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Abstract:

This study was undertaken to evaluate the anti-stress effect of salt (5g/l), multi-strain
probiotic bacteria, and palm oil on the changes in water quality and the survival rate
of Clarias anguillaris fingerlings. Six thousand seven hundred and fifty fingerlings
were purchased in a homestead pond, acclimatized, and transported. Results
showed that the temperature increased progressively during transportation but
decreased after the journey, with values ranging from 27.2°C to 28.3°C. All the pH
values were within the optimum range of 6.5-8.5, except the group treated with salt
(T2). There was a steady decline in the dissolved oxygen content of some of the
groups during the journey, with T3 recording the highest value of 4.17mg/l and T2
recording the least of 3.07mg/l compared to the control after the journey. There was
a progressive increase of total dissolved solids and EC in T1, T3, and T5 during the
journey, with T2 recording the significantly (p<0.05) highest value of 7.2 yS/cm and
T5 recording the least value of 0.2 yS/cm compared to T1. Ammonia and nitrite
concentrations similarly increased steadily across all the groups throughout the
journey. The nitrite concentration varied across all the groups during the journey,
with T5 recording the highest value of 17.9mg/l compared to T1, which recorded a
value of 6.37mg/l. T3 recorded the lowest mortality rate of 2.9% while T1 recorded
the highest rate of 42.8%. Based on the results obtained from this study, the multi-
strain probiotic bacteria-treated group performed better based on survival and
physicochemical parameters, followed by the group treated with salt.
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INTRODUCTION

Fish represents an important source of protein
and micronutrients for many households in
Nigeria (Saba et al., 2024). Fish is now the
cheapest source of animal protein taken by the
ordinary Nigerian, accounting for nearly half of
total protein intake (Oluwatobi et al., 2017). Fish
farming in urban settings has played an
important role in contributing to food supply and
the livelihoods of urban inhabitants (Keizire,
2006). Fish is regarded as the best source of
animal protein, high in amino acids, and low in
cholesterol (Hadyait et al., 2018; Igbal, 2025;
Igbal and Ashraf, 2025; Shamsan et al., 2025).
Furthermore, fish farming is an important way of
supplying minerals such as calcium, iron, iodine,
and vitamins (Igbal and Ashraf, 2025; Prein and
Ahmed, 2000). Aquaculture  production
generates revenue through its production,
processing, and marketing operations (Gonzalez
Parrao et al., 2021; Prein and Ahmed, 2000).

Packing and transportation of fingerlings,
juveniles, and broodstock in hatcheries causes
stress, which results in mortalities and reduced
performance (Omeji et al., 2017; Wang et al.,
2024). Transportation stress is reported to be
one of the primary contributing factors of fish
diseases and mortality in aquaculture (Ren et
al., 2022). The survival of fish is affected by
many factors during transportation, which
include handling, crowding, temperature, and
water quality (Hadyait et al., 2020; Igbal and
Ashraf, 2020). Activities involved in the
transportation of fish, such as handling,
confinement, and exposure to sub-optimal water
guality, have the potential to create physiological
changes in fish due to stress (Shamsan and Al-
Jobory, 2018). Many diseases, particularly
parasitic infections, pose a danger to fish
farming, which is a major source of food and
employment in developing nations (Ali et al.,
2016; Igbal et al., 2019; Odo et al., 2023). The
higher occurrence of parasites and mycotoxins
in fish denotes the potential public health threat
(Al-Jobory, 2025; Hefnawy et al., 2019; Yaqub et
al., 2017). Because of the affiliation between
stress and fish health, many works were
conducted to test the effect of additives such as
palm oil, non-iodized salt (Idowu et al., 2016),
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and probiotic bacteria on the survival of
fingerlings prior to, during, and after
transportation (Raj, 2008).

