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Abstract: To obtain high yield of selenium enriched Hericium erinaceus mycelium,a selenium tolerant variety from H2, H99
and NK was selected by the plate method via the Na,SeO; concentration gradient experiment. Then the medium components
including carbon source ,nitrogen source , inorganic salt and vitamin were optimized with orthogonal test based on single factor
test, followed by the proportion of nutrient elements determined via uniform design. And the Na,SeO, concentration in deep
fermentation medium was determined based on dry weight of mycelium, content of total selenium and organic selenium. The
results showed that:among the three H. erinaceus strains, H2 was the most selenium tolerant, and the mycelium cultured in
plate medium containing Na,SeO, 6 pg/mL was suitable for the subsequent research. The optimized liquid medium composi-
tion was as follows:5.8% soluble starch,5.8% soybean powder,0.04% CaCl,,0.024% ,VB, + VB, + VB ,and the theoret-
ical value of mycelium dry weight could reach 2.37 g/100 mL. The mycelial growth in liquid medium containing 12 pg/mL
Na, SeO, was not inhibited and content of organic selenium was the highest of 136. 8 mg/kg. This study laid a foundation for
the development and utilization of selenium enriched H. erinaceus.
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Table 1

Factors and levels of orthogonal test

K12 Factor

iJZVE A RIE B: AR C:Thl#h D: 4% B
Carbon source Nitrogen source Inorganic salt Vitamin B
1 Hi%iH% Glucose TEHEE Yeast extract CaCl, VB, + VB
2 B Sucrose HHJIE Peptone FeSO, VB, + VB
3 N EPEVERT Soluble starch  # &K Soybean powder MgSO, VB, + VB, + VB,
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Table 2 Factors and levels of uniform design test
K% Level 1 2 3 4 5 6 7

X, : AT PETEH Soluble starch( % ) 3.4 3.8 4.2 4.6 5.0 5.4 5.8

X, : # G Soybean powder( % ) 3.4 3.8 4.2 4.6 5.0 5.4 5.8
X;:CaCl, (% ) 0.02 0.03 0.04 0.05 0.06 0.07 0.08
X, : VB + VB, + VB (%) 0.012 0.014 0.016 0.018 0.020 0.022 0.024
1.3.6.2 N5 B4 B0 IF /g 2% 2% 5 (least significant difference, LSD) 15,
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Fig. 1  Effects of selenium concentration on the growth of H. erinaceus H2
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Fig. 2 Effects of selenium concentration on the growth of H. erinaceus H99
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Fig. 3 Effects of selenium concentration on the growth of H. erinaceus NK
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Fig. 4 The growth curve of H. erinaceus
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Fig. 5 Effects of carbon sources on the

dry mycelial weight of H. erinaceus
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Fig. 6 Effects of nitrogen sources on the dry

mycelial weight of H. erinaceus
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Fig. 7 Effects of inorganic salts on the dry

mycelial weight of H. erinaceus
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Fig. 8 Effects of vitamin B on the dry mycelial
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2.3.2 ERGKIBLAR

x3 EXHEER
Table 3  Results of orthogonal test

e K Z Factor B2 T E
Tes; No Dry weight of
h ’ A B C D mycelium (g/100 mL)
1 1 1 1 1 1.37 = 0.02
2 1 2 2 2 0.69 + 0.06
3 1 3 3 3 1.20 = 0.12
4 2 1 2 3 0.75 = 0.06
5 2 2 3 1 0.48 + 0.02
6 2 3 1 2 1.32 £ 0.04
7 3 1 3 2 1.05 = 0.06
8 3 2 1 3 1.94 + 0.08
9 3 3 2 1 0.69 = 0.02
K1 3.26 3.17 4.63 2.54
K2 2.54 3.10 2.12 3.06
K3 3.68 3.21 2.73 3.89
R 1.14 0.11 2.51 1.35
o
A E C>D>A>B

Primary and secondary factors

e Z1F Optimal condition

A3B;C, Dy
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MR IESSRA IR 458 (K 3) , X ISR 44 R
T 22000, B RNk 4 s IR IR R fH,
A LAY b DR 2R T 22 R A R S, 23 ) A
CIoHLEh > D 44 B > A BRI > B R il i
S KAE, A3 B e AR IR LRI CALER | 4k A2 3R i)
O ALEPETE RS, B R, CaCly, VB, + VB, + VB,
ARAE F AR, PUAS PR 20 T 22 1 3 Y 52 R 2 B DU A
C JCHLER > D 43 B > A BRI > B R, SR 5

