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Abstract: Ergothioneine (EGT) is a natural antioxidant abundant in edible fungi. However, the low yield and extraction efficiency from
natural sources of EGT limit its large-scale production. To improve the synthesis and extraction efficiency of EGT from Pleurotus citrinopileatus
mycelium, a combination of single-factor tests and orthogonal experiments was employed in this study, using EGT biosynthesis yield as the
index, the effects of culture environment and medium components on the fermentation process were systematically investigated. Meanwhile,
key parameters of the extraction process such as solid-liquid ratio, extraction temperature, and extraction time were optimized with EGT
extraction yield as the index. The results showed that the highest EGT yield of 16.89 mg g™ dw was achived when Pleurotus citrinopileatus
mycelium was cultured under the conditions of temperature 27 °C, rotation speed 210 r min™, liquid volume 100 mL/250 mL, initial pH value of
8.5, and the medium containing 2% mannitol, 0.3% casein peptone, 0.1% KH,PO,, 0.03% VB,and 3 mmol L phenylalanine. Based on basic
medium, under the conditions of solid-liquid ratio 1:30 (g:mL), extraction time 1.5 h, extraction temperature 60 °C, and ethanol concentration
609, the EGT extraction yield reached 1.64 mg g™ dw, and the solid-liquid ratio was identified as the most critical factor affecting extraction
efficiency. Furthermore, this study first discovered that VB, and KH,PO, exert potential regulatory value on EGT biosynthesis. In conclusion, a
highly efficient and synergistic fermentation and extraction process was established with stable and reliable parameters, which can provide a
reference basis for the efficient preparation of EGT from Pleurotus citrinopileatus mycelium.
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13 RIFE

1.3.1 FRAEAT 69 20

VPRI A 25 245 TR A FH B AP DT 0.5~1 om BEMRHITREFR IR, oW EF 2 PDA [l iktd, BT
25 CIERESFA IR R ik, BUERELZA. 7 E. W2 AT 4 PDA SFARVEN G 28R 501 K
B
132 ArFikay4l 4

FHEAZ 5 mm $TFLESTH PDA [ {358 RO 228, Rl 10 BREFLZRE 100 mL Fir ks sistt (48
WABEEEE) , BT 28°C. 180 r mintERIEALIFE 3d,
133 RIRK IR

VA RE T IR B R T 5% R (VIV) B:FhF 200 mL PDB KA 33k, BT 28 °C. 180 r min™
TEIRPEIRIE S KRR 14 d.
1.34 % AFE IR
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o VAR TG TV 22 PR T N 80% Z VA, SR it LT 20 000 rmin™ 251 R 1 min, & FIE A 40
BREAC T 200 W 251 R B 20 min, 10 000 rmin™ R &5 10 min, BUEISZ 0.22 um JEfEITIES, BT 4 °C
RfE#
1.35 X AHEASE 6N BATE X025

SRS, IS . EGT Rk S miimcs]: #4 1 mg 2 MBREARAER T 1 mL 258 K%
fift, WU EIREN 1 g/l MARHER GRS, T-20 CORAER . AR A TIRECH]: s A 4
SN 5006 FEE 43 SITC B S Sk 04 5. 25, 50, 100 A1 200 mg L™ I A RREIARUE VAT, 22 0.22 pm JEE
IS, T 4 CRAFE, k. bl SRRNRRRER A MR (i (HPLC) YEIIE; LA MR IR AR 1)
JREKRIE (mg L Akhr, DUETIR (LAU-s) NADR, LflZmbibrEmhsk, T Ensr, 15
MR 77 A y=35 670x+6 762.7, FHISZ% R*=0.999 6, iHiZTFELE 0~200 mg L™ Vi N4 oe R R IF, 1]
FA TR 22 F R R FE B v

K&t ik:: Shimadzu AQ-C18 (250 mm>4.60 mm, 5pum) , AHiR: 30 'C; izhMH: /K HE#=90:10
(VN , ¥k ImLmin®, KK 254nm, #EREE: 20 uL.
1.3.6 A3 E £~ A AR KX B T A4k
1.36.1 FEFEMIERERIAR

