


Impact of Pasture Grazing on Hemato-Biochemical Variables in Sirohi Doeling under Semi-Intensive Rearing System

Abstract
The current experiment was carried out at Livestock Research Station (LRS), Bojunda, Chittorgarh (Rajasthan) to study the effect of rearing system i.e. Grazing Versus Stall Feeding System on Hemato-Biochemical Variables of Sirohi Goats. Thirty Sirohi doelings around 6-12 months age group with uniform body size and weight were selected. They were randomly divided into three groups (group 01, group 02 and group 03) of equal number (10 each). Deworming and vaccination carried out routinely as per schedule. Pre adoption period of 15 days was given to all Sirohi doelings before starting research work. The Sirohi doelings selected for the experiment were free from physiological, anatomical and infectious diseases. The animals of Group 01 were allowed to rear on complete stall feeding with supplementation of commercial concentrate ration, the animals of group 02 were allowed to rear on stall feeding with one time browsing around farm premises while the animals of Group 03 were allowed two times browsing around farm premises without stall feeding. Blood samples was collected at first day (day 0) and after every ten day interval for ninety days (3 months) of experiment to estimate the Red Blood Cell (RBCs), White Blood Cell (WBCs), Estimation of Haemoglobin (Hb), Packed cell volume (PCV), Aspartate amino transferase (AST)/ SGOT, Alanine amino transferase (ALT)/ SGPT, Blood glucose, Total Protein, Cholesterol and Triglyceride. It was found that the system of rearing i.e. grazing and stall feeding didn’t affect the blood biochemistry (red blood cell (×106/μL), WBC (×103/μL), Haemoglobin (Hb) (gm/dl), Packed cell volume (PCV) (%), SGOT/AST (U/L), SGPT/ ALT (U/L), Blood glucose (mg/dl), Total protein (mg/dl), Cholesterol (mg/dl) and Triglyceride (mg/dl) and all these are within normal physiological range.  	Comment by Olayemi Aanuoluwapo Olugosi: Grammatical error, 	Comment by Olayemi Aanuoluwapo Olugosi: This statement contradicts table 02
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[bookmark: _Hlk204094210]Introduction:
 	Goats have been connected with humans since the dawn of agriculture and animal domestication, making them a very significant socio-economic animal that offers a variety of goods and services to man across the world, particularly in developing nations. We now refer to it as an ATM. The modern human race may employ goats in a variety of ways. Each component of its body and every one of its products is significant in its own way (Lata and Mondal, 2021). In India, goats are among the principal livestock used for the production of meat. Chevon, one of the most popular meats is in high demand domestically. The goat is a creature that adapts to practically any environment easily especially in desert areas (Banerjee, 2004). For 40% of India's rural people who live in poverty, goats are a reliable source of income (Maske and Phule, 2011). With a holding of 11.6% of the global livestock population, India has one of the largest livestock industries in the world (Islam et al., 2016). The 20th livestock census estimates that there are 535.78 million animals in India (BAHS, 2019), which goats make up 27.78%. There are 861.9 million goats in the globe. In India, there are 148.88 million goats in total. The livestock industry provides 4.11% of GDP, whereas agriculture as a whole accounts for about 25.6% of GDP. The Sirohi goat may be found in Arawali Hills, districts in central and southern Rajasthan, and dry and semi-arid regions. The coat is mostly brown with some pale or dark spots. There are three main techniques for raising small ruminants: extensive, semi-intensive, and intensive. Due to the rangelands' poor production and severe degradation, the animals often have low nutritional levels. A full stall feeding on produced fodders, crop leftovers and concentrates, compound feeds or grazing on established pastures mixed with stall feeding are all examples of intensive systems. Small holder farmers are finding intensive production of small ruminants to be an increasingly appealing venture due to the increasing demand for meat and meat products. A considerable portion of small holders and landless workers in rural regions engage in goat-rearing as a livelihood since it consumes a type of feed that would cause other animals to starve (Singh et al., 2000 and FAO, 1991). The intensive manner of goat husbandry has its own relevance because of deforestation and the lack of grazing pasture. In order to maintain productivity in the future when raising goats or sheep, shepherds will need to find alternate methods. Stall feeding with very less inputs is one such potential strategy. Therefore, the current experiment was undertaken to compare the grazing system and stall feeding system in small ruminants i.e. goats. 	Comment by Olayemi Aanuoluwapo Olugosi: What does ATM mean, Replace informal word with professional scientific terminology
Materials and Methods: 
The proposed work was carried out at “Goat Unit” of Livestock Research Station (LRS), Bojunda, Chittorgarh, Rajasthan with due care that Sirohi doeling should be well identified by use of tagging for different groups. Thirty Sirohi goat doelings around 6-12 months age group with uniform body size and weight were selected. They were randomly divided into three groups (01, 02 and 03) of equal number (10 each). Deworming and vaccination carried out routinely as per schedule. Pre adoption period of 15 days was given to all kids before starting research work. The Sirohi doelings were selected for the experiment was free from physiological, anatomical and infectious diseases. Group 01 allowed to rear on complete stall feeding with supplementation of commercial concentrate ration, group 02 allowed to rear on stall feeding with one time browsing (daily 4 hours) around farm premises while Group 03 allowed two time browsing (daily 8 hours) around farm premises without stall feeding. Blood samples was collected at first day (day 0) and after every ten day interval for ninety days (3 months) of experiment to estimate the Red Blood Cell (RBCs), White Blood Cell (WBCs), Estimation of Haemoglobin (Hb), Packed cell volume (PCV), Aspartate amino transferase (AST)/ SGOT, Alanine amino transferase (ALT)/ SGPT, Blood glucose, Total Protein, Cholesterol and Triglyceride. It was found that the system of rearing i.e. Grazing and Stall feeding didn’t affect the blood biochemical (red blood cell (million/mm3), WBC (thousand/mm3), Haemoglobin (Hb) (g/dl), PCV Packed cell volume (%), SGOT/AST (U/L), SGPT/ ALT (U/L), Blood glucose (mg/dl), Total protein (g/dl), Cholesterol (mg/dl) and Triglyceride (mg/dl).	Comment by Olayemi Aanuoluwapo Olugosi: Consider justifying the sample size or acknowlege it as a limitation if larger studies are needed for broader generalization. Noteworthy to also mention body weight of doelings at start of experiment and end of experiment.	Comment by Olayemi Aanuoluwapo Olugosi: Ambiguity ‘Kids were selected “ should be “Doelings”	Comment by Olayemi Aanuoluwapo Olugosi: Noteworthy to mention how was blood collected, was practices were done to ensure it was ethically compliant