R(EH 7 A0 25 S — B 4 DU AN IR R AT S v Ay
M AR JRRIR TC LR Je di AR R B X &5 A B
i, RN A B, B 3 R RUUR, ARE Tl fk
e PR AR DL R R 75 5 A (R LR, e 8 A S A
LA R 2L AR, 5 1IE R 25 R — 3,
U, SR b 7% e 240 1k TV PR VE B L B SR L CaCl, |
VB, + VB, + VB,

x4 EXRWHENN
Table 4 ANOVA of orthogonal test

25 IR RS Rl

Source of Sum of squares A Tﬁ e i B
difference of deviations y Mean square F value Significance

A %R Carbon source 0.67 2 0.33 89.62

B: & A Nitrogen source 0. 006 2 0.003 0.85

C . JeHLEL Inorganic salt 3.43 2 1.71 459.19

D.4iA4=3% B Vitamin B 0.93 2 0.47 124.88

%% Error 0.07 18 0.004

JBUFT Total 5.10 26

F:*P <0.05;**P < 0.01,

2.3.3 ERXBBIELE

¥t 4. 6% TR PETERY 4. 6% T .0, 02%
CaCl, .0.018% VB, + VB, + VB, it % 35 3L, 5256
9 W, WINPT 535 1. 98 ¢/100 mL, 5
IEASE PR LA A B,C, D, (5 8 S35 )
AR, Bz R R R A R E

B AR SR SR AT 5T R 2 RS &R
RIS B e 2 4%, IE IR sl 7 T 32 4 A e
PRBE L™ AR B N I 15 B R 4L B %
JEA A A BAE X R 227 s . oA TSR A
XS P 22 TR 2, AR AR PRI 2R 3k
Uiy 2 i e | T a0 M 0 e B SN £ T S a0
AR AR A 0 A e 5 L R K45 R M
A5, TS PR 2R T s Y Ay 2 AR S O 227 R e, IEAC
TR 5 15 20 A B A iR AT ETE R o
2.4 EFEBRILHMRL
2.4.1 HHExITiKBEER

IStk g g 5 s, Dim4 T
(/100 mL) Ny [N A2 iy, ARTVEPEVE R (X, % )
THH(X,) .CaCl,(X,) VB, + VB, + VB, (X,) Jy {4
i, A SPSS16. 0 B4 3 2y FR s AL, 45 4 an
T EH R

y=—0.098 +0.190X, +0. 191X, +4. 776X, -
59.696X°2 +0.007X,

R=1.000,R* =1.000,F =9.64 x10° > F,,,
(4,3) =28.71,P < 0.01, 34047 ([l 5 7 F2
R E LRI FR o X2 PR3 Y i 1719 28 B0k AT ¢
K (32.6) , T UG 148 PR 38 08 BT 22 44 7 S A7 TE A
BEFW(P < 0.01), FXIF R X, >X, > X, >
X.2> X,

HR A% 815 7 #2 A] LAAS i R 22 AR T S AR I
TWHIP, 55 X X, Xy X BUERDG, 5 X5 i
FASG , UL I 0 B, T 22 T i S LA
e RWRPEMOE L, 5 IOALER R 5 R BOC &R .
3, Y X, LS. 8% (X, HUS.8% X, HL0.04% .
X, W 0. 024% B}, B ] 35 M VE# 5. 8% . ¥ T
5.8% .CaCl,0.04% VB, + VB, + VB, 0. 024% f ,
22Ky R f e, BB H T 3k 2. 37 ¢/100 mL,

2.4.2 HHEHRERERIELER

R P AL 10 35 I BEBC 5 AT S e iU, T A5 A
22K TP I1K 2. 66 ¢/100 mL, 5 BN ELARAT, 10
TSV A H G SR E

B st BA K2 Gl sio b (Beig s sE
Pos 38 HI T35 TR 5L 0o e Fe A A, w1
SR FH B 5B i g A Sk TR A B 5 1 T 7 204 T
T SRR 2P 20 2.1 ¢/100 mL'™ A&
WE5E LRI A Y 55 57 05 Ry FEAS 1 5 B, 2R FH IE 228
B 5 Bt g 0t 35 3R B A IC 7 AT T i — 20
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x5 HARITARER

