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Abstract 

The aquaculture industry is one of the fastest-growing sectors in the food industry. The Nile tilapia, Oreochromis 
niloticus, is an important and inexpensive species of fish. A study was conducted to determine the effects of divergent 
dietary crude proteins on fish growth performance and antibiotic susceptibility of bacterial pathogens infecting all-male 
tilapia (Oreochromis niloticus). Forty-eight fish samples were grouped into three groups based on crude protein 
percentages, including 15%, 30%, and 45%, and the fish's body weight and length were measured on days 15, 30, 45, 
and 60. Ordinary one-way ANOVA (Tukey's multiple comparison test) was applied to three divergent dietary crude 
protein groups for the examination of growth performance at different time points. Using the same fish samples, 
bacterial strains were isolated from fish skin and gills and identified based on their morphological characteristics and 
biochemical testing. Kirby Bauer's disc diffusion method was used to determine the antibiotic susceptibility of identified 
bacterial isolates. The ANOVA (Tukey's multiple comparison test) results showed that 45% crude protein level in fish 
feed led to a greater growth rate than 15% and 30% under high-performance conditions. The antibiotic susceptibility 
findings indicate that Staphylococcus aureus showed the highest sensitivity (50%) toward antibiotics while 
Pseudomonas aeruginosa showed the least susceptibility (10%). The study provides a new perspective on the impact of 
crude protein on fish growth performance, as well as baseline information for the management of fish diseases based 
on antibiotic sensitivity.  
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1. Introduction

Aquaculture is an emerging field of interest because it is the fastest-growing food production sector globally (1). In 
addition, fish is the most economical and easily digestible animal protein obtained from natural sources for 
consumption. Still, due to over-profiteering and pollution, the fish in the wild waters have declined noticeably, 
compelling scientists to implement different genetically modified approaches to enhance production (2, 3). According 
to the aquaculture review in 2017, the top 75% of aquaculture production contributed by these notable species included 
tilapia, seaweeds, carp, bivalves, and catfish (4). 
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Tilapia is the generic name of approximately a hundred species of cichlid fish, including coelotilapine, coptodonine, 
heterotilapine, oreochromine, pelmatolapiine, and tilapiine tribes (5). Tilapia originated exclusively from Africa and the 
Middle East. These extensively farmed fish species dominate the global aquaculture industry and are only stamped out 
by the leading carp and salmon (6, 7). Moreover, tilapia is considered food fish for the 21st century and is famous as an 
aquatic chicken. The aquaculture production of tilapia is about 4.0 million tonnes, with an expenditure of almost three 
billion dollars. Previously, many studies used tilapia as model fish because this species has many advantages: fast-
growing, prefer all kinds of supplementary feed, high disease resistance ability, and is cultured in saline water (8). 
Tilapia contains various species, but the most common and significant species are the Nile, blue, and Mozambique. 

Nile tilapia (Oreochromis niloticus) is the major fish in the 21st century. Researchers focus on the Nile tilapia in their 
studies due to its ability to breed and produce new generations expeditiously, high disease resistance ability, and 
flexibility for culture under various farming systems (9, 10). However, propelled by insufficient production in tilapia 
farms, the world fish organization conducted surveys on world tilapia genetic resources from 1980 to 1987. They 
interpret that inadequate seed supply and deteriorating performance in several aquaculture systems are primary 
concerns (11). As a result, world fish and its partners from Norway and the Philippines established the Genetically 
Improved Farmed Tilapia (GIFT) project in 1988. GIFT aimed to develop a rapid-growing strain of Nile tilapia fit for 
both small-scale and commercial aquaculture (12-14). 

The primary concern is that the mixed-sex culture of tilapias in ponds results in a high level of uncontrolled breeding 
and precocious sexual maturity controlled by raising the monosexual population (15, 16). Monosexual tilapia 
production is attained through sex reversal methods (17) by applying diverse approaches, such as hormonal sex 
reversal, intra, and interspecific hybridization, and genetically all-male tilapia from YY x XX crosses (16, 18-20). One of 
the most common techniques for the commercial production of all-male tilapia is a direct application of  17α-
methyltestosterone (17α-MT) hormones (21, 22). Nonetheless, a primary limitation of this method is the limited 
availability, affordability, and restriction in many countries because of its unfriendliness and adverse human health 
effects (23). In addition, males are preferred due to their high growth ability than females; males grow almost twice as 
fast as females (15).     

