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INTRODUCTION

The ubiquitous pathogen Aeromonas hydrophila 
is a rod-shaped, freshwater, Gram-negative bacte-
rium belonging to the phylum of Proteobacteria, class 
Gammaproteobacterias, order Aeromonadales and 
family Aeromonadaceae, which consists of 17 dif-
ferent hybridization groups (G a r r i t y  et al., 2005; 
R a s m u s s e n - I v e y  et al., 2016; F e r n a n d e z -
B r a v o , F i g u e r a s , 2020). Virulence factors of motile 
aeromonads, such as adhesins, cytotoxins, and lipases, 
can lead to multifactorial diseases (B e a z - H i d a l g o 
et al., 2013). Aeromonas spp. can cause both intraintes-

tinal and extraintestinal diseases, and syndromes, rang-
ing from relatively mild illnesses to life-threatening 
conditions, including septicaemia, necrotizing fasciitis, 
and myonecrosis (J a n d a ,  A b b o t t , 2010; A r s l a n , 
K u c u k s a r i  2015; P a l m a - M a r t i n e z  et al., 
2016; B a n e r j e e  et al., 2017). Aeromonads have 
also been linked with gastroenteritis demonstrated 
mainly as diarrhoea in children under the age of five, 
with the so-called traveller’s diarrhoea and with food 
poisoning (O t t a v i a n i  et al., 2013; Q a m a r  et al., 
2016; T s h e t e n  et al., 2016). The main sources of 
foodborne infections caused by Aeromonas spp., as 
identified by S t r a t e v ,  O d e y e m i  (2016), are sea-
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food, meat and meat products, milk and dairy products, 
and vegetables. Aeromonads can grow at tempera-
tures ranging from 4 to 42 °C. This fact suggests that  
A. hydrophila is capable of growing in foods at refrig-
eration temperatures (P a l u m b o  et al., 1985). As an 
enteric pathogen, Aeromonas species have the inher-
ent capability to grow in water distribution systems, 
especially in biofilms (I g b i n o s a  et al., 2012). The 
transmission of infection from water, animal feed 
and animals can be considered as a possible threat to 
humans. M a i n o u s  et al. (2011) evaluated a variety 
of commercially available chemicals efficacy in reduc-
ing or eliminating A. hydrophila in water. Effective 
disinfectants were ethanol (50% and 70%), benzyl-
4-chlorophenol/phenylphenol, sodium hypochlorite, 
etc. The diseases associated with the genus Aeromonas 
are often treated with antibiotics. Studies indicate that 
fluoroquinolones and cefotaxime are the most success-
ful therapies for infections associated with aeromonads 
(A l c a i d e  et al., 2010; P a r k e r ,  S h a w ,  2010).

However, treatment with synthetic antibiotics in 
human and animal medicine is a controversial topic 
due to the spread of bacterial antibiotic resistance. 
Different authors from all around the world have 
reported the multidrug resistance of A. hydrophila 
(V i v e k a n a n d h a n  et al., 2002; Sen, Rodgers, 2004; 
K a s k h e d i k a r ,  C h h a b r a , 2010; de l  C a s t i l l o 
et al., 2013). K e l l e y  et al. (1998) postulated that 
the resistance of A. hydrophila isolates to penicillins 
(including penicillin and ampicillin), streptomycin, 
bacitracin and tetracycline originates in poultry lit-
ters. For this reason, there is an effort to find new 
substances of natural character that could improve 
the health of both animals and humans.

Medium-chain fatty acids (MCFAs) and their mo-
noesters are one of the possible alternatives to antibiot-
ics. MCFAs are saturated and unbranched six to twelve 
carbon fatty acids. This group consists of caproic acid 
(C6:0), caprylic acid (C8:0), capric acid (C10:0) and 
lauric acid (C12:0) (Z e n t e k  et al., 2011). They can 
be found at higher levels in milk lipids of many animal 
species (mouse, rat, rabbit, etc.), and in some plant 
oils (coconut, palm, tucuma, muru-muru and Cuphea 
oil). These oils have shown a high antibacterial activity 
against different microorganisms (D i e r i c k  et al., 
2003; Z e n t e k  et al., 2011; H o v o r k o v a  et al., 
2018). The coconut oil is rich in MCFAs, especially 
lauric acid. It has a strong antimicrobial effect against 
Gram-positive bacteria and a number of fungi and 
viruses (D a y r i t , 2014). The antibacterial proper-
ties of coconut oil were first described in the study 
of H i e r h o l z e r ,  K a b a r a  (1982). Recent studies 
have shown also the effect towards Gram-negative 
bacteria, such as Helicobacter pylori (S h i n o  et al., 
2016). The microbicidal activity of a number of lipids, 
especially the activity of MCFAs and their monoesters, 
has been reported by many research groups. In vari-
ous studies, the antibacterial effect against various 

