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ABSTRACT

This study examined the growth response, nutrient utilization, biochemical and
haematological properties of Clarias gariepinus juveniles, fed with graded levels of Bacillus
subtilis. Five diets were formulated (35% crude protein; 3127 kCal/kg energy), comprising 0
(T1), 20 mg/100g oxytetracycline (T2), 105 (T3), 107 (T4) and 10° (Ts) B. subtilis CFU/mI.
African catfish, C. gariepinus (n=150; mean weight =94.33+0.67g) were allotted to 15
rectangular tanks and fed experimental diets apparently to satiation for 8 weeks. Growth
performance, nutrient utilization, haematological and biochemical parameters were examined
using standard methods. The results showed that fish fed with Diet Ts recorded significantly
high values for mean weight gain (MWG) (116.67+5.70g), specific growth rate (SGR)
(1.58+0.07%) and percentage weight gain (PWG) (133.62+7.47%), while Diet T1 had least
values for MWG (89.00+0.58g), SGR (1.36+0.01%) and PWG (94.35+0.91g). Feed
conversion ratio (FCR) and protein efficiency ratio (PER) were significantly different (p<0.05)
across the test diets, with Diet Ts having the best values for FCR (1.174£0.04) and PER
(3.27%0.18). No significant differences (p>0.05) were observed in the haematological, AST,
ALP and GSH indices between the fish fed graded levels of probiotic and control diets. The
excellent growth performance recorded at the highest inclusion level (Ts) of B. subtilis showed
that the probiotic could be favourably incorporated into the diet of C. gariepinus juveniles.

Keywords: Growth, Nutrient Utilization, Blood Parameters, Clarias gariepinus, Bacillus
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INTRODUCTION

The farming of catfish is important in Nigeria because, it provides income, creates
employment and addresses food insecurity with the provision of low cholesterol animal
protein to the majority of African populations (Adebayo and Daramola, 2013). Presently,
aquaculture is the fastest growing food production sector in the world (FAO, 2014). However,
diseases, especially bacterial infections, can be a significant limiting factor to its continued
expansion. This necessitates the intensive use of antimicrobials in the industry (Du and Liu,
2012).

In recent years, a wide variety of chemicals have been used in aquaculture for fish health
management. These include disinfectants (hydrogen peroxide and malachite green),
anthelmintic (avermectin) and antibiotics (sulfonamide and tetracycline) (Rawn et al., 2009).
However, the public health concern relating to the use of antibiotics in aquaculture is primarily
the development of antibiotics-resistance and immunosuppressant conditions in humans
(Cruz et al., 2012). It also includes the presence of antibiotic residues in aquaculture products
and the environment (Romero-Geraldo and Hernandez-Saavedra, 2014).

Hence, in order to ensure sustainable aquacultural development, diseases control strategies
must go beyond antibiotics and chemotherapeutics, to new methods gaining recognition for
controlling pathogens (Edun and Akinrotimi, 2011), which include the use of probiotics
(Suvarna and Boby, 2005). Probiotics, the beneficial live microorganisms, are considered to
promote growth, enhance the immunity of fish under stressful environmental conditions, as
well as production of antibodies, acid phosphatase, lysozyme and antimicrobial peptides
(Abareethan and Amsath, 2015).

Bacillus species, belonging to the phylum Firmicutes, are used in huge amount as human
probiotics, and has shown remarkable health benefits (Rane and Markad, 2015). The genus
Bacillus is a Gram-positive, catalase-positive bacterium, found in soil and the gastrointestinal
tracts (GIT) of ruminants and humans (Casula and Cutting, 2002; Duc et al., 2003). Bacillus
subtilis is rod-shaped, and can form a tough, protective endospore, allowing it to tolerate
extreme environmental conditions (Barbosa et al., 2005). Some bacilli strains have been
chosen for use in animal nutrition because of their beneficial effects (Busch et al., 2004).
Consequently, the objective of this study was to examine the effects of B. subtilis on growth
response, nutrient utilization, biochemical and haematological properties in African cat fish,
Clarias gariepinus juveniles.