Protein is the nutrient that produces the greatest energy, but it is also the most expensive and crucial for disease 
resistance, optimal physiological performance, and motility in fish (24). Increasing the protein content in fish feeds can 
increase production, but too much dietary protein will be converted to harmful nitrogenous chemicals when it is 
metabolized as an energy source, which could be bad for fish growth (25). Fish often eat protein to receive both essential 
and non-essential amino acids, which are required for the development of muscles and the activity of enzymes and, to 
a lesser extent, supply energy for maintenance (26). Previously, a study on Siniperca scherzeri evaluated the effects of 
dietary protein and lipid content on fish growth, feed utilization efficiency, and muscle-proximate composition. A diet 
containing three proteins (35, 45, and 55%) and two dietary lipid levels (7 and 14%) was fed to triplicate groups of fish 
for eight weeks. Compared to the diet with a protein value of 35% and 45%, the diet with a 55% protein value resulted 
in drastically increased Weight Gain (WG) and Specific Growth Rate (SGR), but lipid levels remained stable.   

Globally bacterial pathogens are a colossal threat to fish production due to the tremendous economic significance of the 
disease they cause (27, 28). Previously, several bacterial pathogens involved in fish diseases worldwide were well 
documented (29-31). Awareness of the antibiotic susceptibility of the bacteria is crucial for the proper management of 
the diseases caused by these bacteria. Earlier, the global utilization of antibiotics in aquaculture and the probable 
transmission of resistant bacteria among earthbound and aquatic species were well documented (32, 33). Nonetheless, 
numerous studies demonstrated antimicrobial resistance (AMR) transmission between humans and terrestrial food 
animals with less consideration of the aquatic ecosystem (34, 35). Thus, inappropriate information regarding 
antimicrobial drug susceptibility of the marine ecosystem provides a significant aspect of understanding AMR's 
epidemiology (36). 

This study consisted of two trials: in the first trial, the effects of divergent dietary Crude Protein (CP) levels on fish 
growth and development were investigated, while in the second trial, antibiotic sensitivity of isolated bacteria from fish 
skin and gills was examined. The findings of the first trial of this study recommend that fish diets be enriched in crude 
protein, paving the way for further research regarding fish feed formulations to promote fish growth. Additionally, the 
second trial of the study provides baseline information for future reference and disease management.  
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2. Material and methods 

2.1. Experimental design 

The experiment was conducted at the aquaculture and fisheries department, National Agriculture Research Centre 
(NARC), Islamabad, Pakistan, collaborating with Abasyn University, Islamabad campus. Initially, Oreochromis niloticus 
fish were sexually transformed into monosexual tilapia (all-male tilapia) by using the sex reversal method of direct 
application of 17α-methyltestosterone (17α-MT) hormone which has been well documented (21, 22). The duration of 
the trial was two months, and the fish was acclimatized for one week. After acclimatization, in total 48 uniformed-sized 
fingerlings were selected. Additionally, three aquaria were utilized, and each aquarium housed 16 fish and contained 
100 liters of water, and attached a suitable aerator to ensure the water is adequately oxygenated. Water quality 
parameters will be maintained by changing 20% of water daily (37). The control diet of 30% CP was formulated as (soya 
bean, rice polish, wheat bran, canola meal, gluten 30 to 60%, sunflower, sodium carboxymethyl cellulose 1%, di-calcium 
phosphate 2%, soya bean oil, and vitamin premix). There were three divergent dietary CP experimental groups in this 
study, including the control group (CPcontrol = 30%), a reduction group (CPlow = CPcontrol -15%), and an increased group 
(CPhigh = CPcontrol +15%), and each dietary group contained 16 fish. Finally, the isolated bacteria from the fish's gills and 
skin were tested for antibiotic susceptibility.  

2.2. Measurement of Body Weight (BW) and Length (L) 

Fish were fed at the rate of 5% body weight, having CPcontrol = 30%, CPlow = 15%, and CPhigh = 45%. Before handling fish, 
wet hands protect the mucous layer and minimize handling to avoid unnecessary stress and/or mortality. Take out the 
fish from the aquarium and placed it on the measuring board. Afterward, in centimeters, measure the length (L) of the 
entire fish from the tip of its snout to the end of its caudal fin. Subsequently, a weight scale was used to measure the 
body weight (BW) of individual fish. Primarily, it was important to place the weight scale in a stable location, start the 
scale at zero, and remove excess water from individual fish as much as possible. Additionally, fish was placed on the 
scale and measured the BW was in grams. After every 15 days, fish (BW) and (L) were measured for all 48 samples and 
recorded in excel sheets. Furthermore, we calculated the mean weight and length of the population by using this 
equation as shown. 

𝜇(𝐵𝑊) =
Σ𝑋

𝑁
     and     𝜇(𝐿) =

Σ𝑋

𝑁
 

[Where µ= Population means, ΣX = sum of all individuals (BW) and (L), and N = total numbers of individuals]. 

