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Optimization of High Cell Density Fermentation Conditions
and Process of Bacillus cereus
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(1. Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University,
Wuxi 214122, China; 2. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 3.Wuxi Glyco
Biotechnology Co., Ltd., Wuxi 214125, China)

Abstract: The biomass of Bacillus cereus has an important effect on its biological function. In
order to increase the yield and spore rate of Bacillus cereus, the optimum carbon and nitrogen source
were screened by single factor experiment. The optimal carbon source was 1:1 (mass ratio) mixed
glucose and water-soluble starch, and the optimal nitrogen source was 1:1(mass ratio) mixed soybean
peptone and yeast extract. The effects of feeding method, pH, stirring speed and ventilatory capacity
on the biomass and spore rate were studied in a 7 L bioreactor. The optimal fermentation conditions
were as follows: in 0~9 h, the stirring speed, aeration ratio and pH were 250 r/min, 3 L/min and 6.5,
respectively; in 9~18 h, the stirring speed and ventilatory capacity were 350 r/min and 4.5 L/min,
respectively and the concentrated medium was added at a flow rate of 0.45 mL/min; at 18 h, the

Wim E A 2021-07-19
BEE&WE . HET=1"E 80 &5 H (2017YFD0400302) .
*BEEE . AR (1962—) I3 Wb H WL BT AR W, TR AE ) SN A G B HORBFSY . E—mail : xbzhan@yahoo.com

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 8 2023



FHAL . BHFRATE S E RS E S SRR

stirring speed, ventilatory capacity and pH were changed to 150 r/min, 2.25 L/min and 7.5

respectively, and the feeding was stopped till the end of fermentation. Based on the above

fermentation strategies, the number of viable Bacillus cereus reached 2.2 x10" CFU/mL at 18 h,

which was 4.88 times of that before the optimization. At the end of fermentation, the spore rate was

over 90%. This study provided basis for the industrial applications of Bacillus cereus.

Keywords: Bacillus cereus, fermentation strategy, fermentation optimization, high cell density

fermentation
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Fig. 1 Effect of carbon source on the growth of Bacillus cereus

22 RBEMEHEFATEERKNZMNE

SR TR M A K B A R ) R T A0
S5 KA 1O A AR A, s R AR A KR T R ) SR
JF o 5 50 DA BE R B0 (10 /L) 5 25 o 3 55 1)
BAK KUEAK FRE ORESEE A
U5 HRFE A [R) EUIE S TR AR AR K s i, 236 45 SR
Bl 2(a), AR G2 RS B RS2 0 o JOR Bk
ARG DL AR R iRE th R B, B AR
Bl B — S0V 5T A R T B AR A O PR — 2B R 5T
TR S B A R AR A K s, anEl 2 (b) BT
N, YR LB R SRR R IO 0 R A L
1:1 B R R ODe et , AR A KA DL e b, BERE
PEWCYRIE A, ROEOBRETHEY, L
A R ILR AR R PR SR B SR T, AR
TR AER, BOEBEE R 11 B EEREE IR
H5RGEAB A,
23 ABEREY KIER
231 AmRwk ey Hoh AR It & B R O )
ok 7 25 A I — 2 R 7R HE R (B

T RE 7E AE K B B2k A5 2 05 10 8 37 ) 5 - 0 % 1 e
Ak, RO B R R HRR e i AR K R
AT A5 5 7 4 = 1 202 H RS B — 3 SR ) T
(18 RIRR 23 1t 2 e SR s A DL AR o B 55 3 e 7 4 3
PN AGHE  ARAT T R R T R P B T E AR
T — 3 R, AT RE S Bk W B SR R
b B AR R 2 AR R, R R T R R
KEE ., XSmRS B IRum, 58 TR
A SRR, A SCH S AL 1 R 2 R E R
ARAG T 7 A 0 A ZE AT I, AR AR R
R A A, 4 5% T B3 o s W T 0 e R0 DR 5
S A o e SR VR 3 ol SR s X e A 2 AT B AR K
ZEAIE WU B0 5 e TR Ak U5 25 5 UL 1R 3
(a), REEWPAEIEAEO~12 h BFFER, HFH= %
U, G B A R R 3R 2 . [] s o e 2R U5 45 AR
Bl 3(b) I, T AR AR K ORI A X EUE KB B R
HH BB 0 2% | 2% B [ B s VR A A R AR
P A BT, A 3 (c) s, TE ik A& R S
KW A B L, A 2R SRR B R

