of active components from Ganoderma lucidum by

low-temperature continuous phase transition [J]. Modern Food Science and Technology, 2022, 38(2): 180-189

YRS EER: 2021-04-07

HEWB: EREABFESEYTE (31972078); I HAESIHEIFREMEBIE (20192T08N291)

fEE®EN: MRm (1973-), 5B, MEHRE, #RAE: RAEMITIEENST, E-mail: |iuyun_hu@infinitus-int. con

BIMES: BE (1966-), B, 1, #i%, HRAE: XAEEMONBANLEERSEY, Email: caoyong2181@scau. edu. on; FREE (1983-), 5, f#+,
B, TRAGE: RAFEEIREMER S FHIEE, E-mail: parker_cc@163. con

180



R EmiB Modern Food Science and Technology 2022, Vol.38, No.2

L/h; total extraction time, 5 h; Ganoderma lucidum residues after water extraction were extracted using alcohol; ethanol extraction temperature,
85 C; desorption temperature, 68 ‘C; ethanol extraction solvent flow rate, 28 L/h; total extraction time, 4 h. The yields of total solids, total
sugars and total triterpenes extracted by low-temperature continuous phase transition from Ganoderma lucidum were 7.56 g/100 g, 1.14 g/100 g
and 1.17 g/100 g, respectively, which were 15.60%, 23.91% and 333.33%, respectively, higher than those by traditional water extraction.
According to the GPC spectrum of the water extract, it was found that the low-temperature continuous phase transition extraction led to two
more components than the traditional process. The yield and number of the bioactive components extracted by the low-temperature continuous

phase transition extraction process were significantly increased compared to the traditional process, which is suitable for large-scale industrial

production. This study provides certain theoretical support for deep processing of Ganoderma lucidum.

Key words: Ganoderma lucidum; effective components; low-temperature continuous phase transition; gel permeation chromatography
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Table 1 The level of orthogonal experimental factors in ethanol

reflux
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Table 2 Factors of orthogonal experiment of ethanol extraction

with low-temperature continuous phase change transition
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Table 3 Analysis of effective components from Ganoderma lucidum by different extraction techniques
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Table 4 Effect of water time on the extraction of active components from Ganoderma lucidum by low-temperature continuous phase

change transition

FHEIL  RAE Bk BHITE ;Eﬁg% SRR, EARIE afgzg% e I
1 2.18 3.61+0.43 12.30+1.21 0.644+0.05 19.66+2.07 1.73+0.32 0.18+0.06
3 2.18 0.524+0.10 20.81+£2.03 0.11£0.07 3.40+1.07 3.91+0.48 0.04+0.09
5 2.18 0.29+0.11 35.89+3.02 0.1120.06 3.404+0.05 3.57+0.58 0.02+0.08
7 2.18 0.19+0.09 44.944+4.27 0.08+0.07 2.47+0.07 4.11£0.59 0.02+0.07
9 2.18 0.10£0.07 43.19+4.01 0.05+0.06 1.54+0.06 4.35+0.39 0.01£0.08
At 2.18 6.19+0.43 299.28+8.54 1.50+0.18 46.2+0.07 31.72+0.07 0.37+0.15
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Table 5 Influence of water extraction solvent flow rate (20 L/h) on low-temperature continuous phase change transition of active

components of Ganoderma lucidum

W AEENe RN Vo G SREs | D0E s nmem
1 2.20 2.99+0.35 19.22+2.72 0.57+0.05 17.75+2.13 6.94+1.97 0.21£0.09
2 2.20 1.26+0.23 20.68+2.14 0.26+0.07 8.02+1.89 6.80+2.38 0.09+0.10
3 2.20 0.72+0.10 24.3142.65 0.18+0.05 5.42+£2.72 6.26+1.26 0.05+0.09
4 2.20 0.33+0.15 26.03+3.21 0.09+0.06 2.67+2.72 15.09+2.31 0.05+0.08
5 2.20 0.27+0.11 39.04+3.66 0.11+0.07 3.31£2.72 5.834+0.99 0.02+0.05
At 2.20 5.58+0.79 - 1.20+0.54 37.17+2.72 S 040:t015 -----

6 AIBRARE (0 L) MIRBESIEE R S S

Table 6 Influence of water extraction solvent flow rate (30 L/h) on low-temperature continuous phase change transition of active

components of Ganoderma lucidum

i EREERe AumEe PP wmpen smemes OTVY sznmem
1 2.18 3.61+0.21 12.30+1.21 0.64+0.11 19.66+2.15 1.73+0.93 0.18+0.09
2 2.18 0.86+0.13 33.58+1.86 0.29+0.14 8.95+1.07 3.21+0.67 0.06+0.08
3 2.18 0.52+0.10 20.81+1.23 0.11+0.09 3.40+0.66 3.91+0.35 0.04+0.08
4 2.18 0.31+0.09 40.40+1.01 0.12+0.10 3.70+0.39 3.49+2 .31 0.02+0.07
5 2.18 0.29+0.12 35.89+0.86 0.11+0.07 3.40+1.03 3.57+0.69 0.02+0.08
At 2.18 5.59+0.58 142.98+3.48 1.27+0.31 39.114£3.09 15.91+1.45 0.3240.12
R 7 KEBBFTE (40 L/h) IHERELAETZERR Z R R0

