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Abstract: The single-factor analysis combined with the response surface method (RSM) is usually applied for bacterial

medium optimization. However, the variables predicted by this method are limited, and it is difficult to reflect the complex

metabolic network of strains, limiting its ability to optimize the formulation. This study focuses on the patented strain

Lactiplantibacillus plantarum LP1Z, known for its high antagonistic efficacy against Helicobacter pylori. On the basis of

single-factor optimization, random forest, deep neural network, and gradient boosting decision tree (LightGBM) were used

to construct the optimal prediction model of high-density fermentation medium components. The accuracy of this prediction

model and its performance compared to RSM were evaluated. The results indicated that the Pearson correlation coefficient

and R* of the LP1Z-LightGBM prediction model were close to 1, and the RMSE was as low as 0.02, with the best prediction

efficiency. The optimal formula of high fermentation medium was obtained by LP1Z-LightGBM prediction, which includes
glucose 30.00 g/, MgSO, 0.30 g/L, MnSO, 0.03 g/L, CH;COONa 7.00 g/L, yeast powder 12.00 g/L, C;H;O,(NH,);2.00 g/L,
K,HPO, 1.00 g/L, and Tween-80 2.00 mL/L. The density of LP1Z cultured in the optimal fermentation media reached 1.61

(ODyg), wWhich was significantly higher than that obtained by RSM (P<0.05). In conclusion, compared with the traditional

RSM, LP1Z-LightGBM offers superior predictive capability for the optimization of high-density fermentation medium.

Key words: Lactiplantibacillus plantarum; high-density culture; medium optimization; machine learning; response

surface method
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Table 1 The design of medium formulation based on ML prediction model and corresponding bacterial density

HA O FAME (L)  FRER4E (gL) PB4 /(g/L) TERAN (/L)  BAWREEL (ODgy)
1 10.00 0.05 0.01 1.00 1.33+0.01
2 10.00 0.10 0.02 2.00 1.36 £ 0.02
3 10.00 0.15 0.03 3.00 1.38+0.02
4 10.00 0.20 0.04 4.00 1.38+0.02
5 10.00 0.25 0.05 5.00 1.37+0.01
6 10.00 0.30 0.06 6.00 1.34+0.02
7 10.00 0.35 0.07 7.00 1.34 0.02
8 15.00 0.05 0.02 3.00 1.48 +0.02
9 15.00 0.10 0.03 4.00 1.48 +0.02
10 15.00 0.15 0.04 5.00 1.50 £0.02
11 15.00 0.20 0.05 6.00 1.50 £0.02
12 15.00 0.25 0.06 7.00 1.50 £0.02
13 15.00 0.30 0.07 1.00 1.42+0.01
14 15.00 0.35 0.01 2.00 1.45+0.01
15 20.00 0.05 0.03 5.00 1.59+0.02
16 20.00 0.10 0.04 6.00 1.60 +0.02
17 20.00 0.15 0.05 7.00 1.60 £0.01
18 20.00 0.20 0.06 1.00 1.53+0.02
19 20.00 0.25 0.07 2.00 1.55+0.02
20 20.00 0.30 0.01 3.00 1.54+0.02
21 20.00 0.35 0.02 4.00 1.56 +0.02
22 25.00 0.05 0.04 7.00 1.59 £0.01
23 25.00 0.10 0.05 1.00 1.46 +0.01
24 25.00 0.15 0.06 2.00 1.50 £ 0.01
25 25.00 0.20 0.07 3.00 1.53+0.02
26 25.00 0.25 0.01 4.00 1.53£0.02
27 25.00 0.30 0.02 5.00 1.56 £ 0.01
28 25.00 0.35 0.03 6.00 1.59+0.01
29 30.00 0.05 0.05 2.00 1.49 +0.02
30 30.00 0.10 0.06 3.00 1.53 £0.02
31 30.00 0.15 0.07 4.00 1.54+0.02
32 30.00 0.20 0.01 5.00 1.55+0.02
33 30.00 0.25 0.02 6.00 1.58 +0.02
34 30.00 0.30 0.03 7.00 1.61+0.02
35 30.00 0.35 0.04 1.00 1.46 +0.02
36 35.00 0.05 0.06 4.00 1.55+0.01
37 35.00 0.10 0.07 5.00 1.57 £0.01
38 35.00 0.15 0.01 6.00 1.58 +0.02
39 35.00 0.20 0.02 7.00 1.60 = 0.02
40 35.00 0.25 0.03 1.00 1.46 +0.01
41 35.00 0.30 0.04 2.00 1.49+0.01
42 35.00 0.35 0.05 3.00 1.52 £0.01
43 40.00 0.05 0.07 6.00 1.56 +0.02
44 40.00 0.10 0.01 7.00 1.55+0.03
45 40.00 0.15 0.02 1.00 1.41+0.02
46 40.00 0.20 0.03 2.00 1.46 +0.01
47 40.00 0.25 0.04 3.00 1.49 £0.02
48 40.00 0.30 0.05 4.00 1.52+0.02
49 40.00 0.35 0.06 5.00 1.54+0.01
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WF 5% 38 i RF. DNN I LightGBM = fih & %
gyl g T LP1Z 55 77 B A0 A6 P A% B LP1Z-RF
LP1Z-DNN H1 LP1Z-LightGBM, . {4 #i %1 15 ] &%
BEMIPPAE FE AR A0 3R 2 Frn, =B ZY Y Pearson 4
etk 2 ¥ >0.90 H R* >0.75, ESLNH =FA[H
ML S35 T A 422 1) 15 7R B AR AL TR S L 1) & 3, =
T 284 359 v FH A TN A LA 18 LP1Z 1577540
FRS AR 2 55 B R EEA [RTRERRY F FR R B
RIL, HI LP1Z-LightGBM il R 5 55 1, Pearson 5
$4 096, R M 0.92, 1Tk Z /)N, RMSE A 0.02,
FHILT LP1Z-LightGBM TR AEfe LT«

