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Abstract

This mini-review focused on the current advances in the development and the
application of the antibacterial agents produced from probiotics strains against
foodborne pathogens. Inhibitory activity of the pathogen growth could be achieved
by co-culture with probiotics and/or the treatment of metabolites extracted from
probiotics culture, whereas strain-dependent efficacy was mainly reported according
to the bacterial species of the target pathogens. To overcome the limited antibacterial
spectrum and the efficacy of the metabolites from probiotics, the recent research
highlight the discovery of novel bioactive substances with broad range of the inhibitory
activity of foodborne pathogens and mode-of-action which has not been reported as
the major research goal. Moreover, understanding the distribution of functional and
regulation genes coding the production of the antibacterial metabolites based on the
bacterial genome analysis can provide the clues for the mechanisms of the pathogen
control by using probiotics. Major strategies on the application of the genomics in this
research area can be represented as follows: 1) functional annotation specialized for
antimicrobial proteins, 2) assessment of the antibacterial effects followed by the
general/functional annotation, 3) genome and metabolites analysis for the purification
of antimicrobial proteins, 4) comparative genomics and the characterization of anti-
microbial potential. Especially the relationship between phenotype-genotype based on
genomic bioinformation with the results of the practical efficacy tests of bacterial
metabolites as an active substance of disinfectants and/or preservatives can be
expected to act as supportive research for broadening our knowledge regarding the
key metabolic pathways associated with the production of antibacterials from probiotics.
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&8 (probiotics) AT HFE AF &59 A7l
F% 2t Ued £ Qe AoRle HAEE FoEH
(Reid, 2016), ol2t 22 A2 A= Y= HIL} Zo] 43
Al 710 & Sle A7 715789 BEE At 2 9
o] YHGill and Guarner, 2004; Kechagia er al, 2013;
Kerry er al, 2018). §-8"8EY 852 FTHNE & Sle
HerogA ngEe] A H Folgt thapikEe] Aike =T
T U FEIRR meHlo] 8 A(prebiotics)tt ZEH[O|Q
gA-mPHlo| Qg A ERHAE Aok AlHEO] Q8 A(synbi-
otics)®] 7ol AAEUL, FEPEE 4 ARy tikiks
S g5l ZIAEHP|QEA(postbiotics)d] 7fHOZE 1 HY
7F ST et al, 2021; Vallianou er al, 2020). o]}
Zo| f-8R8Eo] A tiAlsHAA Akl Tkt E4vte s
= AolQle §-8uAE(live microorganisms)Z5-E 7|dig 4
U= W 71578 GET o Slvke AME VIR E o thAL
ARzl tigh Tilo] FHhiElo] YtHLiu er al, 2020; Stanton
et al, 2005). T PBES YE3HS B oAt A
HopollA IEIPZHA] AAj(RA, TEA e, BEHEE,
vl dE 515 HAMERRH SRS 4 e EL it
Yoz zZFta QItDi Donato et al, 2019; Monedero
et al, 2010; Pierson and Pierson, 2010). Tt t]E of
MRS URHA O R S o A QHEAE A BiE
4 9 AR FAA flsidel diet = QI 4HgA
&2 oA 5E 249 A o] a7EHY, FEVE
o] ARl A% E H HidHe] S U5 = Sle
<7 AmE0] 7] gEE A9 B7] gl BAE 9 24
H9E opzl, wig E3t 5 408 &8E 4 SItHGeraldo
et al, 2020; Pfefferle et al, 2013; Zolkiewicz et al,
2020). ool Alx B A, Al -8t (cell lysates), HED
(tyndallization) Ag] wjF WaE(ferments) 5= ©l-&st
FEUE B 85 g 7)s0] A&HoR AT 3 st
=3 eKStriso et al, 2020).

FEudEe] Bitets dAES & U 19 A 7154
< 5H07 o]&ro] kO Liu er al, 2020), F-&rE0]
Aol A 71er HAXHFY] BAS Adl(antagonistic effects)dt
WA AT 5 Sl 783 Y8 § SRR WX A2 FH
(extracellular secretion)7} 7Fs3t Sht/dE9] &-8/do] Hg
v} QItHWan et al, 2019). o]of || AS S0 2 3t &
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|AE FE I 71648 dAKEEC] AEEdS 2ES HY
AuPE AojS EHoz F8Eo] YrKLiévin-Le Moal and

ofo] Qlo] "WHoz ARgE|ojof shlCostello et al, 2003;
Faille er al, 2018), 3Fek4 Mg AtA| - BEA 0] ozt AH|L]
AR, 71800 AREE L Qle N F-8A3E0 et WS B
g AL HE RS £ 59 BAE A | Al et =
o gt glo] Q=K Chung er a/, 2018; Park and
Kang, 2021). olo] f-&rYE=FE Bitel= 3+t 715748 &2
< AE HopolA 9] mESH £4 9 oA SHE 9fek A
Sz A9 7HA7F ol & 4 Sl