Palm oil has been used as food and medicine for
many years, but the food sector has recently
adopted its use (Alhaji et al., 2024; Mba et al.,
2015). Although it has little effect on blood
cholesterol levels compared to olive and peanut
oil, which do not contain cholesterol, its
antioxidant content may help to prevent many
diseases (Absalome et al., 2020). Previous
studies have shown that palm oil has a good
effect on growth performance and increases
innate immunity in juveniles of Nile tilapia
Oreochromis niloticus (Larbi Ayisi et al., 2018).
Interestingly, oil can also be used as a sedative
in transporting water to aid in alleviating stress
and trauma to fish (Falaye et al., 2012). This
study was designed to assess and compare the
performances of palm oil at two separate
concentrations, salt and multi-strain probiotic
bacteria, in alleviating transportation stress in
catfish fingerlings transported by road.

MATERIALS AND METHODS
Experimental fish and management

Catfish (Clarias anguillaris) fingerlings were
used in this investigation conducted at Joseph
Sarwuan Tarka University, Makurdi. The
aquaculture attributes of catfish include: ability to
withstand handling stress, disease resistance,
high growth rate, yield potential, fecundity, and
palatability. Six thousand seven hundred and
fifty fingerlings with average weight and length of
2.8£0.2g and 2.1+0.1cm, respectively, were
purchased from a homestead pond within
Makurdi metropolis and harvested into a 100-
liter drum containing 40 liters of water before
transportation exercise.

Experiment design

A complete randomized design (CRD) was
adopted in the study. Three potential anti-stress
agents (salt, multi-strain probiotic bacteria, and
palm oil) were administered in water used for
transporting the fingerlings to assess their
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influence on the physicochemical parameters of
the water and the responses of the fingerlings to
the transportation stress. The six thousand
seven hundred and fifty fingerlings were
distributed randomly into 5 treatments in
replicates as follows:

Treatment 1: To the control, only sterile
physiological buffer saline (PBS) was added to
the transport water.

Treatment 2: To this group, salt was added to
the transport water at a dose rate of 5g/l.

Treatment 3: To this group, multi-strain probiotic
bacteria (Bacillus subtilis, B. amyloliquefaciens,
B. velenzensis) at equal proportions were added
to the transport water at a dose rate of 10ml/L of
10" CFU/m.

Treatment 4: To this group, 1.5ml/L palm oil was
added to the transport water as a lower dose.

Treatment 5: To this group, 2.5ml/L palm oil was
added to the transport water as a higher dose.

Loading and transportation of fish

The fingerlings were fasted for 24 hours prior to
transportation to reduce the chances of vomiting
during the journey due to stress that will affect
the water quality (Navarro et al., 2016; Sampaio
and Freire, 2016). Six thousand seven hundred
and fifty fingerlings were distributed randomly
into fifteen Jericans of 10 litres, representing 5
treatments in replicates at the stocking density of
75 fingerlings/l. There was no provision of
artificial aeration. The fingerlings were placed
into the car and moved for a distance of
approximately 500km at a speed of 60-80km/hr.
The physicochemical parameters of the water
were measured before, during, and after
transportation. At the end of the journey, the
fingerlings were offloaded from the vehicle, and
physicochemical parameters were measured.
Thereafter, they were left unpacked for 15 hours
without changing their water due to the late
arrival. At the 15" hour, the last physicochemical
parameters were measured, mortalities were
counted from each treatment and replicate.

2025; 1(1): 28-40
Preparation of Multi-strain probiotic bacteria

Three stored Bacillus strains isolated, identified,
and screened for probiotic properties using
standard procedures from the skin and intestinal
tract of Clarias anguillaris were purchased from
a homestead pond in Makurdi metropolitan. The
three species successfully selected were
Bacillus subtilis, Bacillus amyloliquefaciens, and
Bacillus velezensis based on their performance
in pH and bile tolerance, digestive enzymes
production, mucosal attachment, and
gastrointestinal transit survival tests. Stock
culture of the Bacillus species was removed
from the refrigerator. Each isolate was
subcultured on nutrient agar and incubated for
24 hours at 37°C. Discrete colonies were
harvested using a sterilized blade and were
homogenized in sterile distilled water. The
turbidity was adjusted to correspond to 7
McFarland turbidity standard, which was
equivalent to 1x10" CFU/ml (Ramlucken et al.,
2021). All the isolate suspensions were mixed
proportionally to obtain an experimental probiotic
mixture of three strains.

