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ABSTRACT
The goal of the current study was to assess how reinforcing crossbred calves with inorganic and nano forms of zinc affected their growth and overall health. A completely randomized design (CRD) was used to divide 24 crossbred (Jersey × Holstein Friesian) of 6-9 months age into three (3) homogeneous groups based on their sex and live body weight. Animals were divided into three groups containing 8 number of animals in each group- T1, T2 and T3. The T1, T2, and T3 groups, which received supplements containing inorganic ZnO @ 40mg/kg DM, Nano ZnO@ 10mg/kg DM and Nano ZnO @ 20mg/kg DM, respectively, in addition to the basic diet. Blood biochemical parameters i.e. serum cholesterol, total triglycerides, serum creatinine, serum GGT, serum albumin/globulin ration and super oxide dismutase were estimated at the 0 day (initial), 42nd day (mid) and 84th day (end) of the feeding trial. Statistically no significant difference was observed among the groups in respect of the total cholesterol, serum triglycerides, Serum creatinine, Serum gamma glutamyl transference, and albumin: globulin values. Significant difference was observed among the groups in 42nd and 84th days of experiment regarding SOD level.
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1. Introduction:
The use of nanoparticles in a variety of fields, including medicine, engineering, information, environmental technology, food, pigments, electronics appliances, biological, and pharmaceutical applications, (Newman et al.; 2009, Rasmussen et al.; 2010, Stoimenov et al.; 2002, Song et al.; 2010) and more, may make this era known as the era of nanotechnology. In both human and animal models, nanomaterials are also employed in the domains of pharmacology, mineral nutrition, physiology, reproduction, biotechnology, and biology (both molecular and cellular). Therefore, nanotechnology and nanomaterials are being used in a variety of ways in food and agricultural systems. Given the reliance of the Indian economy on agriculture, the use of nanomaterials in agricultural and animal husbandry is crucial (Sri et al.; 2014). Materials whose structures display notably new and enhanced physical, chemical, and biological capabilities because of their nanoscaled particle size are the focus of nanotechnology (Wang et al.; 2000). This can be described as research and development that aims to comprehend and work with matter at the atomic, molecular, and supramolecular levels in terms of seeing, measuring, and manipulating it (Kaiser et al.; 2014).
                     When used as a substitute for traditional mineral sources, this nanoparticle has demonstrated favorable results. When it comes to growth, immunity, and reproduction, for instance, giving nano Zn to poultry and cattle has shown promising results. Piglets (Yang et al.; 2006) and poultry (Mishra et al.; 2014, Lina et al.; 2009)  have been shown to grow faster and have higher feed efficiency when exposed to nano ZnO. Zn nanoparticles boost animals' immunity. For instance, supplementing with micro ZnO was found to boost milk output and decrease the somatic cell count in subclinical mastitis cows (Rajendaran; 2013). By adding graded doses of micro ZnO to the diet, Yang and Sun (Yang et al; 2006) also reported a substantial decrease in the incidence of diarrhea. When broiler broiler diets were supplemented with nano Zn at 0.06 ppm instead of the standard dose of 15 ppm of organic and inorganic Zn, Sahoo et al. (Sahoo et al; 2014a, Sahoo et al.; 2014b ) found that the birds' immunity was improved. Additionally, ruminant rumen fermentation kinetics and the percentage of volatile fatty acids generated are also altered by nano zinc. When nano ZnO was added in vitro, ruminal microorganism growth, ruminal microbial protein synthesis, and energy utilization efficiency were all improved in the early stages of incubation (Zhisheng et al; 2011). The reasons of abortion can be investigated using nanosensors. Nano antioxidants can help with infertility issues and prevent retained placenta and other reproductive issues following calving. A recent development in animal production systems is the use of nanotubes implanted beneath the skin to assess the blood's estradiol content in real time (Rajendran; 2013). Therefore, it may be possible to eradicate these reproductive issues and enhance farming economics by giving animals nano Zn supplements.
2. Materials & Methods
2.1.  Experimental Design :
The data obtained for various parameters was analyzed according to SOS R software. The data representing to growth, serum biochemical and immunological were analyzed was carried out in SOS R software
2.2. Experimantal Procedure :
 In the present study, twenty four (24) numbers of crossbred calves (Jersey × Holstein Friesian) of 6-9 months age were selected from ILFC, CVSc, Khanapara and divided them into three groups irrespective of their sex. Each group contains 8 numbers of animals of similar average body weight. The treatment groups were: (T1) group, the concentrate ration will be supplemented with Inorganic ZnO @ 40mg/kg DM ,  In  T2 group, the concentrate ration will be supplemented with Nano ZnO@ 10mg/kg DM and  in T3 group standard concentrate ration will be supplanted with  Nano ZnO @ 20mg/kg DM.The selected calves were dewormed, vaccinated and treated against ectoparasites prior to commencement of the study. Blood from calves is taken at 0, 42nd  and 84th days. Serum is collected from the blood sample after centrifuge of sample at 2000 rpm at 4C. The biochemical parameters Total Serum Cholesterol, Serum Triglycerides, Serum Creatinine, Serum Gamma Glutamyl Transferees, Serum Albumin: Globulin ratio is determined by using commercially available kit from ASPEN Laboratory. For this purpose Spectrophotometer is used. In the present study SOD estimation was done by the indirect method using the nitrobluetetrazolium (NBT) . Effect of dietary inorganic zinc and nano zinc oxide on the humoral immune response was studied with the help of micro-agglutination assay which is described by Wagmann and Smithies (1966). Sera for antibody determination were collected at 0, 7 and 14 of days post inoculation and stored at -20°C. Sera were thawed, and inactivated for about 30 minutes at 56°C. Antibody titer was measured against SRBC by the micro-titer haemagglutination assay. Cell mediated immune response assessed through in vivo sub-cutaneous delayed-type hypersensitivity (DTH) reaction against the phytohaemagglutin-p (PHA-p) (Kim
et al, 2000 ) in vivo DTH response to PHA-p. One week prior to ahead of the end of the experimental feeding trials, eight individual animals from each dietary group were used for DTH test.
3. Result & Discussion :
3.1. BLOOD BIOCHEMICALS PROFILE
Blood biochemical parameters i.e. serum cholesterol, total triglycerides, serum creatinine, serum GGT, serum albumin/globulin ration and super oxide dismutase were estimated at the  0 day (initial), 42nd day (mid) and 84th  day (end) of the feeding trial and values have been presented in Table 1. Statistically no significant difference was observed among the groups in respect of the total cholesterol, serum triglycerides, Serum creatinine, Serum gamma glutamyl transference, and albumin: globulin values. But significant difference (P<0.05) was observed in SOD level among the groups in 42nd and 84th days of experiment.
TABLE 1: BLOOD PARAMETERS OF THE EXPRIMENTAL ANIMALS DURING FEEDING TRAILS 
	Attributes
	Treatment
	Period
	Treatment mean ± SE
	P value