2.3. Bacterial Isolation and identification 

A total of 48 fresh all-male tilapia fish were selected for bacterial sample collection. Different samples were randomly 
isolated/collected from the fish skin and gills with the help of a sterile cotton swab. The samples were inoculated on 
Blood agar (tryptones, soya bean protein digest, agar, and 5% sheep blood) and MacConkey agar (gelatin peptone, HMC 
peptone (peptones meat and casein), lactose monohydrate, sodium chloride, bile salts, neutral red, crystal violet, and 
agar) and placed the plates in an incubator at 37℃ for 24 hours. 

We distinguished the colonies based on their morphological traits after a 24-hour incubation period.  Furthermore, we 
perform biochemical tests by using Oxidase, indole, catalase, coagulase, DNase, citrate test, and Gram staining for the 
prediction of bacterial strains (38). 

2.4. Media Preparation 

Three different media were prepared,  Blood agar,  MacConkey agar, and Muller Hinton agar. Bacterial isolation was 
done using Blood and MacConkey agars, and antibiotic susceptibility testing was done on identified and confirmed 
bacteria using Muller Hinton agar. Blood agar composition includes the mixing of 1 liter of distilled water with 28 grams 
of nutrient agar powder; boil the mixture while constantly stirring until the ingredients are completely dissolved; then 
place the liquid in an autoclave set at 121 ° C for 15 minutes. The mixture should then be allowed to cool to between 45 
and 50 ° C, 5% sheep blood added, and then poured into sterile glass plates to allow the material to harden. (39). 
MacConkey agar composition includes 51.5g of nutrient agar that must be suspended in 1 liter of distilled water. After 
thoroughly blending the powder, autoclave for 15 minutes at 121 ° C.  Last but not least, pour the mixture into sterile 
glass plates and let it set (40). Mueller Hinton agar preparation includes suspending 38 g of Mueller Hinton agar in one 
liter of distilled water. For the medium to fully dissolve, heat it while stirring often and bring it to a boil for one minute. 
Autoclave it for 15 minutes at 121 °C. Mueller Hinton Agar that has cooled down to room temperature should be added 
to sterile Petri dishes on a level, horizontal surface to ensure equal depth. Keep the plates between 2 and 8℃ (41). 
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2.5. Antibiotic susceptibility testing 

The disc diffusion method was employed to conduct the antibiotic sensitivity test. A total of ten different antibiotic disc 
types were used: Ampicillin (10µg), Oxacillin (1µg), Florfenicol (30µg), Kanamycin (30µg), Gentamycin (10µg), 
Erythromycin (15µg), Nitrofurantoin (300µg), Nalidixic acid (30µg), Neomycin (10µg), and Amoxicillin (10µg). By using 
a swab, the identified bacteria were streaked into a plate of Muller-Hinton agar. Using sterile forceps, the antibiotic discs 
were then kept on the agar and incubated for 24 hours at the 37℃ methodology adopted (42). The Kirby-Bauer disc 
diffusion's zones of inhibition were measured from the disk's center to the periphery of the bacterial growth and all 
tests were performed twice, methods were well-documented (43). 

2.6. Statistical Analysis 

Initially, normality and lognormality tests were performed on the individual group, including CPcontrol, CPlow, and CPhigh 

with D'Agostino & Pearson normal distribution test within GraphPad Prism (version.8.0.1) environment. The passing 
threshold for the normality test was established by using an alpha score (α ≤ 0.05). Furthermore, ordinary one-way 
ANOVA was performed with Tukey's multiple comparisons test on three comparison groups: (CPcontrol vs. CPlow), (CPcontrol 
vs. CPhigh), and (CPlow vs. CPhigh) for the examination of growth performance (BW and L) within different time points, 
including day 15, 30, 45 and 60, respectively.  The comparison group was considered significant with P ≤ 0.05. 

3. Results  

 

