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Fungi are one of the most common pathogens in aquaculture. The study was performed to isolate and select
lactic acid bacteria (LAB) with antifungal activity. A total of 36 isolates of LAB were isolated from the intestines of
Pangasianodon hypophthalmus, water and sludge, fermented vegetables, and “com me” in Vinh Long province
of the Mekong Delta, Vietham. The results revealed that the isolated LAB isolates were inhibitory against five
species of fungi: Aspergillus sp., Fusarium sp., Achlya sp., Saprolegnia sp., and Mucor sp. In particular, isolate
LN12 showed the highest activity against Aspergillus sp., Fusarium sp., Achlya sp., Saprolegnia sp., and Mucor
sp. with inhibition diameters of 20 mm, 19.33 mm, 19.67 mm, 19.0 mm, and 20.33 mm, respectively. An
investigation on the influence of culture conditions showed that all four bacterial isolates, LN5, LN12, LN23, and
LN31, had the highest antifungal activity at a concentration of 108 CFU/ml after incubation for 48-60 hours,
incubation temperature of 30-35°C, pH of 5.0-6.0 in the medium without the addition of NaCl. Four bacterial
isolates, LN5, LN12, LN23, and LN31, were identified as Lactobacillus, and LN33 belonged to Pediococcus based
on morphological and biochemical characteristics, and 16S-rRNA gene sequencing. The results show the
potential application of LAB isolates in the prevention of fungal diseases in catfish.

Keywords: Antifungal activity, Fungi, Lactic acid bacteria, Mekong Delta, Pangasius

‘Corresponding author: Nguyen Phuong Thuy, School of Agriculture and Aquaculture, Tra Vinh University, Tra Vinh City 87000,
Vietnam. E-mail: npthuy@tvu.edu.vn.

Article history; received manuscript: 4 December 2023,
revised manuscript: 27 December 2023,
accepted manuscript: 4 June 2024,
published online: 17 June 2024,
Academic editor;  Korakot Nganvongpanit



ERINARY
ATIVE
ENCES

INTRODUCTION

Pangasius (Pangasianodon hypophthalmus) is widely cultivated in the
Mekong Delta due to its high economic value. Production of the tra catfish was 1.7
million tons and represented 26% of Vietham's total value of seafood exports
(VASEP, 2022). In addition to bacterial pathogens, previous research has
determined that fungi are common pathogenic agents in cultured Pangasius (Pham
Minh Duc et al., 2010). Research by Dang Thuy Mai Thy et al. (2016) identified five
fungal strains commonly infecting Pangasius fingerlings: Aspergillus sp., Fusarium
sp., Achlya sp., Saprolegnia sp., and Mucor sp., especially Fusarium sp., which
seriously causes swollen swim bladder disease in catfish (Duc et al., 2015).

Up to now, the solutions to prevent and treat fungal diseases of aquatic
animals in the world and in Vietham have mainly used drugs and antifungal
chemicals (Oono et al., 2008; Duc and Tuan, 2011). However, chemicals and drugs
are currently not strictly controlled and managed, so their use can have bad effects
on consumers' health, pollute the cultured pond environment, especially because
the persistence and release of chemicals to the environment around the
aquaculture area have affected the growth of other organisms (de la Casa-Resino
et al., 2021; Roy et al., 2021).

Numerous investigations showed that lactic acid bacteria (LAB) were able to
inhibit the growth of harmful bacteria (Nurhikmayani et al., 2019; Jawan et al., 2019;
Erdogmus et al., 2021; Sharma and Bajwa, 2021). LAB often produce substances
such as hydrogen peroxide and organic acids, especially bacteriocins, that can
prevent the growth of other pathogenic microorganisms (Karthikeyan and Santosh,
2009). Many studies have demonstrated that the use of LAB increases inhibition
and boosts aquatic animal survival rates (Karthikeyan and Santosh, 2009; Meidong
et al., 2017; Chizhayeva et al., 2022; Liu et al., 2022). Until now, most of the findings
have concentrated on isolating and investigating the inhibitory activity of LAB
against pathogenic bacteria on catfish in Vietnam (Thanh and Trai, 2012; Tran et
al., 2016). In the meantime, little research has been done on the use of LAB with
antifungal activity on Pangasius catfish in the Mekong Delta, Vietham. Therefore, it
is crucial to isolate and screen indigenous LAB for fungal inhibitory action.

