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AR 2, X 2, FEC, g

(T RKTARFAEYEZ 2, & M 5100065 2.5 mIEEEWEARAIRAT, W K1 410205; 3.4
AV BL2EBE RIS AT, IR Kb 410205)

B RNEZURIARZ R BEA , DAR K RE Z BRR I 3R 24 hs , R 2 R B SR Lo
VR AATFHEATOLA, FER BT S M A K A T A A A b, AR E R R OCHESE IR 7 S55R 3K
M. B ERFRAH N RN 2 ¢/mL, A 1.72 g/mL, BRI 0214 g/mL, BERHEEM) 0.1 g/mL, pHS, iR
30 C, i*?’%HTIEU6d e 160 v/min; FEBLARPET, ABERISERRAHN R 95.1%, RUHEA RAFIIEH
CY OB BUR AW IR 5 % NI Y S OR T2 1N *7?:: 7@ TR AR EAEN Y 212 sy, Hoh, Z8EMm=msrfh
ﬁﬂiga S35k 26, 30 Ay FETAGRHAEEE, B PXRBER R 2 2 = T B AR E, K
WHRZ 2SN 24.8 mg/mL, :fﬁﬁé\ﬁﬁ 55.7 pg/mL; XPRBER T Z8E . =ik & 5 BRI S AT
AHOCHEAM T, S5 R R W] = 5 i 5 R R W A 1 S B ARG, T 2 i 5 R R B A 9 1 TT A 0 A DGk
KW RERR TP FEESRAR TR Z =1,
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Optimization of Ganoderma lucidum fermentation process
and determination of key whitening factors

LI Shuanggi'?, LIU Guofeng®, WANG Yahui®, ZHAO Suging!’

(1. School of Biomedical and Pharmaceutical Sciences, Guangdong University of Technology, Guangzhou, Guangdong
510006, China; 2.Fine(Hunan) Biotechnology Co., Ltd, Changsha, Hunnan 410205, China; 3.Institute of Bast Fiber
Crops, Chinese Academy of Agricultural Sciences, Changsha, Hunnan 410205, China)

Abstract: Using submerged fermentation of the mycelium of Ganoderma lucidum, the medium composition and
fermentation conditions were optimized based on the growth of mycelia and the inhibition ratio of tyrosinase. Meanwhile,
metabolomics analysis of the fermentation broth by mass spectrometry was performed to determine the key whitening
factors in the fermentation broth. The results showed that optimum culture conditions were: malt extract 2 g/mL, sucrose
1.72 g/mL, soybean meal powder 0.214 g/mL, yeast extract 0.1 g/mL, pH5, temperature 30 °C, cultured at 6 d, 160 r/min.
Under this condition, the inhibition rate of tyrosinase was reached 95.1%, indicating its optimal whitening effect. 212
metabolites including polysaccharides, triterpenes, nucleotides and amino acids were identified. Among them,
polysaccharides and triterpenes were the major components with 26 and 30 species respectively. The content of G.

lucidum polysaccharide in the fermentation broth was 24.8 mg/mL, and the content of triterpene was 55.7 pg/mL. Based
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on metabolomic data, the polysaccharides and triterpenes in fermentation broth were isolated and determined. The

correlation between the content of polysaccharides and triterpenes in fermentation broth and the inhibitory activity of

tyrosinase was analyzed in this study. The results showed that the triterpenoid content and tyrosinase inhibitory activity

were positively correlated, but the content of polysaccharide was no obvious correlation and inhibit tyrosinase activity,

suggesting that the main whitening factor in the fermented broth were triterpenes.

