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ARTICLE INFO ABSTRACT

Article History: This study sought to show how feeding Lactobacillus acidophilus (LA)
Received: Feb. 18,2025 to the Nile tilapia (Oreochromis niloticus) might lessen cold stress (CS)
Accepted: April 24, 2025 deterioration of the antioxidant activity, immunological response, and
Online: April 29, 2025 growth performance. A preliminary trial was carried out dividing 180
fingerlings (28.6+0.249) into 6 treatment groups according to the amount of

LA supplied to the fish meals (0, 102, 104, 108, 108, and 10*° CFU/g). Each

Kengrdg. . treatment group consisted of three replicate tanks, each containing 10 fish.
The Nile tilapia, - . : . )

. To determine the appropriate lactic acid (LA) dosage and supplementation
Lactobacillus : ) T .
acidophilus duration for the main study, preliminary testing was conducted. The results

showed that supplementing fish feed with 10° CFU/g of LA for four
weeks was optimal for achieving significant growth improvements. In the
primary experiment, 480 fingerlings (30.1+0.4g) were split up into two LA
x two CS factorial treatment groups, each of which included six replicate
tanks with 20 fish. During a 4-week feeding period, fish in LA groups were
fed a baseline diet with 108 CFU/g LA (+ LA group) or without LA (- LA
group). Fish in each feeding group were further distributed into two
subgroups either kept at 26°C (— CS subgroup) or subjected to cold stress at
18°C (+ CS subgroup). The findings demonstrated that, compared with the
control fish, CS substantially (P< 0.05) reduced the antioxidant activity,
immunological response, and growth indices in the challenged fish.
Conversely, adding LA to fish feeds improved (P< 0.05) the antioxidant
activity, immunological parameters, feed intake, and growth indices. In fish
under cold stress, LA therapy reduced the increased mortality, heterophil to
lymphocyte (H/L) ratio, and lipid peroxidation. In conclusion, LA feeding at
10® CFU/qg to the Nile tilapia fish might be suggested as a promising way to
promote the fish's health and growth, particularly when they are subjected to
CS circumstances.

Cold tolerance,
Growth performance

INTRODUCTION

Farming of the Nile tilapia, Oreochromis niloticus, plays a crucial role in meeting
the increasing global demand for aquatic products (Prabu et al., 2019). The new FAO
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report, titled “The State of World Fisheries and Aquaculture 2022 | FAO,” predicts
that the worldwide tilapia market will reach a value of 9.2 billion dollars by the year
2027. Furthermore, it is expected that the growth rate will increase annually by 2.2% in
the upcoming years. Miao and Wang (2020) reported that around 26.9% of the world's
tilapia output comes from China, with Thailand (3.5%), the Philippines (4.6%), Brazil
(5.3%), Egypt (17.4%), and Indonesia (20.3%) making major contributions as well.

The Nile tilapia fish are widely favored for warm-water aquaculture, and they are
known for their fast growth, efficient use of feed, ability to reproduce naturally, and
delicious flesh (El-Sayed, 2019). Nevertheless, this species exhibits a temperature
preference range between 25-30°C and are highly vulnerable to the cold stress (CS), as
documented by Zerai et al. (2010). Other studies by Nobrega et al. (2017) and Hassaan
et al. (2019) documented that cold fronts in the winter often result in a significant decline
in both tilapia output and survival rates. Other research reported that temperatures lower
than 20°C can cause major disruptions to the body's physiological functioning,
metabolism, and immune system (Barton, 2002; Galloway & Kieffer, 2003; Panase et
al., 2018). As a consequence, a notable reduction in the feed efficiency and growth
performance might occur.

Given the rising global demand, putting ideas that augment growth rates and feed
efficiency into practice has been an essential priority in the development of aquaculture
systems (Oh & Maran, 2015). In particular, using probiotics to enhance nutrient
digestion, stress tolerance, fish growth, and production is a practical safe and alternative
approach to conventional treatments (Carnevali et al., 2017; El-Houseiny et al., 2019;
Ibrahim et al., 2019; Mansour et al., 2022).