Figure 1 Schematic representation of the experimental design. (a) In the first part of the study, Body Weights (BW) 
and Lengths (L) were measured for three different fish groups: CPcontrol, CPlow, and CPhigh, each containing 16 
individuals within different periods (day 15, day 30, day45, and day60). Each orange block represents the study 

workflow for divergent dietary crude protein trails. (b) A second part of the study examined the antibiotic 
susceptibility of selected bacteria isolated from the skin and gills of 48 fish. The green block depicts each step followed 

for antibiotics susceptibility trials 
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This study revealed the impact of dietary crude protein on fish growth and development. In total, 48 fish were classified 
into three groups, each containing 16 fish, based on divergent crude protein proportions, such as 15%, 30%, and 45% 
as shown in Figure 1a. Interestingly, in the pre-processing step, all the datasets computed in this study passed the 
normality and lognormality test D'Agostino & Pearson normal distribution with a threshold of the alpha score (α ≤ 0.05). 
Afterward, comparing three groups, including (CPcontrol vs. CPlow), ( CPcontrol vs. CPhigh), and (CPlow vs. CPhigh) 
with one-way ANOVA (Tukey's multiple comparisons test) indicated the significant differences in weight and length of 
the fish between the groups within different time point, including day 15, 30, 45 and 60, respectively. The comparison 
groups with adjusted P ≤ 0.05 were considered significant. Initially, seven bacteria were isolated from the skin and gills 
of the 48 fish samples for investigation of antibiotic susceptibility analysis, as shown in Figure 1b. Three out of seven 
(3/7) bacteria, including (Streptococcus agalactiae, Enterococcus, and Proteus) indicated contamination on the media 
plates and were excluded from the experiment. Finally, four out of seven (4/7) bacteria, including (Staphylococcus 
aureus, Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa) were used to examine the sensitivity 
with response to these ten antibiotics, including Erythromycin (E), Gentamycin (CN), Oxacillin (OX), Kanamycin (K), 
Florfenicol (FFC), Ampicillin (AMP), Amoxycillin (AML), Nitrofurantoin (F), Neomycin (N), and Nalidixic acid (NA).   

3.1. Pairwise comparison of fish Lengths (L) between divergent crude protein groups within different time 
points 

 

Figure 2 Comparison of fish length between CPcontrol, CPhigh, and CPlow at different time intervals. A bar chart depicts 
the average length of fish between CPcontrol, CPhigh, and CPlow at (a)  day 15 (b) day 30 (c) day 45, and (d) day 60.  The 
red, blue, and green bars represent the mean length values for the CPcontrol, CPhigh, and CPlow, respectively. The black 

lines illustrate the pairwise comparisons, including (CPcontrol vs. CPhigh), (CPcontrol vs. CPlow), and (CPhigh vs. CPlow), while 
the asterisk symbol represents the significance between the groups. ns: no significance (P > 0.05), **: P ≤ 0.01 , and  

***: P ≤ 0.001 

Multiple pairwise comparisons on divergent crude protein groups with one-way ANOVA using Tukey's multiple 
comparisons test within different time points, including days 15, 30, 45, and 60). A significant difference in fish lengths 
was not found when CPcontrol was compared to CPhigh on day 15 and the mean difference between comparison groups 
was (-0.2188) with a P-value of (0.33). Conversely, when CPcontrol was compared to CPlow a visible difference in fish length 
was observed with a mean difference of (0.5) and P- the value of (0.006). Similarly, in CPhigh vs. CPlow comparison, a 
significant difference in fish lengths was found with a mean difference of (0.7188) and  P < 0.001 (Figure 2a). 
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Furthermore, on day 30 a significant difference in fish lengths was found between all three groups. Interestingly, 
CPcontrol, CPhigh, and CPlow passed the cut-off criteria P < 0.05 and showed substantial differences in fish length.  

In the comparison of CPhigh and CPlow, CPhigh displayed the largest difference in fish length with a mean difference of 
(1.86), as shown in Figure 2b. Likewise, the results of day 45 and day 60 were in line with day 30 and showed the same 
trend in the length differences of the fish. The CPhigh and CPcontrol group indicated a substantial difference in fish length 
when compared to the CPlow group, while the CPhigh group also indicated significant differences in length when compared 
to the CPcontrol group, as indicated in Figures 2c & d. 

3.2. Pairwise comparison of fish Body Weights (BW) between divergent crude protein groups within different 
time points 

 

Figure 3 Comparison of fish weight between CPcontrol, CPhigh, and CPlow at different time intervals. A bar chart depicts 
the average weight of fish between CPcontrol, CPhigh, and CPlow at (a)  day 15 (b) day 30 (c) day 45, and (d) day 60.  The 
red, blue, and green bars represent the mean weight values for the CPcontrol, CPhigh, and CPlow, respectively. The black 

lines illustrate the pairwise comparisons, including (CPcontrol vs. CPhigh), (CPcontrol vs. CPlow), and (CPhigh vs. CPlow), while 
the asterisk symbol represents the significance between the groups. *: P ≤ 0.05, and ***: P ≤ 0.001 