Physicochemical parameters of the water
used in transportation

Seven physicochemical parameters were
measured during this investigation, including
dissolved oxygen (DO), pH, total dissolved
solids (TDS), electrical conductivity (EC),
temperature (T °C), ammonia (NH3), and nitrite
(NH,) concentrations. The temperature and
oxygen concentrations were measured using the
Traceable Dissolved oxygen Meter; the pH,
TDS, and electrical conductivity (EC) were
measured using the HANNA GROCHEK meter;
ammonia and nitrite levels were measured using
the Lovibond water testing tinto-meter.

Data analysis

All the data obtained were subjected to analysis
of variance (ANOVA), and where significant
differences exist, the means were subjected to
analysis using Duncan's multiple range tests.
Values of p < 0.05 were considered significant.
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RESULTS

The results of the seven physicochemical
parameters analyzed, which include pH,
temperature, dissolved oxygen, total dissolved
solids, electrical conductivity, ammonia, and
nitrite, are presented below.

Temperature, pH, and Dissolved oxygen (DO)
concentration

The trend of changes in physicochemical
parameters of the water used in transporting
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catfish fingerlings is presented in Figure 1. There
was a progressive increase in temperature
across all the groups during the journey;
however, there was a fall in temperature after
the journey, which was recorded by evening and
the following morning. At Ohr, 4hr, and 15hrs, the
control group (T1) recorded higher temperatures
compared to other treatments.

T3 =T4 mT5

]
10.00
5.00
0.00

4 Hrs 6 Hrs 15 Hrs

Transportation time (Hours)

Fig. 1. The trend of Temperature during transportation of fingerlings. T1=Control, T2=Salt, T3=multi-strain probiotic

bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/I of palm oil.

A similar trend of progressive decrease and
increase in pH at the beginning and end of the
journey, respectively, was recorded as in the
case of temperature (Figure 2). The control (T1)
had a slightly higher pH at the beginning of the
journey, while the group treated with salt (T2)
and multi-strain probiotic bacteria (T3) had the
lowest pH value. The group treated with salt (T2)
recorded a decrease at the 2nd hour, peaked at
the 4th hour, and subsequently decreased at the
end of the journey. The group treated with multi-
strain probiotic bacteria (T3) increased during
the journey and recorded the least at the 4th
hour, and increased throughout the remaining
hours of the journey. The groups treated with
palm oil (T4 and T5) recorded similar values at
the beginning of the journey, and both

decreased at the 2nd and 4th hour. The level
further increased at the 6th and 15th hours. The
group treated with multi-strain probiotic bacteria
recorded the highest value of pH at the end of
the journey, followed by the group treated with
1.5ml of palm oil (T4), while the group treated
with salt (T2) recorded the lowest value.

The DO concentration varied across the
treatments, with a steady decrease as the
journey progressed in the group treated with
1.5ml/I of palm oil (T4). There was a progressive
decrease in the groups treated with multi-strain
probiotic bacteria (T3) as the journey progressed
until the 6th hour, where the value increased
slightly to the 15th hour. The groups treated with
salt (T2) and 2.5 ml/l (T5) of palm oil recorded
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the highest and lowest DO, respectively, before
the journey. The group treated with 2.5ml of
palm oil (T5) recorded the highest value at 2
hours, while the control group (T1) recorded the
lowest value. In the control group (T1), there
was a progressive decline as the journey
progressed and an increase at the 4th hour. The
group treated with multi-strain probiotic bacteria

