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			Abstract | The objective of present study was to evaluate the effect of replacing soybean meal with corn steep liquor on dry matter intake (DMI), growth performance and blood metabolites in Beetal bucks. Twenty-four Beetal bucks of age 12 ± 1 months having body weight of 30 ± 5kg were selected and divided into three treatment groups, having eight animals in each, under completely randomized design. Treatment 1) had no corn steep liquor while treatment 2) and 3) contained 10% and 20% corn steep liquor as a partially replacement of soybean meal respectively. Dry matter intake was significantly (p≤0.05) higher (1223g/day) in 3rd treatment and average daily gain was also significant (p≤0.05) higher in 3rd treatment treatments (123.53g/day) as compared to 2nd and 1st treatment group (102.6, 93.7g/day) respectively. Blood glucose level (58.8mg/dl) and blood urea nitrogen (20.7mg/dl) were increased in 3rd treatment as compared to other treatment groups. However, there was no difference in body measurements of all treatments. In conclusion, soybean meal can successfully be replaced with corn steep liquor without any deleterious effect on growth performance and economically better as compared to soybean meal. 
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			Introduction

			Goats are important component of livestock that are playing an important role in the economy of Pakistan. There are around 37 goat breeds in Pakistan (Bhutto et al., 1993; Isani and Baloch, 1996). Beetal goat has six strains found in different regions of Punjab Faisalabadi strain present in Faisalabad, Sahiwal, Okara Lahore, Sheikhupura, Makhi Cheeni strain is found in Bahawalpur, Bahawalnagar, Muzaffargarh, Nuqri strain is found in Dera Ghazi khan and Rajanpur, Gujrati strain is found in Gujrat, Sargodha, Jhelum, Nagri strain is found in Faisalabad, Okara, Sahiwal and Ry khan strain is available in Rahim Yar khan and mixed in Faisalabad and Pakpattan districts (Khan and Okeyo, 2016). One of most popular breeds in the subcontinent is the Beetal goat. They serve numerous functions, for a variety of reasons; they are the most popular goat breed of subcontinent. The first reason they are preferred by farmers is that they produce high quality meat that can be sold at very good price in the market. In the country, 40% red meat comes from small ruminants (Khan et al., 2004). According to economic Survey of Pakistan 2023-24 mutton production was recorded at 613,000 tons against the set targets of 817,000 tons. In the production of high-quality meat, animal feed has an important role. Furthermore, market prices for protein sources used in animal feed are quite expensive. Management and nutrition are regarded as the most significant variables in determining meat production quality, quantity and economic efficiency (Agnihotri et al., 2006). Feeding contributes up to 70% of cost in the animal production (Rodrigues and Rondina, 2013). In order to compete in the market, animal production should follow nutritional practices which are economically feasible. Two important components of animal diet are protein and energy, that they play a key part in their growth production (Tauqir et al., 2011).

			Soybean meal, which is widely used across the world, is the primary protein source in animal diets (Jelali and Salem, 2014). However, the cost of animal production is increased because soybean meal is too expensive. To address this issue, researchers using alternative feeds to investigate the consequences of using soybean meal as a partial replacement in diets (Irshaid et al., 2003; Haddad, 2006; Silva et al., 2016). Industrial by-products with high protein content have the potential to be used as ruminant nutrition feedstuff (Kazemi-Bonchenari et al., 2017). Industrial processing of maize grain produces a variety of by- products; such as corn gluten meal, corn steep liquor (CSL).

			CSL is produced when cleaned corn is transported to steeps and warm water with temperature 125F to 130F is circulated in steeps with small quantities of dissolved sulfur dioxide for 40 hours. Sulfurous acid is formed by the reaction of sulfur dioxide with water that control fermentation and assist in the separation of starch and protein, during this process soluble component are extracted from kernel and this liquid is passed through evaporators for some time and then CSL is formed. CSL is byproduct of the maize milling industry’s wet milling process and contains up to 40% crude protein. Carbohydrates, essential amino acids, peptides, organic compounds, magnesium, phosphate, calcium, potassium, sulfur, and chloride are all abundant in the CSL (Sarwar and Khan, 2004). It is composed of 50% dry matter (DM) and10% Ash (Sarwar and Khan, 2004). CSL being a source of Non-Protein Nitrogen contain 30% of corn nitrogen, in the form of ammonia nitrogen and amino nitrogen, contain unidentified growth factor that enhance weight gain in animals as compared to soybean meal (Liggett and Koffler, 1948).

