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i RETAMRNAR, BIAE MR EFZRAEY ZER T4 8 F H R 23.05 g/L.
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Optimization of culture conditions for Lentinula edodes based on
Box-Behnken design

WU Chenyin!?2, OU Chengzhang!, YANG Naijia', PAN Nianqgiong', DU Chengxing*!*

1 Guizhou Biotechnology Research and Development Base Limited Company, Guiyang 550002, Guizhou, China
2 Guizhou Kehui Inspection and Testing Research Institute Limited Company, Guiyang 550002, Guizhou, China

Abstract: [Background] The conservation and development of wild Lentinula edodes
germplasm resources is a crucial measure to ensure China’s food security. [Objective] To
clarify the culture conditions for different states of L. edodes and lay a foundation for the
development and application. [Methods] We optimized the parameters of solid culture and
liquid fermentation by single factor tests, orthogonal design, and response surface methodology
based on the biological characteristics of the strain. [Results] The wild strain Le.Msy collected
was identified as L. edodes. It exhibited good growth at 24 °C, with mycelial growth favoring a
weakly acidic environment of pH 5.0-6.0. The strain showed no strong preference to carbon
sources among the nutrients in the culture medium and could grow with other nitrogen sources
except urea. The optimal carbon to nitrogen ratio for mycelial growth was within the range of
20:1 to 30:1, and the strain preferred magnesium ions among inorganic salts. The orthogonal
experiment results indicated that the combination of maltose, wheat bran, and magnesium
sulfate was most suitable for the strain growth. The medium formula optimized by the response
surface methodology was composed of 23.05 g/L carbon source, 6.14 g/L nitrogen source, and
5.48 g/L inorganic salt, in which the colony diameter reached (50.10+1.02) mm after 7 days.
Based on the optimized culture medium formula, liquid fermentation conditions were further
optimized with biomass as the indicator. The optimal fermentation conditions were a
temperature of 26.71 °C, a shaking speed of 127.21 r/min, and an inoculum amount of 9.69 pieces
per 100 mL, under which the dry biomass reached (5 505.67£93.22) mg/L. [Conclusion]
Le.Msy exhibits broad adaptability to nutrients. In solid culture, colony diameter can serve as an
accurate indicator of growth and development. In liquid fermentation, the density, average
diameter, and effective contact area of the mycelial pellets can only reflect the strains status
within a non-extreme temperature range. The dry mycelial biomass can accurately reflect the
growth and development status under any parameter changes.

Keywords: Lentinula edodes; wild strain; culture condition optimization; liquid fermentation;
Box-Behnken design; modeling

Fifi[Lentinula edodes (Berk.) Pegler]/&fH N2y ERIEMEMNZAH MR EYY, &5 28,
T 1] (Basidiomycota) <> 4% (Agaricomycetes) < HLEALT . BE LR 4E L M S I NIRIT TR
W H (Agaricales)iy LU R, @A TR EIRE  FEAHES, AR, iR, duns. &
WEILHEHEZ A, HHEMESEMEILEENE AR S, tsh, Faiikpere
T2 BT MREAMREN, FHlE  ERTIEAKTBIAEY . Rl TV LY
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4w W B AR 22 O TR A T R T, SR
VR R 3 [ A7 7 1 de e B R AP EST, fL B b
B, MR g K ——H A/ 203 i
P, FREEAL 45 Fp0100 Kb, X Py AR B
B s PO PR T OR3P RO oK TR E B R
77 AT AL K i ) A
27 4% (Lentinula edodes) & 4k K 7F £ 5%
REAGAS b B B A g et B, e el B BROE
PrfE! s TR TBEERE S A AT
BRI ERRZES, CHE M E & A
PR AR BT BT R R T ARl T L B
EFYE, BRFH OIS MIRSE TED B
BABHE . SR, A FIE I LR X
Tl & 7 4k ) JF At 7 4 1) = 2 XU 22 57 A oAk B
D53 I SR X e A0 B TR R G 3R T SR B
R .
Box-Behnken M 1 [AT 7 A2 —Fi i Bl KT R Al
ROVAE I RS A C R 22 RIS H S
giit ik, ew) s T 2R, 78
BEHEEFR R AR BT 2 %0 TR
DAt . B3GR A S 2 07 TR A A D
IO FHZE U810 AR 5 B A o g AR Ak T
%, RGAF SN A B A 5 S AR o 1Y T 24 [
RSG5 SR R e 72 . MRS TR 5 — R
TP ORI T A IR, T 22 n W A
R Hm R & . 45 S it DL R —PERR
EMEIFAERZR, AR T oA hig L
I H B R S (HAE S R O 3 4
D, BRI EE, SRR
FRHERES PRUE BTG 7, B kAR Bt
AP XSS T, AT DA T
DoA™ i B AR e AR i A, A s R A
P A A P PR AR RS SRR SR AT
AR AR IR A R S B LAk, DA
Bl R A s IR = ORI, S M gl

