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Screening of lactic acid bacteria and their application in optimizing

the fermentation process of sour soup

WU Taoying'*  YI Shiyang" LI Jianfeng' LIU Jinchao' LIANG Kang' CHEN Hao'

(1. School of Food and Chemical Engineering, Shaoyang University, Shaoyang, Hunan 422000, China; 2. School of Food
Science and Bioengineering, Changsha University of Science and Technology, Changsha, Hunan 410114, China;
3. College of Food Science and Technology, Hunan Agricultural University, Changsha, Hunan 410000, China)

Abstract: [ Objective] To explore and utilize the abundant lactic acid bacteria resources in nature, promoting the industrial production of
traditional Chinese sour soup. [ Methods] Lactic acid bacteria were isolated from naturally fermented foods and raw materials, identified by
morphology, Gram staining, and 16S rDNA sequencing, and screened based on their microbial growth characteristics for high acid yield and
acid resistance. Sour soup was prepared using these strains as the fermenting agents, and the total acid content and color difference were
measured. The fermentation process was optimized using single-factor and response surface methods. [ Results] Lactic acid bacteria such as
Limosilactobacillus fermentum, Pediococcus acidilactici, Lactiplantibacillus plantarum, and Lacticaseibacillus paracasei were isolated
from samples, including Xiangxi sour soup. Among these, L. paracasei LK10 (LK10) with strong acid-producing ability and L. fermentum
T1 (T1) with good acid tolerance were selected. Using LK10 and T1 as the fermenting agents, the optimal process conditions were
determined as follows: adjusting the ODy, ,,,, of the seed liquid to 1.00, with a volume ratio of LK10 to T1 at 5:1, a total inoculation amount
of 4.23 mL/100 g, and fermentation at 37 ‘C for 9.75 days. Under these conditions, the total acid content of the sour soup was (19.43+
0.12) g/kg. [ Conclusion] The sour soup prepared with L. paracasei LK10 and L. fermentum T1 has a moderate sour and spicy taste, a bright
red color, and a rich lactic acid flavor.

Keywords: lactic acid bacteria; Lacticaseibacillus paracasei; Limosilactobacillus fermentum; sour soup; inoculation fermentation; process

optimization
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Figure 1

Isolation, purification and identification of lactic acid bacteria
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Table 1 Identification of lactic acid bacteria and their accession numbers in GenBank

75 T Bk K L AW O ) NCBI blast £ 5 GenBank % 5% 5
1 T1 R % G Limosilactobacillus fermentum PP564467
2 T2 [i737) G Pediococcus acidilactic PP214906
3 T3 R % G Pediococcus acidilactici PP564478
4 T10 IR % G Limosilactobacillus fermentum PP214908
5 T20 [i737) G Pediococcus acidilactici PP214912
6 T21 [iz87) G Limosilactobacillus fermentum PP214941
7 Tianl [iz87} G Limosilactobacillus fermentum PP210215
8 Tian2 [i:477] G™ Limosilactobacillus fermentum PP210617
9 Tian4 %% G Limosilactobacillus fermentum PP214955

10 Tian5 1R % G Limosilactobacillus fermentum PP564492
11 LK1 A IK G’ Lacticaseibacillus paracasei PP213471
12 LK2 WK G’ Lacticaseibacillus paracasei PP213472
13 LK3 HEIK G* Lactiplantibacillus plantarum PP213478
14 LK5 WK G" Lacticaseibacillus paracasei PP213779
15 LK6 I K G Lacticaseibacillus paracasei PP214176
16 LK7 A K G Lacticaseibacillus paracasei PP214175
17 LKS8 K G" Lacticaseibacillus paracasei PP214323
18 LK9 I IK G Lacticaseibacillus paracasei PP214443
19 LK10 A K G Lacticaseibacillus paracasei PP859167
20 LK11 HIOK G" Lacticaseibacillus casei PP214471
21 LK21 A K G’ Lacticaseibacillus paracasei PP210103
22 LK22 A K G Lacticaseibacillus paracasei PP210106
23 GK1 R TR 3% G" Lactiplantibacillus plantarum PP212906
24 GK2 KR G" Lactiplantibacillus plantarum PP212899
25 GK3 A 378 d G’ Lactiplantibacillus plantarum PP212944
26 GK4 KWL 3 G Lactiplantibacillus plantarum PP212953
27 GK5 KR G’ Lactiplantibacillus plantarum PP216026
28 GKo6 KRR G’ Lactiplantibacillus plantarum PP213129
29 GK7 od i AE G Lactiplantibacillus plantarum PP213044
30 GK9 KRR G Lactiplantibacillus plantarum PP213056
31 GK10 KRR G’ Lactiplantibacillus plantarum PP859165
32 GK11 KWL 3 G" Lactiplantibacillus plantarum PP213221
33 GK12 KWL G Lactiplantibacillus plantarum PP213217
34 GK13 KR G’ Lactiplantibacillus plantarum PP213220
35 GK14 R BERR 3 G Lactiplantibacillus plantarum PP216027
36 GK15 Vo4 3178 G’ Lactiplantibacillus plantarum PP216028
37 Guol bAiavEd G Lactiplantibacillus plantarum PP210025
38 Guo2 Aded G Lactiplantibacillus plantarum PP210044
39 Guo3 KR 2 G Lactiplantibacillus plantarum PP213274
40 Guo4 KRR G’ Lactiplantibacillus plantarum PP213276
41 Guo5 adidER G Lactiplantibacillus plantarum PP216216