MATERIALS AND METHODS

The catfish, C. gariepinus used for this study were obtained from a reputable fish farm in
Egbeda, Lagos State, and the experiment was carried out at the Nutrition Unit, Department of
Marine Sciences, University of Lagos, Akoka, Lagos, Nigeria.
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Bacterial Strain and Sub-culturing

B. subtilis U146A (NCBI accession number: JN255713) previously isolated from iru (an
alkaline fermented legume seed condiment in Nigeria) (Adewumi et al., 2014), and deposited
in the culture collection of the Department of Microbiology, University of Lagos, was
incorporated into the fish diets. For sub-culturing a pure strain of B. subtilis U146A was
inoculated into brain heart infusion broth (HiMedia, Mumbai, India) overnight at 37 °C in
incubator shaker at 160 rpm. The broth culture was centrifuged at 8000 rpm for 7 min to make
pellets, which were washed twice using phosphate buffer saline (PBS, pH 7.4), and re-
suspended in PBS, corresponding to 105, 107 and 10° CFU/ml (Oguntoyinbo and Narbad,
2012).

Feed Formulation

Feed ingredients were sourced from Abattoir, Agege, Lagos, Nigeria. Five experimental diets
with crude protein value of 35% and energy content of 3127 kCal were formulated with the
following ingredients: fish meal, soybean meal, maize, wheat, dicalcium phosphate (DCP), ail,
premix and salt. Measured quantities of all the ingredients were mixed, blended, and passed
through a 2 mm die using a local pelletizer. The experimental diets consist of a control, i.e.,
Diet 1 without antibiotic or probiotics; Diet 2 had antibiotic (oxytetracycline) added to the
formulated feed at 20 mg/100 g, while Diets 3, 4 and 5 had B. subtilis U146A at the graded
levels of 105, 107, and 109 CFU/ml. After pelletizing, the feed was sundried to reduce
moisture, after which it was packed in dry plastics. All experimental diets were kept at -20 °C
till when required for the experimental feeding. The feed composition and formulation of the
experimental diets are as shown in Table 1.
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Table 1: Nutrient composition of experimental diets
Graded probiotic inclusion levels

Ingredients (%) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
(Control)  (Oxytetracycline) (10%) (107) (109)
Fish meal 17.15 17.15 17.15 17.15 17.15
Soybean meal 19.10 19.10 19.10 19.10 19.10
Groundnut cake 19.10 19.10 19.10 19.10 19.10
Maize 20.40 20.40 20.40 20.40 20.40
Noodle waste 20.40 20.40 20.40 20.40 20.40
Palm oil 1.0 1.0 1.0 1.0 1.0
DCP 04 04 04 04 04
Lysine 0.2 0.2 0.2 0.2 0.2
Methionine 0.2 0.2 0.2 0.2 0.2
Mineral/vits. premix 1.5 1.5 1.9 1.5 1.5
Salt 0.2 0.2 0.2 0.2 0.2
Probiotics (CFU/mL) - - 105 107 109
Oxytetracycline - 20mg/100g - - -
Total 100 100 100 100 100
Calculated CP (%) 35 35 35 35 35
Cal. energy (kCal/kg) 3127 3127 3127 3127 3127

Vitamin A, 10,000,000 1.U.D.; D3, 2,000,000 .U.D.; E, 23,000 mg; K3, 2,000 mg; B1, 3000
mg; B2, 6,000 mg; niacin, 50,000 mg; calcium pathonate, 10,000 mg; B6, 5000 mg; B12, 25.0
mg; folic acid, 1,000 mg; biotin, 50.0 mg; choline chloride, 400,000 mg; manganese, 120,000
mg; iron, 100,000 mg; copper, 8,500 mg; iodine, 1,500 mg; cobalt, 300 mg; selenium, 120
mg; antioxidant, 120,000 mg.

