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TE: UL Bacillus velezensis JyRI Bk, HHURRHEHN . A M. FALEY 3 MEEIRIELLS), 44 N IAL 5 Box-
Behnken M B2 [ Bt A R BERE R . BRI SE REW], BEERRR . RE AR RE M E ALK, SNERE
TR ISV TR A 5 R 0 TR R I 5, 81 3 R 5 559 T DA T BRI R > TR 1 R > Ay LT i B, SRR
ZHAEFARE (P>0.05) « BARBAEIABRAREREEKT, EREIFIRERALESENE, 5RRMEFRE
Bl 7. BERHR N 6.5 g/L. JEE AN 25.5 /L. &AL 14.5 g/L. WAERIGSE REW], FERREIRIELME T HEkECK ODesoo
N 2.827; AJEREFRE R MR AR ODooo FI3% 6.721, AW EBARALETHR Tt 137.74%, SEIME 5 BT FUIME AHXT 1R 2 /s
T 5%, ZMRALEEFRIET] BB Bacillus velezensis "W, HEMk S KB L SRS,
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Response Surface Method Optimization of Bacillus velezensis
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Abstract: Using Bacillus velezensis as the test strain, three medium components—yeast extract powder, tryptone, and sodium
chloride—were selected, and the fermentation medium was optimized using a combination of single-factor experiments and
Box-Behnken response surface design. Results from the single-factor experiments showed that yeast extract powder and
tryptone had a significant effect on cell growth, while sodium chloride only slightly promoted strain growth within the tested
concentration range. The strength of factor influence was in the order: yeast extract powder > tryptone > sodium chloride.
Response surface analysis indicated that the interactions between any two factors were not significant (P>0.05). Although the
overall regression model did not reach a significant level, the optimization results from the model were still useful as a reference.
The optimal medium formulation was determined to be: yeast extract powder 6.5 g/L, tryptone 25.5 g/L, sodium chloride 14.5
g/L. Verification tests showed that under the basic medium conditions, the maximum OD600 of the strain was 2.827, while in
the optimized medium, the maximum ODeoo reached 6.721, representing a 137.74% increase in biomass compared to before
optimization, with a relative error between the measured value and the predicted value of less than 5%. This optimized medium
can significantly increase the biomass of Bacillus velezensis and provides a reference for high-density fermentation processes
of the strain.
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RS TEWE . MR [ S0 P R LTS e 5 2 At DhREC) . RSN, R o A AT A
RETE s HUag I AR AR 2R 76, X — R AR R T (58 1 IR0 A A7 . A 538, (AR
AR A R I BN R N L . BT, W RN TR EEY . BR S f SRR 55 2 Ff
YEMIER FHBG 53R PG, IR WMAEDREIE S AR E G RO ER L —, KR
CLA 2 [E N AMIF 75 AR = S 2 UE ST

7, RELRWIERSRE., EER @mAOTER, BOEIER SR AR PRI ETK
UF (R AR AR ) 75 o AR s o 3 BB b 380 i A7 7E 5 20 R FH AR Ao 0k 56 vl
DS 3G 2 AT B8 1500 B it FH T A AR R A AR . ST HEY B S il AR SIS
FETIG WU HARTT TR SR T SR, 1B B TV AR R H A AT 2 10 1 0 e IS 3597
AR RIS T A MERORNI, B3 T 00 W 0 N BCR R E A 2, M ERIL M
Ao DRIt 0 REFEE FRAE T RAAL LR T BRI 5 KRR, REIE AR, R
T b A SRR BB IR AZ o IR T, T4 3 DUSI M 2 AT T A8 b 750 1) 72 M A e R B ) ] ¢ a4
M B B B ISR S R ME

T DRI 27 AT T AR KK, AOF ST s BHR A . BRER IR S0l 3 MRt
75, RHAHERIAK LS Box-Behnken Wi B BT I KR SR AL, EL ODeoo (M AR A1)
DN NEFE R, B E B R TS A IR R R AR T 7 8100, AT TS A R I AR R I AT A Y 2 Ik S 3R, &R
G 5 BT Z T HAE BN, BAE R WA LR ATAT I DS R RS TR 2R 77 S HOR
28, IR bk LRI A i A S AR O BORME R, O J5 82 DUSI- A 2 FOAT T A P i R0 RO T
B RURAL A B e S o
1 MRS HE
L1 BHRRIR

PR B R IR A AR IR 5B R 37 PR 2 IR AT
1.2 FEENSNESE

FEEGH: MR R RE B R, SRS B E 254 B iR A TR A A .

