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Abstract: 
This study was conducted to evaluate the effect of Nano zinc oxide particles (nZnO) 

supplementation on growth performance, ingestive and standing idle behaviours, serum zinc level 

and some haematological parameters in cross bred calves. Ten calves at the farm of Faculty of 

Veterinary Medicine – Aswan University were randomly selected within an average age of 4 

months and weight of (70.3±5.3 kg). Calves were divided equally into two groups, control, and 

treated groups (n=5) in each group. Each treated calf was administered daily with zinc oxide 

Nano particles at the rate of (10µg/g ) orally for three months. The results revealed that the used 

rate of nZnO supplementation had no significant effect on the average daily gain of calves 

throughout the different periods of experiment. Moreover, the average time spent in ingestive 

behaviour was significantly higher in control group (18.1±0.3 and 16.8±1.4 min ) than treated 

group (11±2.1 and 5.7±3 min ) after 2 weeks and 8 weeks respectively. On the other hand, serum 

zinc level was significantly higher (p<0.05) in the treated group (9.2±0.4 µg/dl) than control 

group (8.0±0.2 µg/dl) after the 12
th

 week. There was no significant effect of nZnO 

supplementation on the other measured hematological parameters. In conclusion, nZnO 

supplementation may have a little effect on ingestive and standing idle behaviour but it has no 

pronounced effect on growth performance, serum zinc level and some haematological parameters 

in calves. 
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1- Introduction 

     Calves play an important role in the animal production enterprises and farm economics. They 

represent the major source of herd replacement, and the beef production stocks. So, they greatly 

share in solving the problem of milk and beef shortage in the developing countries which will be 

reflected on the welfare of human being.  
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Nowadays under modern intensive methods of calf management it become necessary to improve 

management practices to reduce suboptimal performance and mortalities and to fulfill calf 

welfare. (Djemali ,2020 ; Radchikov et al., 2021). Rearing calves  using  modern  technology,  

feed  and  feed  additives  is  critical  for  a  successful  dairy  or  beef  cattle breeding. Maximum 

productivity at the lowest cost can be obtained from healthy calves only. In this regard, it is 

necessary to constantly improve the calves feeding system and develop new feed additives 

(Marques et al., 2019). 

     Zinc, as a trace mineral caters to several needs of the animal directly or indirectly which 

support the functions like growth, skin health, hair and hoof growth, wound healing, cell division 

and reproduction. The performance of growing animals is severely affected even upon a minute 

deficiency of trace minerals and zinc is not an exception. (Anil et al., 2019) 

    Nano engineered product, the Nano zinc oxide (nZnO), a new form of zinc metal has been 

designed by using the principles of nanotechnology where the size, shape and crystalline structure 

of the metal are manipulated by various methods of preparation (Swain et al., 2016).  

    Few workers across the world investigated dietary nZnO supplementation on growth 

performance in poultry and small ruminants. Many of the work reported a positive conclusion that 

inclusion of nZnO for conventional zinc showed an improvement in the feed intake (Ahmadi et 

al., 2013), growth rates (Mishra et al., 2014) and favorable FCR (Zhao et al., 2014 ; Sahoo et 

al., 2016) in various species. There is a lack of information on the literature investigating the 

effect of trace elements on behaviour of calves. There is a paucity of data describing the effect of 

Nano zinc oxide on behaviour of calves. Mousavi – Haghshenas et al. (2022) found a significant 

effect of dietary mineral source on different behaviours in calves. Prior studies declared that 

addition of nZnO has no clear effect on the hematological parameters in calves (Feldman et al., 

2002; Nagalakshmi et al., 2015; Swain et al., 2019).    

   The objective of this study aimed to evaluate the effect of nZnO on growth performance, 

ingestive and standing idle behaviours, serum zinc level and some hematological parameters in 

calves. 

2- Materials and Methods 

1- Animal management: 

 This study was carried out on ten calves at the farm of Faculty of Veterinary Medicine – 

Aswan University. Calves were randomly selected with an average age of 4 months and weight 

of 70.3±5.3 kg  

Calves were tied in a partially sheltered yard with a separate manager for each one. 

