Journal of Life Science 2020 Vol. 30. No. 12. 1128~1139

ISSN (Online) 2287 —3406
DOl : https://doi.org/10.5352/JL5.2020.30.12.1128

- Review -

The Roles of Lactic Acid Bacteria for Control of Fungal Growth and Mycotoxins

Jihoo Kim' and Heeseob Lee'?*

TDepurtment of Food Science and Nutrition, Pusan National University, Busan 46241, Korea
*Kimchi Research Institute, Pusan National University, Busan 46241, Korea

Received November 15, 2020 /Revised December 18, 2020 /Accepted December 23, 2020

Over recent years, it has become evident that food and agricultural products are easily contaminated
by fungi of Aspergillus, Fusarium, and Penicillium due to rapid climate change, which is not only a
global food quality concern but also a serious health concern. Owing to consumers’ interest in health,
resistance to preservatives such as propionic acid and sorbic acid (which have been used in the past)
is increasing, so it is necessary to develop a substitute from natural materials. In this review, the role
of lactic acid bacteria as a biological method for controlling the growth and toxin production of fungi
was examined. According to recent studies, lactic acid bacteria effectively inhibit the growth of fungi
through various metabolites such as organic acids with low molecular weight, reuterin, proteinaceous
compounds, hydroxy fatty acids, and phenol compounds. Lactic acid bacteria effectively reduced my-
cotoxin production by fungi via adsorption of mycotoxin with lactic acid bacteria cell surface compo-
nents, degradation of fungal mycotoxin, and inhibition of mycotoxin production. Lactic acid bacteria
could be regarded as a potential anti-fungal and anti-mycotoxigenic material in the prevention of fun-
gal contamination of food and agricultural products because lactic acid bacteria produce various kinds
of potent metabolic compounds with anti-fungal activities.
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9, 25, 44, 80, 83].

Sathe S[83]& 21 7HA 9] AAFZEE 359 FF9 $4
:3: 23R 21, A nigerol o A5 A %"é%

37 9 A BEstAt. o] FAA gEFEE FEold
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Enterococcus pseudoavium, Pediococcus acidilactici, P. pentosa-
ceus® HH A, A W EAS disc diffusion method &
olgste] ol FF wFolo ALsA< W, ikt wjF
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Table 1. Lactic acid bacteria possessing the anti-fungal activities (modified from [24, 81])

Lactic acid bacteria Origin Target fungi References
Lactobacillus alimentarius Local dairy products Aspergillus fulvous, Penicillium notatum [44]
Lactobacillus amylovorus : . .

DSM 19280 Cereals Aspergillus fumigatus, Fusarium culmorum [80]

Lactobacillus brevis No. 173 Sourdough Asperglllus nidulans, Penicillium funiculosum, 9]

Fusarium poae

Lactobacillus brevis LPBB03 ~ Coffee fruits Aspergillus westerdijkiae [67]
Cheese and human, Fusarium avenaceum, Fusarium culmorum,

Lactobacillus brevis PS1 mouse, pig and bovine Fusarium graminearum, Fusarium poae, Fusarium [57]
intestinal samples tricinctum
Culture collection of

Lactobacillus casei IICTOOTEANSMS Penicillium expansum [30]

Genus
Lactobacillus

(Technical University in
Poland)