Keywords: Ganoderma lucidum; fermentation; inhibition rate of tyrosinase; whitening; process optimization

72 (Ganoderma lucidum) 3L FR“F 2 “fil >,
E-MEMmEAMMNER, BABEZH . /2
HEABZTRT . IRBE, H . bR, RERET
S, RESHEZRR. K d5R. £
IR BEEER . SmE. AW, BEE. TWIOCR
SEZFMETER Y, Ho, RIS R EE N>
JERE LR AN, P ERE T
HREEZG PP R S RGN B AT 2000 4R B T R
Z A & TR 2K 32 R SRR SR A
mEdey), H SN ThrE e, EXHEN,
PiR . Yot BifEs . BUR . BRSNS
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FURT, Aot it i i 58 FL IR o) 2 A g
. MR HREERE . 4irEE ¢ KHATEYED, 1
TR AR EME 2 . Bt B A E A )
A, B AT A AWK R, TP
b7 R AR BRI B, Aol i JEORER AR
PR T 2 et R ARy rh Rl
Z—, HEAYtokaz 31560 . A,
PARZ FEMMEEFREE, AR A FLRR B R &
PR, R T X T R T I M A A e Gk
73.22%. BT RZ RS A GEIR H RS, T3
TARBE G, MR Z R 1 R 2 ARG iR
PUBTHET; P, ST HUARZ R REE AR R 2 AR
A PER BT A B N

RIS b, i o S AU 2R Y B 22 MRV 2 T
BARPAF T R REER, 28, FEHEA R
35 FIRCR . ABFgErh, APPAR 2 IR i 2R
REHI R 5 2R AE R, IR R Z AR K I
BRI A= T2, il 3T Fg i 2= 5
AN e TR 1Y) SE B HEAT A0, W R R
W FEE MR S AIIREZ I R, BRI
R RERE B REVENRAIAS | SERIRTBUERL K
BRAL G R 2 AR K T B BORTE Akt

AT o
1 #MR5EZE
1.1 #§

1.1.1 EH

HHRE R A-1916 HHYTI5 iR T Rk 2 T A
AL,
1.1.2 34f

RHIE AL DR 20 o(F k), #WE 2 ¢,
g 2 g, &K 1000 mL, 121 °C K4 20 min,

Rt FREL . MEA Bi3E3E, WAE S H KL
YIHARARRAF, 115 ‘CKE 30 min,

VIR R FE 3L . HFRN 2 ¢, WA 2 g,
BRI 0.1 g, BEREE 0.1 g, 121 ‘C K 20 min,

1.2 7%
1.2.1 %ﬁ#éﬁi&ﬁt

TR TR ER( emx 1 em)feH BRI
e, 30 CHRBEEESE 5 d SRR R TAUE TR,
30 CHEIEHTFE 5 do AP F-H A KB 5 iR 77
Ferr, 30 °C | 160 r/min #HEHRZHFE 6 d, 9000 r/min
B30 30 min JEUEE IEBOEIE TCEAL T, A
R =G o, T R EREEI R
1.2.2  REE¥AA ML

36 1 A RIECE 4 FpiEFRIE, 100 mL 432%,
TCH & N Hefh 3 B 228, 30 °C . 160 r/min #EE

®1 HUERENES

Table 1 Different medium formulations

KRt (w3
FURH 2 g/mL, BEBE 1.72 g/mL, TOHIH 0.214 g/mL,
FRERE B 0.1 g/mL

2 EKM 2 g/mL, H#%AGHE 2.2 g/mL, FEK 1 g/ml, GHF
1.8 g/mL

3 RN 2gmL, W% 22 gmL, T4 1.8 g/mL
HEBY 2 o/mL, FHEME 2.2 g/mL, THHK 1.8 g/mL
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Pephae 4 d, 2208 45N & Tk i 2 PR T 1Y)
R, HRIEREEE 3 K.
1.2.3 ARSI

Ph 1.2.2 (RALJG IR FRE R IRAAR R B R R 3
TR AL, /i E AR R R
BERI pH BBEE, T 160 r/min FERREOCAR G, &
O, U8, D A R IS 2 I e ) A1 o %
1.2.4  REERARMEF M

1 mL & P oA H P 1 AR (7 L2
ZRNEBZ(0.3 mg/mL), C-17(0.01 mg/mL))20 uL,
s H 300 pL P EER R AER(T IS 4
WERRFREE R 2 « DER, i€ 30s, fErkKinHhid
FEEEEL 5 min; IR0 10 min(13 000 r/min, 4 C),
FHEE ST 200 pL (9 VW, F 0.22 pm B HL
FHEF A IR AR R 2 2 LC /M, —80 °C
TR, T LC-MS 43#r.