Lactobacillus acidophilus (LA) is one of the highly significant probiotic group
bacteria since it is normally presented in the intestinal microflora of a healthy fish (Ringe
et al., 2010; Wang, 2011). LA, when given in sufficient quantities, begin to inhabit and
reproduce in the intestines and positively affects the host by influencing their biological
systems (Cross, 2002). Furthermore, LA has been successfully evaluated as a growth
enhancer in different fish species including the Nile tilapia (Lara-Flores et al., 2003),
African catfish (Al-Dohail et al., 2011), rainbow trout (Faramazi et al., 2011), and grass
carp (Wang, 2011). Research has also found that probiotic bacteria belonging to the
Lactobacillus species can stimulate growth and immunological function in the host
aquatic animals (Wang & Gu, 2010; Alishahi et al., 2018).

As far as we are aware, the benefits of LA application in aquaculture feeding have
not yet been fully understood and require more research, particularly when CS is present.
As a result, the present investigation included two experiments. The first experiment was
a pilot study intended to determine the ideal LA dose and supplementation period that
have a major influence on the Nile tilapia growth performance. A second experiment was
then carried out to see if the chosen dietary LA intervention might lessen the detrimental
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effects of CS on the Nile tilapia's antioxidant activity, immunological response, and
growth performance.

MATERIALS AND METHODS

1. Culture of LA

A commercial source that specializes in microbial media and cultivation (Wisby
Gmbh Co. & Kg, Niebull, Germany) provided the LA as a freeze-dried lyophilized
culture. The bacteria were left to grow in a specific MRS broth medium for twenty-four
hours at 37 °C. After that, LA cells were harvested by centrifugation (2000 xg, 4 °C, 10
minutes) and then dried frozen at —20°C. Based on the original colony concentration in
the MRS broth, a cornstarch-skimmed milk powder was added to the LA culture until
reach a colony forming unit (CFU) of 1 x 10° cells/g. The LA culture was stored at 4°C
in a refrigerator and tested every two weeks for the viability and target concentration. To
guarantee the existence of viable LA cells throughout the study, the Lactobacillus culture
was fed to the fish's food every day.

2. Experimental design

Two experiments were conducted in the current investigation. Initially, a pilot
experiment was conducted to ascertain the optimal dosage of LA that would stimulate
significant growth phenomena in the Nile tilapia. A total of one hundred eighty,
28.6+0.24q, fingerlings of the Nile tilapia (Oreochromis niloticus) were acquired from a
specific company called Aqua Co. in Riyadh, Saudi Arabia. They were then raised in 18
aquaria of 10 fish each at specified environmental parameters for the Nile tilapia (26°C,
7.5 pH, and 6.5mg/ L dissolved Oz). The aquaria were partitioned into 6 treatment groups
of 3 replicates in each treatment based on the dose of LA added to the fish meals at 0,
102, 10%, 106, 108, and 10'° CFU/g. Diets were provided twice daily and were determined
on a weekly basis using 3% of the fish biomass. The mean body weight was recorded on
a weekly basis for a duration of 8 consecutive weeks and subjected to statistical analysis
in order to choose the suitable amount of lactic acid and duration of supplementation for
the primary experiments in the current investigation.

For the primary experiment, the same aquaculture firm provided 480 fingerlings,
weighing an average of 30.1+0.4g. Fish were acclimated for a duration of 2 weeks in a
glass aquarium with a size of 1m3. Subsequently, the fish were allocated into completely
randomized factorial design consisting of 2 LA x 2 CS treatments (6 independent
aquariums of 120L each housed with 20 fish per treatment group). The fish in the LA
treatments received either a baseline diet enriched with LA at a dosage of 108 CFU/g (+
LA group) or a baseline diet without LA (— LA group). Over the course of four weeks,
diets were given to each group at 8:00 a.m. and 3:00 p.m. every day. Three percent of the
fish biomass was used to adjust the feed quantity supplied to each tank every week. Fish
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in the — LA and + LA feeding groups were either held at 26°C (- CS subgroup) or
subjected to a cold stress of 18°C (+ CS subgroup). Following the steps described by
Alrashada et al. (2023), a thermostat-cooling system was used to create the cold stress
by gradually lowering 1°C/12 h of the water temperature until reaching 18°C.

During feed collection, around 25% of the water was daily siphoned off and quickly
refilled with pre-equilibrated aerated freshwater at the same temperatures. While every
three days, the aquaria were cleaned and aerated with 50% of freshwater to get rid of any
waste. Using advanced pellet mill equipment, the nutritional elements were well mixed
and compacted into particles of 1.5mm-diameter. After that, the meal pellets were
allowed to dry for a full day at room temperature before being kept at 4°C in a
refrigerator. The elements of the baseline diet and the nutritional values, analyzed by the
AOAC techniques (Latimer Jr., 2023), are displayed in Table (1).