Experimental Procedure and Feeding Trials

The experiment was carried out in holding plastic tanks (52.5 x 33.5x 21cm3). One hundred
and fifty (150) juvenile cat fish (average weight = 94.33+0.67g) were acclimatized for 2 weeks
prior to the commencement of experiment, and were fed ad libitum with control feed (35%
crude protein and 3127 kCallkg energy). Ten (10) fish were randomly allocated to five
experimental treatments (T4, T2, T3, Taand Ts) in three replicates at the end of the adaptation
period. Water exchange was done thrice a week with de-chlorinated water supply from a
borehole to maintain good water quality. The dissolved oxygen ranged from 4.5 to 6.0 mg/L,
while pH and temperature ranged from 6.5 to 7.0, and 26 to 29 °C respectively, during the
experimental period.

Growth and Nutrient Utilization Parameters
Fish sampling was carried out on a weekly basis by transferring fish from tanks into a
weighing bowl. The weights of fish were taken using an electronic weighing balance (2000 x
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0.1 g), and after weighing fish were returned carefully into their respective tanks. The weight
data were used to calculate other growth indices using the formulae below:

Mean Weight Gain (MWG) g

MWG = mean final body weight (MFW) — mean initial body weight (MIW)

Percentage weight gain (PWG) %

PWG (%) = 100 (Wo-W+)/W1

where W> = mean final body weight and W1 = mean initial body weight

Specific growth rate (SGR) = (Loge W2 — Loge W1)/(culture days)x100

where W, = final weight, W+ = initial weight, e = natural logarithm, T = culture days.

Nutrient utilization indices were expressed in terms of Total Feed Intake (TFIl), Feed
Conversion Ratio (FCR), Protein Intake (Pl) and Protein Efficiency Ratio (PER) using the
formulae below:

Total Feed Intake (TFI) = Feed intake during experimental period (g)/Number of days

Feed Conversion Ratio (FCR) = Feed intake (dry weight of feed fed in g)/Fish wet weight gain
ing

Protein Intake (PI) = Total feed intake/Protein content of feed

Protein Efficiency Ratio (PER) = Mean weight gain/Protein intake

Procedures for Collection of Blood Samples for Haematological and Biochemical
Analysis
Haematological Analysis

At the 8th week of feeding, blood samples were collected with the aid of 2 mL syringes from
the caudal vasculature of the fish from each treatment group, and emptied into Heparin
bottles for haematological analysis at the Department of Medical Laboratory Sciences, Lagos
University Teaching Hospital, Idi-Araba, Lagos. Haematological values were measured
following standard methods (Blaxhall and Daisley, 1973; Joshi et al., 2002). White blood cells
(WBC) and red blood cells (RBC) were counted by Neubauer's improved haemocytometer,
using Turk’s and Hyem’s solutions as diluting fluids respectively, packed cell volume (PCV)
and haemoglobin (Hb) concentration were analyzed wusing haematocrit and
cyanmethemoglobin methods respectively. Mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were estimated using the standard method
described by Dacie and Lewis (1991). Blood smear were stained using Grunwald-Giemsa
stain, for lymphocytes and neutrophils examination (Tavares-Dias et al., 1999).

Biochemical Analysis
Blood samples were also collected and emptied into plain bottles for biochemical analysis at
the Department of Clinical Chemistry laboratory, Lagos University Teaching Hospital, Idi-
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Araba, Lagos. Blood samples were centrifuged at 3000 rpm for 10 min, while the serum
obtained were stored at -20 °C prior to further analyses.

Serum enzymes: The aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) activities were determined according to Reitman and Frankel (1957) colometric method
using Randox kits, while alkaline phosphatase activity was determined according to
phenolphthalein monophosphate method (Babson et al., 1966).

