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Introduction. Recently, nanoparticles have been produced and marketed using nanotechnology

(Haghi Jamadi et al., 2022). Reducing the size of particles to nanoparticles (size less than 100 nm)
increases the surface-to-volume ratio and changes other material properties. Increasing the contact
surface in nanoparticles causes their interaction with organic and inorganic molecules to be done
differently (Aliarabi et al., 2018). Among the minerals, copper is an essential, scarce element that
performs various functions in living organisms. It has been reported that copper nanoparticles have
beneficial effects on animal performance and can replace copper sulfate (Aliarabi et al., 2018).
Also, nano copper oxide has several advantages over copper sulfate, including improved
effectiveness, lower dosage with better results, no interference with other materials, and less
disposal in the environment, and can replace copper sulfate (Ognik et al., 2016). High copper in the
diet has benefits such as antibacterial activity, increasing growth hormone secretion, increasing feed
intake and production performance (Jafari et al., 2023). However, environmental pollution and
subsequent accumulation in feed and water can affect vital organs such as the liver and kidney
(Kushwaha et al., 2022). The objective of this study was to investigate the effect of different copper
forms and levels (copper nano oxide and copper sulfate) on performance, blood parameters and
immunity in Romanov-Moghani crossbred lambs.

Materials and methods: This research was conducted using 30 lambs in the form of a completely
randomized design with 5 experimental groups and 6 replications (lambs) in each group. The
duration of the experiment was 56 days. The experimental diets of this research include: 1) basal or
control diet (CON; without copper supplementation), 2) basal diet + 10 mg of copper per kg of dry
matter in the form of copper sulfate (CuS10), 3) basal diet + 20 mg of copper per kg of dry matter
in the form of copper sulfate (CuS20), 4) basal diet + 10 mg of copper per kg of dry matter in the
form of copper nano oxide (CuN10), 5) basal diet + 20 mg of copper per kg of dry matter in the
form of copper nano oxide (CuN20). Lambs were randomly grouped based on body weight and
each group was fed with one of 5 experimental diets. On the 30th and 56th days of the experimental
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period, blood samples were collected from the jugular vein 3 hours after the morning meal. Next,
after separating serum and plasma, the samples were kept at -20-C until the analysis. The
determined blood parameters include the concentration of copper, zinc, selenium, malondialdehyde,
glucose, cholesterol, triglyceride, total protein, albumin, urea, and beta hydroxybutyrate, liver
enzymes (ALT and AST). Total antioxidant capacity, activity of glutathione peroxidase, superoxide
dismutase and catalase enzymes were also determined.

After killing the animals, meat samples were taken from the 12-13 intercostal eye muscle to
determine the concentration of copper, zinc and selenium elements, and liver samples were also
taken. Liver, meat and blood samples were digested by the method of Kechoui et al. (2013). For the
analysis of blood and tissue samples, ICP-OES (model: Optimum 7300 DV) was used at Isfahan
University. At the time of animal slaughter, the quantitative and qualitative characteristics of the
carcass, including the weight of the heart, kidney, lungs, liver, and tail, along with the cold carcass
and the hot carcass, were recorded. The resulting data were analyzed in the form of a completely
randomized design using SAS software (2003). Means were shown as Least Squares (LSMEAN)
along with standard error and mean comparisons at a significance level of five percent.

Results and discussion: The results of this study showed that the use of copper sulfate and copper
nano oxide at the levels of 10 or 20 mg/kg dry matter of the diet had no significant effect on the
performance parameters of fattening lambs, in terms of body weight, live weight gain, dry matter
intake and feed conversion ratio (P>0.05). Also, the findings of this research showed that the
concentration of blood urea in 30 days increased significantly with CuS10 and CuN10 treatments
(P<0.05). Other blood parameters such as glucose, cholesterol, triglyceride, albumin, protein,
BHBA, AST, ALT enzymes and antioxidant indices superoxide dismutase, glutathione peroxidase
and total antioxidant capacity were not affected by the experimental treatments (P>0.05). The
supplemental feeding of nano copper oxide increased catalase enzyme activity in blood samples
(P<0.05). Copper concentration was increased in the liver significantly as a result of feeding 20 mg
of copper in the form of copper nano oxide(P<0.05). Supplemental feeding of copper sulfate
decreased the concentration of selenium in meat compared to the control group (P<0.05). Carcass
characteristics including the percentage of hot carcass and cold along with the percentage of internal
organs (tail, heart, liver, kidney and lungs) were not significantly different among the treatment
groups (P>0.05).

