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Optimization of Culture Process for Lactobacillus reuteri LTR1318
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Abstract: In order to improve the viable cell count of Lactobacillus reuteri LTR1318 under limited nutrient components and culture
conditions, single factor experiment, Plackett-Burman design and steepest ascent experience were used to screen out three key nutrient
components that limit the growth of LTR1318. Box-Behnken design was used with these three components as factors. The radial basis function
(RBF) was trained with the obtained viable cell count samples. The three components and their contents were optimized with genetic algorithm
in this work. Furthermore, the four fermentation conditions of inoculum concentration, temperature, initial pH and speed were investigated. The
results showed that fructooligosaccharide, tryptone and L-cysteine played a key role in the viable cell count of LTR1318. The optimal addition
amounts were 10.16 g/L, 12.07 g/Land 0.65 g/L, respectively. Under these conditions, the maximum viable cell count was 60.33x10° CFU/mL.
In addition, the optimum technological conditions on the 5 L fermentor were obtained as follows: inoculum concentration of 4%, temperature of
37 °C, initial pH of 7.0 and speed of 100 r/min. The number of viable cell reached 91.33x10° CFU/mL under comprehensive optimization of
culture components and fermentation conditions, which was 12.69 times higher than that of origin culture. The above results were compared
with the current domestic researches on the optimization of the viable count of L. reuteri. It was found that the culture components optimized by
RBF artificial neural network coupled with genetic algorithm in this work had better proliferation effect on LTR1318. The culture conditions of
the 5 L fermenter showed the superiority of the viable count of L. reuteri as compared with domestic, and high density culture of the strain was
realized. The results will provide a certain guideline for the industrial production of related probiotic strains and the subsequent development of
products.
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Fig.1 RBF neural network training fitting process
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22 FExHAntimt
2.2.1 Plackett-Burman X%

%= 1 Plackett-Burman il 3% ik & F & KK FE
Table 1 Variance analysis of regression equation of

Plackett-Burman design

LA 2.1 9 tH 194 53 A Plackett-Burman {38 5 2, o . K
AR A AKPAT Plackett-Burman i3 4 e
e W R KK 1, WIes R L 2, & A TR RAE 8 12
Wb A& 3. B Ay 5 75

M 3 50, IRRRNE. FridiR. SR EVTANE c HPARER 0.3 0.45
FRAIERS, HARFEME RSN k. Hrb, & D Bt 100 150
Eom B FICILAF B LTR1318 1658 (p<0.05). ik E LR 0.5 0.75
PRI . [Ptk F AN L e R BEA T B BE T F AT 55 8.25
B8, LATE =B IR e IR BE TG L G Mgk & ik 10 15

%% 2 Plackett—Burman ifJe45 R
Table 2 The results of Plackett-Burman design
KI5 RER & B #/(x10° CFU/mL)
B C D E F G
1 -1 -1 -1 -1 -1 -1 -1 42.33+3.06
2 1 1 -1 -1 -1 1 -1 43.67+3.79
3 -1 -1 -1 1 1 i -1 55.67+4.16
4 -1 1 1 -1 1 -1 2l 40.33+3.51
5 1 -1 -1 -1 1 1 1 45.67+3.79
6 -1 1 -1 1 -1 i 1 40.67+3.06
7 1 1 -1 1 1 -1 1 48.00+3.00
8 1 1 -1 1 1 -1 1 47.33+x3.51
9 1 -1 1 -1 -1 -1 1 47.00£3.00
10 -1 1 1 -1 1 1 1 56.33+3.21
11 -1 -1 1 1 -1 1 1 47.33+3.06
12 1 -1 1 1 1 -1 -1 41.67+4.16
%% 3 Plackett—Burman iRX3& F3N 94
Table 3 The main effect analysis of every factors in Plackett-Burman design
LEHRR P75 Aa A HE F1E =93 4 P& 2EM
AT RN 168.81 1 56.45 381 0.0017 *
B-B#E- 5.75 1 1.92 -0.77 0.2379
C-H7H84 3.12 1 1.04 0.52 0.3649
D-LAZE 21.82 1 7.30 1.37 0.0540
E-L-F A B 42.18 1 14.10 -1.91 0.0199 *
F-ATAZ BR 4N 0.48 1 0.16 -0.20 0.7095
G-JA%E4 Mk 37.38 1 12.50 1.80 0.0241 *

xR ERRFE (p<0.05).

222 FRIERIRIE AR DT LTR1318 )38 B0 35 500« (eI

RYE 2.2.1 e AR AR, #E— DA Al b
TE I8 A5 8 25 DR 3R T i (i 2 [X 45k, e TG 14
iR, RIRERANE 4 .

