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Optimization of liquid spawn for Oudemansiella raphanipes strain

NCM23504

LIU Longyu', HU Chunhui', YU Hailong®, LU Weidong', XU Lili', SHI Haibao®, YU Hao'

(1. College of Life Sciences, Qingdao Agricultural University/Shandong Provincial Key Laboratory of Microbial Resource Exploration
and Innovative Utilization, Qingdao 266109, Shandong, China; 2. Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences,
Shanghai 201403, China, 3. Gansu Gaoke Agricultural and Pastoral Ecology Co., Ltd., Dingxi 748112, Gansu, China)

Abstract: The use of liquid spawn can shorten the cultivation cycle of edible mushroom and improve production efficien-
cy. To investigate the optimal growth conditions for the mycelial liquid culture of Oudemansiella raphanipes, the commer-
cial strain NCM23504 was used as the experimental material. The inoculation method and culture medium composition
for liquid spawn were optimized, and a solid cultivation substrate formula for the strain was preliminarily screened. The
results showed that, between the two inoculation methods, the homogenate inoculation method was superior to the glass
bead grinding inoculation method, as the former significantly improved the uniformity of mycelial dispersion and the con-
sistency of strain growth. Through single-factor experiments, brown sugar, yeast extract, and oat bran powder were identi-
fied as the optimal carbon source, nitrogen source, and natural substrate, respectively. Further optimization using the
Box-Behnken response surface methodology determined the optimal liquid culture medium formula as follows: Brown
sugar 21.6 g+ L, yeast extract 5 g- L, oat bran powder 15 gL', KH,PO, 3 g-L", and MgSO, 1.5 g-L"'. Under these opti-
mal conditions, the dry mycelial biomass reached (15.33+0.51) g L' after 7 days of cultivation. The sawdust tube test
showed that when the cultivation substrate formula Was Mg+ Meotionseed huil~ Mlbran + Msuerose » Meatcium carbonae=20+ 28 0 202 171, the
mycelial growth was the fastest, with complete colonization of the tube achieved within 23 days. This study provides a sci-
entific basis for the production and condition optimization of liquid spawn for O. raphanipes.

Key words: Oudemansiella raphanipes; Inoculation method; Media optimization; Liquid spawn
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Note: A. Cultivation scene; B. Fruiting bodies after root trimming.

1 KIREE NCM23504 BT L4
Fig. 1 Mushroom fruiting bodies of O. raphanipes NCM23504
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Table 1 Factor levels for response surface design
ESES v 7KF Level
Factors/(g-L™") Code -1 0 1
pCAH A 15 20 25
Brown sugar content
p(FEEERY) B 0 5 10
Yeast extract powder content
pGHEZ IR BN C 5 10 15

Oat bran flour content

M I e 0 gt e = 4014011911507 C N
Mg M S e = 7512350155075 D N m o
T gtz < L e« L g < L g - M ok = 823022001210:
30, LA b m o im 4=111.3, FAS AT E 3 AW
FPEE NNES M.
1.7 HIES

WM 5E 25 3R CL“F S E b i 227 R o, B py-
thon [J numpy Al pandas €347 24l Ab £, FIH py-
DOEZ F statsmodels 3 17 i 57 [ 30 36 % 1 5 43 4
(https://protocols.mushroomlab.cn/) , ff Fi WPS Of-
fice MK HAFHEAT HAE 73 B P 22 3 3B VR 2o
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TR XX KRGS R EME KRR
MIEL 2 TT LA HY ST SRABE o A AR 2l T 22 5
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SRR AR S5 DT SE R T 22 R Y. R B

Glass beads

2 5552 s MIEKRFERBEREELISILE
Fig. 2 Comparison of homogenization for 5s, 2 s and
hand-rotated glass beads disruption

AEEM A R KRS RAEEFE KT AETT 7 d)

Table 2 The influence of different mycelial treatment methods on the growth of mycelial bodies of O. raphanipes

(cultivation for 7 days)

fEbR S%15s BEEE S 2s BIEERIE

Index Homogenize for 15 s Homogenize for 5 s Homogenize for 2 s Glass beads methods
[EEEAas/io 3.1£0.1 ¢ 9.1£0.2 a 5.04£0.1 b 10.8+2.2 a

Mycelia biomass/(g-L")

CVi% 1.8 1.7 23 20.0

T [ AT AR/ NG FREORAE 0.05 KPR EFH. T,

Note: Different lowercase in the same row indicate significant difference at 0.05 level. The same below.