NG ES 3
1 MR 57

1.1 &5

i Y LR ) SR - SRR B BN A T
7, B HUEECE T IR 9001 200 m, =5
IR 65%—90% LI HLIF HY B SRR ABAL
Kb, BIEAEREE,
1.2 EHFE. TERFIMUSE

B A A IR (potato dextrose agar, PDA)
R5 9% B R I 45 B 25 5 B 57 J (integrated  potato
medium, [PM)P, 5 5 i AW HE ARG BRA A .

RbE . REHE . TIUVERY . M. 206,
FLBE . Wl 4RE . IRE . MEE . EN
PR, iR e . BRPRTE. MiRREL . miMREE. EAib
PLOEAREE . BRPRES . BRIR AN ANEEIR — A,
R BRI R A F] ; BRI
Jb 5w R A R\ PCR 5147, dEa
PEREYRH R A R A E ZRYE . B
B . TAE 2% v FIl 2xRapid Taq Master Mix, F§
SUEMEREAE YR R A IR A 7] . Omega HLTA
DNA 25U &, T M Ay TRARA .

A AL R TR AR IR AR IR, KT SR B R I
IR A RRA A BIkAL, dbmis— YR
HARAA; AZhEEITEIL, BilEERHY
A BRA ] 3o B4 , Nikon JE FERGHL( E
A BRA W]
1.3 BRSO BHECSEE

TEANIC S B AE ) S A o R AR AR 85 M 54
TEAFHIE, RIS VKA 0T | 52 g 2, B 58
PRSR AN B 5 A 200 B A2 U s o A
BUE T PDA B3k I, 25 °CHEREFR 4 d, TH%%
W & 0 B 22 IEAT ARG % , R IRCHT o 4
22 T T8 WAL T (40) ISR 22 4540 . A
Ffl Omega EL DNA $EHUR & PR B S 4
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b2 DNA, BT H & ITS 514 1TS4
(5“-TCCTCCGCTTATTGATATGC-3")HI ITS5 (5'-GG
AAGTAAAAGTCGTAACAAGG-3)i#4T PCR,
PCR WK & (25 pL): 2xRapid Taq Master Mix
10 uL, DNA #i#7(346.20 ng/pL) 2 puL, ITS IE .
I 5 1#5(10 pmol/L)4% 1 uL, ddH,0 11 pL.PCR
FIW 2442 95 °C 4 min; 95°C 30's, 50°C 30s,
72 °C 1 min, 35 PME¥H; 72 °C 7 min, HLIKE:
W VTHC 1 %S R RBE I K /INZ) 750 bp B9 H Y
SRR AE YRR A BR A F T, IR
[y 51458 NCBI £445 %E 4T BLAST [oxf, Ff:
FIH MEGA 11.0 W22 R G R BT .
1.4 BEHRBEIFFEIFIE

BT IPM BT R B R A .
20 g/L B MESE RO R L RERE . AT
TERY . ZZEFRE. ZUME . FLWE . T ER R AR IR
ey RIS 3 gL MEAR. FRE . RE.
MEREE . GRBREL . EOKIERR . Bk Gd 60 H )
R s B3R KHLPO, Fl MgSO, Bt
3 g/l WIS . WAL . TRBREE . SALE .
FALEE . TRIRES . BRBREN . BERR AWM M
B FH A, WS A [m] FH 22 2005 7 il e L L (C/N)
Jgo5:1, 10:1, 20:1, 30:1, 40:1, 50:1 fEFE
s A 1 mol/L B HCI F1 NaOH 7y 8 55 5t
PRt B, pH (E 43787578 5.0, 6.0, 7.0, 8.0,
9.0, 10.05 LA 3 °CH 1 MR, BH 18-30 °C
(14 ik 55 1 ] 7 3 A A A U
1.5 EAfEHRERAIERZMK

ETHRERRAREE R, SG6FEARESR
52 B 22 R R 38 O T 22 %% 8 R
IR 22 5, TRsemeili . &0 . CHLEh R IRt
W HARKHMAERENRETA 31, JF
Ji&t =R =K Lo(3Y)IEACIR G, 55 77 HL AL L [R]
IPM 5570