TESERN R B TR IR AEAT b, 4% FIR 1.3.3 TR VA IRt v 4 B 2244, SR FH B DR 3R iR B e 77 VE 7l B 5k
WSRO FIFR R (23, 25, 27. 29, 31 °C) . FEFREEHE (150, 170. 190. 210. 230 rmin™) . ik
(250 mL HLIEHED (60, 80. 100, 120. 140 mL) 5 pH{H (6. 7. 8. 9. 100 4 NAZXT EGT F=& 50,
FHRIELE 3 K.
1.36.2 REFREEM SRR

TERERN R AR TR IR AEA b, 4% FIR 1.3.3 I VA Fo b i s B 2244, SR BN 2R iR B0 e 7 V223 ) 26 584N
[FEfRIE CRERE . PIVEVEVER Hh. 22200 . SRPE. 222008, T ERbEmE . OIS . (LAUHERE . SRS &iEA0.
IR CGEAMR. MERRE. MO0, TOKRE T, BEOE. BEDK. KR, R TPl (MgSO4.
NaCl. KH,PO,. MgCl,. CaCO3). #4E/EZ (VB;. VB, VBs. VB;. VBp. VC) MEEE (KRAZR (Asp).
R (Leu). 2% (Ser). IEME (Pro). ¥R (Arg). BIEEE (Hyp). KR (Phe). HEMR (Gly).
AR (Cys)) 5 ANKEENT EGT &I, 4R ES 3K,
1.3.6.3 REFREEA IR B B R e

BT R FREFARALEL T, WE RPN BR R R . FERAFR R EIHIE (0.5%. 1.0%.
1.5%. 2.0%. 2.5%). %&JE (0.1%. 0.2%. 0.3%. 0.4%. 0.5%). THLE: (0.05%. 0.1%. 0.15%. 0.2%. 0.25%).
Y% (0.01%. 0.02%. 0.03%. 0.04%. 0.05%) MAFEAIKEIZIER (1. 2. 3. 4. 5 mmol L™ X EGT
PRI, IR ES 3 K.
1364 RETZIEZRIGHIT

HRYE AR 2RISR, SRBUR L7 EGT M4 KB KINTAFEE, Wit L@ K FIESR
R, Mkt RIEE&HAE, BFHREHES 3 K. RIEE R KL 1

1 Lo (@) BUKFIEARIEE FKER
Table 1 L;¢(4%) orthogonal experimental design with dummy levels

S
KF — .
AHEBEEEY% BEAEGM% CPhe((mmolLY) DKHPO/% EVBJ/%
1 15 01 3 01 0.01
2 2 0.2 4 0.15 0.02
3 25 03 5 0.2 0.03
4 15 01 3 01 0.01

E KR A HERENAT LR EL,
137 MEFRALELARRIRR LMK
1371 T ZHRRARRE
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TESR R PR IR RN A b, 4% R 1.3.3 AT VAR I ik bR 224, SR B R 2RI 00HIE /7170 T 6 A
] LEEAARFA 5 (0. 20%. 40%. 60%. 80%-. 100%) - #EHUAS(A] (0.5, 1. 15, 2. 25. 3h) . kRt (1:10.
1:15. 1:20. 1:25. 1:30. 1:35g:mL). $EBUESE (50, 60. 70. 80. 90. 100 C). AN A (5. 10, 15, 20. 25.
30min) X pHE (4. 5. 6. 7+ 8. 9) 6 NHEZEXIMIEEEH RN EGT R IR, RAHRIES 3K,
1.37.2 R TZIERZRR BT

FE B TR 2R O SERE_ e 4 AN S T 427K EGT 4RBUUIIE K IIEK, #it LoBhIER R, SRR+
T228. WBREER KL 2:

#* 2 B3R L (3) BFAFER
Table 2 Orthogonal experimental Lo(3°) factor level table

%
A#RRI/(@mL) BiRIREFE/h  CRIUEE/IC D TEHRRY 4%
1 1:20 05 50 60
2 1:25 1 60 70
3 1:30 15 70 80

14 #HAEZIT 5 AT

B SRR I EHRMEZ (mean2SD) For. 0 Z R ZE T Z 58 (one-way ANOVA) 454
wMNREZESR (LSD) t RS T oY, o P<0.05 ARA G5 o
2