pathogens, such as Salmonella spp., Escherichia coli, 
Campylobacter jejuni, and Listeria spp. was proved 
(B a t o v s k a  et al., 2009; S k r i v a n o v a  et al., 2009; 
Ya n g  et al., 2009; B o r a t e  et al., 2013; L o u n g  et 
al., 2014; C a r l s o n  et al., 2015). Some bacteria, such 
as Lactobacillus spp., are stimulated by the presence of 
MCFAs. For this reason, they are more preferred than 
polyunsaturated fatty acids (PUFAs) in this context 
(G u e r z o n i  et al., 2001).

The purpose of this study is to evaluate the sus-
ceptibility of Aeromonas spp. strains to MCFAs and 
their monoesters because of lacking adequate infor-
mation regarding the effect of these substances on A. 
hydrophila.

MaTeRIal aND MeThODS

Bacterial strain and culture media

The antibacterial activity of MCFAs and their de-
rivatives was determined against A. hydrophila subsp. 
hydrophila (Chester 1901) Stanier 1943AL CCM 7232T 

(Czech Collection of Microorganisms, Brno, Czech 
Republic) grown and maintained in Tryptone soya 
broth (TSB) (Oxoid, UK). The bacterial culture was 
incubated at 37 °C and at 4 °C for 48 h under aerobic 
conditions as recommended by the Czech Collection 
of Microorganisms.

Medium-chain fatty acids and their derivatives

The MCFAs and their derivatives, namely, caprylic 
(C8:0) acid, capric (C10:0) acid, and lauric (C12:0) 
acid, were purchased from Sigma-Aldrich (Czech 
Republic), and their derivatives monocaprin, mono-
caprylin, and monolaurin were purchased from VWR 
(Czech Republic).

Preparation of medium-chain fatty acids and their 
derivatives for microdilution tests

Respective MCFAs and their derivates were weighed 
and diluted in the same amount of dimethyl sulfoxide 
(DMSO) (Lach-Ner, Czech Republic) (1 : 1 v/v, active 
substance/DMSO ratio) and TSB was added to reach 
a final concentration of 5 mg ml–1 of each potentially 
active compound. The final concentration of DMSO 
did not exceed 0.5%, and thus it did not influence the 
activity of tested compounds.

Determination of the antibacterial effect in vitro

The antibacterial activity of the tested compounds 
was evaluated in vitro by the broth microdilution 
method using 96-well microtitre plates, modified ac-
cording to the recommendations proposed for a more 
effective assessment of the anti-infective potential of 
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natural products (C o s  et al., 2006). Seven two-fold 
dilutions were carried out from the initial solution 
dilutions of each compound prepared in TSB.

The bacterial inoculum was standardized to achieve 
a density of 5 × 105 CFU ml–1 using the McFarland 
scale and inoculated into wells (10 μl). Microplates 
were incubated at 37 °C for 48 h under aerobic con-
ditions. Considering the ability of A. hydrophila to 
survive in cooler temperatures, a trial at 4 °C for  
48 h was also performed.

The growth of microorganisms was assessed as the 
turbidity determined by an Infinite 200 PRO microplate 
reader (Tecan, Switzerland) at 405 nm. The minimum 
inhibitory concentrations (MICs) were related to the 
density of the growth control and expressed as the 
lowest compound concentrations that resulted in an 
80% growth reduction compared to that of the com-
pound-free growth control. A positive control (contain-
ing 10 μl of bacterial suspension and 90 μl of TSB),  
a negative control (containing 100 μl of TSB) and a 
control with DMSO were also prepared. All samples 
were tested as three independent experiments, each 
carried out in triplicate.

