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Abstract

Food spoilage by fungi is responsible for considerable food waste and economical losses.
Among the food products, fermented dairy products are susceptible to deterioration due
to the growth of fungi, which are resistant to low pH and can proliferate at low storage
temperatures. For controlling fungal growth in dairy products, potassium sorbate and
natamycin are the main preservatives used, and natamycin is approved by most countries
for use in cheese surface treatment. However, a strong societal demand for less processed
and preservative-free food has emerged. In the dairy products, lactic acid bacteria (LAB)
are naturally present or used as cultures and play a key role in the fermentation process.
Fermentation is a natural preservation technique that improves food safety, nutritional
value, and specific organoleptic features. Production of organic acids is one of the main
features of the LAB used for outcompeting organisms that cause spoilage, although other
mechanisms such as antifungal peptides obtained from the cleavage of food proteins and
competition for nutrients also play a role. More studies for better understanding these
mechanisms are required to increase antifungal LAB available in the market.
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Table 1. List of compounds derived from LAB metabolic activity and their antimicrobial spectrum (Siedler et al., 2019)

Compound Producing microorganisms Pathway Target Ref.
Lactic acid All LAB ol Yeasts, Gram+
Acetic acid Heterofermentative LAB C Yeasts, Gramx
Benzoic acid L. plantarum S, B Fungi, Gram- Garmiene et al., 2010
Aselacid acid L reqteri 5529, P. freudenreichii L. saci 68 and Bacteria Le Lay ef al, 2016
L. spicheri 015
Propionic acid L. buchineri, L. diolivorans Fungi Corsetti et al., 1998
. . . - . Brosnan et al., 2012;
Cinnamic acid derivatives L. amylovorus DSM 19280 0 Fungi Ryan et al, 2011
L . . Broberg et al., 2007;
Salicylic acid L. amylovorus DSM 19280 0O, B Fungi Ryan et al, 2011
Vanillic acid Lactobacillus 0 Brosnan et al., 2012
. 2 . P) Broberg et al., 2007;
p-Coumaric acid? L. reuteri, L. plantarum 0 Guo et al, 2012
Diacetyl
Acetaldehyde Lactococcus, Leuconostoc, Lactobacillus C Yeasts, Gramz+ Aunsbjerg et al., 2015
Acetoin Pediococcus
Hydrogen peroxide All LAB C Yeasts, Gram+ Lindgren et al., 1990
Carbon dioxide Heterofermentative LAB C Lindgren et al., 1990
Ethanol Heterofermentative LAB C Elshaghabee et al., 2016
. . . ) Cleusix et al., 2007;
Reuterin/acrolein L. reuteri C Fungi, protozoa, Gramz+ Engels ef al, 2016
3-Hydroxy fatty acids C Black et al., 2013
Reutericyclin L. reuteri S Gram+ Ganzle et al., 2003
Niku-Paavola et al., 1999;
Cyclic dipeptides L. plantarum, L. pentosus S Fungi Ryan et al., 2009;
Strom et al., 2002
3-Phenyllactic acid L. plantarum, Lb slimentarius, L. rhamnosus S
Lb. sanfransiscensis, L.hilgardii, Leuconostoc
4-Hdroxyphenyllactic acid  citreum, L.brevis, L.acidophilus, Leuconostoc S Fungi Ryan et al., 2009;
T ’ ’ Strom et al., 2002
mesenteroides
. Broberg et al., 2007;
ili-:jydroxy-4-methy|pentan0|c L. plantarum, L. paracasei S Fungi Honore et al., 2016;
Ndagano et al., 2011
2-Hydroxy acids L. paracasei S Fungi Honore et al., 2016
Methylhydantoin S
Mevalonolactone L. plantarum S Fungi, Gram- Niku-Paavola et al., 1999
0-Dodecalactone L. plantarum S Fungi, Gram+ Yang et al., 2011

' Abbreviatiions; C, central carbon metabolism: S, secondary carbon metabolism: B, bioconversion; O, other/no de novo synthesis.
2 Hypothetic release from grass after addition of LAB (Broberg et al., 2007).
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Table. 2. Compounds produced by lactic acid bacteria and their individual minimal inhibitory concentration (MIC) values against yeast, mould
and bacteria as well as the reported production concentration in LAB. The concentration produced are highly dependent on the conditions
used and should only be considered as an indicator (Siedler et al., 2019)

Compound MIC yeast MIC mould MIC bac® Reference Produced Reflerence
P (mM) (mM) (mM) (mM)
Leon Pelaez et al., 2012;
Lactic acid 278 274-405 2-11 Narendranath et al., 2001; 55 Le Lay et al., 2016
Ostling et al., 1993
Corsetti et al., 1998;
38-41; Leon Pelaez et al., 2012; Aunsbjerg et al., 2015
Acetic acid 100 80 0.5-14 Narendranath et al., 2001; 5-40 Corsetti et al., 1998;
8.3 Ostling et al., 1993; Le Lay et al., 2016
Stratford et al., 2009
Urbiene & Leskauskaite, 2006;
. : 1) i ) )
Benzoic acid 10 1.27 Arroyo-Lopez et al., 2008 0.19 Yu et al, 2016
. . 45 Farmery et al., 1994;
Azelacid acid 106213 Maple ef al, 1992 0.01 Le Lay et al., 2016
- . , Ozcelik et al., 2016;
Succinic acid 200-500 Schwenninger et al., 2008 29-300 Schwenninger ef al.. 2008
Propionic acid 8.1 Corsetti et al., 1998 54 Zhang et al., 2010
Corsetti et al., 1998; Corsetti et al., 1998;
Formic acid 21-43 19.5 0.1-1.5  Lastauskiene et al., 2014; 1.5-27  Ozcelik et al., 2016;
Ostling et al., 1993 Rizzello et al., 2011
Ethanol 434 Berni & Scaramuzza, 2013 80 Elshaghabee et al., 2016
Diacetyl 1.45-2.9 0.005-0.7  0.005-0.011 Aunsbjerg et al., 2015 0.15-0.7 Aunsbjerg et al., 2015
, Brudzynski et al., 2011 ;
Hydrogen peroxide 4.4-80 1-2 Larsen ef al, 1995 0.0006 Le Lay et al., 2016
Reuterin/acrolein 8-50 Cleusix et al., 2007
Reutericyclin 0.3-2.8" Ganzle et al., 2003 14)  Ganzle et al., 2003
Cyclo (L-Phe-L-Pro) 0.08 Strom et al., 2002
L Schwenninger et al., 2008; <7 Schwenninger et al., 2008;
. 5009
$-Phenyllactic acid 50-5007, 95 Strom et al., 2002 057  Valerio et al, 2004
4-Hdroxyphenyllactic acid 50-500 Schwenninger et al., 2008 <7 Schwenninger et al., 2008
3-Hydroxy fatty acids <0.46 <0.46 Sjogren et al., 2003 0.009  Sjogren et al., 2003
Indolelactic acid 24 Honore et al., 2016 0.02 Honore et al., 2016
2-Hydroxy-(4-methylthio)buta 66 Honore et al., 2016 0.029  Honore et al., 2016
noic acid
zg;ydmxy's'methy'b“tano'c 2 Honore et al., 2016 02  Honore et al, 2016
z-cli-:jydroxy-4-methy|butan0|c 38 Honore et al., 2016 049  Honore et al., 2016
0-Dodecalactone 3.2-4.2 1.7-3.2 3.9-31 Yang et al., 2011
VM.
2 pH-dependent.
% Bacteria.
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