FEH8Eo] Aol At dwel Uit e 8 B4 78+
Z9} Alo] dirkte] BAEIY E= gAREES] Alo] diikat AH
LZ APE B8 A Aol B At 5 AEAQ1 a3k BA4o
= Aoz dxo] 9tHGoh et al, 2021; Kavitha et al,
2020; Tebyanian et al, 2017). 3HH, i8] AYAL- 247}
HeE R8RS Al B4 B4 diT tiakzol 2Js)
71 4= Sl 3 24 AUER-Y 2 s wEE A
BHE AFD 4= 3lon, E5] A7 ERA71e(next-gene-
ration sequencing technology)2] &7 4 QFgsIE <lal £
57 BAst A AA9 RS EAoks WS 718t
o5 3 gt B4 A7 AE R E EoplMk 2T EdstAl
Y= QItKSiegert, 2013). olofl & FA=ol = AEHA
A 9 AE F4 Aot 4l vP3E] Alojo] 289 5 e 7
=] Pt BF B4 T A A Puteol Higt ofsh &
FE BH0E A Ao EEHI e RAR AEIE F
FHog FAFFo RN ofg At Hofo] 1 Wk tiste]
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Table 1. Probiotics strains with antibacterial potential for the application to food products

Category Major probiotics  strain” Major results and implications Reference
Lactobacillus bulgaricus PTCC 1332, — . 2) .
Lactobacillus plantarum PTCC 1058, =~ &2 37a™8 *Ob DO paralypni A, ohigelia ay ’ et al. (2017)
Lactobacillus fermentum PTCC 1638 Py
- Isolation of LAB? from food materials
- Identification of LAB with inhibitory activity against representative
Gram-positive (G+) and Gram-negative (G-) pathogens
Lactobacillus sp. LBbb0141, » G+: Bacillus megaterium, Listeria ivanovii, S. aureus, Streptococcus sp. Djadouni and
Probiotics Leuconostoc sp. LBdc0103 » G-: Clostridium sp., E. coli, Pseudomonas sp., Salmonella paratyphimurium Kihal (2012)
capable B, Salmonella typhimurium
of the - Maintenance of the inhibitory activities under broad range of conditions
inhibition of (temperature, pH)
bacterial - Isolation of LAB? from pickled fruits
growth - Identification of LAB with inhibitory activity against representative G+ and
G- pathogens
Enté}ogizzsgtlggra;éBilész » G+: Bacillus cereus, Enterococcus faecalis, Listeria innocua, Listeria etM;ha(?ggz)
monocytogenes, S. aureus '
» G-: Cronobacter muytjensii, E. coli, Salmonella enterica serovar Poona,
Salmonella enterica serovar Typhimurium, Vibrio parahaemolyticus
- Isolation of LAB? from food materials Arena ef al
L. plantarum 105/106/1073) - Strain-dependent inhibitory activity against pathogens (2016) '
» L. monocytogenes, E. coli O157:H7
Pediococcus acidilactici TN1, - Isolation of LAB from fermented foods Jawan
Lactobacillus farciminis TY1 - Assessment of inhibitory activity of CFS against L. monocytogenes et al. (2019)
- Isolation of LAB? from stingless bees
Lactobacillus pentosus A6 - Assessment of inhibitory activity of CFS against pathogens
Weissella paramesenteroides » E. coli, L. monocytogenes, S. enterica Goh et al.
B5/B103, » Clues for the mechanism of the inhibitory activity as the production of  (2021)
Enterococcus sp. P1b/H4b/B3b/A2b bacteriocin due to the limited spectrum of the antibacterial activity against
L. monocytogenes
P. acidiactici strain CSi2omx, - \solation of Pediococcus sp. strains from Idii batter . Khandare
. : - Assessment of the inhibitory activity of CFS against causative agents )
Pediococcus parvulus strain MF233, toodborme diseases and spoilage and Patil
Cell-free  Pediococcus pentosaceus strain QN1D ) potage . (2015)
culture - S. aureus, E. coli. Salmonella typhi. B. cereus, Pseudomonas aeruginosa
supernatant - Isolation of LAB? from curd and human milk
(CFS) ; . . - Assessment of inhibitory activity of CFS against pathogens
produced by L ias?é,rns::ttﬁsqacﬂus eﬁggscm » B. cereus, E. coli, Klebsiella pneumoniae, L. monocytogenes, Sharma
probiotics ' P =P ’ S. enterica serovar Typhi, Shigella flexneri, S. aureus et al. (2017)

L. plantarum

- Strain-dependent inhibitory effects according to the bacterial species of
target pathogens

Lactobacillus acidophilus L-1,
L. brevis 1, L. bulgaricus 6,
L. fermentum 1,
Lactobacillus helveticus N11/3%,
L. plantarum 24-2L/24-4B/24-5D7,
Bifidobacterium animalis subsp.
lactis L-3