¥ FHl Waters ACQUITY UPLC 8 /5 35 /i AH 2.1
SGHATAN B, SRR A%, ACQUITY
UPLC BEH Cjg (100 mmx2.1 mm, 1.7 pm); #ifi,
45°C; Wz, AR, K& 0.1%H 1K), B, &
H(E 0.1%HR); Wk, 0.4 mL/min; JFERAFE, 2
nLo SR A IE B8 TR B o i R S T B i
o BO10 DOPTREARTERA 1 ANBENEA, DE
EAA TS BRI TR M o ARAT IR LR E I 5 6 B
TG B AT, KA A ) B I B T
AT A . FEBGR B Z B T A 2, i
TREAE AR 2~ AL BRERF progenesis QI i#F47 3
Loty WG BUr . PRBEBTTARLIE | WX SR
H—Ab 515 2 EA PR R T E] Ty L Rngens B A
) 558 BRI
1.2.5 BEARBRBEIH) 02 7k

SHMFE R, ik 2 BE 4 HIER
JiInA PBS(0.2 mol/L . pH 6.8) . F&Z R ##(200 U/mL).
FERJF RS, 37 CHEIE/KIE 10 min J54350A 1
mL ) L% Z&#2(0.15 mmol/L), fE 37 ‘C R 10
min, fJaEVKK RS HI, 2 IhREREFR Y
DIE 475 nm T 4 RS OEE . #1115
ik S PR R PP )%

K=[1 - (Ks = K3)/(Ky = K1)]x100% (1)

A KO ETRBHE RS2 KL Ky,
K3 ) K4 é]\%Uj‘j Al N AZ\ A3 ) A4 ?ﬁ?&ﬁ 475 nm 5&
IO
*2 BEBREEMIIEINGE AR

Table 2 Experimental system of tyrosinase inhibition

5 R AF/mL

A, A, A; A,
PBS 3 2 2 1
ik 22 R I 0 1 0 1
HR 0 0 1 1
L% 7R 1 1 1 1

1.2.6 Jsk % ¥fe = 3% 6942 I 5 | &

Mo Zepiim I 3 AT Y 95% L BE kAT REAT 12
B SRR B BRRR I E A B rh 20 e S
HESCHR[ 14142 R 2 =il 5 R A SR 0
I R ) =ik A
1.3 HURALIE

iz Excel 2013 A 743 BE | Ty 2250 FITAH
KetkrMr; R SPSS REAS[AIACFE S 1F T s 24 PR it
R 2 5 T8 T M R GraphPad

Prism 9 %>

2 HR59H
21 REBNERABIEARERIZFEENHMIL
M 1-A T LVE Y, Z R R 1 1k
RORFAE:, BRARRBHD T2k 83.54%, W& TH
iy 3 FhEFFEILAIINHIR(P<0.05), RFAMALLI5S
FRH 1 TR SRR, 450 (B 1-B)yRM, KEER:
FRFEI AL, 2 IR T 2 T 4T o 350 i T
=, TES 6 KRiBFmm{E90%). M 1-C Al LIE
W, R R R A REE R S EE A G, TE
15~30 °C, BB RITHE, KBRS 2 W B
RBWTIE s A8 30 CHE, BREFREHNH R,
ik 94.21%; >30~35°C, BEEIRENHE—LTHE,
P TRV A BRI ) SR B A . EAh, R
TR T R I BE 1 32 90 kh pH MIsgmie R, 7€
T FLRE 22 E R BIFE I (pH 3 ~ 7Y, A IR A 1%
R B AT B 5 s 7E pH (E R 5 B, BEEIR N
TR IB IR (95.1%)
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Fig.1 Tyrosinase inhibition rate of G.lucidum fermentation broth under different medium formula, fermentation time, fermentation