1.6 B2z [E R tE 7= B EC EE YN & E L1k
B S R RTS [ WL ) a7 W o 1 Y
R, EIEREGE BB IEA) . AEB) . ohlER
(OFER 3 MATRHE, &&= R =Ky
X5 (% 1), 2T Box-Behnken 56 1% 11 At il
17 AR SR, JF4: A B i T M (p=4 mm)itt
freage. PR EA K S RE 8 HE EiR K
AN AR, BEAT T 2500 BT S 2 o0 Rk R
Eohr, FEMEBD design expert 11 844 %H GRS
7 AR TR Y, R AR =GR S
R S 17 2l a5 W75 52 B A - R AR i 1 1Y)
Ak, Pk FR AR L
1.7 BRI L B R AR N E L
BT R 2 AR R AR 25 1, e
If IR AR S TR AL . BOE RS 3 (r/min) . PREE
HEE(°C) . HeFh it (p=4 mm (Y B HEO Ay I 42 (K
# (5% 2), T Box-Behnken {5 . ¥RAK K& RS
710 d, MEREZPREY R (ng/L/TH), B
BREE(AN/L) . W23k HAR (mm) . E 225K
A R fb v AR (mm®/mL) BT AR S PR B I 201 T 22
G35 Z2 0 R ARG 40 BT, A dE AR
R FRAE A, S RENLIEHL 20 TR 223K,
KEIFHE E B EAIF A R 2R H

x1 EBEFEFERNEERHRERRSKFE
%t

Table 1 Optimization of experimental factors and
level design by response surface methodology for
solid media

15 7K Level

Factor -1 0 1
7373 10.00  35.00  60.00
Carbon source (g/L) (A)

A 500 17.50  30.00
Nitrogen source (g/L) (B)

JoHLER 2.50 8.75  15.00

Inorganic salt (g/L) (C)
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Table 2 Factor and level design of the response
surface method optimization test for the liquid
fermentation of mycelium

[K & Factor JKF- Level

-1 0 1
I Temperature (°C) (A) 21 27 33
33 Rotational speed (r/min) (B) 90 125 160
S 3l 1 8 15

Inoculum amount (piece/100 mL) (C)

15 T 22 3K N 2 78 0 TR 5 Ok I VR T X
20 mL, & T B 3@ BRI IR RN
BT R B 22 3R BE TR 22 Bk HAR
K FEMEE, W2 BRI BRI, B A2
Th & W T 22 3R R il = vh AR s oo i R I
R skt 2, e Y.
1.8 it orih

i F§ Adobe Photoshop 2020 % ifi| 4= P & 7l
K%, 1 IBM SPSS Statistics 22 43 A [l 4bH >
] 2 e, R /D B3 2 5
(least-significant difference, LSD)¥k (P<0.05)%}
A AL PEEA T 25 5 8 5 M e . R A GraphPad
Prism 8.0.2 2 IS EIR ZFIC FIRER BT

2 ERS594

21 EHHBSUELEER
KA1 L R4k B AR AR Le.Msy 3K
AR/, B3 B2 (41.2642.14) mm, [H%)E
(8.56+1.18) mm, HAHEK(31.21+4.14) mm, FHK
HA2(5.77£1.24) mm, W mAE e, Wikl E
WELE, W AESmE, FEERAE, &
R RE 1), S5 B aifb s /223 ks,
FRATRIEAR (B 1D), I H B OS82 45F4 ]
UL BRI A 250 (] 1E). DRI K I i 25
¥4 %) 25 % 7 Sl $HF 18 ] (Basidiomycota) < 14 44
(Agaricomycetes) & 4 J& (Lentinula) E. & . 2 ITS

PRI 48 F BE 5 BLAST 45 5 R 5 3 4 7
GIFHALL K >99.9% , #EHIL 7 /INFF 4% (Lentinel lus
ursinus)fE AN ERE, JET ALY Z LT AR e 3
A5 T ITS [¥41, FH4B4% (neighbor-joining,
NN)EHHERGE LB (E 2), FTILE Le.Msy
5 Lentinula edodes B 1E—A~417, I HasfL b
BRI, B Fh
2.2 EEHRM B EEFIR