Tukey's multiple comparisons test was applied to multiple pairwise comparisons on divergent crude protein groups 
with one-way ANOVA at various time points, including days 15, 30, 45, and 60. A significant difference in fish weights 
was found when CPcontrol was compared to CPhigh on day 15 and the mean difference between comparison groups was (-
5.75) with a P-value of (<0.001). Similarly, when CPcontrol was compared to CPlow a visible difference in fish length was 
observed with a mean difference of (2.313) and P-value of (0.0324). Additionally, in CPhigh vs. CPlow comparison, a 
significant difference in fish weights was found with a mean difference of (8.063) and a P<0.001 (Figure 3a). Moreover, 
on day 30 a significant difference in fish weights was also found between all three groups. A significant difference in fish 
weights was found when CPcontrol was compared to CPhigh on day 30 and the mean difference between comparison groups 
was (-7.375) with a P-value of (<0.001). Likely, when CPcontrol was compared to CPlow a visible difference in fish weight 
was observed with a mean difference of (3.375) and P-value of (0.005). However, in CPhigh vs. CPlow comparison, a 
significant difference in fish weights was observed with a mean difference of (10.75) and a P <0.001 as shown in Figure 
3b. Likewise, the results of day 45 and day 60 showed a significant difference in fish weights between all three groups. 
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Interestingly, CPcontrol, CPhigh, and CPlow passed the cut-off criteria P < 0.05 and showed substantial differences in fish 
weights. The CPhigh and CPcontrol group indicated a substantial difference in fish weights when compared to the CPlow 

group, while the CPhigh group also indicated significant differences in weight when compared to the CPcontrol group, as 
indicated in Figures 3c & d. 

3.3. The susceptibility of Staphylococcus aureus to antibiotics 

An antimicrobial susceptibility test was performed on Staphylococcus aureus using ten different antibiotics. 
Remarkably, the finding indicated that 5/10 (50%) of the antibiotics tested were susceptible to Staphylococcus aureus, 
including Florfenicol (FFC), Erythromycin (E), Nalidixic acid (NA), Gentamycin (CN), and Neomycin (N), demonstrated 
in Figure 4a & 4b. In addition, 4/10 (40%) of the antibiotics tested were resistant to Staphylococcus aureus, including 
Nitrofurantoin (F), Ampicillin (AMP), Amoxycillin (AML), and Oxacillin (OX) while only Kanamycin (K) antibiotic test 
results was specified as intermediate to Staphylococcus aureus (Figure 4a & 4b). In the zone of inhibition analysis, 
Florfenicol (FFC) antibiotic indicated the highest zone inhibition of 33 millimeters (mm), followed by Erythromycin (E) 
25mm, Nalidixic acid (NA) 21mm, Gentamycin (CN) 20mm, and Neomycin (N) 18 mm, respectively according to their 
reference value ranges mentioned in Figure 4c. Kanamycin (K) antibiotic showed a zone of inhibition of 16mm and was 
categorized as intermediate. Moreover, Nitrofurantoin (F), and Oxacillin (OX) antibiotics indicated a zone of inhibition 
of 14mm and 4 mm, respectively while Ampicillin (AMP), and Amoxycillin (AML) showed no zone of inhibition (Figure 
4c). 

 

Figure 4 Antibiotic sensitivity of Staphylococcus aureus. (a) Media plates indicate that the ten different antibiotics 
were tested against Staphylococcus aureus. The red stroked circle depicts a susceptible, the blue stroked circle 

illustrates resistant, and the green stroked circle indicates intermediate. (b) The pie chart indicates the proportion of 
antibiotics that were susceptible, resistant, and intermediate. The red, blue, and green specify susceptible, resistant, 
and intermediate, respectively. (c) The bar chart illustrates the zone of inhibition of antibiotics. The x-axis shows the 

measurement in millimeters (mm), while the y-axis represents the name of antibiotics. The values in the bracket 
denote the reference score for Resistant (R), Susceptible (S), and Intermediate (I) 
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3.4. The susceptibility of Klebsiella Pneumoniae to antibiotics 

An antibiotic susceptibility test was performed on Klebsiella Pneumoniae using ten different antibiotics. Interestingly, 
results indicated that 4/10 (40%) of the antibiotics tested were sensitive to Klebsiella Pneumoniae, including Florfenicol 
(FFC), Nitrofurantoin (F), Nalidixic acid (NA), and Kanamycin (K), as shown in Figure 5a & 5b. Whereas, 6/10 (60%) of 
the antibiotics tested were resistant to Klebsiella Pneumoniae, including Erythromycin (E), Neomycin (N), Gentamycin 
(CN), Ampicillin (AMP), Amoxycillin (AML), and Oxacillin (OX) (Figure 5a & 5b). The results of the zone of inhibition 
revealed that the Nalidixic acid (NA) antibiotic indicated the highest zone of inhibition of 25 millimeters (mm), followed 
by Florfenicol (FFC) 24mm, Nitrofurantoin (F) 20mm, and Kanamycin (K) 20mm, respectively according to their 
reference value ranges mentioned in Figure 5c. Furthermore, Neomycin (N) antibiotic showed a zone of inhibition of 13 
mm while Erythromycin (E) was 10mm, Gentamycin (CN) 9mm, and Oxacillin (OX) 5mm. Moreover, both Ampicillin 
(AMP), and Amoxycillin (AML) showed the same zone of inhibition of 2mm. (Figure 5c). 

