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			Abstract | The ingestion of indigestible foreign bodies (FBs) by small ruminants, often linked to environmental pollution and improper waste management, poses significant health and production challenges in developing countries. This study aimed to determine the prevalence, types, anatomical distribution, and associated risk factors of rumen and reticulum foreign bodies in sheep and goats slaughtered in Peshawar, Pakistan. A cross-sectional abattoir-based study was conducted on 674 small ruminants (403 sheep and 271 goats) using systematic random sampling. Ante-mortem and post-mortem examinations were performed, and data were analyzed using chi-square tests and logistic regression. The overall prevalence was 33.1% (223/674), with goats showing significantly higher prevalence (45.0%) than sheep (25.1%). Plastic materials were the most common foreign bodies (48.4%), followed by mixed materials (28.3%), cloth (17.0%), and ropes (6.3%). Significant risk factors included: goat species (AOR = 2.25), emaciated body condition (AOR = 5.60), age 2–4 years (AOR = 2.44), and urban origin (AOR = 1.60). Foreign bodies were predominantly located in the rumen (54.1%). This study highlights a high burden of foreign body ingestion in small ruminants in Peshawar, strongly associated with plastic pollution and poor waste management. Interventions focusing on environmental cleanliness, controlled grazing, and community awareness are recommended to mitigate this issue.
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			Introduction 

			Ruminant livestock, including sheep (Ovis aries) and goats (Capra hircus), are crucial for the livelihoods of rural and urban communities in Pakistan, providing meat, milk, wool, and draught power (Ahmad et al., 2024). However, these animals are highly susceptible to ingestion of indigestible foreign materials, which often accumulate in the rumen and reticulum, leading to digestive disorders, poor productivity, and even mortality (Duresa et al., 2022). Such conditions not only threaten animal health but also have significant economic implications for smallholder farmers and the livestock industry (Kappes et al., 2023).

			Several studies conducted across different regions of the world, including Africa, the Middle East, and South Asia, have reported variable prevalence rates of rumen and reticulum foreign bodies in small ruminants and have identified multiple associated risk factors. These factors commonly include age, sex, body condition score, species, and geographical origin of the animals (Ibrahim et al., 2024; Fasil, 2016). Studies from Pakistan have similarly documented the presence of indigestible foreign materials in sheep and goats, particularly in areas experiencing rapid urbanization and poor solid waste management (Rizwan et al., 2024; Riaz et al., 2023). Older animals and those with poor or emaciated body condition scores are generally more susceptible to foreign body ingestion. This increased susceptibility is attributed to prolonged exposure to contaminated environments, chronic feed scarcity, mineral deficiencies, and the development of non-selective feeding behavior over time (Khattak et al., 2023; Ahmad et al., 2024). 

			Additionally, animals reared in urban and peri-urban settings are at higher risk due to unrestricted access to plastic waste, textile materials, and other non-biodegradable refuse commonly discarded in grazing areas and around marketplaces (Monguno et al., 2023).Despite the increasing burden of plastic pollution and unregulated waste disposal in Khyber Pakhtunkhwa province, particularly in densely populated cities such as Peshawar, data on the prevalence and risk factors of rumen and reticulum foreign bodies in slaughtered sheep and goats remain scarce (Khaliq et al., 2024). This lack of localized data limits the development of targeted prevention and control strategies for small ruminant production systems in the region (Kimeli et al., 2025). Understanding the occurrence and determinants of foreign body ingestion in small ruminants is therefore essential for improving animal welfare, enhancing productivity, and minimizing economic losses. Accordingly, the present study aimed to determine the prevalence of indigestible foreign bodies in the rumen and reticulum of slaughtered sheep and goats in Peshawar, Pakistan, and to identify potential risk factors associated with their occurrence, including age, sex, species, body condition score, and source of animals. The findings of this study are expected to provide valuable baseline information for veterinarians, farmers, and policymakers to design effective and evidence-based preventive strategies for this common yet preventable condition in small ruminants.

