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ABSTRACT

	Globally, the indiscriminate use of antibiotics has increased antimicrobial resistance (AMR) and reduced stability of commensal microbiota in chicken gut. This has called for surveillance of the burden of AMR in chicken and development of alternative plant-based products such as neem (Azadirachta indica) oil as antimicrobial applications. This study investigated the prevalence, risk factors and antimicrobial sensitivity profiles of bacteria isolated from gut of chicken against common antibiotics and chitosan-encapsulated neem oil (CENO). The cross-sectional study was conducted in Thika East Sub-County, where 200 chicken from 40 farms were sampled. A total of 200 cloacal swabs of mature chickens were collected. Risk factors associated with prevalence of bacteria were assessed using structured questionnaires. The cloacal swabs were subjected to bacterial culture, isolation and identification while antimicrobial sensitivity testing was conducted using Kirby Bauer disc diffusion technique. The overall prevalence of bacterial infections in the chicken was 88.5% (177/200). Among the bacterial isolates, Salmonella spp. was the most prevalent (66.5%) bacteria, followed by Escherichia coli (61.0%), Staphylococcus aureus (24.0%) and Enterococcus spp. (14.5%). Chicken from farms which lacked foot bath had significantly (P<0.05) higher prevalence (92.0%) of bacteria compared to those from farms with a foot bath (87.3%). Additionally, chickens from farms that did not practice vaccinations had significantly (P<0.001) higher prevalence of gut bacteria (90.8%) compared to those which were vaccinated (87.4%). Escherichia coli and Salmonella spp. isolates were more resistant to penicillin (56.4%; 43.6%) and ciprofloxacin (43.6%; 30.8%) compared to other antibiotics. Further, S. aureus and Enterococcus spp. were more resistant to penicillin (50.0%; 50.0%) and tetracycline (46.7%; 53.8%). At 0.3 g/mL, laboratory extracted CENO exhibited antibacterial activity against S. aureus (30.8%), E. coli (33.3%), and Salmonella spp. (30.8%) and Enterococcus spp. (23.1%). Commercial CENO at the same concentration (0.3 g/mL) showed antibacterial activity against S. aureus (30%), E. coli (23.1%), Salmonella spp. (17.9%), and Enterococcus spp. (15.4%). In conclusion, this study demonstrated a high prevalence of bacteria in chickens from the study area, with Salmonella spp. and E. coli being the most prevalent. The observed antimicrobial activity of neem oil should be investigated further with an aim for coming up with alternative antibiotics for use in management of pathogenic gut infections in poultry.
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1. INTRODUCTION