Aspergillus nidulans, Penicillium oxalicum,

Lactobacillus casei No. 210 Sourdough Penicillium funiculosum, Fusarium poae, Alternaria [9]
alternata, Fusarium graminearum
Lactobacillus coryniformis Aspergillus nidulans, Penicillium oxalicum,
No. 71 Y Sourdough Penicillium funiculosum, Fusarium poae, Alternaria [9]
' alternata
Lactobacillus curvatus No. 51  Sourdough Asp ?r'gl?lus mdl'tlans, Pemczllzum oxalicir, 9]
Penicillium funiculosum, Fusarium poae
Lactobacillus delbrueckii Local dairy products Aspergillus fulvous, Penicillium notatum [44]
Culture collection
Lactobacillus fermentum 123  (National University of — Aspergillus flavus [33]
Rio Cuarto)
. iy Aspergillus fischeri, Aspergillus nidulans,
éggtobaczllus farraginis No. Sourdough Penicillium oxalicum, Penicillium funiculosum, 9]
Fusarium poae, Alternaria alternata
Lactobacillus fermentum Nigerian fermented Aspergillus flavus, Aspergaillus niger, Penicillium 2]
YMLO14 food (Cassava) expansum
Debaryomyces hansenii, Kluyveromyces lactis,
Lactobacillus harbinensis Cow milk Kluyveromyces marxianus, Penicillium [25]
K.V9.3.1.Np brevicompactum, Rhodotorula mucilaginosa,
Yarrowia lipolytica
. ) Aspergillus fischeri, Aspergillus nidulans,
ézztobaczllus paracasei No. Sourdough Penicillium oxalicum, Penicillium funiculosum, 9]
Fusarium poae, Fusarium graminearum
. Pure Cultures Collection  Aspergillus niger, Aspergillus ochraceus, Penicillium
Lactobacillus pentosus o . o .
(Lodz University of sp., Fusarium lateritium, Alternaria alternata, [54]
LOCK 0979 . -
Technology) Alternaria brassicicola
Lactobacillus plantarum Fresh vegetables Aspergillus flavus, Fusarium gramminearum [83]
IL(aCctCof?g;zllus plantarim Aspergillus clavatus, Aspergillus flavus, Penicillium
Lactobacillus plantarum Alfalfa Zhrygoge?um, Fusarium oxysporum, Scopulariopsis [61]
KCC-38 revicaulis
Lactobacillus plantarum Aspergillus nidulans, Penicillium oxalicum,
No. 122 C9 . . .
. Sourdough Penicillium funiculosum, Fusarium poae, Alternaria [9]
Lactobacillus plantarum ) .
alternata, Fusarium graminearum
No. 135
Lactobacillus plantarum TSl Muytilus galloprovincialis [42]

Lactobacillus plantarum TS2

Lam.
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Table 1. Continued
Lactic acid bacteria Origin Target fungi References
Culture collection
Lactobacillus rhamnosus L60  (National University of — Aspergillus flavus [33]
Rio Cuarto)
Genus Lactobacillus rhamnosus American dairy o .
Lactobacillus MDC 9661 products Penicillium aurantioviolaceum, Mucor plumbeus [11]
. Aspergillus nidulans, Penicillium oxalicum,
Lactobacillus uvarum No. Co . . .
245 Sourdough Penicillium funiculosum, Fusarium poae, Fusarium [91
graminearum
rotten jackfruit, guava,  Aspergillus niger, Fusarium moniliforme, Fusarium
Lactococcus sp. BSN307 and animals fecal graminearum, Fusarium chlamydosporum, [94]
samples Fusarium oxysporum
Culture collection
Lactococcus lactis C 10 (University of Aspergillus parasiticus [99]
Wisconsin-Madison)
Culture collection of
Luctocqccus lactis subsp. microorganisms Lo expansiun [30]
cremoris (Technical University in
Poland)
Genus ;
Lactococcus Lactococcus lactis subsp. Dairy Research
lactis biovar. diacetylactis Y . Aspergillus fumigatus, Aspergillus parasiticus [10]
Laboratory collection
DRC1
Lactococcus lactis subsp. Aspergillus flavus, Aspergillus parasiticus,
lactis CHD-28.3 Cheddar cheese Fusarium spp. [77]
Lactococcus lactis subsp. , . Aspergzllus niger, Penicillium chryzogenum,
. Mare’s milk Fusarium oxysporum, Rhodotorula aurantiaca, [89]
lactis IR3 . ;
Candida albicans
Lactococeus lactis subsp. _ Asperglllus niger, Penicillium chryzogenum,
. Cow milk Fusarium oxysporum, Rhodotorula aurantiaca, [89]
lactis K-205 . ;
Candida albicans
Leuconostoc citreum Durum wheat semolina Aspergillus ser Penicillium roqueforti, and [93]
Endomyces fibuliger
Genus Leuconostoc mesenteroides Sourdough Asp'er.gl?lus mdtltluns, Pemczllzum oxalicum, [9]
No. 225 Penicillium funiculosum, Fusarium poae
Leuconostoc : - .
Leuconostoc mesenteroides N Asp ergllllus flavus, Asp erglllug fi migats,
TA Kimchi Aspergillus ochraceus, Aspergillus nidulans, [52]
Penicillium roqueforti
Pediococcus acidilactici Asp ergll fus i sch eri, Asp erglllu.s nidulans, .
No. 29 Sourdough Penicillium funiculosum, Fusarium poae, Alternaria [91
’ alternata
Genus 5 . ; ;
Pediococcus  Lediococcus pentosaceus Dairy products Fusarium graminearum [86]
. Aspergillus nidulans, Penicillium oxalicum,
Pediococcus pentosaceus C9. . ) ‘
Sourdough Penicillium funiculosum, Fusarium poae, Alternaria [9]
No. 183
alternata
Enterococcus durans F2.1 Tarhana Asp ?rgz?lus fu Migats, Asp ergzl.h%s parasificiis [46]
Penicillium griseofulvum, Penicillium chrysogenum
Enterococcus hirae Dairy products Penicillium candidum, Debaryomyces hansenii [96]
Enterococcus pseudoavium Aspergillus nidulans, Penicillium oxalicum,
other No. 242 Sourdough Penicillium_funiculosum, Fusarium poae Pl
Genus i i icilli i
Weissella cibaria Durum wheat semolina Aspergillus Hger Penicillium roqueforti, and [93]
Endomyces fibuliger
Cheese and human, Fusarium avenaceum, Fusarium culmorum,
Weissella cibaria PS2 mouse, pig and bovine Fusarium graminearum, Fusarium poae, Fusarium [57]

