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ABSTRACT

	Antimicrobial resistance (AMR) is a threat to poultry industry worldwide and thus there is need for its surveillance and search for alternative drugs. A cross-sectional study was conducted in Juja Subcounty, Kenya to determine the prevalence and risk factors of gut bacteria isolated from 200 chicken kept by the local farmers. A structured questionnaire was administered to 40 chicken farmers to evaluate risk factors associated with the prevalence of the bacteria. A total of 200 cloacal swab samples were collected aseptically from mature chicken, cultured, and bacteria identified using standard bacteriological techniques. In vitro activity of selected antibiotics against the isolated bacteria was conducted using the disc diffusion method. Similarly, the activity of bromelain and chitosan against six randomly selected antibiotic resistant bacteria isolates was also conducted. The overall prevalence of gut bacteria in the chicken was 92.5% (185/200). The prevalence was significantly (P<0.05) associated with farmers education (higher in chickens kept by farmers with primary education (78%) than those in farmers with tertiary education (56%)), animal husbandry (higher in chicken mixed with other animals (80.9%) than those not mixed (64%)), age of chicken (higher in starters (83.3%) compared to finishers (72.2%)), and disease history (higher in chickens with a history of gut conditions (97.4%) than those without (85.6%)). The isolated gut bacteria were Salmonella spp. (46.5%), Escherichia coli (34%) and Staphylococcus aureus (12%). Salmonella spp. and E. coli isolates had the high resistance against nalidixic acid (90.4%; 92.9%), and penicillin (76.2%; 85.7%), respectively. Notably, S. aureus isolates were more resistant to penicillin (90%) and nalidixic acid (90%). The minimum inhibitory concentration (MIC) of bromelain and chitosan for different bacteria were: Salmonella spp., (125µg/ml, 250µg/ml) and E. coli (125µg/ml, 500µg/ml). The MIC of chitosan against S. aureus was 250µg/ml. These findings show that the burden of gut bacteria and AMR in the chicken in the study area was high and thus there is need to develop sustainable interventions. Both bromelain and chitosan exhibited some antimicrobial activity against antibiotic-resistant bacteria, and this highlights their potential for development as alternative antimicrobial agents.
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1. INTRODUCTION
Globally, the poultry industry is one of the fastest-growing agricultural sub-sectors catalyzed by industrialization, consumer preference and a growing population (Goyilla et al., 2024). The current Kenya’s poultry population is approximately 60 million and is a major source of income and livelihoods of urban and rural dwellers (Mwasi, 2020). Overall, the sector contributes 7.8% of the overall gross domestic product (KNBS, 2022). In recent years, there has been rapid growth of commercial broiler production in major urban and peri-urban areas. The intensification of poultry operations in the country has been associated with poor animal husbandry and animal welfare practices which could be associated with high prevalence of bacterial diseases and high mortalities (McDevitt et al., 2006; Wibisono et al., 2020). 
In poultry, the most prevalent pathogenic gut bacteria are Salmonella spp., Escherichia coli, Staphylococcus spp. and Campylobacter spp. (Hakkani et al., 2016, Agu et al., 2024, Aworh et al., 2019, Mageto et al., 2018). In Kenya, only a few studies have estimated the prevalences of these bacteria, with overall prevalences ranging between 16 and 58% (Ngai et al., 2021; Kariuki, 2019). These bacteria cause salmonellosis, arthritis, enteritis and Campylobacteriosis in chicken. These bacteria are also common causes of foodborne diseases in humans (Wibisono et al., 2020). Farmers and animal health practitioners aggressively use antibiotics not only to manage the disease but also for growth promotion. The over-use and misuse of antibiotics has resulted to emergence and spread of antibiotic-resistant pathogens in food animals (McEwen et al., 2018). In Kenya, AMR in poultry farming has been on the rise, with up to 60% resistance reported in the common antibiotics used (Ndukui, 2021). The main risk factors are use of multiple antibiotics and scenarios where farmers can sometimes can access from veterinary drugs shops without professional advice (Kariuki et al. 2023, Mutua et al, 2023). With the emergence of AMR, various actors in the sector have called for development of alternative antimicrobial drugs. 
