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Abstract
Dietary interventions are critical for maintaining health and reducing disease in pig farming, particularly for indigenous breeds like the Tenyi Vo pig in Nagaland, India. This study assessed the effects of jackfruit (Artocarpus heterophyllus) powder supplementation on haematological parameters and health outcomes in Tenyi Vo pigs. Twenty weaner piglets (60 days old) were assigned to four groups: G1 (control, concentrate feed), G2 (25 g/kg jackfruit powder), G3 (50 g/kg), and G4 (75 g/kg) for nine weeks. Haematological parameters included red blood cells (RBC), white blood cells (WBC), haemoglobin (Hb), packed cell volume (PCV), and mean corpuscular volume (MCV). Morbidity and mortality were monitored. The G4 group showed the highest RBC (6.86 x 106/mm3), WBC (22.95 x103/µL), Hb (13.13 g/dl), PCV (37.15%), and MCV (56.23 fl), with significant differences (P<0.05). No morbidity or mortality occurred in G3 and G4, unlike G1 and G2 (15% morbidity, 5% mortality). Jackfruit powder at 75 g/kg enhances haematological health and reduces disease incidence, supporting its use in pig diets.
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Introduction
The global population is expected to increase by 30% by 2050, surpassing 9 billion, driving a 70% rise in agri-food demand, with animal-derived food consumption projected to double from 258 to 455 million tons (Rojas-Downing et al., 2017). This necessitates intensified agricultural production systems to meet protein demands (Berckmans, 2014). In India, livestock contributes 4.11% to the GDP and 25.6% to agricultural GDP, supporting the livelihoods of over 70% of rural households, particularly in states like Nagaland (DAHD, 2020). Pig farming in Nagaland is integral to the socioeconomic and cultural fabric of tribal communities, providing rapid economic returns due to high fecundity, efficient feed conversion, early maturity, and short gestation periods (Patr et al., 2014). Nearly every household rear 2–3 pigs in backyard systems for food and supplemental income, yet Nagaland remains deficient in pork production.
Tribal communities and marginal farmers in Nagaland Favor indigenous pigs over crossbred or exotic breeds for their adaptability to local environments, disease resistance, and ability to thrive on minimal inputs like kitchen waste, crop residues, and seasonal plants (Kumaresan et al., 2007; Borkotoky et al., 2014). The Tenyi Vo pig (Accession No.: INDIA_PIG_1400_TENYI-VO_09004), primarily raised for pork, is valued for its high-quality bristles, early sexual maturity, and superior meat quality, which is preferred over other breeds (Karunakaran et al., 2009; Mohana et al., 2014). The strong demand for indigenous pork underscores the need for scientific interventions in nutrition and health management to enhance Tenyi Vo pig rearing and improve livelihoods in Nagaland.
	Haematological profiles are critical for evaluating physiological, pathological, and metabolic status, as well as stress from nutritional, environmental, or physical factors, and adaptability to specific regions (Hawkey & Dennett, 1989; Otto et al., 1992; Mayengbam & Tolenkhomba, 2015; Sejian et al., 2014). These profiles aid in diagnosing metabolic and infectious diseases and predicting productive performance (Chemshirova, 2000; Kumar et al., 2017). Nutrition significantly modulates haematological indices, with diverse diets affecting blood parameters in animals and humans (Lavy, 1994; Haddad et al., 1999; Erukainure et al., 2013; Balogun et al., 2014; Albokhadaim, 2015; Fernández et al., 2015).
	Fruits, low in calories, fat, sodium, and cholesterol, are rich in micronutrients such as provitamin A, vitamins E and K, ascorbic acid, riboflavin, iron, iodine, calcium, and antioxidants that reduce oxidative damage (Shi et al., 2001; Dike & Nnamdi, 2012; Syahida et al., 2012; Agboola, 2014; Donfack et al., 2014). High fruit intake is associated with lower risks of coronary heart disease, diabetes, obesity, and cancer (Donaldson, 2004; Williams et al., 2009; Erasto & Tshikalange, 2010; Asif, 2014). Jackfruit (Artocarpus heterophyllus), a Moraceae family fruit native to India, thrives in humid tropical climates, producing up to 500 fruits per tree annually (Ray, 2002; Okafor et al., 2015). Its seeds, often discarded, contain 13.67% crude protein, 69.39% carbohydrates, 344.99 kcal/100g energy, and notable levels of phosphorus, potassium, and calcium (Ndyomugyenyi et al., 2014; Sreeletha et al., 2017). Rich in vitamin C, iron, and antioxidants, jackfruit enhances immune function, combats anemia, and improves glucose tolerance, despite containing anti-nutritional factors like tannins and saponins (Morton, 1987; Kadir et al., 2014; Noor, 2014).
	Haematological indices, including erythrocyte, leucocyte, and thrombocyte counts and morphology, are essential for disease diagnosis and monitoring (Oyewole et al., 2009; Owoeye et al., 2011; Celik et al., 2015). Research, such as Okolo et al. (2015), shows that nutrient-rich diets, like those with T. occidentalis, can regenerate haemoglobin in iron-deficient rats, indicating jackfruit’s potential to improve haematological parameters in livestock (Agiang et al., 2017). This study examines the effects of jackfruit powder supplementation at varying levels on haematological parameters and health outcomes in Tenyi Vo pigs, aiming to optimize their health and promote sustainable pig farming in Nagaland.
Materials and Methods