- Assessment of inhibitory activity of CFS against pathogens

» B. cereus, E. coli, S. aureus

- Evaluation of the active antibacterial substances as acids by using
neutralized CFS

- Strain-dependent inhibitory effects according to the bacterial species of
target pathogens

- Maintenance of inhibitory activity was observed from neutralized CFS from
some strains, highlighting the presence of bioactive antibacterial agents other
than acids

Georgieva
et al. (2015)
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Table 1. Continued
Category Major probiotics strain” Major results and implications Reference
L bulaaricus PTCC 1332 - Evaluation of the active antibacterial substances as acids by using
- bugaric ' neutralized CFS .
L. casei PTCC 1608, o - - Tebyanian
- Inhibitory activity was also observed after the neutralization of CFS,
L. fermentum PTCC 1638, highlighting the major antibacterial mechanism as other active substances ot al. (2017)
L. plantarum PTCC 1058 Ajor .
(e.g. H20,, bacteriocin, etc.) than acids
- Evaluation of the active antibacterial substances as acids, H,0,, and
Cell-free L. fermentum LABS, :)::;eercl?isgyby using neutralized, catalase-treated, and trypsin-treated CFS, Mohamad
sucglrtr:ja:fant E. durans LABS? - Loss of inhibitory activity was observed from only neutralized CFS, of al. (2022)
FzCFS) highlighting the major antibacterial mechanism as acids
produced by - Isolation of LAB? from infant feces
probiotics - Assessment of inhibitory activity of CFS against pathogens
» ETEC, S. flexneri, Shigella sonnei, Salmonella enteritidis,
3) y ] s )
L. fermentum S1/S2/S8/S16”, Yersinia enterocolitica .
L. plantarum S17, Evaluati f i ibacterial subst i d 1O Davoodabadi
Lactobacillus rhamnosus S19, - -valuation of the active antibaclerial substances as aclds and Fobz g 51 (2015)
Lactobacillus paracasei S14 by using neutralized and catalase-treated CFS, respectively
- Loss of inhibitory activity was observed from both neutralized and
catalase-treated CFS, highlighting the major antibacterial mechanism as
acids and H,O,, not from bacteriocin or bacteriocin-like compounds
- Production of compound with antibacterial activity
L plantarum KJB23 (3,4,5,8-tetrahydroxyhexahydro-2H-pyrano[2,3-d][1,2]dioxin-2-one) against Kavitha
- P L. monocytogenes et al. (2020)
- Stability and the expected antibacterial mechanisms were investigated.
- Production of bacteriocin with antibacterial activity against foodborne
. pathogens Ye et al.
L. paracasei ZFM54 » S. typhimurium, L. monocytogenes, Micrococcus luteus (2021)
- Stability of bacteriocin was investigated.
- Production of bacteriocin with antibacterial activity against antibiotic-
resistant bacterial foodborne pathogens Xin ef al
Purified Lactobacillus coryniformis MXJ » Cronobacter sakazakii, E. coli, L. monocytogenes, Salmonella sp., '?20614)3'
antibacterial S. aureus
agents - Stability of bacteriocin was investigated.
produced by
probiotics - Production of bacteriocin with antibacterial activity against antibiotic-resistant

L. helveticus,
L. plantarum

G+ and G- bacterial foodborne pathogens
» G+: Bacillus subtilis, Enterococcus faecium, MRSA®, Streptococcus
pyogenes, S. aureus
» G-: Acinetobacter baumannii, E. coli, K. pneumoniae, P. aeruginosa,
S. paratyphi A
- Stability and the expected antibacterial mechanisms of bacteriocin were
investigated.

Hassan et al.
(2020)

L. acidophilus NCFM,

Lactobacillus crispatus JCM 5810,
Lactobacillus gallinarum ATCC 33199,

L. helveticus CNRZ32

- Assessment of the ability of LAB? to produce lactic acid sufficient for the Neal-
inhibition and inactivation of Campylobacter jejuni McKinney
- Expected antibacterial mechanisms were investigated. et al. (2012)

" Strain name (including the nomenclature of genus and species of that strain) used in the cited article was indicated.

2 LAB: Lactic acid bacteria.

% Multiple strains within the same bacterial species were indicated by using the symbol “/".
“ MRSA: Methicillin-resistant Staphylococcus aureus.
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Table 10f Uepd v} o] f-8u|8E0] gats &4 A+ o
A2 A 715 fER8ES] B vE Aol —FAIRYS
d(Cell-free culture supernatant; CFS)2] S-s—r|IEZH
H 22 34" &4 I 84989 sl 2ol 8 =
Aol gt BA el Tt 2 5= Qi