			Materials and Methods

			Study area and period

			A cross-sectional abattoir-based study was conducted at the Peshawar Central Slaughterhouse and selected major private slaughter points in Peshawar district, Khyber Pakhtunkhwa, Pakistan, from January to April 2024, covering late winter and early spring when small ruminant slaughter rates are typically high. Peshawar (34°00’55”N, 71°34’04”E) is the provincial capital, located at an altitude of 359 m above sea level, with a population exceeding 2.3 million. The climate during the study period was mild, with temperatures ranging from 8–25 °C and low rainfall, characteristic of the region’s semi-arid conditions. Selected abattoirs were chosen based on their high throughput (approximately 150–200 small ruminants per day) including urban, peri-urban (sub-urban), and rural areas across the district and surrounding regions, this ensured representation of the regional small ruminant population.

			Study design and population

			A cross-sectional abattoir-based study was conducted over a four-month period from January to April 2024. The study population consisted of all sheep and goats presented for routine commercial slaughter at the selected facilities during this period. A total of 674 small ruminants were examined. This included 403 sheep and 271 goats, proportions reflecting the approximate 3:2 slaughter ratio observed in local markets. Animals were selected via systematic random sampling. Based on the average daily slaughter volume, every 3rd animal in the slaughter queue was selected on each visit (conducted three times per week) until the target sample was achieved. Only animals processed for standard commercial purposes were included.

			Data collection 

			Ante-mortem examination and data recording: Prior to slaughter, each selected animal was individually marked and subjected to a standardized ante-mortem examination. Information regarding species was recorded by identifying the animals as Ovis aries (sheep) or Capra hircus (goat). Sex was documented as male or female. Age was estimated based on dentition patterns, including incisor eruption and wear, and animals were classified as young (< 2 years), adult (2–4 years), or old (> 4 years). Body condition score was assessed through visual inspection and palpation of the lumbar region and categorized as good, medium, or poor/emaciated according to ESGPIP (2009). The geographical source of each animal was documented based on information provided by animal traders and classified as urban (Peshawar city), peri-urban (sub-urban areas within approximately 20 km), or rural (villages located beyond 20 km).

			Post-mortem examination and sample collection

			Immediately after standard halal slaughter and evisceration, the forestomach, including the rumen and reticulum, was carefully isolated from each animal. The organs were opened along their greater curvature, and the contents were completely emptied into labeled containers for detailed examination. The examination involved systematic visual inspection and manual palpation of the mucosal surfaces and contents. The collected material was washed through a 2 mm mesh sieve to recover all particulate matter. Any indigestible foreign material was collected, thoroughly washed with clean water, air-dried, and categorized accordingly. For each animal, data were recorded regarding the presence or absence of foreign bodies, their total quantity, the type of material identified (plastic, rope, cloth/textile, mixed materials, metal, or others), and the primary anatomical location of occurrence, whether in the rumen, reticulum, or both.

			Results

			Overall prevalence of indigestible rumen and reticulum foreign bodies

			A total of 674 small ruminants (403 sheep and 271 goats) were examined for the presence of indigestible foreign bodies (FBs) in the rumen and reticulum at Peshawar slaughterhouses. As shown in Table 1, the overall prevalence was 33.1% (223/674). A significant species difference was observed (χ²= 28.25, p < 0.001), with goats exhibiting a markedly higher prevalence (45.0%, 122/271) compared to sheep (25.1%, 101/403).

			Table 1: Overall prevalence of indigestible rumen and reticulum foreign bodies in sheep and goats.
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							Number of animals examined

						
							
							Number of animals with foreign body
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							Chi square (χ²)

						
							
							P value

						
					

					
							
							Sheep

						
							
							403

						
							
							101

						
							
							25.1

						
							
							28.25

						
							
							< 0.001

						
					

					
							
							Goat

						
							
							271

						
							
							122

						
							
							45.0

						
					

					
							
							Total

						
							
							674

						
							
							223

						
							
							33.1

						
					

				
			

			Types and distribution of foreign bodies

			The types of foreign materials recovered are detailed in Figure 1. Plastic bags were the most commonly encountered foreign bodies, accounting for 48.43% (108/223) of all materials found, followed by mixed materials (28.25%), clothes (17.04%), and ropes (6.28%). While plastic bags constituted the highest proportion in both species, species-specific patterns emerged: sheep showed relatively higher proportions of plastic bags and clothes, whereas goats had higher proportions of ropes and mixed materials.
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			Figure 1: Various types of indigestible rumen foreign bodies in sheep and goats.