Study Area: The experimental study was conducted at the Department of Livestock Production and Management, Nagaland University, Medziphema Campus, under the supervision of the Indian Council of Agricultural Research-All India Coordinated Research Project on Pig (ICAR-AICRP on Pig). The farm is located between 93.200E to 95.150E longitude, 25.600N to 27.400N latitude, and at an elevation of 310 meters above sea level. During the experiment, from August 23, 2023, to October 23, 2023, the average temperature ranged from 25°C to 32°C, with relative humidity levels between 70% and 85%.
Housing and Management of animals: The experimental animals were housed in a standard facility with a cement floor, half-brick walls, and CGI roofing. Pens were thoroughly cleaned and dried for three days before introducing the animals. A footbath containing 0.5% potassium permanganate (KMnO4) solution was placed at the piggery shed entrance for disinfection, with the solution replaced daily. Pig pens, feeding, and watering troughs were cleaned twice daily between (6:00–7:00 AM and 4:00–5:00 PM) before each feeding and watering.
Experimental animals: A total of 20 weaned Tenyi Vo pigs (60 days old) were selected for the study. They were divided into four treatment groups, each consisting of five pigs. The second (G 2), third (G3), and fourth (G4) groups were supplemented with Jackfruit powder at different levels, while the first (G1) group served as the control. All selected experimental animals were identified with plastic ear tags engraved with unique numbers.
Experimental Diet: According to Bhat et al. (2010), the experimental animals were fed a concentrate grower ration containing 15% crude protein. Feed ingredients were sourced from Animal Feed and Needs, an authorized dealer in Medziphema, Dimapur. The concentrated feed composition, as detailed in (Table 1), included maize bran, groundnut oilcake, wheat bran, fish meal, mineral mixture, and common salt. A 50-kilogram batch of the concentrated diet was manually prepared weekly at the pig farm's feed go-down.
Preparation of test materials: The fresh Jackfruit was collected from the Instructional Livestock Farm, Department of Livestock Production Management, School of Agricultural Sciences, Nagaland University, Medziphema Campus. The outer skin was peeled off, and the flesh was carefully separated from the seeds. The seeds were thoroughly washed and chopped into smaller pieces using a knife. These pieces were dried in a hot oven until brittle. The dried Jackfruit brittles were then ground into a fine powder using a Philips grinder and filtered through a fine-mesh sieve to remove larger particles or fibres. The resulting fine powder was stored in an airtight container in a cool, dry place.
Treatment and feeding Diet: The experimental animals were assigned to four dietary treatments by supplementing concentrate feeds with Jackfruit powder at varying concentrations. The animals, housed in four pens labelled as treatment groups G1, G2, G3, and G4, were provided with the experimental diets outlined in (Table 2). The animals were fed twice daily, starting with 500 g per treatment per day, with adjustments made based on each group or pen’s feed intake. Clean drinking water was available throughout the day.
Haematological Analysis: Four animals from each treatment group were randomly selected, and terminal blood samples were collected from the ear vein of each using a syringe and needle. Approximately 2 ml of blood per animal was collected into labelled ethylene diamine tetraacetic acid (EDTA) specimen bottles for haematological analysis. Haematological parameters, including red blood corpuscles (RBC), white blood corpuscles (WBC), haemoglobin (Hb), packed cell volume (PCV), and mean corpuscular volume (MCV), were determined using whole blood samples following standard methods outlined by Sastry (1989).
Health Monitoring: The health status of the experimental animals was monitored daily through observations of their activity, alertness, feed intake, faces and urination patterns, and any unusual eye discharges. The morbidity and mortality rates of the pigs were quantified as percentages using the following formulas:
· Morbidity (%) = (Total number of sick pigs / Total number of pigs) × 100
· Mortality (%) = (Total number of pigs died / Total number of pigs) × 100
Statistical Analysis: Data were analysed using one-way ANOVA in a Completely Randomized Design (CRD). Duncan’s Multiple Range Test (DMRT) compared means at P<0.05 (Snedecor & Cochran, 1994).
Results and Discussion
Haematological Parameters: In a comparative study evaluating haematological responses across four dietary treatment groups, distinct differences emerged in the blood parameters of the animals. Red Blood Corpuscle (RBC) counts gradually increased from group G1 to G4, with respective values of 6.08, 6.11, 6.61, and 6.86 (106 cells/µL). This upward trend was statistically significant (P<0.05), suggesting that the dietary interventions had a measurable impact on erythropoiesis. Similarly, the White Blood Corpuscle (WBC) counts exhibited a marked rise across the treatment groups 15.18, 19.08, 22.80, and 22.95 (x103/µL) with significant differences (P<0.05) indicating enhanced immune responsiveness. Haemoglobin (Hb) levels mirrored this pattern, rising steadily from 11.28 g/dL in G1 to 13.13 g/dL in G4, again with significant differences (P<0.05) among the groups. Packed Cell Volume (PCV) followed suit, with mean values of 34.93%, 35.85%, 36.40%, and 37.15%, respectively, while the Mean Corpuscular Volume (MCV) increased from 53.50 to 56.23 fL, all showing statistically significant variations (P<0.05) across treatments (Table 3 and Fig 1).