In the current study we evaluated feasibility of using bromelain and chitosan as possible antimicrobial alternatives. Bromelain is a group of proteolytic enzymes that are obtained from pineapples (Ananas comosus) (Varilla et al., 2021), and have been found to possess anti-inflammatory, anti-edematous, antithrombotic, fibrinolytic activities, anti-viral and antibacterial activities (Hikisz and Bernasinska, 2021). Recently, nanoencapsulated bromelian has been shown to have high anthelmintic and anticoccidial activities in domestic animals (Daiba et al., 2022). Earlier studies have revealed that the antibacterial properties of bromelain could be due to its ability to disrupt bacterial cell walls and prevention of bacterial adhesion and toxin production (Hikisz and Bernasinska, 2021). Its use has been shown to reduce pathogenic bacterial populations in poultry while supporting gut health (Kumar et al., 2023). On the other hand, chitosan refers to polysaccharides obtained through the deacetylation of chitin found in the exoskeleton of insects' cuticles, such as black soldier flies. Studies have shown that chitosan has antibacterial and antifungal properties (Lagat, 2022). A recent study (Mahlangu et al., 2020) reported that encapsulation of bromelain with chitosan had an antibacterial effect against S. aureus and E. coli obtained from milk of dairy goats having mastitis. In another study, Polinarski et al. (2021) reported that Klebsiella pneumoniae, Neisseria gonorrhea, and Shigella sonnei were susceptible to the chitosan extract. However, similar studies have not been conducted on isolates from poultry. 
The current study aimed at determining the prevalence and risk factors associated with bacterial infections in chicken kept by local farmers in Juja Sub-County, Kenya. The latter has peri-urban set-up where there is increase in number of farmers keeping broiler chickens. The study also evaluated the susceptibility of the isolated bacteria to antibiotics, bromelain and chitosan extracts. 
2. material and methods
2.1 Study area 
[bookmark: _Toc197581361]This study was conducted in Juja Sub-County, Kiambu County, Kenya. The sub-county has five administrative wards: Juja, Witeithie, Kalimoni, Theta and Murera. It is located about 35km from Nairobi's city. The main economic activity of residents of this peri-urban area is trade and agriculture. As of last census, Juja Sub-County has a livestock population of about 63,031 chickens, 32,000 sheep, 136,251 cattle, 17,300 pigs, and 12,699 goats (KNBS, 2022). The study area was selected due to increased cases of poultry gut bacterial diseases reported by animal health officers (unpublished information). 
2.2 Study design
[bookmark: _Toc197581362]A cross-sectional study design was adopted. A structured questionnaire was administered to poultry farmers to assess the risk factors associated with incidences of gut bacterial pathogens in chickens kept in the study area. Cloacal swabs were collected from chickens to assess the bacterial in the feces. Further, the susceptibility of the isolated bacteria to antibiotics, bromelain and chitosan was undertaken in a laboratory set-up.
2.3 Chicken Sample size determination
The sample population of the chicken for sampling during the study was computed using the procedure outlined by Thrusfield (2007), taking 95% as the confidence level and 5% as absolute precision. The expected prevalence for this study was 15%, a prevalence documented previously by Mageto et al. (2018). Therefore, using the formula, a minimum sample size of 196 chickens was obtained. A total of 200 chickens were randomly selected in the current study. The sampling frame was obtained from the local livestock production office. In total, 40 farms were selected and visited during the study. Farms which qualified to participate in the study had at least five (5) chickens.
2.4 Sampling and microbiological examination 
[bookmark: _Toc197581364][bookmark: _Toc196740908]Cloacal fecal swabs were collected from a restrained chicken using sterile swabs according to the standard guidelines of fecal sample collection (Papadopoulou et al., 1997). The swabs were placed into the plastic case, labelled accordingly and transported at 4ºC to the microbiology laboratory in JKUAT. 
Microbiological analysis was conducted according to procedures described in CLSI (2024) guidelines. Briefly, the cloacal swabs were streaked aseptically in both blood agar (BA) and MacConkey (MAC) agar. The cultured plates were incubated aerobically for 18 hours at 37 ̊C. The cultural and colonial characteristics of the bacteria grown on the BA and MAC were recorded. Gram staining was performed to study the morphology and staining characteristics of bacteria. Biochemical tests, such as fermentation, oxidase, catalase, methyl red, and indole tests, were performed per standard methods CLSI guidelines. The identified isolates were stored at 4ºC and later used to determine their susceptibilities to selected commercial antibiotics, chitosan and bromelain.
2.5 Questionnaire administration
[bookmark: _Toc197581367]During the farm visits, a structured questionnaire was administered to the head of the household. The questionnaire had questions concerning poultry management practices and chicken-based factors such as chicken feeding, age, breed, stocking density, antibiotic use, rearing method, farmer education, biosecurity measures and status of bedding materials.  