Poultry farming represents one of the rapidly thriving sectors as nations shift from subsistence to intensive farming in order to meet the rapidly growing population (Magothe et al., 2012). Farmers prefer poultry to other animals due to their relatively small body size, short life cycle, robust adaptability to environmental conditions and high energy uptake efficiency (Nawaz et al., 2021). While agriculture in Kenya contribute about 25% of gross domestic product (GDP), the poultry farming contributes approximately 30% of the production (KNBS, 2019). In recent years, farmers in the country have adopted commercial rearing of broilers and layers under intensive management system in order to satisfy the increasing consumers demand for poultry products. However, gut diseases and parasites are some of the main challenges hindering poultry farming in Kenya (Mohamed, 2024). Poultry farmers opt for antibiotics and other drugs to manage these diseases, prophylaxis and growth promotion (Rafiq et al., 2022). 
In recent decades, the haphazard use of these antibiotics has led to development of antibiotic resistant bugs and presence of antimicrobial residues in animal products causing detrimental effects to consumer’s wellbeing. In studies conducted in Nairobi and Kajiado counties, Deng et al. (2024) and Wanja et al. (2023) report a high (ranging between 81.5% and 96.1%) multidrug resistance among E. coli and Campylobacter spp. Isolates from chicken, respectively. Other studies in Kenya by Muthuma et al. (2018) and Odundo et al. (2023), documented high prevalence (57.7%) of sulphonamides and β-lactam antibiotic residues among of the broiler meat from farms in Nairobi County, Kenya. The overuse of antibiotics in broilers also reduces the stability of commensal gut microbiota and their population by eliminating non-targeted beneficial microorganisms (Ghimpețeanu et al., 2022). The common commensals in chicken gut include lactobacillus, enterococcus and bifidobacteria which produce vitamins, organic acids, bacteriocins and other products which are important for the body and for maintenance of gut health (Fathima et al., 2022). Due to the emergence of AMR and presence of drug residues in animal products, there has been global restriction of prophylactic antibiotic use in food animals (Ghimpețeanu et al., 2022). This has contributed to exploration of other measures to sustain animal production and reduced intestinal diseases in the post-antibiotic growth promotion era. Such alternatives include use of phytobiotics which contain antimicrobial activity (Oladokun et al., 2022).
Neem plant (Azadirachta indica) has for a long time regarded as plant with bioactive compounds of medicinal and nutritional importance (Alzohairy, 2016). Neem is an evergreen tree with fragrance foliage and tasty fruits possessing ant-inflammation, immunological and anti-ulcer properties which have made it widely employed for various medicinal purposes (Alzohairy, 2016; Atawodi, 2009). Poultry farmers often use it to manage gut infections. However, to make neem oil stable in the chicken gut there is need for encapsulation with nanomaterials such as chitosan. The interest of chitosan also arises from numerous studies documenting its antimicrobial and anti-oxidative properties on foods (Sirsat et al., 2018). Chitosan is a biocompatible polymer obtained by deacetylation of chitin from invertebrates and is used in food science, agricultural industry and biomedical field (Sirsat et al., 2018).
The susceptibility of gut bacteria to commonly used antibiotics has not been widely reported among chicken kept in many parts of Kenya, including Thika Sub-County. The latter has a substantial number people keeping poultry in urban and peri-urban set-up. The current study was geared towards the investigation of prevalence of gut bacteria in chicken reared by farmers in Thika East Sub-County, Kenya; and sensitivity of the bacteria to common antibiotics. Further, the in vitro activity of chitosan encapsulated neem oil extract against the common gut bacteria of chicken was investigated. 

2. material and methods

2.1 Study area

The study was undertaken in Thika East Sub-County, Kiambu County, Kenya, which is located approximately 42 Km north of Nairobi City. It lies between latitude 1⁰01'59.74''S and longitude 37⁰04'9.59''E of the equator. The area experiences a subtropical highland climate, receiving average annual rainfall of 1,100 mm (range: 900–1250 mm) and average temperatures of 19.6 °C. Although most of the study area is residential in nature, peri-urban livestock farming is prevalent. The number of chickens, cattle, sheep, goats kept by farmers in the study area were 151,380, 9,620, 7,733 and 36,333, respectively in the latest census (KNBS, 2019).
2.2 Study design, sampling strategy and sample size determination

A cross-sectional study design was employed to investigate the prevalence of common bacteria present in guts of chicken kept by the farmers. The farms served as the sampling unit. The sample size for this study was calculated following Fisher’s formula and adjusted for small populations (Fisher et al., 1990). The expected prevalence of 82% based on a previous study (Carron et al. 2018) was used in the calculations. The minimum sample size was 196. In this study, a total of 200 chickens were sampled. 
Eight (8) farms were randomly sampled per ward across the five administrative wards in Thika East Sub-County yielding to 40 farms in total. Fourty (40) mature chickens (5 from each farm) were sampled from each of the five wards giving a total of 200 birds in the whole study area. 

2.3 Questionnaire administration and risk assessment

A structured questionnaire was administered to household head of the farm to gather data on bird's age, production systems, antibiotic use, biosecurity measures and dietary behavior. These variables were analyzed to determine their association with the prevalence of gut bacteria in chickens.