Grammatical errors, “ blood samples was  should be were collected
The data obtained during the experiment were analysed for one way ANOVA using SPSS statistics software version 20 package as method depicted by Snedecor and Cochran (1994). 	Comment by Olayemi Aanuoluwapo Olugosi: Explicitly state the post-hoc test used after ANOVA
Table 01: Management of protocols was followed for different groups of animals.
	System of Rearing
	Concentrate
	Roughage
	Dry Fodder
	Management

	Intensive (T1)
(n=10)
	150 gms per day 
	No grazing, roughage offered on DM Basis- 200 gms per goat in the stall
	1 Kg / day
	No grazing, both concentrate and roughages were offered in the pen only

	Semi-intensive (T2)
(n=10)
	100 gms per day (Restricted)
	Restricted grazing (8AM to 12 Noon)
	1 Kg / day
	Restricted grazing followed by offering restricted concentrate in the pen

	Extensive (T3)	Comment by Olayemi Aanuoluwapo Olugosi: Nutrient composition of concentrate is required
(n=10) 
	No Concentrate offered
	Full grazing (8 AM to 12 Noon & 2PM to 6 PM)
	1 Kg / day
	Animals were not offered anything in the shed and kept in the pen only during night hours




Results and Discussion:
 The red blood cell (×106/μL), white blood cell (×103/μL), Haemoglobin (Hb) (gm/dl), Packed cell volume (PCV) (%), SGOT/AST (U/L), SGPT/ ALT (U/L), Blood glucose (mg/dl), Total protein (mg/dl), Cholesterol (mg/dl) and Triglyceride (mg/dl) are estimated and are presented in table 02.   


