



Effect of copper supplementation on growth performance and nutrient utilization in lambs

ABSTRACT

An experiment was conducted on 18 male Mecheri lambs 4 months old with average  body weight (15.45 ( 0.06 kg) to determine the copper (Cu) supplementation in diet for optimum growth performance and nutrient utilization by allotting them randomly to three groups in completely randomized design. The dietary treatments were viz., Basal diet (no supplemental Cu), basal diet supplemented with 7 ppm Cu and 14 ppm Cu from CuSO4. The lambs were fed the respective diet at 3.5 per cent of body weight to meet the ICAR requirements except Cu throughout the feeding trial of 90 days. The basal diet (DM basis) contained 7.40 ppm Cu. Cu supplementation increased (P<0.05) the average daily gain and efficiency of dry matter utilization in lambs. Lambs supplemented with 14 ppm Cu had higher (P<0.05) daily weight gains than 7 ppm supplementation.. The dry matter (DM), crude fibre (CF), ether extract (EE) and cellulose digestibility were affected by Cu supplementation and the digestibility of DM and CF was higher in lambs fed 14 ppm supplementation. No effect of Cu was observed on crude protein, nitrogen free extract, acid detergent fibre digestibility and retention of nitrogen and energy. Apparent retention of Cu was increased significantly (P<0.05) in lambs fed 14 ppm Cu. This study indicated that ADG, efficiency of DM utilization and Cu retention were increased with Cu supplementation.

1. Introduction

Copper (Cu) is a unique mineral element required for a number of enzymes involved in numerous functions. Copper deficiency can result in reduced animals growth rates and performances (Suttle, 2010). Supplementation of Cu is generally required to overcome the adverse effects caused by the deficiency of this element and to boost the production and reproduction performances. The overall growth promoting effect of Cu is well established (Solaiman et al., 2001; Craig et al., 2003). A nutritional requirement of Cu for sheep is 10 ppm in diet (NRC, 1985). As animal production intensifies, the requirement for nutrients involved in combating stress might also increase more than the recommendation. Recent studies have shown better performance of animals, when they were supplemented above the recommended levels (Senthilkumar et al., 2009). Moreover, much higher dietary supplementation levels up to 30 ppm of Cu did not cause any observable toxicity in Ewes (Eckert et al., 1999). Copper as copper sulfate (CuSO4) improved performance in cattle (Vaswani et al., 2018) and goat (Zhang et al., 2007) and increased total VFA in the rumen of sheep (Mendoza et al., 1993). Hence, we hypothesize that changes in rumen fermentation by supplemental Cu may have contributed to better growth and nutrient efficiency and also in view of the contradictory reports, the present study was undertaken to find out the effect of supplementation of Cu at different levels in the ration on body weight gain and nutrients utilization in lambs.    

2. Material and methods

2.1. Animal and feeding management

Eighteen male Mecheri lambs (15.45
 ± 0.06 kg) were dewormed and randomly allotted in to 3 groups (n=6) in a completely randomized design. A basal diet was prepared from the locally available feed ingredients that were mostly low in Cu and to meet the nutrient requirements (ICAR, 2013) of lambs except Cu. The ingredient composition and chemical composition in the basal diet is presented in Table 1. The feed grade CuSO4.5H2O (Venvet® , India) was the inorganic source used in the present study. The appropriate amounts of Cu supplements were added to the basal diet to supply the Cu at 7 and 14 ppm from this source. The animals of group-I (basal) were offered basal diet (no Cu supplementation), group II and III were offered basal diet supplemented with 7 and 14 ppm Cu from CuSO4.5H2O, respectively. 