			Corn steep liquor contains 21% lactic acid and has a pH of 3.7 (Khan et al., 2004). Therefore, corn steep liquor might be a good protein source in animal production system. It possesses pelleting qualities and increases feed palatability (Gupta et al., 1990; Talpada et al., 1987; Wagner, 1982). Increasing the price of soybean meal affecting negatively farm profitability, corn steep liquor has some easily fermentable carbohydrate which produce keto acids on hydrolysis and ruminal ammonia nitrogen combined with keto acids that improve rumen microbial proliferation and enhance feed digestion, moreover one of major reason to replace it with soybean meal due to high prices of soybean meal as compared to corn steep liquor, thus there is a need to find economical protein source that could improve farm profitability and improve bucks feed intake and weight gain. Hence objective of this study was to evaluate the influence of replacing soybean meal with corn steep liquor on feed intake, growth performance and blood metabolites in Beetal goats.

			Materials and Methods

			Experimental station

			The present study was performed at the Small Ruminant Research and Training Center, University of Veterinary and Animal Sciences Lahore, (UVAS) Ravi Campus Pattoki, Pakistan. The average temperature during the study was 28℃ and humidity was 44% according to weather conditions from google.

			Experimental design

			All the experimental procedures were approved by Ethical Review Committee, University of Veterinary and Animal Science, Lahore, Pakistan vide letter no (DR-170; 2022). Experimental duration was 60 days excluding 14 days of adaptation period. Twenty-four Beetal bucks, of age 12±1months having average body weight 30±5 kg, were selected and divided into three treatment groups under completely randomized design (CRD). Three total mixed rations having isonitrogenous and isocaloric composition were formulated and offered to each treatment group as shown in Table 1. Treatment 1 is control (having no CSL), treatment 2 and 3 containing diet as partially soybean meal substitute protein content with CSL at the rate of 10% and 20% respectively. Feed was calculated according to guidelines based on NRC (2007). Feed was offered ad-libitum twice a day at 6.00AM and 6.00PM in individual pens. Feed allowance was adjusted to allow 10% orts on daily basis. Comparative composition of soybean meal and corn steep liquor is presented in Table 2.

			Parameters evaluated 

			Dry matter intake (DMI) On the basis of dry matter intake, feed intake was calculated. The following formula was used to calculate DMI: Feed intake (kg) =Feed offered (kg) - Feed refused (kg) (Suyitman et al., 2020). Dietary sample was analyzed for dry matter according to the AOAC method (AOAC 2005). Average daily gain (ADG): On a weekly basis, the average daily gain was calculated by using the formula below:

			ADG= final BW-Initial BW/duration of experimental period (El-Emam et al., 2018).

			Blood sampling: At the start and end of trial five animals from each group were selected for blood sampling. Blood was collected from jugular vein puncture in a tube containing EDTA and centrifuged at 3000rpm for 15minutes and stored at -20C for further analysis. The blood glucose and blood urea nitrogen (BUN) were analyzed in university diagnostic laboratory (UDL) using commercially available kits (El-Emam et al., 2018).

			Body condition score: The body condition score was measured at the start and end of trial using 1.0 to 5.0 with scoring system.BCS-1 is emaciated, BCS-2 is thin, BCS-3 is average, BCS-4 is fat and BCS-5 is obese, for BCS fat was observed on transverse process of lumbar vertebrae, fat on ribcage and also check fat on sternum (Ghosh et al., 2019).

			Body measurements: Body measurements including withers height were measured from highest point over scapula to vertical ground, heart girth from smallest circumferences just behind the foreleg and body length was measured from point of shoulder to pin bone on weekly basis (Iqbal et al., 2013).

			Feed efficiency: following formula was used to calculate the feed efficiency.

			Feed efficiency = Average daily gain (kg)/feed intake (kg) (Hu et al., 2012).

			As the economics was calculated as output to input ratio data in this study, showing that there is a high return in 20% CSL group as compared to control due to high price of soybean meal as compared to corn steep liquor (Gomaa and Badawy, 2018).

			Table 1: Ingredients and chemical composition of TMR on DM basis.