			Association of foreign bodies with animal demographics

			Age association

			Figure 2 presents the prevalence of foreign bodies according to age groups. Prevalence showed a significant increasing trend with age (χ²= 12.72, p = 0.002). The lowest prevalence was observed in young animals (<2 years) at 19.75%, which increased to 34.87% in adults (2-4 years) and reached 39.05% in older animals (>4 years).

			Sex association

			The distribution by sex (Figure 3) showed a slightly higher prevalence in females (36.14%) compared to males (31.06%). However, this difference was not statistically significant (p > 0.05) in the initial chi-square analysis.
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			Figure 2: Prevalence of indigestible rumen and reticulum foreign bodies in sheep and goats according to age.
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			Figure 3: Prevalence of indigestible rumen and reticulum foreign bodies in sheep and goats according to sex.

			Body condition association

			Body condition showed a strong and significant association with foreign body occurrence (Figure 4). Animals classified as emaciated/thin had the highest prevalence (45.5%), followed by those with medium body condition (24.8%), while animals in good condition had the lowest prevalence (4.9%) (χ²= 12.53, p= 0.002).

			 

			[image: ]

			Figure 4: Prevalence of indigestible rumen and reticulum foreign bodies in sheep and goats according to body condition.

			Anatomical distribution of foreign bodies

			The anatomical location of recovered foreign bodies is shown in Figure 5. The majority (54.1%) were found exclusively in the rumen, followed by the reticulum alone (31.1%), while 14.9% were present in both compartments simultaneously.
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			Figure 5: Occurrence of foreign bodies in rumen and reticulum of sheep and goats (674 animals, 222 positives.

			
Risk factor analysis using logistic regression

			Both univariable and multivariable logistic regression were performed to identify risk factors for foreign body ingestion (Table 2). Species was a strong predictor: Goats had 2.25 times higher odds of harboring foreign bodies than sheep (AOR= 2.25, 95% CI: 1.53–3.89, p= 0.001). Age remained significantly associated, with animals aged 2–4 years having 2.44 times higher odds than those >4 years (AOR= 2.44, 95% CI: 1.26–2.78, p= 0.001), whereas young animals (<2 years) had lower odds (AOR= 0.56, 95% CI: 0.33–0.95, p= 0.03). Body condition was a crucial factor; emaciated animals had 5.60 times higher odds than those in good condition (AOR= 5.60, 95% CI: 1.56–20.04, p= 0.008). Geographical source also showed significance: urban animals had 1.60 times higher odds than rural animals (AOR= 1.60, 95% CI: 1.02–2.50, p= 0.03). Sex did not show a statistically significant association (p = 0.091).

			Discussion

			This cross-sectional abattoir-based study provides important insights into the prevalence, characteristics, and risk factors associated with indigestible foreign body (FB) ingestion in small ruminants in Peshawar, Pakistan. The findings reveal a significant animal health and welfare concern linked to environmental pollution and management practices in the region.

			The overall prevalence of rumen and reticulum foreign bodies in our study was 33.1%, indicating that approximately one in three slaughtered small ruminants in Peshawar harbors indigestible materials. This prevalence falls within the range (15–55%) reported in similar abattoir studies from developing countries,

			Table 2: Univariable and multivariable logistic regression analysis of presumptive risk factors of indigestible rumen and reticulum foreign bodies in sheep and goats.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Variables

						
							
							Category

						
							
							No. examined

						
							
							No. positive (%)

						
							
							COR (95% CI)

						
							
							p-value

						
							
							AOR (95% CI)

						
							
							p-value

						
					

					
							
							Age group

						
							
							< 2 years

						
							
							141

						
							
							27

						
							
							0.53 (0.33–0.88)

						
							
							0.01*

						
							
							0.56 (0.33–0.95)

						
							
							0.03*

						
					

					
							
							2–4 years

						
							
							201

						
							
							71

						
							
							1.87 (1.26–2.78)

						
							
							0.002*

						
							
							2.44 (1.26–2.78)

						
							
							0.001*

						
					

					
							
							> 4 years

						
							
							232

						
							
							91

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
					

					
							
							Species

						
							
							Caprine

						
							
							224

						
							
							101

						
							
							2.56 (1.79–3.67)

						
							
							0.001*

						
							
							2.25 (1.53–3.89)

						
							
							0.001*

						
					

					
							
							Ovine

						
							
							350

						
							
							88

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
					

					
							
							Body condition score

						
							
							Good

						
							
							52

						
							