temperature and initial pH
22 RELEHKBHES SN LEIEPE R AT I RE SN2, K BLR 2 =i RhSAT 30
kM LC-ESI-Q-TOF dE§0a)f Qi £H F Jy kit FIGR 3), REZERFEA 26 FGR 4), BHEA
R R0 gy 12T BRI A, SRR
R, LEEE 212 R DIRETEREAOTE P . WX
R3 REZELBRPLEER 30 M=HEAEARM R

Table 3 Basic properties of 30 triterpenes identified in G. lucidum fermentation broth

Bifi Lt { BB /min - B PR s il T

537.285 5.61 1k Ganoderenic acid A M+Na C30H4,04
495.275 5.04 il Ganoderenic acid B M-H,O-H C30H4,04
511.270 5.06 il Ganoderenic acid D M-H, M+FA-H, M-H,0-H C30H4007
509.254 4.92 il Ganoderenic acid E M-H,0-H Ci0H400s
561.307 5.12 il Ganoderic acid A M+FA-H C30H4404
483.309 12.55 1E Ganoderic acid beta M+H-H,O C30H4404
501.320 4.92 1k Ganoderic acid C2 M-+H-H,0O C30H4607
451.321 7.19 ik Ganoderic acid DM M+H-H,0, M+Na C30H4404
499.305 4.94 1E Ganoderic acid epsilon M+H-H,0 C30H4404
569.276 4.83 i Ganoderic acid F M-H CiHypOg
515.300 4.89 1E Ganoderic acid G M+H-H,0O C30H4405
571.291 4.84 il Ganoderic acid H M-H, M+FA-H C3,H4400
513.284 4.72 il Ganoderic acid T M-H,O0-H C30H4405
515.299 4.76 il Ganoderic acid L M-H,O0-H C30Hy4605
495.347 7.31 1E Ganoderic acid Mf M+H-H,O C3,Hy505
603.389 9.68 1k Ganoderic acid Mg M+H C35H5405
501.391 11.14 1E Ganoderiol C M+H-H,0 C3,Hs405
491.374 5.02 1k Ganoderiol H M+H-H,0, M+H C30Hs00s
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= 3(5)
s L PREAN ] /min - B TR wtit y1)13%7] 43 F
431.292 8.89 1k Ganodosterone M+Na CysH400,
485.326 5.79 1E Ganolucidic acid B M+H-H,0 C30H4606
467.316 6.08 1E Ganolucidic acid E M+H-H,0 C;30H4405
473.258 4.92 il Lucidenic acid B M-H,0-H, M-H CyH3s0,
453.227 5.12 1E Lucidenic acid D1 M+H-H,0 C,7H3,0;
559.256 441 il Lucidenic acid D2 M+FA-H Cy9H3505
497.252 4.64 il Lucidenic acid E2 M-H,0-H, M-H Cp9Hy9O5
475.272 4.93 il Lucidenic acid G M-H C,7H4004
471.240 4.84 il Lucidenic acid J M-H,0-H CyH3g04
453.227 3.33 il Lucidenic acid K M-H,0-H CyH3607
443,281 5.81 i Lucidenic acid M M-H,0-H, M-H CyH4204
443279 7.12 1E Lucidenic acid N M+H-H,0 Cy7H4906
F4 REABRPEELMNZREAOEARMR
Table 4 Basic properties of polysaccharides identified in G. lucidum fermentation broth
Bt OREIE/min - BRI ity T I3
291.087 4.062 33 7 (E)-1-O—Cinnamoyl-beta—D—glucose M-H,0-H, M-H CssHssO7
412.180 6.691 15 na 1-(3—Methyl-2—-butenoyl)-6—apiosylglucose M-+NH,4 Cs6H260s5