			
				
					
					
					
					
				
				
					
							
							Ingredients

						
							
							Control

						
							
							CSL10%

						
							
							CSL20 %

						
					

					
							
							Oat silage

						
							
							45.0

						
							
							45.0

						
							
							45.0

						
					

					
							
							Corn grain

						
							
							25.0

						
							
							25.0

						
							
							25.0

						
					

					
							
							Soybean meal

						
							
							20.0

						
							
							17.8

						
							
							15.6

						
					

					
							
							CSL

						
							
							_

						
							
							2.2

						
							
							4.4

						
					

					
							
							Molasses

						
							
							8.0

						
							
							8.0

						
							
							8.0

						
					

					
							
							Mineral mixture

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
					

					
							
							Soda bicarb

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							DM%

						
							
							60.68

						
							
							60.0

						
							
							59.33

						
					

					
							
							CP%

						
							
							15.87

						
							
							15.78

						
							
							15.69

						
					

					
							
							Energy Mcal/kg

						
							
							2.56

						
							
							2.55

						
							
							2.54

						
					

					
							
							NDF

						
							
							30.10

						
							
							30.83

						
							
							31.56

						
					

					
							
							NFC

						
							
							49.64

						
							
							49.24

						
							
							48.84

						
					

					
							
							Ca

						
							
							0.76

						
							
							0.76

						
							
							0.75

						
					

					
							
							P

						
							
							0.36

						
							
							0.39

						
							
							0.41

						
					

				
			

			Control = corn steep liquor 0%, CSL 10% = corn steep liquor 10%, CSL 20% = corn steep liquor 20%.

			Table 2: Comparative Composition of SBM and corn steep liquor.

			
				
					
					
				
				
					
							
							Nutrients soybean meal

						
							
							Corn steep liquor

						
					

					
							
							Dry matter % 89.7

						
							
							50

						
					

					
							
							Protein % 43-44

						
							
							40

						
					

					
							
							Ash % 8 

						
							
							10

						
					

					
							
							pH - 

						
							
							3.7-21

						
					

					
							
							Lactic acid % -ANF trypsin inhibitor

						
							
							Nill 

						
					

				
			

			ANF= anti-nutritional factor.

			Statistical analysis

			Data were analysed by repeated measure ANOVA using the GLM procedures of SAS (version 9.1). Data for weight gain and total feed intake were analysed by one-way ANOVA (Steel et al., 1997). Results were declared statistically significant at p ≤ 0.05 and trend at p≤0.10 than the means of significant results were compared by Tukey’s HSD post Hoc multiple comparison tests.

			Results

			If p value is less than 0.05 (p≤0.05) the results were significantly higher and if the p value is greater than 0.05 (p≥0.05) results are not significantly higher as shown in my results. With regard to dry matter intake is significantly higher (p≤0.05) in CSL20 (1223.42g/day) as compared to control (1169.93g/day) and CSL10 (1202.46g/day). Average daily gain is also significantly higher (p≤0.05) in CSL 20 (123g/day) while in CSL10 and control ADG is 102g/day and 93g/day, respectively as shown in Table 3. The results of body condition score are non-significant among three treatment groups but numerically better (p = 0.110) in animals fed CSL containing diet as compared to control. Body condition score is directly related to weight gain so in this study weight gain was higher in CSL containing diet fed to bucks as presented in Table 3.

			Table 3: Growth performance, blood metabolites and body measurements of Beetal goats among different treatment groups.

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							0%CSL

						
							
							10%CSL

						
							
							20%CSL

						
							
							p-value

						
					

					
							
							DMI (g/day)

						
							
							1169.93 c

						
							
							1202.46 b

						
							
							1223.42 a

						
							
							0.000

						
					

					
							
							ADG (g/kg)

						
							
							93.71 c

						
							
							102.46 b

						
							
							123.53 a

						
							
							0.001

						
					

					
							
							BCS

						
							
							1.43

						
							
							1.59

						
							
							1.88

						
							
							0.110

						
					

					
							
							Blood glucose

						
							
							53.3

						
							
							49.2

						
							
							58.8

						
							
							0.232

						
					

					
							
							BUN

						
							
							20.7

						
							
							25.7

						
							
							23.5

						
							
							0.065

						
					

					
							
							Feed efficiency

						
							
							0.068

						
							
							0.075

						
							
							0.078

						
							
							0.783

						
					

					
							
							heart girth (inch)

						
							
							0.12

						
							
							0.00

						
							
							0.37

						
							
							0.177

						
					

					
							
							Economics (input/output)

						
							
							0.88

						
							
							1.02

						
							
							1.10

						
							
							0.563

						
					

				
			

			Superscripts on different means within row differ significantly at p ≤ 0.05. DMI = dry matter intake; ADG = average daily gain; BCS = body.