Table 1-Ingredient and chemical composition (% DM basis) of basal diet

	Ingredient 
	Composition (%)

	Sorghum straw
	40

	Maize
	45

	Soyabean meal
	5

	Molasses
	6

	Urea
	1

	Limestone powder
	1.4

	Dicalcium phosphate
	1.3

	Salt
	1

	Trace mineral & vitamin mixture*
	0.06

	Chemical composition
	

	Dry matter
	98.50

	Crude protein
	13.72

	Ether extract
	1.24

	Nitrogen free extract
	57.85

	Cell contents
	44.83

	Neutral detergent fibre
	55.20

	Acid detergent fibre
	24.75

	Calcium
	0.99

	Phosphorus
	0.37

	Copper (ppm)
	7.40

	Molybdenum (ppm)
	0.62

	Sulphur (ppm)
	0.15


*Trace mineral premix provided (mg/kg diet): Iron, 30; manganese, 40; zinc, 30; cobalt, 0.2; molybdenum, 0.5; Iodine, 0.25; selenium, 0.2. Vitamin A and E was provided to supply 940 IU and 210 IU per kg diet, respectively.

Lambs were fed the respective diets at 3.5 per cent of their body weight for 90 days of experimental feeding.  Animals were housed indoor with individual feeding and watering facility, fed 3 times a day and fresh drinking water was made available at all times, dewormed at regular intervals and standard vaccination schedule was followed throughout the study.

2.2. Body weight changes

At the beginning of trial, lambs were weighed for two consecutive days at morning before feeding and watering.  The animals were weighed individually at every fortnightly before feeding and watering to observe the body weight changes for a period of 90 days.
2.3. Feed consumption and feed efficiency
Each lamb was daily offered weighed quantities of respective diet thrice a day as per the requirements.  The residual left, if any were collected and weighed next day before offering the feed to find out the daily feed intake. The efficiency of feed and nutrient utilization was calculated as feed/nutrient intake per unit gain.  The samples of feeds offered and residues from all the groups were collected separately and analyzed every fortnightly for calculation of dry matter (DM) intake. The daily nutrient intake were calculated and expressed as kg per metabolic body weight.

2.4.  Metabolic trial

Metabolic trial was conducted on five lambs in each treatment at the end of feeding trial. Lambs were placed in a 1.2 m3 metabolic crate having collection trays. Each lamb was weighed before being placed in metabolism crates. Test feed and water were provided as per the schedule of growth trial. After a 3days acclimation period when lambs were placed in the crates, a 6 days collection period was followed. Intakes were recorded every 24 h on a dry matter basis.  Samples of feed was compiled at last 6 days and stored for later analysis. Faeces and urine produced from all lambs were collected every 24 h, measured and sample preserved for each lamb separately during the last 6 days. Samples were pooled within animals and stored at -20oC for later analysis. The proximate principles of feed, faeces and nitrogen content of urine were analyzed as per the method described by AOAC (1997) and Fibre fractions were estimated as per the method described by Van soest et al.  (1991) and the gross energy (GE) content was estimated using an adiabatic bomb calorimeter. The methane production was calculated by using the equation suggested by Blaxter and Clapperton (1965) basing on digestibility coefficient of energy. Nitrogen, energy input, output and balance were expressed in g/kg 0.75/day. Copper input, output and balance were expressed in mg/kg0.75/day.
2.5.Statistical analysis

Data was analyzed by the GLM procedure using IBM SPSS statis​tics version 23 (IBM 2015) with each lamb as replicate for a completely randomized design with Cu levels as a source of variation. The differences among means were determined using preplanned single degree of freedom contrasts. The single degree of freedom contrasts statements were as follows: (1) Basal vs Cu, (2) 7 ppm vs 14 ppm. The significance of the means was determined using Duncan’s mul​tiple range test (Duncan 1955)
.
Results and discussion

3.1. Effect on growth performance
All the lambs of different groups grew linearly throughout the feeding trial (Table 2). Cu supplementation had positive effect (P<0.05) on body weight of lambs. The higher DM, CF, EE and cellulose digestibility in Cu supplemented lambs might have attributed to higher body weight observed in present study. Significantly (P<0.01) higher body weight was observed in lambs fed 14 ppm supplemented Cu. 