AR R e K 9 d 25 R ml (K 3,8 4),
I R4 R Le.Msy X IR B A s e £k, iR
BRI R 8 A A Ref IE R AR, B
SRR B A 2R, (AR ERZAF
TE B 35 22 5% (P>0.05) 5 206 FA PR 28 0 e v 2% BRAR
IR BB MR, RERIEE AR A
Wty . HARIEYREA K, (HRIREE A
DAL 25 I TRV 2 3/ T HAr 5 AR (P>0.05),
W 2 SR IEAE BAE N SR ERK W E SR
GRS R A L B R R R B S s R s rh
C/N FUAEAE 20:1 F130:1 B 1 AR K 34 S 200 T 3
M FC L (P<0.05) 5 TRAR X TCALER B F1 FH RE ) 25 55
K, WIMGLRREE . BRERER . AR EN I T MR
AR, HATHIER AL B RRIE W AR K, JF Ho
MREE . AACEENE AME— AR L2 B, TV B
7 E R T A AL Bk IR S RN B R A
(P<0.05), il B& A4 X B 1 7 405 1 g Uk 5
LA LeMsy X 3 JT A 2 i 3 A8 A 38 0
S, P PR RE T = TR 7 AR A T/, pH 8.0
R FE, RFIZENEHEALELK, A, 55
MRtk A5 RS B AR, pH 5.0 B FETE EAA N
(62.10+3.98) mm, i 2 = T HAhANFH(P<0.05); 1H
pH 6.0 W EWZFHELE R, I HEEBEREN
(58.00+2.68) mm, {LXF pH 5.0 4bHid , FrLAfE
PR35 B R R e 2 RO A R AR R T
PR RLEE A e b 22 1B S0 AT, IR 27 °CHY RV
L, TG R T TR R KON R . 24 °C
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1 HEDSRBEEK LeMsy RERESFELEE  Al-A3: BARETFTIML; Bl-B4: FKFE
Rl C: HFEN; D: AfbBIFIEEZ; E: WZEA(40%), FikH8 07 5k B ok A Y 5§ 22 BOR A 25
o B EEFRRFERKE 1 em,

Figure 1 Phenotypic and morphological identification of wild shiitake strain Le.Msy. A1-A3: Wild state
substrates; B1-B4: Substrate phenotypes; C: Spore prints; D: Mycelium of the purified parent species; E:
Mycelium microscopy (40x), the arrow points to the position of the typical mycelial lock-joint structure of
Lentinula edodes. The white scale in the figure indicates a length of 1 cm.

B 75 A% 9(62.00£0.98) mm, WEE THAL K 4), BRESDHETEEA). FA). EHF
B FRIELIE (P<0.05), B HAE W i B R IR BE(A) 3 K, RIBEHLEAMB). £k
2.3 IEFHEXMKL B (B) . KR (By) 3 ANKE, TEHLER Tk A%

A FIE R W BT HA 3, MREE(C). EALEE(Cy) . BEMR —AH0(Cy) 34K
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ET ITS F7IRA NI ZHEHNDIRBFHEEN Le.Msy ARG LK BH

55 MNI¥ 5 A GenBank

BT oSO ERECF R bootstrap B, FITIFAG X LA AIMEEE ;s BB AR RN B L H IR P51

{37 B R A R

Figure 2 Phylogenetic tree of strain Le.Msy constructed by NJ method based on ITS sequences. The
GenBank accession number is in parentheses; The number on the branch point represents the bootstrap value,
which is used to assess the confidence of the branch; The distance scale indicates the number of base

substitutions in each nucleotide sequence position.

Vo K7 dfE T3 AGKHmEME, WRERN
(51.20£0.40) mm (& 5A. 5B), 5HAthH SR
%25 7(P<0.05). IEACRAITE R BIRER 3),
To L ER R 22 B K (R=6.73) , H: kK H ik U8
(R=0.60), I 2= {HH/MR=-3.87), 3 NEF
PR X B 224 KRR S A S CASB, 255
BT RACE RN KN, i e & B R i

7 H As (k=43.20), Bs(k=44.33). C,(k=47.13), HJI

ZIME. B WREE.