 

Figure 5 Antibiotic sensitivity of Klebsiella pneumoniae. (a) Media plates show that the ten different antibiotics were 
tested against Klebsiella Pneumoniae. The red stroked circle illustrates sensitivity, the blue stroked circle shows 

resistant, and the green stroked circle represents intermediate. (b) The pie chart depicts the percentages of antibiotics 
that were susceptible, and resistant. The red, and blue specifies susceptible, and resistant respectively. (c) The bar 
chart demonstrates the zone of inhibition of antibiotics. The x-axis shows the measurement in millimeters (mm), 

while the y-axis represents the name of antibiotics. The values in the bracket denote the reference score for Resistant 
(R), Susceptible (S), and Intermediate (I) 

3.5. The susceptibility of Pseudomonas aeruginosa to antibiotics 

Pseudomonas aeruginosa was tested for antibiotic susceptibility to 10 different antibiotics. It was revealed that 
Gentamycin (CN), 1/10 (10%) of the antibiotic, was susceptible to Pseudomonas aeruginosa. Furthermore, 9/10 (90%) 
of the antibiotics including Florfenicol (FFC), Nitrofurantoin (F), Nalidixic acid (NA), Kanamycin (K), Erythromycin (E), 
Neomycin (N), Ampicillin (AMP), Amoxycillin (AML), and Oxacillin (OX) were indicating resistance towards 
Pseudomonas aeruginosa as demonstrated in Figure 6a & 6b. Zone of inhibition analysis's findings showed that the 
greatest zone of inhibition 18mm was formed by an antibiotic, Gentamycin (CN) according to its reference value range 
mentioned in Figure 6c. Moreover, both Neomycin (N), and Kanamycin (K) showed the same zone of 9mm, followed by 
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Florfenicol (FFC) 6mm, Oxacillin (OX) 5mm, Amoxycillin (AML) 4mm, and Erythromycin (E) 4mm. Additionally, 
Ampicillin (AMP), Nalidixic acid (NA), and Nitrofurantoin (F) showed no zone of inhibition. (Figure 6c). 

 

Figure 6 Antibiotic sensitivity of Pseudomonas aeruginosa. (a) Media plate results display that the ten different 
antibiotics were tested against Pseudomonas aeruginosa. The red stroked circle demonstrates sensitivity, the blue 
stroked circle shows resistant, and the green stroked circle denotes intermediate. (b) The pie chart represents the 

percentages of antibiotics that were susceptible, and resistant. The red, and blue depicts susceptibility, and resistance 
respectively. (c) The bar chart determines the zone of inhibition of antibiotics. The x-axis shows the measurement in 
millimeters (mm), while the y-axis represents the name of antibiotics. The values in the bracket denote the reference 

score for Resistant (R), Susceptible (S), and Intermediate (I) 

3.6. The susceptibility of Escherichia Coli to antibiotics 

Antibiotic susceptibility testing was performed on Escherichia Coli using 10 different antibiotics. Escherichia Coli was 
found to be susceptible to Florfenicol (FFC), and Nitrofurantoin (F), indicating a percentage of 2/10 (20%) of antibiotics 
as illustrated in Figures 7a & 7b. Also, 8/10 (80%) of the antibiotics showed resistance towards Gentamycin (CN), 
Nalidixic acid (NA), Kanamycin (K), Erythromycin (E), Neomycin (N), Ampicillin (AMP), Amoxycillin (AML), and 
Oxacillin (OX) according to their reference value ranges mentioned in Figure 7a & 7b. The results for the zone of 
inhibition are shown in Figure 7c. It was revealed that an antibiotic, Florfenicol (FFC) formed the largest zone of 
inhibition 25mm, followed by Nitrofurantoin (F) 21mm. interestingly, the zone of inhibition formed by Neomycin (N), 
and Oxacillin (OX) was 9mm, and 5mm respectively. Likewise, Gentamycin (CN), and Ampicillin (AMP) showed the same 
zone of inhibition of 4mm. Furthermore, the zone of inhibition of Amoxycillin (AML) was 3mm, and Erythromycin (E) 
was 2mm. Additionally, Nalidixic acid (NA), and Kanamycin (K) showed no zone of inhibition. (Figure 7c).  
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Figure 7 Antibiotic sensitivity of Escherichia coli. (a) Media plates depict that the ten different antibiotics were tested 
against Escherichia Coli. The red stroked circle reveals sensitivity, the blue stroked circle illustrates resistant, and the 