Table 2  Effect of dietary copper concentration and source on body weight (kg) changes in lambs

	Fortnight
	Basal diet

(T1)
	Cu supplementation
	SEM
	P-value

	
	
	7 ppm Cu (T2)
	14 ppm Cu 

(T3)
	
	


	




	Initial
	15.45
	15.52
	15.52
	0.039
	0.411
	0.730

	Final
	26.92c
	28.02b
	29.26a
	0.186
	0.001
	0.001

	Total gain 
	11.47c
	12.51b
	13.68a
	0.167
	0.001
	0.001

	ADG (g/d)
	63.74c
	69.47b
	75.99a
	0.928
	0.001
	0.001


 
                        abcMean with different superscripts in a row differ significantly  (P < 0.05)

The response of Cu concentration in diet on ADG in the present study was mostly linear, in the tested range of 7 to 21 ppm of dietary copper (Fig 1). This indicates that supplementary copper, beyond the basic requirement, has additional nutritional and functional effects. It is hypothesized that the growth-promoting effect of copper is partly due to its influence on the repair of intestinal tissue and its ability to improve the synthesis of digestive enzymes, thus improving nutrient digestion and absorption (Liu et al., 2024).

Fig. 1:   Effect of dietary copper concentration on average daily gain (ADG) in 

Lambs
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3.2 Nutrient digestibility 

Copper supplementation increased significantly (P<0.05) DM, CF, EE and cellulose digestibility in lambs (Table 3). 

Table 3-  Effect of dietary copper concentration and source on nutrient digestibility (%) in lambs

	Nutrient
	Basal diet

(T1)
	Cu supplementation
	SEM
	P-value

	
	
	7 ppm Cu (T2)
	14 ppm Cu 

(T3)
	
	


	




	DM
	59.48b
	59.92b
	61.94a
	0.251
	0.03
	0.04

	OM
	63.67a
	67.35a
	65.35a
	1.052
	0.95
	0.07

	CP
	57.48
	58.86
	64.31
	2.000
	0.24
	1.00

	CF
	32.46c
	40.12b
	51.05a
	1.745
	0.01
	0.10


	EE
	51.87b
	60.33a
	59.20a
	1.274
	0.02
	0.83

	NFE
	71.78
	74.66
	71.40
	1.432
	0.94
	0.64

	Cell content
	59.75ab
	64.23a
	64.90a
	1.675
	0.68
	0.13


	NDF
	61.38ab
	65.82a
	61.08ab
	1.012
	0.85
	0.09


	ADF
	31.56
	39.07
	38.03
	1.687
	0.32
	0.65

	Hemicellulose
	81.17ab
	86.24a
	71.46b
	1.732
	0.57
	0.02

	Cellulose
	49.50b
	57.94a
	60.59a
	1.125
	0.002
	0.72

	GE
	70.79ab
	72.78a
	70.84ab
	0.765
	0.87
	0.05



abcMean with different superscripts in a row differ significantly  (P < 0.05)

Supplementation of 10 ppm Cu increased (P<0.05) the DM, OM and NFE digestibility (Mondal et al., 2004) and 40 mg Cu /kg supplementation increased (P<0.01) DM and OM digestibility (Datta et al.,2007) in kids. The increased nutrient digestibility due to Cu supplementation was also reported in heifers (Vaswani et al., 2018).The improvement in DM and CF digestibility might be due to increased growth of cellulolytic bacteria in rumen resulting in better utilization of OM especially cellulose, hemicellulose and crude protein (Liu et al., 2024). 