2.4 Fecal sample collection and bacterial identification

The chicken were restrained and cloacal swabs collected using the protocols outlined by Soria et al. (2017). The bird peri-cloacal area was disinfected with 70% ethanol using sterile cotton wool after which a sterile swab was introduced into the cloacal cavity and swapped gently. The samples put in sterile containers, labelled, transported in ice-cooled boxes to the JKUAT Microbiology laboratory and where they were store at 4 ºC until processing.
For culture and identification, swabs were streaked onto MacConkey and Blood agar plates, following protocols from McCue and Bishop, (2021) and incubated for 24 hours at 37 °C. Colonies were identified on the basis of colony characteristics, Gram stain and biochemical tests. 

2.5 Neem oil preparation and susceptibility test  

One kilogram of dried neem seeds were obtained from Kenya Forestry Research Institute (KEFRI). The neem oil was extracted from the seeds using the solvent extraction method by Awolu et al. (2013). The seeds were ground, soaked in 1L of acetone, filtered and evaporated by use of rotary evaporator to obtain neem oil. The encapsulation process described by Ghoshal and Sandal, (2024) was applied in this study. The extracted neem oil was encapsulated with 50 grams of commercially obtained Chitosan which was first dissolved in 1 L of 10% acetic acid. Succinic acid (200 ml) was added as a cross-linking agent. Two emulsions were prepared, one with 50 ml of extracted neem oil and the other with 50 ml of commercial neem oil (Maraorganics®) (India). The emulsions were centrifuged to remove unreacted components and dried at 105 °C for 72 hours. The dried product was stored at 4 °C until use.
Disc diffusion paper discs were prepared following procedure described by clinical and laboratory standards. Briefly, the Whatmans filter paper no. 1 was used to make disc of 6 mm in circumference which were positioned in a petri dish and sterilized at 105 ºC for 15 mins by autoclaving. Three Whatman filter paper discs were positioned marginally and pressed gently onto the surface of Mueller Hinton agar (MHA) inoculated plate (Mehta et al., 2022). Marking corresponding to the different concentrations, including the controls were marked on the culture plate. The discs were distributed evenly such that they were not close than 24 mm from each other.
Using distilled water, CENO was prepared into three varying concentrations of the extract: 0.1, 0.2 and 0.3 g/mL, which could be kept in distinct labelled aliquots in the fridge. One drop of the varied concentration (0.1 g/mL, 0.2 g/mL and 0.3 g/mL) of the CENO was placed on the matching disks according to the marking made on the inoculated plate. 
The antimicrobial activity of commercial antibiotics (Penicillin (10µg), Tetracycline (30 µg), Nalidixic acid (30 µg), Ciprofloxacin (30 µg)) (HiMedia, India) against pure isolates of E. coli (39), Salmonella spp. (39), S. aureus (30), and Enterococcus spp. (26), was tested using Kirby-Bauer disk diffusion technique (CLSI, 2024). The same method was also used to evaluate the in vitro activity of encapsulated neem oil (0.1 g/mL, 0.2 g/mL, and 0.3 g/mL) using the same profile of bacteria. Briefly, Mueller-Hinton agar plates were inoculated with a bacterial inoculation of 0.5 McFarland turbidity and thereafter antibiotics discs and neem oil were incubated at 37 ºC for 18 hours. The zone of inhibition bacterial growth was determined using Vernier caliper and was classified as resistant, sensitive and intermediate according to CLSI, (2024) guidelines. 

2.6 Data analysis

The survey and laboratory data were coded and entered in Microsoft Excel vs 2019 (Microsoft Corporation, USA) and exported to SPSS software (SPSS vs 2020) (IBM, USA) for statistical analysis. Descriptive statistics were generated and presented in tables and figures. The relationship between risk factors and prevalence of chicken gut bacteria was tested using χ² test at a significance level of p < 0.05.