			Blood metabolites including blood glucose and blood urea nitrogen increased numerically (p=0.232) in animals fed ration containing 20% CSL, respectively (58.8mg/dl) and BUN (p= 0.065) is (23.5mg/dl) as compared to other treatments. Feed efficiency was numerically better (p= 0.783) in ration containing 20% CSL as compared to other treatments. No change in body measurements except heart girth that was slightly changed as it has direct relationship with body. CSL as the economics was calculated as output to input ratio data in this study, showing that there is a high return in 20% CSL group as compared to control due to high price of soybean meal as compared to corn steep liquor containing diet was economically better (p= 0.563) as compared to diet of control treatment (Table 3).

			Discussion

			Dry matter intake was higher in CSL20 as compared to control and CSL10 and can be attributed to improvement in ruminal fermentation because CSL provides minerals, amino acids and peptides that will lead to improved ruminal fermentation. CSL being a source of amino acids, peptides and soluble carbohydrates might have improved fermentation in rumen rapidly as compared to diets without CSL. Some fermentable carbohydrate presents in CSL that produce keto acids after hydrolysis. Keto acids combine with ruminal ammonia nitrogen due to which it might be possible to improve carbon and nitrogen synchronization in the rumen leading to enhanced microbial proliferation to improve the digestion of feed (Sarwar et al., 1991). CSL is high in nutrients that not only enhance microbial synthesis but also improve microbial efficiency that will link to dry matter intake (Haddad and Goussous, 2005). Feed intake increased in this study because ingestion of nutrient like dry matter in rumen has an important role in controlling of feed intake (Baile and Forbes, 1974). In rumen, rate of microbial degradation helps in the emptying of rumen which is also helpful in controlling the passage rate of feed ingested (Mertens, 1977). Feed intake increased in this study because feed intake also depends on palatability of feed and CSL has increases feed palatability (Gupta et al., 1990). Feed intake in this study was increased due to pelleting characteristics of CSL, as we found when CSL was fed with different variety of grains, (Jiriaei et al., 2020). Average daily gain was higher in CSL 20% treatment as compared to control because improved weight gain in bucks feeding CSL diets was due to increase in DMI and CSL contain unidentified growth factor that enhances weight gain in bucks. CSL has different micro and macro nutrients that might have influenced the ecology of rumen that led to VFA production due to which flow of microbial amino acids to intestine and increased average daily gain which may be attributed to improved ruminal fermentation (Sarwar et al., 2004). Results of our study are in line with Mirza and Mushtaq (2006) who reported that 5%CSL is useful for growth and feed: gain ratio. These results are also in line with the findings of Kaviani et al. (2022) who reported that average daily gain was highest when soybean meal was replaced with CSL at the rate of 0%, 25%, 50% and 100% in lambs.

			Feed efficiency was numerically better in CSL containing diet. CSL being a source of nitrogen and yields keto acids on hydrolysis that cause the synchrony of carbon and nitrogen utilization for microbial proliferation that will lead to improved feed degradation (Sarwar et al., 1991). CSL has different micro and macro nutrients that might have influenced the ecology of rumen that will lead to VFA production due to which flow of microbial amino acids to intestine has increased average daily gain which may be attributed to improved ruminal fermentation (Sarwar and Khan, 2004). Improved ruminal fermentation resulting in improved digestion that’s why efficiency of feed utilization was improved. Feed efficiency is indexing that reflecting the digestion and absorption of diet. Diet containing CSL might increase the activity of ruminal microbes including fermentation, digestion and absorption which results in better growth and feed efficiency. These results are in line with the findings of (Gomma and Badwy, 2018) who reported that CSL at the level of 0%, 10%, 20% and 30% was used in male goat kids, the efficiency of feed utilization was better in ration contained CSL when fed to male goat kids than in ration without CSL.

			Body condition score is non-significant but numerically better in animals fed CSL containing diet as compared to control. Body condition score is directly related to weight gain so in this study weight gain was higher in CSL containing diets fed to bucks. Body condition score is increased in animals having CSL in their diet because increased dry matter intake that improved growth performance ultimately improved body condition score of animals as also reported by Wagner et al. (1983).