	
	
	0 Day
	43 Day
	85 Day
	
	T
	P
	T×P

	Cholesterol (mg/dl)
	T1
	98.85±2.22
	98.1±1.71
	97.35±1.95
	98.1±1.09
	0.96
	0.10
	0.98

	
	T2
	98.96±2.70
	98.18±1.80
	96.92±2.40
	98.02±1.29
	
	
	

	
	T3
	99.94±2.26
	98.86±2.42
	97.5±2.15
	98.77±1.27
	
	
	

	Period mean ± SE
	99.25±1.09
	98.38±1.10
	97.26±1.20
	
	
	
	

	Triglycerides
(g/dl)
	T1
	3.35±0.26
	3.31±0.18
	3.43±0.38
	3.41±0.16
	0.81
	0.91
	0.99

	
	T2
	3.47±0.22
	3.48±0.26
	3.33±0.21
	3.37±0.12
	
	
	

	
	T3
	3.43±0.38
	3.33±0.21
	3.32±0.23
	3.35±0.12
	
	
	

	Period mean ± SE
	3.32±0.12
	3.46±0.13
	3.36±0.16
	
	
	
	

	Creatinine
(g/dl)
	T1
	1.14±0.08
	1.13±0.07
	1.11±0.05
	1.12±0.04
	0.85
	0.21
	0.99

	
	T2
	1.15±0.07
	1.12±0.05
	1.08±0.06
	1.13±0.03
	
	
	

