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Introduction

Abstract

This study evaluated the heterotrophic bacteria and fungi loads and water quality
parameters when Lactobacillus plantarum was employed as bio-control agent during
egg incubation of Clarias gariepinus. The L. plantarum cells were inoculated into
incubating water in 6-litre bowl at bacterial concentration of 2x103, 2x106 and 2x10°
cfu L2, Bowls with 1 ppt tetracycline solution and with no test bacteria / drug served
as positive and negative controls respectively. 3 g of C. gariepinus fertilized eggs were
incubated in these bowls under static water condition for 30 hours at room
temperature, after which hatchability was determined. The water in each bowl was
analyzed before, during and after egg incubation. The results indicated that all
L. plantarum treatment groups recorded significantly (p<0.05) reduced
Enterobacteriaceae and fungi counts in the incubating water, with the optimum
concentration recorded at 2x106 cfu L'1. There were significant reductions (p<0.05) in
the dissolved oxygen and pH of water at 30 hours of incubation when compared with
the values obtained at 10 hour of incubation in all experimental groups. The fertilized
eggs hatched in all treatment groups except those inoculated with 2x10° cfu Lt
L. plantarum, while hatchlings from positive control (tetracycline solution) groups
were observed to be less viable than the probiotic-treatment and negative control
(non-probiotic treatment) groups. It can be concluded from this study that addition of
2x106 cfu L1 of L plantarum into incubating water reduced microbial loads, but did not
improve water quality parameters (dissolved oxygen and pH) and hatchability of
C. gariepinus eggs.

C. gariepinus farming (De Graff and Janssen, 1996;
Adewumi and Olaleye, 2011). Production efficiencies of

African catfish Clarias gariepinus is an important
aquaculture species in many African and Asian countries
due to its ability to withstand handling stress, disease
resistance, tolerance to a wide range of environmental
conditions with relatively rapid growth and good quality
flesh (Hogendoorn, 1992; Olaniyi and Omitogun, 2013;
Keremah and Beregha, 2014). However, adequate
supply of quality fish seeds for stocking is one of limiting
steps to further intensification and commercialization of
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C. gariepinus fish seeds in many hatcheries in Africa are
low due to high mortalities of larvae (Aiyelari et al.,
2007). As in all cultured fishes under hatcheries
conditions, high mortality of larvae during early
developmental stages is often attributed to
proliferations of opportunistic bacteria and fungi within
the rearing environment (Little et al., 2002; Brummett,
2007). Thus, the control of opportunistic microorganism
in rearing systems is one of the determinant factors for
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survival of fish larvae (Prol, 2010).

During artificial propagation of Clarid catfishes, an
increase in number of microorganisms, especially
opportunistic bacteria and fungi (mainly Saprolegnia
spp.) on dead eggs, egg shells and incubating water are
usually observed soon after hatching (Olaniyi and
Omitogun, 2014). The common method of tackling this
anomaly in small-scale hatcheries is to flush out water in
the hatching tank and replace it with fresh water once
the incubation is completed, while the dead eggs and
eggs shells are siphoned out into separate tanks as fast
as possible after hatching (Diyaolu, 2015). This method
agitates the newly hatched larvae which are very fragile
at this period, and could result in high losses if handled
improperly. Other methods of  controlling
microorganisms in hatcheries have been proposed (Prol,
2010), but are either difficult or expensive to implement
especially under small-scale culture conditions. An
effective, eco-friendly approach is therefore required to
tackle proliferation of harmful microorganisms in fish
hatcheries.

Probiotics are live bacteria, yeast and fungi, which
once supplied in sufficient quantities, give a beneficial
effect on the host health (FAO/WHO 2002). The use of
probiotics have been reported as effective means of
controlling disease-causing microorganisms instead of
antimicrobial compounds, and as supplements for
improving growth of several aquaculture species (Irianto
and Austin, 2002). Ogunshe and Olabode (2009)
evaluated in-vitro antimicrobial activities of some lactic
acid bacteria (LAB) against gram-negative indicator
bacterial isolates from C. gariepinus and reported that
Lactobacillus plantarum inhibited some fish borne
pathogen and could thus be used instead of antibiotics
during fish production. Experiments on some marine
fishes also showed that the use of probiotics during fish
larval culture could serve as a means of bio-control
measure against pathogenic microorganisms and/or
improve larval survival and growth (Vine et al., 2004)

The present study examined potentials of L
plantarum isolated from maize slurry as bio-control
agents during hatchery propagation of African catfish
Clarias gariepinus. This experiment was designed to
determine whether addition of probiotcs bacteria to
rearing water before egg incubation could reduce
heterotrophic bacterial and fungi counts in incubating
water and improve water quality without having any
adverse effect on fish hatching.