ReSUlTS 

The most effective compound against A. hydrophila 
was sucrose monocaprate (MIC80 = 0.625 mg ml–1) 

after incubation at 37 °C (Table 1), whereas mono-
caprylin (MIC80 = 1.25 mg ml–1) was the most effective 
compound after incubation at 4 °C (Table 2), fol-
lowed by sucrose monocaprate (MIC80 = 2.5 mg ml–1).  
Interestingly, monocaprylin exerted only a slight ef-
fect (MIC80 = 5 mg ml–1) at 37 °C (Table 1). Two 
other compounds were effective at 37 °C (Table 1), 
monocaprin (MIC80 = 1.25 mg ml–1) and monolaurin 
(MIC80 = 2.5 mg ml–1). Both these compounds did 
not exert antibacterial effects against A. hydrophila at  
4 °C (Table 2) (MIC80 values > 5 mg ml–1), similarly 
to the other tested compounds. Sucrose monocaprate, 
as the only one of the tested compounds, was effective 

at both evaluated temperatures. Contrary to mono-
acylglycerols, free fatty acids showed no antibacterial 
effects in our experiment.

DISCUSSION

Although there are many studies on the effects 
of MCFAs on various species of bacteria, this is the 
first report focused on susceptibility of A. hydrophila 
to MCFAs and their monoesters. For instance, the 
antibacterial activity against Listeria monocytogenes 
and Staphylococcus aureus (M o n k  et al., 1996; 
N o b m a n n  et al., 2009), Bacillus cereus (K a r l o v a 
et al., 2010), Campylobacter jejuni (T h o r m a r  et al., 
2006) and Clostridium perfringens (S k r i v a n o v a 
et al., 2014) was studied. L. monocytogenes is well 
known for its ability to grow at low temperatures, simi-
lar to A. hydrophila (W h i t e  et al., 2002). However, 
M o n k  et al. (1996) and N o b m a n n  et al. (2009) did 
not test L. monocytogenes at low temperatures, only 
the antibacterial effect of compounds like free fatty 
acids and their esters was tested. The esters of lauric 
acid showed the highest inhibitory effect. Z e n t e k 
et al. (2011) confirmed the considerable antibacterial 
activity of MCFAs (caproic, caprylic, capric and lauric 
acid) towards Candida albicans and Lactobacillus 
acidophilus.

The exact mode of antibacterial action of fatty 
acids has not yet been proven. However, it has been 
reported that fatty acids and monoglycerides produce 
their killing/inactivating effects by lysing the plasma 
membrane lipid bilayer of microorganisms (F i f e , 
2013), resulting in a change of membrane permeabil-
ity that can lead to cell death (A l t i e r i  et al., 2009; 
D e s b o i s ,  S m i t h , 2010; K i m ,  R h e e , 2013).

The practical use of MCFAs, or their natural form 
(plant oils) can be limited due to their low solubility 
in water. Although MCFAs and their monoesters have 
considerably higher water solubility than long-chain 
fatty acids (LCFAs), there are still some limitations 
that need to be addressed and further tested.

Table 1. Minimum inhibitory concentrations of MCFAs and their deriva-
tives against A. hydrophila (mg ml–1) after 48 h of incubation at 37 °C

Compound
Trial

1 2 3

Sucrose monocaprate 0.625 1.25 0.625

Monocaprylin 5 5 5

Monocaprin 2.5 1.25 1.25

Monolaurin 2.5 1.25 2.5

Caprylic acid 5 > 5 > 5

Capric acid > 5 > 5 > 5

Lauric acid > 5 5 > 5

Table 2. Minimum inhibitory concentrations of MCFAs and their deriva-
tives against A. hydrophila (mg ml–1) after 48 h of incubation at 4 °C

Compound
Trial

1 2 3

Sucrose monocaprate 1.25 2.5 2.5

Monocaprylin 0.625 1.25 1.25

Monocaprin > 5 5 > 5

Monolaurin > 5 > 5 > 5

Caprylic acid 5 > 5 > 5

Capric acid > 5 > 5 > 5

Lauric acid 5 > 5 > 5
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Another possible limitation can be seen in the sen-
sory traits of MCFAs. Some free fatty acids have an 
unpleasant odour/taste. On the other hand, the sucrose 
esters of fatty acids tend not to have an unsavoury 
taste; thus, they are more suitable for use in practice. 
As in the case of fatty acids and their monoglycerols, 
sucrose esters are also known to be non-toxic com-
pounds (H a b u l i n  et al., 2008).

