


Effect of feeding Cashew apple (Anacardium occidentale) powder on nutrient digestibility of Konkan Kanyal kids


Abstract:
An experimental trial was conducted to evaluate the effect of feeding Cashew apple (Anacardium occidentale) powder on growth performance of Konkan Kanyal kids. Twenty Konkan Kanyal kids were selected and classified in five treatments by using Randomized Block Design (RBD). Each treatment was subdivided into four replications. All the animals were fed with complete feed comprised of hybrid Napier grass, jowar kadabi and concentrate mixture (goat pellets). In treatment T1 no cashew apple powder was supplemented while in treatment T2 10.0 g cashew apple powder, in treatment T3 15.0 g cashew apple powder, in treatment T4 20.0 g cashew apple powder and in treatment T525.0 g cashew apple powder was supplemented. The duration of experimental trial was 90 days. The study showed that cashew apple inclusion in the diet improved digestibility thus 15 g cashew apple can be included in diet of konkan kanyal kids for better performance.
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Introduction: 
The main problem affecting goat farming is lack of adequate the land for both grazing and  fodder production (Mojwok and Abdel, 2021). This is due to increasing human population and urbanization that leads to insufficient feed production. India experiences a deficit of 62.7 per cent green fodder, 22.5 per cent dry crop residues and 64.0 per cent concentrate feeds in  (Janampet et al., 2016). As a result farmers devise all the necessary means to sustain animal production including  use of semi-intensive or intensive systems. The unconventional feed resources that are available in the state of Maharashtra include, mango seed kernel waste, wheat and rice processing industry waste, tamarind seed processing industry waste and vegetable waste. However, there are other feed resources that are available in other parts of India that include tea industry waste, brewery waste, starch industry waste and cashew apple waste. Cashew apple is one of the seasonal fruits widely available in South India. This fruit is produced majorly in the dry season, characterized by low roughage availability and higher prices for grain and commercial concentrated feeds (Ferreira et al., 2015). The cashew apple is harvested for the nut, which is only 10 per cent of the total weight of the fruit, a huge number of cashew apples are left in the fields after removing the nut. Total area planted with cashew in India is estimated to be 10.11 lakh ha and the production of raw nuts is approximately 7.53 lakh  tons (Anonymous, 2021). Even though cashews are principally grown for nut production, cashew apples are also used to make juice, jams, ice creams and other food products. Annually more than 6.5 million metric tons of fresh cashew apple fruits are wasted after cashewnut collection, while only a few thousand tons of cashew apple fruits are commercially marketed, mostly in Goa (Murugan et al., 2015). Using cashew apple powder as a supplement can create additional income opportunities for one or more local farmers and entrepreneurs. Additionally, the use of a local agricultural resource is an environmentally sustainable waste management strategy which creates an  economically empowered work force  in the Konkan region. Because the cashew apple waste is produced in the Konkan region, using the cashew apple powder is more socially acceptable and also a lower-cost alternative compared to using a synthetic supplement. This provides the local farmers with more incentive to use this product thereby promoting environmental sustainability. The social acceptance of the cashew apple supplement also allows the local farmers a greater compliance and longer-term benefit for their enterprises. The cashew apple (Anacardium occidentale) is often referred to as an agricultural waste with great potential for cost effective feed livestock nutrient supplementation (Aslam et al., 2024)  While the cashew nut is sold commercially, the fruit is not always used due to its perishability and astringent taste. However, when processed the fruit can provide an excellent supplementation in livestock diets. Nutritionally, cashew fruit has a lot of vitamin C, carbohtdrates, antioxidants, fibre and minerals that can be utilized for livestock production improvement (Aluko et al., 2022). However, cashew apple is underutilized, this study investigates the efficient use of cashew nut apple in livestock feeding in an environmentally sustainable manner. 
[bookmark: _Hlk149658814]Methodology:
Study site:
            Instructional Livestock Farm,  Department of Animal Husbandry and Dairy Science, College of Agriculture, Dapoli, Maharashtra, India.	
Experimental set up:
A growth trial of ninety days was conducted on 20 Konkan Kanyal goat kids of same average body weight and divided in five groups of four kids in each treatment which were selected randomly from the goat unit of the Instructional Livestock Farm of Department of Animal Husbandry and Dairy Science, College of Agriculture, Dapoli, to conduct the experiment. The goats were randomly assigned to five treatments comprising of four replications and each replication has one animal per replicate. The animals were raised in individual compartment under confinement. The experimental design used was the Randomized Block Design (RBD) with four kids per treatment.
Metabolism Trial: 
Twenty konkan  kanyal kids from the feeding trial were used for metabolism trial.The metabolism trial conducted for one week. They were housed in individual metabolism cage with facilities for collection of goat droppings and urine. Each buck was individually fed the same experimental diet used in the feeding trial to evaluate the digestibility of the diet. Samples for all the seven days period of collection in metabolic trial were preserved. At the end of collection period, the preserved goat droppings in the bottles were mixed properly and representative samples were used for chemical analysis.
Chemical Analysis: 
The samples of the goat droppings collected during metabolic trial were analyzed for the proximate principles viz., Dry matter, Crude protein, Crude fibre, Ether extract, Nitrogen free extract and Total ash (AOAC, 1995).
Nutrient digestibility 
Nutrient digestibility was calculated by using following formula
                                                  (Nutrient intake – Nutrient outgo)
Nutrient digestibility =                                                                          × 100
                                                                     Nutrient outgo

