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Differential analysis of biofilm formation of different lactic acid bacteria in
response to ethanol stress
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(Schoal of Life Science and Health Engineering, Hubei University of Technology, Wuhan 430000, China)

ABSTRACT: Objective To screen lactic acid bacteria strains with strong ethanol stress resistance and investigate
the effects of their biofilms under different ethanol concentrations and environmental disturbances. Methods The
growth, biofilm formation, morphological changes and hydrophobicity of various lactic acid bacteria under ethanol
stress were examined. The effects of different metal ions and D-galactose on the growth and biofilm formation of lactic

acid bacteria were also explored. Results After 48 h of fermentation under 10% ethanol stress, the biomass and
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biofilm amount of Lacticaseibacillus paracasei were 1.16 and 0.12, respectively. After 24 h of fermentation, its

hydrophobicity reached 42.80%, significantly higher than that of Lactiplantibacillus plantarum, Lacticaseibacillus casai,

and Limosilactobacillus fermentum, indicating better ethanol stress resistance. Scanning electron microscopy showed

that the thickness of the biofilm decreased significantly with increasing ethanol concentration. The addition of D-galactose

and metal ions (Ca®*, Na®) significantly inhibited biofilm formation. Conclusion Lactic acid bacteria resist ethanol stress

through biofilm formation, with ethanol stress resistance correlating closely to biofilm production. D-galactose and metal

ions affect the growth and biofilm formation of lactic acid bacteria. This study reveals the relationship between ethanol

stress resistance and biofilm formation in lactic acid bacteria, provides a theoretical basis and data support for developing

lactic acid bacteria biopreparations suitable for high-ethanol food fermentation environments.

KEY WORDS: lactic acid bacteria; ethanol stress; growth characteristics; biofilm; metal ions
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Table 1 BFI evaluation of lactic acid bacteria at different
ethanol concentrations
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concentrations of D-galactose



%84

RIGEH, S AN FLRR TR R 1 £ B8 A IR i) 22 S A i

167

DR NESNR G, FEARAPIBOE BEE, 55LRAEY) Z R
EHEPAE I, BEAN, 200 mmol/L D-FLBE Xt T W FLAT
A KR AE VBT B e VR, ATRESE D-2FZLBEE
S LR B A R IR TR PR R D A AR A 1 JsOR), —E R
JE EARBE T AMIBIE . ik, D-2FFUBEXTFLIR R A B
R W B EAT SR ARSI i £

26 TRIEEEFNABREIEME TEKFER
& W RERZ BR B9 520

J T HE—RIT 10% L BHHA Z BT T, A4
TR TR LA A KA TR s, e 3 R I
SR B T(Ca . Mg Fll Nab), HARRI T BT A ] 42
BIFUREE RIAEE T AR S EYIIETE U 22 5, 4510 A 6.

WK 6 T, BEE 4B BT (Ca®" . Mg? il Na")f Fi i
W SE AR, BT WL ODgoo fH S PUZRHT T F#7E
fefadh, BAFAER AR . AT RS R fEA S &8 s 7
RIEFFEET ODgoo fH AT 35 1.20 LA F, THTE 25 g/L Ca*'8{ Mg
SR TEFREE () ODgoo {H43 714 0.74 F10.96, 43 B TFFE T 38%7F
20%, 7E 50 g/L Na' & BFREEN) ODgoo fHAL N 0.26. Ca®",
Mg” Fl Na %5 BHE 4 W T, A B T4 v
NS, AN &R B FIREL RS A mS

&7, EANE MK KRESNE, HBBKIET . BLok, B
Mg*#h, Ca® il Na'JEufbvfe B AW i, 25 By 0 it %8
#iigi/>, 5 GEESEY %P ai A —3, HA M 4R i
-4 3 L AU A D ISR 22 MR B I A M A 2 B
AEWRFGE M, 5 P 2 0 e i E A LR R S A P 2
5RE, WX PR SR EH . ElRERP
Jir R AT BB F 2 B A7 T O s K M e A el AR, 5
R 40 B B ARk, AT AR R . WELLS %)
BI Ca® &5 A W i B A M LA, S5 A4
PP RS S T, (BAEARDF ST, BRBEFREE T Ca® iR
WEEIRR 25 ¢/L B, RITEEFLATF AR R 0.01, AT
AEJE M Ca® T 4103 R AR A I B 5 AL T A= W e
Ao Mg® Bl RS R A H L, Mok B B B Mg
AT LKA R AT, AR A B A 2
TEABIFSE % B M %of Rl s LT B A I G S 25 5 i),
S LW A SR AE— E P Bk T Mg X AR M IR
AR HEE o DEAN, Na s sl Bk A= P 5 Bt 5 Wi 448
K, BEEAREH Na Ta ik ERE 50 g/L i), TR
FRR A RAR 0.03, I, 76 ZEEMNA T, Ca*" ', Mg™
F Na X Fl T % LAT B G A KBS R, Y Ca A
Na i &l Tl 2UAF B A Y0 B — 2 Il 7

E OD595
A D oD, 10.16 (B) a ;
( ) 14} 595 14l B OD600 0.16
A —— 0D, {0.15 a. 10.15
1.2+ ai-—r\\,kB 12+
S T C 10.12 ac 10.12
. D p too 10 R
2 0.8H - __E Foa -
8 Eloos & g 08 0.08 3
H b L
0.6 bed be 10.06 0.6 0.06
0.4} i 10.04 0.4 H 0.04
cd . .
024 (T ﬁ1 d {0.02 0.2 { 0.02
0 [, 0 0
0 5 10 15 20 25 0 5 10 15 20 25
Ca? itk i /(g/L) Mg it B /(g/L)
C ]
Tk T Lo
12k _FX a " 600 :
' 10.12
ot [ |
. 8 010,
o 08} B¢ ¢ ] a
8 Bl ¢ D 0.08 8
0.6r . 1006
0.4} ¢ % oo
02} W l—l—‘ ’—t‘ 0.02
0 0
0 10 20 30 40 50

Na* itk BE/(g/L)

T AFE/NEFEERIR ODsos Z 1] (1 1. 251 22 57 (P<0.05); AR KRS S8:3RIR ODeoo Z 1] ) i 44 22 57 (P<0.05) .
Bl 6 ANIRIRNAS G Jam 5 0 B 1 1 LA 7 A9 2 12 A0 A Oy S Py 20

Fig.6 Effects of biomass and biofilm of Lacticaseibacillus paracasei on different metal ionsmass
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