24 [EFEFERNEAE SIS
FEEUR N T SR8 35 R R ) i i o 5

B 1 PR VR AR I TR A AU AS A B Y=44.4—

1.25A-5.25B-0.5C+2.25AB+0.25AC+2.75BC~

2.075A%-0.575B>-3.075C%, [E1)H )5 F R 500 &
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T
Carbon source

i 2 i Hopk HERE AR B3

Glucose Fructose Sucrose Solublestarch

Maltose Mannitol

Brown sugar Lactose

R
Nitrogen sources

TN RE Er BAL R i FokEH
Beef extract Urea Yeast extraet Peptone Ammonium sulfate Corn extract Wheat bran

e e
C/N ratio

T
Inorganic salt

T B R i R £ Sk Stk T e [T e
ZnS0, MnSO, MgSO, KCl MgCl, CaCo, Na,CO, KH,PO,

i
Pondus hydrogenii

pH 5.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0
o
2
m E
=2
g
[_.
18 °C 21°C 24 °C 27°C 30°C

3 SRBWEK LeMsy WEZEMF M RERFERE

Figure 3 One-factor screening of mycelial phenotypes for biological characterization of strain Le.Msy.

PEIRUESS R (GR 4, £ 5), WMBAE FH
Jy 73.54 H P<0.000 1, ikWE KN 1Mkl
F{E} 2.78 H P=0.174 4, K ik B Z/KF(P>0.05).
AR, TR R2=0.989 5, adjusted R=0.976 1.
predicted R*=0.881 6, WS EME/NT 0.2,
Adeq precision=30.935 8>4 H7Ax E‘f{égﬁ((coefﬁmen‘c

of variation, CV)=1.74<10, 3% B i {4 g3 11 {00 45 754
LA RCRBIAR, 98.95% i I B vl Bl %45
TURG B U T 38 48 g 72 - Al s B b B R X 1
AL R % BAR . AL, TEARTRES N
HIFMTFGER 1, £ 5), &K B (F value=417.16)>
K% A (F value=23.65)>K & C (F value=3.78),
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g60F 2 T z 3 L gouf =
x4 B S0t g S0f
ol 5 o 2
£ a0t bo § 407
e R 3
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. 0
0 L L L N L A L A R

g Eoor 2 2
o =
= £ 40}
e R
| #7230t
g g 20 L
G °
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| 0 L
A0 0O O A A O O O 5:1 10:1 20:1 30:1 40:1 50:1
NH & JUf g VU d
w5 40 c L .g 40+ i
T 305 =S 30}
g =
< 201 < 20}
© &)

4]
H®
—
o
T

50 60 7.0 80 9.0 10.0 18 21 24 27 30
pH Temperature (°C)

El 4 Bk LeMsy HEERFELER A kiE; B: RF; C: THlEL; D: CONHE; E: BRRE;
F: M. RFE/NG FHEFRR AP A 2 5 8 7% (P<0.05), T,
Figure 4 Results of one-factor screening of strain Le.Msy. A: Carbon source; B: Nitrogen source; C:

Inorganic salt; D: C/N ratio, E: pH; F: Temperature. Different lowercase letters indicate significant
differences between treatment groups (P<0.05), the same below.
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A 70
60
ESO" be 8 b b
X B
;\—?E’:m—
ot S -
i S 30
g
-6'20'
0
10
0 .
TI T2 T3 T4 T5 T6 T7 T8 T9
B

T7 T8 T9

5 BEfkLeMsyEZBHEFREFHIERER
A: IERAERK 7d YRR EAR: B IESCIRESE R
FRL T1-T9: ARIARE R AU TCHLE)
AT, Wk 3 PHRAGTHEL.

Figure 5 Orthogonal results of suitable nutrient
factors for mycelium of the parent strain Le.Msy. A:
Colony diameter for 7 d of orthogonal growth; B:
Phenotype of orthogonal test results. T1-T9 indicate
the pairing between different factors (carbon source,
nitrogen source, and inorganic salt), as shown in the
factor combinations in Table 3.

W BT IR I B A E XS By R 4 Le Msy HJ
PR VA AR R R, YRR IRAE , JOhLER
W SE PR B/ o 45 TR 22 18] 58 B IR T ¥

*3 DREBFEAAFERMURBERDH
Table 3  Analysis of the results of orthogonal
optimization experiments on nutritional factors of
Lentinula edodes

Item HEAE WiEHZ
Factor combination Colony

diameter
(mm)

Tl Al B Ci 47.00+1.90bc

T2 Al B GC; 29.60+1.74e

T3 Al Bs C2 51.20+0.40a

T4 Az B, GCs 28.60+0.49¢

T5 Az B2 C2 45.00+0.89¢

T6 Az Bs Ci 47.60£1.02b

T7 A; B C 48.60+2.06b

T8 As B2 Ci 46.80+0.40bc

T9 As Bs G 34.20+0.75d

Ki 127.80 124.20 141.40

Ka 121.20 121.40 121.20

K3 129.60 133.00 92.40

k1 42.60 41.40 47.13

ka 40.40  40.47 40.40

k3 4320  44.33 30.80

= 0.60 -3.87 6.73

Range (R)