% 2 REMLEEFEHISH

Table 2 The evaluation indicators of different ML models

Pearson

= 1) =2 2
A ik % 7 R* RMSE
LP1Z-RF RF 0.94 0.88  0.03
LP1Z-DNN DNN 0.96 0.89  0.03

LP1Z-LightGBM LightGBM 0.96 092  0.02

Bl 2 JEoR 1A R EE A B AS Y TS 5 SR e
LR, ikl 2 fros, a0 K30, LP1Z-RF %
A b LA SR ik 22 oK, JEHIAE -0.04 2
0.04 2 [A] ; LP1Z-DNN #5284 b FLS A S5 5080 Tl {E
ZIRZ, JEFEITE -0.04 £ 0.02 2 [i] ; LP1Z-LightGBM
BEAY v BCSIAR S5 R FME 7% 72 B /), S FEIAE -0.02
% 0.02 2 [f). HUEAT%n, FIH LP1Z-LightGBM #4Y
P A3 TRINME 5 3 S 2 B AR 22 /N
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Fig.2 Comparison between the predicted value and the actual
value of the model constructed by different algorithms
7E: a ) LPIZRF, b LP1ZDNN, c 4 LP1Z-LightGBM.
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Fig.3 The significant analysis of Lactiplantibacillus plantarum

LP1Z culture-medium components

% 3 Box-Behnken3Lifigit
Table 3 The design of Box-Behnken experiment

gy MEM REE  LE®H  ARER
Agl)  AgL)  AgL)  /(ODgy)
1 25.00 0.10 2.00 1.45+0.03
2 25.00 0.06 6.00 1.54+0.02
3 25.00 0.01 2.00 1.43+£0.03
4 40.00 0.10 6.00 1.52+0.03
5 10.00 0.01 6.00 1.29+0.03
6 10.00 0.10 6.00 1.30+£0.03
7 40.00 0.06 2.00 1.42+0.02
8 25.00 0.10 10.00 1.57+0.02
9 25.00 0.06 6.00 1.51+0.02
10 25.00 0.06 6.00 1.52+0.01
11 25.00 0.06 6.00 1.52+£0.00
12 25.00 0.06 6.00 1.52+0.02
13 40.00 0.06 10.00 1.53+0.01
14 40.00 0.01 6.00 1.45+0.02
15 10.00 0.06 10.00 1.25+0.01
16 10.00 0.06 2.00 1.26 +£0.02
17 25.00 0.01 10.00 1.52+0.01

2.3 LP1Z-LightGBM# Al # #r

% LP1Z-LightGBM #5284 25 5L 4 #f7 m] J1, 4]
R ERHR T -1 [SHAP| A 0.04,  ZBEREAFHR Y )
35 |SHAP| 5 0.03, fiit i £ 0) 5 2 1) °F- 35 |SHAP
9 0.01, i B B ) 2 1T 351 |ISHAP| 4 0.004, A
I AT HIE LP1Z-LightGBM B AL v, 2 % K (1) 52 i
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R, MRS EN (B 3). #HiEh, &
Tt 5 %) o A P55 L TR PN, R 28 R L R X A B B
H sz A B IR R A5, RIVRE A PR & R AR
LP1Z BRI B 5 BT sh s 16 IR A A1 At R B Xt
B TR &5 R 2 U, R R e S
LP1Z B A% B R B o

2.4 FETwg W R EFEMAOER

WE 1R, M. R A LR R
WIEXT LP1Z W B AR % B B B R, HOi &k
FE ok vy B R B S e B AR B, DR L AR R X X 3
T B 73 3347 Box-Behnken S256 % 113K43 17 Fhc J7,
PR 5 2 5 R LR 3