Based on our results, free MCFAs did not show anti-
bacterial effect against A. hydrophila. On the other hand, 
effects of their monoesters at concentrations of 0.625–5 
mg ml–1 were observed. The sucrose monocaprate was 
effective at both measurement temperatures. Sucrose 
monoesters are commercially used for inhibiting the 
growth of spore-forming bacteria as antibacterial agents 
(Ye  et al., 2010). Sugar fatty acid esters may affect cell 
membranes at low concentrations, leading to a change 
in the permeability of cell membranes (R o d r i g u e z 
et al., 2004). Z h a n g  et al. (2014) determined the 
antimicrobial activities of sugars (sucrose, maltose, 
lactose) and fatty acids (caprylic, capric and lauric 
acid) in sugar ester compounds against three common 
pathogens, S. aureus, Escherichia coli O157:H7 and 
Candida albicans (yeast). Sucrose and maltose mo-
noesters showed a higher antibacterial activity than 
lactose monoesters. Thus, the antimicrobial activity 
could be influenced by the carbon chain length, degree 
of esterification and hydrophilic groups. Furthermore, 
the results showed that all of the tested monoesters 
were effective against S. aureus. Ya n g  et al. (2003) 
demonstrated that sucrose and methylglucose esters 
with medium- and long-chain fatty acids suppressed 
the growth of two microorganisms (Zygosaccharomyces 
bailii and Lactobacillus fructivorans) involved in the 
spoilage of salad dressings. Sucrose monoesters were 
more effective than methylglucose esters.

Other factors can also affect the antimicrobial ef-
ficacy of fatty acids (e.g., the number of double bonds, 
bacterial strains, etc.) (K a b a r a  et al., 1972). In par-
ticular, the monoglycerides monocaprin and monolaurin 
were identified as active antibacterial agents in several 
studies; however, the results of their effectiveness do 
not always correspond. For example, monolaurin was 
shown to be over 200 times more effective than lauric 
acid in killing S. aureus and Streptococcus pyogenes, 
in which the two compounds have the same number 
of carbons but lauric acid lacks the glycerols present 
in the monoglyceride (S c h l i e v e r t ,  P e t e r s o n , 
2012). S u n  et al. (2003) suggested that the high 
antibacterial activity of MCFA derivatives could be 
caused by their higher stability compared to the free 
MCFAs. Moreover, monoglycerides exhibit higher 
antibacterial activity than their corresponding free 
fatty acids because their efficacy is independent of 
environmental pH (B e r g s s o n  et al., 2001; T h o r m a r 
et al., 2006).

Temperature is another important factor affecting 
the antimicrobial effect of some compounds. In this 

report, the antibacterial activity of free MCFAs and 
their monoesters toward A. hydrophila was evaluated 
after incubation at 37 °C and 4 °C. The values were 
different at these measurement temperatures. It is 
curious, that monocaprylin was the most active com-
pound after incubation at 4 °C. N a i r  et al. (2004) 
determined the antibacterial effect of caprylic acid and 
its monoglyceride, monocaprylin, on L. monocytogenes 
and E.coli O157:H7 in whole milk. Both these com-
pounds were tested at 37, 8 and 4° C. Monocaprylin 
was the most effective in killing L. monocytogenes at 
4 °C. This study corresponds with different efficacy 
of monocaprylin in our research. A possible reason for 
this temperature-dependent effect can be the changes 
of fatty acid profile and fluidity of bacterial cell mem-
brane at lower temperatures, or different solubility of 
each MCFA (N a i r  et al., 2004).

In summary, sugar esters and monoesters of medi-
um-chain fatty acids possess significant antimicrobial 
effects towards various types of Gram-positive and 
Gram-negative bacteria. Their potency is highly as-
sociated with the type of sugar and type of fatty acid 
(N o b m a n n  et al., 2009; K a r l o v a  et al., 2010; 
Ye ,  H a y e s , 2017).

CONClUSION

In this study, a pronounced susceptibility of 
Aeromonas hydrophila strain to medium-chain fatty 
acids and their monoesters was observed. Given the 
results of our in vitro research, MCFAs monoesters 
have the potential to be effective against the Gram-
negative pathogen A. hydrophila.
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