							3

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
					

					
							
							Medium

						
							
							247

						
							
							61

						
							
							3.05 (0.89–0.45)

						
							
							0.07

						
							
							2.13 (0.58–7.74)

						
							
							0.25

						
					

					
							
							Emaciated

						
							
							275

						
							
							125

						
							
							5.82 (1.72–19.65)

						
							
							0.005*

						
							
							5.60 (1.56–20.04)

						
							
							0.008*

						
					

					
							
							Sex

						
							
							Male

						
							
							362

						
							
							112

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
					

					
							
							Female

						
							
							212

						
							
							77

						
							
							1.33 (0.83–1.07)

						
							
							0.116

						
							
							1.40 (0.94–2.08)

						
							
							0.091

						
					

					
							
							Source of the animals

						
							
							Urban

						
							
							201

						
							
							83

						
							
							1.92 (1.27–2.89)

						
							
							0.002*

						
							
							1.60 (1.02–2.50)

						
							
							0.03*

						
					

					
							
							Sub-Urban

						
							
							156

						
							
							54

						
							
							1.11 (0.70–1.76)

						
							
							0.62

						
							
							0.87 (0.52–1.47)

						
							
							0.62

						
					

					
							
							Rural

						
							
							217

						
							
							52

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
							
							Ref

						
					

				
			

			including Ethiopia (32.9%) (Mohammed et al., 2025), India (28.6%) (Ramanujam et al., 2022), and Nigeria (36.4%) (Dauda et al., 2025) but is substantially higher than reports from regions with stricter waste management (2–8%) (Mmereki et al., 2016). This disparity highlights the direct correlation between environmental pollution levels and foreign body ingestion in grazing animals.

			A striking finding was the significantly higher prevalence in goats (45.0%) compared to sheep (25.1%), with goats having 2.25 times higher odds of FB ingestion. This species difference has been consistently observed across multiple studies (Kronqvist et al., 2021; Brand et al., 2017) and can be attributed to several factors. Goats are natural browsers with more selective yet exploratory feeding behaviors, often investigating and consuming novel objects in their environment (Cellier et al., 2022). Their greater agility and climbing ability may also provide access to waste dumps and contaminated areas that sheep cannot reach. Additionally, goats’ well-documented dietary curiosity and lower feed selectivity make them particularly vulnerable to ingesting non-food items when nutritional needs are not met (Ayesiga et al., 2024).

			Plastic materials constituted nearly half (48.43%) of all foreign bodies recovered, with plastic bags being the most predominant. This finding aligns with global trends where plastic pollution has become the foremost environmental contaminant affecting livestock health (Corte-Pause et al., 2024; Akanda et al., 2025). The ubiquitous presence of plastic bags in grazing areas, roadsides, and dumping sites creates a continuous exposure risk. Once ingested, plastics accumulate in the forestomach due to their non-digestible nature and can cause physical obstruction, reduce rumen capacity, and potentially release toxic compounds (Galyon, 2022).

			The higher proportion of clothes in sheep and ropes/mixed materials in goats may reflect species-specific grazing/browsing patterns and environmental exposures. Sheep, being grazers, are more likely to encounter textile materials in grasslands, while browsing goats may encounter more diverse materials in shrubs and waste areas (García et al., 2012). This differentiation in FB types by species has practical implications for targeted intervention strategies.

			Our study revealed a clear age-dependent increase in FB prevalence, with the lowest rates in young animals (<2 years: 19.75%) and highest in older animals (>4 years: 39.05%). Animals aged 2–4 years had 2.44 times higher odds of FB presence compared to the oldest group. This accumulation effect over time is well-documented (Mateos et al., 2018), as foreign bodies, particularly non-metallic ones like plastics, rarely pass spontaneously from the ruminant forestomach and tend to accumulate throughout an animal’s life. Younger animals may also have more selective feeding behaviors and spend less time foraging independently in contaminated areas.

			The strongest association identified was between poor body condition and FB ingestion, with emaciated animals having 5.60 times higher odds of harboring foreign bodies. This finding has been consistently reported across studies (Nongcula et al., 2017; Mulatu et al., 2018) and suggests two possible interrelated mechanisms: (1) foreign bodies cause chronic health issues leading to emaciation, or (2) nutritionally deprived animals exhibit pica behavior, consuming non-food items in an attempt to satisfy hunger or mineral deficiencies (Kochan et al., 2023). The direction of this relationship requires further investigation through longitudinal studies, but it clearly indicates that FB ingestion is both a cause and consequence of poor nutritional status.