green stroked circle represents intermediate. (b) The pie chart denotes the percentages of antibiotics that were 
susceptible, and resistant. The red, and blue color represents sensitivity, and resistance respectively. (c) The bar chart 
determines the zone of inhibition of antibiotics. The x-axis shows the measurement in millimeters (mm), while the y-

axis represents the name of antibiotics. The values in the bracket denote the reference score for Resistant (R), 
Susceptible (S), and Intermediate (I) 

4. Discussion 

This Study's objectives included evaluating the effectiveness of dietary crude protein on fish growth and development, 
and examining the antibiotic susceptibility of fish pathogenic bacteria for disease control.  

For this trial, fish were fed with divergent crude protein (CP) proportions, including 15%, 30%, and 45% to estimate 
the effect on fish weight and length (Figure 1a). Likewise, a study conducted by Tawwab et al., (2010), examined the 
effects of dietary protein content on Nile tilapia (Oreochromis niloticus) growth, feed consumption, and physiological 
changes. To each fish weight, duplicate diets containing 25, 35, or 45% crude protein (CP) were given. The advanced 
juvenile tilapia fed the 25%-CP diet had the lowest Protein Growth Rate (PGR), while fry tilapia fed the 45%-CP diet had 
the greatest (44).  

Likewise, in our study, dietary protein intake considerably improved the Body weight (BW) and Length (L) of 
Oreochromis niloticus (Figures 2 and 3). The highest values were seen in fish fed the highest dietary protein level, which 
was 45%. Our results fall within the range of other exclusively carnivorous fish species, like yellow snapper (Lutjanus 
argentiventris), which has been the subject of prior investigations (45). In addition, it can be inferred that Oreochromis 
niloticus need dietary protein of at least 45% to sustain its rapid growth because growth performance did not rise over 
the examined protein levels in our study and fish-fed diets containing 45% protein showed faster growth rates than 
fish-fed diets containing dietary protein of 15 and 30%. Researchers have discovered a similar tendency for other 
freshwater carnivorous fish species, such as pikeperch and Sander lucioperca (46). Similarly, (44) found that a high 
dietary protein level (45%) rather than 15% or 30% protein was attained to achieve the optimal growth of Nile tilapia 
fry. 
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To effectively manage and control disease in a susceptible population, one must know the most common microbial 
pathogens and available treatments. In this study, Oreochromis niloticus (Nile tilapia) microflora was examined for 
antibiotic susceptibility. The isolates, including Staphylococcus aureus, Klebsiella Pneumoniae, Pseudomonas aeruginosa, 
and Escherichia Coli belonged to normal flora, and in some conditions, these microbes become pathogenic and lead to 
severe disease conditions in fish.  

Previously, studies reported 15 species of bacteria isolated from Oreochromis niloticus (Nile tilapia), and Clarias 
gariepinus (African catfish) in Uganda for antimicrobial testing (47) with only two genera that were similar to our study. 
In addition,  specified seven bacterial strains were obtained from retail fish and shrimp in Tanzania (48) with four 
species common to our study. Some of the bacteria discovered in our study could be responsible for food poisoning and 
gastroenteritis. Another study revealed that organisms such as Staphylococcus aureus, Salmonella, Shigella, and 
Pseudomonas are most likely to cause gastrointestinal illnesses when present in food. While Shigella, Salmonella, and E. 
coli infections in fish were the result of feces and the surroundings (49). E. coli are aberrant bacteria that are frequently 
encountered in fish whenever there has been a fecal invasion from warm-blooded mammals (50). S. aureus is one of the 
most effective and adaptable human infections because of its aptitude for gaining antibiotic-resistant pathways and 
pathogenic characteristics, which allowed it to emerge in both nosocomial and community-based settings (51). 