			Blood glucose concentration was increased in bucks fed CSL20% diet might be attributed to the efficient fermentative activities by rumen microbes which might have ensured increased plasma glucose concentration, it is an indicator of energy status of animal and a function of intake level that supply more energy to the metabolism in the animal body (Reynolds et al., 2003). The increased blood urea-N concentration in bucks fed CSL was in association with higher ruminal ammonia-N in them because there is positive correlation in ruminal ammonia-N and blood urea-N as reported by Azizi-shotorkhoft et al. (2013). As the economics was calculated as output to input ratio data in this study, showing that there is a high return in 20% CSL group as compared to control due to high price of soybean meal as compared to corn steep liquor. These results are in line with the findings of Nisa et al. (2004) reported that CSL is consider as a major by-product of corn starch processing and can be utilized as an inexpensive source of nitrogen, vitamins, amino acids, peptides and soluble nutrients. Recently Saba et al. (2015) concluded that replacing concentrate feed mixture with CSL at rates 10, 20 or 30 % on the basis of crude protein in the diets could improve economic efficiency and increase the productive performance of goats and their offspring.

			Conclusions

				

			From the results of present study, bucks fed CSL 20% diet improved feed intake, growth performance and economically better as compared to soybean meal. Therefore, it is concluded that CSL 20% can be replaced with soybean meal in the diet of Beetal bucks without any adverse effect.

			Acknowledgements

			Facilitation and support by the faculty members of Department of Animal Nutrition and administration at Small Ruminant Research and Training Center, University of Veterinary and Animal Sciences Lahore, (UVAS) Ravi Campus Pattoki, Pakistan are highly appreciated.

			Novelty Statement

			The use of CSL in partial replacement of soybean meal in the diets of Beetal bucks is not studied yet in Pakistan.

			Author’s Contribution

			Muhammad Usman, Saeed Ahmed, Muhammad Shahbaz Zafar and Imran Mohsin: Design and plan of experiment were planned and developed.

			Muhammad Usman and Saeed Ahmed: Prepared research material and methods. 

			Mohsin Ali and Muhammad Noman Tariq: Collected data. 

			Saeed Ahmed, Muhammad Shahbaz Zafar and Imran Mohsin: Helped in result interpretation. 

			Muhammad Usman, Saeed Ahmed, Ghulam Qadir and Sohail Ahmad: Manuscript reviewed and edited.

			Data availability

			Data will be available on demand.

			Ethics approval

			All experimental procedure was approved by (ACUC) Animal Care and Use Committee University of Veterinary and animal Sciences UVAS Lahore, Pakistan vide letter no. 170.

			Conflict of interest 

			The authors have declared no conflict of interest.

			References

			Agnihotri, M., V. Rajkumar and T. Dutta. 2006. Effect of feeding complete rations with variable protein and energy levels prepared using by-products of pulses and oilseeds on carcass characteristics, meat and meat ball quality of goats. Asian Austral. J. Anim. Sci., 19: 1437-1449. https://doi.org/10.5713/ajas.2006.1437

			AOAC, 2005. Official methods of analysis 18th edn. Association of official analytical chemists; Arlington VA. USA.

			Azizi-Shotorkhoft, A., J. Rezaei and H. Fazaeli. 2013. The effect of different levels of molasses on the digestibility, rumen parameters and blood metabolites in sheep fed processed broiler litter. Anim. Feed Sci. Technol., 179: 69–76. https://doi.org/10.1016/j.anifeedsci.2012.12.001

			Baile, C.A. and J.M. Forbes. 1974. Control of feed intake and regulation of energy balance in ruminants. Physiol. Rev., 54: 160–169. https://doi.org/10.1152/physrev.1974.54.1.160

			Bhutto, M., M. Khan and G. Ahmad. 1993. Livestock breeds of Pakistan. Livestock Division, Government of Pakistan, Islamabad.

			El-Emam, G., H. Behery, F.E. Saba, A. Desoky, A. Al-Mwafy and E. Khalifa. 2018. Growth measurments of male goat kids nourished on unconventional rice straws ensiled by corn steep liquor and conventional rice straws ensiled by urea. J. Anim. Poult. Prod., 9: 507-513. https://doi.org/10.21608/jappmu.2018.41167

			Filipović, S., M. Ristić and M. Sakač. 2001. Technology of corn steep application in animal mashes and their quality. Rouman. Biotechnol. Lett., pp. 7705-7710.