intestinal samples

tricinctum
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o L. plantarum< 1 2A < FAAE S dehllE 10 F
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Yet A B8 A48 S YEY £ straing S A2 o
g7 24 Y= A= (phenyllactic acid, fatty
acids, cyclic dipeptides &)< 5HE0] ATt B3 t}[7].
RHYY Aol o] &3 AFol= FFo] Aol B Ao
Aol & o] §oto] Al EEtste A7 EF BIE I JTH4S,
79]. L. plantarum 16 % 9] strainz A 13 /19| strain Yarro-
wia lipolytica®} Penicillium brevicompactum® tste] A& A 3f
€ B3ou YmA strain AslE UehlA &t L plan-
tarum 88 9| straindl thale] Tk FFo] FHEEZ A&
A& Adgds A7 60~80%0 3Nt strainoll A Aspergillus
niger, A. flavus, Penicillium roqueforti, Cladosporium spp.°ll Tt
g ASE AelistA X W, 75% o1/d] strain Fusarium
culmorum, P. chrysogenum, P. expansumo] 3o} =& A5
AdlE dehit. oldd Zds L FAtdolgs
strain] whetA Y4HE = A o] ZFol 2 Qlste] o]
o A% AddE Zol& Yele ASZ AHHT8]]

SET BYS LIEHHE FAT CIAE

RTEE, A2, NYY, BF, AHE AL D 3L 59
TR HENA FHolo) 452 AAH] A8 FAF WA
2 Holt HAF UAIES BEIHLA S B AFE0
A= 1 QUTH4, 6,17, 25, 48, 73, 79, 83]. ZHo] A &S A3
she fAT UALERE ORE ARA ST $714,

A Eo] EAstE f714re frakatel o3 gstE Ak
Ao HFAzolAY Be 4FH7Feolth A dl(lactic acid)
7} Z4Hacetic acid)e DEHQ fritde] BstE WA U4

Pathway

‘ Lactic acid
bacteria

- Central carbon metabolism

+ Secondary carbon metabolism
« Bioconversion

« Other/no de novo synthesis

» Volatives
« Reuterin
« Acrolein
« Others

« Adsorption
« Degradation

Anti-microbial
compounds

« Organic acids :