3.3. Nutrient intake and nutrient efficiency
Cu supplementation did not influence the nutrient intake in lambs. However, the CP and DCP intake were significantly (P<0.05) higher in lambs fed basal diet supplemented with 14 ppm Cu than 7 ppm Cu supplemented group. The DM and ME utilization was significantly (P<0.05) better in Cu supplemented lambs than unsupplemented group. Among the Cu supplemented lambs, 14 ppm Cu supplemented lam utilizes these nutrients more efficiently than 7 ppm Cu supplemented lambs. The efficiency of DCP and TDN utilization was not affected by either Cu supplementation. While the CP utilization was better (P<0.05) in lambs fed 7 ppm supplemented Cu than those on 14 ppm supplemented Cu (Table 4). Most of the studies reported either no effect on feed/DM intake or depression in feed intake due to Cu supplementation. Copper supplementation to growing and finishing steers at 20 or 40 mg Cu/kg DM reduced (P<0.05) the feed intake linearly from 9.7 kg to 9.4 and 9.2 kg (Engle and Spears, 2000). Similarly, the average daily feed intake decreased (P<0.05) as Cu supplementation increased from 0–100 to 200 mg Cu/day in kids (Solaiman et al., 2006
). However, Luginbuhl et al. (2000) reported no effect of Cu supplementation on DMI in meat goats supplemented with 10 or 30 mg Cu/kg diet.

Table 4 Effect of dietary copper concentration and source on nutrient intake and efficiency in 

             lambs

	Fortnight
	Basal diet

(T1)
	Cu supplementation
	SEM
	P-value

	
	
	7 ppm Cu (T2)
	14 ppm Cu 

(T3)
	
	


	




	Nutrient intake (g/kg W0.75)

	DM
	82.03
	80.72
	80.21
	0.381
	0.08
	0.95

	CP
	9.55b
	9.40b
	11.41a
	0.424
	0.48
	0.002

	DCP
	5.80
	5.82
	7.34
	0.381
	0.39
	0.05

	TDN
	49.71
	52.34
	47.85
	1.041
	0.92
	0.86

	ME  (kcal) 
	119.2
	121.4
	104.6
	2.780
	0.44
	0.43

	Nutrient efficiency (intake, g/gain, g)

	DM
	12.87a
	11.79b
	10.88c
	0.164
	0.001
	0.001

	CP
	1.49
	1.38
	1.55
	0.059
	0.83
	0.03

	DCP
	0.90
	0.85
	1.00
	0.055
	0.80
	0.20

	TDN
	7.80
	7.64
	6.49
	0.177
	0.08
	0.29

	ME(kcal/g gain)
	22.81a
	21.59a
	17.19b
	0.587
	0.03
	0.05


 abcMean with different superscripts in a row differ significantly  (P < 0.05)

The CP intake followed the same trend as the DMI, the intake being higher in lambs fed 14 ppm added Cu than 7 ppm. While no source effect was noticed. The efficiency of DM (P<0.01) and ME (P<0.05) utilization (g intake/g gain) improved in lambs supplemented with Cu than unsupplemented groups. Lambs supplemented with 14 ppm Cu utilized DM and ME efficiently (P<0.05) than those fed diet supplemented with 7 ppm Cu. 

3.4 Nitrogen, energy and Cu balance


The nitrogen balance in the present study was lowest (P<0.01) in Cu unsupplemented lambs and highest in those on 14 ppm supplemented Cu (Table 5). Though no significant difference was observed on nitrogen balance, the nitrogen retention was numerically improved due to Cu supplementation (5.32 to 7.38g vs 4.01g). In accordance with present study, Mudgal et al. (2007) not found effect on nitrogen balance due to supplementation of 5 and 25 ppm Cu in Hariana calves and 10 and 20ppm Cu in Holstein Friesian calves. In Contrast, increasing the dose of Cu supplementation (0, 20 and 40 ppm) increased the nitrogen intake (P<0.05) and retention (P<0.01) of nitrogen in Black Bengal kids (Datta et al., 2007). Similarly, Mondal et al. (2004) in kids supplemented with 10 ppm Cu supplemented kids had higher nitrogen. But in the present study no such source effect was observed though the nitrogen balance (g) and retention expressed as per cent intake or per cent absorbed was numerically higher in lambs fed 14 ppm supplemented Cu.