ZERE D

2.1 FFEIRE EGT A& RW &

a - EVE/( g dw) b - LIRS (gdw)
08 EGT 45/ (mgeg™! dw) 1.5 207 % EGTH &/ (mgg™ dw) ~1.1
3 T [ HE
- i - - i - 1.0
"o 06 & Tuls &
Z S roo B
— 0.4+ —~ < 1.0+ —~
— _m - 0.8 09
L _ res g i e
4o 0.2 z &z 0.5 L or 3
= & :
&) &
= 0.0 T T T T T 0.0 = 0.0 T T T T T 0.6
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RiFrilE (°C) 3/ Grmin")
¢ - R (gdw) d - LS (gdw)
- 87 = EGT &4/ {mg-g'] dw) - 1.1 64 =+ EGT&E/ fmg-g'] dw ) - 0.45
£ i
= 6 =10 T Z _ HE
; S
£ & T 44 L 00 &
¥ 09 £ i
— 44 — ] L]
— -o0.8 ™ 4o -
itz e = 24 . - 0.35 g—
41 2 P ) T =
bl 0.7 g
]
=0 T T T T T 0.6 0 T T T T T 0.30
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B 1 EFMERS AN REE LSRR EARES 2050
Fig.1 Effect of culture environment on mycelium biomass and ergothioneine content of Pleurotus Citrinopileatus in liquid fermentation
Er oa~d R ARIERE. ik, KRE. pHAARAKX MM R E A LA M ER EGT 2243 h.
& 1A, AFEEIRAAAE TR A 22 EGT B rE R R . Hi, FRRENHLERKS EGT A
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USSR B TNEINER], 27 CINEEL/EYE S EGT S B RIR . X5 Lin S8R M 1513 2 K s 57 i
WEREN 25 CLERISH 25, THt SEMRE BRI H ARG %, (EZIREIE 25~27 Clal, PiBZIESE
TR asE s 2B K EGT G, SEprAEr= DR i s HITE N . EGT A -5 5 b Rk i
MI3E, BRI IR AR RGN A R T EGT B RN, $RAHEE 170 rmin™ T4 YEfum{E EGT A EEUD,
14 0.46 mg g™ dw; 1 210 r min™ I EGT AR E&HAN, 14 1.50mg g dw, HELAEYEFRPK7. ik
5100 mL/250 mL B}, B2z EE S EGT M REIRIE M. Bboh, BT EGT WA R E A AH B 5
i& pH AR, HoA o AR pH B e R A7 2 S0, 146 pH A8y 8 I EGT A B &, 521 mg g™ dw,
(BRI pHEA 9 AR T H LA KAH EGT A/ R, A 243 mgg™ dw. MAMIEKE BT,
B 22 K S IRARE I AR EAR S 2 P St 2B K 5 EGT SR BIMRMAL, -5 EGT %k
PERR, AL pH {H 8~9 YRRV LN pH {H 8.5 1EAIGELR I T 2MALMSEEE . 45 1, Mirsias i 22 iAo I
AR Ny FEFRRAE 27 *C. #5210 r min™. 3EE 100 mL/250 mL. )44 pH 14 8.5.

22 R anxt EGT & R
221 ¥HAAsHER LRGSR

a ., b - 3 T A a et
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iy 0 0 - e
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= Bl h
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Fig.2 Effects of different medium components on mycelium biomass and ergothioneine content of Pleurotus Citrinopileatus in liquid fermentation