Materials and Methods
Broodstock Procurement and Artificial Propagation

Four female and two male African catfish Clarias
gariepinus brooders of one year old and mean weight of
1.35+0.08 kg were purchased from a reputable
broodstock farm. The brooders were maintained in the
laboratory at 26.4 — 27.2 °C, dissolved oxygen 5.6 — 5.9
mg/L and pH 6.6 — 7.1. Each female fish was kept in a
separate container, and were all hormonally induced
with Ovaprim (Aquatic Sciences Companies, Holland) at
the rate of 0.5 mL of ovaprim per kilogram of fish, while
the males were not induced. The injected brooders were
kept in plastic containers containing freshwater
throughout the latency period of 12 hours at room (26.5
°C) temperature, after which they were ready for
stripping. The male brooders were sacrificed, and the
milt collected from each male was used for fertilization
of eggs obtained from the female at the ratio of one
male to two females. The injection, stripping and
fertilization were done as previously described by
Olaniyi and Omitogun (2014).

Preparation of Probiotic Bacteria

The Lactubacillus plantarum strain used in this
experiment was isolated previously from fermented
maize slurry, and the sequenced nucleotides were
accorded accession number LC333558 by the DNA Data
Bank of Japan (DDBJ) (Diyaolu et al., 2018). The strain
was preserved in de-Mann Rogosa and Sharpe (MRS)
agar slant in the refrigerator. Prior to use, the strain was
recovered by aseptically inoculating a loopful of the
bacterium from preserved agar slant into 10 mL sterile
MRS broth and incubated at 37°C for 24 hours. 5 mL of
cultured broth was further inoculated in 200 litres of
sterile MRS broth and incubated. The broth was
centrifuged at 3000 rpm for 10 minutes and the
supernatant poured off. The cells were washed in sterile
phosphate buffer saline (PBS pH 7.0) and re-suspended
in 100 mL PBS solution. 1 mL of properly mixed PBS cell
suspension was serially diluted five fold, and 0.1 mL of
the diluent was plated on MRS agar to determine the
concentration of the bacteria, which was found to be
approximately 2x10%° colony forming unit (cfu) per mL
of the PBS cell suspension.

Table 1. Concentration of Lactobacillus plantarum LC3335568 added to different experimental bowls during incubation of C. gariepinus

Experimental group

Concentration of test bacterial/drug inclusion

NC
PC
LM1
LM2
LM3

No test bacteria/no drug
1.0 ppt tetracycline
2.0 x 103cfu/L of L. plantarum
2.0 x 106cfu/L of L. plantarum
2.0 X 10°cfu/L of L. plantarum

NC — negative control; PC — positive control
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Experimental Conditions

Incubation of fertilized eggs of C. gariepinus was
carried out in 6-litre circular plastic bowls under static
water condition. Prior to egg incubation, the bacterial
cell suspension was added to water in each bowl to
obtain varying concentration of probiotic bacteria
(these concentrations were chosen to determine the
optimum dosage required during hatching) as presented
in Table 1. Three replicates bowls was maintained for

fertilized eggs were taken, mixed with 10 ml water,
allowed to stay for 1 minute, and quickly spread for
incubation in each designated bowl at room
temperature. There was no water exchange throughout
the incubation period. The incubation lasted 30 hours,
after which the hatchlings were visually observed with
the aid of magnifying glass. The hatchlings were counted
to determine percentage hatchability of the fertilized
eggs in each bowl. The resulting hatchlings were
recorded to be viable if they moved after gentle tapping

each treatment, totaling fifteen bowls in all. 3 g of on the incubating bowls. Water quality parameters —
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Figure 1. Water quality parameters (temperature, dissolved oxygen and pH) of incubating water at 0, 10 and 30 hours of incubation
of C. gariepinus eggs. Groups (bars) having similar letters were not significantly (p>0.05) different

Table 2. Percentage hatchability and observation of hatchlings after incubation of C. gariepinus eggs in different concentrations of

L. plantarum LC3335568

Experimental groups

Hatchability (%)

Observation on hatchings

NC 69.31+3.34
PC 70.24+1.95
LM1 68.55+5.21
LM2 68.47+3.05
LM3 NH

Viable hatchlings
Less viable hatchlings
Viable hatchlings
Viable hatchlings

Values from triplicate trials were recorded as mean + standard deviation. Means with the same superscript on the same column
indicated no significant difference (p < 0.05) from each other. NH — not hatched
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temperature, dissolved oxygen, and pH — from each
incubation bowl were measured before (0 hour), during
(10 hours) and after (30 hours) incubation, using digital
Hanna Multiparameter (MS 30352 model, Germany).