2.6 Extraction of chitosan from black soldier flies
[bookmark: _Toc197581368]Chitosan was extracted from black soldier flies (BSF) larvae following the procedure developed by Peng et al. (2022). Briefly, the BSF larvae were washed in distilled water and allowed to dry. The dried larvae were pulverized into a fine powder and mixed with 100ml of 4M HCL acid at 75ºC with a temperature of 1 hour. The resultant mixture was filtered and washed several times with distilled water to remove the acid. The product of filtration was soaked in 50ml of 2M Sodium hydroxide at 100ºC for 18 hours (Peng et al. (2022). The sample was filtered and rinsed with distilled water to remove Sodium hydroxide. The deproteinized sample was passed through a mixture of chloroform, methanol and distilled water in a 1:2:4 ratios and rinsed with distilled water to eliminate residue chemicals. The mixture was stirred continuously to convert all the chitin to chitosan. The obtained clean sample was placed in an oven heated to 600ºC and allowed to dry for 24 hours to remove any remaining moisture.
[bookmark: _Toc197581370]2.7 Bromelain extraction 
Pure bromelain was obtained from an ongoing project at JKUAT where bromelain was extracted following procedure describe by Daiba et al., (2023). Briefly, pineapple peels were obtained from fresh pineapples, washed with 0.1% hydrogen peroxide, and sliced into smaller pieces. The sliced peels were weighed and ground using a blender in sodium acetate buffer. The product was then filtered and centrifuged at 4,000g for 50 minutes. The resulting supernatant was collected and preserved at 4°C. Approximately 6.6 g of ammonium sulphate was systematically added to 15ml of the supernatant under freezing conditions. The mixture was continuously agitated using a magnetic stirrer for 45 minutes and then incubated for 24 hours at 4°C. Thereafter, the suspension was centrifuged at 10,000g for 10 minutes at 4°C. The resulting pellet was dissolved in 10ml of 10 mM Tris-HCl buffer. The pellet was then purified using a 10 kDa dialysis membrane, which was soaked overnight in 100 mM Tris-HCl buffer. The liquid retained inside the membrane was collected, labeled as purified bromelain, and preserved at -20°C.
2.8 Susceptibility of isolates to selected antibiotics, bromelain and chitosan
The disc diffusion method (CLSI, 2024) was used to determine the susceptibility of isolates against selected commercial antibiotics, bromelain, and 1% chitosan. The antibiotics commonly used by local farmers were evaluated. These included ciprofloxacin (30µg), tetracycline (30µg), nalidixic acid (30µg), erythromycin (30µg), penicillin (30µg), gentamycin (30µg) and sulfamethoxazole (25µg) and were sourced from OxoidTM. (Oxoid Limited, United Kingdom). This study used S. aureus ATCC 25923 and E. coli ATCC 25922 strains as control strains. Briefly, a fresh culture was suspended in sterile saline (0.5 McFarland turbidity). The prepared suspensions were inoculated to the Mueller Hinton agar plate. The discs were positioned onto the inoculated plates and incubated at 37ºC for 18 hours. The results of zones of inhibition were measured using Vernier caliper and interpretation was undertaken as per the clinical and laboratory standards institute guidelines (CLSI, 2024).
For the bromelain and chitosan, 2 representative bacterial isolates (resistant to penicillin and nalidixic acid) for each bacterial species were randomly selected for susceptibility testing. The activity of the extracts against the isolates was undertaken using the disc diffusion method (CLSI, 2024). Briefly, sterile disc papers were dipped in different concentrations of commercial bromelain and 1% chitosan, placed onto the inoculated plates, and incubated at 37ºC for 18-24 hours (Mahlangu et al., 2020). The results of zones of inhibition were interpreted as described above (CLSI, 2024).
2.8 Data analysis
Data was entered into Microsoft Excel vs 20 (Microsoft, USA) and thereafter exported to Statistical Package for Social Sciences (SPSS vs 2020) (IBM corporation, USA) for analysis. Descriptive statistics were performed and presented in form of charts, graphs, and tables. Analysis of variance (ANOVA) and logistic regression test was used to determine the relationship between risk factors and the isolation of gut bacteria in chicken kept in the Juja sub-county. The significance level was set at (p<0.05).
3. results
3.1 Prevalence of bacteria isolates from cloacal swabs of chicken in Juja Subcounty
Overall, of the 200 cloacal swab samples collected and culture, 92.5% (185/200) samples were positive for growth. Salmonella spp. were the most prevalent (46.5%) pathogen, followed by E. coli (34.0%) and S. aureus (12.0%) (Table 1). A higher proportion (62.5%) of Salmonella species were isolated in chicken from Theta Ward, while the least (37.5%) were isolated in those from Juja Ward. On the other hand, E. coli species were the predominant (55.0%) pathogen in chicken from Witeithie Ward. Staphylococcus aureus was the least isolated pathogen among chicken reared in Theta and Witeithie wards at 5% and 0%, respectively. 