WA AR 715 f-80HE] B nlBE Alols #49] A%
S mPET Alo] thd e e TAHENA] AollA SAIE Al
g At ez 2ol wiet 1L aE 45 5= Tk Lacro-
bacillus &0l 23 == st t(Lactobacillus bulgaricus,
Lactobacillus casei, Lactobacillus fermentum, Lactobacillus
plantarum)®] HEAR] AFE+ o Bdke E2Q1 {8114
£9| Pts AT ARIE v B B QltKTebyanian er al,
2017). Djadouni®} Kihal(2012)9] Aol thafgt A& 9=
4 FAERAE, SAE siE 9)olA f4hHLactic acid
bacteria, LAB)Z 223t ¥ 1834 9 I8¢ AXAS W
o7 gt A A BTE PSoIom, E5] pH E A 2= 5
g rPEo] =52 o e SEE 1ol o Tk 2110
Al QPSRRI B5 AMERS Ueh s WEE Lacrobacillus 3
Leuconostoc %9 &dk= 5 AlRbelal, o o] Uehd
T Q= AL AABIAL. Mohamad 5{(2022)9] AT IA] o
P S I B I AHEE e R A Al &
= Yel= LAB w54 Zactobacillus & 2 Enterococcus £
ARl HARFoA £ - 57F5te] TRt £9] LAB7F =8 M+
S0l gt FH et AlotsS EAokl Sle2 ARl it L
plantarum &0 dFoks 37HA dF9 TG (Listeria
monocytogenes) D I1Z2X(Escherichia coli O157:H7) o A3
% Aoll's2 H7FeE Arena 5(2016)9] A5 BoliAl AIAKE Bt
o] & w50l &l w5l A E 852 YEE Ao o
& E0] Aolspr] wzol, f-8RES] IS S E= T &
o|AQl AYHTH= HFE0|Z EALE olsfsfiof gttt
FEET Alo] ti vBE I 54 S 7I6Ee = g gt
238 7= A Aol At nldES sk
284 4 o, did At Yehks Ul mefelr] flshAl
£ F&rEe] AR It 7154 E49] #40] 7ks3t CFSe
s B7PF aElolok Stk L. monocytogeness LABE 54
02 3 {EuYE] 9ol E&H R Alojd & Q= A 4]
S5 T oUE, R8uE] g3t Bl Al gilo] sl
F9 71%o= A 9ltkJawan er al, 2019). Goh $5{(2021)2]
AP ME Lactobacillus pentosus, Weissella paramesen-
teroides, Enterococcus sp.2} 22 LABE o]&sto] THlsl 4]

=

e

KSLABP

SE=w(L. monocytogenes, E. coli, Salmonella enterica)®] 3
7 Ao} 7Rs4S B7IBIACY L. monocytogenesell st
50| Yepgths 23 7|5k 2 vhe|g] oAl Aito] 83t g
T 71RAE AR Sk Tet L. monocytogenes 2lol®
G H91Y F AHERS Uehd 4= Q= R840 9 CFSY
UZS foto] A5 2 AE R deltol tigh 85 £40] &
=] v} QItiKhandare and Patil, 2015). 3] t3t Lacto-
bacillus 49 w#5(1. casei, Lactobacillus delbrueckii, L.
fermentum, L. pentosus, L. plantarum)®l d@sh= A1EEz]
THAS U IR HE &E3E CFSY dhts B7F A+ A3
W2H Ao} 7hs FF B} dEol¥olgks Fat I
IS o) tist 83e.g. Bacillus cereus, S. enterica,
Shigella fexner)7t V' 4= Q152 Bl 024 |2 Q4] 9
CFSE 4oke 3t 715 FEEd(e.g. #714L AH4L, 716 8t
gl 24l 9 ats Ef )] tigh #7141 24 284
o] ZAZ=AtKSharma 5, 2017). BHEH2 A E3I3t 3204
£0] JAr 4= e tEAR] ot FRAAES f7 A E HOE
UHA glom, F-ErBE=SRE E2t CFSY faidid B2
33t APE ol 24t R8RS o BA 710l g wdeks
A7t HaE|o] YitiDavoodabadi er al, 2015; Georgieva et
al, 2015; Mohamad et al, 2022; Tebyanian et al., 2017).
AFEat AlolsS BR3Y Lactobacillus R Bifidobacterium
FEEEH FH3 CFSY 53t A9 CFSe B (Staphy-
lococcus aureus, E. coli, B. cereus) % AdlsS v|wst
Georgieva 5(2015)9] @4+ Z3lo] w2 53} o]F o= CFS)
B FAEE GF 57 SEE 5 I91A, o= CFS Wl AF
ool o] At lE 7s/d% pH Aot 9] 3+t 7149
ZAZ AABIIE). Tebyanian $(2017)9] A+ E3F neutralized
CFS9] Algs+t A% Alo] a3}t 808 Alof tiid+t 7t
SRS B9l RIE Bt & FEUS ERIFho = 4t 7]
Zpo| Ak AAto]| oI5t pH A5t} ofd 7]et 3t dE(e.g. H2Oy,
Hhe| 2] AN A 4= Qlrk= 7S ATt ot pH
Z74% neutralized CFS, H0,0] E8/J3H catalase-treated
CFS, 8] 4lo] B&A3}H trypsin-treated CFSE ©]-85}0]
8 B I 1A Alots= A48 Mohamad
5(2022)9] @ollAl= S38HE CFS9 gholo] gt B3Pt A4E
Fom, f71Ake] 2= QIgt CFS9] A 270] &t &4 7]
ofsh= HH, H,0, T WP 419 -9 BATER] gAY S&
3 P2 UEA| Eoks A9E AT & Slso] AAEA
ot BH 2R ok EWollA EeE Lacrobacillus 2]
7 ¥ YA7He.g. Enterotoxigenic £ coli, S flexneri, Shigella