Table 02: Mean ± SEM Values of Haemoglobin, Red Blood Cell, White Blood Cell, Packed Cell Volume, AST, ALT, Blood glucose, Cholesterol, Total protein and Triglyceride in the blood samples of Sirohi doeling in various trial groups 
	Parameters
	Groups

	
	T1(Control)
	T2
	T3

	Hb (gm / dL)
	8.766 ± .13b
	7.481 ± .04a
	7.488 ± .04a

	RBC (×106 / μL)
	11.577 ± .05b
	10.418 ± .02a
	10.424 ± .02a

	WBC (×103 / μL)
	8.527 ± .08a
	8.873 ± .06b
	9.733 ± .09c

	PCV (%)
	29.955 ± .51b
	25.164 ± .31a
	25.052 ± .27a

	AST (U / L)
	71.084 ± .39a
	73.703 ± .48a
	89.045 ± 1.36b

	ALT (U / L)
	6.313 ± .04a
	6.601 ± .03a
	7.850 ± .15b

	Blood glucose (mg / dl)
	53.524 ± .56b
	48.162 ± .29a
	48.213 ± .33a


	Cholesterol (mg / dl)
	103.185 ± .15a
	102.653 ± .10a
	105.216 ± .35b


	Total protein (mg / dl)
	6.695 ± .05b
	6.277 ± .03a
	6.246 ± .03a


	Triglyceride (mg / dl)
	7.507 ± .23a
	7.710 ± .25a
	10.179 ± .40b


(a, b and c values with different superscripts for the same parameter within the row differ significantly (p<0.05)) 	Comment by Olayemi Aanuoluwapo Olugosi: Explain the test used for significance
In the present study the mean ± SEM values of Haemoglobin (Hb) , Red Blood Cell (RBC) and Packed Cell Volume (PCV) were observed significantly (p<0.05) higher in Intensive rearing group than Semi-intensive and  Extensive rearing groups, as showed in table 02. These results are in agreement with the findings of Patil et al. (2014), Kochewad et al. (2017) in sheep and Mane et al. (2022), who reported significantly (p<0.05) higher RBC, Hb and PCV in Intensive rearing group. While, the findings of Kochewad et al. (2018a) in sheep, Adenkola et al. (2018), Karthik et al. (2021) in sheep and Bhinder et al. (2023) were in disagreement with the present investigation. Good veterinary care and a lesser parasite challenge may be the cause of the greater erythrocyte count seen in the intensive group. Sufficient balanced diet that has minerals and vitamins required for the best possible production of haemoglobin (Adenkola et al., 2009; Adenkola and Tuleun, 2011). It has been shown that animals fed a high-protein diet were better able to bind iron overall than those fed a low-protein diet. In erythropoiesis, iron has a beneficial effect. Unlike the goats under the extensive system, the goats under intensive management received a high-quality protein concentrate as a supplement in their feed. 
The mean ± SEM values of White Blood Cell (WBC) were observed significantly (p<0.05) differed in all rearing groups, as showed in table 02. The finding of Karthik et al. (2021) in sheep was similar with the present investigation. While, the findings of Patil et al. (2014), Adenkola et al. (2018), Singh et al. (2020), Mane et al. (2022), Bhinder et al. (2023) and Yadav et al. (2023) were disagreement with the present study. On the other hand, Attia (2016) found that the total leucocyte count had barely changed. Leucocytes' primary functions include phagocytosing foreign organisms to defend the body from invasion, preventing infections, and generating, or at the very least, delivering, and dispersing, antibodies during an immune response. 	Comment by Olayemi Aanuoluwapo Olugosi: Elaborate on the nature of the observed differences and potential reasons, especially when citing conflicting previous studies
In the present study, the mean ± SEM values of Aspartate aminotransferase (AST) and Alanine transaminase (ALT) were observed significantly higher (p<0.05) in Extensive rearing group than Intensive and Semi-intensive rearing groups, as showed in table 02. These results are in agreement with the findings of Kochewad et al. (2017) in sheep, Adenkola et al. (2018), Karthik et al. (2021) in sheep and Bhinder et al. (2023). While the findings of Indu et al. (2014) and Yadav et al. (2023) were in disagreement with the present investigation. Muscle enzymes have been demonstrated to rise in animals under the stress and excitement of constraint because of increased cell permeability and cell injury (Duncan and Prasse, 1986). Although no individual animal's results in this study indicated a significant increase of serum AST or ALT, handling-related stress cannot be completely ruled out.