Table 1. The nutritional elements and values of the fish baseline diet

Element Gram per kilogram (as fed)
Yellow corn 315.0
Fish meal 180.0
Soybean meal 320.0
Wheat bran 60.0
Vegetable oil 50.0
Corn gluten 52.0
Calcium mono-hydrogen phosphate 5.0
Lysin 2.0
Methionine 2.0
Premix ! 14.0
Nutritional values Gram per kilogram (DM basis)
Dry matter (DM) 908.0 £ 4.62
Crude protein (CP) 3498+ 1.51
Crude lipids (CL) 68.3 + 4.62
Total ash (TA) 75.0 £ 0.58
Crude fiber (CF) 30.7£0.32
Nitrogen-free extract (NFE) 2 476.2+7.91
Gross energy (GE) 3 19.2+£0.23

! Each kilogram of premix contains minerals of 250 mg ferric citrate, 60 mg zinc carbonate, 40 mg
manganese sulfate, 40 mg potassium sulfate, 12 mg copper sulfate, 10 mg magnesium oxide, 0.4 mg
potassium iodide, 0.2 mg cobalt, and 0.24 mg sodium selenite, and vitamins of 4000 IU cholecalciferol,
40000 IU retinol, 400 mg a-tocopherol acetate, 40 mg riboflavin, 30 mg thiamine, 30 mg pyridoxine, 12
mg menadione, 80 pg cyanocobalamin, 10 mg folic acid, 100 mg pantothenic acid, 500 mg ascorbic acid,
and 3 mg biotin.

2 NFE = 1000 — (CL + CP + TA + CF).

3 GE (MJ/kg) = (39.52 CL + 23.63 CP + 17.15 NFE) / 1000.
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3. Growth performance

After feed introducing to the fish, the residual feed was collected, dried, and
weighed to determine the feed intake (FI). Fish body weights were determined at the start
and at the end of the trial to obtain the initial (IBW), final (FBW), and gained (GBW)
body weight. The following formulae were used to calculate the growth indices for each
replication within a treatment group: GBW=FBW-IBW; SGR=100x(Lnrew — Lniaw)/D,
where SGR representing the specific growth rate, Ln representing the natural logarithm
for corresponding subscript, and D representing the days of feeding trial (28 days);
FCR=FI/GBW, where FCR representing the feed conversion ratio; and SR=(LF-
DF)/LFx100, where SR representing the survival rate, LF representing the starting
number of live fish, and DF representing the total number of dead fish throughout the
feeding period.

4. Antioxidant activity

After four weeks of feeding, 18 blood samples were withdrawn from the fish caudal
vein (3 fishes per replicate). According to Martins et al. (2016), the fish were put to
sleep by immersing them in 100mg/ L solution of MS-222. To aid in coagulation, blood
samples were maintained over night at 4°C. The serum was separated by centrifugation
for 20 minutes at 1075 xg then stored at —20°C for further examination. Myeloperoxidase
(MPO) activity was evaluated considering the concept of hydrogen peroxide reduction
into a compound that interacts with o-dianisidine reagent to finally produce a yellowish
color product to be measured at 460nm (Mihaila et al., 2021). Malondialdehyde (MDA)
was evaluated based on the concept of thiobarbituric acid (TBA) reaction to generate a
red molecule that can be scanned at 532nm (Arora et al., 2022). The content of the
reduced glutathione (rGSH) was indirectly obtained through generating a complex from
the interaction between the sample and the dinitrobenzoic acid (DNBT) reagent, then
scanning the resulted yellow color at 405nm. The superoxide dismutase (SOD) activity
was assessed by inhibiting the xanthine-xanthine oxidase reaction system and, as a result,
inhibiting the generation of nitrite from hydroxylamine oxidation. A purple color that
may be quantified calorimetrically at 550nm is produced when a chromogenic reagent is
added to nitrite (Li et al., 2023). The capacity of catalase (CAT) to break down H20, was
used to measure the CAT activity. A yellowish compound is created when the remaining
H20- reacts with ammonium molybdate and, thereafter, this color can be read at 405nm
(Bartolini et al., 2022). All the tests were carried out following the manufacturer's
protocols of the Elabscience Biotechnology Inc. colorimetric assay kits (Houston, Texas,
USA). A microplate reader from BioTek instruments (model ELx808TM, Vermont,
USA) was employed for all the colorimetric detections.
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5. Immune response

