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Optimization of the fermentation of solid state medium for biocontrol
actinomycetes 153 and its heat tolerance ability
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Abstract: [Objective] The research was to investigate the best condition for solid-state fermentations
of bioncontrol actinomycetes 153 and its heat tolerance ability. [Method) With corn meal, glycerol, sucrose,
D-glucose and starch soluble as the carbon sources,with peptone,mille, yeast extract power,soybean flour
and urea as nitrogen sources,appropriate carbon and nitrogen sources were obtained in the single factor ex-
periment. Based on the sporulation quantity of SSF product and the single factor experiment, the medium
was optimized by L,; (5°)orthogonal design. On this basis, the solid-state fermentation was optimized. Chi-
tosan,non-cultivated loess, kaolin, furnace slag, calcium carbonate, flour and chitin were mixed with bio-
control actinomycetes 153 bacteria powder respectively. The heat tolerantce ability and carriers of 153
strain were determined at 55 *C. [Result] The optimum solid state medium of biocontrol actinomycetes 153

was determined as follows:wheat bran 80 mg/g. mille 8 mg/g,corn meal 10 mg/g,peptone 2 mg/g and ini-
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tial moisture content 60% adjusted by water with 0.5 g/L lime. The spore content was 94. 1% higher than
that of the control under these conditions. The optimal fermentation effect was inoculating seed culture flu-
id of 20% seed volume and 84 h seed age duration,and cultivating it for 216 h. At 55 °C ,136 min heat treat-
ment was the standard of 153 thermal resistance;chitosan and Non-cultivated loess were the carriers of 153
strain. [Conclusion) The fermentation conditions for bio-control actinomycetes 153 solid-state were deter-
mined, which can not only greatly promote the 153 growths and reproduction, but also increase its storage
stability. The conditions were good to its further development and application; At 55 “C ,136 min heat toler-

ance ability can embody carriers’ protection of 153 long-term storage, which was useful in screening large

amount of carriers.
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B (Mucor piri formis) K20 B i ( Trichothecium
roseum ) S 22 ¥ # (Rhizoctonia solani ) %5 22 Rl
JEUR A 2 3 O RF SR A L HLn] A 22 F Ay ERAR
22 RSO TE o K I A S R B R
TG BAERFEA L 4 g Ay £
P A5 AR AR 34 L S A I A B U BIF 5 B R
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L1 ftlEk

HE B T 153 i DY B A PR B R A A A R
o BEAE Y T AW B G S0 A Pt

1.2 REBERE

L2.1 wékAcA HR SNB KB (FERE 15
g/L,Hw 15 g/L, & A WM 40 g/L, KH,PO, 0. 5
g/L.,CaCO; 0.5 g/L,NaCl 0. 5 g/L,MgSO, 0.5
g/L),
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AR MRy R BRI SR MR R
DLZZ B 455 3 B g 0 BE, DL T o o T 4 A 7 i
XF PR R 153 7 A A7 02 VR F I Ak RCTR . 7 It B Al
BB Los (5°) 1 32 B A Ak 11 25 85 75 3L I 1%
R ZE T A O SR A AF B, IR S R K
T L,

1.3 FH &

13,1 Akl & B 28 CHiFR 7 d A Bk
2R 153 WA 10° mL A9 AW . B2 mL
B EER T 100 mL BCR SNB A& B T, T 28 °C
130 r/min 4z 37 55 % 96 h, 15 35 1 BRI Ay 422 ol i) 25 % 1o
B % FE AT ik L R VR U 1R I D

x1 ESEFREBEXTRKBEHEZRMAE

Table 1  Factors and levels of the solid state medium orthogonal design
K % Factor
B E F
7k qZ A ! C D i A~ /0 =1
o 4 Ak b 3% 37
Level f**ﬁ\/(mg- g—1) fEHH{FEH/J\iiK/{‘J}/ ﬁCELIﬁ Ei}?/(g' L) %}Jﬁn u?ﬁﬂi/ﬁ 1;':7%‘ g/
S (mgeg b L : Initial Error
Corn meal . Interaction item Lime .
Peptoned. Mille moisture content term
1 60 204100 1 0. 500 50 1
2 80 404150 2 0. 250 60 2
3 100 60-+200 3 0.125 70 3
4 120 80+250 4 0.063 80 4
5 140 100-+300 ) 0.031 90 5

TE & AR AR K 8 157 4 pH {E.