MATERIALS AND METHODS
Sampling and isolation of LAB

Pangasius catfish, water, and mud samples from Pangasius ponds were
collected in Long Ho, and Binh Tan districts of Vinh Long province (Figure 1). Each
sampling site collected 3-5 fish per pond, weighing between 250 and 870 g. For
pond water and sludge samples, collected at different locations on the same pond
(5 sites/pond). In addition, some traditional fermented products, such as fermented
vegetables and “com me”, a kind of traditional fermented food made from cooked
rice in Vietnam, were also obtained from these two sites and used to isolate LAB.

The LAB was isolated from the collected materials using the method
described by Vijayabaskar and Somasundaram (2008). In brief, the fish’s intestines
were homogenized in a 0.9% physiological saline solution, centrifuged at 13,000
rpm per minute for 10 minutes. Then, the supernatant (1.0 ml) was transferred into
9.0 ml of MRS medium (De Man et al., 1960) supplemented with 0.5% CaCOs,
anaerobically incubated at 37°C for 24-48 hours. Finally, the presumptive LAB
colonies (Gram-positive, negative-catalase and oxidase reactions) were selected
and subcultured on MRS medium many times until the colonies were pure.
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Figure 1 Sampling sites and healthy Pangasius sample for LAB isolation

A. Sampling sites (red circle); B. External signs of healthy fish; C. Internal signs of healthy fish

Antifungal activity of LAB isolates

The antifungal activity of LAB in the study was carried out according to
Magnusson and Schnurer (2001) with some modifications. Five microfungi species
are used as indicators, consisting of Aspergillus sp., Achlya sp., Fusarium sp.,
Saprolegnia sp., and Mucor sp. (isolated from diseased catfish). In brief, LAB will
be inoculated as two 2-cm-long lines on MRS agar plates. The plates were then
covered with 10 ml of PDA, which contained 10° fungal spore per mL and was
prepared according to the method of Magnusson et al. (2003). Based on the clear
zones of inhibition around the bacterial streaks, the antifungal activity of LAB was
assessed and graded as follows: —, no inhibition; +, no fungal growth on 0.1 to 3%
of the plate area per bacterial streak; ++, no fungal growth on 3 to 8% of the plate
area per bacterial streak; or +++, no fungal growth on >8% of the plate area per
bacterial streak (Magnusson and Schnurer, 2001).

The antifungal activity of LAB was also examined using the agar well diffusion
technique (Magnusson and Schnurer, 2001). Briefly, on the PDA agar plates, fungal
spores (10° spores/ml) were spread. The base of a sterile pipette tip was then used
to make 6 mm-diameter holes in the agar plate. Each well received 80 pl of each
LAB isolate's supernatant. The clearing zone around the wells was then measured
after the plate had been incubated aerobically at 30°C for 24 hours. Following are
the antifungal activity measurements and grades: -, no inhibition; +, weak inhibition;
++, moderate inhibition; +++, high inhibition.

LAB bacterial identification

LAB isolates were examined for morphological, and biochemical
characteristics such as Gram stain, motility, oxidase, and catalase reactions
according to Buller (2014). Then, bacteria were identified by using the Lac1 and
Lac2 primers with the following sequences: Lac1: 5'-AGCATAGGGAATCTTCCA-
3' and Lac2: 5'-ATTCCACCGCTACCATG-3' (Walter, 2001). PCR reaction
components include: 1X PCR buffer; 1.5 mM MgCl,; 200 uM dNTPs; 1.5U Tag DNA
polymerase; 20 pmol of Lac1 and Lac2 primers; and 40-60 ng of DNA samples.
PCR thermal cycling was performed, including initial denaturation at 95°C for 5
minutes, then 30 cycles of denaturation at 95°C for 1 minute, annealing at 55°C for
1 minute, extension at 72°C for 2 minutes, and a final elongation at 72°C for 10
minutes. L. plantarum strain RP11-1 (provided by the Faculty of Aquatic Pathology,
College of Aquaculture and Fisheries, Can Tho University) was used as reference
in this PCR.