			Ghosh, C., S. Datta, D. Mandal, A. Das, D. Roy, A. Roy and N. Tudu. 2019. Body condition scoring in goat: Impact and significance. J. Ent. Zool. Stud., 7: 554-560.

			Gomaa, A. and E. Badawy. 2018. Effect of feeding Zaraibi male goats on rations containing different levels of corn steep liquor, as a source of protein, on growth performance and carcass quality. Egypt. J. Sheep Goats Sci., 13(1): 1-14 https://doi.org/10.12816/0048315.

			Gupta, R., M. Desai, P. Talpaba and P. Shukla. 1990. Effect of corn steep liquor feeding on growth of cross-bred calves. Indian J. Anim. Nutr., 7: 279-282.

			Haddad, S., 2006. Bitter vetch grains as a substitute for soybean meal for growing lambs. Livest. Sci., 99: 221-225. https://doi.org/10.1016/j.livprodsci.2005.06.014

			Haddad, S. and S. Goussous. 2005. Effect of yeast culture supplemented on nutrient intake, digestibility and growth performance of Awassi lambs. Anim. Feed Sci. Technol., 118(3-8): 343-348. https://doi.org/10.1016/j.anifeedsci.2004.10.003

			Hu, W., T.A. Gipson, S.P. Hart, L.J. Dawson, T. Sahlu and A.L. Goetsch. 2012. Optimum duration of performance testing for growth rate, feed intake, and feed efficiency in growing Boer bucks. Small Rumin. Res., 104(1-3): 114-121. https://doi.org/10.1016/j.smallrumres.2011.09.047

			Iqbal, M., K. Javed and N. Ahmad. 2013. Prediction of body weight through body measurements in Beetal goats. Pak. J. Sci., 65(4): 458.

			Irshaid, R., M. Harb and H. Titi. 2003. Replacing soybean meal with sunflower seed meal in the ration of Awassi ewes and lambs. Small Rumin. Res., 50: 109-116. https://doi.org/10.1016/S0921-4488(03)00118-4

			Isani, G. and M. Baloch. 1996. Sheep and goat breeds of Pakistan. Press Corporation of Pakistan, Project Division.

			Jelali, R. and H.B. Salem. 2014. Daily and alternate day supplementation of moringa oleifera leaf meal or soyabean meal to lambs receiving oat hay. Livest. Sci., 168: 84-88. https://doi.org/10.1016/j.livsci.2014.07.005

			Jiriaei, F., M. Kazemi-Bonchenari, M.H. Moradi and D.M. Mirmohammadi. 2020. Synchronous feeding of liquid protein source with different grains on performance, digestibility, ruminal fermentation, blood metabolites, and carcass characters in growing lambs. Trop. Anim. Health Prod., 52(2): 829-837. https://doi.org/10.1007/s11250-019-02074-y

			Kaviani, A., R.S.D. Nobar, H.A. Shahryar and N.M. Maherisis. 2022. The effects of replacing soybean meal with different levels of processed corn steep liquor on growth performance, ruminal parameters and purine derivatives of Lori Bakhtiari lambs. J. Rumin. Res., 10(1): 1-16.

			Kazemi-Bonchenari, M., A. Alizadeh, L. Javadi, M. Zohrevand, N.E. Odongo and A.Z. Salem. 2017. Use of poultry pre-cooked slaughterhouse waste as ruminant feed to prevent environmental pollution. J. Cleaner Prod., 145: 151-156. https://doi.org/10.1016/j.jclepro.2017.01.066

			Khan, M. and A. Okeyo. 2016. Judging and selection in Beetal goats. GEF-UNEPILRI FAnGR Asia Project. University of Agriculture Faisalabad Pakistan.