In the present investigation the mean ± SEM values of Serum Glucose and Total Protein (TP) were observed significantly (p<0.05) higher in Intensive rearing group than Semi-intensive and Extensive rearing groups, as showed in table 02. These results are in agreement with the findings of Gupta et al. (2005), Nayak et al. (2013), Manat et al. (2016), Singh et al. (2020), Karthik et al. (2021) in sheep, Debbarma et al. (2022) and Mane et al. (2022). While, the findings of Raju et al. (2015) in sheep, Attia et al. (2016) and Yadav et al. (2023) were in disagreement with the present investigation. In nutritional studies, a number of researchers (Okoruwa, 2014; Okoruwa et al. 2014; Olafadehan et al. 2014) had linked higher serum total protein and albumin to higher protein intake. According to Yadav et al. 2023, Compared to a semi-intensive and extended system of raising, the higher total protein in stall-fed systems may be the result of higher concentration intake.  
The reported mean ± SEM value of Serum Cholesterol was observed significantly (p<0.05) higher in Extensive rearing group than Semi-intensive and Intensive rearing groups, as showed in table 02. These results are similar to the findings of Adenkola et al. (2018), Debbarma et al. (2022), Mane et al. (2022) and Yadav et al. (2023). While, the results of Raju et al. (2015) in sheep, Manat et al. (2016), Singh et al. (2020), Karthik et al. (2021) in sheep and Bhinder et al. (2023) were contrast with present study. The highest increase in cholesterol level was observed in animals raised in intensive systems, which may be related to greater levels of free fatty acids (FFA) brought on by less stress during the trial period. Accordingly, in the current study, higher cholesterol levels (within physiological bounds) in intensive systems are indicative of better physical health and reduced stress in these rearing methods.   	Comment by Olayemi Aanuoluwapo Olugosi: Address and correct the contradictory statement regarding cholesterol levels 	Comment by Olayemi Aanuoluwapo Olugosi: Needs Rephrasing it confusing, many studies cited but not discussed critically
The reported mean ± SEM value of Triglyceride was observed significantly (p<0.05) higher in Extensive rearing group than Semi-intensive and Intensive rearing groups, as showed in table 02. These results are in agreement with findings of Singh et al. (2020). While, the results of Raju et al. (2015) in sheep and Bhinder et al. (2023) were in disagreement with the present investigation. Smith RW and Walsh A. (1975) reported a higher quantity of these substances in the ewes' liver. Increased lipolysis, which is hormonally controlled and not an indication of energy deficit, may be the cause of the substantial drop in blood triglycerides in intensive systems of rearing (Holtenius P and Hjort M. (1990).	Comment by Olayemi Aanuoluwapo Olugosi: What substances are you referring to
Conclusion: 
On the basis of above mentioned findings it was observed that the intensive rearing system (T1) is superior to semi-intensive (T2) and extensive (T3) rearing systems due to its significant advantages concern to physiological and biochemical changes. However, while the intensive rearing system yields better results, it is rather costly. Therefore, the semi-intensive rearing system emerges as a more cost-effective alternative while still being supported by scientific findings.     	Comment by Olayemi Aanuoluwapo Olugosi: What analysis was  carried out to back up this findings, need to show proof of cost analysis	Comment by Olayemi Aanuoluwapo Olugosi: Repeated phrases