The PCR product with a 340 bp size was delivered to Macrogen, Korea
(www.macrogen.com), for sequencing. The Clustal W program was used to
compare the bacterial sequences to one another (Thompson et al., 1997). Using
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bootstrap values of 1.000 replications (Tamura et al., 2013), the phylogenetic tree
was created using the MEGAG6 (Molecular Evolutionary Genetics Analysis) program,
which is based on the neighbor-joining algorithm (Saitou and Nei, 1987).

Effect of culture conditions on antifungal activity

To determine the impact of culture conditions, such as bacterial densities,
pH, incubation temperature, incubation period, and NaCl, on their antifungal
efficacy for Aspergillus sp., Fusarium sp., Achlya sp., Saprolegnia sp., and Mucor
sp., four isolates, LN5, LN12, LN23, and LN31were chosen for this investigation.

The influence of bacterial densities

In the experiment, bacterial densities included: 10%, 10° 10°, 107, and 10°
CFU ml™. Bacterial density was determined by measuring optical density (OD) at
600 nm (OD = 1.0, equivalent to a bacterial density of 102 CFU mI™"). The antifungal
activity of LAB was tested by the agar well diffusion assay (Magnusson and
Schnurer, 2001) as described above. The studies were carried out in triplicate using
a completely randomized design (CRD), with no bacteria present in the control
treatment.

Effect of incubation period

For the study, incubation periods of 24, 36, 48, 60, 72, and 84 hours at 30°C
were chosen. The antifungal activity of LAB was achieved in the manner previously
mentioned. The studies were carried out in triplicate using a completely
randomized design (CRD), with no bacteria present in the control treatment.

Effect of incubation temperature

To explore the antifungal activity of LAB, the incubation temperature values
for the survey include: 15°C, 20°C, 25°C, 30°C, and 35°C. The antifungal activity of
LAB was achieved in the manner previously mentioned. The studies were carried
out in triplicate using a completely randomized design (CRD), with no bacteria
present in the control treatment.

Effect of pH

In this experiment, the pH values of 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0 will be
investigated. To bring the bacterial culture's pH values up to the appropriate levels,
use NaOH or HCI 0.01N. The antifungal activity of LAB was achieved in the manner
previously mentioned. The studies were carried out in triplicate using a completely
randomized design (CRD), with no bacteria present in the control treatment.

Effect of NaCl

Bacteria were cultured in 2 mL of MRS medium with a bacterial density of
108 CFU/mI supplemented with 0% NaCl, 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% to
investigate the antifungal activity of LAB. The antifungal activity of LAB was
accomplished as described above. The studies were carried out in triplicate using
a completely randomized design (CRD), with no bacteria present in the control
treatment.

Statistical analysis

The mean =+ standard deviation of the antifungal activity of LAB isolates are
shown. Using the Minitab 20.0 version, analysis of one-way variance (ANOVA) with
Tukey's test was used to identify significant differences between mean values (P <
0.05).

RESULTS
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Bacterial isolation

The research recovered a total of 36 bacterial isolates on MRS medium from
40 samples collected in two districts, Long Ho and Binh Tan, of Vinh Long province
(Table 1). Among the isolates, bacterial isolates derived from fermented vegetables
accounted for the highest proportion (12/36 isolates, 33.33%), followed by strains
originated from Pangasius (10/36 isolates, 27.78%), “com me” (7/36 isolates,
19.44%), and Pangasius farming ponds (4/36 isolates, 11.11%), and the lowest was
bacteria isolated from bottom mud samples of catfish ponds (3/36 isolates, 8.33%).