E oa-e o FAREARR. BB, AL, A FE. RARMESREL BT A LEMER EGT 4268,

1T 2 AT, ANFIBRIER T 22 2P0 EGT S iU i . O H B EsmT, 222E)E (094gdw) 5
EGT &ft (1459 mg g™ dw) HRFEEERIK . 15 Chen Z5PA7E s R 2 R IR 72 b R B H R B IEAE e — e
TN 2 K X EGT B R KA hFIfE PSS — 8 S b, B AR (IRl 3542 EGT AR, 14 11.26 mg g dw.
R ABRENESANEIR, &aARR. AR EGT M E LR LA KN T, BEN EGT & et BT
AR, NAefd EGT AmMOCHNE (1 EgB. EQID) IIFRIE, MR EHRTH EGT &8P, THLEfiE+, CaCO;
AR 224, 26 EGT & Ry AR & i . IX AT REH T CaCO, fE M #h AT 4EFF R B 2 pH g, AL
AERARMGE BB, (HHE Ca® Al BB 545 R 1 S A EGT SOCHMES T, SEERICHHIL G (RE
2K ARR A PR R P, 5, MgSO, Ml KH,PO, FTHER EGT BB . X —BLRATAEIR T~ KH,PO, 1E At
VEANGEPF IRy B M@ V2 G (KA BIER 1, ATl e AR, ATt K2, i Zimikd, VB,
Xt EGT AR Z st/ A G2 v T R S HoAth 42 R4, EGT S84 13.73 mg g™ dw. VB, 1 8 Mgl 1 Ay
, Z58EIE RN, PIE AN AL RS AR EGT MR . ATAZIERRIA N CnZHzmie. ~Fit
TR EARS) WL EGT AREA B m, 2T Fon @ SERRIFE, Phe 55 Cys 4f EGT KA R[FAIRE
FATEEREHEER, EGT &84>515 842 mg g™ dw #16.65 mg g™ dw, H Phe BH|THL4K (1.94 gdw). %
b, RS ERERE. BREER. KHPO, VB, Ml Phe {0 R RS IR HE (1 3 2800«
222 BIKRMS AT E F R R
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Fig.3 Effects of different medium additions concentrations on mycelium biomass and ergothioneine content of Pleurotus Citrinopileatus in liquid
fermentation

E: a-e A HFEAERE. BAERAM. KHPO, VB, Phe REIAInExT R AL BN FIEH LA M SR EGT &2 4I% .

PR T A KPR T R IR, RIS 512 CIN BRA, SRR S P,
MR RERY] (& 3), FEFRET MG m 2K S EGT R R 2 IMAL KR FEROBUSS . Hr, TR
FEREA 2% EGT AR i, 1A 7.32mg g™ dw, RHERMBRIEHEA AL, 1m0 EGT &k B RN 0.2%
it} EGT =Bk 9.21 mg g™ dw, M ZIR T CIN ERHIK, FRBIRISEIMEE LA K, EGT A REEY)
S5 SN SZ R o A1, KHoPO, g 0.15%0 1] it e 1 22 A Rl e SR IR 4ERE I N TG B B T, A2 5
51 A A U2, B w5 SR E I RGP s VB, Hl Phe 1By EGT & RS F7 N7 K Y45 A
T, FLIR P R T R IR EGT &% 4 b, M RR S R E GRS (29 H BREEE. 0.2%
W A 0.15% KHPO, + 0.02% VB, 2 3 mmol L™ Phe) 1 G S IEAS RIS Wit (2L #E KT
223 RELZLEREERE T Z5H7

FTHRRRIGE R, KK ESRE RS HEEE T 5 MR Z0 EGT & 5. h3 3 5 4 7 I,
AR EGT S8 % R . AR NS TR 7080y 2% H 5B | 0.3%M% 22 F PR, 0.1% KH,PO,. 0.03%
VB, % Phe ¥ 3mmol L™ i (45 11 40D, EGT Sk 3 fra ikie 4 b ik mi{ (16.89 mg g™ dw). W HIEFRE
HoporHr kI, &R CIN HE. 78 R RIBEIR A AT IAHE R EGT sl RIE E56F. DASE 10 20 5% 15 41,
JEE IR R R H EGT &8Nk 1.34 mg g™ dw, $UR CIN ELRETATRES | AR e4r, MM PRI EGT & k. Itk
A, WTHCER 11 41555 6 AR, 5 6 4l Phe Al KHPO, JERAER E 42  EGT =&, RN
SRS Ak T ReiEd S s e R R A, EGT SHZIR. BRARIZEREY], EGT MG HAT e
SRR NEHE JFPAT B A EGT & AT RI % VIR O, & FRAEEs AN i BT EE SR AN 34 AT S B AR
PEE R IREY, T Rt b R (R ), TERRCERIREEEE N, SN EGT A& Mfmis A
RE G B EEIKE (P>0.05), HEMKERSAGL Y VB, (E, F=2.197). KH,PO, (D, F=1.648) KH&iEH
i (B, F=1.435) [ F {EAXE R, X =/MHEX EGT &I REAIEMEE i EN, JMERNHI ARG