After a 4-week feeding period, blood samples from three fishes per replicate were
taken in each treatment group (n=18). In tubes containing 10%
ethylenediaminetetraacetate (EDTA), an anticoagulant, the samples were carefully
combined. Following the standard procedures outlined by Rawling et al. (2009), a drop
of the whole blood was placed into a Bright-Line™ hemocytometer slide (American
Optical, Buffalo, NY, USA) to quantify the total leukocyte cells (TLCs) count.
Additionally, another drop of the whole blood was run gently on a glass slide and stained
by Hema-3 dye reagents (Fisher Scientific, Pittsburgh, PA, USA) to count 200 leukocyte
cells, including lymphocytes (L) and heterophils (H).

Leukocyte proliferation index (LPI) assays were performed using the rest fraction
of the whole blood, somewhat altering the protocols ascribed by Carvalho et al. (2018).
A Histopaque-1077 gradient medium (Sigma, MA, USA) was covered with blood
samples that had been diluted 1:2 with PBS and centrifuged for 30 minutes at room
temperature at 400 xg. After aspirating and twice washing the cell layer at the interface
with sterile PBS, the cell layer was centrifuged again at 600 xg for 10 minutes. The
resulting cell pellet was reconstituted in a milliliter of RPMI-1640 medium (Invitrogen
Corp., Grand Island, NY, USA), counted, and evaluated with trypan blue dye for vitality
more than 95%, lymphocytes were divided into three portions in curved-bottom 96-well
microplates after being complemented to 3 million cells per mL. To aid in leukocyte
proliferation, a 10ug/ mL lipopolysaccharide solution (Sigma, MA, USA) was appended
to the suspension. To serve as control cells, RPMI-1640 was added to a series of wells.
After 18 hours of incubation at 27°C, the microplate was incubated for a further 4 hours
with the tetrazolium salt MTT and then centrifuged at 110 xg for five minutes. After
formazan crystals were precipitated in the wells, 100mL of dimethyl sulfoxide (DMSO)
was added to dissolve it again. A microplate reader (Bio-Rad 550 Laboratories Inc.,
USA) was used to determine the optical density (OD) of the experimental and control
samples at 570nm. The OD of the stimulated experimental cells divided by the OD of the
unstimulated control cells was used to compute the LPI.

The turbidimetric technique was applied to evaluate the lysozyme activity (LZA),
as ascribed in a previous work (Bae et al., 2012). The basis for this test is the capacity of
fish blood's lysozyme proteins to break down Gram-positive bacteria's cell walls. Fifty
microliters of the serum (3 samples per replicate, n=18 samples per treatment group)
were mixed with one milliliter of Micrococcus lysodeikticus suspension obtained from
Sigma-Aldrich company. A Cecil-spectrophotometer instrument (model CE1010,
Cambridge, United Kingdom) was used to measure the decrease in absorbance at
intervals of 0.5 and 4.5 minutes throughout a 30-minute period. The wavelength was
450nm. One unit of LZA was defined as a 0.001 per minute drop in absorbance.

With certain adjustments made to the protocol of Almarri et al. (2023), the
phagocytic activity (PA) was measured in the blood samples taken from each group (3



2861
Supplementing with Dietary Lactobacillus acidophilus Modulates Cold Stress Deterioration of the
Antioxidant Activity, Immunological Response, and Growth Indices in the Nile Tilapia

fishes per replicate, n=18 samples per the treatment) after the 4-week feeding period. The
leukocyte suspension was separated as mentioned before. A yeast Candida albicans
suspension (Sigma), previously dyed with Tetramethyl-Rhodamine-Isothiocyanate
(TRITC), was mixed with the leukocyte solution at a ratio of 1:4. This mixture was
cultivated on a 24-well plate covered with gelatine and plasma for 30 minutes at 37°C. A
hemacytometer and an inverted microscope were used to count the total number of
phagocytes and those that contained at least one yeast. The leucocytes' PA was detected
by calculating the percentage of phagocytes presenting ingested yeast from the entire
phagocytes.