Microbiological Analyses of the Incubating Water

The microbial analyses of inflow and incubating
water from the experimental groups were carried out
using pour plating techniques. Different microbial
culturing media, such as nutrient agar (total viable
count), Mac Conkey agar (Enterobacteriaceae count),
MRS agar (presumptive lactobacillus count) and potato
dextrose agar (fungi count), were employed. | mL of
water sample from each incubating bowl was serially
diluted to 104. 0.1 mL aliquot of each sample was plated
in sterile triplicate plates. Thereafter, 15 mL of
appropriate sterile agar were poured into each plate,
and the plates were allowed to set and incubated at 30

°C. The nplates for total viable counts and
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Enterobacteriaceae counts were incubated under
aerobic condition for 24 hours; those for presumptive
lactobacillus counts were incubated under anaerobic
condition for 2 days, while those for fungi counts were
incubated aerobically for 3 days. After the culture
period, the bacteria and fungi in the plates were
enumerated and recorded following the methods of
Olutiola et al. (1991).

Statistical Analysis

The data from each experimental group were
recorded as mean t standard deviation. Analysis of
variance (ANOVA) was used to compare means among
experimental groups while Duncan Multiple Range test
was employed to separate means where significant
differences existed. Microbial counts were log-
transformed before they were analysed while the
analysed values were reconverted to numbers. Bar
charts were employed to present analysed results
where appropriate.

LMI LM2 LM3

Experimental group

Figure 2. Total bacterial counts recovered from incubating water of C. gariepinus eggs at 30 hours of incubation. Error bars
indicated standard deviation of triplicate trial. Bars with different superscripts indicated significant differences (p<0.05)
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Figure 3. Counts of Enterobacteriacea recovered from incubating water of C. gariepinus eggs at 30 hours of incubation. Error bars
indicated standard deviation of triplicate trial. Bars with different superscripts indicated significant differences (p<0.05)
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Results
Water Quality Changes During Egg Incubation.

The water quality parameter of inflow water was
recorded at the onset of the experiment (i.e. 0 hour of
incubation). There was no significant change (p>0.05) in
water quality parameters between inflow (at the start of
the experiment) and experimental groups at 10 hours of
incubation (Figure 1). Except for temperature, egg
incubation had remarkable effects on water quality
parameters of incubating water as significant reductions
(p<0.05) were observed in the values of dissolved
oxygen and pH of water at 30 hours of incubation when
compared with those at 10 hour of incubation in all
experimental groups. However, these effects were
statistical insignificant (p>0.05) among different
experimental groups in parameters tested at 30 hours of
incubation.

Microbial Analyses of Incubating Water at 30 Hours of
Incubation

Total bacterial count in inflow water was below
detection (<30 cfu/mL) level. However, significant
changes were observed in the number of microorganism
recovered from incubating water in all experimental
groups at 30 hour of egg incubation. When compared
among experimental groups (Figure 2), total bacterial
counts were significantly (p<0.05) highest in LM3 and
least in LM1. LM3 groups recorded significantly least
counts of Enterobacteriaceae, while significantly lower
counts were observed in LMI, LM2 and PC groups than
in control (NC) groups (Figure 3). In terms of fungi counts
(Figure 4), NC and PC groups had significantly highest
occurrence of fungi counts. Significantly lowest fungi
counts were recorded in LM2 treatment group which
received the concentrations of test bacteria of 108cfu
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L. There was no significant difference (p>0.05) in fungi
counts between LM2 and LM3 groups. Presumptive
lactobacilli (LAB) were not detected in both control (NC)
and tetracycline (PC) groups, and were significantly
reduced (p<0.05) in LM1 and LM2 groups than in group
LM3, when compared to the test bacterial concentration
initially added to each bowl. It was observed that the
values recovered in all treatments bowls containing test
bacteria at 30 hours of incubation were more than 50 %
of the originally added test bacteria (Figure 5).

Hatchability of C. gariepinus Eggs

The result of the hatchability of C. gariepinus eggs
incubated in water inoculated with different
concentrations of L. plantarum LC3335568 are
presented in Table 2. The fertilized eggs did not hatch in
treatments groups with test bacteria concentrations of
2x10° cfu L'? (LM3), whereas the viable hatchlings were
seen in NC, PC, LM1 and LM2 treatment groups.
Hatchability was observed to be similar (ranging from
68.47 % to 70.24 %) among groups that hatched.
However, it was observed that hatchlings in PC group
were less viable even when the incubating bowls were
vigorously agitated.

Discussion

The intensive rearing of fish larvae is highly
susceptible to bacterial and fungi infections (Little et al.,
2002). Thus, controlling opportunistic microorganisms
and maintaining adequate water quality parameters in
the hatcheries are very essential for the survival of fish
larvae. Probiotics have arisen as a new strategy to
address the proliferation of microbes, avoiding the use
of antibiotics and disinfectants (Pro, 2010). This study
demonstrated the effectiveness of L. plantarum as
probiotics in C. gariepinus hatcheries where egg
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Figure 4. Fungi counts recovered from incubating water of C. gariepinus eggs at 30 hours of incubation. Error bar indicated
standard deviation of triplicate trial. Bars with different superscripts indicated significant differences (p < 0.05)
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incubation is usually carried out under static water
condition.