3. results

3.1 Prevalence gut bacteria in chicken reared in Thika East subcounty

The overall prevalence of gut bacterial infections in the chicken was 88.5% (177/200). The number of bacteria isolates were 332 and consisted of Salmonella spp. (66.5%), E. coli (61.0%), S. aureus (24.0%) and Enterococcus spp. (14.5%). Among the gut bacteria isolated from the chicken, Salmonella spp. were the predominant pathogen in chicken from Hospital (77.5%) and Gatuanyaga (70.7%) wards. The isolation rates for E. coli and S. aureus in chicken kept in Gatuanyaga was 65% and 27.5%, respectively. Enterococcus spp. were highly isolated in chicken from Goliba Ward at 20.0% (Table1).



Table 1: Prevalence of gut bacteria from chicken of Thika East Sub-County, Kenya

	Bacterial 
species
	Wards
	Total N (%)

	
	Gatuanyaga
n (%)
	Township
 n (%)
	Kamenu
(n%)
	Hospital
(n%)
	Goliba
(n%)
	

	Salmonella spp.
	28 (70.0)
	24 (60.0)
	27 (67.5)
	31 (77.5)
	23 (57.5)
	133 (66.5)

	E. coli.
	26 (65.0)
	26 (65.0)
	23 (57.5)
	23 (57.5)
	24 (60.0)
	122
(61.0)

	S. aureus 
	11 (27.5)
	11 (25.0)
	8 (20.0)
	12 (30.0)
	7 (17.5)
	48 (24.0)

	Enterococcus spp.
	7 (17.5)
	4 (10.0)
	6 (15.0)
	4 (10.0)
	8 (20.0)
	29 (14.5)


E. coli- Escherichia coli; S. aureus- Staphylococcus aureus
Number of chicken sampled per ward was 40. Total number of chicken sampled = 200

3.2 Risk factors associated with prevalence of bacteria isolated from chicken 
The biosecurity measures at farm level and vaccination status of the sampled chicken were significantly (P<.05) associated with overall prevalence of the bacteria. Chicken from farms with poor biosecurity measures (lack of foot bath) had higher prevalence (92.0%) of bacteria compared to those from farms with a foot bath (87.3%) (X2=9.449, P=0.002). Additionally, chickens from farms that did not practice vaccinations had higher prevalence of gut bacteria (90.8%) compared to those which were vaccinated (87.4%) (X2=14.22, P<0.001). There were no statistical significances (P>0.05) between the other risk factors (age, type of production system, antibiotic use, and ventilation types) and the prevalence of gut bacteria (Table 2). 
Table 2: Relationship between the risk factors and prevalence of pathogenic and non-pathogenic gut bacteria isolated in Thika East Sub-County, Kenya 
	Variable 
	Categories  
	Number examined  
	Positive chicken (n,%)
	Chi-square 
	P-value

	Age 
	Starter 
	55
	49 (89.1)
	0.197
	0.91

	
	Grower 
	70
	61 (87.1)
	
	

	
	Finisher 
	75
	67 (89.3)
	
	

	Type of production system 
	Intensive 
	155
	134 (86.5)
	2.84
	0.09

	
	Extensive 
	45
	43 (95.6)
	
	

	Biosecurity measure 
	Have foot bath
	150
	131 (87.3)
	9.449
	0.002

	
	No foot bath 
	50
	46 (92.0)
	
	

	Chicken vaccination status
	Vaccinated
	135
	118 (87.4)
	14.22
	<0.001

	
	Not vaccinated 
	65
	59 (90.8)
	
	

	Antibiotic use 
	Treatment 
	90
	78 (86.7)
	3.114
	0.21

	
	Prevention 
	75
	70 (93.3)
	
	

	
	Both 
	35
	29 (82.9)
	
	

	Ventilation type
	Natural 
	135
	119 (88.1)
	0.051
	0.82

	
	mechanical 
	65
	58 (89.2)
	
	


3.3 Antimicrobial susceptibility profiles of bacteria isolated from chicken of Thika East Sub-County
A total of 134 isolates were randomly selected from the 332 bacteria obtained from the chicken. Among the isolates, E. coli exhibited the highest resistance to penicillin (56.4%) and ciprofloxacin (43.6%). Salmonella spp., exhibited highest resistance to penicillin (43.6%) and nalidixic acid (43.6%) while S. aureus showed higher resistance to penicillin (50.0%) and tetracycline (46.7%). On the other hand, Enterococcus spp. displayed dominant resistance to penicillin (50.0%) and tetracycline (53.8%). Notably, E. coli and Salmonella spp. isolates had low sensitivity to tetracycline at 10.3% and 15.4%, respectively. For E. coli and Salmonella spp., the isolates were sensitive to nalidixic acid (35.9%) and ciprofloxacin (38.4%), respectively. The sensitivity of S. aureus and Enterococcus spp. to penicillin was low (20%, 15.4%) (Table 3).