Table 5 Results of uniform design test

IS
Tjﬂﬁ;ﬁ)er 1 2 3 4 5 6 7
X, s AT FETERS Soluble starch i 2 3 4 5 6 7
X, : B E K} Soybean powder 2 4 6 1 3 5 7
X; : CaCl, 3 6 2 5 1 4 7
X,:VB, + VB, + VB, 6 5 4 3 2 1 7
\]I)njlﬂvfl;l}:l%f mycelium (/100 mL.) 1.52£0.02 1.68 +0.05 1.94+0.06 1.61+0.05 1.82+0.08 2.06+0.03 2.28 +0.07
%6 BEEOARMOBEEER
Table 6  Significance test of partial regression coefficients
] CIEVEEY ' t18 P{H
Model Partial regression coefficient t value P value
H B Constant -0.098 -131.790 0.005
X, 0.190 2.300E3 0.000
X, 0.191 3.273E3 0.000
X5 4.776 338.422 0.002
X,? -59. 696 -386.016 0.002
Xy 0.007 407.423 0.002

b, B R I3 P IR IR R 2 TP E A A B
A, Mol (HELEER B Wi KH,PO, 1 VB, 227
CaCl, F1 VB, + VB, + VB, iX 1] A& 55 B B F1 4% 77 4k
BRI HEA %, W 227 i AR R F1 2. 66 ¢/100
ml, 5 T kAR S e
2.5 mEWRENHE

I [ il 52 0 T 22 A R R LA 5 A

WA T, MR T 550 Al B X TR 22 4R T EE S R
35 TR 22 R v A ML ) 5 D0 A R )
TR e o T LA E & BERT Na,SeO5 (R 30 12
pg/mL,

R WEREMNGLIEELETEMGN@ESENIT

Table 7 Effects of selenium concentration on dry weight and organic selenium content of mycelium

e g

Selenium concentration ( wg/ml)

4 6 8 10 12

WL

.76 £0. .58 £0.13 2.60+0.03 2.72 +0. .65 £0. .71 £0. .79 0.
Dry weight of mycelium (/100 ml.) 2.76 £0.10 2.58 +0.13 2.60+0.03 2.72+0.05 2.65=+0.03 2.71+0.17 2.79+0.12
M T A 5L
B . . 0.38 38.7 62.0 80.7 102.3 122.3 139.1
Total selenium content( mg/kg mycelium)
P =N
AU P it 0.33 38.4 61.6 80.0 101.4 111.4 136.8

Organic selenium content( mg/kg mycelium)

FE T A B I8 rp B A R R 05,1520,
25 wg /mL, 255 K I Y AR A F) 15 we/mL 1
22 K AZF) B E M (1.65 £0. 13 ¢/100 mL) . A
BAE IR oK iR BE BRI A 0.2 14 .6 .8 10,12

peg/mL,

M Tl CR A B B 224 K AL R,
LI T 22 P B0 S 2% 0 DR, TEEA T R 3R
FEOUAC IS AR ST I R 25 A T 22 5 B 52 0 T
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SETEDUAR IS TR TR A S5 3% 55 vh TS I AS ] e B2 (% i, )
A 221 E DA SORI TR B X TR 22 AR KRS, ERAR
A1 5T R IR 3 O 2 P T 22 i A (R AR
SR ZE R I A IR A2 2 o B SR B %o 1R 22
T WAT W, (A 8 AR Sl R 22 Y
BRI KA, BARSE SRn A et — 2P 5e .

T T LU Sk B TR 22 1A b R 5 i R 2
SEA PG, 60 Sk TRDRE B TR WA TC AL 5% 1k A
PUBR I RCEAR o R TSk AR s & 25 AR
B, T A S B 1R AT 0 AR B 3 A AR e 1% o2
3 &g

3 B v H2 AT AR R ) Bo , TR 22 7E Y 6
pg/mL [ Na,SeO, [E{ASE FH AR 55, /] LUE NG
SRR T FH A0 T ol A Sk T TR 23 U e B 3 R 10
AR PETERY 5. 8% (¥ E kY 5. 8% CaCl,0. 04%
VB, + VB, + VB, 0. 024% , £t 35 35 Fevp 5 12
pg/mL (1) Na,SeO, , [# 22 4 K & 4 HLSVAN & & FTA
BURR & B o 26 Lk, TR )2 A A Sk T T 224K
RESAT R R 1 H A BRI S WRE T, BTk
A 7

BT B A P Rk K R R HUR B R R
K AR AL Ay A RARBERA A

S 3k

1 Fernandes AP,Gandin V. Selenium compounds as therapeu-
tic agents in cancer[ J |. Biochim Biophys Acta,2015,1850;
1642-1660.