Table 7 Influence of water extraction solvent flow rate (40 L/h) on low-temperature continuous phase change transition of active

components of Ganoderma lucidum

EEZZAY

wisn Fakike avwaEr SR cmmen gman OU0T scnmam
1 2.05 3.79+0.26 17.79+1.11 0.67+0.05 20.78+2.34 5.58+0.32 0.21+0.05
2 2.05 0.77+0.14 18.63+2.34 0.14+0.07 4.41+0.87 8.29+0.53 0.06+0.06
3 2.05 0.37+0.06 25.35+2.65 0.09+0.06 2.924+0.58 6.95+0.49 0.03+0.06
4 2.05 0.01£0.09 21.49+2.64 0.00+0.07 0.07+0.06 16.01£2.13 0.01+0.05
5 2.05 0.15+0.08 47.46+4.12 0.07+0.07 2.21+0.59 12.77+1.89 0.02+0.07
At 2.05 5.09+0.57 - 0.98+0.12 30.39+£3.42 - 0.32+0.27
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Table 8 Effect of water temperature on the extraction of total triterpenoids from Ganoderma lucidum by low-temperature continuous

MK EmBHL

phase change transition
. ! , B4 F < o B4 P o
LGS E/C Ak \,“l EaRiA 2 % /0, > o Ig\vE’?;<0 '%~E91;<0 o o '%_E_“’"’?’;<O
RICRE/C R Zkg BEBITFEY% SAET% ABAFE%  BAERIRE/Y, 6 A% EAFEY%
50 2.06 5.18+0.58 17.09+£2.14 0.89+0.09 27.46+2.94 4.08+0.24 0.21+0.06
75 2.25 5.37+0.49 19.12+2.64 1.03+0.18 31.79+4.76 5.31+0.76 0.29+0.07
100 2.18 5.59+0.62 22.50+3.84 1.27+0.38 39.114+4.87 15.91+3.09 0.32+0.09

9 BEEERHURESATERR Z 8 Zi50050m
Table 9 Effect of ethanol time on the extraction of total triterpenoids from Ganoderma lucidum by low-temperature continuous phase

change transition

AR R EAkg  ERHIFE% Mt E=i2%/% BEZBFE%
1h 2.20 0.70+1.53 53.3545.22 0.37+0.12
3h 2.20 0.21+0.52 39.2043.65 0.08+0.09
5h 2.20 0.09+0.19 51.81+4.21 0.05+0.06
7h 2.20 0.03+0.20 21.53+1.52 0.01+0.07
9h 2.20 0.03+0.16 11.83+1.31 0.01+0.09

&t 2.20 1.45+5.52 - 0.72+0.14

R 10 ZEEREXMRRESHETENRZ B =i
Table 10 Effect of ethanol concentration on the extraction of total triterpenoids from Ganoderma lucidum by low-temperature

continuous phase change transition

TEERES % RAREE  ERHIEFE% Mt E=t2%/%  BE#FE%
60 6.73 2.41£0.29 6.21+0.35 0.15+0.07
70 6.73 2.38+0.25 9.48+1.03 0.23+0.09
80 6.73 2.3120.15 11.17+1.35 0.26+0.07
95 6.73 2.59+0.18 13.06+1.08 0.34+0.11

&1 EREEMNRRESHRTENRZE iR
Table 11 Effect of ethanol temperature on the extraction of total triterpenoids from Ganoderma lucidum by low-temperature continuous

phase change transition

BRIBESC  RMRE BT E% Mt E=BeE/%  E=ZBRE%
60 6.73 2.55+0.12 14.94+1.31 0.38+0.08
70 6.73 2.47+0.11 18.80+1.46 0.46:0.08
80 6.73 2.59+0.21 13.06+1.94 0.34+0.09
90 6.73 2.44+0.17 27.50+3.21 0.67+0.12