Table 5  Effect of dietary copper concentration and source on nitrogen, energy and copper balance 

in lambs

	Fortnight
	Basal diet

(T1)
	Cu supplementation
	SEM
	P-value

	
	
	7 ppm Cu (T2)
	14 ppm Cu 

(T3)
	
	


	




	Nitrogen(g/d)

	Intake 
	15.28b
	15.25b
	18.78a
	0.694
	0.37
	0.002

	Faecal outgo
	6.02b
	5.81b
	6.70a
	0.187
	1.00
	0.001

	Urine outgo
	1.77a
	1.15b
	1.56a
	0.748
	0.55
	0.06

	  Balance 
	4.01
	5.82
	7.38
	0.582
	0.14
	0.80

	Energy(kcal/d)

	Intake 
	1942.9a
	1948.7a
	1746.9b
	42.86
	0.74
	0.77

	Faecal outgo
	566.1b
	533.9b
	508.2b
	36.72
	0.97
	0.15

	Urinary outgo
	0.026
	0.024
	0.020
	0.004
	0.92
	0.82

	Methane loss
	156.7
	159.2
	140.9
	6.62
	0.69
	0.83

	  Balance
	1194.6
	1233.4
	1076.0
	27.31
	0.69
	0.47

	Copper(mg/day)

	Intake
	6.06c
	12.63b
	16.37a
	0.889
	0.001
	0.001

	Faecal outgo
	5.20c
	11.20a
	10.40b
	0.656
	0.001
	0.001

	Urinary outgo
	0.38c
	0.71b
	1.83a
	0.190
	0.172
	0.003

	Balance
	0.87c
	1.44b
	5.47a
	0.429
	0.054
	0.001


                  abcMean with different superscripts in a row differ significantly  (P < 0.05)

  
The lambs on all diets were on positive energy balance (Table 5). The GE intake and faecal outgo were not affected by Cu supplementation or level of Cu supplemented in the diet, but at 14 ppm Cu supplementation, the intake and faecal outgo was higher (P<0.01). This resulted in lower energy retention (P<0.05) expressed as per cent intakes or absorbed in lambs on 14 ppm added Cu. Cu retention was comparable. Fecal Cu increased with increasing Cu intake (Table 5). This result concurs with the report that the major route of excretion for Cu is mainly via the feces (Vierboom et al., 2003). However, there was no difference in the urine excretion among treatments. The Cu retention was increased significantly (P<0.05) in lams supplemented with 14 ppm Cu. In contrast, Zhang et al. (2007) observed no difference in Cu retention due to Cu supplementation in Cashmere goats and Bartoskewitz et al. (2007) in white tailed deer. 

4. Conclusions

Cu supplementation to a diet containing 7.38 ppm Cu increased the ADG and efficiency of DM utilization in lambs and the increase in daily weight gains was linear with amount of Cu supplemented. 

References

AOAC, 1997.  Official methods of analysis, 16th Edition, 3rd revised, Vol.1. Association of Official Analytical Chemists. Washington, DC.

Bartoskewitz, M.L., Hewitt, D.G., Laurenz, J.C., Pitts, J.S., Bryant, F.C., 2007. Effect of dietary copper and zinc concentration on white- tailed deer antler growth, body size, and immune system function. Small Rumi. Res. 73, 87–94

Blaxter, K.L., Clapperton, J.C., 1965.  Prediction of the amount of methane produced by ruminants. Brit. J. Nutri. 19, 511-522.

Craig, T.J., Solaiman, S.G., Reddy, G., Hopkins, C.E. 2003. Effectof high dietary copper on growth performance, rumen fermentation and immune response in goat kids. (Abstract). J. Anim. Sci., 81 (Suppl.2), 24.

Datta, C., Mondal, M.K., Biswas, P., 2007. Influence of dietary inorganic and organic form of copper salt on performance, plasma lipids and nutrient utilization of 

Duncan 1955

Eckert, G.E., Gren, L.W., Carstens, G.E., Ramsey, W.S., 1999. Utilization of copper in copper profeinate, copper lysine and cupric sulfate or copper proteinate. J.  Anim.  Sci. 77,  224-249.

Engle, T.E., Spears, J.W., 2001.  Performance, carcass characteristics and lipid metabolism in growing and finishing Simmental steers fed varying concentration of Copper. J. Anim.  Sci. 79,  2920-2925.