Liver antioxidant enzymes: The liver was excised and homogenized in ice-cold 0.25 M
sucrose buffer, pH 7.4. The homogenate was centrifuged at 5000 rpm for 15 min at 4 °C and
preserved prior to analysis. Superoxide dismutase (SOD, units/mg protein) activity was
determined by its ability to inhibit the auto-oxidation of epinephrine, determined by the
increase in absorbance at 480 nm as described by Sun and Zigma (1978). The reaction
mixture (3 mL) contained 2.95 mL of 0.05 M sodium carbonate buffer (pH 10.2), 0.02 mL of
the blood sample and 0.03 mL of epinephrine in 0.005 N HCI. Catalase (CAT, pmol/mg
protein) activity was determined according to Sinha (1972), wherein dichromatic acetic acid,
following heating in the presence of H.0,, undergoes reduction to chromic acetate, with
perchloric acid being formed; this was analyzed spectrophotometrically at 590 nm. The
activity of glutathione (GSH, units/mg protein) was determined in the tissue homogenates
using Ellman's reagent, 5-5-dithio-bis (2-nitrobenzoic acid) (DTNB) as a colouring reagent
(Sedlak and Lindsay, 1968).

Statistical Analysis

Data were analyzed with one-way ANOVA, and means were compared using Duncan
Multiple Range Test (Duncan, 1955) at significant level of 0.05. All computations were
performed using statistical package IBM 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The results of growth and nutrient utilization parameters of C. gariepinus juveniles fed with
experimental diets are as shown in Table 2. The results showed that the highest significant
(p<0.05) mean weight gain was achieved with fish fed diet 5 (116.67+5.70), followed by diet 4
(103.17£3.79), diet 2 (103.00+4.16), diet 3 (96.42+6.43), and the least value by the group
fed diet 1 (89.00£0.58). In addition, the highest percentage weight gain (PWG) was recorded
by diet 5 (133.62+7.47%). This was significantly different (p<0.05) from other experimental
groups, and the least value (94.35£0.91) was recorded for the control group. The highest
values for total feed intake (154.63+7.19) and daily feed intake (3.16£0.15) were recorded
among the groups of fish fed diet 2 (oxytetracycline); these values were significantly different
(p<0.05) from other groups of fish fed probiotic diets. The best significant value (p<0.05) for
feed conversion ratio (FCR) was recorded with diet 5 (1.17+0.04), while the least (1.60£0.06)
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was recorded for the control diet. The PER for diets 1 and 5 recorded the lowest (2.54+0.02)
and highest (3.27+0.18) values respectively, and were also significantly different (p<0.05)
from other diets. No significant variation was observed in groups fed diets 2, 3 and 4
whereas, diets 1 and 2 fed groups differed significantly (p<0.05). Furthermore, no significant
difference (p>0.05) was recorded in the values of protein intake (PI), with the exception of
diets 1 and 2. The highest Pl (54.12+2.52) was recorded by the group fed diet 2, while the
group fed diet 5 recorded the least value (46.28+1.32). The groups of fish fed diet 2
(oxytetracycline) and diet 5 recorded the highest (154.63+7.19) and lowest (132.23+3.77)
values for total feed intake (TFI), while the groups of fish fed with B. subtilis differed
significantly (p< 0.05) from diets 1 and 2.

Table 2: Growth and nutrient utilization parameters of C. gariepinus juveniles fed with
experimental diets, containing probiotic Bacillus subtilis U146A

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Parameters (Control) (Oxytetracyline) (109) (107 (109
MFW g 183.33+0.882  197.00+5.03%  189.7546.322  199.67+3.602> 212.33+5.57°
MIW g 94.33+0.67 94.00£2.00 93.3340.99 96.50+0.89 95.67+0.33