SERBRE SR AL CV AW & T S R AE , X
W] B ERIE R AN 21, AN RDRATAS R 3 R 0 A2
O B 22 57 R, ANH AR e AR o R, MObR
HEALBRAE AN AR KRR T 43 5 % 8 i T &
NI 5 s Ja AT R
2.2 FERKEIHCIREEE 22 8% KHI R0

AN IRV BB R 67 0 22 20 B 208 S BERED 3R
G R AR R 2 R B R 3,18 3D, W
AR R R B/ WGPy 1R R DA 008> 2 > R >
R R LR DR D KAR T R
PRE TR IR, 22 R K, N 93 g LYl

#3 TEBKEMNKRFEE L ALK
Table 3 The influence of different carbon sources on the
mycelial growth of O. raphanipes NCM23504

fats T 2Lk JEE gz
Index Glucose(CK) Brown sugar Sucrose ~ Maltose
RS ++ +++ ++ +

Growth of mycelia

REYRE 6.7£0.05b  9.3+025a  5.7+0.06 b 4.3+0.06 b
Mycelial biomass/

(g-LH

T e RN 2 KB IR R N
Note: +, ++, +++ indicates the growth of mycelium is gradually

strengthening. The same below.
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Note: A. Glucose; B. Brown sugar; C. Sucrose; D. Maltose.
B3 AREREKE TKREELZEERRS
Fig. 3 The growth status of mycelium of O. raphanipes NCM23504 under different carbon sources

P G R OIS T 22 AR (AR ST T 38.8%. £E AR EAMK IR e 22 2k Bty > 38 o> K oK k> 5
ARG T, 2D AR I T 2 R R O R et BB, L rP e 2 R BOR R D R AR 3 T IR 1 TR 24 A

PR AR Tt VAR 5 77 38k 1) B DB AR, N 14.0 g- L, HTR I B 88 SN 1) 1 24
2.3 ARIRAEFXIKRGEF L2 AL KIIF M A EARTE T 75.0%. 45 R, e 2k Bty 0t

MR 4 18 4 AT, R R AP R 22 R ORI TR 22 AR KA B e AR A

R4 TERAERIICREEE 224 E KIS0
Table 4 The influence of different natural substrates on the mycelial growth of O. raphanipes NCM23504

b ikl ok TSR Wy L )
Index Soybean meal Corn flour Oat bran flour Potato flour
B 22 K% Growth of mycelia +++ +++ +++ ++

T 4R )i Mycelial biomass/(g-L™") 12.3£0.15 ab 12.0£0.26 ab 14.0£0.26 a 8.0+0.10 b

AL TEHY B KM CL MR R D, HREH
Note: A. Soybean meal; B. Corn flour; C. Oat bran flour; D. Potato flour.
B4 TRRAERTRREBALEEKKRS
Fig. 4 The growth status of mycelium of O. raphanipes NCM23504 under different natural substrates
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AEE 22 RN E N E 15 min, (J LURIL A 4
JRZFOM D HARRREO il 2k = £ JZIR,
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AR T Bk A%, AP B ERE (- 5. G5

KFE A HLEH EL AR B 224 KA W e 2t
YEFH o W8I RER 1 R AR 2 V1R 85 77 B R AT
THE A ER K, N 11.0g- LY EEH AW EE
RIEH LR AV ERTE T 13.4%, BE AMERE
AV ESETE 37.5% [RIIE, B BERY B A A2 K AR 25
A R 5 5 1 e P U

2.5 MR @RI 5 RIKIREE s iR IS R &

=

E
AR DAL PR SRR IR 45 2R, WAL 3 IR 3

*5 FRIABRKREALFKTS
Table 5 The mycelial state of different nitrogen sources in O. raphanipes NCM23504

FRFF Index JRZ Urea PUE Beefextract  BEREE) Yeast extract Bl (NH,).SO, [/ Peptone
Fi 22 K% Growth of mycelia + o+ + + ++
B 222E W) Mycelial biomass/(g-L")  4.0£0.10 b 9.7£0.21 a 11.0+0.26 a 5.30.15b 8.0£0.10 a

AR B ARNE S CO R D, iR E. SR AR,
Note: A. Urea; B. Beef extract; C. Yeast extract; D. (NH,),SO;; E. Peptone.
5 FERBETKIRSEELZEEKKTS
Fig. 5 The growth status of mycelium of O. raphanipes NCM23504 under different nitrogen sources

KPR G AT W LT 3BT, 45 R W3R 6, [RS8 7
ZEATTIER 7.

FIH python AT 56 25 TR (R 6) AT A,
BN IR AL AR

Y=1.12+0.069A + 0.041B +0.093C + 0.085AB +
0.068AC-0.025BC-0.08A+0.11B°-0.06C>.