FEAER: BAA WA eETt m AV OR R e TEIRIE A B LRGSR
PCR #384%. HLIKAX.

1.3 EHRAEKHLNE

RHAGIR PRI 204 TR AR RN Z 0510, BRI IR VEH2 N LB WUIRRE 7758, 37°C. 180 rpm 4k % 55 77 il
BT, LB BE R 2 N T g R RS ARG TR0 50, 4B 1P R Bl R 1 2R i LB
WREEFRIE, MFEZM M EEIRG TR, WE 3 4T, DUREEME LB WA= EE T
KRR, BERE 2 h BURE, KA 7066 THN E B ODeoo (H - FFEZHUFENG I B 2 Bk N T, DS
FEIS B R ALBR . ODeoo “FIME NPT A K it 2k, 0B Btk A K S A
14 BRFRRAR

P LB ARG TR IR R 7R 5, R B Ry R R SN 70 B B KT, s
FRFATRFFIE E , WIS VT IR 1 JoR RS A & BOM T I0% 1%t B 3 1 28 % A R R 2k, 37 °C

46



$2% B SRR AR EIRE

180 rpm THIRIR 578, FHWE 3 W TFATIRK . 4097E 13 hy 15h, 17hs 19h. 21 h. 23 h U,
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Table 1 Factors and Levels Setting for Univariate Experiment

A SN BEWE (g/L)
FERHE A 2.3.5.7.9
JBR A 1 R 18, 22, 26. 30. 34
FAba 8. 10, 12, 14. 16

1.5 Wi LT RES
TERRFRIGHEA b, IR A BERREN . B BE AR C S hEARE, PLE R ODeoo fH
M AR, KA Box-Behnken = [H 2 = /KPR 56 B v JF R i RLFARALIE 7, 4R 2 B AIRI 3L
B 15 At s, Hhmd 3 dhao S ES K. FIF Design-Expert A48 — 1% i [a] Y1
B, RHRISHAR AT T E i AR S AR IR R 5 TR B A HAEF AT, B B A A SR A T R B
PRAFFRZAFIS), KRG B E 3 YCTAT, FREIRIEEHE T 5.
x 2 mMEREEER

Table 2 Factors in the Response Surface Experiment

K (g/L)
S
-1 0 +1
[EANRES ) 6.5 7.0 7.5
JR A 25.5 26.0 26.5
SN 13.5 14.0 14.5

1.6 RALFMARAERLR

PR o T A R B A 5 SR, 132 H AR AR LB 32 46 1 o TEIZ 4L & 25 1F TP R KRR
5, WE 3HTVATES, WE R ODeooo H4 S35 45 B 5 R FRNEHEAT ST EE, B0 UE [F] AR )
A RS B AR AT S
1.7 HIEAE

PRI FIABE R Excel #4487, 38 1] Design-Expert 13 0T e B A AU 2 . 05 2004
2z, DL P<0.05 1E R 2 5 BA Guit 5 W3 R e brife .
2 EREIHT
2.1 BHRAEKHENE SRERNILER

£ 37 °C. 180 rpm #RGIEEFEZM T, WA VIS 2F AT B 7E LB W iARR: I3 i 2R K th 42 i ]
1A FT7R o BRAE K I S RS 35 30 D744, TR A AEIR I XA K Boe i 5 0.
RRIGFA T, FEREEHN 0~4 hy 4~18 h A TXHUEKH], BARPERITE; AV E HITE
18~20 h, PH/EIHEAIETIN. JEEHAI T AT EL 12~16 h X EUAE K5 S I B T Bl