MWG g 89.00£0.582  103.00+4.16®®  96.42+6.432 103.17+3.79%  116.67+5.70°
PWG % 94.35+0.912  109.63+4.40  103.31x7.17% 106.91+4.10® 133.62+7.47°
SGR %/day  1.36+0.012 1.51£0.042 1.44£0.072 1.42+0.042 1.58+0.07°

TFl g 142.134£5.0920  154.63+7.19>  133.72+2.742  136.23£6.00° 132.23+3.772
DFI g/day 2.90+0.102® 3.16+0.15° 2.73+0.062 2.78+0.122 2.70+0.082
FCR 1.60£0.06¢ 1.50+0.03 1.41+0.09c 1.37+0.06% 1.17+0.042
PER 2.54+0.022 2.94+0.1220 2.75+0.1820 2.86+0.1120 3.27+0.18°
Pl 49.75£1.78%  54.12+2.52° 46.80+0.962  47.68+2.102  46.28+1.322

Values on the same row with different superscripts are significantly different (p<0.05). Mean
final body weight (MFW), mean initial body weight (MIW), mean weight gain (MWG),
percentage weight gain (PWG), specific growth rate (SGR), total feed intake (TFI), daily feed
intake (DFI), feed conversion ratio (FCR), protein efficiency ratio (PER), protein intake (PI).

The effects of the B. subtilis U146A probiotic on the blood parameters of experimental fish are
recorded in Table 3. Although, the values of the haemoglobin (Hb), red blood cells (RBC),
white blood cells (WBC), packed cell volume (PCV) decreased with the increasing inclusion of
graded levels of probiotic and oxytetracycline. However, no significant difference (p>0.05)
was recorded among dietary treatments. Equally, there was no significant difference (p>0.05)
across all experimental groups in the following parameters; mean corpuscular haemoglobin
concentration (MCHC), neutrophils (NEUT), lymphocytes (LYM), monocytes (MONO) except,
mean corpuscular haemoglobin (MCH) in which diets 2 and 3 significantly different (p<0.05)
from other experimental diets (Table 3).
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Table 3: Haematological parameters of C. gariepinus juveniles fed with experimental
diets, containing probiotic Bacillus subtilis U146A

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
(Control) (Oxytetracyline) (109) (107) (109
WBC X(109L) 63.13£9.08 53.83+£9.24 50.00£4.28  41.17+8.44 53.53+4.80
PCV (%) 39.23+£2.63 32.27+£1.18 33.35£1.58  28.07+5.39 35.40£1.97
Hb (g/L) 15.10£0.91 13.1020.61 12.65+0.56 10.78+1.98 13.63£0.53
RBC X(109/L) 2.53+£0.17 2.3240.18 2.09+0.11 1.83+0.35 2.3410.11
MCH(Pg) 155.13+£3.402  139.57+5.552 160.5846.05° 153.43+6.68%> 151.22+4.0120
MCHC (g/L) 59.73+0.60 56.87+1.68 60.97£1.22  60.08+1.55 58.45+1.19
MONO (%) 38.53+0.95 40.77+£0.44 38.10£0.93  39.63+2.43 38.72+1.04
LYM (%) 0.27£0.03 0.20£0.06 0.65+0.15 1.1310.46 0.28+0.06
NEUT (%) 61.10£0.05 59.10+0.09 61.25£0.37  59.24+1.83 61.00£0.08

Values on the same row with different superscripts are significantly different (p<0.05) from
each other. White blood cells (WBC), red blood cells (RBC), haemoglobin (Hb), packed cell
volume (PCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC), neutrophils (NEUT), lymphocytes (LYM), monocytes (MONO).