LRS LA SR 2023 FE 4258 81




RES EA RCH ARTI CLE XU Lingming,et al: Optimization of High Cell Density Fermentation
Conditions and Process of Bacillus cereus

H0
0
—_
S}

a
b
¢ b
16
14
g d d
a
S 10
8
6
€ £ 4
i 2
0
1:0 0:1 1:2 2:1 1:1

0 @% @Q%gg @@%@ {\% @ﬁ% %;3

IR R L
(a) TH%{FX}‘I%E&MRE@E (b) ANIAIE I R H U 5K 2 1A R TR AR A A B
B2 REXMNEHEFAFEERKNEZE
Fig. 2 Effect of nitrogen source on the growth of Bacillus cereus
—e— I R —e— ki ks
70 —— AR 24 1100 1000 8 —— A4 30 1100
800 ) R 7
6
5 5 20 10 S 800 56\ s A‘<§25A- 80
B ES oh g . 2
£600f 5 16 g S5 203
= 5y S{60s 600 & (160
¥ ol 22w ¥ T4 15 | #
= 400r =23 Zl0E E a0f "X, a0l
% % g iR %} ﬁ 10‘1:\2?; iR
l§ 200 ‘1* 2 é"-g 200 2 %
~EI\_I Hg 1 4 1 20 E \ﬁ:_[ | 5 120
0 0 e S bisisoi a7 300 O 0 s 9 2 isis 2t 427300 ©
i [/ B i /h
(a) TEOERH AN G AT (A A 5 i (b) TRIBRTE AR R B (A A K 1 5 )
10 +{£§i —v— pH 128 1100
%00 —e— BRI PR(IES
_ s —— (IR
g —
) =)
E600p 5
B 56
ﬁ 400 Em% .
= | g
{RS 200
27 w2
—r o 4 _.A‘_._n |
0 = o s s ar w0l 0
i | /h

(¢) TEREFANRR RS B AR B

B3 ARG XA AT E E K
Fig. 3 Effect of different feeding methods on the growth of Bacillus cereus

T, 2 1 3 6 IR 0 W 7 R S 454 DR A 8RR AR A5 A A TR ARG 55 B M R RS A A
P LI 30 77 = [5) I 3e n e Se0 U4 Ay A 25 9 P, X 5 Hue S BFFE S5 RPHEAT & . HCE 7 L
T T vy 288 i TP 1 T 5 W KT K35 35 B B, P 3 3 o sie 2201052 I 1 o4 gk
232 B pH 8% ra BRI BB S5 K 553 Bt pH RIS A SS &, TER MR KRBT E
B, pH 23 52 W 054 25 A AT B 9 AR K 2R B ™ BRI, {59 PR A5 (pH 6.5) AT R 3%, f iff A

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 8 2023



FHAL . BHFRATE S E RS E S SRR

KR e KRIEARE WG 5 A W pH 1 2 59
BRPEERBE (pH 7.5) BEAT 1 37 (@ (ol H e A2 D 2 4, 5
2RI 4,18 h A KK B2 W R R
B pH M55 R VEIR 2= sk, 5 0E E 55 BRIk % 1 A
PO, K I P i R RO BOR 22 5 (A 03 B pH AR R
2R RAT RN T BRI T, SOTE I A IR B
pH JE AR, 5 HMs A A T RAR A KRR AT R