42 Guo6 R WETR G™ Lactiplantibacillus plantarum PP213455
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2K
e Wbk S 8 Wiz Y NCBI blast £ GenBank % 5% &
43 TYS i 3% G G Pediococcus acidilactici PP859168
44 ZXL1 R 55 G Pediococcus acidilactici PP215045
45 ZXL2 [i7& 4=h G~ Pediococcus acidilactici PP215072
46 ZXL3 PRI 0I5 G Lactiplantibacillus plantarum PP215120
47 ZXL12 R TS G Pediococcus acidilactici PP210619
48 ZXL14 iz % 5 )5 G~ Pediococcus acidilactici PP215126
49 ZXL21 i 3¢ G G Pediococcus acidilactici PP210214
50 ZXL22 R 55 G Pediococcus acidilactici PP210216
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Figure 2 Growth characteristics of lactic acid bacteria under different conditions
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19.44 g/kg, X —IG 0] A K T 7L R 1 & I 4 72 v B R Y
mw R R T NS o o O L B o 11
%, SR A U 2 T AV 2 ek D) PR R A R /D R Y AR
FEL%&E\%%%KE'“% Atk , T1 B — $2 Fh 4t B
3.0 mL/100 g N F o

AFEE, BB EBELEMBMBR  AEMEN 224 HHEREXNRZSEAZN mERSTA,AEZE
2 KERENERZ®SRNZE
Table 2 Influence of fermentation time on quality of sour soup
S W ] /d BR/(g kg 1)
L4 afl biH
8 34.0740.69° 22.8140.73° 26.1841.00° 21.0040.21¢
10 34.1740.55 22.72+1.25° 26.60+1.41" 22.68+0.36°
12 36.3240.57" 23.7140.56" 27.1340.85" 27.2440.42°
14 35.9741.40° 23.5540.65 28.5940.73" 23.7640.36"
#3 LKIOEMEX B SR ZME
Table 3 Effect of LK10 inoculation amount on the quality of sour soup
F b/ 7%
(10 *mL-g ") L1 afd bH Blleke D
1.0 37.3140.43° 19.79+0.49° 23.06+0.70 20.88+0.36°
2.0 39.5440.43 20.1341.00™ 24.1041.49 22.2040.21°
3.0 40.6540.74" 21.6041.55 24.66+1.06 24.3640.21°
4.0 38.7640.44° 19.77+0.55" 23.45+0.94 22.80+0.21°
5.0 37.7440.43° 19.7340.67° 22.804-0.39 21.484+0.21¢
F4 TIEMEXEZGRRNEZMN
Table 4 Effect of T1 inoculation amount on the quality of sour soup
F i/ 2 _ B
(10 *mL-g ") L o b Blere D
1.0 41.2941.20° 24.854+1.27° 26.2540.54° 11.16+0.36°
2.0 43.50+0.89° 26.13+0.88" 26.67+1.67° 12.5440.10°
3.0 43.9540.11° 27.5240.88" 28.7540.99* 19.444+0.36"
4.0 41.2940.40° 25.6240.24° 27.0440.85% 14.2840.55"
5.0 39.2640.83" 26.30+0.94™ 28.96+0.90" 12.24+0.36°
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Table 5 Effect of strain mix ratio on quality of acid soup