R E C>A>B

Weighting of

factors

g R s AsB3C

Optimal

combination

HARR S U AETE R 225, DA [0 TAT 30 ik i
gELAIAL, R AB 28 H = 4ERIE RN, 25
LAMEIRIE , 3¢ H AR B3 HLR B AR R 1 REAiE
W22 K (K 6A); [N AC 58 H. = 2 K 3
G, Fm&iERIE, KUIZMW KR EAEMIT
AN E(E 6B); NE BC 321 =4 Kyl e
i, SFERRAGE, FIZPE R BAE B
(K 6C).

DLR VR AR MIAAE R, Sk K AR A
RGN A o A4 SR B0 7 E LAk D 23.05 g/L
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#4 DRBFHEFEFENNERERFSERAHLEZ M
Table 4 Validation of the significance of the coefficients of the regression equations of the response surface
test for the solid medium of Lentinula edodes

T R 5 F 2 ¥5 F1{H P& M
Source Sum of squares df Mean square F value P value Significance
7 Model 349.83 9 38.87 73.54 <0.0001  *

A 12.50 1 12.50 23.65 0.001 8 *

B 220.50 1 220.50 417.16 <0.000 1  *

C 2.00 1 2.00 3.78 0.0928 -

AB 20.25 1 20.25 38.31 0.0004  *

AC 0.25 1 0.25 0.47 0.5138 -

BC 30.25 1 30.25 57.23 0.0001 *

A? 18.13 1 18.13 34.30 0.0006  *

B? 1.39 1 1.39 2.63 0.1486 -

c? 39.81 1 39.81 75.32 <0.000 1  *

% 2% Residual 3.70 7 0.53

RAUI Lack of fit 2.50 3 0.83 2.78 0.1744 -

4l % 2 Pure error 1.20 4 0.30

BB 2 Cor total 353.53 16

R?=0.989 5; Adjusted R>=0.976 1; Predicted R*>=0.881 6; Adeq precision=30.935 8; *: Significant; —: Not significant.

#x5 DRBFHGEMEEFENNEAREZITMER
Table 5 Experimental design and results of response surface methodology for Lentinula edodes solid
medium

b ¥ [KI % Factor Wk ER b3 Kl % Factor Wik H”
Treatment A B C Colony diameter (mm) Treatment A B C Colony diameter (mm)
Tl -1 -1 0 49.80+0.40 T10 0 1 -1 33.33+0.47
T2 1 -1 0 42.75+0.75 T11 0 -1 1 43.33+0.47
T3 -1 1 0 36.00+0.71 T12 0 1 1 36.70+0.60
T4 1 1 0 38.33+0.47 T13 0 0 0 45.00+0.63
T5 -1 0 -1 40.60+0.49 T14 0 0 0 44.38+0.41
T6 1 0 -1 38.50+0.50 T15 0 0 0 45.00+1.00
T7 -1 0 1 40.00+0.89 T16 0 0 0 43.88+0.54
T8 1 0 1 38.00+0.63 T17 0 0 0 44.20+0.98
T9 0 -1 -1 50.38+0.41

RIR6.14 g/L JoHIEL 5.48 /L, HE HA250.60mm, 2.5 AR EEN N EHELSIEIES T

AEBEIR 100% XTBIRIHEATAfIN , B sbi ik TR R T 10 d J 05 485 S % WS 1] 22 2 781
BeBC LT 5 ks, Wk ERK/ING 95%  (GR6, W 7), FRARLABH IR Y T3 i i Al
A[RETEA T 49.26-51.92 mm., JFREIFRLE, I AR R AR AL R Y=5 330.22-272.03A+
g% 7 d MG YR BAR R (50.10£1.02) mm, B 222.51B+540.43C-94.30AB—50.00AC—151.79BC—
TIZIX ], FRUIBAISI . J) Al 47 . 3001.19A-1 508.37B>~1 103.41C?, X B 4%
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Figure 6 Corresponding plot of the effect of interaction between plate medium factors on colony diameter of
Lentinula edodes. A: Two factor interactions of A and B; B: Two factor interactions of A and C; C: Two factor