			Animals originating from urban areas had significantly higher odds (AOR= 1.60) of containing foreign bodies compared to their rural counterparts. This urban–rural gradient likely reflects differential exposure to waste pollution, as urban and peri-urban grazing areas in developing countries often serve as informal waste disposal sites (Douglas, 2008). Additionally, urban livestock management typically involves more scavenging and less controlled grazing than traditional rural systems (Prasad et al., 2019). The non-significant association with peri-urban (sub-urban) sources suggests a threshold effect of urbanization or mixed management practices in these transitional zones.

			The predominant location of foreign bodies in the rumen (54.1%) rather than the reticulum (31.1%) aligns with the physiological roles of these compartments. The rumen, being the primary fermentation chamber with slower content movement, is more likely to retain lighter materials like plastics and textiles (Galyon, 2022). Reticular location, while less common, is clinically more significant as pointed objects there can lead to traumatic reticuloperitonitis (hardware disease) (Zakir and Abdo, 2022). The 14.9% occurrence in both compartments suggests either multiple ingestion events or material migration, warranting further investigation into FB dynamics within the forestomach.

			While providing valuable insights, this study has several limitations. As a cross-sectional abattoir study, it captures only animals that reached slaughter and may underestimate the true population prevalence, as severely affected animals might die or be culled earlier. The age estimation method, while standard, has inherent inaccuracies. Additionally, information on animal origin relied on trader reports, which may not always be precise. Future studies incorporating farmer interviews, longitudinal designs, and chemical analysis of foreign materials would provide more comprehensive understanding.

			The high prevalence of foreign body ingestion, particularly plastics, represents both an animal welfare concern and an economic loss for smallholder farmers in Pakistan. Our findings suggest several targeted interventions:

			
					Environmental management: Strengthening municipal waste collection and disposal systems, particularly banning or regulating plastic bags, is urgently needed (Vanapalli et al., 2021).

					Animal management: Implementing controlled grazing practices, providing adequate nutrition to prevent pica, and regular herd health monitoring can reduce FB ingestion risks.

					Farmer education: Awareness programs should highlight the economic impacts of FB ingestion and promote regular removal of waste from grazing areas.

					Policy action: Integration of livestock health considerations into urban planning and environmental policies could help address this intersection of animal, human, and environmental health (One Health).

			

			Conclusion

			This study demonstrated a 33.1% prevalence of indigestible foreign bodies in small ruminants slaughtered in Peshawar, Pakistan. Plastic materials were the most frequently recovered items, indicating a strong association between environmental pollution and livestock health. Higher risk was observed in goats, older animals, those with poor body condition, and animals originating from urban areas.

			These findings highlight the need for improved waste management, better grazing control, and increased farmer awareness. Further longitudinal studies are recommended to clarify causal relationships and estimate the associated economic losses.
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Abstract | The ingestion of indigestible foreign bodies (FBs) by small ruminants, often linked to environmental
pollution and improper waste management, poses significant health and production challenges in developing
countries. This study aimed to determine the prevalence, types, anatomical distribution, and associated risk
factors of rumen and reticulum foreign bodies in sheep and goats slaughtered in Peshawar, Pakistan. A
cross-sectional abattoir-based study was conducted on 674 small ruminants (403 sheep and 271 goats) using
systematic random sampling. Ante-mortem and post-mortem examinations were performed, and data were
analyzed using chi-square tests and logistic regression. The overall prevalence was 33.1% (223/674), with goats
showing significantly higher prevalence (45.0%) than sheep (25.1%). Plastic materials were the most common
foreign bodies (48.4%), followed by mixed materials (28.3%), cloth (17.0%), and ropes (6.3%). Significant risk
factors included: goat species (AOR = 2.25), emaciated body condition (AOR = 5.60), age 2—4 years (AOR =
2.44),and urban origin (AOR = 1.60). Foreign bodies were predominantly located in the rumen (54.1%). This
study highlights a high burden of foreign body ingestion in small ruminants in Peshawar, strongly associated
with plastic pollution and poor waste management. Interventions focusing on environmental cleanliness,
controlled grazing, and community awareness are recommended to mitigate this issue.
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