Treatment details:
T1 (control): Basal diet without cashew apple powder, T2: Basal diet + 10.0 g cashew apple powder, T3: Basal diet + 15.0 g cashew apple powder , T4: Basal diet + 20.0 g cashew apple powder, T5: Basal diet + 25.0 g cashew apple powder. Cashew apple powder was given along with concentrate. Basal diet consist of Hybrid napier, jowar kadabi and concentrate (goat pellets).
Results and discussion:
Table 1: Average intake of nutrients in experimental kids (DM basis)
	Treatments
	Nutrients intake (g/day)

	
	DM
	CP
	EE
	CF
	Ash
	NFE

	[bookmark: _Hlk172991249]T1
	924.67c
	109.21c
	46.97c
	252.13bc
	99.96ab
	511.72c

	T2
	916.15de
	108.25de
	46.56e
	248.76de
	98.30c
	508.66cd

	[bookmark: _Hlk172991376]T3
	918.20d
	108.51d
	46.68cd
	248.80d
	98.16cd
	510.61cd

	[bookmark: _Hlk172991472]T4
	936.40b
	110.68b
	47.62b
	253.21b
	99.74ab
	521.56b

	T5
	945.67a
	111.80a
	48.11a
	255.20a
	100.36a
	527.55a

	SE ±
	1.91
	0.23
	0.10
	0.52
	0.20
	1.06

	CD (5%)
	5.88
	0.70
	0.30
	1.59
	0.63
	3.27


abcdeNumbers having different superscripts differed from each other
The nutrient intake in experimental kids on DM basis is explained on the basis of DM, CP, EE, CF, Ash and NEF. Dry matter intake (g/day) in T1, T2, T3, T4 and T5was 924.67, 916.15, 918.20, 936.40 and 945.67, respectively. CP intake (g/day) for T1, T2, T3, T4 and T5was 109.21, 108.25, 108.51, 110.68 and 111.80, respectively. EE intake for T1, T2, T3, T4 and T5was 46.97, 46.56, 46.68, 47.62 and 48.11 (g/day), respectively. CF intake for treatment T1, T2, T3, T4 and T5was 252.13, 248.76, 248.80, 253.21 and 255.20 (g/day), respectively. Ash intake for T1, T2, T3, T4 and T5was 99.96, 98.30, 98.16, 99.74 and 100.36 (g/day), respectively. NEF intake for treatment T1, T2, T3, T4 and T5was 511.72, 508.66, 510.61, 521.56 and 527.55 (g/day), respectively. 
	It shows that the kids supplemented with 25 g cashew apple powder (treatment group T5) consumed the highest nutrients throughout, followed by treatment groups T4, T1, T3 and T2. However, it was found that the average nutritional intake for the various treatments varied significantly from one another.
Table 2: Average outgo of nutrients in experimental kids (DM basis)
	Treatments
	Nutrients outgo (g/day)

