Utilization of Jackfruit waste for the Development of Sustainable Animal Feed

[bookmark: _GoBack]ABSTRACT
Jackfruit (Artocarpus heterophyllus) is one of the largest tropical fruits and generates a substantial quantity of waste, accounting for nearly 65–75% of its total weight in the form of non-edible components such as peel, core and perianth. The improper disposal of this agro-waste poses environmental challenges, while its rich nutritional potential remains under-utilized. The present study was undertaken to develop a sustainable and value-added process for converting jackfruit waste into a nutritive feed powder. Jackfruit waste obtained from the J33 cultivar was thoroughly cleaned, uniformly cut, and blended with maize flour to enhance its nutritional and functional properties. The prepared mixture was subjected to dehydration using two different drying methods, namely a solar-cabinet dryer and traditional open-sun drying, to evaluate their effectiveness in moisture removal and quality retention. The resulting feed powder was analyzed for its physical, functional, and proximate properties to assess its suitability as a value-added feed ingredient. The findings of this study highlight the potential of jackfruit waste as a low-cost, eco-friendly, and nutritionally beneficial resource for feed formulation, thereby contributing to waste reduction and sustainable agro-processing practices.
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1. INTRODUCTION
Jackfruit (Artocarpus heterophyllus) is a major tropical fruit crop in India, producing over 18 lakh tonnes annually, and plays a crucial role in nutrition, economy, and rural employment (Mashwani et al., 2020; Swami et al., 2012). The edible portion represents only 25–35 % of the fruit; the remaining 65–75 % comprises peel, core, and perianth, which are generally discarded as waste (Li et al., 2019). These non-edible fractions are rich in carbohydrates, fiber, minerals, and minor proteins, making them a promising resource for livestock feed (Munishamanna et al., 2019; Ranasinghe et al., 2019).
Increasing costs of conventional feed ingredients such as maize bran, combined with environmental concerns related to organic waste disposal, have necessitated the exploration of alternative feed sources (MAAF, 2008; FAO, 2020). Converting jackfruit residues into feed powder offers multiple advantages: it provides a stable, nutrient-rich supplement, enhances feed palatability, reduces environmental impact, and supports sustainable livestock production (Prasad et al., 2018).
Proper processing including chopping, drying, and grinding is essential to maintain nutrient content, improve flow properties, and ensure long-term storage stability (Kamble and Dombale, 2015; Ajey, 2013). While previous studies have explored the nutritional potential of jackfruit residues and their use in ruminant diets, systematic evaluation of powder preparation, physical characteristics, and proximate composition is limited. This study aims to develop jackfruit waste powder using solar-cabinet and open-sun drying methods, evaluate its physical and functional properties, and establish its potential as a low-cost, sustainable feed for livestock.
MATERIALS AND METHODS
Raw material collection
The jackfruit J33 (Tekam yellow) were procured from Ratnagiri Village, Sri Sathya Sai District, Andhra Pradesh.  
Preparation of Jackfruit waste powder
The jackfruit outer peel, core and rag was cutted by knives and bulbs are removed manually. By using hammer mill jackfruit waste & maize grinded into fine powder. Using dough kneader, prepared dough by mixing of maize powder and jackfruit waste. The fine mix was spread into the aluminium trays, then trays were kept into solar cabinet dryer and open sun drying. Process flow chart for the preparation of jackfruit waste powder is represented in the Figure 1. After 6 to 7 h of drying using solar cabinet dryer and open sun drying, takes out trays and powder were collected.   
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Fig. 1 Process flow chart for the Preparation of Jackfruit Waste Powder
2.3 Physical Properties                                                                                            
2.3.1 Bulk Density                                              
Bulk density is measured by adding 2g of powder into empty dry cylindrical vessel and the bulk density is determined by based on the following formula (Jyothi et al., 2022).
                                ρb (g/cc) =        	                                            …(1)
Where, 
ρb = Bulk density                                                            
2.3.2 Tapped Density
Tapped density is the ratio of the mass of the powder to the volume occupied by the powder after it has been tapped for a definite period of time (Jyothi et al., 2022).
                 Ρt (g/cc) =                                              … (2) 
Where, 
ρt = Tapped density


2.3.3 Porosity
The porosity of the sample was estimated using the relationship between the bulk and actual density of the powder (Smita et al., 2019). The porosity of samples was determined according to Equation (3).
                                     Porosity (%) =                                                       … (3)
2.3.4 Angle of Repose 
The angle of repose of powder is measured by fixed cone height method. The funnel with an internal stem diameter of 5mm is placed over a glass slide. Particles are allowed to flow gently through the funnel until a cone is formed, then upto the cone height remains constant (Mosgoelleret al., 2012). The angle of the horizontal cone is recorded, this test should be performed in triplicate for each sample.
                                     Θ = degree (º)                                                              … (4)
Where, 
h = height
d = daimeter