	Based on the results of the present study, it can be concluded that the intensive rearing system is superior to semi-intensive and extensive rearing systems due to its significant advantages. However, while the intensive rearing system yields better results, it is rather costly. Therefore, the semi-intensive rearing system emerges as a more cost-effective alternative while still being supported by scientific findings. Further studies across different seasons are necessary to validate and optimize these results. 	Comment by Olayemi Aanuoluwapo Olugosi: Conclusion is vague, supporting scientific finding to back claims is not included in the manuscript
References: 
Adenkola, A.Y. and Tuleun, C.D. (2011). Erythrocyte osmotic fragility and haematological parameters of growing Japanese quail (Coturnix cortunix japonica) fed different level of protein diets. In: Proc. 36th Annual Conference of Nigeria Society of Animal Production, Abuja, Nigeria. pp. 114-116.
Adenkola, A.Y., Adah, A.S. and Azeez, O.M. (2018). Oxidative stress and haematological profiles of goats reared under different management systems. Malaysian Journal of Veterinary Research, 9(2): 19-29.
Adenkola, A.Y., Ayoade, J.A., Babadusi, D.R. and Igoche, S.G. (2009). Growth performance, carcass and haematological characteristics of rabbits fed graded levels of tiger nuts (Cyperus esculentus). Animal Production Research Advances, 5(2): 128-133.
Attia, N. (2016). Physiological, hematological and biochemical alterations in heat stressed goats. Benha Veterinary Medical Journal, 31(2): 56-62.
BAHS. Basic Animal Husbandry & Fisheries Statistics, Animal Husbandry Statistics Division, Department of Animal Husbandry and Dairying, Ministry of Agriculture, Government of India; c2018.  
Banerjee, D., Upadhyay, R.C., Chaudhary, U.B., Kumar, R., Singh, S., Ashutosh, D.T.K. and De, S. (2004). Seasonal variations in physio-biochemical profiles of Indian goats in the paradigm of hot and cold climate. Biological Rhythm Research, 46(2): 221-236.
Bhinder, M.S., Nayyar, S., Singh, C. and Singla, M. (2023). Health status, antioxidants and milk quality of goats reared under stall-fed and free range grazing system. The Indian Journal of Animal Sciences, 93(11): 1103–1112.
Debbarma, N., Haldar, A., Bera, S., Debnath, T., Paul, A., Chakraborty, S. and Dhama, K. (2022). Effect of different management systems on the performance of Black Bengal goat for sustainable and profitable farming. Journal of Veterinary Medicine and Animal Sciences, 5(1): 633-644.
Devendran, P., Jayachandran, S., Visha, P., Nanjappan, K. and Panneerselvam, S. (2008). Hematology and blood profile of Coimbatore Sheep. Indian Journal of Small Ruminant, 15(1): 98-101.
Duncan, J.R. and Prasse, K.W. (1986). Veterinary Laboratory Medicine, 2nd Edition, Iowa State University Press, Iowa, USA.
Food and Agricultural Organization of the United Nations, Asian Livestock Monthly Technical Magazine of the FAO. Animal Production and Health Commission for Asia and the Pacific (APHCA). 1991;8:85-87.
Gupta, V.K., Sharma, S.D., Vihan, V.S. and Kumar, A. (2005). Studies on biochemical parameters in different physiological states in sheep under semi-intensive system of management. Indian Journal of Small Ruminants, 11(2): 161-165.
Holtenius, P. and Hjort, M. (1990). Studies on the pathogenesis of fatty liver in cows. The Bovine Practitioner, 1(25): 91-94.  
Indu, S., Sejian, V. and Naqvi, S.M.K. (2014). Impact of stimulated heat stress on growth, physiological adaptability, blood metabolites and endocrine responses in Malpura ewes under semi-arid tropical environment. Animal Production Science, 55(6): 766-776.
Islam, M.M., Anjum, S., Modi, R.J. and Wadhwani, K.N. (2016). Scenario of livestock and poultry in India and their contribution to national economy. International Journal of Science, Environment and Technology, 5(3): 956-965. 