Table 3: Antibiotic activity against E. coli and Salmonella spp., S. aureus and Enterococcus spp.
	Antibiotic 
	Escherichia coli (n=39)
	Salmonella spp. (n=39)
	S. aureus (n=30)
	Enterococcus spp. (n=26)

	
	R (n%)
	I (n%)
	S (n%)
	R (n%)
	I (n%)
	S (n%)
	R (n%)
	I (n%)
	S (n%)
	R (n%)
	I (n%)
	S (n%)

	PEN
	22(56.4)
	13(33.3)
	4 (10.3)
	17(43.6)
	19 (48.7)
	3 (7.7)
	15(50)
	9 (30.0)
	 6(20.0)
	13(50)
	9(34.6)
	4(15.4)

	TET
	16 (41)
	19 (48.7)
	4 (10.3)
	6 (15.4)
	27 (69.2)
	6 (15.4)
	14 (46.7)
	10(33.3)
	6 (20.0)
	14(53.8)
	7(27.0)
	5(19.2)

	CiP
	17 (43.6)
	12 (30.8)
	10 (25.6)
	12 (30.8)
	12 (30.8)
	15 (38.4)
	9 (30.0)
	9 (30.0)
	12 (40.0)
	8 (30.8)
	5(19.2)
	13 (50)

	NAL
	15 (38.5)
	10 (25.6)
	14 (35.9)
	17 (43.6)
	12 (30.8)
	10 (25.6)
	12 (40.0)
	6 (20.0)
	12(40.0)
	9 (34.6)
	9(34.6)
	8(30.8)


Key: PEN=penicillin; TET=Tetracycline; CiP=Ciprofloxacin; NAL=nalidixic acid

3.4 Antimicrobial susceptibility profiles of bacteria against CENO
The sensitivity of all the 134 bacteria isolates to CENO was tested. A higher sensitivity was noted in 0.3 g/mL laboratory CENO against S. aureus (33.3%), E. coli (30.8%) and Salmonella spp. (30.8%) compared to 0.3 g/mL commercial CENO against S. aureus (30.0%), E. coli (23.1%) and Salmonella spp. (17.9%). For Enterococcus spp., 0.3 g/mL laboratory CENO exhibited more (23.1%) antibacterial activity compared to 0.3 g/mL commercial CENO (15.4%). Notably, 0.1 g/mL commercial CENO exhibited more antibacterial activity against Salmonella spp. (17.9%), E. coli (15.4%), and S. aureus (6.7%) compared to same concentration for Salmonella spp. (5.1%), E. coli (0%) and S. aureus (0%). Overall, lower concentrations (0.1 g/mL and 0.2 g/mL) of CENO had minimal antibacterial effects against E. coli, Salmonella spp., S. aureus and Enterococcus spp. isolates (Table 4). 
Table 4: Antibiotic activity against E. coli and Salmonella spp., S. aureus and Enterococcus spp.
	CENO
	Escherichia coli (n=39)
	Salmonella spp. (n=39)
	S. aureus (n=30)
	Enterococcus species (n=26)

	
	Number inhibited (n %)
	Number inhibited (n %)
	Number inhibited (n %)
	Number inhibited (n %)

	0.1 g/mL Lab CENO
	0 (0.0)
	2 (5.1)
	0 (0.0)
	2(7.7)

	0.2 g/mL lab CENO
	6 (15.4)
	5(12.8)
	2(6.7)
	3(11.5)