& FC L % ‘ B
) BER/(gkg ")
Vigiot Vi) L{E afl b1H
1:3 43.0340.10" 27.99+0.04" 29.374+1.27% 14.0440.36°
1:2 43.12+0.76° 26.49+0.26" 27.57+0.55® 12.12+0.42¢
1:1 40.00+0.39° 25.67-0.60° 28.53+1.17*® 18.36£0.36°
2:1 40.80+ 1.44° 25.68+0.52° 27.03+2.17° 12.4840.21¢
3:1 43.5641.23" 28.5741.04" 30.1741.22° 19.5040.27°

WA LKI0 A TR R B, B A 3.0% 4T, 225 EBREXNEZEHMRGSENEN HhE6n
B Vi V=310 RGN O L a b FIRTRIEBINE  H, 7 28~40 CHY R BRI G N IR L. b HEW )G
B, st R, REX B TR SRS i, IR TR TR, Y R ER R 37 CRE, R 7 1)
(1950g/kg)lﬂﬁﬁ?LKIO$*E]*4’7§E¥E"JE&YZI,{EFE@# 2 (H kB . FA, ﬁﬁ&ﬁ%%ﬂltﬂ%é%*ﬁ{uﬂ@
T FLRBR T g iR AR . XTI RER R TR AR g Ak, f37 CH 35 B e KA MR L B & & B IR
mﬁkfi*mifﬁiﬂﬂ//"?/'éﬁ&ﬂ@ﬁiﬁi,1E|E]EHL1ETEJET Ak Fh e, RRR S B RT #Lﬁﬁ%?ﬁﬁrﬁikym
KUK W 52 119 22 B P R R M L (4G TR 1 IR S SRR A B R IR B AR R B R A b s Y R IR T R
A L SRR R R ERAMMRGENE S TGS ‘F“*Hﬂ‘ FLIR W A K B B S 2 B, &
B Vi V=3 1 4T )R 82386 . FE IR, I, B 37 CHb AT G SRRFSE

Fo6 REBEINRZRRAZME

Table 6 Effect of fermentation temperature on quality of sour soup

. 6k \
KR C BER/(gkg D)
L1H aff biE
28 37.7140.84¢ 26.49+0.80° 28.51+0.46° 14.40+0.36°
31 38.9340.28° 27.4740.67% 29.59+0.20° 16.44+0.21°
34 41.3340.36° 27.1040.85%® 29.9441.13" 17.0440.42°
37 43.56+1.23° 28.57+1.04° 30.1741.22° 19.504+0.27°
40 40.90+0.48° 28.35+0.62° 28.93+0.25% 11.04+0.21°
2.3 MRz EEE Y=18.42+0.803 8A+1.06B+0.363 8C+0.887 SAB—
HOHE oA R 22 3R I 1 25 B VR BOE AT 1L A 1.26AC+0.232 5BC—0.507A— 1.55B—2.65C, (D)
T T LR V0 T T2, DAR U 9 R 5 B ML TR ) 00 22 S AR O BT o R
. = i A ! —
SAS kR AT IR TR T (W 7). (P=0.000 4<20.05) , T %k 8L W A & % (P=0.237 6>
0.05) , Ut BZ A AR IT 47 B0 AR AU R4 . [ A AL Y
R7 WK EKF 4D R'=0.961 7 .R3=0.912 4, i B AL A 15 S it 0 8 132 40
Table 7 Response surface horizontal encoding O ot — S R R A AT . FERIE TR LA LB
KFE AVigo Ve B EFE/% C K Erta)/d AB . AC.B*.C*HYy P<<0.05, i Wl B 17 B rp 4 B A
—1 1:1 1.0 8.0 A
0 3:1 3.0 10.0 fnE 3(a) FE 3(b) Frzn , & BER ][ € o 10 d, R %
! 5:1 5.0 12.0 VTR B e TR R T EL AT b 1A i i b T R 1 R 11 0