2025; 1(1): 28-40

(T3) recorded the highest value, while the group
treated with salt (T2) recorded the lowest after
the journey. At the 15th hour, the group treated
with multi-strain probiotic bacteria (T3) had the
highest DO, and the group treated with salt (T2)
followed (Figure 3).
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Fig. 2. The trend of pH during transportation of fingerlings. T1=Control, T2=Salt, T3=multi-strain probiotic bacteria,

T4=1.5ml/l of palm oil, T5=2.5ml/I of palm oil.
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Fig. 3. The trend of Dissolved oxygen during the transportation of fingerlings. T1=Control, T2=Salt, T3=multi-strain
probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.

Total dissolved solids (TDS) and Electrical
conductivity (EC)

Figure 4 presents the trend of TDS of the
transport water during the journey. There was a
progressive increase of total dissolved solids in
the control group (T1), the group treated with
high dose (2.5ml/l) of palm oil (T5), and the

group treated with multi-strain probiotic bacteria
(T3) as the journey progressed. The group
treated with low dose (1.5ml/l) of palm oil (T4)
increased steadily and decreased slightly at the
6" hour and peaked at the 15" hour. The group
treated with a high dose (2.5ml) of palm oil (T5)
increased slightly during the journey and
decreased at the 4™ hour till the end of the
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journey. The group treated with salt (T2) was
observed to have significantly (P < 0.05) the
highest value of TDS compared to any of the
treatments throughout the journey, while the
group treated with high dose (2.5ml/l) of palm oil
(T5) had the lowest value at the end of the
journey.

Similarly, significantly (P < 0.05), the highest
values of EC were recorded for the group
treated with salt (T2) compared to any other
treatment throughout the journey (Figure 5).
There was a steady increase recorded for the
control (T1) and the group treated with high dose
(2.5ml/l) of palm oil (T5) throughout the journey.

2025; 1(1): 28-40

The group treated with multi-strain probiotic
bacteria (T3) increased and peaked at the 6
hour and declined at the 15" hour. The group
treated with low dose (1.5ml/l) of palm oil (T4)
increased moderately during the journey and
decreased slightly at the 6" hour, then peaked at
the 15" hour. The group treated with multi-strain
probiotic bacteria (T3) recorded the Ilowest
values of electrical conductivity before the
journey, while the groups treated with high and
low doses of palm oil (T4 and T5) recorded
similarly low values at the 15" hour.

BTl mT2 =T3 = T4 mT5
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Fig. 4. The trend of Dissolved solids during the transportation of fingerlings. T1=Control, T2=Salt, T3=multi-strain
probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.
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Fig. 5. The trend of electrical conductivity of water during transportation of fingerlings. T1=Control, T2=Salt, T3=multi-
strain probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.
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Ammonia and Nitrite

Figure 6 shows the trend of ammonia and nitrite
concentration of the transport water during the
journey. The ammonia concentration showed a
steady increase across all the groups and
throughout the journey. Similar values were
recorded for all the groups before the journey.
The group treated with low dose (1.5ml) of palm
oil (T4) recorded the highest value of ammonia
concentration followed by the group treated with
2.5ml/l (T5) of palm oil at the end of the journey
while the group treated with salt (T2) and group
treated with multi-strain probiotic bacteria (T3)
recorded similar levels compared with control
(T1). At the 15" hour after, the group treated
with palm oil 1.5 and 2.5ml, respectively,
recorded significantly high levels compared to
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the control. The group treated with multi-strain
probiotic bacteria (T3) had the lowest values.