Antibiotics were chosen depending on their level of application and marketability. In our study, ten antibiotics were 
used namely, Gentamycin, Nalidixic acid, Kanamycin, Erythromycin, Neomycin, Ampicillin, Amoxycillin, Oxacillin, 
Florfenicol, and Nitrofurantoin. Remarkably, the findings of our study indicated that 50% of the antibiotics tested were 
susceptible to Staphylococcus aureus, including Florfenicol, Erythromycin, Nalidixic acid, Gentamycin, and Neomycin. 
Also, Mwape et al., (2021) results were similar to our study. They presented in their report that Chloramphenicol, 
cefoxitin, ciprofloxacin, amikacin, and gentamicin showed the greatest susceptibility to the isolates of S. aureus (52). 
Similarly, a recent study showed that the three antibiotics that worked the best were gentamicin, trimethoprim-
sulfamethoxazole, and linezolid. Likewise, Tetracycline, erythromycin, clindamycin, and ciprofloxacin all had a high 
susceptibility rate (53). 

Furthermore, in our study the antibiotics that were resistant to Staphylococcus aureus, including Nitrofurantoin, 
Ampicillin, Amoxycillin, and Oxacillin. Previously, a study reported that the resistance of S. aureus towards penicillin G 
and ampicillin was the highest, followed by erythromycin, clindamycin, and rifampicin (54). Similarly, Kitara et al., 
(2011) used eight antibiotics to check the antibiotic susceptibility testing of Staphylococcus aureus and they showed 
that Ampicillin, one of eight studied antibiotics, demonstrated the greatest overall resistance, followed by 
cotrimoxazole, tetracycline, chloramphenicol, and erythromycin, in that order (55). In our findings, only the Kanamycin 
(K) antibiotic out of all was specified as intermediate to Staphylococcus aureus.  

Our study concluded that Klebsiella pneumoniae showed sensitivity towards Florfenicol, Nitrofurantoin, Nalidixic acid, 
and Kanamycin. However, our results contradicted the previous study conducted by Manjula et al., (2014) which 
demonstrated that K. pneumoniae were resistant to ampicillin, followed by nitrofurantoin and cefuroxime (56). 
Moreover, our results indicated that Klebsiella pneumoniae showed resistance to Erythromycin, Neomycin, Gentamycin, 
Ampicillin, Amoxycillin, and Oxacillin. Correspondingly, study findings demonstrated the resistance of Klebsiella 
pneumoniae towards Amoxicillin/clavulanic acid, gentamicin, kanamycin, streptomycin, tetracycline, and 
sulfamethoxazole-trimethoprim (57). 

Additionally, study results revealed that gentamicin might be more effective towards Pseudomonas strains of animal 
origin (58). These findings were similar to our study which revealed the sensitivity of Pseudomonas aeruginosa to 
Gentamycin. In another study, it was shown that a significant number of Pseudomonas strains were resistant to 
amoxicillin, and ampicillin. Also, the resistance of Oxolinic acid and florfenicol was found to be very high (59). In our 
study, it was proved that Pseudomonas aeruginosa exhibited resistance to 90% of the antibiotics including Florfenicol, 
Nitrofurantoin, Nalidixic acid, Kanamycin, Erythromycin, Neomycin, Ampicillin, Amoxycillin, and Oxacillin. 

The results of our study stated that E. coli isolates showed resistance to various antibiotics, including Gentamycin, 
Nalidixic acid, Kanamycin, Erythromycin, Neomycin, Ampicillin, Amoxycillin, and Oxacillin. However, the results of 
Kibret and Abera contradicted our study, which found that erythromycin and tetracycline were both extremely resistant 
to E. coli isolates (60). Furthermore, a recent finding reported on E. coli that ciprofloxacin, gentamycin, tetracycline, and 
nalidixic acid performed very well in their attempts to stop the growth of the isolate, in comparison to antibiotics like 
Streptomycin and ampicillin (61). Our results showed that E. coli exhibited sensitivity towards Florfenicol and 
Nitrofurantoin. Likely, a study presented the sensitivity of E. coli to imipenem, nitrofurantoin, amikacin, 
chloramphenicol, piperacillin-tazobactam, gentamicin, aztreonam, and norfloxacin (62). 

https://pubmed.ncbi.nlm.nih.gov/?term=Kitara%20L%5BAuthor%5D
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The results of our study suggest that feeds containing 45% to 50% crude protein might be sufficient to promote 
optimum growth and development in fish under high-performance conditions. Additionally, our study recommends that 
fish diets be enriched with crude protein to promote fish growth, paving the way for future research on fish feed 
formulation. Based on the antibiotic sensitivity results of selected bacteria, these results can serve as a basis for future 
reference and management of the fish disease. 

5. Conclusion 

As a result of this study, it was shown that dietary crude protein and host microbiota are related because adequate diet 
composition contributes to healthy microbiota, and both of these factors are important in shaping host physiological 
and immune characteristics. To conclude, our findings provide a foundation for further investigation of how the 
microbiota of fish is influenced by diet crude protein. 
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