« Acids derived from
amino acids

« Cyclic dipeptides

« Fatty acids

Anti-mycotoxi
mechanism

Tkl s AiEE oE Frldd ve HE B
A AT, 24 9 2 922 (propionic acid)? 2
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d A ok A, 24 g =284 pKE 47 386,
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A ZL& pHO A ZAtely Z 23| 24ko] kel vls| 3o
o Axs TH37] ol WPl H & vER E
AstA Ftt. Dagnas (2319 2ol st 24 Al niger,
Penicillium corylophilum, Eurotium repens®] %] tha
473 ‘& & (minimal inhibitory concentration, MIC)7} 23~72
mmo| Y, T2 LAL MIC7} 8~20 mmS VEFY Y o1,
Bake] Afdle w30l Ase AdlstA Ratdn. =3
223 244, 4 B4} (sorbic acid), 3-phenyllactic acid, rici-
noleic acid, %4} (acetic acid)S A. niger¢t P. roquefortiol €]
RS B 240l THE £ A4S EYTa Busta §
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ZQl potential & %3] A g FHAS S7HIA A
Toe A2AE ARANTGE 7HEE AAHIL AT{90].
Phenyllactic acid (PLA)E 32 %2t (phenylalanine) 9]
Ay Foll A A EH = F4HE (by-product) A & 2%
ER g 9 dAF S Hola LA L. plantarum
strain 21BI A 22 RyH o3 2 §AHF a9 §7)4F
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- Cell wall instability/permeability fungal gI’OWth
+ Proton gradient interference

+ Oxidative stress
Enzyme inhibition
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i
=
Eu)

genic Reduction of
| fungal toxins

« Biotransformation
« Inhibition of production

Fig. 1. Anti-fungal mechanisms of lactic acid bacteria (adapted from [81, 87]).



FollA 74 wol A7t AL ' £ FY stuoltt
[22, 50]. PLAE 53] F&oluv A7 Az B 540] gl
OlHE AU UA AotA AFe WHS 9] s *'L‘oll

Aol 7hHed FAAL SHE AAX
lus, Penicillium 2 Fusarium® 43t= 23 9 &% ]°ﬂ o st
of 5 E& 75 g/1(30 Tt 45 mm) 552 PLAS pH 40 A
Agstde W BE FFl9 AFS 50% ol AAAAT
[51]. =&, PLAY A. niger, F. graminearum 2 Penicillium sp.ol
o3k MICsot, & %43 2k (conidia) #o}e] 50% 5 A8 sl= 3
2A s = 002-6.0 mmo| 3L, 2342 0.1~12 mm,
Z4HE 03~120 mm, 24HE 25~300 mme e BE
Aboll w18l PLAZF -3 g2l &4 JepATH34]. ¥
HOo R frabdol AstE PLAY =& fabd TR
wret Aolstm dukA el MRS Hi Al A+ ¢F 0.1~1.6 mm=
dHA ATH102. 1EY, FEo] Bge Asletr] A8 A
Hog Q7HE PLAY $EE 3.01~36.10 mmo] 7] w5 o
Ao frabdo] Aitste PLAY 5 dHAHoz &
g7 AR e "ot 21]. PLAE HE¢ed

E5¥ phenylpyruvic acid (PPA)E A X hydroxy acid de-
hydrogenaseoﬂ o3 Aol E7] W&o, PLAY AAE =7}
N717] §8ted AA 2 PPAE 718l 1.6 mmol A 21 mm

2 ZF/MZ e 97235 B3 Y51, 102]. PLA7}
THolg A&E Ade WAUFLEE TS HFEFH 1}
A& FEEAY FE Balste] dAAS 3kt 24
Tots AAsto] FFolof AEs AdAlste AR A
g1,

Reuterin

K
42
o
G
.:
%
=
S
OQ

L=

=

ootomg

lo o

b

]

E 2g 9 YAAEE oY L. reuteriZ} A
+ Edolt}, o] AR FEL o3l
g A e ot g I E4E e
R o™, Candida albicans B

b Egols) 43g

o il
o =
4

ofr
ol
rr

o OF
Ho
R

2 Aspergillus flavus
AAT = gle Ae=
7]. Reutering A atE= Q7 FA-F9) H)
Fat A reuterin® A %o 712 <l

Z7tEE Aog Huwa 56
Reuterin- UVEUQ] gl o} e Hzho g e 24
o g A3 d 2EHAE FHAIE A0 GEA 9O
o o] Z Ql3le] Fpo =

r'?L r_qn: M
Of¢

btoolnt rlr
8

oy R
ig—ﬂa_il

o4 oo ox ol
5 o

o

=2

oo MY RO [o o2
)
it
o
a0
N

4

_O|L
2
=Y
gk

o,
o

&l
[

E
>
_l:{o
m[o
XL
=o{=l
of
ol

By

ol

=

lo

o

£l

i)

o

R

B

ofr

Eiv

o

rir e
—n

)