Curr. Top. Lact. Acid Bact. Probiotics 2022;8(1):1-16 | &
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sonnei, Salmonella enteritidis, Yersinia enterocolitica) %
Alo] Atolliz F71AF Eis TpAIRRAS] S a3t 7]7He
Z $75l+= M neutralized CFSERE oFl2}, catalase-treated
CFS9] FA42] CFS thy] g &3t 74yt yeht uhe] oAl =
= 9|2 Al GAEA (bacteriocin-like compounds)ol] 2Jgt
et Bk EeAY gl A0E F45IitHDavoodabadi
et al., 2015).
CFSY] 7% nBE9] A% I7gollA ik ot AR
EAe)7] ize] 4 IHFFRAEY EZ/43Kneutralized,
catalase-treated, trypsin-treated CFS)Z 7]4lC & T AR
H s 719 oRE 5 = o, 4 RaAdEY
8% H5Z Aoid= F7HR1 AV 85 dvtdos /-8
el ikels Ftade] AT dE B9 7180 thd A5
ol tigt &50] B vt gls AHE Al WEoks RS 5HO
2ol A7t BarEa glom, HelgA & ik 9 71 B
W =4 EA= Aol &84S AT & ltiKavitha et
al, 2020). F-81PYEC] AR 4= Q= 8 P REARS £
= E3] 22|04 F410 7 §F A7t AT o] ghor A&
(Mokoena er al, 2021), Blo]2™E(Pang et al, 2022; Pérez-
Ibarreche et al, 2016), H(Camargo et al, 2018b) 5=
o E 3 g Al E& 7hs o] Harkofgitt. uhE|E] 241
9] 83= L. monocytogeness AL E § IEY/dHo] Y
= A0E AR o, ookt TR IEEA e dd e
Salmonella typhimurium, E. coli, Cronobacter sakazakii,
Klebsiella pneumoniae, Pseudomonas aeruginosa)°l= 2}
£ Yelle f8018E AJAL Hieg] Ao thet A+t Ehds] 4
P glow, A wElgeAl] T 717 FEE §5
1 28 W91 Wol1A sk wdo] A& QtiHassan er al,
2020; Xin et al, 2014; Ye et al, 2021).
SHH fARol| SJsto] A= F71419] A9 pH AsHERt ofy
2}, s B4 24 B4 7|QIet It 71&e] 7] Harg HE
dorug J-8u|AHE] HieF 2ol wE tAKIE(AD) At 4
9 o] i/t AJoAgol thet 242 {714ke] pH-H|2E
A 7120 gtk olsfE ol Aol 7191 4= Utk Neal-
McKinney 5(2012)9] d7ollXE= T3t Lactobacillus 155
(Lactobacillus acidophilus, Lactobacillus crispatus, Lacto-
bacillus gallinarum, Lactobacillus helveticus)?l| &dF= @5
2RE AR ZA Campylobacter jejuni ¥5-2] A8} 1t
7|8k A% A 5IE HaIgh v Qlot
B4 A9 tWHEBE, CFS, f-84% 53 TAIGo] 78+
e Fits= AF0hs e Aollxe AdE w9 F 4

6 | https://doi.org/10.35732/ctlabp.2022.8.1.1
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A B nAET A0 B8 TS AR SRR
A9 715-& AEdKe ATt BRI E4o] ol 9-8HAE
o] 4HE HAZ gt A A% A FHoR LEE7| Aol
W 2ol gt A 2 BEeS okl lojof shH(Jawan
= 2019), =& ZAE E25(Davoodabadi er al, 2015)z}
A YA W 824 2 HYA(virulence) & tHEEE= 7
A - 21544 Qlei/doll digt AFel 87EHGeorgieva er al,
2015). ?HH FEHE 55 R o 4 Hasy, o
5 2 oy TleRols 5o Aslshe B4 B2 AljEoR
L83 4 Q= HadFEAY 7154 2 F8 159 2A=
8= & JYtHGoh er al, 2021).