The biochemical characteristics of C. gariepinus fed diets with different levels of B. subtilis
U146A and antibiotic are shown in Table 4. There was no significant difference (p>0.05) in
the values recorded for AST, ALP and GSH across diets. Similarly, no significant difference
(p>0.05) was found in values of ALT, with the exception of control (35.67£18.17), which
differed significantly (p<0.05) across experimental diets. Likewise, SOD values were
significantly high (p<0.05) in fish fed diet 4 (158.44+1.88) and antibiotic diet (157.81+5.73),
which showed remarkable increase over other dietary groups. Furthermore, CAT values were
significantly high (p<0.05) in fish fed control diet (655.22+89.48) and antibiotic diet
(749.28+3.26), which also showed remarkable increase over other groups (Table 4).
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Table 4: Biochemical parameters of C. gariepinus juveniles fed with experimental diets,
containing probiotic Bacillus subtilis U146A

Parameters  Diet 1 (Control) Diet 2 Diet 3 Diet 4 Diet 5
(Oxytetracyline) (109) (107) (109

AST (UL)  65.67+16.76 63.33+14.08 60.83+12.48 58.00+5.26 59.20+4.53

ALT (UL)  35.67+18.17° 18.00+1.532 18.50+1.182 14.80£2.372 15.40+£1.172

ALP (UIL) 12.00+0.58 16.33+1.86 12.33+1.67 12.40+0.51 12.40+1.60

GSH 49.92+11.02 44.08+1.31 41.54+16.04 42.17+2.67 50.11+4.56

(units/mg

protein)

SOD 145.47+3.18° 157.8145.73¢ 139.22+4.67° 158.44+1.88¢ 82.70+1.662

(units/mg

protein)

CAT 655.22+89.48>  749.28+3.26° 522.80+113.792  453.62467.082  391.16+21.81a

(umol/mg

protein)

Values on the same row with different superscripts are significantly different (p<0.05) from
each other. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT), alkaline
phosphatase (ALP), superoxide dismutase (SOD), catalase (CAT), reduced glutathione
(GSH).

DISCUSSION

Probiotics, which are live microorganisms that confer health benefits on the host, have been
used in aquaculture as a means of disease control, supplementing or even in some cases
replacing the use of antimicrobial compounds (Tekinay and Davies, 2001). In this study, the
growth parameters of the experimental fish were significantly enhanced by the
supplementation of the probiotic microorganism (B. subtilis) at all the inclusion rate, especially
at the highest level. In addition, the group of fish fed diet 5 recorded the lowest total feed
intake with highest mean weight gain. These results shows the beneficial effects of B. subtilis,
which enhances gut functions, thereby helping the activities of endogenous enzymes like
protease, whose main function is to digest protein into components required for tissue growth.
This was corroborated by the work of Hauville et al. (2016), who reported positive results
when they fed a mixture of commercial Bacillus to Florida pompano and common snook
larvae during their early larval stages, to determine the effect on growth and digestive enzyme
activities. Several other studies have demonstrated the positive effects of Lactobacillus
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species on the growth response of gilthead sea bream (Suzer et al., 2008), African catfish (Al-
Dohail et al., 2009), Persian sturgeon and beluga fry (Sarker et al., 2010).

The possible reason for the improved growth performance of C. gariepinus after feeding with
probiotic diets might be due to improved gut functions and feed efficiency of diet (Al-Dohail et
al., 2009), which ultimately stimulated the appetite of fish (Irianto and Austin, 2002). The
enhanced growth could be due to the ability of B. subtilis to stimulate appetite and improve
the absorption of nutrients (Wang et al., 2008). Other microorganisms such as Agrobacterium
sp., Pseudomonas sp., Brevibacterium sp., Microbacterium sp. and Staphylococcus sp. have
also been documented as having the potential to contribute to nutritional processes (Lara-
Flores, 2011). Similar observations have been reported for the microbial flora of adult penaeid
shrimp (Penaeus chinensis), where a complement of enzymes exists for digestion and
synthesis of compounds that are assimilated by the animal (Mohammed, 2015). Also, there
were reports that B. subtilis can improve the growth, survival and immune system of
Oreochromis niloticus (Aly et al., 2008) and shrimp (Penaeus monodon) (Rengpipat et al.,
2000).