Table 1 Isolation of LAB in Long Ho and Binh Tan districts

Pangasius’ intestine

Pond water
Sludge
Fermented

vegetables

“Com me”

Sampling Number of Number of
Isolation source Percentage (%)
location samples bacterial isolates
Long Ho 10 6 16.67
Binh Tan 10 4 11.11
Long Ho 3 2 5.56
Binh Tan 2 2 5.56
Long Ho 3 1 2.78
Binh Tan 2 2 5.56
Long Ho 2 5 13.89
Binh Tan 3 7 19.44
Long Ho 3 4 11.11
Binh Tan 2 3 8.33
40 36 100

Total

Antifungal activity of bacterial isolates

The results showed that 14/36 isolates (38.89%) had antifungal activity
against Fusarium sp. For Aspergillus sp., the findings revealed that 17/36 bacterial
isolates (47.22%) had inhibitory activity, of which isolate LN12 had the strongest
inhibitory activity (Table 2). Meanwhile, the rates of inhibition for Achlya sp.,
Saprolegnia sp., and Mucor sp. were, respectively, 22/36 isolates (61.11%), 19/36
(52.78%), and 24/36 isolates (66.67%).

Morphological and biochemical characteristics of

bacterial colonies

The results showed that most of the colonies of bacterial isolates isolated on
MRS medium had a rod (34/36 isolates, 94.44%) or cocci shape (2/36 isolates,
5.56%), milky white, clear white, or yellow color. When growing on MRS agar
supplemented with CaCOs, a clearance zone appeared around the LAB colonies.
The biochemical characteristics of all isolates revealed that they were Gram-
positive, non-spore-forming, nonmotile, catalase- and oxidase-negative (Table 3).
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Table 2 Antifungal activity of bacterial isolates

Fungal isolates

Isolates Aspergillus

Fusarium sp. Achlya sp. Saprolegnia sp. Mucor sp.

LN1 + +++ ++ ++ ++
LN2 - - - - +
LN3 - + ++ ++ ++
LN4 +++ - + - -
LN5 ++ ++ +++ +++ +++
LN6 + ++ + - -
LN7 - - - - ++
LN8 - - - - i
LN9 - - - - i
LN10 ++ + ++ ++ +
LN11 - - + + -
LN12 +++ +++ +++ +++ +++
LN14 + + ++ ++ ++
LN15 ++ - ++ ++ ++
LN17 - - + - +
LN18 +++ + +++ - ++
LN21 ++ ++ +++ +++ +++
LN22 - - ++ ++ ++
LN23 ++ +++ +++ +++ +++
LN24 - - - ++ ++
LN25 - - ++ ++ ++
LN26 - - + - -
LN27 - - ++ ++ ++
LN29 ++ ++ +++ ++ +++
LN31 ++ +++ +++ +++ +++
LN33 ++ ++ ++ ++ ++
LN34 +++ - - + -
LN35 +++ - - - 1+
LN36 ++ +++ +++ ++ +++

-, ho inhibition; +, weak inhibition; ++, moderate inhibition; +++, high inhibition.

Table 3 Morphological and biochemical characteristics of five bacterial isolates LNS, LN12, LN23,
LN31, and LN33
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I Isolate Isolate Isolate Isolate Isolate Isolate*
LN5 LN12 LN23 LN31 LN33 RP11-1
Colony color Yellow Milky white  Clear white  Milky white Milky white = Milky white
Gram stain + + + + + +
Spore stain no no no no no no
Cell shape Longrod  Short rod Short rod Short rod Cocci Long rod
Motility no no no no no no
Oxidase - - - - - -
Catalase - - - - - -
O/F reaction +/+ +/+ +/+ +/+ +/+ +/+

* L. plantarum strain RP11-1 reference; -: negative; +: positive

Molecular identification of LAB isolates

LAB bacterial isolates with inhibitory activity against five fungal isolates were
selected for PCR reactions. The results of PCR product electrophoresis showed
that all the bacterial isolates in the study showed a DNA band at 340 bp in size
(Figure 2).

Five bacterial isolates (LN5, LN12, LN23, LN31, and LN33) with strong
antifungal activity or simultaneous inhibition of multiple fungal isolates were
selected for sequencing. Sequencing result demonstrated that the isolates were
higher than 99%, closely related to Lactobacillus, and Pediococcus. The
phylogenetic tree showed that the five isolates belonged to two genera
(Lactobacillus, and Pediococcus), and the bacterial isolates were distributed into
four seperate clusters (Figure 3).