6. Statistical analysis

For the statistical analysis of the pilot experiment and the major trial data, IBM
SPSS Statistics version 22 (IBM Corp., NY, USA) was used. Over the course of eight
weeks, the pilot experiment examined the growth performance of fish exposed to varying
amounts of LA (0, 102, 10 10°%, 108, and 10'® CFU/g). The linear and quadratic trends
linked to the elevated LA levels were examined using a one-way-ANOVA in conjunction
with a polynomial contrast test. This research used a 2x2 factorial analysis of the main
trial data, concentrating on the following key elements: CS treatment at 18 °C (— CS vs. +
CS), LA therapy at 10® CFU/g (— LA vs. + LA), and their interactions (LA x CS). Fish
growth, antioxidant activity, and immune response variables were explored by the GLM
of the 2-way-ANOVA framework. When statistically significant interaction effects were
found, a one-way-ANOVA and a Duncan post hoc test were employed to rank the
interaction means. At P-value < 0.05, the significance threshold was set.

RESULTS AND DISCUSSION

1. Pilot experiment

The findings of the pilot research are shown in Fig. (1). The findings demonstrate
that LA levels did not influence the body weights of the fish throughout the first three
weeks of LA supplementation (P > 0.05). During the 4" to 8" weeks of LA
supplementation, the body weights of the fish in the group receiving 10° CFU/g LA were
considerably (P< 0.05) greater than those in the other groups. In a similar study on
striped catfish supplemented with 0, 103 10° 107 and 10° CFU/g LA in the diet, the
positive effect on growth performance was found at 10° CFU/g compared to the other
concentrations (Akter et al., 2019). Based on these results, LA supplementation at 10°
CFU/g for 4 weeks was selected for feeding the Nile tilapia challenged with CS in the
primary experiment of the current study.
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Fig. 1. The body weights of the Nile tilapia supplemented with different levels of Lactobacillus
acidophilus (LA) in the feed for 8 consecutive weeks. The results show a remarkable (P< 0.05)
elevation in the fish body weights from 4 to 8 weeks of feeding LA at 10® CFU/g (*) compared to
the other LA concentrations

2. Effect of LA on tilapia antioxidant activity under CS conditions

The antioxidant activity in fish under CS conditions is a crucial physiological
process to avert the negative impacts of excessive reactive oxygen species (ROS)
generated in the body upon exposing to an oxidative stress (Birben et al., 2012). In this
regard, the effect of LA inclusion in feeds of the Nile tilapia challenged by CS on some
oxidant indicators, like MPO and MDA, and some antioxidant indicators, like GSH,
CAT, and SOD, were investigated in the current study (Table 2). The results illustrated a
noticeable interaction (P < 0.05) for the CSXLA on the MDA, GSH, CAT, and SOD,
while the MPO did not differ significantly in the interaction groups. It was found that the
MDA levels were increased by 43% in the CS group (P < 0.05), and the GSH, CAT, and
SOD activity were decreased (P < 0.05) by 20, 30, and 32%, respectively, compared to
the control. When LA was included in the feed, the antioxidant activity was improved in
comparison with the non-LA treated group (P < 0.05). Furthermore, LA treatment
significantly (P < 0.05) alleviated approximately 17, 27, 32, and 37% of the CS negative
effects on the MDA, GSH, CAT, and SOD, respectively, in the CS+LA group compared
to the CS group.
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Table 2. Effect of adding Lactobacillus acidophilus (LA) to the diet on the antioxidant
activity of the Nile tilapia under cold stress (CS) challenge

Treatment MDA rGSH
aroups MPO (U/L) (umol/L) (umol/L) CAT (U/mL) SOD (U/mL)
Control 62.7 42°¢ 11.6° 57.0° 9.3%
CS 68.6 6.02 9.3¢ 39.7°¢ 6.3¢
LA 55.3 3.24 14.2@ 69.7 2 1162
CS+LA 61.2 5.0° 11.8° 52.5° 8.6°
SEM 6.77 0.36 1.04 4.25 0.90
P-value
CS <0.001 <0.001 <0.001 <0.001 <0.001
LA <0.001 <0.001 <0.001 <0.001 <0.001
CSxLA 0.737 0.012 0.005 <0.001 0.033

Data represent the interaction means with pooled standard error of means (SEM) and the probabilities (P-
value) of cold stress (CS), Lactobacillus acidophilus (LA), and their interaction (CSxLA). Uncommon
superscripts in the same column denote the significance of the means at P < 0.05. Treatment groups:
Control, fish were fed on a baseline diet without LA supplementation and exposed to a normal temperature
of 26°C; CS, fish were fed on a baseline diet without LA supplementation and exposed to CS of 18°C; LA,
fish were fed on a baseline diet supplemented with 108 CFU/g LA and exposed to a normal temperature of
26°C; CS+LA, fish were fed on a baseline diet supplemented with 10 CFU/g LA and exposed to CS of
18°C. Variables: MPO, myeloperoxidase; MDA, malondialdehyde; rGSH, reduced glutathione; CAT,
catalase; SOD, superoxide dismutase.