Addition of 2x10° cfu L L. plantarum LC3335568
into incubating water in the present study was observed
to be effective in reducing the numbers of
Enterobacteriaceae and fungi in water during egg
incubation. This observation might be due to the
antibacterial and antifungal activities of L. plantarum
against heterotrophic bacteria and fungi developing in
the incubation tank. According to Song et al (2014), L.
plantarum produces antimicrobial compound known as
plantaricin, which has a bactericidal mode of action
against other microorganisms by dissipating the proton
motive force or by creating the pores in the cell
membrane that permits the efflux of relatively large
molecules. Some researchers have also reported that L.
plantarum can produce antifungal substances, such as
benzoic acid, methylhydantoin, mevalonolactone and
other metabolites that inhibit the growth of fungi and
other species of bacteria (Niku-Paavola et al., 1999;
Sjogren et al., 2003; Prema et al., 2008). However, the
mechanisms by which these antimicrobial substances
dissociates in water and exert inhibitory actions against
other microorganisms inhabiting the same aquatic
medium need to be established.

Viability is an important property of any probiotics
which enable them to function effectively (Vine et al.,
2004). In the present study, high presumptive
lactobacilli counts were recovered in all probiotic-
inoculated experimental groups at 30 hours of
incubation, suggesting that test bacteria can remain
viable in the incubating water throughout the
incubation period. However, this period is too short to
draw any conclusion on their ecological adaptability to
the aquatic environment. Further studies are therefore
required to validate the persistence of the introduced
bacteria in the incubation water.
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Different concentrations of L. plantarum employed
in this study did not affect incubating water parameters
differently, although dissolved oxygen and pH of water
in all treatment and control groups dropped drastically
during egg incubation. Similar changes in water quality
parameters are generally reported during early
developmental stages of Clarid catfishes (Olaniyi and
Omitogun, 2014). The change in dissolved oxygen and
pH in all treatments observed in this study might be
occasioned by increase in chemical and biological
oxygen demands (COD and BOD) in the incubating
bowls, due to the rapid decomposition of dead eggs and
egg shells toward the end of incubation process (Prol,
2010; Olaniyi and Omitogun, 2014). This pinpoints the
necessity of water exchange once the egg incubation is
complete to avoid hatchlings mortality resulting from
poor water quality.

It was generally presumed that beneficial bacteria
could be added into incubating water at high
concentration in order to increase the chance of their
attachment to the newly hatched larvae (Prol, 2010). In
the present study, treatment groups with test bacterial
concentrations of 2x10° cfu L recorded no hatching of
C. gariepinus eggs. The reason for this result is unclear,
although earlier reports of Maeda (1994) suggested that
level of bacteria greater than 10° cfu per litre of water
during egg incubation might not favour hatchability of
fish eggs. The implication of this result is that C
gariepinus eggs may not require any bacteria medium to
hatch and hatching process may not be negatively
affected by beneficial bacterial concentration of or
below 10° cfu L.

It was observed that the efficacy of tetracycline
solution (PC) in reducing the numbers of
Enterobacteriaceae was similar to that of the probiotic
groups. However, hatchlings from PC groups were
observed to be less viable when compared with other
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Figure 5. Counts of presumptive lactobacilli inoculated and recovered from incubating water of C gariepinus eggs at 30 hours of
incubation. Error bars indicated standard deviation of triplicate trial. Bars with different superscripts indicated significant

differences (p < 0.05). ND — not detected.
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probiotic-treatment groups. According to Skjermo and
Vadstein (1993), the use of chemotherapeutics during
egg incubation may be deleterious to resulting
hatchlings by causing loss of beneficial, slow-growing
bacteria populations (K strategists), and promoting the
rapid colonization by fast-growing opportunistic
bacteria (r strategists) which are potentially harmful to
fish larvae. This result supports the views of Vine et al.
(2004) on the use of probiotics as a valid alternative to
chemotherapeutic agents for controlling microbial
proliferations and improving larval survival and growth
during fish larval culture.

Conclusion

The present research indicated that L plantarum
LC3335568 can reduce microbial loads if employed as
bio-control agent during egg incubation of C. gariepinus.
The optimum concentration was observed to be 2x10°
cfu L'L. However, incubating water must be discharged
immediately and replaced with fresh water once
hatching processes are complete to avoid loss of
resulting hatchlings due to poor water quality. Further
research is warranted to monitor larval growth and
assess whether introduction of beneficial bacteria
during egg incubation enhance colonization of larval gut
by these introduced bacteria.
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