M1234567891011121314]5

Figure 2 Agarose gel electrophoresis results of PCR products by SafeView DNA stain for
detection of LAB isolates

M: 100 bp DNA marker; Lane 1: negative control; Lane 2: positive control (L. plantarum strain
RP11-1); Lanes 3-16: bacterial isolates LN1, LN3, LN5, LN10, LN12, LN14, LN15, LN18, LN21,
LN23, LN29, LN31, LN33, and LN36, respectively.
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Figure 3 Phylogenetic tree of four LAB isolates based on partial 16S rRNA gene sequences
(bootstrap values are given at branching points)

Cluster A: consist of isolate LN5 and LN31; Cluster B: isolate LN33; Cluster C: isolate LN23;
Cluster D: isolate LN12.

Effect of culture conditions on antifungal activity

Impact of bacterial density on the antifungal activity

The findings revealed that the four bacterial isolates' antifungal activity
increased with bacterial density. All four isolates displayed the highest antifungal
activity in the treatment, with a bacterial density of 108 CFU ml™ (Figure 4). The
analysis results revealed a statistically significant difference (P < 0.05) in bacterial
densities on the antifungal activity at the 5% significance level (Figure 4).
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Figure 4 The influence of bacterial density on the antifungal activity of bacterial isolates

A. Isolate LN5; B. Isolate LN12; C. Isolate LN23; D. Isolate LN31

Influence of incubation time on the antifungal activity

ERINARY
ATIVE @ Open Access Copyright: ©2025 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits

> BY
ENCES use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s)and the source



The findings demonstrated that the isolate LN12 had the highest inhibitory
activity at 48 hours after inoculation, while the isolate LN5 and LN23 had the highest
inhibition at 60 hours. Meanwhile, strain LN31 had the highest inhibition at different
incubation times (Figure 5). In addition, the results also showed that all bacterial
isolates showed weak antifungal activity at 24 and 36 hours after incubation. On
the other hand, the results also recorded that all bacterial isolates had a decrease
in antifungal activity after 60 hours of incubation, with the lowest antifungal activity
recorded at 84 hours. At the 5% significance level, the analysis results revealed a
statistically significant difference (P < 0.05) in incubation time on the antifungal
action of four bacterial isolates (Figure 5).

Isolate LN5 ::"’"?""“ i Isolate LN12 :.\\Pcr.gillu: ».
i mee | g iy
% “8] Saprolegnia sp. T 20 Saprisegniasp.
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£ d E 10
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£ 0 T T r T T . g 0+ : T . , , )
z 24 36 48 60 72 84 3 24 36 48 60 T2 84
A - Time (hours) B— Time (hours)
20 Isolate LN23 Isolate LN31 w—— Aspergillus sp.
g = 20 s Fusarium sp.
: E herism
E T 15 I Saprolegnia sp.
g g i0 —\lucor sp.
-1
g z 3
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Figure 5 The impact of incubation time on the antifungal activity of bacterial isolates

A. Isolate LN5; B. Isolate LN12; C. Isolate LN23; D. Isolate LN31

Impact of incubation temperature on the antifungal activity

The research revealed that at low temperatures (15-20°C), the antifungal
activity against five fungal strains was weak (four isolates had weak or no inhibition
activity). In general, the antifungal activity of the four bacterial isolates increased
sharply at temperatures of 25-35°C. The antifungal activity of the four bacterial
isolates was highest at 35°C (Figure 6). However, isolate LN31 was inhibitory
against Aspergillus sp. at its highest level at 30°C (Figure 6), while Achlya sp.,
Fusarium sp., Saprolegnia sp., and Mucor sp. had the highest inhibitory activity at
35°C. The analysis results showed a statistically significant difference (P < 0.05) in
the impact of incubation temperature on the antifungal activity of four bacterial
strains at the 5% significance level (Figure 6).
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Figure 6 The influence of incubation temperature on the antifungal activity of bacterial isolates

A. Isolate LN5; B. Isolate LN12; C. Isolate LN23; D. Isolate LN31

Influence of pH on the antifungal activity

The study demonstrated that the suitable pH for the highest antifungal
bacteria was at pH = 5.0 (isolate LN5) and pH = 6.0 (isolate LN12). In general, the
higher the pH value, the lower the antifungal activity of the four bacterial isolates,
with the lowest antifungal activity at pH = 9.0 (most bacterial isolates have weak or
no antifungal activity at this pH value). While at pH = 4.0, the bacterial isolates
exhibited moderate prohibitory activity. The analysis results revealed a statistically
significant difference (P< 0.05) in pH values on the antifungal activity of four
bacterial isolates against five fungal isolates at the 5% significance level (Figure 7).
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Figure 7 The impact of pH values on the antifungal activity of bacterial isolates