In line with other studies (Lu et al., 2019), the current results indicated that
exposure to the cold caused an increase of oxidative stress and a decrease of antioxidant
defense in fish. It is suggested that SOD enzyme activity is a crucial process for
superoxide elimination which is a highly ROS produced during the cellular oxidation
(Wang et al., 2016). While CAT activity is also essential to reduce the H20>, a less ROS
generated by SOD during the dismutation of O (Birben et al., 2012). In contrast, LA
treatment decreased the MDA levels in the CS challenged fish due to the alleviation of
lipid peroxidation by the presence of free radicals (Birben et al., 2012). Our results
agreed with previous studies that shown an elevation in the antioxidant activity by dietary
probiotics supplementation in various fish species, such as Roho labeo fish fed Bacillus
subtilis (Giri et al., 2013), red sea bream fish fed Lactobacillus rhamnosus (Dawood et
al., 2016), Mozambique tilapia fish fed Bacillus licheniformis (Gobi et al., 2018), and
black sea bream fish fed Lactobacillus plantaarum (Sagada et al., 2021). The beneficial
effect of LA on the antioxidant activity could be explained by the high expression of the
antioxidant enzymes (Zhang et al., 2013) and/or by the regulation of the Nrf2/keaplb
signaling pathway (Qin et al., 2020).
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3. Effect of LA on tilapia immune response under CS conditions

The dietary LA supplements’ effect on the immunological response of CS-
challenged the Nile tilapia is shown in Table (3). The fish immunological parameters
were significantly (P< 0.05) impacted by the CSxLA treatments. The CS challenge
caused a substantial (P< 0.05) reduction of 18% in the TLCs, 22% in the LPI, 24% in the
LZA, and 25% in the PA, and a rise of 18% in the heterophil to lymphocyte (H/L) ratio,
as compared to the control fish. Conversely, compared to the control group, LA therapy
substantially (P< 0.05) reduced the H/L ratio by 16% and raised the TLCs, LPI, LZA,
and PA by 20, 21, 13, and 28%, respectively. Additionally, adding LA to the diet of fish
with CS considerably (P< 0.05) reduced the destructive effect of CS on the fish's
immunological markers and brought them back to levels that were comparable to the
control.

Table 3. Effect of adding Lactobacillus acidophilus (LA) to the diet on the immunlogical
parameters of the Nile tilapia under cold stress (CS) challenge

Trgef;z]sm TLCs (10%uL)  HIL ratio LPI LZA(U/mL)  PA (%)

Control 5870 0500 3.950 28.69° 23.06°

cs 481° 0.592 3.07°¢ 21.76 ¢ 17.25¢

LA 7.032 0.42¢ 478 32424 20.41°

CS+LA 5.97° 051" 3.90° 25.49 ¢ 23.60"

SEM 0.124 0.028 0.237 1.414 1.405
P-value

cs <0.001 <0.001 <0.001 <0.001 <0.001

LA <0.001 <0.001 <0.001 <0.001 <0.001

CSXLA 0.022 0.004 0.034 <0.001 0.002

Data represent the interaction means with pooled standard error of means (SEM) and the probabilities (P-
value) of cold stress (CS), Lactobacillus acidophilus (LA), and their interaction (CSxLA). Uncommon
superscripts in the same column denote the significance of the means at P < 0.05. Treatment groups:
Control, fish were fed on a baseline diet without LA supplementation and exposed to a normal temperature
of 26°C; CS, fish were fed on a baseline diet without LA supplementation and exposed to CS of 18°C; LA,
fish were fed on a baseline diet supplemented with 108 CFU/g LA and exposed to a normal temperature of
26°C; CS+LA, fish were fed on a baseline diet supplemented with 10 CFU/g LA and exposed to CS of
18°C. Variables: TLCs, total leukocyte cells; H/L ratio, heterophil to lymphocyte cell ratio; LPI, leukocyte
proliferation index; LZA, lysozyme activity; PA, phagocytic activity.