QanMEs a8t A

&=l Qs Ea

829 s 24

[Fo=iE 50 JtdEe] &

)
J

mH
> U

o]

g 242 A7) oAl Al Table 20 Uehd i} 2o,
A2 A7 A DRl QEA FHE B0 $84 FEE

d
(water-soluble extract, WSE)9] &3S IAZ & o
o, 48 Y 5 -E8EY] did Eojaa] osf st &
dj=]o] AAkE HEto]| =7} gte SRlof| 7143 Aozt 45}
AciMushtaq et a/, 2019). FA 45 Y= 3 ¢a-59
45 FAIER(Cell-free whey; CFW)Q| 2155 A0+ A7 A
o a3t BuEglom, 50| Yehd 52 CFSell <fgh &t
o} ¥ WolGiE o Aolet AxE et Laf W ohRt It 7]
54 Edo] IRAEEA AAEIUSE AAFSHITHGeorgieva
et al, 2015). T8 Hashemi 5(2017a) ¥ Jiang 5(2016)2] ¢
TFAME dEAY gl 4 5 AEY ERE S5 CFSY I+
o] pgH AE Harsiglon, B4 AEe] dabs= A
= FH 0% FRudEo] E8E o 5= USSISH: ot AE
HRE0 49, Y7t He= 7149 ARl wet tpekdt thabikE
o] AJAHE 4= 9lout Hashemi 5(2017b)2] 945 B4l B3
9 Hie} Zo| It I8 3ol fEuE AR T
BEO 750 A YehE A2 CFSE o]83t UubAQl a+
A3} FAlsH HiE] 4lo] 8 EAUS AL, oo
Tt AHEY B2 9Jeh A vio] Yo A o=w wekEch

FENYES HYCZ o |RUN 249 5
ZeHo|REAS fiJoR 3 fAIA] #4 e vt 22
Fo= 72d o 9tk 1) B w52 ARAA AL

HI- 3 2) A 24 7EE 5 2R, 3) fEAEEA
9 71573 A%, 4 FEEEAY A AF, 5) AlA ol
2 9 SFEFEA Y] B8 A4S, 0) A vA



Table 2. Food ferments with antibacterial potential by using probiotics strains

EQ‘K KSLAB? ]

Food source Major probiotics  strain” Major results and implications Reference
- Assessment of inhibitory activity of water-soluble extract against
pathogens
Lactobacillus plantarum NCDC 012, » Enterococci faecalis, Escherichia coli, Micrococcus luteus, Mushta
Cheese Lactobacillus casei NCDC 297, Proteus vulgaris, Salmonella typhi, Staphylococcus aureus o al (20q1 9
Lactobacillus brevis NCDC 021 - Increase of the antibacterial activity of the cheese by the '
addition of probiotics due to the peptides generated by
proteolytic enzymes secreted by probiotics during fermentation.
- Assessment of inhibitory activity of whey (cell-free whey
Lactobacillus acidophilus L-1, fractions; CFW) against
L. brevis 1, Lactobacillus bulgaricus 6, » Bacillus cereus, E. coli, S. aureus
Skim milk Lactobacillus helveticus N11/32, - Strain-dependent inhibitory effects according to the bacterial Georgieva
Lactobacillus fermentum 1, species of target pathogens et al. (2015)
L. plantarum 24-2L/24-4B/24-5D?, - Maintenance of inhibitory activity was observed from neutralized
Bifidobacterium animalis subsp. lactis L-3 ~ CFW from some strains, highlighting the presence of bioactive
antibacterial agents other than acids
- Assessment of inhibitory activity of cell-free culture supernatant ~ Hashemi,
Sweet lemon o .
HLice L. plantarum LS5 from fermented sweet lemon juice against pathogens Khaneghah,
J » E. coli O157:H7, Salmonella Typhimurium et al. (2017)
- Assessment of inhibitory activity against Gram positive (G+) and
Gram negative (G-) pathogens Hashemi,
Sarshir 2) » G- E. coli O157:H7, Pseudomonas aeruginosa Mousavi
(kaymak) L. plantarum LP3/AF1ILUS » G+: B. cereus, S. aureus Khaneghah,
- Higher inhibitory activity against G+ than G- highlighted the et al. (2017)
major mechanism as the production of bacteriocin
- Assessment of inhibitory activity of cell-free culture supernatant
from fermented aloe
» E. coli, Listeria monocytogenes, Salmonella enteritidis, S. Jiang et al.
Aloe L. plantarum HM218749. 1 typhimurium, Shigella flexneri, Shigella dysenteriae, S. aureus (2016)

- Additional ingredients (e.g. prebiotics) used during the
fermentation could contribute to the antibacterial activity

" Strain name (including the nomenclature of genus and species of that strain) used in the cited article was indicated.
2 Multiple strains within the same bacterial species were indicated by using the symbol “/".

7154 - 84 )AL
NGS & &Hg@i B4 719 e R 20008 ol HegRt v

£4] a7 270 %

coccus sp.(Fritzenwanker er al, 2013; Karaseva et al, 2016),
Pediococcus sp. (Barreau et al, 2012; Kim et al, 2017).