	
	DM
	CP
	EE
	CF
	Ash
	NFE

	T1
	139.25a
	36.21
	10.57a
	55.40a
	31.05a
	249.75a

	T2
	125.75d
	31.28
	9.50cd
	49.63d
	24.23d
	236.75bc

	T3
	118.00e
	30.90
	9.23e
	47.35e
	22.73de
	234.00d

	T4
	129.50c
	32.98
	9.85c
	51.93c
	27.28c
	238.50bc

	T5
	134.00b
	34.78
	10.23ab
	53.83b
	29.46ab
	242.75b

	SE ±
	1.14
	1.60
	0.15
	0.28
	0.53
	2.06

	CD (5%)
	3.51
	NS
	0.46
	0.85
	1.63
	6.36


abcdeNumbers having different superscripts differed from each other
Dry matter outgo (g/day) in T1, T2, T3, T4 and T5was 139.25, 125.75, 118.00, 129.50 and 134.00, respectively.  Crude protein outgo for T1, T2, T3, T4 and T5was 36.21, 31.28, 30.9, 32.98 and 34.78, respectively. Ether extract outgo for T1, T2, T3, T4 and T5was 10.57, 9.50, 9.23, 9.85 and 10.23, respectively. Crude fiber outgo for treatment T1, T2, T3, T4 and T5was 55.4, 49.63, 47.35, 51.93 and 53.83, respectively. Ash outgo for treatment T1, T2, T3, T4 and T5 was 31.05, 24.23, 22.73, 27.28 and 29.46, respectively. Nitrogen free extract outgo for treatment T1, T2, T3, T4 and T5was 249.75, 236.75, 234, 238.50 and 242.75, respectively. Thus the treatment T1 had higher amount of outgo in DM, CP, EE, CF, Ash and NFE and lowest amount of outgo was observed in T3.
	The result shows that treatment group T1 had the highest outgo of all the nutrients, followed by T5, T4, T2 and T3. However, it is observed that the average outgo of the majority of nutrients varied significantly between the treatments.
Table 3. Average digested nutrients in experimental kids (DM basis)	
	Treatments
	Nutrients digested (g/day)

	
	DM
	CP
	EE
	CF
	Ash
	NFE

	T1
	785.42de
	73.01
	36.40d
	196.73d
	68.91e
	261.97e

	[bookmark: _Hlk172992956]T2
	790.40d
	76.97
	37.06c
	199.14c
	74.08ab
	271.91cd

	[bookmark: _Hlk172993004]T3
	800.20c
	77.61
	37.46ab
	201.45a
	75.43a
	276.61c

	T4
	806.90ab
	77.70
	37.77ab
	201.29ab
	72.46c
	283.06ab

	T5
	811.67a
	77.02
	37.88a
	201.37ab
	70.89cd
	284.80a

	aSE ±
	2.56
	1.63
	0.19
	0.56
	0.58
	2.35

	bCD (5%)
	7.88
	NS
	0.59
	1.73
	1.79
	7.23


Numbers having different superscripts differed from each other, a= Standard Error, b=Critical differeence
Dry matter digested (g/day) in T1, T2, T3, T4 and T5was 785.42, 790.40, 800.20, 806.90 and 811.67, respectively. CP digested for T1, T2, T3, T4 and T5was 73.01, 76.97, 77.61, 77.70 and 77.02, respectively. EE digested for T1, T2, T3, T4 and T5was 36.40, 37.06, 37.46, 37.77 and 37.88, respectively. CF digested for treatment T1, T2, T3, T4 and T5was 196.73, 199.14, 201.45, 201.29 and 201.37, respectively. Ash digested for T1, T2, T3, T4 and T5was 68.91, 74.08, 75.43, 72.46 and 70.89, respectively. NFE digested for treatment T1, T2, T3, T4 and T5was 261.97, 271.91, 276.61, 283.06 and 284.80, respectively. 
In average nutrient digested on dry matter basis (g/day) DM was highest in T5 and lowest DM digested was in T1 andT2 which was at par. For CP, T4 was highest and T1 was lowest. For EE, T5 was highest and at par with T3 and T4 and lowest EE digested as in T1. T3, T4 and T5 were at par highest in CF digested and lowest CF in T1. In Ash digested T3 was highest and at par with T2 and lowest was T1. In NFE digested for T5was highest and at par with T4 and T1 was lowest. 
	In the present study, it is concluded that the differences in average nutrients digested by experimental kids among treatments differed significantly from each other.
Table 4: Average nutrient digestibility in experimental kids (%DM basis) 
	Treatments
	Nutrients digestibility