Note: The water contained lime was used to adjust pH of solid state medium

1.3.2 ABHAKH 153 BEXBLMHGKRL (D
KB RIHE . FIERIESR 3 d IR TR, 2020

(B 100 g [A 2555 FRHLHL R 20 mL M 3-30 B9 46 b i
PR TARAL R SR F2 58 b IR r B TR ILrp . 3% 3 3K
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HE .28 CHpEEsst. B 24 h U 1 IRGIEFR 9 d G
B W=, A AR B B B » T 5 5 A o
(] B, PRI — o O o ) 2 B, T 105 “CHET 2 1E i
HLIE SR e R B . (2) Fh TR AR
B E . BUEEFR 3 d AP, L 520,10%,15%,
206,25 Y0 1 30 Yo 1) 42 P 2 P T [ MR 3R 3 I
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P Ak B R A K i 2 TR AR T RN R IR YA 3 T
oo R R P B I L 5 T i 1g CFU 36k
1.4 HEAIE
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B 153 [8 A5 15 57 0 fie kA de o 2 L el T B AT AR
JEAR T S TE AR B R 8 R LRI Y R I L 8 BE Kb TE
Hofb s SR I N FETR W b R IR X Lk )
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Table 2 Effect of carbon and nitrogen sources on growth yield of strain 153
IE =

Carb?}ff‘ource lg CFU Nilrogfknd/iource lg CFU
k¥ Corn meal 8.252 Aa /N ¥ Mille 8.225 Aa
H il Glycerol 8.150 Be 7 4 1 Peptone 8.183 Bb
RERE Sucrose 8.138 Cc % B2 Ky Yeast extract power 8.126 Cc
% B D-Glucose 8.137 Cc # T K Soybean flour 8.116 Ced
WA METE R Starch soluble 8.118 Dd R % Urea 8. 039 De
Xt HE CK 8.117 Dd X Eg CK 8.108 Cd

TE : A S BUE R AR A R RS 5B 2R 7E 0. 01 K 122 53 W 2 AR AN /NG T2 BE R 7E 0. 05 K B2, TR,

Note: Table entries followed by the different capital letters in column indicate very significant difference(P<C0. 01) , the different lower let-

ters in the column indicate significant difference (P<C0.05). The same with the below.

I 3 AT, 2% RO AR B R 153 K e 7 W

BRISS A S & TR AR BE . JLAHE

B R NFF R IR J: A>E>D>B>C; A, 1,0k A2BIDIE2 il A2B2D1E2 414 fefh. *f 2 4
E T 0 5 0 R O6F TR R 153 1% [ 25 5% 77 R00OR 52 ) AL A AT RS TR A5 R LR 4.
W R R PRI RMIG S KERESERN
3 EHHEZE ISSESEFENESRALIRNBER
Table 3 Results of orthogonal test of solid state medium
5 £ IKE KBV R lg CFU Amount of bacteria Wz
Factor 1 2 3 4 5 Rang
A 8. 400 8.426 8. 357 8. 341 8. 300 0.126*
B 8.379 8.393 8. 350 8. 351 8.353 0.043
C 8.379 8.373 8. 340 8.374 8. 359 0.039
D 8. 408 8.361 8.323 8. 364 8. 369 0. 085
E 8. 364 8. 410 8. 342 8.398 8. 311 0.099*
F 8. 349 8. 375 8. 382 8. 359 8. 358 0.033
2w RN R X IE B I 5 4 R )

Note:* * "Represent significant differences of results orthogonal test.
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YRR T T P B B RE A B B 153 AR AR [ 3SR
a3k A2BIDIE2, Bl 80 mg/g % #k.8 mg/g &

KW .10 mg/g /NAKKYFN 2 mg/g 8RB 46 & K
H(F 0.5 g/L A1 R A RIK) K 6000, 78k 51
THETR R R O BRI T 94,106,

R4 BSEFRERUBIEREER
Table 4 Verification test of optimal medium
Ak 3 TR/ (X108 - g7 1) le CFU s o 22 95 V6B 5 X []
Treatment Amount of bacteria g Standard deviation Confidence interval
A2B1D1E2 6.6 8.817 Aa 0.009 8.802~8. 831
A2B2DI1E2 6.6 8.819 Aa 0.010 8.803~8. 834
X CK 3.4 8.536 Bb 0.011 8.518~8.553
2.2 HEMMEE 153 EREZEZGENRKL Ii] 25 A T 1 %o 0 K 3 BV B 22 A K3 R R B Bt L
2.2.1 A rasmE mE 1A LE AR W GEM S KEAM THLIEERNIMY e &

SRR 153 T2 48 h A2 A7 WA N LAE T A B 1Y A
TR AR 37 96 h 5 AXTECE KT 76 216 h 1)
R O A A TR B Fe R PRI M A A 7 i 2 AT 153
M & ELE 5 R 216 h, ErsK &L 4820 ~35 06 (1 i 1 &

9.0
4

KA /N 350 B B B e 8 A 7 AR A IR AR
TR IR T T I B . X SR AR R AE 1 2

wHEM.