	
	T3
	1.11±0.05
	1.11±0.07
	1.07±0.08
	1.09±0.02
	
	
	

	Period mean ± SE
	1.13±0.03
	1.12±0.03
	1.09±0.03
	
	
	
	

	GGT
(g/dl)
	T1
	8.70±0.42
	8.64±0.25
	8.63±0.20
	8.66±0.17
	0.93
	0.95
	0.99

	
	T2
	8.66±0.31
	8.63±0.28
	8.63±0.35
	8.64±0.15
	
	
	

	
	T3
	8.67±0.37
	8.65±0.29
	8.62±0.21
	8.64±0.16
	
	
	

	Period mean ± SE
	8.67±0.20
	8.64±0.15
	8.63±0.13
	
	
	
	

	Albumin : Globulin
	T1
	0.70±0.08
	0.67±0.05
	0.68±0.09
	0.70±0.04
	
0.69

	0.49
	0.97

	
	T2
	0.72±0.07
	0.69±0.03
	0.63±0.03
	0.66±0.02
	
	
	

	
	T3
	0.68±0.05
	0.71±0.03
	0.63±0.03
	0.67±0.03
	
	
	

	Period mean ± SE
	0.69±0.04
	0.70±0.03
	0.65±0.06
	
	
	
	

	SOD (U/mg)
	T1
	1.07±0.02
	1.12a±0.03
	1.20a±0.02
	1.13±0.02
	p˂0.001
	p˂0.001
	p˂0.001

	
	T2
	1.08±0.03
	1.29b±0.03
	1.57b±0.03
	1.31±0.04
	
	
	

	
	T3
	1.05±0.02
	1.58c±0.03
	1.72c±0.04
	1.41±0.06
	
	
	

	Period mean ± SE
	1.06±0.02
	1.28±0.03
	1.50±0.05
	
	
	
	


†abc Mean values with different superscripts within row differ significantly.
3.2. Effect on Humoral immune response

Table 2 : AVERAGE ANTIBODY TITRE AGAINST SRBC (LOG2) EXPRIMENTAL IN CALVES 
	Attributes
	Period
	Treatment mean ± SE
	p

	
	0
	7
	14
	
	

	T1
	2.50a±0.19
	3.25a±0.16
	3.50a±0.19
	3.08±0.13
	0.004

	T2
	2.75a±0.16
	4.00a±0.27
	4.50ab±0.33
	3.75±0.21
	p˂0.001

	T3
	3.00a±0.19
	3.75a±0.31
	4.87b±0.29
	3.88±0.22
	p˂0.001

	P
	0.17
	0.03
	0.006
	
	


†ab Mean values with different superscripts within row differ significantly. 
3.3. Effect on cell mediated immune response
Mean skin thicknesses (CMI effect) after the phytohemagglutinin (PHA) injection in T1 were 3.70±0.09, 4.68±0.06, 5.53±0.07, 4.31±0.08 & 3.47± 0.05 in 6, 12, 24, 36 & 48 hrs respectively. In T2 were 3.81±0.09, 4.87±0.06, 5.77 ± 0.08, 4.62 ± 0.09 & 3.65±0.07 in 6, 12, 24, 36 & 48 hrs respectively. In T3 group, mean skin thicknesses (CMI effect) were 3.87±0.06, 4.95±0.06, 5.88± 4.76±0.07 &3.7±0.06 in 6, 12, 24, 36 & 48 hrs respectively the after injection was given (Table 3). Statistically, significant difference (P<0.05) was observed among the groups in terms of mean skin thickness.
TABLE 3: MEAN INCREASE IN SKIN THICKNESS (mm) IN CALVES AGAINST PHA CHALLANGE TEST 
	Group
	6hr
	12hr
	24hr
	36hr
	48hr
	p