Concentrated feed was given according to body weight(NRC,2001), while hay and straw were 

introduced adlibtum. Calves were divided equally into two groups, control and treated (5 in each 

group). Each calf in the treated group was administered daily with zinc oxide Nano 

particles(NanoTech Egypt for photo-electronics with white powder properties, a size of 30±5 nm 

on average, and a spherical-like shape.) at the rate of 10 ppm(10 µg/g ) orally for three months.  

2- Performance measures: 

Each calf was weighed every two weeks during the experimental period by using an electronic 

platform weighing scale. Average daily  gain was measured every two weeks (Anil et al., 2019).   
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3- Behavioural measures: 

Ingestive and standing idle behaviours of each calf were monitored twice daily at 9 a.m. and 4 

p.m. continuously for 15 minutes for each recording by using a video camera with a total 

observation period of 30 minutes (Altman, 1974; Martin and Bateson, 1993). The average time 

for ingestive and standing idle behaviors was calculated through the period of study.  

4- Sampling and hematological parameters estimation: 

Blood Samples were collected from the jugular vein and divided into vacutainer tubes 

containing EDTA for hematological examination. Including red blood cells (RBCS) count, 

hemoglobin concentration, and packed cell volume (PCV) while other samples were collected in 

vacutainer tubes without anticoagulant for biochemical investigation. Samples were left for about 

15 minutes till complete clotting then centrifuged at 1500 rpm for 30 minutes for serum 

separation. The resultant serum then transferred by Pasteur pipette to labeled Eppendorf tubes 

which were kept by deep freezing at -20°C till assayed. 

RBCS count (10
12

/l) was performed using an improved Neubauer chamber. Blood was diluted 

with RBCs diluting solution, counted and calculated according to standard method described by ( 

Jain,1986). Hemoglobin concentration Hb (g/dl)was determined by colorimetric endpoint 

cyanomethaemoglobin method using Drabkin solution (Tietz, 1976). Packed cell volume 

(PCV%) was determined by the microhaematocrit centrifugation technique (Jain, 1986). Zinc 

concentration in serum (µg/dl) was measured. Zinc level was determined using colorimetric assay 

based on the chelation of zinc present in the sample by adding zincon (2-caboxy-2′hydroxy-5-

sulphoformazyl-benzene) in the reagent at alkaline pH. The formation of this complex was 

measured at a wavelength of 610 nm (Hayakawa et al.,1961). 

5-Statistical analysis: 

Data were analyzed statistically with a student t-test by using SAS software (SAS, 2008). Data 

were expressed as mean ± standard error of mean. Values of p˂0.05 were considered significant 

3- Results and Discussion 

The effect of Nano zinc oxide particles (nZnO) on body weight of calves is shown in Table (1). 

The result revealed that there was no significant difference   (p>0.05) in body weight of calves  in 

the control group at the start of experiment and after 2, 4, 6, 8, 10 and 12 weeks (69, 82.6, 94.4, 

106.6, 118, 128 and 137.6 kg) as compared to treated group (71.6, 84.4, 99.8, 112, 122.4 130.2, 

and 138 kg) respectively. These results agree with early studies (Mandal, 2004; Jadhav, 2005; 

Nagalasksmi et al., 2013; Zaboli et al., 2013) but other researches (Ahmadi et al., 2013; 

Mishera et al., 2014; Sahoo et al., 2016) disagree with the obtained finding.  

Table (1). Effect of Nano zinc oxide particles on body weight of calves. 