Table 1: Prevalence of gut bacteria isolated from chicken reared in Juja Subcounty (40 chicken were sampled from each of the five wards)
	Isolate
	                                                        Study wards
	Total 

	
	Juja n (%)
	Kalimoni n (%)
	Murera (n%)
	Witeithie (n%)
	Theta (n%)
	n (%) 

	Salmonella spp.
	15 (37.5)
	16 (40.0)
	17 (42.5)
	20 (50.0)
	25 (62.5)
	93 (46.5)

	E. coli
	16 (40.0)
	8 (20.0)
	14 (35.0)
	22 (55.0)
	8 (20.0)
	68 (34.0)

	S. aureus
	8 (20.0)
	9 (22.5)
	5 (12.5)
	0 (0)
	2 (5.0)
	24 (12.0)


[bookmark: _Toc197581378]Key: Salmonella spp.: Salmonella species, E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, (n=number of chicken positive for the given isolate).
3.2 Risk factors associated with gut bacterial infections among poultry reared in Juja subcounty
The factors which were significantly (p<0.05) associated with prevalence of bacterial infections in the chicken included farmer’s education level, presence of other animals, production system, litter state and biosecurity measures (Table 2). Chicken kept by farmers with non-formal and primary education had a higher prevalence (70; 78%) of gut bacteria compared those kept by farmers with tertiary education (56%). Chicken reared under free-range systems had a significantly higher prevalence (70.3%) of bacteria compared to those kept under deep liter (60%) and battery cage (53.3%) systems. Chicken kept in houses having wet litter had high prevalence (83.2%) of gut bacteria as opposed to those in dry litter conditions (64.8%). Chicken kept in dirty chicken house recorded a higher (95.9%) prevalence of gut bacteria compared to those kept in clean units (86.3%). In farms where chicken were mixed chicken with other poultry species, such as ducks, geese and turkeys, the chicken had significantly (80.4%) higher prevalence of gut bacterial infection compared to those kept separately (67.4%) (Table 2).

Table 2: Management factors associated with infection of gut bacteria among chicken reared in Juja subcounty
	Variable 
	Observation 
	positive chicken (%)
	OR
	p-value 

	Level of education 
	Non-formal (n=85)
	60 (70.0)
	1.61
	<0.001

	
	Primary (n=55)
	43 (78.0)
	
	

	
	Secondary (n=35)
	22 (62.9)
	
	

	
	Tertiary (n=25)
	14 (56.0)
	
	

	Farm type
	Small scale (n=165)
	155 (93.8)
	6.56
	0.281

	
	Large scale (n=35)
	30 (85.7)
	
	

	Presence of other animals like ducks, turkey, geese 
	Yes (n=105)
	85 (80.9)
	1.99
	0.011

	
	No (n=95)
	64 (67.4)
	
	

	Production system 
	Free range (n=145)
	102 (70.3)
	9.06
	0.016

	
	Deep litter (n=40)
	24 (60.0)
	
	

	
	Battery cage (n=15)
	8 (53.3)
	
	

	Litter state 
	Humid (n=95)
	79 (83.2)
	2.64
	0.001

	
	Dry (n=105)
	68 (64.8)
	