IBM, 2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.
ICAR, 2013. Nutrient requirement of Livestock and Poultry. Indian Council of Agricultural Research, New Delhi pp 6.

Liu, B., Yan, J., Hao, H., Yong, F., Yang, L., Yang,W. and Che, D. 2024. Effects of Dietary Fiber and Copper on the Performance and Gut Microbiota of Finishing Pigs.Animals,14,3168.https://doi.org/10.3390/ani14223168.

Luginbuhl, J.M., Poore, M.H., Spears, J.W., Brown, T.J.,  2000. Effect of dietary copper level on performance and copper status of growing meat goats. Sheep Goat Res. J. 16, 65-71.

Mendoza, G.D., Britton, R.A., Stock, R.A., 1993. Influence of ruminal protozoa on site and extent of starch digesion and ruminal fermentation. J. Anim. Sci. 79, 515-524.

Mondal, M.K., Roy, B., Biswas, P., 2004. Effect of supplementation of copper on nutrient utilization by Black Bengal kids. Indian J. Anim. Nut. 21, 261-264.

Mudgal, V., Garg, A.K., Dass, R.S., 2007. Effect of dietary selenium and copper supplementation on growth and nutrient utilization in buffalo (Bubalus bubalis) calves. Anim. Nut. Feed Tech. 7, 79-88.

NRC, 1985. Nutrient Requirements of Sheep. Sixth ed. National Academy Press. Washington, DC, Revised. 

Senthilkumar P, Nagalakshmi D, Reddy Y R and Sudhakar K.2009. Effect of different level and source of copper supplementation on immune response and copper dependent enzyme activity in lambs. Tropical Animal Health and Production 41: 645–53. 


Solaiman, S.G., Craig Jr, T.J., Reddy, G., Shoemaker, C.E., 2007. Effect of high levels of Cu supplement on growth performance, rumen fermentation and immune response in goat kids. Small rumi. Res. 69, 115-123.

Solaiman, S.G, Maloney, M.A., Quresh, M.A., Davis, G., Andrea, G.H.D., 2001. Effects of high copper supplements on performance, health, plasma copper and enzymes in goats. Small Rum. Res. 41, 127-139.

Suttle N F. 2010. Mineral Nutrition of Livestock. 4th edn. Oxford, CABi Publishing, USA. 

Van Soest, P.J., Robertson, J.B., Lewis, B.A., 1991. Methods of dietary fibre, neutral detergent fibre and non starch polysaccharide in relation to animal nutrition. J.  Dairy Sci. 74, 3583-3597. 

Vaswani Shalini., Vinod kumar, Debashis roy, Muneendra kumar and Raju kushwaha. 2018. Effect of different sources of copper supplementation on performance, nutrient utilization, blood-biochemicals and plasma mineral status of growing Hariana heifers. Indian Journal of Animal Sciences 88 (7): 812–818.

Vierboom, M.M., Engle, T.E., Kimberling, C.V., 2003. Effects of gestational status on apparent absorption and retention of copper and zinc in mature Angus cow and Suffolk ewes. Asian-Aust. J. Ani. Sci. 16, 515-518.

Zhang, W., Wang, R., Zhu, X., Kleemann, D.O., Yue, C., Jia, Z. 2007. Efects of dietary copper on rumen fermentation, nutrient digestibility and fibre characteristics in cashmere goats. Asian-Aust. J. Anim. Sci. 20: 1843-1848. 

�Check the average weight!!!


�Not found in the list of references, so must be add???


�The author(s) don’t need to compare between each 2 treatments because they used DMRT, accordingly the superscripts with the means must be corrected???


�The same comments as before???


�Check this value???


�Check the differences and the superscripts???


�Also check??? However the author(s) used DMRT so all the comparisons must be check and change???


�Also check???


�Check this reference 2006 or 2007 according to the list of references???


�The same comments as before??? Accordingly check the following superscripts???


�The same comments as before??? Accordingly check the following superscripts???


�This reference must be added???


�Check this reference 2007 or 2006 according to the text???


�Must be arrange alphabetically!!!