			Khan, M.A., M. Sarwar, M.U. Nisa and M.S. Khan. 2004. Feeding value of urea treated corncobs ensiled with or without enzose (corn dextrose) for lactating crossbred cows Asian-Austral. J. Anim. Sci., https://doi.org/10.5713/ajas.2004.1093

			Li, X., W. Xu, J. Yang, H. Zhao, C. Pan, X. Ding and Y. Zhang. 2016. Effects of applying lactic acid bacteria to the fermentation on a mixture of corn steep liquor and air-dried rice straw. Anim. Nutr., 2: 229. https://doi.org/10.1016/j.aninu.2016.04.003

			Liggett, R.W. and H. Koffler. 1948. Corn steep liquor in microbiology. Bacteriol. Rev., 12(4): 297-311. https://doi.org/10.1128/br.12.4.297-311.1948

			Mertens, D.R.M., 1977. Dietary fiber components: Relationship to the rate and extent of ruminal digestion. Feder. Proc., 36: 87–97.

			Mirza, M. and T. Mushtaq. 2006. Effect of supplementing different levels of corn steep liquor on the post-weaning growth performance of Pak-karakul lambs. Pak. Vet. J., 26: 135-137.

			National Research Council, US, 2007. Committee on nutrient requirements of small ruminants, national research council, committee on the nutrient requirements of small ruminants, board on agriculture, division on earth, and life studies. 2007. Nutrient requirements of small ruminants: sheep, goats, cervids, and new world camelids.

			Nisa, M., M. Sarwar and M.A. Khan. 2004. Influence of ad libitum feeding of urea treated wheat straw with or without corn steep liquor on intake, in situ digestion kinetics, nitrogen metabolism, and nutrient digestion in Nili Ravi buffalo bulls. Aust. J. Agric. Res., 55: 235-239. https://doi.org/10.1071/AR02236

			Qamar, M., M. Sarwar and T. Huma. 2016. Substituting corn steep liquor with urea as nitrogen equivalence on nutrients intake, digestibility, blood biochemistry and milk composition in early lactating Nili-Ravi buffaloes. J. Anim. Pl. Sci., 26: 251.

			Reynolds, C.K., P.C. Aikman, B. Lupoli, D.J. Humphries and D.E. Beever. 2003. Splanchnic metabolism of dairy cows during transition from late gestation through early lactation. J. Dairy Sci., 86: 2101-1217. https://doi.org/10.3168/jds.S0022-0302(03)73704-7

			Rodrigues, F.V., Rondina, D., 2013. Alternativas de uso de subprodutos da cadeia do biodiesel naalimentação de ruminantes: Glicerinabruta. Acta Vet. Brasil., 7: 91-99.

			Russel, J.B., H.J. Strobel and S.A. Martin. 1990. Strategies of nutrient transport by ruminal bacteria. J. Dairy Sci., 73: 2996. https://doi.org/10.3168/jds.S0022-0302(90)78987-4

			Saba, F.E., H.R. Behery, A.A.A.I. Gomaa, A.M. Abdel-Gawad and M.E. Ahmed. 2015. Effect of corn steep liquor on performance of dairy Zarabi Goats. Egypt. J. Sheep Goats Sci., 10: 1-10. https://doi.org/10.12816/0016617

			Sarwar, M., J.L. Firkins and M.L. Eastridge. 1991. Effect of replacing neutral detergent fibre of forage with soy hulls and corn glutten feed for dairy heifers. J. Dairy Sci., 74: 1006-1017. https://doi.org/10.3168/jds.S0022-0302(91)78250-7

			Sarwar, M. and M.A. Khan. 2004. Nutritive value of urea treated wheat straw ensiled with or without corn steep liquor for lactating Nili-Ravi buffaloes. Asian-Austral. J. Anim. Sci., 17: 825-829. https://doi.org/10.5713/ajas.2004.825

			Scott, T., T.J. Klopfenstein, M. Klemesrud and R. Stock. 1997. Evaluation of corn bran and corn steep liquor for finishing steers. Nebraska Beef Cattle Rep., 457.

			Silva, M.S., M.D.A. Ferreira, A. de Melo, M. Monteiro, B. Ferreira and V. Ribeiro. 2008. Inclusion levels of maize residue in substitution of soybean meal for lactating cows. Acta Sci. Anim. Sci., 30: 51-57. https://doi.org/10.4025/actascianimsci.v30i1.3607

			Silva, R.V.M.M., G.G.P. de Carvalho, A.J.V. Pires, M.L.A. Pereira, L. Pereira, F.S. Campos, A.F. Perazzo, C.O. Nascimento, S.A. Santos and M.S.L. Tosto. 2016. Cottonseed cake in substitution of soybean meal in diets for finishing lambs. Small Rumin. Res., 137: 183-188. https://doi.org/10.1016/j.smallrumres.2016.03.014

			Steel, R., J. Torrie and D. Dicey, 1997. Principles and procedures of statistics: A biometrical approach. McGraw-Hill Co. Inc, New York.