interactions of B and C. The left side is the graphic model and the right side is the contour map. The same below.
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PTG (EE 7), TRINRS AU FAE R 174.91  £RJEARFIWT, BC A B & Ekin /e, £
H P<0.000 1, ix®BZAKV, MRMI FEH  HRZLEEMIFAREE 8C).
4.30 H P=0.096 5, ik i 7K F-(P>0.05). ILAh, B XoF Ty SR A i VRIS e TR T T 22 3K R T
HAEE R=0.995 6, Adjusted R=0.989 9. Ul 4 %I Ak J5 F2  Y=12 773.33-434.46A+
Predicted R*=0.944 3, WiINZS¥ /N F 0.2, 1 298.46B+693.00C-262.17AB-410.42AC+858.25BC-
Adeq precision=32.553 6>4 H. CV=7.31<10, Fi]  719592A°5257.08B%-5 010.00C*, FMHI LK) F
UM, mEE s, A ¢ (F (EV 41.27 H P<0.000 1, 1R F{E 35.72
value=60.42)>Ji% A (F value=15.31)>%:% B (F  H P=0.002 4, 2 2RI B EKF-(P<0.05),
value=10.24), Ve LUE YR Jdabnnd, b ag WX LUS B 048 b R R A RERS B s T 00 14
SRk, B8 T EE B A 3 A KRR 22 BRAE KRS o AH A 1 TR g 25 RN
SR EWMAS TN, SR/ 3 AREEXT MER W, E 2R AR S R BN A5 R
FR WY TR, IR AW, WmdmEk  —BGRe, B 7, [E19), AT AR TR
PET DO 38 7S b e Sk R 422 A S ) e o7 T 352 B 22 PR PSR TR, TELATR 2R N
UEAHIX 2 NEE MR (B 8A . 8B). 55w AL BFsmS, HU5EH I BAERD YRR o

R 6 LDRBFWRFLERWNEZEXE RTINS
Table 6 Experimental design and results of response surface methodology for liquid fermentation of
Lentinula edodes

ST 1% it I EARPH R AT B
Treatment Factor Biomass Density Mean diameter of Effective contact surface
A B C (mg/L) (piece/L) mycelium ball (mm)  area (mm?/mL)

T1 -1 -1 0 901.63 107.67 6.17 12.88

T2 1 -1 0 463.79 8.33 5.13 0.69

T3 -1 1 0 1366.14 1156.67 1.22 5.42

T4 1 1 0 551.08 8.67 5.33 0.77

TS -1 0 -1 996.31 295.67 3.00 8.35

T6 1 0 -1 634.65 2.33 5.12 0.19

T7 -1 0 1 1916.59 1953.33 2.17 28.94

T8 1 0 1 1354.92 18.33 5.13 1.52

T9 0 -1 -1 1 588.87 62.33 5.79 6.56

T10 0 1 -1 2 506.58 3015.00 3.07 89.12

T11 0 -1 1 3233.89 281.00 4.64 19.05

T12 0 1 1 3544.43 6 666.67 3.19 213.60

T13 0 0 0 5533.18 12 833.33 2.28 209.58

T14 0 0 0 5198.47 13 016.67 2.28 212.57

T15 0 0 0 5299.61 12 450.00 2.28 203.51

T16 0 0 0 5266.33 13 083.33 2.27 212.47

T17 0 0 0 5353.51 12 483.33 2.28 203.37
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T13

7 DRJFGRELBEWEE 17 BRENF LIRS

Figure 7 Mycelial sphere status of the response surface of liquid fermentation of Lentinula edodes in 17 groups

of experiments.

T17

X7 DREGREFLAENENAREEVETELAFEAREZMIEIE
Table 7 Validation of the significance of the coefficients of the biomass dry weight regression equation for
the response surface test of Lentinula edodes liquid fermentation

T ZEARIR -5 AmE 355 FH P{H e i
Source Sum of squares df Mean square F value P value Significance
iR Model 60 870 000.00 9 6 764 000.00 174.91 <0.000 1 *