	Supporting these findings, Effiong et al. (2024) observed that rabbits fed jackfruit seed meal (JSM) fermented by various methods displayed significant differences (P≤0.01) in WBC, Hb, PCV, platelet count, and MCHC. In their study, rabbits on PWFJ diets had the highest WBC (10.0 x 103/µL), closely followed by MCFJ (4.7 x 103/µL). Interestingly, the RAW and MCFJ groups showed no significant differences in WBC (P>0.05). The highest Hb and PCV values were recorded in the control group (13.2 g/100 mL and 44.1%, respectively), indicating the influence of diet on haematological integrity. Despite variations in platelet counts, all values were within healthy physiological limits. According to Jain (1986) and Zimmerman et al. (2010), the WBC levels observed (7.0–10.0 x103/µL) were within the normal range, suggesting that the animals were stress-free and immunologically competent. High lymphocyte counts, in contrast to the findings of Togun et al. (2007), reflected a strong immune defines. Their study concluded that RBC, Hb, PCV, and platelet counts were consistent with the reports by Shaahu and Tiough (2019), and Mitruka and Rawnsley (1979), indicating the nutritional safety of the experimental diets. Similarly, Mili et al. (2020) established haematological and biochemical reference values for Tenyi Vo pigs, finding average RBC of 6.06±0.26 x 106/µL, Hb of 10.03±0.74 g/dL, PCV of 32.98±1.07%, MCV of 52.36±1.66 fL, and WBC of 27.88±5.28 x 103/µL. These values, largely within or close to established normal ranges, provided a vital baseline for assessing health and productivity. While their WBC exceeded the range cited by Brockus et al. (2005) and Nath et al. (2017), the deviation could be attributed to breed or environmental differences. Eze et al. (2010) and Etim et al. (2014) noted slightly higher normal Hb ranges (10–16 g/dL), suggesting that Tenyi-vo pigs might naturally exhibit lower values. The RBC counts remained within expected ranges (Clark et al., 2009; Mayengbam et al., 2014), reinforcing the health status of the sampled animals.
Several other studies corroborate these findings. For instance, Adegbenro et al. (2016) noted RBC values between 6.15–6.97 x106/mm3 in weaner pigs on composite leaf meals. Agiang et al. (2017) found that rats fed jackfruit diets maintained healthy RBC and WBC values. Zhang et al. (2020) and Ojediran et al. (2022) documented similar improvements in pigs fed sucralose and ascorbic acid, respectively, while John et al. (2023) and Atchiwassa et al. (2024) reported enhanced haematological profiles in pigs fed doum palm mesocarp and cashew apple pulp diets. Taken together, these results underline the positive influence of dietary interventions especially those involving jackfruit-based or alternative energy-protein sources on haematological parameters. Such improvements indicate better physiological health, immune function, and nutritional status of livestock across various species and conditions.
Morbidity and Mortality: The absence of morbidity and mortality in G3 and G4 groups (Table 4) supports the health-enhancing potential of specific dietary supplements, in contrast to G1 and G2, where pneumonia-related issues were evident (Gopinathan et al., 2011). These findings emphasize the importance of nutritional intervention in reducing piglet mortality. De Grau et al. (2005) highlighted that pigs weighing less than 4.1 kg at weaning are significantly more prone to mortality (1.2–10.2%) than their heavier counterparts. Similarly, high pre-weaning mortality was recorded in nondescript local pigs of Mizoram at 29.73% (Kumaresan et al., 2007) and in Mali pigs of Tripura at 12.75% (Dandapat et al., 2010). 
	Poor hygiene and lack of disease control practices were reported to increase the incidence of piglet diarrhoea in smallholder systems (Pengsavanh et al., 2010), while Mondal et al. (2012) identified digestive disorders, hypoglycaemia/weakling, and respiratory issues as key contributors to early deaths. Variations in pre-weaning mortality were also observed across breeds 2.94% in Hampshire desi cross, 14.94% in Ghungroo, and 14.28% in Niang Megha (Gokuldas et al., 2015). Although location of rearing had no significant effect in Nagaland, stillbirths were recorded at different rates across districts (Chusi et al., 2016). Encouragingly, mortality was absent in pigs supplemented with turmeric powder (Alagbe et al., 2017), and lower mortality (0.79%) was seen in desi pigs compared to purebred or crossbreds (Boro et al., 2018). Roy et al. (2018) noted seasonal impacts, with chill and scour contributing to 15.625% pre-weaning deaths. Pre-weaning mortality rates of 14.35%, 14.78%, and 32.00% were recorded in Ghungroo, Large Black, and Tenyi Vo pigs respectively (Singh et al., 2020). Interestingly, morbidity and mortality of 40% and 20% respectively were observed in Tenyi Vo pigs fed Nutgall fruit (Amer et al., 2023), while those fed Roselle calyx powder showed reduced rates of 10% and 5% (Sothu et al., 2024). These findings collectively affirm the role of jackfruit powder in enhancing piglet health without compromising physiological stability.
Conclusion
	Jackfruit powder at 75 g/kg significantly improves haematological parameters and eliminates morbidity and mortality in Tenyi Vo pigs. Its integration into pig diets can enhance health and welfare, benefiting Nagaland’s pig farming sector. Further research is needed to explore biochemical pathways and long-term impacts.
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Fig 1:     Haematological parameters of Tenyi Vo pigs in different groups.