Experimental period 
Body weight(kg) 

Control Treated 

Initial 69±5.3 71.6±3.7 

After 2 weeks 82.6±4.1 84.8±3.3 

After 4 weeks 94.4±5.5 99.8±4.2 

After 6 weeks 106.6±6.5 112±4.3 

After 8 weeks 118±6.8 122.4±3.6 

After 10 weeks 128±6.6 130.2±3.8 

After 12 weeks 137.6±6.4 138±3.7 
       Results expressed as mean ±SE 
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Concerning the results in Table (2), it could be explained that there was no significant difference 

(p>0.05) between ADG of calves in the control and treated group throughout the period of 

experiment at 2, 4, 6, 8, 10 and 12 weeks. This may be attributed to the low level of administered 

nZnO 10ppm(10µg/g) in the experiment which has no clear effect on growth of calves. These 

findings were in harmony with Kessler et al. ( 2003) who found that the supplementation of zinc  

in the form of Zn oxide, Zn proteinate and Zn polysaccharide with level of  45 mg/kg DM to 

fattening bulls(4–6-week-old Red Holstein×Simmental calves ) had no significant impact on 

growth performance. Moreover, Wright et al. (2004) found that  Zinc supplementation of Forty-

eight Holstein male calves  with 20 mg of Zn/kg of DM as ZnSO4 or Zn proteinate (ZnProt)  for 98 

days did not have a significant impact on ADG. Furthermore, Zaboli et al., (2013)   didn’t find 

any effect of  addition of NZno with a level of  20 or 40 ppm on ADG in Iranian angora kids with 

average age of 5 – 6 months  fed control diet containing 22 ppm  nano zinc. Our findings disagree 

with other studies (Mc Dowell 1985 ;Mishera et al., 2014). 

Table (2). Effect of Nanozinc oxide particles on average daily  gain of calves. 

Experimental period 
Average daily gain (kg/d) 

Control Treated 

After 2 weeks 0.9±0.1 0.9±0.2 

After 4 weeks 0.8±0.1 1.1±0.1 

After 6 weeks 0.9±0.1 0.9±0.1 

After 8 weeks 0.8±0.1 0.7±0.1 

After 10 weeks 0.7 ±0.1 0.6 ±0.1 

After 12 weeks 0.7±0.1 0.6 ±0.1 
          Results expressed as mean ±SE 

The average time spent in ingestive behaviour was significantly increased (p<0.05) in control 

group (18.1±0.3 and 16.8±1. 4) than treated group (11±2.1 and 5.7±3) after 2 weeks and 8 weeks 

respectively (Table 3).  However, there was no significance difference (p>0.05) at the remaining 

periods of the experiment in this respect. The results concerning standing idle behaviour were 

variable throughout the different period of experiment which can not be interpreted. The effect of 

feed additives on behaviour of calves are not mentioned before in different literatures and there is 

a paucity of data describing the effect of nZnO in dairy calves (Heisler et al., 2020). Calves fed 

advanced chelated minerals spent more time eating and less time to lying down after weaning 

(Mousavi-Haghshenas et al., 2022). 

Table (3). Effect of Nano zinc oxide particles on ingestive and standing idle behaviours of  calves. 

Experimental 

period 

Control Treated 

Ingestive 

behaviour 

Standing idle 

behavior 

Ingestive 

behaviour 

Standing idle 

behavior 

Initial 8.4±1.7 20.2±1.7
a
 11.9±1.9 9.9±2.8

b
 

After 2 weeks 18.1±0.3
a
 11.1±0.8 11±2.1

b
 12.6±3.3 

After 4 weeks 8.6±0.5 11.8±3.1 13.7±2.7 7.8±2.1 

After 6 weeks 16.9±1.5 6.2±0.8
a
 13.2±2.4 12.7±2.3

b
 

After 8 weeks 16.8±1.4
a
 13±2.8 5.7±3.4

b
 18±3.2 

After 10 weeks 11.9±1.8 13.6±2.1 14.2±2.5 15.6±2.1 

After 12 weeks  13.8±1.6 15±1.8 12.9±1.8 14.1±2 
 Results expressed as mean ±SE 

 Means within rows with different super script indicate significant difference at p <0.05 