50
8.5
40 =
o]
L 80 S E
= w o
O 30% 2
o0 2
T s S
' =
420
7.0r ——1g CFU; {10
—A—& K& Moisture content
65 . . . . . . . . . . 0
48 72 96 120 144 168 192 216 240 264 288 312
B FREF /A Culture time
Bl 1 T 153 A & AR i R
Fig. 1 Growth curves of 153 solid state fermentation

2.2.2 #FirBEAZAEGGHT PEM TR

F b SRS B A IE 45 R LK 5

RS MFREMHEBRMBIMEE 153 BELBHEM
Table 5

Effect of the inoculation amount and age

for seed liquid on SSF

B/ lg CFU ity /h lg CFU
Inoculation Amount of Seed Amount of
amount bacteria age bacteria

5 8.025 60 8.053
10 8. 385 72 8. 146
15 8.608 84 8.316
20 8. 689 96 8. 248
25 8.581 108 8. 204
30 7.943 120 8. 090

5 R Wb W AT A I () P 4R OR AR
T L B % 2 HE BRI RR £ 18] 245 2K 19 5 20 06 B 4 o o di il

TAEBG A 153 /Y [ 25 A W, #5 A i i AR sl it &
BIARFF BARRE 7% B2 R i o0 50081 10 Y0 i, AR Bl ik
ZRTA 153 FE R L I I A K G218 AN R TR A L T N
T 25 Ty AR TR TS Y T B R R 20 V0 I BT K
Syt R EBHAT T R RE M AR K R 3R 84 h P T
A% A R R G, R TR T e K X R R A O
ST A e — B, U6 I B BE Y B R A A B R
I L A 0 ST A [ A B

2.3 MEZHE 1I3WMRINHE

2.3.1 moubwEmeymE MNE 2 AN, E
55 CHMT o [ A & T B RS 19 3% I BE7E 30 min J5
28 R R, 60 min J5 s G, 100 min Bk 2 H ok
B, Z S5 B AR . X W] B2 H T Bl I AR s )
FEA B K 2 W AN TR A A e IR R B A
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Ve B A —1E W i #2100 min Ji5 . I8 B 4 5 1A =
A EAE T L O T MU 5 T AR N R R
o U TE L BRI [A] B R BT 2 RSN X 1
2[R AR R 153 TR AT 5 I A B0 9 3 I M . X
[ 44 %2 % T B3 AE 120 min S B0 T #4  #E 47 [ 09 43
M, T A5 3 % B 3 B IR (o) 5 P04k B RS ) (o) i) )
Rl B k. y = 0. 000 222 — 0. 078 72+ 14. 911
(r=0.999" "), #E 1M A R AFAE 55 C &4 T . W Bk
153 fEAE it a2 136 min,

2.3.2 BARNAGHKLE 153 fR A EEE

8.6 -
8.4
.24
8.0

7.8

lg CFU

7.6

7.4

72}

7.0

—o— [H A REBEFE M Sporepowder by SSF;
—— F P T BY Drypowder of seed liquid

ey Fwm  F 6 LW, AT LB 153 1yt
PRI AR E TR B A, 2 55 C b
136 min J& , 5¢ R ME X ik 4k 1A 153 i F 19 R 34 A
U R A W TAEMHE R S R S
Tt 2R AR RN IR 28 120 d W RS & B T AR A
IR BRI T 25.5% s AEHHE R 8 + a0 i i f
AT = R N1 6 (=R e NN TR = Lol o
T RS AL T BT S A s T AT T, R 8L
PR RRTH #4710 T B PRIk, 52 RO A B B 1E 12 3 £
AT AR R 153 BBk A4k

0 30 60 80

100 120 140 160 180 200
4B B Fl/min

Treatment time

B2 AERHZREH 153 Mt #4007 9 I 2

Fig. 2 Determination of 153 heat tolerance at 55 ‘C

W7 A7 105 A0 0 45 S 3R 1L 4% Ak B2 R 0 A
JE BFF G R 55 CRYTHIA A 56 I Z [ 77 78 2
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Table 6 Effects of different carriers on 153 heat tolerant ability and storage survival rate %
] i 4 bR ) i A - PR
o e [ o W (G
Heat tolerance Survival Heat tolerance Survival
Treatment o Treatment .
ability rate ability rate

Fe M Chitosan 74.548 Aa 44,924 Aa 4+ Kaolin 38. 243 Dd 32.962 Cd
3F$}?'ﬁﬂ§§fi 60.724 Bb 41.307 ABb XF{E 37. 468 Dd 30. 042 CDd
Non-cultivated loess Furnace slag
W (CK) . TR R 55 =
Spore powder by SSF(CK) 48.966 Cc 39.777 Bbe Calcium carbonate 28.941 Ee 25.730 De
¥ Flour 46. 770 Cc 37.691 Be JLT )& Chitin 26.486 Ee 16. 690 Ef

3 shi S

I 25 K W el A 0 v I 5 9% T2 R AR T 8
PRI L B SR T A A 32 R R
I P [ 28 % 5 e R bR o AU IR Y S L R T
AT A S A 22 B IR R R A RAS
M R R OK e ) 25 B SR — P LR IR
ARSI 5 A 22 kv TR IO 8 A KB AN R 2 S A

h B YRR C AL T I 2 8 R R R AU K AR
TRPR 153 (7 AL EE LT LR TR AR AR FDR S

L) 2B M T AT 2 8 o T AR 4 AR E L (H 3R
AR e S — IS )L 9% 1 B9 AR . A BIR S DL R Pk
TiE$ A% 13 1 S 1 32 T 790 A 1) 48 o+ R 2% 48 s 44
T AT 153 A Y I L R AT AR Sl T AR T
70 4 T B T B 3 O ) A R e e 2 e R AL T
BRI .
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