	

	Cleanliness of chicken house
	Clean (n=102)
	88 (86.3)
	0.83
	0.001

	
	Dirty (n=98)
	94 (95.9)
	
	

	Disposal of dead birds 
	Burying (n=129)
	92 (72.1)
	0.27
	0.084

	
	Throwing away to nearby bush (n=71)
	55 (77.5)
	
	



At the host level, the age of the chicken, breed, and history of gut diseases were all statistically significant (p<0.05) factors associated with prevalence of isolated bacteria. Among the chicken sampled, starters had a higher prevalence of gut bacteria (83.8%) compared to growers (75.9%) and finishers (72.2%). Indigenous (Kienyeji) chicken had a higher (82.6%) prevalence of bacterial infections compared to layers (71.4%) and broilers (66.7%). Chicken with previous gut infection had a higher prevalence (97.4%) of gut bacteria compared to those without (85.6%) any history of the diseases (Table 3).
 
Table 3: Bird-level factors associated with infection of gut bacteria among chicken kept in Juja subcounty
	Variable
	Level
	No of positive 
(n, %)
	Odds ratio
	p-
value

	Age of chicken 
	 Starter (n=31)
	26 (83.8)
	0.53
	0.023

	
	Grower (n=79)
	60 (75.9)
	
	

	
	Finisher (n=90)
	65 (72.2)
	
	

	Breed of the chicken
	Kienyeji (n=98)
	81 (82.6)
	1.26
	0.026

	
	Improved (n=62)
	50 (80.1)
	
	

	
	Layers (n=28)
	21 (71.4)
	
	

	
	Broilers (n=12)
	8 (66.7)
	
	

	Birds’ density (/m2)
	1-4 birds (n=110)
	70 (63.6)
	2.52
	0.152

	
	5-9 birds (n=65) 
	40 (61.5)
	
	

	
	Above 10 (n=25)
	17 (68.0)
	
	

	History of gut diseases
	Yes (n=117)
	114 (97.4)
	1.41
	
0.009


	
	No (n=83)
	71 (85.6)
	
	


[bookmark: _Toc197581382]
3.3 Phenotypic antibiotic susceptibility profiles of bacterial species isolated from chicken reared in Juja subcounty
A total of 45 bacterial isolates were selected and subjected to antimicrobial susceptibility testing, and these comprised of Salmonella spp. (n=21), Escherichia coli (n=14), and Staphylococcus aureus (n=10). Among the Salmonella spp., the highest levels of resistance were observed against nalidixic acid (90.4%), penicillin (76.2%), and tetracycline (57.1%). Similarly, E. coli isolates demonstrated high resistance to nalidixic acid (92.9%), penicillin (85.7%), and tetracycline (71.4%) (Table 4). Salmonella spp. isolates exhibited sensitivity to ciprofloxacin (57.1%) and gentamycin (42.9%). Escherichia coli isolates showed the highest sensitivity to ciprofloxacin (57.1%). For S. aureus isolates, the highest resistance rates were recorded against nalidixic acid (90%), penicillin (90%), and tetracycline (80%). These S. aureus isolates were sensitive to ciprofloxacin (60%), gentamycin (20%), and sulfamethoxazole (10%).
Table 4: Antimicrobial susceptibility profiles of gut bacteria isolated from cloacal swabs from chicken in Juja subcounty, Kenya
	
	Salmonella Spp.
	E. coli 
	S. aureus

	Antibiotics
	R (n%)
	S (n%)
	R (n%)
	S (n%)
	R(n%)
	S (n%)

	Ciprofloxacin
	1 (4.76)
	12 (57.1)
	3 (21.4)
	8(57.1)
	2 (20)
	6 (60)

	Nalidixic acid
	19 (90.4)
	0 (0)
	13 (92.9)
	0 (0)
	9 (90)
	0 (0)

	Penicillin
	16 (76.2)
	4(19.0)
	12(85.7)
	1(7.1)
	9(90)
	0 (0)

	Tetracycline
	12 (57.1)
	4(19.0)
	10(71.4)
	2(14.3)
	8(80)
	0 (0)

	Gentamycin
	9 (42.9)
	9(42.9)
	7(50)
	2(14.3)
	6(60)
	2(20)