2.4 Functional Properties 
2.4.1 Flowability
Flowabitity was determined as the raito of tapped density to the bulk density  
(Pugliese et al., 2017).
                                        Flowability  =                                                                        …(5)
Where, 
ρt = Tapped density
ρb = Bulk density
2.4.2 Carr Index 
The Carr index (Carr’s index or Carr’s compressibility Index) is an indication of the compressibility of  a powder. It is determined by ratio of difference of tapped and bulk density to tapped density (Patil et al., 2014).
CI (%) = 100×          				… (6)
2.4.3 Water absorption capacity
Water absorption capacity was determined (Mawardii et al., 2017). An accurately weighed two grams of dried jackfruit waste powder and pellets was weighed (initial weight) into 15 ml beakers and 13 ml of distilled water was added at room temperature and kept for 
2 hours and the water was filtered through filter paper until all the water was drained out and the stick water was removed by laboratory tissue paper and finally weight of water absorbed samples were taken (final weight). The water absorption capacities were determined according to the formula.
Water absorption capacity =  … (7)
2.5 Proximate Composition
The jackfruit waste powder was analyzed for proximate analysis such as moisture, protein, total fat, total ash, carbohydrate and energy and expressed in percentage was done analysis at Pristine Laboratories, Banglore (AOAC, 2016).
3. RESULTS AND DISCUSSIONS
	The present study investigated the physical, functional and nutritional characteristics of Artocarpus heterophyllus waste powder prepared using a coombination of jackfruit peel, core and rag along with maize flour. The results were critically analyzed and compared with previous studies to evaluate its suitability as a sustainable livestock feed ingredient.
3.1 Physical Properties
The physical properties of jackfruit waste significantly influence its handling, storage, and incorporation into feed formulations. The bulk density (0.15 g/cm3) obtained in this study is considerably lower than the values reported for jackfruit peel powder  in earlier studies (Jyothi et al., 2022). This lower bulk density indicates that the developed powder is highly porous and occupies a larger volume per unit mass. Such a characteristic is advantageous in ruminant nutrition as it enhances rumen fill and promotes satiety, which can improve feed intake behaviour. 
In contrast, the tapped density (0.85 g/cm3) abserved is relatively high, indicating that the powder undergoes significant compaction when subjected to mechanical vibration. The large difference between bulk and tapped density reflects the compressibility of the material, which is a common feature of fibrous agro-residues. Similar trends have been reported in studies on fruit waste powders, where high compressibility is associated with irregular particle structure and fibrous composition (Patil et al., 2014). 
The porosity (81.49%) reported in this study is significantly higher than the previously documented values for jackfruit peel powder (10-15%) (Smita et al., 2019). This high porosity indicates the presence of substantial inter-particle void spaces, which enhance water retention and facilitate oxygen diffusion. From a nutritional perspective, high porosity is benEficial as it improves microbial accessibility during rumen fermentation, thereby enhancing digestibility. The high porosity can be attributed to the inclusion of multiple jackfruit components (peel, core, and rag), which contain lignocellulosic fibers that contribute to a loose and open structure. However, excessive porosity may also result in poor flowability and segregation during storage, which can affect feed uniformity.
The angle of repose (42.38°) further confirms the poor characteristics of the powder. According to standard classification, powders with an angle of repose greater than 40° exihibit cohesive behaviour and poor flowability. This value is higher than those reported in previous studies (28-32°) fo jackfruit peel powder (Jyothi et al., 2022), indicating that the present formulation is more cohesive. The higher angle may be due to the presence of fibrous particles, irregular shapes, and moisture-binding components such as pectin. Table 1 shows the physical parameters of the jackfruit waste (outer peel, core and rag).
TABLE 1 | Physical properties of A. heterophyllus waste powder 
	Properties
	Values

	Bulk density (g/cm3)
	0.15

	Tapped density (g/cm3)
	0.85

	Porosity (%)           
	81.49

	Angle of repose (º)
	42.38º



3.2 Functional Properties
Functional properties provide further insight into the handling and performance of the powder. The flowability value (5.40) indicates extremely poor flow behaviour, which consistent with the high angle of repose observed. The carrr index (81.44%) is exceptionally high compared to tye acceptable range (<15% for excellent flow and <25% for good flow), indicating very high compressibility and cohesiveness. Similar findings have been reported for fibrous food powders, where carr index values are attributed to inter-particle friction and electrostatic interaction (Pugliese et al., 2017). 
The water absorption capacity (0.6 g/g) is a significant positive attribute. This moderate value indicates the powder can absorb and retain water effectively, which is beneficial for animal feed applications. Water absorption enhances feed palatability and facilitates microbial activity in the rumen, leading to improved digestion and nutrient utilization. Previous studies on jackfruit by-products have reported similar hydration properties due to the presence of dietary fiber and polysaccharides (Rahman et al., 2021). Compared to highly starchy materials, the moderate water absorption observed in this study prevents excessive swelling and stickiness, ensuring better handling and feed consistency. Table 2 shows the functional properties of jackfruit waste powder.
TABLE 2 | Functional properties of A. heterophyllus waste powder 
	Properties
	Values