A. Isolate LN5; B. Isolate LN12; C. Isolate LN23; D. Isolate LN31

Effect of NaCl on the antifungal activity

The study showed that the majority of bacterial strains showed the highest
prohibition against five fungal strains when the medium was not supplemented with
NaCl (Figure 8). In general, the experiment revealed that as NaCl concentration
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increased, the antifungal activity of the four bacterial isolates decreased. In the
treatment with a salt concentration of 2.5%, the antifungal activity was lowest
(Figure 8). The results of the analysis showed that there was a statistically
significant difference (P < 0.05) on the effect of salt concentration on the antifungal
activity of four bacterial isolates at the 5% significance level (Figure 8).
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Figure 8 The effect of NaCl on the antifungal activity of bacterial isolates

A. Isolate LN5; B. Isolate LN12; C. Isolate LN23; D. Isolate LN31

DISCUSSION

The LAB isolates in the findings were recorded with common morphological
characteristics such as round-shaped colonies, milky white, clear white, or light
yellow. Besides, all LAB isolates in this study were Gram-positive, non-spore-
forming, non-motile, rod-shaped or cocci, and oxidase and catalase-negative
bacteria (Table 3). In general, the morphological and biochemical characteristics of
LAB in the study were similar to those of LAB reported by many previous authors
(Rattanachaikunsopon and Phumkhachorn, 2010; Bourouni et al., 2015; Bintsis,
2018; Sulmiyati et al., 2018). LAB is commonly distributed in traditional fermented
products such as fermented vegetables (Tamang et al., 2009), yogurt (Kermanshahi
and Peymanfar, 2012; Chen et al., 2017), “com me” (Tran Ngoc Duoc et al., 2013),
fermented meats (Parlindungan et al., 2021), and fermented dairy products
(Colombo et al., 2018). The findings showed that LAB isolates were also collected
from Pangasius intestines, water and mud from catfish ponds, fermented vegetable
samples, and “com me” in Vinh Long province (Table 1). Research by Yang et al.
(2005) isolated 92 strains of LAB from various types of pickles, four of which were
identified as Leuconostoc mesenteroides subsp. mesenteroides, L. casei subsp.
casei, and L. plantarum. Yu et al. (2012) isolated 185 strains of LAB from 36 sour
cucumber samples, and the identification results indicated that all isolates
belonged to Enterococcus thailandicus species, L. alimentarius, L. brevis, L.
paracasei, L. plantarum, L. pentosus, L. sakei, L. spcheri, Lactococcus lactis, and
Pediococcus ethanolidurans.

Many studies have shown that LAB such as Lactobacillus, Streptococcus,
Leuconostoc, and Carnobacterium belong to the normal microflora in healthy fish
guts without harming the host (Ringo and Gatesoupe, 1998; Gatesoupe, 2008;
lorizzo et al., 2021). Jini et al. (2011) isolated LAB species of two genera,
Pediococcus and Enterococcus, from the viscera of many freshwater fish species,
such as Labeo rohita, Cirrhinus mrigala, Catla catla, Cyprinsus carpio, and
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Oreochromis mossambicus. The present research also isolated 10 of 36 bacterial
isolates from 20 samples of Pangasius catfish in Vinh Long province of the Mekong
Delta. Similarly, numerous LAB strains, for instance L. suntoryeus, Enterococcus
faecium, L. fermentum, L. plantarum, and L. reuteri, have also been isolated from
many other species of farmed fish, including tilapia (Lara-Flores et al., 2013; Zapata,
2013), Clarias sp. (Hamid et al., 2012; Turnip et al., 2018), rainbow trout (Pérez-
Sanchez et al., 2011), and the Mediterranean Trout (Salmo macrostigma) (lorizzo et
al., 2021).