Wk 7 s, IR ENE TR P<0.05, %2 57
B, BEGHEE . KM PE KT 0.05,%
HH RSS2 R AR o b S el BB 5 R R 2 M8 &, HL
AL R*=0.948 6, R*,s=0.882 4, R%.=0.704 8, Y] 4%

T 1, H Rag 5 R ZIANH 22 /N T 0.2, R BIAE
RPN R AR B i 5% TR 3R K AR 7k 1 2 1k
(17 B A 2 JE 53 1) SR R R 8 I > i > ZRU U, B g = %k
BRI N> LU NS> T R I I &, TR 3R A R
C X Y B 1 52 22 57 i 35 (P<0.05) , 38 i Ml J8 [l 43
AT A5 1 11 AR 2 VA P 5 % R A A A o A
216 g- L' BERRKY 5 g- L' G EEL M 15g- L, 7
IS R REFR 7 d LR A RIEF] 1587 ¢ L.
P HRARAL 5 0 R IR 2 AR 3R AT 58, &5 RIE B B 22 2F
YIEIAF] T (15.33+0.51) g L'
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Table 6 Response surface design experiments and results
AR [ EE2EE07) s
Experimental A B C Mycelial
group biomass/(g-L™")

1 0 0 0 11.7

2 1 0 -1 9.0

3 0 1 -1 133

4 0 0 0 11.3

5 -1 1 10.3

6 -1 0 -1 9.3

7 1 0 1 11.7

8 0 -1 1 15.0

9 0 -1 -1 7.7
10 0 1 1 10.7
11 0 0 0 10.7
12 -1 0 1 9.3
13 1 1 0 13.7
14 1 -1 0 11.0
15 0 0 0 12.0
16 -1 -1 0 11.0
17 0 0 0 10.3

&7 EVEARBEFESH
Table 7 Analysis of variance for the regression model
e EI7HI 4 i ¥175 Pl P
Source Sum of ' Mean F value P value
squares square

17 Model  0.500 9 0.055 1434 0.001**
A 0.036 1 0.036 9.26 0.018 8*
B 0.014 1 0.014 3.62 0.099

C 0.067 1 0.067 17.50 0.004 1**
AB 0.028 1 0.028 7.23 0.031 1*
AC 0.018 1 0.018 4.63 0.068 5
BC 0.250 1 0.250 65.08 <0.000 1**
A’ 0.025 1 0.025 6.44 0.038 8*
B’ 0.048 1 0.048 12.47 0.009 6**
C 0.015 1 0.015 3.95 0.087 3
W2z 0.027 7 0.004

Residual

AU 0.008 3 0.003 0.54 0.678 6
Lack of fit

2Rz 0.019 4 0.005

Pure error

HE%E 0.520 16

Cor total

T #3478 P<<0.05:3463R P<0.01.
Note: * indicates significant difference at 0.05 level; ** indicates

highly significant difference at 0.01 level.

2.6 ANEIFIEHECS X KIREE R L (A% KRR
Fo 7 A (R 4 d JE w2 0F a6 ik, W22 H
“118-

B T B R T Al 3 AT (R 8D, W 2
K#Hmd, HOGERLTT B, AL 77 D A AR A U 31 74
A, KBTI TR R A R TR 23 d K
R %t 1] 22 BE R B U (1 60, 5 97 25 d I, K
BB B AR 2 1A 22 4 U D 90% AL, B
BEC AR 2 T 224 o5 U I 80% e A, T AR B
B D R W R 2K Bl KR 2 s A 1)
BRI TT N ACm o im ez m s S m s s M oye=
50:28:20:1:1),
*8 TREAMELEKER
Table 8 The growth conditions of mycelium under
different formulations.

PR 2ZBA RN ] T 22 AT

. W 2K
fic /7 Mycelial Average growth WERE B %
. . . Full Growth of
Media  germination rate of mycelium/ time/d i
im mycelia
time/d (em-d™" ¢ vee
A 4+0 0.42+0.02 23.1+0.9 +++
B 540 0.35+0.04 27.0+£2.8 ++
C 6+0 0.324+0.05 30.4+4.2 +
D -

T RO T

Note: “-” means no data.
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PRI/ I ST B 22 3K°7 . BRI R I AR TR R
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Wi Je 35—V B . MU T GBI R AL
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HEPEZRMERBER N EMIEANHE L6
B 3N R B e IR, A R ORI AR . AR K
JA K AR BN I K AR 5 B IR R RR Y,

B IRIC 7 RS 40 A U 2 R TR A T R
(RIAZ 0 77 ¥ o ASHIE 90 1 S 38 B B PR 3K 36 R LAk
T AR 2T R ) B TR 5 AR T NCM23504 B 1k B
22 /)i 38.8% , IR HH R RR R LA RS n AR )
T 37.5%, 10NN 52 65 B R 22 8 7 by w1 1 22 4
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Fig. 6 Growth conditions of mycelium under different formulations (cultivate for 25 d)
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