3 EARELEBT ZERRABRER
Table 3 Results of orthogonal test on fermentation process of ergothioneine

AR A HEHERE% B BAEAM/% CPhe/(mmolL?l) DKHPO/% EVB/% EGT 4-%/(mgg*dw)
1 15 0.1 4 02 0.03 3.3340.17%
2 25 0.1 4 0.1 0.01 11.99+2.03°
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3 15 0.2 3 0.2 0.01 3.6740.48%
4 2 0.1 5 01 0.01 8.1940.31°
5 15 03 4 01 0.02 3.0740.14°
6 15 0.1 5 0.15 0.03 1.9040.19%
7 25 03 5 02 0.01 6.3440.25%
8 15 03 3 015 0.01 7.9240.30°
9 15 0.2 5 01 0.02 3.1240.00°
10 2 02 4 015 0.01 6.2940.35%
1 2 03 3 0.1 0.03 16.89:+.42°
12 2 0.1 3 02 0.02 25140.18°
13 15 0.1 3 01 0.01 7.7440.02°
14 25 0.1 3 0.15 0.02 4504052
15 25 02 3 0.1 0.03 1.3420.09'
16 15 0.1 3 01 0.01 13.28:40.29°

E: R AERRRN N EFERTAFLEZR (P<0.05).
< 4 EOREIRGTE
Table 4 Between-subjects effect test

R M£F7f  AwE ¥ F BEm

& EARA 191.085% 10 19.109 1.253 0.425

ARIE 251.578 1 251.578 16.492 0.010

A 17.755 2 8.877 0.582 0.593

B 43.779 2 21.890 1.435 0.322

C 12.260 2 6.130 402 0.689

D 50.265 2 25.132 1.648 0.282

E 67.027 2 33,513 2197 0.207

#E 76.274 5 15.255

Bt 898.006 16
BEEEF 267359 15

a. R=0.715 (R%yq=0.144)

B o] N 7k

20~ B EGTHH/ (mgg' dw) AR (gdw) 20
= .
y 15 s HF
; - N = 1.5
b0 N £
g ] N T B i
B X X N R -
~ 107 . N & N N R -1.0
2 1<HN K N K \ X N N %

X X R N P B3 N m 3 3§
I N N N NN Bs Nme BN N B N HE -y
4o S5+ N ER 3 N R N BN N E i N B 3 N B [os £
= N BN BN 3 N BN NH BN NE. BN NE
o  TBN BN BN BN PN = BN BN BN Bg BN BN BR BN _N BRI
2 o-LEN BN BN SN BN BN BB BN BB BN BN BN BN eN ENI ),

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1E32 356 S 56 W

4 TEEBIZMnREELEYENERARE S EMNFI
Fig.4 Effects of different fermentation process on mycelium biomass and ergothioneine content in Pleurotus Citrinopileatus
23 I EGT #2EUE oy %7