Haematological parameters, especially PCV, total and differential leukocyte counts in the
blood, provide an indication of the health status of the fish (Hrubec et al., 2000). Equally,
blood characteristics of most fish have been studied to establish normal value range, and
deviation from it may indicate a disruption in the physiological process of fish (Rainza-Paiva
et al., 2000; Joshi et al., 2002). Consequently, the mean values obtained in this study were
within the normal ranges recommended for C. gariepinus and also exhibited that its wellbeing
is in good condition (Erhunmwunse and Ainerua, 2013).

Similarly, O. niloticus fed diet supplemented with B. subtilis (Soltan and El-Laithy, 2008) and
Pediococcus acidilactici (Ferguson et al., 2010) showed some variation, but no significant
difference in Hb and PCV contents among control and the other experimental fish groups fed
diet enriched with probiotics. On the contrary, Abd EI-Rhman et al. (2009), reported significant
effects on haematological parameters when probiotics were applied in Tilapia diet. The
reason for this may be due to the different genera of probiotic bacteria used for feed
formulations. B. subtilis was included in fish feed meal in this study, while Micrococcus luteus
and Pseudomonas species were employed in the study conducted by Abd EI-Rhman et al.
(2009).

Modulation of immune system is one of the numerous benefits attributed to probiotics (Nayak,
2010). B. subtilis cells as probiotics have been reported to shape the immune system by their
physiological action in the intestines, and upon colonizing the gut they trigger an immune
response because the intestinal cells can produce a series of immunoregulatory molecules
when stimulated by bacteria (Corcionivoschi et al., 2010). This was the case in the present
study.
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The results obtained on the effect of probiotics on biochemical indices showed that the control
diet had the highest values for ALT and AST. In addition, the value of ALT for control group
was significantly higher than other diets. This has revealed that the probiotic B. subtilis has
positively modulated the above parameters, resulting in the improved health status of the fish.
This was in agreement with the work of Adorian et al. (2019) who reported that liver enzymes
(AST, ALT and ALP) were lower in fish fed diet supplemented with 1 x 108 CFU g~ probiotic
Bacillus compared with the control group.

Antioxidant enzymes are crucial in the effort to counteract oxidative stress caused by
toxicants once the supply of other antioxidant compounds is depleted. These enzymes, which
remove peroxides, and superoxide radicals including SOD, catalase and GSH are of essence
in oxidative stress to deal with free radicals causing several disturbances (Saglam et al.,
2014). Catalase degrades the hydrogen peroxide produced by the dismutation of superoxide
ion by SOD during oxidative stress. In this study, the effect of B. subtilis has greatly
suppressed the activities of antioxidant enzymes, particularly at the highest supplementation
with probiotic, the values of SOD and CAT were greatly reduced. This further buttresses the
fact that the group of fish fed probiotic were not under stress compared to the control and
oxytetracycline groups. According to Han et al. (2016), SOD concentration increases with the
intensity of stress, but the activity of catalase and GSH can vary depending upon the type of
stress. This was further corroborated by the work of Shaheen et al. (2014) who reported that
commercial feed supplemented with probiotic resulted in lower expression levels of
glutathione peroxidase (GPx), SOD and cytochrome ¢ oxidase subunit 1 (COX1), compared
to the control feed in two yellow perch. They attributed the differences in gene expression to
be due to the presence of probiotic, assuming a possible involvement in the modulation of the
antioxidant system in the fish. Therefore, from this study we could conclude that among
probiotic beneficial effects, is to provide protection against oxidative stress, and the ability to
decline the risk of accumulation of reactive oxygen metabolites, which are harmful to the host.

CONCLUSION

The results obtained from this study show that B. subtilis modulates the gut microbes, thereby
enhancing nutrients absorption and consequently improves the weight gain, at 109 CFU/mL
level in the diet of C. gariepinus for a sustainable high productivity in African mud cat fish
farming.
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