Eof| gigt A4 AE E4 AlF|(draft and/or complete genome)
7} A&AH 02 H1E]9 OH(Boetzer and Pirovano, 2014; Cho
et al, 2019; Salzberg, 2019; Thakur er al, 2016), E3] oI5+
A4 S8 57 =& A-8RBES] A Tt +50 T
Sh= 50 gigt A7t £8=|QIk Bifidobacterium sp.(Sun et
al, 2010; Yu et al, 2013), Lactobacillus sp.(Falentin et al,
2010; Pridmore er al, 2004; Wang er al, 2011), Escherichia
sp.(Grozdanov et al, 2004; Reister et al, 2014), Entero-

2 draft genome sequence’} HIilE|} O

U, g8 #EI8E del B dhAes EEe HdiMe
A W Ak A B ARk el Hiet AT A5

o] Q77| WEo| complete genome sequence® 4 QA
o] Zz=lo] $ktkFalentin et al, 2010; Mazé et al, 2010;
Zhang er al, 2009).

Genome 49| A U =A)7]7] oJat Aol A
< Al YEAH FlojeHlo]A(e.g. NCBI Genback) 1 7]

FeAe

Curr. Top. Lact. Acid Bact. Probiotics 2022;8(1):1-16 | 7



Gy
% %
‘ 3 %\
\1,% éé’/

)

HuE FHO| 75 - Btolut A4 FEO| sfAlo] &84 5= 3l
£ 7Rt Eo] gkg 1 BEHo 7 gtk AR 7|&(e.g. Solexa
technology)& °©]83st 344 AEA(resequencing, reanno-
tation) A= 71& 23 71 BlnE o 7] BarE 54 JEE
4 BAo 2 |44 W A 75 2d 1479 13 ¥
H3o]| tfgt oJsE Estal ItKSiezen er al, 2012). ?HH 5
Q TFHP|QEIA e o Bifidobacterium, Lactobacillus)®
A SRR E4(Orthologous gene cluster analysis) A=
o7 Ev #3528 HHA(pan-genome) R F4H-FA (core
genome) JEE AFAO 2N FHA| to|Be] 50 7]o]st
I QUeKSatti er al, 2018).

FEUEEY 7sde SHoE o R34 ke A el tigt
A U BES{e.g. ATP synthesis for pH homeostasis,
acid-tolerance, bile-tolerance, ADI pathway for the neu-
tralization of bacterial internal pH), FA|Z F&5{(e.g. the
ability for the adhesion and aggregation of probiotics
strains at the surface of epithelial cells), %59 FU¥ 730
gt Z32(e.g. the utilization of wide-range of carbo-
hydrates and proteins), &57F JHT = U= A izt A
3Hd(e.g. antibiotic-tolerance), FTA AEA fofulE] o
St 737 52(e.g. competitive exclusion of enteropathogenic
bacteria) 5 f-&18=E0] AR 75743 Vel 4= Q=S
o= T Wy fHRe] A W 24 ofF E B2 EE
EXok= A7 BaEo] it Kapse et al, 2019; Khatri et al,
2019; Seddik er al, 2017). 3HH BIW-3-HA] E4(comparative
genome analysis)2] 739 Q17F 28 28] human milk oligo-
saccharides; HMOs)9] tiA si€lo] thgt 45 24 5 &8 9%
A9 o 8 B4 Aol YIS o T fA AR E 7]
Hko 2 AA|ste] 7]5do] 943t REHE:
J&=E SHHDuar et al, 2020).

AF7E 717t RErES HEEA] QbR Higt HEo] SEE
ool 5h, f-HA A4S 7|Hto = g el 91 5 &
A whalo] Ije] AE 4 nldE ] R |He R AlF
T 32 A Fap 27024 Rk o R Al }ItHKwon
et al, 2021). JEH O 2 EXJAAKvirulence factors), TAA
WA(antibiotic resistance), 7ol tHAFHE AJ4Ke.g. biogenic
amines)Zt T A M AR A HH4]o] o] 8H
tHAlayande et al, 2020; Salvetti et al, 2016). E3t 44
W A A B 342K e.g. mutations, genomic islands,
mobile genetic elements) 5 Y249 F-EUPE HFE &

X B2 4T Hlw B4, HY-E8Y 7 Hng B

lo
i
=
et
oo
sk
s

8 | https:/idoi.org/10.35732/ctlabp.2022.8.1.1

AL - BB - AXI - 0]7]8 - B - KERRI

= (]