W, RZEZERIGA BRI R e T A W N, =
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pA e
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—E1F40.02%) BLEFEIC, BT 5 h =i515%°8 0.69%,
H9h REE=HEEMAE (95.83%), KMERTSh =
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11 750, BEEREE AT, RZ R =GR AW T =,
RN 90 T, RZE=MFEN 0.67%,
B A TR SR (0.38%). FEWE TR,
LEERREFERe I, R Z S =0 AR A [ S
HRE 7380, T R o H s s (AR
I, WEERmAES, S, AT T
RAE ™,
12 EIIRBUE R SEI K 2h
Table 12 Orthogonal experiment and results of reflux

extraction
gy MR OB EBR 2R
BESC OKREY% BEN FER%
K1 1 1 1 0.45+0.09
2 1 2 2 0.30+0.05
K3 1 3 3 0.14+0.06
4 2 1 2 0.59+0.12
] 2 2 3 0.34+0.10
EH 6 2 3 1 0.19+0.07
7 3 1 3 0.40+0.09
K8 3 2 1 0.29+0.08
EH9 3 3 2 0.16+0.09

HE1 030 0.48 0.31
A2 038 0.31 0.35
#¥E3 029 0.17 0.29
MmE 009 032 0.6
* 13 (RIREEETER IE KW R LA
Table 13 orthogonal experiment and results of ethanol

extraction with low-temperature continuous phase change

transition
g R s e o6
BESC OKRE/% BEN BFER%
1 1 1 1 0.89+0.07
K2 1 2 2 0.62:0.07
K3 1 3 3 0.52+0.08
K 4 2 1 2 0.86=0.10
EH S5 2 2 3 0.57+0.11
L6 2 3 1 0.57+0.12
E 7 3 1 3 0.69+0.09
e 3 2 1 0.49+0.07
£I9 3 3 2 0.53+0.09

A1 068 0.82 0.66
A2 067 0.56 0.63
#HE3 057 0.54 0.62
wE 001 028  0.04

232 EVAARIRIE R LI R oM

186

MR 12 ALLE H, SEE0 5 T R ARIUR 2 =
SEUG, BRI N AoBICy, BIVEESRIEE N 85 C.
BEHRIRIEN 95% A S BEHRIS 1] 4 h, A RZ 4G

SR =5 R DAy B R P> il P> e 1]
233 IKBELADTEIIR E X RI4E R oAT

PRI % S AH AR i 1E A2 S IG5 R (3R 13) ] 43,
BAERIUR N ABICy, RIREURE N 90 °C, LB
WA 95% LA AREUT )Y 4 h, Hrp &R ZExT 4R
S = R Sy T A P> ) [ > il

X PSR & IR IR, RIEELEAH AL R 2 8
=R, HAPREESA AR L AR R
FUNT, XMRZLE=mEEEEE/N, E5EGE
T, BERE AR N IRIRIE S AR E 85 C,
LR 95% LA S AR EUIT ] 4 he
234 KEBESMTFRRZFEHRS LT
1iE

TEIEAE AR TS R B R B R 4 AR T, 18
ZEMIHMT 20 L SSREESAH AR TR UR 2 501F 1EA 5K
ISEERAAM N, St Tk, HOKSRERAN Sh, K
PEIIEA 30 L/h, JK$EEE N 100 C. KIREH S,
JERFE ARV, FEN 95% LB AT RS, BRI
85 C, LIBFEIREE 95%, FEEFERSIA] 4 h, BEHRFLEN 28
L/h, FR8szsess Bang 12 fn, @ tbfeg T8
PRI ZAREEY . BhE . B =R (K14 K
W, A )G PURIEDE AR R 2 T 2R 2%
N 7.56%, MHHFEN 1.14%, ME0EEEN 1.17%,
LGk R 2 T 2RI, SRR =i515255 7
T 15.60%- 23.91%F1 333.33%. Xf b HiAth R 2 22 i
Wik, Wl HBIAERE (RZ 255 2.78%).
B fd: (R ZZPH3E 4.41%) . IAiBAROE (R
Z MR 1.78%) VUG R AL (RZ ZhEE
B 4.54%) SIS0 B AR TIR A A T 2R
IR 2 R AN JOX M 7575, H 2 el A H LA
JAUB A BRI AT B2 %) 22 WS AL G R, i
5 pH. IRESERZ MR, @I A REZ IR T
BN A . Fy—J5TH, X E A R 2 =R R,
N Z BRI, ARl oY, L =ieR
3N 0.69%F1 0.41%~0.93%, K HESHRIRESA
BT AR Z =H51F5N 1.17%, AR THA T
o [ XL ESSAAE ARG R 2 B R e . B
EANECAMESE R, DU AR = SRR I
SRR T 23RMUR 2Ry, AR TG R iR
AR R R A ISR
FAR AR IC T 1 eS0T, & B AR Tl K
ArE,
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F 14 RBEEHETERNRZE MRS T 28I
Table 14 Low-temperature continuous phase change transition process validation of active components of Ganoderma lucidum