			Suyitman, W.L., J. Hellyward and R. Pazla. 2020. Optimization of Rumen bioprocess through the addition of phosphorus and sulfur minerals on ammoniated palm leaves and fronds (Elaeis Guineensis Jacq.). Am. J. Anim. Vet. Sci., 16: 225–232. https://doi.org/10.3844/ajavsp.2021.225.232

			Talpada, P., M. Desai, H. Desai, Z. Patel and P. Shukla. 1987. Nutritive value of corn steep liquor. Indian J. Anim. Nutr., 4: 124-125.

			Tauqirm, N., M. Shahzad, M. Nisa, M. Sarwar, M. Fayyaz and M. Tipu. 2011. Response of growing buffalo calves to various energy and protein concentrations. Livest. Sci., 137: 66-72. https://doi.org/10.1016/j.livsci.2010.10.003

			Wagner, J.J., 1982. Corn steep liquor and fermented ammoniated condensed whey as protein sources for lactating cows and yearling heifers grazing winter native range. Oklahoma State University. https://doi.org/10.2527/jas1983.573542x

			Wagner, J.J., K.S. Lusby and G.W. Horn, 1983. Condensed molasses, soluble corn steep liquor, fermented ammoniated condensed whey as protein sources for beef cattle grazing dormant native range. J. Anim. Sci., 57: 542-552

			Xi, Y.L., K.O. Chen, W.Y. Dai, J.F. Ma, M. Zhang, M. Jiang and P.K. Ouyang. 2013. Succinic acid production by Actinobacillus succinogenes NJ113 using corn steep liquor powder as nitrogen source. Bioresour. Technol., 136: 775-779. https://doi.org/10.1016/j.biortech.2013.03.107

		

	OEBPS/image/1.png
OPEN aACCESS

Sarhad Journal of Agriculture

®

Check for
updates

Research Article

Effect of Replacing Soybean Meal with Corn Steep Liquor on Growth
Performance and Blood Metabolites in Beetal Goats

Muhammad Usman', Saeed Ahmed", Imran Mohsin?, Ghulam Qadir', Muhammad Noman Tariq’,
Mohsin Ali!, Muhammad Shahbaz Zafar' and Sohail Ahmad3
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Abstract | The objective of present study was to evaluate the effect of replacing soybean meal with corn steep
liquor on dry matter intake (DMI), growth performance and blood metabolites in Beetal bucks. Twenty-
four Beetal bucks of age 12 + 1 months having body weight of 30 + 5kg were selected and divided into
three treatment groups, having eight animals in each, under completely randomized design. Treatment 1)
had no corn steep liquor while treatment 2) and 3) contained 10% and 20% corn steep liquor as a partially
replacement of soybean meal respectively. Dry matter intake was significantly (p<0.05) higher (1223g/day) in
3" treatment and average daily gain was also significant (p<0.05) higher in 3" treatment treatments (123.53g/
day) as compared to 2™ and 1* treatment group (102.6, 93.7g/day) respectively. Blood glucose level (58.8mg/
dl) and blood urea nitrogen (20.7mg/dl) were increased in 3™ treatment as compared to other treatment
groups. However, there was no difference in body measurements of all treatments. In conclusion, soybean
meal can successfully be replaced with corn steep liquor without any deleterious eftect on growth performance
and economically better as compared to soybean meal.
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Introduction of Punjab Faisalabadi strain present in Faisalabad,

Goats are important component of livestock that
are playing an important role in the economy
of Pakistan. There are around 37 goat breeds in
Pakistan (Bhutto ez a/.,1993; Isani and Baloch, 1996).
Beetal goat has six strains found in different regions

Sahiwal, Okara Lahore, Sheikhupura, Makhi
Cheeni strain is found in Bahawalpur, Bahawalnagar,
Muzaffargarh, Nuqri strain is found in Dera Ghazi
khan and Rajanpur, Gujrati strain is found in Gujrat,
Sargodha, Jhelum, Nagri strain is found in Faisalabad,
Okara, Sahiwal and Ry khan strain is available
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