>

o Rl
0

o Hu
(==
v
A
fd
3.,‘9‘
g
[y
&2
o

[ o o
N
ol

iy
o
o

oE
=
o
o
é of fo

o m e
A

&

‘/}“jr‘;’}i , hydroxy ]‘ﬂc]'/# :Q]—BQ'E—— j %
9 A& Yeh F30] 2 81 td H A3
S & 10~100 mg/12 433 T&Ho|th[88]. Fzl+ &4
83 84 FHA Sty o) hydroxyl7] 9} 39 o] F2

Journal of Life Science 2020, Vol. 30. No. 12 1133

ol Bag Aoz #FHlon, AA7A APt &g
HAYZ 3 AR A oA ofg 42 ¥4 5%
olol &-&3tm Pseudozyma flocculosa®l ©13) A48 == A4t
Ql cis-9-heptadecenoic aciddll tj& AFE 7|Hto & A5
ATl FAF B = dehl s AR T3] Azt
A4 o] FZ(lipid bilayer)& #&3sto] 2o FAA (integrity)
FAsA Ha, oo wmE It frEdd

el A 3 dr““’é# AEZ 9 frEs 293t

TIHORE F% ]«] A EA B3l (cytoplasmic disintegra-
tion)& Z#ste= AR ALHIL YT[5]
9u7 5o w o A$AE 32 U2 B4f 93 2

opﬂ ksl u_] E_gJ.o]oﬂ
g A FHE Eiﬂi 9= Akzﬂo]u}[zo] ) (pear) ol 4
WA EE defensing FAFSHAY FFAIQ A GeiE 30
gt 9 g Aot dABAo] YAY B FFSAH L U
Ebf = lacticin® 3543 ©l i%ﬁ Aog RIHY Y}t &
WAYZS A E 27449 A7 DR Bl

'T'-ré*OI Sa Yol Xl

| 54 (mycotoxin)e A7 FEoA dWE 4od
e 2 A ATER A7EA 300~400 7H )
3l3HEo] F3e] F4E d¥FoH, I F aflatoxins, ochra-
toxins, deoxynivalenol (DON), zearalenone (ZEA), fumoni-
sins, patulin 50| 91t3} S A% 0 & Qe 54
ko g o]gH _ZFE_O_ Hky o}\orq Eg] u}ohﬂ Az 9 Alg

=, 51“4, 1‘547:1, OJ%, Xil““oh t'a‘i ii‘%‘ ‘3—! 7EF Tk A F

2

ot K
g

ol

24 o

=
aQ
=
o B o8 T r

Ho o it
f
ZL_!‘
4

ol
[eAav)

A 7tgts}

N
N
N
2
e
rx
D

,d
o
+

rr do
p
p

o
o2 A Aok Aty MEE S
AYAQ 28 I A ri7iAl = 7

= 2}o] TH(peptidoglycan) &. 2 T4 = of L.
g5, @94, lipoteichoic acid$} teichoic aci
o itt16]. 1evt ddFot HE =2 gol
olA F&o] Fh AAE s T8 74 A4
I Yok frakte] %0 4 B 2% 5
Az Ae=Feto|t 729 ztolot A F99 9]
4™ E F JAT26]. Aflatoxind} F4+F 2 AZH A&
Z-g-o] U3t Aol M, aflatoxins= Lactobacillus rhamnosus

i

Q'_EI_,F‘O
I

ﬂg
rlo

Aul
=]

]

fl
o



1134 BB UERIX| 2020, Vol. 30. No. 12

Table 2. Anti-mycotoxigenic lactic acid bacteria (modified from [81]).
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