	Erythromycin
	11(52.4)
	5(23.8)
	9(64.3)
	1(7.1)
	6(60)
	0 (0)

	Sulfamethoxazole
	10 (47.6)
	7(33.3)
	10(71.4)
	2(14.3)
	4(40)
	1(10)



[bookmark: _Toc197581386]3.4 Antimicrobial activity of bromelain and chitosan against bacteria isolated from chicken in Juja subcounty
In each group of bacterial species (Salmonella spp., E. coli, S. aureus), two isolates that were highly resistant to the tested commercial antibiotics (penicillin and nalidixic acid) were randomly selected and used to test the antimicrobial activity of bromelain at varying concentrations of 500µg/ml, 250µg/ml, 125µg/ml, and 6.25µg/ml (Table 5). 
The minimum inhibitory concentration (MIC) of bromelain was 125µg/ml for Salmonella spp., and E. coli isolates. As the concentration increased, the inhibition was enhanced for these two species. The bromelain did not show any inhibition effect to S. aureus isolates in all concentrations tested. 
Table 5: In vitro activity of nano-encapsulated bromelain against bacteria isolated from chicken in Juja subcounty

	Bacterial isolate
	Concentration of encapsulated bromelain(µg/ml)

	
	500
	250
	125
	6.25

	Salmonella spp.
	A
	S
	S
	S
	NS

	
	B
	S
	S
	S
	NS

	E. coli 
	A
	S
	S
	S
	NS

	
	B
	S
	S
	S
	NS

	S. aureus 
	A
	NS
	NS
	NS
	NS

	
	B
	NS
	NS
	NS
	NS


[bookmark: _Toc197599693][bookmark: _Toc197581389][bookmark: _Toc197580562][bookmark: _Toc197579534][bookmark: _Hlk193899019]Key: Salmonella spp.: Salmonella species, E. coli: Escherichia coli, S. aureus: Staphylococcus aureus
A and B represents two antibiotics selected for testing
Equally, each isolate tested for bromelain antimicrobial activity was also subjected to laboratory-extracted chitosan at concentrations of 1000 µg/ml, 500 µg/ml, 250 µg/ml, and 125 µg/ml. The MIC of chitosan for Salmonella spp., was 250 µg/ml, while that for E. coli was 500 µg/ml. Chitosan had no antibacterial activity against S. aureus isolates in all concentrations tested (Table 6).
Table 6: In vitro activity of chitosan against bacteria isolated from chicken in Juja subcounty
	Bacterial isolate
	Isolate ID
	Concentration of chitosan (µg/ml)

	
	