231 RIREAGEFE F XL
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WELEER . $RHURTRLE 0.5~3 h YT EGT I$EHEZ A K (P>0.05). $EHGEEE N 60 CH, EGT
PR (0.88 mg g™t dw) EEE T HABIEE (P<0.05), HIRE#T 60 CH, EGT REUE T N (P<0.05).
PEHOA AT 0AE 0~80%3EH N, EGT $REENE LEE AR B i mmdem, HAE 80%k EGT $RELSRIAS &
KAE (107 mg g™ dw), T2l Z8E EGT REUE AR, 1N 0.68 mg g™ dw, Hmml gt LBk Y 2 S50 AR
VSRR, TR EGT 2R = i hE U T 7E 5~30 min YR, X EGT f2liE LR E %R
(P>0.05) . 1Mk pH 24T (pH{E 6~7) EGT $2HUSCRENF, S/ (pH 1 4~5) sudmitt (pH {H 8~9) ¥
B PR EGT $REUE T4, THOM P KBRaE 152 BRI ORI T 2 W Feh R DR EL . B, $REGAT X
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a b c
10 . 100 090
z = z
- = =
T 09 - =085
w0 50 i a 50
& &t (.98 3 &
Eos E a -8  3a Eom
@ = £
&z 0. 4 &0 075
e o= 0.96 o
] © )
= 0.6 T T T T T T = T T T T T T = 0.70 T T T T T T
1100 115 1:20 1:25 1:30 1:35 05 1.0 15 20 25 30 S0 60 70 80 90 100
Rt (gmL) $EIUE )/ (h) RERAE/ (T
d e f
12 10 10
z z =
- = = a
- - 09 - 09
10 o . . s a 3 a
=] 24 a a z4a
e = 3° =
E Eous 1 * a Eos @ b
- - ) - b b
o 0.8 L] ]
e 47 07 o 07
= = =
G g g
= 0.6 T T T L) T T = 0.6 T T T T T T =06 T T T L T T
0 20 40 60 S0 100 5 10 15 20 25 30 4 5 6 7 8 9
LB H (%) AEFATEE/ (min) fRHpH A

& 5 TRERENZMEXRS L BN R s E 22 & F R AR L E RS20
Fig.5 Effects of different extraction conditions on ergothioneine content in Pleurotus Citrinopileatus mycelium in liquid fermentation
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Table 5 Results of orthogonal test on extraction process of ergothioneine

%
FIIA - N i N
A Hrk/(g:mL) B BFiE/h C RICBEIC D ZEEARFRLEI% EGT 4&/(mg g™ dw)
1 1:20 05 50 60 0.5440.03
2 1:20 1 60 70 0.7930.05
3 1:20 15 70 80 0.8110.02
4 1:25 05 60 80 1.0840.13
5 1:25 1 70 60 15140.07
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6 1:25 15 50 70 1.084.25
7 1:30 05 70 70 1.04:46.29
8 1:30 1 50 80 1.09:46.09
9 1:30 15 60 60 1.64:46.08
K1 2.14 2.66 271 3.69
K2 3.67 3.39 351 291
K3 377 353 3.36 2.98
#Z (R) 163 0.87 0.8 0.78
EARAE A>B>C>D
AR A3B;C,D;
3 it

AW TR ARG FRINR S F2 A2 oy, R S DR 3N A IR0 R Gu A 1 i o 0 B 22 AR K ™= 52 R i
IR T E. GREV, WMtisE LMl KRB EGT M- B NIRE 27 °C. #5K 210 rmin™. 2K
& 100 mL/250 mL. #J46 pH 18 8.5; F {57754 B i 5 53 20 2% H #E A | 0.3% 1% £ 1 i 0.1% KH,PO,. 0.03%
VB, J Phe #5493 mmol L™, fESEARILALAE TR, EGT p B nlik 16.89 mg g™ dw. [N, 1EAIRE T Z 0
BIR, VB KHPO, MER R AR F R, 25N 2,197, 1.648 K 1.435, PHHIZ=/REX EGT &L A—
SESME R, BARNLEIE Rrdt— PRI jeAh, LIRSS FREE IR A A B i o 22 AR S5Ok, A IEffE T EGT
B T 2R EE 1:30 (g:mL) « $2EUTE] 1.5 hy REUESE 60 'C. ZEAAF %1 60%, fEML%/F R, EGT
PREUETL 1.64 mg g™ dw, AR LR BANSR BUSCR (B SR 2 . R I T S R IR i 22 Ak v,
JaBAN T DI R R 5 = EGT S R 4 EME, LA5Es EGT mishl& M L2k R, &b, &
WAL T — 8 S Rl IR B 4 e 224 EGT K SHIT 2, HEIRKIL VB, 5 KHPO, X EGT Al
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