1000, 10 o SRHE 30 -
— (R 100
—v—pH 25
o800 38 P e _180
) g §F O
S 203
5 600f 56 5160
# T 15 | &
= qo0f T4 = | 402
& = 10E | T
& #
A ax
E 200 H,'Ez 5= 20
———— ]
0 0576 9 1215 18 21 24 27 30"
i THl/h
E4 B pHIAEKBER

Fig. 4 Results of segmented pH control strategy
233 s HEBEHHELAAZTAERE FEAXN
R 2 AT B A AR R A T SR I T IR A AR
PEARFI TR, IF 2o el LR AR 240, R
T2 rP B0 I S — M P B T R S OBE R A A
PP, L Be pH 55 A e 2 FEAL 78 R
PR AR ATRE 1 (18 h) I, 3l i AR B e i
AR B AR IR AN 2R R e, 45 R W
5(a), TEEARAAIRBIEE E W5 R i e ol 5 Tl
i M 250 t/min 5 3 L/min £ AK = 150 v/min 5
2.25 L/min, P25 58 M (58.0£0.5) % T+ 2 90.0%

—r— R —— PR —e— TR AL Rk
100 1.00 | 15
G G S S 250
0.95 12
75 _
2002
3 0.90 E
5 ross . 150 |
w | ® il
asp 080 100 | 5
0.75 S—
0 0 3 6 9 1215821222730 ¢
i fH)/h
(a) BRSSO B4 A K 5 2 AT ) 52

ES5

YL HHU(x10° CFU/mL)

DL b, 2 BH R R O U AR IS 3 R R 2R R

FE R TR R b R B B R AR K R B0 K
A R BRI A G R T R T AR
SR D PRI AR IR A P A o R
X R WV HEAT T8 3B Pl G K R R, DA AR
IR A KT, 45 R 5(b) s 78 9 h i
Vi v B B A 508 < £ 350 r/min 5 4.5 L/min;
18 h I #i FRIET 5 (a) 56 W IR 30 1 5 ok 55 0 <
DA IAS 31 = B P A ol 5 00 A AR R, 7R
FERME T, K W b TG o AU B TR ORI T e
ikF] 2.2x10"° CFU/mL,
24 FHREERSH

ZE TR 20 DA ORI AR, — Mk N B 0T AR
LT Y B2 1 B 5 18 BB, P BT
WY R AT . AE T I Y 929 b 3E i 4 B pHLL o B
Tt Pl T o 5 30 A R A R TR RN A TR T PN 17
FEZE AT B 2E AR 1 90.0%, K 6 g Sk it 7 o
JIT RS B 1) 25 00T ik R T S 56 v T 0 1 e £
T3 3 SR A e, 3 R B R 5 20 0 % Y v 1) S
TR B ARG S 20 8 A e S S| LU T30
X, MWK 6 T LIAE H, E 12 h TR A R
AR 2R, B 18 h ZEALTIT IR Wi £ (A ) 32 2
AL T 2R RIE BB B, 2 A S A A I R
BB 18 h 5 AT I — FR A 4 i R I 1 2
ORI ME P ETF, B 24 h BRI F] 50% L
53 30 h R B T AR K 90.0% ) 1, LAk
g5 R B R S 00 T il Y Rk TR R 4R ORI iR AT AR
T I

—r— WA —— R —e— YA e
25 16 400 100
15
~ 20 80
3 14
E "4300 =
=) 1.3 E
15 i E160
= { % @
X 1opm 10 200% 4037
Sy 0.9 =
i) 120
g5 08 100
0.7
0

0 0 3 6 9 12 15 18 21 24 27 30

5 &) /h
(b) = BLyA U SRS T BT (A A= 5 2F F I 1l 5% T

STERBHEESESERERR

Fig. 5 Control strategy of segmented stirring speed and ventilation ratio

LRS LA SR 2023 FE 4258 81




RESEARCH ARTICLE

XU Lingming,et al: Optimization of High Cell Density Fermentation

Conditions and Process of Bacillus cereus

(d) 18 hiEfisEl

(f) 30 hi2fEikE

Bl 6 SEHESFHATEFRMAERE(x100)