	
	DM
	CP
	EE
	CF
	Ash
	NFE

	[bookmark: _Hlk172994488]T1
	84.94e
	66.85c
	77.50d
	78.03e
	68.94e
	50.36e

	T2
	86.27b
	71.10ab
	79.62ab
	80.05b
	75.36ab
	53.46cd

	T3
	87.15a
	71.52a
	80.24a
	80.97a
	76.85a
	54.17ab

	T4
	86.17bc
	70.20ab
	79.32ab
	79.49c
	72.65c
	54.27a

	T5
	85.83d
	68.90ab
	78.75c
	78.91d
	70.64d
	53.98c

	SE ±
	0.14
	0.98
	0.33
	0.11
	0.54
	0.39

	CD (5%)
	0.42
	3.03
	1.01
	0.35
	1.67
	1.21


Numbers having different superscripts differed from each other
[bookmark: _Hlk145884730]1. Dry matter digestibility (%)
	The average digestibility of DM observed in treatment T1, T2, T3, T4andT5 was 84.94, 86.27, 87.15, 86.17 and 85.83 per cent, respectively. Digestibility for DM of treatment T3 (fed with 15 g Cashew apple powder) was higher than other treatments followed by treatment T2, T4andT5.While treatment T1 has lowest DM digestibility. Digestibility of T2 was at par with T4.
	The results of this experiment are approximately similar with the results ofSreekutty(2017) who conducted trial to evaluate the effect of dietary incorporation of cashew apple waste on growth and nutrient utilization in kids were he showeddigestibility for DM at 0, 10 and 20 per cent cashew apple waste (CAW) was 81.12 ± 3.38, 84.30 ± 1.23 and 73.58 ± 3.21, respectively.
2. Crude protein digestibility (%)
[bookmark: _Hlk145884833]	The average digestibility of CP observed in present study was 66.85, 71.10, 71.52, 70.20 and 68.90 per cent in treatment T1, T2, T3, T4and T5, respectively. Digestibility of T3 was at par with T2, T4 and T5. Lowest CP digestibility was observed in T1.
	The results of present study is slightly higher than the result ofSreekutty(2017) were he observed digestibility for Crude protein at 0, 10 and 20 per cent CAW was 81.19 ± 2.11, 84.17 ± 2.77 and 71.40 ± 3.54, respectively. 
3. Ether extract digestibility (%) 
[bookmark: _Hlk145884871]	The average digestibility of EE observed in treatment groups T1, T2, T3, T4and T5 was 77.50, 79.62, 80.24, 79.32 and 78.75 per cent, respectively. Numerically higher digestibility for EE was found in treatment T3 (fed with 15g Cashew apple powder) followed by treatment T2, T4, T5 while treatment T1 has the lowest EE digestibility. The digestibility of T3 was at par with T2 and T4.
	The results of present study are approximately similar withOkpanachi et al.(2016) were he reported the digestibility for Ether extract for 0, 10, 20 and 30 per cent dried yellow cashew pulp  was 73.20, 66.64, 67.24 and 72.38, respectively.
4. Crude fiber (%)
[bookmark: _Hlk145884895]	In present study the average digestibility of CF observed was 78.03, 80.05, 80.97, 79.49 and 78.91 per cent in treatment T1, T2, T3, T4and T5, respectively. Digestibility for CF of treatment T3 was higher than other treatments followed by treatment T2, T4 andT5 while treatment T1 has the lowest CF digestibility. 
	Similar Crude fiber digestibility was reported bySreekutty(2017) at 0, 10 and 20 per cent of CAW was 88.56 ± 1.20, 87.27 ± 1.47 and 80.91 ± 3.04, respectively.
5. Ash digestibility (%)
	The average digestibility of ash observed in treatment T1, T2, T3, T4and T5 was 68.94, 75.36, 76.85, 72.65 and 70.64 per cent, respectively. Digestibility for ash of treatment group T3 fed with 15 gm Cashew apple powder was at par with T2andhigher than other treatment groups followed by treatments T4 andT5, while treatment group T1 has the lowest ash digestibility.
6. Nitrogen free extract digestibility (%)
	The average digestibility of NFE observed in treatment T1, T2, T3, T4and T5 was 50.36, 53.46, 54.17, 54.27 and 53.98 per cent, respectively. Digestibility for NFE of treatment T4 was at par with T3 and higher than other treatments followed by treatment groupsT5andT2which was at parwith each other while treatment T1 has the lowest NFE digestibility.