The most prevalent genus in the LAB group is Lactobacillus. In general, this
genus has been isolated in the majority of previous studies (Gurovic et al., 2014;
Gupta et al., 2019; Rodpai et al., 2021). In this investigation, most collected isolates
(34/36 isolates, 94.44 %) were rod-shaped revealed that these bacterial isolates
belong to Lactobacillus (Wafula et al., 2023). In this study, the result of gene
sequencing indicated that isolates LN5, LN12, LN23, and LN31 were highly
homologous (>90%) with L. plantarum, L. brevis, and L. fermentum in the NCBI
database. Animals with gastrointestinal tracts that contain Lactobacillus include
cats, pigs, chickens, dogs, and humans (Riaz et al., 2010; Tinrat et al., 2011); in
fermented foods such as fermented vegetables, yogurt, cheese, and fermented fish
(Rezac et al., 2018; Ngasotter et al., 2020). Additionally, the L. plantarum strains
were discovered in the intestine of Penaeus monodon according to the isolation
results of Karthikeyan and Santosh (2009). Furthermore, the study of Kumar et al.
(2013) isolated 19 strains of L. plantarum from the intestines of freshwater fish such
as Labeo sp., Clarias sp., Mystus sp., and Clupisoma sp. Meanwhile, under a
microscope, 2/36 isolates (5.56%), such as isolate LN33, had cocci shapes. This
isolate can be classified as one of the genera Streptococcus, Pediococcus,
Lactococcus, Leuconostoc, Tetragenococcus. Oenococcus, and Vagococcus
Sequencing of isolate LN33's 16S rRNA gene fragment, however, revealed that it
was closely related to P. pentosaceus. The phylogenetic tree (Figure 3) also
demonstrated that isolate LN33 and other P. pentosaceus strains in the NCBI
database form a distinct cluster. In light of this, it is possible to say that the isolate
LN33 found during the study is P. pentosaceus. Similar to L. plantarum, P.
pentosaceus is a homofermentative LAB, which is a non-motile, Gram-positive, and
non-spore forming bacterium that gives a negative catalase reaction (Porto et al.,
2017). According to the majority of previous studies conducted, Pediococcus are
widely distributed in dairy products, beverages, and fermented foods (Doan and
Ay, 2021; Qi et al., 2021). Moreover, P. pentosaceus is capable of producing
bacteriocins that prevent some Gram-positive and Gram-negative bacteria (Shin et
al., 2008).

To date, most studies have shown that species of the genus Lactobacillus
are considered beneficial bacteria because of their antibacterial abilities and
probiotic properties (Shokryazdan et al., 2014; Arshad et al., 2018; Zhang et al.,
2020). Besides, many authors have published LAB with antifungal activity (Laref
and Guessas, 2013; Matei and Cornea, 2014; Tropcheva et al., 2014; Sevgi and
Tsveteslava, 2015; Meena et al., 2022). The current study showed that the isolated
LAB were inhibitory against one to five fungal strains (Table 2). Magnusson et al.
(2003) investigated the antifungal activity of 1.200 strains of LAB isolated from
different media. The results have identified many bacterial strains in the study that
have strong activity against many fungal species, such as A. nidulans, A. fumigatus,
P. commune, and F. sporotrichioides (including the yeast Rhodotorula
mucilaginosa). In addition, Kim (2005) collected more than 120 strains of LAB from
Kimchi, and the study identified five fungal strains that are simultaneously inhibitory
to fungi such as Rhizopus oryzae, A. flavus, P. commune, and F. moniliforme. In
China, Wang et al. (2012) isolated L. plantarum IMAU10014 from koumiss
(fermented milk). Research results have for the first time identified the antifungal
substances benzeneacetic acid and 2-propenyl ester from this bacterium, and they
can inhibit many pathogenic fungi such as P. citrinum, Botrytis cinerea, Glomerella
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cingulate, P. digitatum, Phytophthora drechsleri Tucker, and F. oxysporum. In
particular, the fungal strains F. oxysporum, P. citrinum, and P. drechsleri Tucker are
most susceptible to the bacteria. Tatsadjieu et al. (2016) isolated 53 strains of LAB
from corn, such as dried corn, soaked corn, and fermented corn paste in
Cameroon, that were inhibitory to 21 strains of fungi, including six strains of LAB
(including L. brevis (two strains), L. buchneri (one strain), L. cellobiosus (one strain),
and L. fermentum (two strains) that were resistant to four fungi: Penicillium,
Fusarium, Aspergillus, and Rhizopus. The highest antifungal activity of isolated LAB
bacterial strains shows their potential for application in the production of probiotics
to help prevent diseases, stimulate the immune system, and increase fish growth.
However, it is necessary to evaluate probiotic characteristics such as hemolytic
activity, low pH and bile salt tolerance, adhesion ability, and antibiotic resistance
of LAB bacterial strains before recommending them to fish farmers.