REZFMRSRINLY, B REke  BEBMIFEYS  EEFEY% B EI%
% IY 0.20 6.54+0.37 0.92:0.06 0.270.002
KR ESAT FRLY 2.00 7.56+0.21 1.14+0.01 1.17+0.009

24 MBEZMRFERTLRZ AKRBLEE

GPC 217

HIERBER 3T AN TR log M 5k
FUbRHE 22 59 y=-0.5739x+14.208, R*=0.9906 Al
y=-0.4075x+11.549, R*=0.9998, W] FT-/HritErt i
BRI TR

F 15 TEED T FEERIEETR
Table 15 Molecular weight segment and peak area of different

components
ik o
ap SO R ST dmred
F1E/min -~ 4T F/u VTR 5 1% AR & /%
1 18.46 >3000,000 0.50 3.64
2 24.46 614529.39 1.12 /
3 32.70 6812.61 23.52 26.77
4 33.79 2165.27 39.98 69.36
5 34.89 1043.27 34.38 /
6 38.89 57.09 0.50 0.23

Xt FEAR A 25 /K S0 REN 2 GPC (B 1D
T GR 15), RIMCEELLARA R T 2320
RZTEMER 05 TR IEE & B B am L g0k
RTZ, HARRESATHEI T ZIEGuKIE T 258
R ZEE S R S 2 My 2 Iy 5 (O F
LN 614529 u 111000 w). A[FIRZ L4
FRANGER ST, PubiR. buddh. i
A S DA

25000 -
22500 +
20000 +
17500
15000 +
12500
10000 |-

7500 1 b L1 i
0 s 10 15 |20{ 25 30 35: 40 45
51441 ! 21[’;3:2 GEAS
min -

| s menTe

uVv

1 RRESHETER T ZRZKIZRENE GPC 247
Fig.1 GPC analysis of total sugar in Ganoderma lucidum water
extract by low-temperature continuous phase change transition

25 RIBHESMETFERRZEM KRS LT AR

A TR SR B R 18] 20 & Bl A

g3 /N AR IE SEAHAS R HUR 28 1 s 120K
PR, B GPC MIE &2, KA 1
(>3000000 w)- 243 2 (614529 w) FZH 4> 3 (6812 u),
BEE SN [R] Rps hn,  FLUg AR | BT g s H oy
4 (2165 w), BEAETREUNAIFSE N, FCUEMAR & L
IJEw/N: Hr 5 (1043 w) PLE<500 u 4145y, FE
PN [a) BG 0, AR o5 LGRS (B 2).
45 R AR S AR AR IS MR 7K BRI
W, AN B R TR T R AR A R

I [A]
S0r s %51 h
asr 2 h
. 40_ J;ﬁ?’h
S 35p « %4 h
2 30f
a5t
= 20t
& 1St a
10} -
L P _|
> -ﬂg. .

=3000,000 614529.39  6812.61 2166.27 1046.27 57.09

it /u
E 2 REFEMRSIREESATENT ZREHREEE S F
BERAHES

Fig.2 Analysis of molecular weight fraction of Ganoderma
lucidum active components in different extraction time during
low-temperature continuous phase change transition process

3 g

3.1 AW LAIRR ZONERL, @i 5 R A ERE
RISV, i RRE LA AL R 28 PE R (1 5
L&KM, LR RRY, (RIEESAHE KRR Z
TR R B SR KR FREEE Y 100 °C

FENTIREE N 78 “C KIRIAEFIIEN 30 L/h LR KSR
BBTTAN 5 hy KPRES SR TR, S RFNR 28
T ER ) PR R /N ML A T A T > T B
[A>EEFEELE, e T2 A IR R E N 85 °C,
FENTIRE 68 °C, BEHRIAIAE Y 28 L/h DAL RS
WHEAY 4 he SIGE, fE1ZE T 2%, (RIRIESE
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AR Z [ JE AR RN 7.56%, SHEREREN
1.14%, B=HEEEN 1.17%, LS T 23R 2 H
eV SRS =i 1520 5 15.60%. 23.91%FH
333.33%. RAMKIEESARE T ZHeUR 23 By
HARRCR R DU R SRRSO, $iks
K HASR TSI A, H— B R& ik TR
ZOKIEMERY (RZ88D FiREMEEIER S (B=
W) MERAERH, KOREEm T, ZL2EL
MAYK A= R A T T R AT 5

3.2 i GPC M ANRIFEECL ZK S e 1)
TR S LA R A BUa i 2 1) =B
b, RIMCEDESLA AR R 223G MR T2tk
TR S B2 WA oy 2 T2y 5. AN
RZZHENH A GEA 5 HADFE RIS, )
(RIRE LA AR AL R 2 Fr A S /KB 2 b2 1 oy
AAEYIZThEe (el Pubg. prédfh. dias
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