[bookmark: _GoBack]Fig.1: Graph showing the Average nutrient digestibility in experimental kids (% DM basis)
[bookmark: _Hlk149662635]Conclusion: 
[bookmark: _Hlk149662655]On the basis of the present investigation it may be concluded that, the significant increase in Nutrient Digestibilty was noticed in treatment T3 kids supplemented with 15 g cashew apple powder. The digestibility of crude protein (CP) indicated that the dietary protein was efficiently utilized by the animals. This could be due to the presence of certain phytochemicals, such as tannins in cashew apple, which may help protect protein from degradation in the rumen, allowing more of it to be digested later in the abomasum and small intestine. This mechanism might also explain the improved digestibility of dry matter (DM), crude fiber (CF), ether extract (EE), ash and nitrogen-free extract (NFE), as the intake and digestibility of CP can influence the digestion of other nutrients.
  

Disclaimer (Artificial intelligence)

Option 1: 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

Option 2: 

Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology

Details of the AI usage are given below:
1.
2.
3.

[bookmark: _Hlk149662692]References
A.O.A.C. 1995. Official Methods of Analysis 12th Edn. Association of Analytical Chemists, Washington, D.C. 
Aluko A., Makule E., Kassim N. 2023. Underutilized Cashew Apple Fruit: Its utility and development as a source of nutrients and value added products in Tanzania. Curr. Res. Nutr. Food Sci. 11(2).
Anonymous 2021. Ministry of Science and Technology, Government of India, New Delhi.
Ferreira, A. C., Neiva, J. N. M., Rodriguez, N. M., Pimentel, P. G., Gomes, S. P., Campos, W. E and Lopes, C. F. 2015. Nutritive evaluation of elephant-grass silage with different levels of by-products from cashew juice industry. R. Braz. Zootec. 44(12):432-442.
Janampet, R. S., Malavath, K. K., Neeradi, R., Chedurupalli, S and Thirunahari, R. 2016. Effect of feeding guar meal on nutrient utilization and growth performance in Mahbubnagar local kids. Vet. World. 9(10):1043-1046.
Murugan, S. S., Sudhis, K., Ranjan, J. K., Varshney, L. and Virendra, K. 2015. Cashew apple (Anacardiumoccidentale) : Evaluation of physical and chemical composition. Indian J. Nat. Sci. 5: 4255-4259.
Okpanachi, U., Oyewole, B. O., Egbu, C. F and Ganiyu, O. Y. 2016. Effects of feeding sun-dried yellow cashew pulp based diets on performance, dry matter and nutrient digestibility of West African Dwarf goats. Anim. Vet. Sci. 4(1):7-12. 
Sreekutty, P. S. 2017. Effect of dietary incorporation of cashew apple waste on growth and nutrient utilization in kids. M. V.Sc. thesis, Kerala Veterinary and Animal Sciences University, Pookode, Wayanad, Kerala, India.
Mojwok, V & Abdel Rahman, Izeldin. (2021). Challenges facing goat famers in Khartoum State. Journal of Agricultural Sciences. 7. 2-13.
Aslam, N., Hassan, S. A., Mehak, F., Zia, S., Bhat, Z. F., Yıkmış, S., & Aadil, R. M. (2024). Exploring the potential of cashew waste for food and health applications-a review. Future Foods, 9, 100319.
T1	DM
CP
EE
CF
NFE
Ash

DM	CP	EE	CF	NFE	ASH	84.940399999999997	66.848725000000002	77.499650000000301	78.027200000000022	50.356574999999992	68.938000000000017	T2	DM	CP	EE	CF	NFE	ASH	86.273050000000012	71.104474999999979	79.597225000000407	80.051175000000001	53.458075000000001	75.35615	T3	DM	CP	EE	CF	NFE	ASH	87.147800000000004	71.521125000000026	80.239675000000005	80.968424999999996	54.171975000000003	76.848874999999978	T4	DM	CP	EE	CF	NFE	ASH	86.170574999999758	70.203400000000002	79.316149999999993	79.493274999999997	54.268225000000129	72.651925000000006	T5	DM	CP	EE	CF	NFE	ASH	85.829974999999948	68.896799999999999	78.746475000000004	78.908000000000001	53.983924999999992	70.64087499999998	