The results showed that the incubation times for four bacterial isolates in the
study having the highest antifungal activity was shorter than the previous research
results (Figure 5). Research published by Magnusson and Schnurer (2001) showed
that L. coryniformis subsp. coryniformis strain Si3 had the highest antifungal activity
at 40 hours. Meanwhile, the report of Wulijideligen et al. (2011) showed that
Leuconostoc mesenteroides had the highest antifungal activity at 54 and 60 hours.
However, the antifungal activity of LAB decreased with longer incubation times
(Batish et al., 1990). In Malaysia, Muhialdin and Hassan (2011) isolated 137 strains
of LAB from fermented foods and fruits. In this investigation, the results showed
that 23 of the tested fungal strains indicated inhibitory activity at 72 hours, with an
incubation time of 30°C. Similarly, the study by Kivanc et al. (2014) also
demonstrated that some strains of LAB isolated from tarhana (a traditional
fermented food) exhibited inhibitory activity at 72 hours with an incubation
temperature of 30°C.

Regarding the pH effect, the study is similar to reports by Batish et al. (1997),
which showed that Lc. lactis subsp. diacetylactis can produce antifungal agents at
a narrow pH range, ranging from 5.5 to 7.0, although the bacteria achieved the
highest inhibitory effect at pH = 6.8. Similarly, the study by Corsetti et al. (1998)
also showed that L. sanfranscico CB1 had good antifungal activity at pH = 6.0.
However, other research results show that LAB have strong antifungal activity at
low pH values. According to research done by Magnusson and Schnurer (2001), L.
coryniformis subsp. coryniformis strain Si3 displayed steady antifungal activity at
pH levels between 3.0 and 4.5 but significantly declined between 4.5 and 6.0.
Furthermore, the results also showed that at pH > 6.0, the bacteria did not have
antifungal activity. Research by Rouse et al. (2008) showed that the antifungal
activity of P. pentosaceus strains was stronger at low pH, although inhibition still
occurred at pH = 8.0.

The influence of incubation temperature on the antifungal activity of four
bacterial isolates in the study was similar to the previous research. The findings by
Rouse et al. (2008) showed that P. pentosaceus produced the highest antifungal
activity at temperatures between 25°C and 30°C, while bacteria showed no
antifungal activity at 10°C and 42°C. Research by Sathe et al. (2007) showed
antifungal activity of L. plantarum CUK501 was highest at 30°C when the bacterial
culture was at the end of the log period. For the effect of NaCl, the findings are
similar to those of Batish et al. (1989) showed that a high concentration of NaCl
reduces the antifungal activity of Lc. lactis subsp. diacetylactis. However, the
research by Effat et al. (2001) indicated that when increasing the NaCl
concentration from 0.5% to 3% in the growth medium of Lb. rhamnosus would
increase the antifungal activity of this bacteria.
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CONCLUSIONS

The LAB isolated from the intestine of Pangasius, water and sludge in
Pangasius ponds, fermented vegetable samples, and “com me” were inhibitory
against five strains of fungi: Aspergillus sp., Achlya sp., Fusarium sp., Mucor sp.,
and Saprolegnia sp. Four isolates of LN5, LN12, LN23, and LN31 had the highest
antifungal activity at a density of 10 CFU ml™ after incubation of 48-60 hours, at a
temperature of 30-35°C, and a pH of 5.0-6.0 without the supplementation of NaCl.
The results show the potential application of LAB isolates in the prevention of fungal
diseases in catfish.
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