A 592 000.00 1 592 000.00 15.31 0.0058  *

B 396 100.00 1 396 100.00 10.24 0.0151 *

C 2 336 000.00 1 2 336 000.00 60.42 0.000 1 *

AB 35573.73 1 35573.73 0.92 0.3694 -

AC 10 001.00 1 10 001.00 0.26 0.6267 -

BC 92 163.85 1 92 163.85 2.38 0.1665 -

A2 37920 000.00 1 37920 000.00 980.73 <0.000 1 *

B? 9 580 000.00 1 9 580 000.00 247.73 <0.000 1 *

c? 5126 000.00 1 5126 000.00 132.57 <0.000 1 *

5% 2% Residual 270 700.00 7 38 670.16

AT Lack of fit 206 600.00 3 68 859.67 4.30 0.0965 -

2l % 2 Pure error 64 112.15 4 16 028.04

B2 Cor total 61 150 000.00 16

R?=0.995 6; Adjusted R>=0.989 9; Predicted R*>=0.944 3; Adeq precision=32.553 6; *: Significant; —: Not significant.
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Figure 8 Results of mycelial bulb biomass dry weight response to the interaction of Lentinula edodes liquid
fermentation factors.
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Figure 9 Results of mycelial bulb density response to the interaction of factors in liquid fermentation of
Lentinula edodes.
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T 22 BRT- 34 BLAR SR 48 A 1) T AR A A A Ak
LN Y=2.28+1.02A-1.11B-0.229 3C+1.29AB+
0.211 S5AC+0.318BC+0.933 4A™+1.25B*+0.642 1C%,
TR F AR 55.33, B30 F {50 0.183 6
H P {E15<0.000 1, 2 D%k B EKF
(P<0.05), 15 B % DL 22 BR 72 AR W38 b Al A5
U AN A5 H B b, T A R T P T 22 35k A R
Ao (BN LZZERRAIGE IR KT EREGE 7,
& 7, K 10), i (F=126.27) & EF (F=105.92)
VER VR 2R BT, A TR i (F=5.34)% [ 22
BREAAEWNE AW, FH AB & HE 0
ROR . (P<0.05), BEA& R, WA
B/ NE 10A, 10C); WRERIN, HH22Ek
BHAAMSER/NE R (E 10A, 10B); H X}
PRI 22 BR B AR 1 52 T e, 52 0 199 S 0/ N 5 3 R
# (K 10B. 10C), FWABIRITN EHAT1T, (H
HAARSHREE 7575

TR 22 3R 0 i 32 T PR S S T I 2 Bk
FE R HAR AT, H T s A AR Ak R
Y=208.30-6.55A+33.72B+19.86C+1.89AB-4.82AC+
28.00BC-137.85A%-65.51B*-60.70C?, # 1 F {E

7 9.16 H P=0.004, 4R EE, WAL F{EN
186.41 H. P<0.000 1, tik & /KF, Uiz
TR 22 3R O o TR AR A i A AN 3 B TR &
MERCRAS T . TR TR S BN
SERSHGHATRII, OGRS . AR 3 A
KR, TR 2B RO i R T AR AR b 353 2 e s
KIGHNE 1), 5EEBHRZEIEHEX, AR
PR

DATH 22 Bk A Wi T o Fa bR, HHIAR K
B ERE RS 7R 500 e 1 B 5 A e A Ok 1R 2 IR B
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IE ST & BERE 5% 10 d KA 97.6% 0 T REMES
L5 IR R 22 3R A YT 5 409.11 mg/L .
B2 EREE 12 733.07 /L. ELZERFEYERE

2.15 mm P 223K R AR TR FL 211.90 mm*/mL.
BB UESIIALS 3 WORREALS, Bz A
YreTEA 95%AHENT 5 070.78-5 747.44 mg/L
JEFE. A 95%AIHENT 10 712.00-14 754.10 YL
WM. WL EEA 95%A 6N T
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DLA: W1 A% U Aa i B SO RS RORS v, I HL AR
SR SRR A T HoAth 3 AR AR A T AT 7
3 Wik

PR A W) R 25 B SR D I BB
AP RZEA], I EARIE M2 708, (HFR—
Tl DA R R A IR 30— B, M AR TSP
A4 818 ML FEWE 22-28 °C . pH 5.5-6.0
WHRINARK R 220 EPHE 284
Tl A W2 P T 2 Bl o TR R 2 R AR A
25 °CHI T 22 HE K B fe s BB SR I M AR
R — bR B A4 A Y R T R Y,
RIHAE 23-25 CRuFNAK R, Kkt
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SRS R AE K RAF, X — 25 R R A
NN 5 R D B F R 45 SR AR DL, ) A 7 i T
PRZ 8]0 38 5% AR — e et . BRIR XS 3%
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Figure 10 Results of the mean diameter response of mycelial bulb to the interaction of shiitake liquid
fermentation factors.
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Figure 11 Response results of effective contact surface area of mycelial spheres in response to the
interaction of factors in liquid fermentation of Lentinula edodes.
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