2  Gao Z,Zhang C,Tian C, et al. Characterization, antioxida-
tion , anti-inflammation and renoprotection effects of selenized
mycelia polysaccharides from Oudemansiella radicata [ ] ].
Carbohydr Polym,2018,181.:1224-1234.

3 Jin X, Xiong C,Huang WL, et al. Optimization of selenium-
enriched conditions of Ganoderma oregonense mycelia and
antioxidant activity of selenium polysaccharide[ J]. Nat Prod
Res Dev( KR 75 591 % ) ,2020,32:1-10.

4 Wang J,Bau T,Gao XX. The molecular systematics research
of Hericium in China[ J]. Edible Fungi China ( # [ & H
) ,2011,30.51-53.

5 Zhang W. Study on the hypoglycemic material from the pow-
der of Hericium erinaceus[ D ]. Nanjing; Nanjing University of
Chinese Medicine ( B &t H1 EE 25 K 2%) ,2012.

6 Pan W. Liu RN, Zhang LJ,et al. Antioxidant activity of Heri-
cium erinaceus fruit body extracts[ J]. Acta Edulis Fungi (&
FHRE ) ,2012,19:95-99.

7 Legrain Y, Touat-Hamiciz Z, Chavatte L. Interplay between

selenium levels, selenoprotein expression, and replicative se-
nescence in WI-38 human fibroblasts [ J]. J Biol Chem,
2014,289:62996-6310.

8 Wong KH, Kanagasabapathy G,Naidu M, et al. Hericium eri-

naceus ( Bull. ; Fr. ) Pers. , a medicinal mushroom, activates
peripheral nerve regeneration[ J]. Chin J Integr Med,2016,
22.758-759.

9 Kim SP,Kang MY, Kim JH, et al. Composition and mecha-

nism of antitumor effects of Herictum erinaceus mushroom ex-
tracts in tumor-bearing mice[ J]. J Agr Food Chem,2011,
59:9861-9869.

10 Kim SP, Moon E,Nam SH, et al. Hericium erinaceus mush-
room extracts protect infected mice against Salmonella typhi-
murium-induced liver damage and mortality by stimulation of
innate immune cells[ J]. ] Agr Food Chem,2012,60;5590-
5596.

11 Wang Q, Xie JJ, Zhang YH, et al. The protective effects of
Hericium tablets on acute alcoholic gastric mucosal injury in
rats and its mechanism[ J]. Chin Tradit Pat Med( 1524 ) ,
2017,39:2454-2461.

12 Liu XP, Jiang N, Xia DD, et al. Liquid fermentation culture
medium and process optimization for Hericium erinaceus[ J].
J Guangdong Agr Sci( ] R Fl) ,2014,41 .79-82.

13 Yang GL,Zhang H, Liang S. The determination of the opti-
mum cultivation time for seed broth during the batch culture
in the fermenter[ C]. Proceedings of the First Symposium on
Veterinary Bioproducts and Veterinary Microbiology of the
Third China Veterinary Drug Congress ( "1 [E & #2424 4=
A=Wl o o e v A e s B R E o R 2R Y
232010 4R ARAFE 2 (5 =i B 2 R e KRB IR) 1
4E) ,2010.

14 Tan YL,Su WY, Wang ZH, et al. Selection and optimization
of liquid culture medium for industrialized Flammulina fili-
Sformis strain[ J]. Food Ferment Sci Technol (& i 5 & R}
$%),2019,55.35-37.

15 Ding XX, Li FW,Shang YL, et al. Preliminary study on liquid
fermentation of Flammulina velutipes| J]. China Brew ( A [E
JiRid ) ,2018,37:124-129.

16 Tang SY,Zhao YP,Wu D, et al. Study on optimal culture me-
dium of submerged fermentation of Phellinus linteus[J]. ]
Zhengjiang Univ Sci Technol ( #7 VLRl £7 %= FE 2% 4k ) , 2018,
30:193-198.

17 Me L, Song CQ, Wu BJ, et al. Optimization of fermentation
medium for liquid spawn of Pleurotus djamor|J]. Food Res
Dev (il 5E 5% ) ,2018,39:169-171.

(T 4% 830 )