	0.3 g/mL lab CENO
	12(30.8)
	12(30.8)
	10(33.3)
	6(23.1)

	0.1 g/mL commercial CENO
	6 (15.4)
	7(17.9)
	2(6.7)
	1(3.8)

	0.2 g/mL commercial CENO
	8 (20.5)
	2(5.1)
	4(13.3)
	2(7.7)

	0.3 g/mL commercial CENO
	9 (23.1)
	7(17.9)
	9(30.0)
	6(15.4)


Lab CENO= laboratory extracted neem oil encapsulated with chitosan, Commercial CENO = Commercial neem oil neem oil encapsulated with chitosan
4. DISCUSSION

The poultry industry which is one of the fastest developing livestock sub-sector globally, is facing many challenges, chief amongst the gut bacterial diseases and emergence of AMR (Kleyn and Ciacciariello, 2021). The current study was conducted to investigate the prevalence of AMR in common bacteria infecting the gut of chicken in Thika East Sub-County, Kenya. The study demonstrated a high prevalence of gut bacteria among chickens reared in the study area. This prevalence was close to that reported by Tan et al. (2023) who reported a prevalence of >80% in Chinese and Pakistan chicken. Elsewhere, Kilonzo- Nthenge et al. (2008) found a higher prevalence (70%) of gut bacteria in Kenyan chicken. Lower prevalence (60%) of gut bacteria were reported by Igizeneza et al. (2022) in chicken from Nairobi County, Kenya. The higher prevalence reported in our study could be attributed to factors such as lack of footbath, adoption of extensive production system, the use of kitchen refuse as feed source, and inappropriate use of antibiotics among the chicken farmers in the area. 
In the current investigation, Salmonella spp. and Escherichia coli were the most prevalent bacteria, a finding that agree with earlier report by Langat et al. (2019) and Kilonzo-Nthenge et al. (2008) in chicken from other regions in Kenya. These pathogens are widely prevalent in farms with poor biosecurity measures, cross contamination within the poultry and feeding of chicken with kitchen refuse which could be harboring some bacteria. Escherichia coli and Salmonella spp. are known causes of colibacillosis and avian salmonellosis, conditions that causes significant welfare concerns and production loses. Further studies should be undertaken in the area to determine the effects of these bacteria on the health and production of chicken. 
Our study reported low prevalence of S. aureus infections. Contrary to these findings, Madsen et al. (2013) in USA reported high prevalence (66.7%) of this bacterium in chicken. Elsewhere, in Turkey, Telli et al. (2021) reported 25% of chicken samples were positive of S. aureus. Under favorable conditions, Staphylococcus spp. can cause infections in chicken which manifest in decreased egg production, lameness and excessive pain and mortality. Further, S. aureus is ranked as the third leading cause of foodborne illnesses worldwide through a diversity of virulence factors comprising extracellular toxins (Kilonzo-Nthenge et al., 2008) and strategies for its control should be enhanced in the study area.
In the current study, a low prevalence of Enterococcus spp. was reported and this contrasts with other studies documenting higher prevalence rates, for example 94.5% by Kim et al. (2021) in South Korea and 44% by Ribeiro et al. (2023) in Portugal. Enterococci spp. is a gastrointestinal flora of humans and animals and are extensively disseminated in the environment. As inhabitants of human and animal alimentary tract, Enterococci has been associated with bacteriocins production and probiotic activity (Kim et al., 2021). In other studies, Enterococcus pathogens has been recorded as opportunistic germs that can cause human infections, and for their resilient capability to acquire, express and transfer AMR genes (Gousia et al., 2015). The low prevalence of Enterococcus spp. reported in our study could be due to minimal contamination of the area of water from human settings which are known residents of Enterococcus pathogens or animal wastes. 
The most important risk factors associated with prevalence of the bacteria were age of the birds, farm biosecurity, production system, antibiotic use and vaccination status. Similar risk factors were noted in previous studies in Uganda and Belgium (Ayebare et al., 2025; Caekebeke et al., 2020). For instance, Ayebare et al. (2025) noted that farms with insufficient biosecurity practices reported a higher incidence of infections in chicken compared with those with sufficient biosecurity measures. In Cameroon Ziebe et al. (2025) reported that disposal of dead carcass, entrance of visitors to a chicken unit contributed to cross contamination among poultry farms. This finding was also reported in our study. Thus, poultry farmers should ensure proper disposal of dead carcass. Additionally, coupled with enhanced farm biosecurity measures, prudent use of antibiotic and vaccines should be optimized at all times.
The current study showed that Salmonella spp. and E. coli had high resistance to penicillin and tetracycline. On the other hand, S. aureus species were more resistant to tetracycline and nalixidic acid. These findings were comparable to those reported by Akbar and Anal, (2013); Hassan et al. (2014) in Thailand and Bangladesh where Salmonella spp., E. coli and Staphylococcus isolates demonstrated high antibiotic resistance ranging between 44% and 77.7%. The high resistance profiles against commercial antibiotics in our study could be as a result of misuse and overuse of these antibiotics to prevent diseases in chicken and especially where they are administered for prophylaxis. In the present study, the bacteria isolates were more sensitivity to ciprofloxacin and nalidixic acid and thus they can be used for the management of the bacteria. A similar finding was reported by Akbar and Anal, (2013) and Lenchenko et al. (2020). Overreliance of antimicrobial agents such as penicillin, tetracycline’s and sulphonamides has contributed significantly to the high resistance of bacterial isolates in chicken against these drugs (Panyako et al. 2022). Therefore, alternative measures to the use of antibiotics should be adopted. 
Investigating alternative antibiotics for managing bacterial infections and improvement of gut health in poultry is essential. Herbal plants are promising alternative antimicrobial agent particularly when combined with nanomaterials. In our study, S. aureus, Enterococcus spp., Salmonella spp. and E. coli isolates were sensitive neem oil which had been nanoencapsulated with chitosan. The sensitivity of the product was more in higher concentrations for both commercial and laboratory extracted neem oil. A future study should investigate the minimum inhibitory concentrations of the encapsulated neem oil. Previous studies by Ali et al. (2021) in Dhaka-Bangladesh reported higher bactericidal activity of neem oil extract against Salmonella spp, and E. coli with MIC of 12.5 g/mL and 100 g/mL respectively. Elsewhere, Almowallad and Alqahtani, (2024), reported high antibacterial activity of chitosan-neem extracts with inhibition zones as high as 22±3.14mm against pseudomonas species. The higher sensitivity observed could be attributed to neem’s bioactive compounds which inhibits microbial enzymes and DNA replication (Mahmoud et al., 2024). 
5. Conclusion