Except for the H/L ratio, which sharply rose in fish exposed to CS, the
immunological parameters were drastically lowered. According to Davis et al. (2008), a
high H/L ratio might be a sign that fish exposed to CS are under stress. Furthermore, CS
has been shown to have a detrimental effect on fish immunity, as seen by a notable
decrease in humoral response, antibody formation, and lymphocyte proliferation
(Hoseinifar et al., 2015). Supplementing LA to the fish feed has been indicated to
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promote the immunity in some fish species, including the Nile tilapia (Lara-Flores et al.,
2003; Villamil et al., 2014), black swordtail (Hoseinifar et al., 2015), rainbow trout
(Enferadi et al., 2018), and stripped catfish (Akter et al., 2019) and the common carp
(Adeshina et al., 2020).

The current findings revealed that the dietary LA addition had a favorable impact
on the tilapia fish's immunological markers, especially those challenged with CS. The
increase in the LZA and PA reflected an enhancement in fish resistance to infections and
an improvement in fish innate immune response (Sagada et al., 2021). It was reported
that some strains of lactobacilli cells or its components, such as lipopolysaccharides and
peptidoglycan, could be considered as a continuous alert of the defense system and
consequently, as a strong regulator of fishes' immunological responses (Panigrahi et al.,
2005). Additionally, lactobacilli may enhance immune response by stimulating the
mucosal and humoral immunity (Van Nguyen et al., 2019). Furthermore, the LA
probiotic effects on the immunomodulatory response can contribute to the ability of
aquatic animals to balance the stress and infection through more secretion of cytokines
associated with pro- and anti-inflammation (Foysal et al., 2020). In this regard, it is
possible that LA can mitigate the detrimental effects of CS on the H/L ratio and the LPI
in tilapia fish via mediation of T-helper type 1 (Th1), Th2, and Interferon-gamma (IFN-v)
cytokines (Torii et al., 2007; Krams et al., 2012; Imani Fooladi et al., 2015). In
agreement with other studies on LA administration in human (Mafié et al., 2011), mice
(Lee et al., 2013), and poultry (Alaqil et al., 2020), the leukocyte proliferation was
improved by LA treatment in both control and CS-challenged fish. As a consequence, the
increase in leukocyte proliferation causes an increase in the B-lymphocytes which are
responsible for the immunoglobulin production and humoral immunity (Ding et al.,
2017).

4. Effect of LA on tilapia growth indices under CS conditions

Table (4) displays the impact of adding LA to the diet on the growth indices of CS-
challenged Nile tilapia. The CSxLA results showed a substantial (P< 0.05) interaction
influence on every fish growth performance metric. Comparing the FBW, GBW, Fl,
SGR, FCR, and SR to the control, the exposure to CS substantially (P< 0.05) degraded
them by around 17, 52, 22, 47, 58, and 37%, respectively. Conversely, compared to the
control, the LA therapy substantially (P< 0.05) increased the FBW by 3% and the GBW
by 10%. Additionally, all growth performance indicators in the CS-treated fish were
considerably (P< 0.05) improved by the LA therapy, which raised the FBW, GBW, SGR,
FI, FCR, and SR in the CS+LA group by about 5, 31, 23, 37, 7, and 38%, respectively, in
comparison to the CS group.
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Table 4. Effect of adding Lactobacillus acidophilus (LA) to the diet on the growth
indices of the Nile tilapia under cold stress (CS) challenge

Treatment

groups IBW(g) FBW (g) GBW (g) FI (9) FCR SGR (%) SR (%)
Control 29.9 452° 15.3° 28.8%® 19¢ 152 97.0@
CS 30.0 37.4¢ 7.4¢ 22.4°¢ 3.0¢ 08¢ 61.2°¢
LA 29.7 4652 16.82 29.1°@ 1.7°¢ 1.6 97.9°
CS+LA 29.5 39.2¢ 9.7¢ 275" 2.8°P 1.1° 84.3°
SEM 0.28 0.53 0.56 0.66 0.02 0.05 1.46
P-value
CS 0.503 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LA 0.503 <0.001 <0.001 <0.001 0.019 <0.001 <0.001
CSxLA 1.000 0.003 0.012 <0.001 0.219 0.036 <0.001

Data represent the interaction means with pooled standard error of means (SEM) and the probabilities (P-
value) of cold stress (CS), Lactobacillus acidophilus (LA), and their interaction (CSxLA). Uncommon
superscripts in the same column denote the significance of the means at P < 0.05. Treatment groups:
Control, fish were fed on a baseline diet without LA supplementation and exposed to a normal temperature
of 26°C; CS, fish were fed on a baseline diet without LA supplementation and exposed to CS of 18°C; LA,
fish were fed on a baseline diet supplemented with 108 CFU/g LA and exposed to a normal temperature of
26°C; CS+LA, fish were fed on a baseline diet supplemented with 10 CFU/g LA and exposed to CS of
18°C. Variables: IBW, initial body weight; FBW, final body weight; GBW, gained body weight; FI, feed
intake; FCR, feed conversion ratio; SGR, specific growth rate; SR, survival rate.