Table 1: Composition of Concentrated Ration with 15% Crude Protein
	S. No.
	Ingredient
	Quantity (kg)

	1
	Maize bran
	45.44

	2
	Groundnut oilcake
	11.05

	3
	Wheat bran
	35.00

	4
	Fish meal
	6.00

	5
	Mineral mixture
	2.00

	6
	Common salt
	0.50

	Total
	
	100 kg


	Source: Bhat et al. (2010)
Table 2: Experimental Diet in Different Treatment Groups
	Group
	Total No. of Pigs
	Quantity of Jackfruit Powder Supplemented

	G1 (Control)
	5
	Only Concentrate Feed

	G2
	5
	25 g Jackfruit Powder / kg Concentrate Feed

	G3
	5
	50 g Jackfruit Powder / kg Concentrate Feed

	G4
	5
	75 g Jackfruit Powder / kg Concentrate Feed


Table 3: Haematological Parameters of Tenyi Vo Pigs Fed Jackfruit Powder
	S. No.
	Parameter
	Treatment Groups

	
	
	G1
	G2
	G3
	G4

	1
	RBC (106/mm3)
	6.08
	6.11
	6.61
	6.86

	2
	WBC (103/mm3)
	15.18
	19.08
	22.80
	22.95

	3
	Hb (g/dl)
	11.28
	11.30
	12.60
	13.13

	4
	PCV (%)
	34.93
	35.85
	36.40
	37.15

	5
	MCV (fl)
	53.50
	53.93
	55.03
	56.23








Table 4: Morbidity and mortality per centage for different treatments groups.
	Treatments
	Morbidity (%)
	Mortality (%)

	G1
	40.00
	0.00

	G2
	20.00
	20.00

	G3
	0.00
	0.00

	G4
	0.00
	0.00
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