This study findings show a high prevalence of gut bacteria especially Salmonella spp. and E. coli in chickens reared in Thika East Subcounty. This high prevalence of gut bacteria were associated with factors such not vaccinating chickens, not providing biosecurity measures like foot bath, keeping chicken in extensive production system and using antibiotic to prevent diseases. Extension officers in the study area should raise awareness of the prevalence of these bacteria and advocate for relevant interventions for their management. The present study reported high resistance of E. coli and S. aureus bacteria to prevalence in penicillin and tetracycline and thus strategies for management of AMR should be formulated. A higher sensitivity among the bacterial isolates was observed in chitosan-encapsulated neem oil of higher concentrations which suggests that the product can be further investigated as a viable, alternative plant-based antimicrobial agent for controlling bacterial infections in chickens. Molecular identification of the isolates was not conducted. Thus, subsequent studies should consider molecular characterization of the isolates. Future studies should focus on in vivo evaluations, optimization of neem oil formulations and exploration of higher concentrations to enhance efficacy of the product.

Consent

The informed consent was obtained verbally from the poultry farmers before the study commenced.

Ethical approval

All animal and laboratory procedure were reviewed and approved by Jomo Kenyatta University of Agriculture and Technology Institutional Scientific and Ethical Review Committee (JKU/ISERC/02317/1331).
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