W 1B s, AN EERRER AR BT UL 2R AT i 1) A K B B 2. 78 2~9 g/L JuF W,
TR AR A 7 P T BRI R A B T v IR AT 2 /Ly 3 o/L AAEK 2, ODeoo WEAEA A 3.9,
5.0, HIZFTEAZT M So/L HAKMREENE; 7oL 5 9L HAKMASZES, ODeoo
B35 6.5 L b, famiiek. Zia B KRGS, € 7 g/L v UUSEHT2F fOAT B (1 & I R By
W
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Figure 1 Growth curve of Bacillus velezensis in LB liquid medium (A) and the effects of different concentrations of

yeast extract powder (B), tryptone (C), and sodium chloride (D) on Bacillus velezensis growth
22 WANIEERALEE SR EERC T
P PR FRRR A R, WHEERR N (A) BREARB). SAH(C)3 AR T Box-Behnken i
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Table 3 Response Surface Experiment Design and Results

SEIG A 5 ¢ ODeoo
BERRE R (gL REAM (gL A (gL
1 6.5 25.5 14.0 6.567
2 7.5 25.5 14.0 6.105
3 6.5 26.5 14.0 6.017
4 7.5 26.5 14.0 5918
5 6.5 26.0 13.5 6.061
6 7.5 26.0 13.5 5.819
7 6.5 26.0 14.5 6.721
8 7.5 26.0 14.5 5.786
9 7.0 25.5 13.5 6.259
10 7.0 26.5 13.5 6.006
11 7.0 25.5 14.5 6.226
12 7.0 26.5 14.5 5.863
13 7.0 26.0 14.0 5.775
14 7.0 26.0 14.0 6.358
15 7.0 26.0 14.0 6.204

A Design-Expert A F xR 56 2 #t AT — ik 2 B BH G, F9% BL ODeoo M RZAE K 8] U5

Y =6.11-0.2173A-0.1691B + 0.0564C + 0.0908AB - 0.1733AC + 0.0088BC - 0.0234A% - 0.0151B?

- 0.0497C?

A Y AT ODsoos A By C A UREFRHZ Ry . REANR . SRS

AFE ARG R 4 R R, AR RO AR R R A3 [ ARE R Ty 22 7 #r 4 A
K4 PR, R P=0.3660>0.05, BEAMBRRIE R EZEKT. IR T RBEELSERER, BEERE
(A, P=0.0574) #ZEILREAKT; BRAM. &AM, S8 EW% — R P KT 0.05, XA

B0 R R .
R4 TEMMER
Table 4 Variance Analysis Results
Source Sum of Squares df Mean Square F-value p-value not significant
Model 0.7973 9 0.0886 1.42 0.3660
A-TEBER A} 0.3776 1 0.3776 6.04 0.0574
B-JB 11 ik 0.2288 1 0.2288 3.66 0.1138
C-5AL 0.0254 1 0.0254 0.4069 0.5516
AB 0.0329 1 0.0329 0.5272 0.5003
AC 0.1201 1 0.1201 1.92 0.2243
BC 0.0030 1 0.0030 0.0484 0.8345
A? 0.0021 1 0.0021 0.0336 0.8618
B? 0.0009 1 0.0009 0.0144 0.9093
C? 0.0057 1 0.0057 0.0918 0.7741
Residual 0.3124 5 0.0625
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Source Sum of Squares df Mean Square F-value p-value not significant
Lack of Fit 0.1299 3 0.0433 0.4743 0.7320 not significant
Pure Error 0.1825 2 0.0913

Cor Total 1.11 14
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RN USRI 2 FAT B ODgoo IS LI 2. BEEEEHSZ Ky | B BRI FE T i, B4 ODsoo
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74 Warning! Factor involved in multiple interactions

74 Warning! Factor involved in multiple interactions 74 Warning! Factor involved in multiple interactions
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Figure 2 Effects of Various Factors on the ODeoo of Bacillus velezensis
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Figure 3 Factor Perturbation Analysis Chart
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Figure 4 Contour plot (left) and 3D response surface plot (right) of the interaction between yeast extract powder and

tryptone
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Figure 5 Contour plot (left) and 3D response surface plot (right) of the interaction between yeast extract powder and
sodium chloride
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Figure 6 Contour plot (left) and 3D response surface plot (right) of the interaction between tryptone and sodium
chloride
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Figure 7 Cube plot of full-factor response surface for Bacillus velezensis culture medium optimization
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