Stress disrupts homeostasis and triggers certain physiological responses in fish to
preserve survival and bodily balance (Barton, 2002). Indeed, the Nile tilapia may
flourish in an extent of water temperatures from 24 to 32°C, relying upon the age,
species, and genetic diversity (El-Sayed & Kawanna, 2008). According to the present
research, the Nile tilapia fish's feed efficiency and all growth indices are negatively
impacted by the CS-challenge at 18°C. The feed intake decline may be an explicit source
of deterioration in the other tilapia growth markers, such as FBW, BWG, SGR, and FCR
(Nobrega et al., 2020). Similar results were observed in prior research when tilapia fish
were farmed in a low suboptimal temperature (22°C) instead of optimal temperature
(28°C) (Ma et al., 2015; Corréa et al., 2018). Previous research indicates that the Nile
tilapia subjected to 18°C for several days exhibited a negative impact on their survival,
elevating the death rates by 20-60% (Ibrahim et al., 2019; Almarri et al., 2023).

In general, lactic acid bacteria have been acquainted for its probiotic properties and
can be used to enhance the growth performance in aquaculture (Al-Dohail et al., 2011).
The beneficial effects of LA on the immunological parameters and antioxidant activity in
the CS-treated tilapia should also be evident in their growth performance. The present
study's improved fish growth performance may be due to LA's enhancement of intestinal
integrity and digestion, which improves nutrient absorption (Xia et al., 2018; Won et al.,
2020). It is thought that probiotic bacteria produce bioactive compounds called
bacteriocins, which may arrest the development of pathogenic bacteria (Selle et al.,



2867
Supplementing with Dietary Lactobacillus acidophilus Modulates Cold Stress Deterioration of the
Antioxidant Activity, Immunological Response, and Growth Indices in the Nile Tilapia

2014). Moreover, the extracellular enzymes produced by LA activity in the feeds may
provide the fish with fundamental nutrients, including vitamins, fatty acids, and amino
acids, which increase the growth aspects (Balcazar et al., 2006). In a constant to other
studies on fish received bacilli probiotics (Dawood et al., 2016; Zaineldin et al., 2018;
Sagada et al., 2021), LA administration to tilapia fish increased the feed intake in both
LA and CSxLA groups compared to their controls. The increased feed intake may be
referred to the increased levels of proteins and lipids in the fish diet (Aliyu-Paiko et al.,
2010). It also could be due to the increase of feed palatability or the mediation of
gastrointestinal tract’s satiation sensory neurons (Ritter, 2004); however, there is now
little proof that probiotics have a major impact on fish feed palatability. The fish body
secretes endogenous enzymes, which can be synthesized with the aid of exogenous
enzymes, such as protease, amylase, and lipase, released by probiotic cells (Mohapatra
et al., 2012). These exogenous enzymes have a wider pH tolerance than endogenous
enzymes, which can postpone digestion and guarantee optimal nutrient utilization
(Daboor et al., 2010). It was reported that increased lipase activity may be a reason for
effective lipid utilization of diets supplemented with L. acidophilus, which in turn causes
lipids digestion and essential fatty acids assimilation, leading to increased development in
fish (Akter et al., 2019).

CONCLUSION

The antioxidant activity, immunological response, and growth indices of the Nile
tilapia fish raised at 26°C were all enhanced by dietary LA addition at a concentration of
105 CFU/g. On the other hand, the Nile tilapia challenged with the CS showed an
impairment in all indicators of growth performance, immunological response, and
antioxidant activity. The detrimental effects on the feed conversion efficiency, final
weights, and specific growth rates, as well as the antioxidant enzyme activity, leukocyte
proliferation, and phagocytosis activity were mitigated by dietary LA supplementation in
fish challenged with CS. Additionally, LA therapy reduced the H/L ratio and
malondialdehyde levels, which are markers of stress, and enhance the survival rates of
fish challenged with CS. Thus, adding LA at a level of 10° CFU/qg to the Nile tilapia fish
diet may be a promising program to improve their health and growth indices, particularly
in the face of cold stress.
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