2.5 HFLPI1Z-LightGBM X " bi T % % 5T 1Y
B I BB R AT

KH LP1Z-lightGBM E A Tl AL, 3@ ik 8 5
PRl N 6 B Leaf-wise 4= S &, [ (b A58 84 78 )1 2%
AR ERS, T 2 RERIISS BIHE A
R LP1Z ¥5 983 il R G, & 250 IR
WIR: #i%HE 3000 gL, MilREE 030gL, Ml 003 gL,
LTRAN7.00 /L, B EBEFRY 12.00 g/L, &R =
B 2,00 g/, BERRE 4T 1.00 g/, i 80 2.00 mL/L,
TR & % BT 3RAF 1 LP1Z B AR %5 SN 1.62, 1 S Fw
SENY LP1Z B ARE BN 1.61, 5 T (1 FH X 1%
2 0.13% (P>0.05). M N [ yEAR AL A 4 L
FF 0 LP1Z 35 7R FE Rl 7 B A2 e 4 45 4 35.00 /L,
WRFREE 030 g/L, BRFREE 0.10 g/L, ZFRHN 8.00 g/L, %
BEFY 12.00 g/L, ¥R =45 2.00 g/L, WiERE 47
1.00 g/L, i -80 2.00 mL/L, Tl & B% fir 3545 (1)
LP1Z WK% 1.57, T SEbRsRi LP1Z (1)1 4%
JEN 1.59, S5TRIIME ARHRZE N 1.19% (P<0.05)
(R . XL R BC 77, KIEFH LP1Z-
LightGBM Pt T (1) i 7 e 75 1s 77 oh 3R 15 58 v 1) B
B (P<0.05),

ML & —Ff ] DUE T AN [R5 2% sR 2 38 R 00
WERER A B vk, B 2 T 5T 48 H ML 7] LA
B bk J 5 FR B AN [F o () AR ARG &R, B
HE T L T 855 3R B A 1 g e S Ry
ANN-GA B A D) FUAT 18 1R A e 7R 0k, o
o A RS TI (B AL 7 HEAT R I, R ) LA B )
AW DI 10.86 g/L, FERITINARZE < 2%.
B 4h, Pandey 257 F i 1 i 45 & ANN-GA [ J5
ARG B AE R RE AN 2 N TR ER IR 2,
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## ANN-GA AL R 54 0.95, FEAITIIM A T &
RO R 2,175 mg/L, SEERIRIESE RN 2.015 mg/L,
TIIME 5 B S AT . AT 70 5 S 2% B 1 i 3% 97 2

AL T & 48 LP1Z-LightGBM 3K 15 1 8% 77 R i 5
R 16 B R0 R B S A0 T o N T T 5 R, B FROIME
5SS R R ZE T N

% 4 LP1Z-LightGBM 5 MR E s Ul MR AL B 5 B ESERR A 2R
Table 4 The optimal formulation of prediction by LP1Z-LightGBM and response surface method and actual bacterial density

FAREM (/L) R

RAARR! . s — " —
W) EAE BB 4E BB 4R LER4N FmE FIRE
LP1Z-LightGBM 30.00 0.30 7.00 1.62* 1.61 +£0.05™
o8 5L 8 i 35.00 0.30 8.00 1.57° 1.59 +0.04*

Z: A A A R LP1Z-LightGBM AZA! ¢4 TURME Ao 5L PR 1L £ 7 R 235 A Fo B A 7wof 5L @ ARA 69 TURME Ao 5% FRAA AT

ERRE; a b b ATRAEE EIREMILEFEE (P<0.05).

SRTT, ABFRAHRIIERT AT ML R4
Y5 Re R 0 5 35 5% Bk B o X B AR R R S . B
% ML A% 0, H R R I B 0 35 BE L AR
MRy PR 2 AP SR S5 . ERRERE T, BEA
H K 2 K FH P 28 X 28 30 AT 1 73 S8 R0 A0 T A5 28 1)
FgE, T E AR R L AN R S 8 R AR Ak
DA A v A e N R R R B, R
FH B 4R T vk 55 B LightGBM 535k FT ¥4y 42 6 465 714
5 H AT E FH 09 DNN P 26 74 4 15 752 2 il o B R
H U AL RE . T LightGBM ByERH T
Leaf-wise J7i% 5 T B FE 1 00 SR #F A0 8 5 F
AEFRYE, b DNN B 3&E T S 4 e/ o s 7 291
Rlt, 75 J5 Semt 7o b, R UORI 70 35 AR 8 B AR 1
E SR IA ) o el R AN [R) G50 R AT 1 7 4
TR T b 8, DA B VR R 04 i s 7R 2 i 5
R R R R

3 g

AT MED AN LPIZ AT TN &R, # 57
T BANE ML SE M @R R 7R SRR, BER
B 2 A TR e AR R o 4 SRAIESE ML LR 7 T %
SEE T B IR BRI ARAE, T LightGBM 5% A T K
HE I SR 55 7R I ) 5 R R T I AR U, AT
SRR N Ja SRR IR I RO R K 22, ek
AR e B R e B R AR DA SR TR AR I S
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