	1000
	500
	250
	125

	Salmonella sp.
	6
	S
	S
	S
	S

	
	107
	S
	S
	S
	NS

	E. coli
	21
	S
	S
	NS
	NS

	
	74
	NS
	S
	NS
	NS

	S. aureus
	22
	S
	S
	S
	NS

	
	100
	NS
	NS
	NS
	NS



DISCUSSION
The introduction of antimicrobials treatments and in particularly the use of vaccine in poultry helped to shrink bacterial infections. However, the advent of antibiotic-resistant bacteria and the prohibition on the use of growth promoter antimicrobials among poultry has resurrected the problem of bacterial infection in the sector. The present study reported a high prevalence of gut bacteria among chickens kept in the Juja Sub-County. Comparable findings were reported by Borges et al. (2019) (90.1%) and Rafiq et al. (2024) (88.3%) in Brazil and Norway, respectively. In Kenyan, a study reported a slightly lower prevalence of 85% (Mageto et al., 2018). Higher prevalence of gut bacterial infection in poultry has been reported in Kenya (94%) and the South Africa (95%) (Wamboi et al. 2017, Ntivuguruzwa, 2016). The varying prevalence of gut bacteria recorded can be attributed to differences in poultry species, geographical conditions and varying chicken management practices in the different studies.
Our study revealed Salmonella spp., E. coli and S. aureus as the gut bacteria common infecting the guts of chicken in the study area. Similarly, Agu et al. (2024) reported that Salmonella spp. (47%), E. coli (34%), and S. aureus (19%) were the dominant pathogens among Nigerian chickens. These pathogens are frequently isolated from chickens and chicken products, posing public health threats due to their potential to cause foodborne diseases. In China, Tan et al. (2023) found that Salmonella spp. (58%) and S. aureus (28%) were the predominant bacterial isolates responsible for foodborne illnesses. Elsewhere, Hassan et al. (2021) documented that feed types and poor hygiene among poultry and poultry product handlers are the main sources of bacterial contamination in poultry. Thus, poultry farmers should regularly clean and disinfect poultry houses, equipment, and water sources. Further, handlers of food products should uphold good personal hygiene, such as handwashing.
The risk factors associated with gut bacterial infection included education level of the poultry farmer, mixing of chicken with other animals, type of production system, litter state, chicken age, breed, chicken hygiene and history of concurrent gut diseases. Other studies have demonstrated that the occurrence of pathogenic bacteria in chickens are affected by similar profile of factors (Aworh et al., 2019; Kariuki et al., 2023; Wang et al., 2013). Our findings were in agreement with those reported by Aworh et al., (2019) and Wang et al. (2013) who found that mixing of chicken, wet liter, age and breed of the chick increased gut bacterial infections in poultry. Wet liter and mixing of chicken increases infections due to cross contamination (Mageto et al., 2018). To reduce these infections and optimize production, educational programs focusing on better production systems, standard poultry management practices and selective breeding should be advocated in the study area.
In the current study, all the three isolates were highly resistant to tetracycline, nalidixic acid and penicillin and sulfamethoxazole. These findings were in agreement with those reported in Bangladesh by Rafiq et al. (2024) who reported high resistance (>60%) to these antibiotics. Elsewhere, study in Nigeria (Sanni, 2024) reported a comparable resistance among Salmonella species (81%, 72%), E. coli (75%, 76.9%) and S. aureus (100%, 82%) to nalidixic acid and penicillin. The high resistance profiles recorded in this study could be attributed to the overuse and uncontrolled acquisition of these antibiotics in the study area. The improper application of antibiotics as growth promoters and for prophylactic purposes has been recognized as contributing to AMR development. 
In the current study, the Salmonella spp., E. coli and S. aureus, isolates were highly susceptible to ciprofloxacin and gentamycin, and this compared favorably with studies undertaken in Egypt (Sallam et al., 2024), Kenya (Ndukui, 2021), and Bangladesh (Bhusan, 2020). The high sensitivity reported for ciprofloxacin and gentamycin could be attributed to the rare use of ciprofloxacin and gentamycin in the study area for either treatment or prophylaxis. Therefore, bacterial exposure to ciprofloxacin and gentamycin was rare. Thus, its recommended that the two antibiotics can be used in management of poultry diseases upon laboratory diagnosis.  
The widespread occurrence of AMR necessitates research into new alternative products such as bromelain and chitosan which were investigated in this study. The current study showed that bromelain was more sensitive to Salmonella and E. coli isolates. Findings by Precious et al. (2020) showed that bromelain was effective against multidrug-resistant S. aureus, P. aeruginosa, E. coli, and Salmonella species isolated from goat’s milk. Elsewhere, Mahlangu et al. (2020) and Gharib-Naseri et al. (2024) reported that bromelain subdued the growth of E. coli and S. aureus isolates recovered from dairy goats and domestic chicken. This finding highlights a promising future of bromelain as alternative drugs for managing bacterial infections in poultry. In the current study, E. coli, Salmonella spp., and S. aureus were found to be sensitive to chitosan. Other studies have reported that chitosan can be used as oral antibiotic in rabbits, hens, and broilers (Hassan et al., 2021; Peng et al. 2022). Elsewhere, Gharib-Naseri et al. (2024) and Elsayed et al. (2024) demonstrated that chitosan extracts were effective against E. coli and S. aureus isolates from gut of chicken. Future studies should investigate sensitivity of Salmonella spp against lower concentrations of chitosan. Further development of the bromelain and chitosan as a novel drug should be investigated. 
4. Conclusion
The current study reported a high prevalence of gut bacteria in chicken form the study area and the prevalence was mainly due to poor husbandry and hygiene at farm level. Further, the study showed that a large proportion of the bacteria were resistant to common antibiotics especially penicillin and nalidixic acid. Notably, our findings show that bromelain and chitosan offer promising alternatives for the treatment of the isolated bacteria. Therefore, future studies should focus on further development these products in chicken.
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