{8 DX 8% B AE Vigyos V=51 1.3 Fh it 4.0~5.0 mL/100 g,

R Design-Expert 13 4 FE G ANOVABESEATIREL 35 26wy i 4 i g W A0 400t F 0K o A1 40 Y B 2
iR Q) HAT /T A BRI BRI LG FEFP i R BERTHLY ki it S R R VE PR R L AR I W R T 4 A e T
T2 7 1) SR 5 1 2Z (R 1 — B 2 I X7 2 e WE LW TR R e Y. AR N
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Table 8 Results of response surface experimental design Table 9 Analysis of variance of regression model
s A B C HMR/(gkg ) Ji 2RI CFOr A AIE ¥Ur o FIE Pl WM
1 0 0 0 18.3240.29 [l 68.99 9 7.67 19.51 0.000 4 HA
2 —1 1 0 16.134+0.49 A 5.17 1 5.17 13.16 0.008 4 wk
3 0 1 1 15.60+0.37 B 8.99 1 8.99 22.88 0.002 0 Hk
4 1 0 —1 17.094-0.20 C 1.06 1 1.06  2.69 0.144 7
5 0 0 0 18.784+0.20 AB 3.15 1 3.15 8.02 0.0253 *
6 0 0 0 17.584+0.10 AC 6.35 1 6.35 16.17 0.005 1 **
7 0 0 0 18.964-0.21 BC 0.22 1 022 0.55 0.4823
8 1 0 1 15.00+0.42 A’ 1.08 1 1.08  2.76 0.140 9
9 0 —1 —1 13.301+0.64 B? 10.17 1 10.17  25.90 0.001 4 **
10 0 —1 1 13.86+0.18 C? 29.61 1 29.61 7538 <20.000 1 Hkx
11 1 1 0 19.56+0.55 w2z 2.75 7 0.39
12 —1 0 1 15.96+0.21 IR LT 1.61 3 0.54 1.88 02736 AN
13 —1 —1 0 14.94+0.18 gl 2 1.14 4 0.29
14 —1 0 —1 13.01£0.40 S 71.74 16
15 1 —1 0 14.8240.31 T R*=0.961 7;R3,=0.912 4,
16 0 0 0 18.484+0.69
1 0 ' o 4114063 KR BE G, BRR it 22 S N OK, T A IR I bR LA AR

3.0 mL/100 g i, 1 ¥k BC L 5 % B I IA) A% 28 B4 F X R v
RO A B an 1B 3 (o) ML 3(d) FITR , R 17 i TR 5 Ik
I WA BAE Vio: V=51 K BERTIA] 10 d 2 47 o S 30
SR T I T R A R L ) TR R T R

"o 519

~

B $efhi

Inoculation amount/(10” mL

—_

[ ]

2:1 3:1 4:1 i1
AI/LKIOZVTI

(a) FRITC H-5 Bt S A 9 A5 e 2

B TR T . 1A 3(e) FE 3(H TR, 24 Vit Vi =3+
VINE, 35 b 15 25 T O[] o 65 R 5 k14 5 ) B 4 ) £
o, 7 18 o AR 4 Pk A A T 6T 1 8 B0 & B R Ak
I R B A TR L TR T AR A R s A
LS BB RR AR RO R R R A A R e
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Figure 3 Contour plot and response surface plot of the interaction effects among various factors
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Vikio: Ver=>5: 1 4% M & 4.23 mL/100 g, % Bzt A 9.72 d.
R 5 B AR AE N K WE A )R A R 9.75 do TR Vike! Vo=
5:1 8 F & 4.23 mL/100 g R BERTE] 9.75 d 5140 T~ L TR %
B R S R ST Ik (19.4340.12) g/kg, 5 B E

19.38 g/kg b 30T, I AT R 1 7= dh BR BR0E L (BLIR 40 5%
FLER KR AR . 5 R0 A 0Kk ER AT A, B A

AT ORI, A (9.48420.08) g/L 2 & (19.43+
0.12) g/kg. [RIR, 12045 i & 1Y 2 % A 2 it 3 v 1ok
L. buchneri H9 J [ 8 d il # W W2 17 FLIR 7 5 (8.029 /L)
I H B F & T R M L buchneri CCTCC M 2023228 Al
K. bulderi CCTCC M 2023227 & & % T 7 Eﬁﬂc%‘zﬁ%ﬂ’a a
R i B R S i (11,53 g/kg) ! R IR TGS 2 A9 B ik & 1
% % F FH L. plantarum NR1-7. B. animalis subsp. lactis
BZ11 Ml Candida utilis RY i & % W 1Y 21 B2 1 19 B R
[(21.43+£0.66) g/L] (AW A S 3E ",

3 i
T B B T L 0% vk L ZERR v R W T Ak

S L AN E A %) N £ V- S G L
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SEFLER B, 0k = PR BR Y L. paracasei LK 10 FTi R 14 GE
UFHY L. fermentum T1. F X PR AT 8217 ) R e,

Jo B DR R A e TR AT R B L W E T A
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