Fig. 6 Bacillus cereus spore formation process(x100)

3w & il

V35 30 43 FE 0 B B i W 5, O 36 A R B A
ZEAEAT T AR K B Btk 5 R A 2 e 5 AR [R) 5 A R R Y
IR HEVE B, RUE N R R 1R S AH ) vk R Y
T BEAREY) dl  7 LORREREY KRR S, 70 R 5T T
7 = pH 5 ¥ UG AR 2E AT TR AR R B A
ZEAURA IR, 45 LT ,0~9 hfH @ HE ek il
&5 pH 4094 250 r/min .3 L/min 5 6.5;9 h A
L 0.45 mL/min #5500 85 2L, T4 e i b A
% 350 r/min, S EHN 4.5 L/min; 18 h BH5 1E 3 n

S E 3k

e UUE R = pH & 7.5, BBk e o R ) R
% 150 v/min 5 2.25 L/min, 7EBLIEFERBE T ,18 h
I 5 A 2 AR AT TR A9 3 TR AR B 2.2%10"° CFU/mL, J2&
KAOALHT A 4.8 £, K BESS AT, 25 il %8 o
90.0%,

ISk B IR 5 45 B pH ., B FE 55 5 30 <
P A R 4 TR X e R 2 LR T AT R R
T | S AR B 5 B — AN B a5, S 0 2 SR 3R W) ot
P SR WA S AT K, 5 AR A A2 S A HL B RE 2E R AT
[ F R RSO R N S = I S ) )
PEZERUAT B Tl Ak 2B 7= P AL T R

(1R EE A AR, TS A5 BERE2F JOAT 15 R B B TR 7R R IR CR AR [T, BB R4 ,2021,42(3) :53-59.
[2 ] ZEFE. WA 20 0T B 9 42 3 AR AR 40 08 ) X i 5 AR 2 e ) 4 I [D). Fi T 7 RO K 2, 2019,
[3]F M, A&, B8, 45, BRE 2R AT 1 NISZ-13 Bk B iR A B4 4 U BTS20, 1 sl R 224 (1 SR B2 i) , 2021,

45(3):152-158.

[ 47 2505, XURR W 56 B0, 55 — MRAS BT /K R 45 B B 10 05 A 2F F0 T B8 19 23 B85 A 28 58 [J]. TR Bl 2% ,2020,48(7) - 127-136.
[5 ] Bh/INGE . 7= 200 1 28 5 R 2 A0 T 181 00 0 19 8 2 T 0% 3R AR [D]. BT . PG 48 K2 ,2014.
[61FCBF BRI, B, W FE 25 M0 AF 1 7 B IR B D & B EO0AR[T]. v E G ,2019,38(11) : 140-144.

[ 8] TEMFES . WEAE 2 AUAT B 15 18 5 6 & vb IS i B2 36 97 I B0 FB LAY S SR [T, BEy7 34 4% ,2021,34(10) . 71-73.
[9] 5 4= 2%, Tl A 254 500 A6 352 4 A8 7= v (%) R [T, B4R 3 40k 4 ,2021,49(3) 1 46-47.

]
]
]
[ 7] 25 ME. B A 2 AU 1 I DL £ 2 25 00 A B LA B AR i B v 323K B W FE [D]. K e K RTAL K%, 2016,
]
]
]

[10] JIA F,YIZ,JIN Q,et al. Bacillus cereus liquid fertilizer was produced from A garicus bisporus industrial wastewater[J]. Journal

of Biotechnology ,2021,327(2):74 - 85.

[11] Fafhbl. S5 RE 28 F0 AT B Crd-1 XS0 875 B R HE B 52 R H:

R AR [D]. B R K2, 2016.

I JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 8 2023 [/



B4 . BTN AS T EARAF SRR

[12] T, R0 Mot 45 I R 28 AT B v 7 28 v I 8 1 18 5 T A 1 ) DAL D). b £ 24 42,2020, 20(1) : 109-117.

[13] K=, My, Wl b, 45 ARk A0 B 1 W5t 97 03 5 2 JEFT T MA23 85 37 B RO R g A5 AR A [T, v B e 2% 412, 2021,37
(7):112-118.

[14) FHEE 2200, XI5, 55, —BREERE 28 AT 1 B-21 B9 R BEOL L[], AR A FE*# ,2016,48(3) :62-65.

[15] LASSOO R, MAHARAJH D, GORGENS J, et al. High-density spore production of a B. cereus aquaculture biological agent by
nutrient supplementation[J]. Applied Microbiology and Biotechnology,2009,83(1):59-66.

[16] 2=, VL Ae 35 54 AW FLAT B 21316 o % B Kl 25 A DAL D). Hh IR , 2021 ,40(5) :43-48.

(170 XUTF e, R 5 S, BOMRMIE | 25 A1 o0 10 1 55 4 B2 R o % 9 4 M A e L 22 AR 0], & A 24,2019, 40(8) : 56-62.

(18] HZK B 5itRIAET Z R 2. B iEY RIS WA 28 AT A6 55 . GB 4789.14—2014[S]. Jb5t . i B bR fiE iR kit , 2014,

[19] %5 J5 B2 (U8R, A, 45 AN T it Al L 24 18 85 % 18043 4 A B K 2 9 9 AR ST ST R 0 DR 9 (0] &0 Tl B4, 2018,39
(4):6-11.

[20] T , BN SC, 208 FORE R B AR 7 BOR S 220 B XU 23 BT (0], A0l 2“4 ,2019,35(15) :304-311.

[21] FENG S,WANG,WEN M, et al. Simultaneous optimization of feeding rate and operation parameters for fed-batch fermentation
processes[J]. Biotechnology Progress, 1999,15(5):949-952.

[22] YAN Q,DU G,CHEN J. Biosynthesis of polyhydroxyalkanoates (PHAs) with continuous feeding of mixed organic acids as
carbon sources by Ralstonia eutrophalJ]. Process Biochemistry,2003,39(3).:387-391.

[23] 4B Bk, oo WS | H A0, 5. T TR M DA VR R TR o 2 R AR TS (D). AR Tk, 2021,42(11) - 53-59.

[24] XUSERH, XU 20, 2R PR IH . A3 2 W8 2 5 97 TN A W8T T 2 (0] B dh 55 8 Tk, 2021,47(7) < 14-20.

[25] 1 SCHE WK 21, 42 B . — Tl A 2 ST 1 B HE 22 B BOR I8 U7 . T 1 102093974A[P). 2011-06-15.

[26] HUE ,NGUYEN, THI, et al. Effect of the osmotic conditions during sporulation on the subsequent resistance of bacterial spores
[J]. Applied Microbiology and Biotechnology ,2008,80(1):107-114.

[27] FRAVEL. Commercialization and implementation of biocontrol[J]. Annual Review of Phytopathology,2005,43(1):337-359.

[28] POSADA U,LUISA,ROMERO T,et al. Effect of medium components and culture conditions in Bacillus subtilis EA-CB0575
spore production[J]. Bioprocess & Biosystems Engineering,2015,38(10):1879-1888.

[29] £z, XIHS TR 55 L- KA TOE i A )+ oRE 3 1t R BE D). £ 60 5 A W HoR 2741, 2020,39(3) 1 1-8.

[30] XUARLT. 5 ¥RA i 28 AT B ol A A2 = el T Z AL Ak W52 [D]. dbat . wh Rl %, 2016.

[31] A, X e, AV Ak 45 TR Bt b e e 42 ) SR A2 9 A 7 A AR R (U], 20 5 AR W BOR 4741k ,2014,33(2) : 131-136.

LRS LA SR 2023 FE 4258 81