377.144 4.183 23 il 1-(3-Methylbutanoyl)-6-apiosylglucose M-H,0-H Cs6H,50s5
309.166 0.534 98 = 1-[(5—Amino—5—carboxypentyl)amino]-1—deoxyfructose M+H Cs,HpsN,O4
845.110 8.445 67 N 1-O—Caffeoyl—(b—D—glucose 6—O-sulfate) 2M-+H Cs5sHs305,S
441.139 4.069 97 1 1-O—E-Cinnamoyl—(6—arabinosylglucose) M-H C10H16055
429.046 1.345 10 na 1-O—p—Coumaroyl—(b—D—glucose 6—O—sulfate) M+Na CssHs3055S
371.098 3.794 90 7 2,3,4,5,6-Penta—O-acetyl-D—glucose M-H,O-H Cs6H»,055
327.128 4.73773 na 2-0O-a-L-Fucopyranosyl-galactose M+H Cs,H,,05
357.168 3.524 25 na 2-0O-Methyl-L-fucose M+NH,, 2M+H C;Hs405
325.076 0.576 88 il 3—O-alpha—D-Glucopyranuronosyl-D—xylose M-H CssHsgOss
321.082 1.432 43 1 4-0O-beta—D—Glucopyranuronosyl-L—fucose M-H,O0-H Cs5,H,00s5
457.172 343615 na 6—Feruloylglucose M-+H-H,0O C,sH300s5,
2,3,4-trihydroxy—-3—methylbutylglycoside
459.169 3.637 82 nx a—L—Fucopyranosyl—(1—>2)-b—D-galactopyranosyl— M+H Cs7H300s4
(1->2)-D—xylose
506.295 3.824 77 1F alpha—Ionol O—[arabinosyl—(1—>6)—glucoside] M-+NH,4 C,4H400s0
517.178 2.146 40 il alpha-L-Rhamnopyranosyl—-(1->3)-alpha-D M+FA-H CssH3,0s4
—galactopyranosyl—(1—>3)-L—fucose
504.194 0.579 02 na beta—D—Galactopyranosyl—(1—>4)-2—amino—2—-deoxy M+H-H,0, M+H CsgH33NOss
—beta—D—glucopyranosyl—(1—>6)-D-mannose
248.114 0.626 50 na D-1-[(3—Carboxypropyl)amino]-1-deoxyfructose M+H-H,0, M+H Cs5oHsoNO;
179.055 0.631 15 1 D-Glucose M-H,0-H, M-H CsHs,04
131.035 2.237 85 7 D—Xylose M-H,0-H CsHs005
357.103 0.615 92 il Galactose—beta—1,4—xylose M+FA-H CssH,005
259.021 0.593 05 11 Mannose 6—phosphate M-H,0-H, M-H C¢Hs;00P
510.182 3.978 37 il 0O—6—deoxy—a—L—galactopyranosyl—(1—>2)-O—-b-D M-H,O0-H C,0H35NOs;5
—galactopyranosyl—(1—>3)-2—(acetylamino)-2—deoxy
—D-Galactose
729.258 3.498 25 il O-b-D-Gal—(1->3)-O-[0O-b-D-Gal—-(1—>4)-2 M-H,0-H CosHysN,005
—(acetylamino)—2—deoxy—b—D-Glc—(1—>6)]-2
—(acetylamino)-2—deoxy— D-Galactose
259.021 0.593 05 il Mannose 6—phosphate M-H,0-H, M-H CsHs5;00P
683.225 0.631 15 1 Maltose M+FA-H, 2M-H, M-H  Cs,H»,0s5
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2.3 RZZNE ZHESE5RZ LRI REREH]
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Fig.2 Correlation analysis between G. lucidum triterpene and
polysaccharide content and tyrosinase inhibition rate in

fermentation broth
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