	T1
	3.70a±0.09
	4.68a±0.06
	5.53a±0.07
	4.31a±0.08
	3.47a±0.05
	˂0.001

	T2
	3.81a±0.06
	4.87ab±0.06
	5.77ab±0.08
	4.62b±0.09
	3.65ab±0.07
	˂0.001

	T3
	3.87a±0.06
	4.95b±0.06
	5.88b±0.09
	4.76b±0.07
	3.7b±0.06
	˂0.001

	P
	0.235
	0.015
	0.018
	0.002
	0.031
	


†ab Mean values with different superscripts within row differ significantly.
Blood biochemical parameters i.e. serum cholesterol, Creatinine, triglycerides, Gamma glutamyl transferase, albumin/globulin ratio and SOD were estimated at the  0 day (initial), 42nd day (mid) and 84th  day (end) of the feeding trial. No significant difference was observed among the groups in respect of the total cholesterol, Creatinine, triglycerides, Gamma glutamyl transferase , albumin : globulin values but significant difference (P<0.05) were observed in blood SOD level among the groups. The result in case of serum creatinine is similar with Anil et al.; (2020) and Singh  (2022) which reported no significance difference between control and group supplemented with nano zinc in cross bred calves. The result is also similar to Gami et al.; (2024) which showed no significant difference between treatement and control groups in case of serum creatinine and cholesterol in lactating Kankrej cows.Nano zinc supplemented groups show significantly higher SOD level compared to inorganic zinc supplementation group. Ataksisi et al. (2009) observed no significance difference in blood parameters among zinc supplemented quails groups. Seifdavati et al. (2018) found no significant difference in blood parameter like glucose, cholesterol, triglycerides, albumin, globulin, urea, AST, ALT, ALP, total antioxidant activity, glutathione peroxides except superoxide dismutase. SOD was significantly higher in the groups supplementation with nano zinc oxide than control group. The result is in similar with Dubey (2022). 
However, Yusuf et al. (2022) reported that ZnO supplementation at when fed to goats at 300mg/kg gave increased serum cholesterol concentration as compared to the control group. Anil et al. (2020) observed no significance difference in Serum creatinine level was observed among the nano zinc supplemented and control calves group. In this present experiment the blood parameters were within the normal range and significantly higher (P<0.05) SOD were observed in the nano zinc supplemented groups may be due to higher bioavailability of nano zinc. Aghjehgheshlagh (2025) reported that the inclusion of nano zinc affect  total antioxidant activity and superoxide dismutase concentration in calves (P<0.05). Bakhshizade et al. (2019) noticed in cows that the super oxide dismutase concentration was higher in the nano Zn and Zn-Glycine  supplemented groups than the inorganic Zn supplemented group.
In case of immune response ,statistically significant difference (P<0.05) was observed among the treatment groups in terms of average antibody titer against SRBC. Maximum antibody titer observed in T3 group compared to T2 and control group . Statistically significant difference (P<0.05) was observed among the three treatment groups in skin thickness. Maximum CMI effects in calves were observed after 24 hrs of PHA injection. T3 group show significantly higher effect than T2 and control group (T1).  Kala (2009) found  the increased   humoral immune and cell mediated immune in  the kids supplemented with the Zn at 26.75 mg/kg DM. Sethy et al .(2015) carried an experiment on 3 groups black Bengal goat with control group(T1) as without Zn supplement and T2 and T3  by supplementation of 40mg/kg ZnO and Zn-met respectively. He found that skin fold thickness, humoral immune responses were significantly higher in the T3 compared to T2 and T1. Sethy et al .(2015) carried an experiment on 3 groups black Bengal goat with control group(T1) as without Zn supplement and T2 and T3  by supplementation of 40mg/kg ZnO and Zn-met respectively. The rise in serum Ig G concentration in level T2 and T3 may be due to more zinc availability at tissue level as compared to the control group which indicates better immune response in the nano zinc supplemented groups. The significant increase in CMI response in T2 and T3 may be due to the higher bioavailability of nano particles, which probably induce the production of more interleukin & thymulin.
4. CONCLUSION :
The current investigation found that all of the hematological parameters fluctuated within the normal range and were not significantly different between the treatment groups. Hematological parameters are markers of the cellular makeup and function of the blood, and they can be impacted by environmental variables, food, genetics, and general health. The length of the trial or the precise amounts of copper and zinc supplementation may not have been enough to cause appreciable changes in the calves' hematological markers. Furthermore, the particular methods by which nano minerals interact with hematological processes and individual variations in response to supplementation may also have an unchanging impact. 
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