Conclusion: According to the present results, the use of mineral and nano forms of copper at levels
of 10 or 20 mg/kg dry matter of the diet had a significant effect on parameters such as blood urea,
malondialdehyde, catalase enzyme activity, percentage of copper in blood and selenium in meat.
However, no significant difference was observed on performance and most blood parameters,
antioxidant indices, total antioxidant capacity, activity of superoxide dismutase, glutathione
peroxidase enzymes, carcass characteristics of fattening lambs and clinical signs of poisoning in
lambs of treatment groups. This shows that the levels used in this study did not have the potential of
poisoning and health risks for the tested lambs. Considering the improvement of liver
concentrations of copper in the treatment receiving copper nano oxide source; it seems that the use
of 20 mg/kg of dry matter of copper nano oxide can be a useful strategy in reducing the disposal of
this element and reducing environmental pollution.
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Table 1- Ingredients and nutrient composition of the basal diet

Items %Dry matter
Alfalfa hay 50.50
Barley grain 24.91
Corn grain 14.65
Wheat bran 3.46
Soybean meal 4.99
Mineral and vitamin 0.49
Salt 0.28
Sodium bicarbonate 0.72
Total 100
Chemical composition

Dry matter 90.8
Metabolizable energy (Mcal/Kg DM) 2.5
Crude protein 14.4
Acid detergent fibre 15.8
Neutral detergent fiber 29.5
Ether Extract 2.2
Calcium 0.8
Phosphor 04
Copper (mg/Kg DM) 5.02
Ash 7.2

Vitamin Supplement: Vitamin A, 500,000 IU/ kg; Vitamin E, 100 mg/ kg; Vitamin D3
100,000 IU/ kg; Mineral Supplements: Calcium 195,000 mg; Phosphorus 90,000 mg;
Magnesium 90,000 mg ¢Sodium 55000 mg ¢ Zinc 3000 mg Iron 30fh;l/ ¢ Manganese 2000 mg

¢Cobalt 100 mg ¢ Selenium 1 mg ¢ Antioxidant 400 mg.
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Table 2- The effect of using different levels and sources of copper on the performance of

fattening lambs

Experimental treatments

Parameters CON! CuS10? CuS20° CuN10* CuN20®> SEM  P-value
Initial weight 35.55 35.85 35.82 35.76 35.83 0.672 0.825
Final weight 51.22 51.80 51.40 51.20 50.94 0.96 0.110
Daily weight gain (gr)

0-30 days 236.2 260.3 256.4 252.3 258.2 20 0.951
30-56 days 286.3 271.4 262.3 262.1 263.4 130 0.519
0-56 days 261.1 265.3 259.2 257.4 252.2 20 0.090
Dry matter intake (gr)

0-30 days 1789.2 1878.3 1763.3 17255 1757.5 49.43 0.280
30-56 days 1960.7 1869.6 1984.2 1848.9 1991.1 56.60 0.274
0-56 days 1874.84 1873.81 1873.75 1887.25 187453 40.86 0.910
Feed efficiency (%)

0-30 days 13.20 13.86 14.54 14.62 14.69 0.22 0.55
30-56 days 14.60 14.52 13.22 14.18 13.23 0.18 0.45
0-56 days 13.93 14.16 13.83 13.64 13.45 0.13 0.68
FCR

0-30 days 1.7 7.5 7.0 7.2 6.9 0.64 0.904
30-56 days 7.2 7.2 7.9 7.3 8.2 0.68 0.745
0-56 days 7.4 7.3 7.5 7.2 7.5 0.39 0.970

1) basal or control diet (CON; without copper supplementation), 2) basal diet + 10 mg of copper per kg of dry matter in the
form of copper sulfate (CuS10), 3) basal diet + 20 mg of copper per kg of dry matter in the form of copper sulfate (CuS20), 4)
basal diet + 10 mg of copper per kg of dry matter in the form of copper nano oxide (CuN10), 5) basal diet + 20 mg of copper

per kg of dry matter in the form of copper nano oxide (CuN20).
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Table 3- The effect of different levels of copper sources on blood parameters and antioxidant

