The effect of different levels of copper nano oxide and copper sulfate on performance,
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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 (CuNZ20). 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
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,
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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 2491
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 0.4
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 2574 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).

O (Sos0 0V 5 Y ) Golanisa sy99 58 A o
slalas

VR KV PONRCHP SN R A PR |

slaslas Hlaiae il suala (ha g3 wli (P>+/ o)

Wonal s SR S glackle (blie o
Ol g S g0l gy el g

SliseT il 30T 5 51l 3 sieT oLl slaps 3



VY Lo /Y 0)lad Y als /ol pole (sl ingly

OhSed 5 oylyedS” o3l 52

GSLaS 5 Gueclil gn) Guo (M 5 (Pare Yoo g5 0
o plule Yo s Ve psh Lo (anlgiel-gus
0o sST ol sladla 8 iz spa o a SHlS
aulas 5o olsgae ol & wusas le
Lo @ole e dauiiyn HB sanmonns g
e 5 AT plio bogue a Slis Yo b Ve gl
NGV KV PO

(e paie dew Gl 5y pue $U 5 (S mlie 3
0 ad S 5 aS (o glacdl oo assile 5 sy
slachle (Joaa Gollae cal sad (35105 £ Jsun
550wl ol b oS e s @B S sl
chale 5 5YG (P<:/0) 28 K 18 ptule)T slajles
slas s o) Joola sladigas 0 3laie suaic 5o
oSl Lo 5 895 puossnsSl il sl
poles Olose VL @ SIS 5 p Ske Ve o
A SSLS Lo afile Yo gl s @l 1) oS
Ssa 4 aS el YL pueannSl gl
5 oa able U Lyl 5o (P<e/-0) wols Laliaidl
Oloee ot wsolaine pae g nle 50 Gue S
pSe Vo sl (sa gladisal 4 Glaie juaic ol
w5t el 5B SEL sule a8 LS

posilas 5 s g5y yaic o bt Sl G s L
Ll w3 gy dalllasn ) o slacsls o sui (o 5:Ss )l
03 oo ol JaSe oSty oo RS 4wl (gulials
3 G0 i Ly 5o JAANS dalllaes ;) so (slas s 6
el 00 ,S5 alaol a gl

OlSea 5 oLl giie laga S b 3318 Lo b ol
aidls Gle oS el (1444) LKaa 5 o S (Y4VY)
s oohle 5@l e 5o e Eiledess
Slse aslas pinleT s550 Job o 55y (el o)
Jals 5o 555 phi @alis s 4 GusasaSI 56
Seislm Jld ulse pla b i delad &l o
835, O Wl ce (Sare ulse $U Sig bty s o

ol s She (GsA Lo SR g 0 S Hme S S

cullas Jols Slues) BT glagadls o canle)l
alo olas 1y wsullgun sl alile 5 HYBK Guﬁﬂ
08K
Soline AR SlaweSl BT S ed )b 5 el

P>/ 0) walw (Ll |,

(V-7 ) ololSan 5 s it ol gl b glallias o
L osoblee sladlel plie srm @il JoSe b
S PRI I PR pSshe Vor) Gueslil g
slasielhly 550 pue JoSe € WS E,18 (dles
Lacdly JosiealS 5 wopmaalg 5 OSHE sy Ssa
5 Bl (o Ke aallhe Lo osls goligae Lab
s omeolilgn) wlie Gagdl L (Yo0V) oloKan
o8 pSske Er 5 V) Bl Folais 5 (Guecli g
& slaw 53 gladley olie spm 4 ue (pS5LS
WSS G ss OSHE placdly cdile 4 Wiy S sualin
86 wa3 AST 5 ALT laani 5 womnBis 5
Jorial cble Ll wms S 18 ataledl slajles
Ooer 5 5538 il 2l pue JeSo 585 ca3
$las s 5o s ilide slaJeSa 31 a0 (Y+)A)
G oowe JoSo (a8l € waga GEHIS pladl B
calad o sobigns 8B plaie 5 slass sna
JS Sl BT cnas g 5 5B sarmsnnnSl y ses o3l
oo b wiillgunslle Ladlds (Jlagpll cubls
Sl 5 LS i il aallie mls Ay
23 e @iludeSe @IS s b (Y044)
(uesliaf g 5 Gueclil pu) pbio b 55l 53 (slas s
B8 G e (p) (2 2 VE V) ol e
Golagne Hsbd Guenlilgn plan V& JSe S
Pl s e el (RIS oase
oo 5 ad (55 3058 slad s 50 serwnanasI 5 s
Pl s 5 Geeslilsw e V6
bl Ha ol Gl 1 a5 sanwsanns) 5 s

O3l b (VoY) OlKas 5 (85500 s sladisly



INE d)lg).v dl:zm); asy uluow 9 u.)9> dlbw‘)ﬂ 4@.«)‘ ‘.))g.l.a.c » wuww 9 um.\unflyb i C9Ja.w )A)L

OIS (a 8L Ho a Sle Yo 5 V) Gueslil s
S Gue clle 4 sade @ Sle Vol (pines
S S ke Vo el 4 e (g iy

5 b)) Sk pis sane 5 osuyy WS (Jab wilS
Slas (VA87) sl @laginlE (Yo0Y ollas
GoBubs § Lia Same e JT sue S8 oS sas o
—daSe b (Yoo ) Dol 5 S5l Gan Lo s 3S
L oSl oo sladle S e spa g5l

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 81.8 958 991 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 0514
Triglycerides (mg/dl) 30 18.8 18.4 20.6 20.8 214 168  0.660
56 17.6 18.6 21.6 16.6 16.2 200  0.385
Urea (mg/dl) 30 32.8° 442 38.8%® 46° 40 271  0.024
56 40.8 41.8 38 32.4 437 419 0411
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 4.06 380 015 0.704
Protein (mg/dl) 30 6.98 7.24 7.38 7.74 718 0.7  0.060
56 7.14 6.9 7.28 7.06 737 028 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 0.43 0.574
AST (U/L) 30 91.6 90.80 97.80 9500 9400 1091 0.987
56 1216 1136 1224 1467 1544 1487 0.282
ALT (U/L) 30 2850 2520 26.20 3217 2420 325  0.466
56 2960 2640 3040 3450 2720 329  0.460
TAC (mmol/lit) 30 0420 0422 0490 0404 0430 003 0.283
56 0.466 0.426 0.464 0.394 0.397 0.41 0.408
MDA (mmol/lit) 30 1.982 1.802 1.52° 1.34¢ 1.44> 0.05  0.001
56 1.78 1.50 1.86 1.62 158 012 0.217
GPX (u/Ghb) 30 63.20 76.78 60.76 6698 6104 420 0.075
56 50.34  66.62 5390 4698 6185 6.23  0.256
SOD (u/Ghb) 30 11644 1169.7 11315 11438 12354 27.13 0.106
56  806.10 885.84 857.28 674.64 863.27 81.87 0.403
CAT (cata/grHb) 30 4741 4155 4312 4340 4659 324 0.678
56  35.72° 35.74° 36.36° 40.60° 4564* 065 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? Cus20? CuN10* CuN205 SEM P-value
Hot carcass 46.30 46.96 4750 46.67 48.91 1.37 0.702
Cold carcass 4458 4457 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 4.46 452 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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