A W SRk AR i B4 1ERto 24 AEAQl
AANEE IZsl= A7t =2 JtHRozman er al, 2020;
Salvetti et al, 2021).
nYEREAA Ao 2 AMEEE ARIE f-8r8EY A,
FHA W o et AAE At AR =R 755
BE B4 7o R fRFEAY S84 Aol 7hssitt
(Kleerebezem et 4/, 2003). YHtdo g drg-g 7|29 £R¥R
SH 7RsRt MRS SRS & A HES F550lFoR
el 7] wfie] ekt o 7t oA R A - skl B4 |
H w384 £4E o SatE Adoks A9 A7t 3
%o} gtiMolenaar et a/, 2005; Siezen and van Hylckama
Vlieg, 2011). T3t 344 £42 E4 diAlet B 715744
2 2H[{HA ] gt AEE FAH o R AFotr] wizol, At
mdo] AAE 7|Rto & AMIA uYERAA] ABAE 2AollA Bt
o]@miA(biomass) FAt &S] XHLE P A TRl A
A7t 7155 Ao2 IEA Utk Teusink er al, 20006).
FAA G A2 dutdog B4 oY 457 @4 ERsial
U= FAAE Higt FEE AlFot] wizol fF Y At
AP T AARR] BAZALE olsslr] et HH o R EEEL,
o= A FEE Sl melet R8uE w5 S I
| 13 F3A B 7]e9] old 9 ATl 7154 - B84
WA LA E BarE|a Qlo] f8A] Ao 88 e oIk Hof
£ MEA 7Bkl Itk Van Pijkeren and Barrangou, 2017).

S 22 40| 715 RE01Y=E e FHH 24 G412

o
T
GAA BA A7t giEA g 5 20109 A% SRupE
o] B3t gt BY A fAAe] B2 A W HhE g
QA & It fEAEY " chd ke gERe] 24
(annotation) ¥4 Z7E W HIoks HAl02 ZPEIct

(Camargo et al, 2018a; Morita et al, 2009). °]& AR} A
HEA 71e9 WA RE08EY ol thek Bilo] S
T Qe 8RS ET Ted
HIEAQ] A A= Table 3

o
(@)
\>)

[e]

Y

ox
)
)
i)
®
mN,
o

REO] 947} W] ZEA o R AL 7155t YUtk 944 B
4 =7 annotation tool)E &-&5t0] HH| 2| QAIE EFISH St
B AAE 24 T FHAE ERloks A=

ek $e] B3 S4o diet T Q77 SEISeHL
et al., 2016; Tarrah er al, 2020; van den Nieuwboer et al,
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Table 3. Previous research regarding the genomic analysis with the perspective of the antibacterial potential

Category Probiotics strain” Accession number Major annotation tools Reference
Lactobacillus paracasei DTA93  VTYT00000000 RAST Targgzg; al
General annotation reports of . .
antimicrobial proteins from genome  Lactobacillus plantarum LZ206 CP015966 NCBI Proke‘aryotlcl ngome Li et al.
Annotation Pipeline (2016)
sequences
Bacillus clausii ENTPro CP012475 RAST Khatri et al.
(2019)
. ) . Chung et al.
Lactobacillus acidophilus LA1 CP017062 BAGEL (2018)
Enterococcus durans OSY-EGY ~ GCA_004330425.1 antiSMASH, BAGEL Huss(gg'zo‘?t al.
Lactobacillus pentosus SLC13 CP021675 BACTIBASE, BAGEL, RAST  uang et al
Functional annotation specialized (2018)
for antimicrobial proteins Kim et al
L. plantarum EM CP037429.1 BAGEL, BLASTP, RAST (2020) '
) e Surachat et al.
Pediococcus acidilactici HN9 CP061715 BAGEL, BLASTX (2020)
P. acidilactici ATCC 8042 CP033438 RAST, Prokka, HyPe Ch(‘;ojg)a"
Assessment of the antibacterial | actopacillus taiwanensis CLGO1 CP059276 NCBI non-redundant database i et al
effects followed by the general (2021)
annotation reports of antimicrobial . NCBI Prokaryotic Genome  Qureshi et al.
proteins L. paracasei ZFM54 CP032637.1 Annotation Pipeline (2020)
; Yoo et al.
Lactobacillus fermentum SK152 PRJNA318540 BAGEL, BLASTP
. . (2017)
Assessment of the antibacterial
effects followed by the functional L. pentosus DZ35 VUBB00000000 BAGEL, RAST Yi et al
annotation specialized for (2020a)
antimicrobial proteins Barbosa et al
Lactiplantibacillus plantarum R23 -3 BACTIBASE, BAGEL (2021) '
Genome and metabolites analysis Vi et al
for the purification of antimicrobial L. pentosus MS031 CP043671 BAGEL, RAST '
) (2020b)
proteins
Comparative genomics of 5ot strains (n = 41)2 -2.9 BAGEL, BLASTP Li et al.
antimicrobial proteins (2021)
Comparative genomics and
characterization of antimicrobial Bifidobacterium sp. (n = 12), ~ 2, 3 Darvishi et al.
potential based on Lactobacillus sp. (n = 46)? BACTIBASE, BAGEL (2021)

phenotype-genotype relationship

" Strain name (including the nomenclature of genus and species of that strain) used in the cited article was indicated.
2 In the case of comparative genomics, the multiple strains were used for the analysis and the name of the strains with accession numbers
were omitted in this table. The contents in the parenthesis indicate the number of strains used for the comparison.

% Accession number was not indicated in the cited article.
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