	Flowability
	5.40

	Carr index (%)
	81.44

	Water absorption capacity (g/g)
	0.64


3.3 Proximate composition 
The proximate composition of the jackfruit waste powder demonstrates its nutritional suitability as a feed ingredient. The moisture content (5.72%) is within the safe storage range and comparable to previously reported values (7.63%) for jackfruit seed flour (Akter et al., 2019). Low moisture content is critical for preventing microbial growth and ensuring long shelf life, making the powder suitable for storage and transportation under ambient conditions.
The protein content (9.35 g/100g) indicates that the jackfruit waste can serve as a moderate protein source in animal feed. This value is consistent with earlier reports for jackfruit seed flour (10.26%) (Akter et al., 2019), although it is lower than values achieved through fermentation (20-23%). This suggests that further processing techniques, such as microbial fermentation or supplementation with nitrogen sources, could enhance the protein content and improve the nutritional quality of the feed. 
The fat content (4.25 g/100g) contributes to the overall energy density of the feed. This value is comparable to earlier findings (4-6%) and indicates that the powder provides a moderate amount of lipids without posing risks of excessive fat intake. Lipids are essential for energy supply and absorption of fat-soluble vitamins, making this component nutritionally important.
The ash content (2.98 g/100g) reflects the mineral content of the powder. Similar reported values for jackfruit seed flour (2.35%) (Akter et al., 2019), it still indicates the presence of essential minerals required for physiological functions such as bone development, enzyme activity, and electrolyte balance. Variation in ash content may be due to the differences in raw material composition, soil condition, and processing methods.
A major highlight of the study is the high carbohydrate content (77.70 g/100g), which aligns well with previous studies reporting values between 78.65% for jackfruit seed flour (Akter et al., 2019). These high carbohydrates are mainly present in the form of starch and structural polysaccharides, which are readily fermented by rumen microorganisms to produce volatile fatty acids, the primary energy sources for ruminants.
The calculated energy value (386 kcal/100g) further confirms the suitability of the powder as an energy-dense ingredient. This value is comparable to the agroindustrial by-products used in animal feeding, such as rice bran and maize by-products. This inclusion of maize flour in the formulation may have contributed to the enhanced energy content, making the feed, more nutritionally balanced. Table 3 shows the proximate composition of jackfruit waste powder.
TABLE 3 | Proximate composition of A. heterophyllus waste powder 
	Parameters
	Results

	Moisture Content (g/100g)
	5.72

	Protein (g/100g)
	9.35

	Total fat (g/100g)
	4.25

	Total ash (g/100g)
	2.98

	Carbohydrates (g/100g)
	77.70

	Energy (K Cal/100g)
	386.00








3.4 Evaluation of feed on field level
An important practical aspect of this study is the field-level evaluation, where the jackfruit waste powder was fed to a cow along with green fodder. The observed increase in milk yield from 3 L to 4 L per day suggests a positive impact of the feed on animal productivity. This improvement may be attributed to the additional energy and nutrients provided by the jackfruit waste powder. Similar findings have been reported in studies where unconventional feed resources improved milk yield and overall animal performance (Singh et al., 2022). However, it should be noted that this observation is preliminary and further controlled studies with larger sample sizes are required to validate the results.
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Plate 1 Feeding jackfruit waste powder to cow
4. CONCLUSION
The present study demonstrates that jackfruit waste can be effectively converted into value-added feed powder with significant potential for livestock nutrition. Solar cabinet drying is recommended for efficient drying and improved quality. The developed product exhibited high carbohydrate content, moderate protein and low moisture, indicating good energy value, nutritional adequacy, and storage stability. The moderate water absorption capacity further supports its suitability for improving feed palatability and digestibility in ruminants. 
However, the powder showed poor flow properties, charcterized by low bulk density, high porosity, and elevated Carr index, which may limit its direct handling and processing. These challenges can be addressed through suitable processing techniques, such as pelletizing or blending.
Preliminary field evaluation indicated an increase in milk yield from 3 L to 4 L/day, suggesting its potential positive impact on animal productivity. Overall, jackfruit waste powder represents a cost-effective, eco-friendly feed alternative, contributing to sustainable livestock production and agro-waste management. Further studies on large-scale feeding trials and processing optimization is recommended.
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