indices of fattening lambs

Experimental treatments

Days CON!  CuS10° CuS20° CuN10* CuN20° SEM  P-value
Glucose (mg/dl) 30 92.8 90.8 94.2 95.8 94 4.09 0.931
56 83.6 88.6 96.6 81.8 95.8 9.91 0.752
Cholesterol (mg/dl) 30 53 47.2 57.8 58.8 62.6 4.35 0.158
56 56.4 53.6 57.2 46.8 65.7 4.03 0.514
Triglycerides (mg/dl) 30 18.8 18.4 20.6 20.8 21.4 1.68 0.660
56 17.6 18.6 21.6 16.6 16.2 2.00 0.385
Urea (mg/dl) 30 32.8° 442 38.8% 462 40% 2.71 0.024
56 40.8 41.8 38 32.4 43.7 4,19 0.411
Albumin (mg/dl) 30 3.82 3.88 3.82 3.82 3.73 0.08 0.804
56 3.90 3.76 3.88 4.06 3.80 0.15 0.704
Protein (mg/dI) 30 6.98 7.24 7.38 7.74 7.18 0.17 0.060
56 7.14 6.9 7.28 7.06 7.37 0.28 0.848
BHBA (mmol/lit) 30 0.484 0.658 0.592 0.506 0.502 0.06 0.293
56 0.422 0.468 0.590 0.458 0.430 043 0.574
AST (U/L) 30 91.6 90.80 97.80 95.00 9400 1091 0.987
56 121.6 113.6 122.4 146.7 1544 1487 0.282
ALT (U/L) 30 28.50 25.20 26.20 32.17 2420 3.25 0.466
56 29.60 26.40 30.40 34.50 27.20 3.29 0.460
TAC (mmol/lit) 30 0.420 0.422 0.490 0.404 0.430 0.03 0.283
56 0.466 0.426 0.464 0.394 0.397 041 0.408
MDA (mmol/lit) 30 1.982 1.80? 1.52° 1.34¢ 1.44° 0.05 0.001
56 1.78 1.50 1.86 1.62 1.58 0.12 0.217
GPX (u/Ghb) 30 63.20 76.78 60.76 66.98 61.04 4.20 0.075
56 59.34 66.62 53.90 46.98 61.85 6.23 0.256
SOD (u/Ghb) 30 1164.4 1169.7 11315 1143.8 12354 27.13 0.106
56 806.10 885.84 857.28 674.64 863.27 81.87 0.403
CAT (cata/grHb) 30 47.41 41.55 43.12 43.40 4659 3.24 0.678
56 35.72° 35.74° 36.36° 40.60° 45.64* 0.65 0.001

1) basal or control diet (CON; without copper supplementation), 2) basal diet + 10 mg of copper per kg of dry matter in the form
of copper sulfate (CuS10), 3) basal diet + 20 mg of copper per kg of dry matter in the form of copper sulfate (CuS20), 4) basal
diet + 10 mg of copper per kg of dry matter in the form of copper nano oxide (CuN10), 5) basal diet + 20 mg of copper per kg of

dry matter in the form of copper nano oxide (CuN20).
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Table 4- The effect of different levels of copper sources on the concentration of copper, zinc and
selenium elements in different tissues of fattening lambs (mg/kg)

Experimental treatments

Parameters Elements CON! CuS10? CuS20° CuN10* CuN20® SEM  P-value
Blood
Cu 0.084 0.083 0.081 0.083 0.109 0.01 0.198
Se 0.018 0.016 0.016 0.019 0.016 0.01 0.965
Zn 0.025 0.021 0.016 0.034 0.012 0.08 0.298
Meat
Cu 0.167 0.147 0.126 0.155 0.177 0.03 0.235
Se 0.030% 0.021°¢ 0.023 0.0342 0.025**  0.01 0.014
Zn 1.44 1.45 1.25 1.56 1.31 0.22 0.870
Liver
Cu 2.262° 2.339° 2.791° 2.564° 4,298  0.32 0.001
Se 0.023 0.024 0.016 0.018 0.022 0.01 0.255
Zn 0.845 0.914 0.826 0.849 0.807 0.16 0.992

1) basal or control diet (CON; without copper supplementation), 2) basal diet + 10 mg of copper per kg of dry matter in the form
of copper sulfate (CuS10), 3) basal diet + 20 mg of copper per kg of dry matter in the form of copper sulfate (CuS20), 4) basal
diet + 10 mg of copper per kg of dry matter in the form of copper nano oxide (CuN10), 5) basal diet + 20 mg of copper per kg of

dry matter in the form of copper nano oxide (CuN20).

Table 5- The effect of different levels of copper sources on slaughterhouse characteristics of

fattening lambs (%)

Experimental treatments

Parameters CON! CuS10? CuS203 CuN10* CuN20® SEM P-value
Hot carcass 46.30 46.96 47.50 46.67 48.91 1.37 0.702
Cold carcass 4458 44.57 45.32 4353 45.49 1.30 0.833
Tail 2.95 3.91 3.29 3.17 3.32 0.53 0.784
Heart 1.13 1.10 1.08 1.14 1.04 0.06 0.783
Liver 4.32 4.00 4.46 4.52 3.85 0.18 0.082
Kidney 0.59 0.61 0.57 0.57 0.77 0.05 0.112
Lungs 2.38 2.30 2.53 2.28 2.22 0.14 0.593

1) basal or control diet (CON; without copper supplementation), 2) basal diet + 10 mg of copper per kg of dry matter in the form
of copper sulfate (CuS10), 3) basal diet + 20 mg of copper per kg of dry matter in the form of copper sulfate (CuS20), 4) basal
diet + 10 mg of copper per kg of dry matter in the form of copper nano oxide (CuN10), 5) basal diet + 20 mg of copper per kg of

dry matter in the form of copper nano oxide (CuN20).
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