Karthik D., Suresh, J., Reddy, Y.R., Sharma, G.R.K., Ramana, J.V., Gangaraju, G., Reddy, P.P.R., Reddy, Y.P.K., Yasaswini, D., Adegbeye, M.J. and Reddy, P.R.K. (2021). Adaptive profiles of Nellore sheep with reference to farming system and season: physiological, hemato-biochemical, hormonal, oxidative-enzymatic and reproductive standpoint. Heliyon, 7(5): 1771-1781.
Kochewad, S.A., Raghunandan, T., Rao, K.S., Reddy, K.K., Kumari, N.N., Ramana, D.B.V., Balamurgan, T.C., Kankarne, Y., Kumar, S. and Meena, L.R. (2017). Effect of different farming systems on physiological response, blood parameters and endocrinological profiles in Deccani sheep. The Indian Journal of Animal Sciences, 87(7): 856-858. 
Kochewad, S.A., Raghunandan, T., Rao, K.S., Reddy, K.K., Nalini, K.N., Ramana, D.B.V., Anil, K.D., Yogeshwar, K., Sanjeev, K., Meena, L.R. and Magan, S. (2018). Productive performance, Body condition score and carcass characteristics of Deccani lambs reared under different rearing systems. Indian Journal of Animal Research, 52(3): 444-448.
Lata, M. and Mondal, B.C. (2021). Role of goats in indian economy: Major constraints and routine managemental practices for their well‐being. Vigyan Varta, 2(3): 41-46.
Manat, T.D., Chaudhary. S.S., Singh, V.K., Patel, S.B. and Puri, G. (2016). Hematobiochemical profile in Surti goats during post-partum period. Veterinary world, 9(1): 19-24.
Mane, D.U., Kumar, K.M., Sarat, C.A., Nagalakshmi, D., Sakaram, D., Venkataramana, K. and Rathod, S. (2022). Physiological, haematological and serum biochemical parameters of Mahabubnagar local goats under different systems of rearing. The Pharma Innovation Journal, 11(10): 1263-1271.
 Maske, S.S. and Phule, B.R. (2011). A study of goat farming in drought prone area: a case study in Solapur district. International referred research journal, 2: 83-84.
Nayak, S., Mohapatra, A.K., Barik, N. and Sahoo, G.R. (2013). Haemato-biochemical studies in Ganjam sheep of Odisha reared under grazing system. Indian Journal of Small Ruminants, 19(1): 88-91.
Okoruwa, M.I. (2014). Effect of heat stress on thermoregulatory, live body weight and physiological responses of dwarf goats in Southern Nigeria. European Scientific Journal, 10(27): 255-264.
Okoruwa, M.I., Bamigboye, F.O. and Adewumi, M.K. (2014). Morpho-structural characteristics and blood constituents of dwarf ram lambs fed mixtures of orange and pineapple pulps. European Scientific Journal, 10(27): 69-79. 
Olafadehan, O.A., Adewumi, M.K. and Okunade, S.A. (2014). Effects of feeding tannin-containing forage in varying proportion with concentrate on the voluntary intake, haematological and biochemical indices of goats. Trakia Journal of Sciences, 12(1): 73-81.
Patil, M.N., Kumar, P., Teggelli, R.G. and Ubhale, P. (2014). A study on comparison of stall-feeding system of goat rearing with grazing system.  The Science Direct, 8: 242-247. 
Raju, N.V., Pankaj, P.K., Ramana, D.B.V. and Kavitha, V. (2015). Intensification in Deccani sheep: Hematological and Biochemical influences. European Journal of Molecular Biology and Biochemistry, 2(5): 251-256.
Singh, D.K., Kumar, S., Singh, N.S. and Singh, C.S.P. (2000). Genetic and non-genetic factors affecting pre-weaning relative growth rate (RGR) in Black Bengal and its half-bred kids. Indian Journal of Animal Science, 72: 161-164.
Smith, R.W. and Walsh, A. (1975). The composition of the liver lipids of the ewe during pregnancy and lactation. Research in Veterinary Science, 19(2): 230-232.
 Snedecor GW, Cocharan WG. Statistical Methods 6th edn Oxford and IBH Publishing Co., New Delhi, India; c1994. p. 350. 
Yadav, S.K., Mishra, A.K., Narwaria, U.S., Rajoriya, J.S., Ojha, B.K., Sharma, P., Singh, A.K. and Kushwah, N. (2023). Blood biochemical parameters of Sirohi goats reared on grazing versus stall feeding system in Vindhya plateau region of central India. International Journal of Veterinary Sciences and Animal Husbandry, 8(5): 15-19.


 	
 
. 