I 4 U, ARSEARNE, JBRER FRAN L-2F iR

12 g/, (RFEERE 10 9/L, L-2EBEERR 0.6 g/L W&
BHUR R, 4% 56.33x10° CFU/ML, HoHiZ &R
Box-Behnken Design it (1) A1 0o s AT J5 ZEAR AL K

%o
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4 REERERE R
Table 4 Steepest ascent experimental design and results

Reete  BREAMR(L)  IREEAE(QL) L-FRLEa/(g/l) & @ 4J(10° CFU/mL)
A 10 8 0.50 50.67+3.21
B 1 9 0.55 56.00+3.61
C 12 10 0.6 56.67+3.21
D 13 1 0.65 52.33+2.08
E 14 12 0.7 42674351
F 15 13 0.75 19.33+1.53

2.2.3 RBF A2 43245
7% 5 Box—Behnken Design FEZ=/KFEKIRD

Table 5 Box-Behnken Design factor level and coding

7K
S ADAE </ (g/L)
! ® g 0 +1
X1 k2 E Fik 11.00 12.00 13.00
X, 1R RAE 9.00 10.00 11.00

X3 L-F LR 0.55 0.60 0.65
7 6 REE AT HZWEREEN) ISR A RIRES
Table 6 Training and testing sample data of RBF artificial

neural network

1 0 0 0 62.67+2.31
2 0 0 0 63.00+3.46
3 1 -1 0 52.00+2.65
4 -1 -1 0 51.67+3.21
5 -1 0 1 56.33+2.52
6 0 -1 -1 56.67+3.79
7 -1 il 0 51.33+£3.06
8 0 0 0 61.331+4.04
9 1 0 1 59.33+3.21
10 1 1 0 57.33+3.51
11 0 1 1 59.67+3.21
12 0 0 0 63.00+3.61
13 -1 0 -1 54.33+3.21
14 0 1 -1 59.67+2.52
15 0 -1 1 53.67+2.89
16 1 0 -1 60.33+£3.79
17 0 0 0 62.67+3.21

RBF #1282 HL A I AR A4 Je i L PR g
FPRETE AR 23 A] P AR ZR AN BT 4 ol R ey 4 2 ) P 4%
PERT 4 o AHIE 5T BT SR BT SR % & % Box-Behnken
Design 411 17 HEFEIATHNIRI >, BdEgEH T
80% MllZrAE, 20% Aillikse . B RUIZRRECH 100
W, HHEK A 005, ¥ HEKEN 10°.

64

Box-Behnken Design i3 51T IR =K F-ansE 5, 4
22 I SRR EAE SRR 6, ALAL ATt
AR 4,

PR 7, mRmBAH R (p<0.01), ST
REF (p>0.05), HiEZA¥ R*=0.98, Vil Fria
IR G B R AF. FIRE, BREEE (X0, 1K
RARPE (X)) X D FCFLFT I LTR1318 FYA= K FE I 2
# (p<0.05), Xy Al Xo )R T7 st 22 (p<0.01).,
% Design-Expert B U5 6 HHEHE, s E S
M AR 2 (8] I B R U R

Y=62.5340+1.9163X,+1.7488X,-0.2500X5+1.4175X,X-0.7
500X, X5+0.7500X,X5-4.6458X,%-4.8058X,°-0.3083X

RF Y: LTR1318 #97F 4 (CFUMML); Xi: REEGIF
Fohng (glL); Xo: WWREEMERME (gIL); X L-FPEAER
g (glL).
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Fig.4 Prediction results of RBF neural network
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SERRH, 2L RBF 2[R FEph s I 4 Y
T, ZABEJIRITEE ), AT HERRHB TN 2 R 2
HMEAEH T RARL R Bt . RBF LRI i)
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PR P IIZRE P, B e KA
1Y RBF FEOUAIE MR 17 AL A& 1k o X e A

ARSI N AR N ZE Y LTR1318 3 B 2UE
HAEF] TG,

=7 W EREEE S
Table 7 Saliency analysis of response surface model

TRRIR P Fa B e E ¥z F1& P1E 2
AR 268.38 9 29.82 30.60 <0.0001 *x
MEE R (X;) 29.38 1 29.38 30.14 0.0009 *
RIERHE (X2) 24.47 1 24.47 25.10 0.0015 *
L-FRREER (X3) 0.50 1 0.50 0.51 0.4970
X1 X, 8.04 1 8.04 8.25 0.0239
X1 X3 2.25 1 2.25 2.31 0.1725
Xy Xs 2.25 1 2.25 2.31 0.1725
X2 90.88 1 90.88 93.25 <0.0001 b
X 97.24 1 97.24 99.78 <0.0001 *x
X 0.40 1 0.40 0.41 0.5421
HEAER 6.82 7 0.97
KINR 4.80 3 1.63 3.40 0.1479 >0.05
B 1.92 4 0.48
B Am 275.21 16

E: *ATERLE (p<0.05); **ETERMEE (p<0.01).

224 RAEFIFARAETAMN

RBF 12 A A2 4 @A R I fe, P AR ER
FIER, AR LR = MR A E AR R, &
RIS B EOA R AR B AAGE B R AL, i oL Bk
THRAE N B AR . B Box-Behnken Design %615
AR _E R BR450[11 9 0.55]#1[13 11 0.65], &
Matlab2019a 15 11384 5ik 32 A - B A Rl gk Ak ok
FEPERE . XA REEIE 5. Hd, WIanFhE
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