However, the nitrite concentration of the
transport water varied across all the groups
during the journey (Figure 7). The group treated
with high dose (2.5ml/l) of palm oil (T5) recorded
the highest value, followed by the group treated
with low dose (1.5ml/l) of palm oil (T4) at the end
of the journey, while the group treated with multi-
strain probiotic bacteria (T3) recorded the lowest
value compared to the control group (T1).
Similarly, at 15 hours, the group treated with a
high dose (2.5ml/l) of palm oil (T5) recorded
significantly (P < 0.05) the highest level of nitrite,
followed by the group treated with a low dose
(2.5ml/) of palm oil (T4), while T3 (multi-strain
probiotic bacteria) recorded the lowest values.
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Fig. 6. The trend of ammonia concentration of water during transportation of fingerlings. T1=Control, T2=Salt,
T3=multi-strain probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.
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Fig. 7. The trend of nitrite concentration of water during transportation of fingerlings. T1=Control, T2=Salt, T3=multi-
strain probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.
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Survivability rate after unpacking Clarias
anguillaris fingerlings

Figure 8 shows the mortality rate of the
transported fingerling at the end of the
transportation  exercise.  Mortalities ~ were
observed across all the treatments at the end of
the experiment. The control group (T1l) was
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found to have significantly (P < 0.05) the highest
mortality (42.83%), followed by the group treated
with low dose (1.5ml/l) of palm oil (T4) (22.88%).
The group treated with multi-strain probiotic
bacteria (T3) had the least mortality rate (2.86%)
compared to all treatments.

Mortality Rate
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© & o o

13.71
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5.00

0.00
T1 T2

22.84

17.70

2.86

T3 T4 T5

Treatment

Fig. 8. The percentage mortality rate after unpacking Clarias anguillaris fingerlings. T1=Control, T2=Salt, T3=multi-
strain probiotic bacteria, T4=1.5ml/l of palm oil, T5=2.5ml/l of palm oil.

DISCUSSION

Transportation stress is reported to be one of the
primary predisposing factors of fish disease and
mortality in aquaculture (Fang et al., 2023; Rollo
et al., 2006). Activities involved in the
transportation of fish, such as handling,
confinement, and exposure to sub-optimal water
guality, have the potential to create physiological
changes in fish due to stress. From the results
obtained in this study, there was a temperature
variation and dissolved oxygen concentration
across the groups, with the group treated with
probiotic bacteria (T3) recording a steady
temperature during the journey with a
corresponding level of oxygen concentration.
However, after the journey and the following
morning, there was a decrease in temperature

with a corresponding increase in dissolved
oxygen concentration. This agrees with previous
studies that reported dissolved oxygen content
of transport water decreases with an increase in
transport duration, which is attributed to the
differing rates of oxygen depletion;
consequently, the difference in physiological
states of the fish transported in various transport
media (Crosby et al., 2005; Wang et al., 2024).
Moreover, a change in water temperature has
been reported to influence fish activities,
especially respiration (Boyd, 1990), which could
result in an increase in oxygen consumption
(Lindmark et al., 2022; Volkoff and Rgnnestad,
2020).

In this study, the group treated with multi-strain
probiotic bacteria (T3) had the highest level of
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dissolved oxygen content after the journey,
which agrees with previous studies that reported
that probiotics improve water quality, especially
Bacillus species (Hlordzi et al, 2020;
Mohammed et al., 2025; Tabassum et al., 2021).
The rationale is that gram-positive bacteria,
especially Bacillus spp., are generally more
efficient in converting organic matter back to
CO, than are gram-negative bacteria, which
would convert a greater percentage of organic
carbon into bacterial biomass or slime. And the
group treated with salt (T3) had the second
highest dissolved oxygen concentration which
agrees with the work of previous investigations
which reported that salt reduces physiological
stress by decreasing the osmotic gradient
between the fish and the transport water thus
decreasing the amount of energy the fish would
use for osmoregulation (Abou Anni et al., 2016;
Crosby et al., 2005; Hana et al., 2023).