 Ingestive and standing idle behaviours were measured as time elapsed for each calf in minutes 
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The effect of nZnO supplementation on serum zinc is presented in Table (4). It was clear from 

the presented findings that the level of serum zinc was significantly higher (p<0.05) in the treated 

group (9.2±0.4 µg/dl) than control group (8.0±0.2 µg/dl) after the 12th week of experiment, while 

there was no significant difference (p>0.05) at the other periods of the experiment. The obtained 

results may be related to the greater absorption of Nanozinc from the intestine. It has been shown 

that Nano particles are absorbed in duodenum by active transport and Nano elemental forms can 

cross the small intestine and further distribute into the blood (Hillyer and Albrecht 2001). The 

transition from micro particles to Nano particles (<100nm in diameter) involves an increment of 

surface area so large surface area of the nano particles allows greater solubility which may lead to 

better utilization in animals (Singh et al., 2018). Additionally, more specific area of high surface 

zinc oxide nanoparticles leading to the increased mucosal permeability and strong absorption 

efficiency of small sized zinc (Wijnhoven et al.,2009; Raje et al., 2018). Our findings coincides 

with that reported by other researchers (Najafzadeh et al., 2013; Rajendran et al., 2013 ;Li et 

al., 2016) but are inconsistent with other studies (Zaboli et al., 2013; Wang et al., 2017).  

 

Table (4) Effect of Nano zinc oxide particles  on serum zinc level µg/dl in 

calves. 

Experimental period Control Treated 

Initial 11.4±0.6 11±0.9 

After 2 weeks 9.3±1.6 9.5±0.6 

After 4 weeks 10.4±0.7 11.5±0.8 

After 6 weeks 9.8±1.2 11.5±0.5 

After 8 weeks 12.3±0.4 11.6±0.6 

After 10 weeks 5.5±0.7 5±0.4 

After 12 weeks 8±0.2
b
 9.2±0.4

a
 

                            Results expressed as mean ±SE 

Means within rows with different super script indicate significant difference at p <0.05 

               
              Table (5) Effect of Nano zinc oxide particles on hematological parameters in calves. 

Experimental 

period 

Control Treated 

Hb( g/dl) 
RBCS 

(10
12

/l) 
PCV (%) Hb (g/dl) 

RBCS 

(10
12

/l) 
PCV (%) 

Initial  12.6±0.8 7.9±0.7 30.6±2.1 13.9±0.5 7.9±1.2 29.8±3.3 

After 2 weeks 12.4±0.9 5.4±0.3 20.5±1.1 11.9±0.6 5.3±0.5 20.3±2.3 

After 4 weeks  10.9±0.5 4.8±0.06 18.3±0.2 11±0.5 4.9±0.3 18.7±1.3 

After 6 weeks  10.2±0.3 5.2±0.4 20.6±0.9 9.8±0.5 4.6±0.3 18.6±1.4 

After 8 weeks  9.8±0.5 5.2±0.5 19.9±1.9 10±0.3 4.7±0.2 18.7±1.2 

After 10 

weeks  

10.6±0.6 5.7±0.5 22.4±2.1 10.8±0.3 5.3±0.1 21.3±1 

After 12 

weeks 

10.6±0.4 5.5±0.3 21.5±1.3 10.9±0.4 6.2±0.7 23.5±2.2 

                      Results expressed as mean ±SE. 
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Regarding the results in Table (5), it was clear that there was no a significant effect (p>0.05) of 

nZnO particles supplementation on the measured hematological parameters including RBCs 

count, hemoglobin concentration, and PCV. Similar results were reported in prior researches 

(Nagalasksmi et al., 2015; Mandal and Dass 2010; Donmez et al., 2002). On the contrary, 

other investigations (Akbari et al., 2008; Sobhanirad and Naserian 2012) found that nZnO 

particles supplementation had a pronounced significant effect on some haematological 

parameters. 

 

CONCLUSION  

The effect of nZnO supplementation on growth performance, some behaviours , serum zinc level 

and some haematological parameters is inconsistent in different studies. In the current study 

nZnO supplementation may have a little effect on ingestive and standing idle behaviour but it has 

no pronounced effect on growth performance, serum zinc level and some haematological 

parameters in calves. Higher doses of nZnO may be required than those used in this experiment 

in order to induce a significant effect on growth measures, behaviour and serum zinc level. So 

further studies are required to judge the practical implication and economic feasibility of its use. 
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