In the study conducted, the values of the pH
range were between 5.5 and 7.5, with the peak
value recorded at the 15™ hour in the group
treated with multi-strain probiotic bacteria (T3). It
has been reported that water pH affects the
metabolism and physiological processes of fish
and also exerts a considerable influence on the
toxicity of ammonia (Edwards et al., 2024,
Keremah et al., 2014). The pH is an essential
parameter for maintaining life in the aquatic
environment, and its stability is very important in
fish farming (Mariu et al.,, 2023; Sanou et al.,
2022). Usually, a pH between 6.5 and 8.5 is
ideal for biological productivity (Chen et al.,
2022). Death is almost certain at a pH below 4
or above 11 (Kane et al., 2015).

There was progressive increase of total
dissolved solids in the control group (T1), the
group treated with high dose (2.5ml/l) of palm oll
(T5) and the group treated with multi-strain
probiotic bacteria (T3) as the journey progressed
with a corresponding increase in the electrical
conductivity of the control (T1) and group treated
with high dose (2.5ml/l) of palm oil (T5). The
group treated with salt (T2) recorded significantly
higher values of TDS than all the other groups
throughout the journey. This agrees with
previous findings that reported the increase in
electrical conductivity would be induced by an
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increase in TDS levels (Goher et al.,, 2017).
Moreover, the strong positive correlation
observed between conductivity and TDS could
point out the fact that these two parameters
describe the presence of inorganic salts
dissolved in solution (Yaka et al., 2020).

Ammonia is produced as a by-product from fish
metabolism and is primarily excreted through the
gills by diffusion (Shrivastava et al., 2017). In
this study, the ammonia concentration showed a
steady increase across all the groups and
throughout the journey. This agrees with
previous reports that an increase in temperature
leads to an increase in biochemical reaction rate
in fish and consequently increases ammonia
excretion by the fish (Volkoff and Rgnnestad,
2020). Fish are very sensitive to un-ionized
ammonia and need an optimum range of 0.02-
0.05mg/l (Keremah et al., 2014; Verma, 2006).
Some of the values recorded in this study were
above the optimum range during and after the
journey. The group treated with low dose (1.5ml)
of palm oil (T4) recorded the highest value, while
the group treated with multi-strain probiotic
bacteria (T3) recorded the lowest value at the
15" hour. Higher levels of ammonia caused
reduced growth and gill damage in Channel
Catfish (Mitchell and Jr, 2011). However, some
of the observed values in this study were higher
than the desired range, and this may affect the
survival of the fingerlings, which could have
caused the high mortality in the control group
compared to other treatments with anti-stress
agents.

Nitrite is a crucial hazardous chemical for
organisms in the aquatic environment that is
produced in the process of bacterial nitrification
of ammonia or denitrification of nitrate (Gao et
al., 2020). Exposure to excessive amounts of
nitrite in aquatic settings causes nitrite to
accumulate in the bodies of aquatic animals,
which can have detrimental toxic consequences
(Kim et al.,, 2018). In this study, the nitrite
concentration increased progressively in all
groups throughout the journey, with the highest
concentration in the group treated with a high
dose of palm oil (T5), while the group treated
with multi-strain probiotic bacteria recorded the
least value at the 15" hour. Nitrite exposure

36



Advancements in Fisheries and Veterinary Sciences

impacts the osmo-regulatory activities, ionic
homeostasis, and metabolism of several fish
species (Deane and Woo, 2007).

CONCLUSION

This study reveals that the application of multi-
strain probiotic bacteria (Bacillus subtilis, B.
amyloliquefacien, B. velenzensis) at 10ml/l of
water in transporting fingerlings was good in
alleviating the effect of transportation stress with
evidence of high survival rate and controlled
physio-chemical parameters to suit the fish while
the application of salt at 5g/l to transport water
also showed a positive effect by recording the
second lowest mortality after multi-strain
probiotic bacteria. According to the findings of
this study, the multi-strain probiotic bacteria-
treated group outperformed the salt-treated
group in terms of survival and physicochemical
parameters.
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