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Introduction 
 

Zinc, as a trace mineral caters to several needs 

of the animal directly or indirectly which 

supports the functions like growth, skin health, 

hair and hoof growth, wound healing, cell 

division and reproduction etc. The 

performance of growing animals is severely 

affected even upon a minute deficiency of 

trace minerals and Zinc is not an exception. 

Bovines require around 33milligrams per 

kilogram per animal of zinc in diet and the 

normal serum Zn concentration is between 0.7 

and 1.3 g/ml. However, the soil in several 

parts of India in general and Andhra Pradesh, 

in particular, were reported to be deficient 

(Nagalakshmi et al., 2009) which makes the 

fodder, zinc deficient. To avoid Zn deficiency, 
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An experiment was conducted to investigate the effect of dietary 

supplementation of nano zinc oxide (nZnO) on growth performance in 

crossbred calves. Twenty four crossbred calves of about 6 months age were 

randomly divided into four groups (Control, Treatment1, Treatment2 and 

Treatment3) of six calves each. The Control (C) group was fed with basal 

diet, T1 was supplemented with 25ppm ZnSo4, T2 and T3 were 

supplemented with 5ppm and 10ppm nZnO respectively, along with the 

basal diet. The results affirm that the body weight gain (kg) and average 

daily gain (g/day) were significantly (P<0.01) higher in T3 group followed 

by T2 and T1 and lowest in control group. The cost per kg weight gain (Rs) 

was lowest in T3 followed by T2 and T1 while highest in the control group. 

The present study concluded that economic growth rate can be achieved by 

supplementing nZnO at 10ppm level in crossbred calves. 
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the common practice is to add conventional 

zinc sources, over and above the 

recommended level where zinc lacks storage 

reserve in the body. Conventional forms of 

zinc are poorly soluble which attribute to their 

lower bioavailability is another drawback. In 

this scenario, finding an alternative source of 

zinc which can address zinc deficiency in 

animals is a challenging task where the 

concept of “formulation of least cost ration” 

adds further weight to it. 

 

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 (Swain et al., 2016) of the 

metal are manipulated by various methods of 

preparation. It is noteworthy that these 

minerals in nano form come with the 

characteristic property of large surface area, 

particle size in the range of 1-100nm which 

accounts for sui generis property of better 

bioavailability in biological systems 

(Bulghavan et al., 2014). The major advantage 

with this property of nano zinc is that it could 

reduce the rate of inclusion in animal diet. 

Few workers across the world investigated 

dietary nZnO supplementation on growth 

performance in poultry and small ruminants. 

Many of the works 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 favourable FCR 

(Zhao et al., 2014; Sahoo et al., 2016) in 

various species. Hence, the study was taken up 

to investigate the effect of nZnO on growth 

performance in crossbred calves. 

 

Materials and Methods 

 

The present study was carried on 24 crossbred 

calves of 6 months age which were randomly 

distributed in four groups viz., Control(C) 

group where calves were fed with basal diet 

only, T1, T2 and T3 were supplemented with 

25ppm ZnSo4, 5ppm and 10ppm of nZnO 

respectively, along with the basal diet. All 

calves were dewormed and deticked and kept 

in a well-ventilated house with concrete 

flooring having provision of individual 

feeding and watering. The experimental calves 

were fed with basal diet consisted of chopped 

Hybrid Napier and concentrate mixture feed as 

per their nutrient requirements. The 

composition of concentrate feed is charted in 

Table 1. The concentrate mixture was 

prepared with all the minerals except Zinc. 

The zinc content in the basal diet was found to 

be 26.24ppm which was tested using 

inductively coupled plasma atomic emission 

spectroscopy (ICP-OES). The experiment was 

performed for 90days. Conventional Zinc 

sulphate heptahydrate (HIMEDIA
®
) and Nano 

ZnO 99.9% pure (Nano Labs, Jharkhand, 

India) were weighed so that the requirements 

of all the calves are met individually in the 

respective groups and was mixed to a 

quantified amount of concentrate feed, stored 

in airtight containers separately and added to 

the daily dose of concentrate mixture. Feeding 

of concentrates followed by fodder was done 

daily in the morning and evening at a fixed 

time. Feed offered and feed left in the 

individual mangers were noted to obtain feed 

intake of the calf. The leftover concentrate 

mixture, if any was weighed. The indices of 

growth, feed intake and body condition score 

were taken at the beginning and every 

fortnight till the end of the experiment. An 

electronic platform weighing scale was used to 

record body weights. The body weights were 

obtained before calves were fed at the 

beginning of the experiment and every 

fortnight intervals until the end of the 

experiment. Bodyweight gain (kg) was 

obtained by subtracting initial body weight 

from the final bodyweight of the experimental 

calf. The average daily gain (g) was calculated 

by subtracting the initial body weight from the 

final body weight and dividing it by the 
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number of days. The cost of feeding was 

calculated by considering the total quantity of 

feed consumed by the calves during the 

experimental period and the price of 

ingredients in the local market. The cost of 

conventional zinc sulphate was 100 rupees per 

100 grams and that of Nano zinc oxide was 

4000 rupees per 100 grams. The statistical 

analysis of data obtained was done by using 

SPSS.  

 

Results and Discussion 

 

The effect of dietary supplementation of nano 

zinc oxide (nZnO) on body weight gain in 

calves was presented in Table 2. Statistical 

analysis revealed that there was a significant 

difference (P<0.01) observed between the test 

groups in the body weight gain (kg) of calves 

at the end of the experiment. The nano zinc 

supplementation at 10ppm showed higher 

(P<0.01) growth rates compared to the other 

groups which may be attributed to better 

uptake of nanoparticles of zinc in the 

gastrointestinal tract than the remaining 

groups (Mishra et al., 2014). Identical results 

were documented in poultry birds by Sahoo et 

al., (2016) wherein they found a statistically 

significant difference between the body 

weights in broilers when supplemented with 

inorganic, organic and nano sources of zinc. 

Ahmadi et al., (2013) also indicated that the 

bodyweight (live) in birds fed on ZONPs 

included diets was significantly (P<0.05) 

higher than the remaining groups. In contrary 

to our study, the growth rate in buffalo bull 

calves (Jadhav, 2005) and crossbred calves 

(Mandal, 2004) were not affected when their 

diets were supplemented with 35 and 70 ppm 

conventional Zinc source. Similarly, Zaboli et 

al., (2013) also noted no significant difference 

in body weight gains among goat kids. The 

average daily gain (g/day) was also 

significantly (P<0.01) higher in the group 

supplemented with nano zinc @10ppm 

compared to the other groups. The results of 

the present experiment are relatable with the 

observations of Wang et al., (2017) and 

Hongfu et al., (2008) where the weaned 

piglets supplemented with Zinc oxide 

nanoparticles significantly increased average 

daily gain (ADG). In contradictory, Jadhav 

(2005) reported no significant change in ADG 

of calves. The total cost of feeding crossbred 

calves for 90days of the experimental period 

and the cost of feeding per kg weight gain are 

represented in Table 3. The results showed an 

increase in the mean cost of feeding during the 

entire experimental period. However, the cost 

(Rs) per kg weight gain was reduced in the 

groups supplemented with nano zinc oxide.  

 

 

Table.1 Ingredient composition of concentrate feed used for experimental calves 

 

Ingredients Parts (100) 

Maize 40 

De-oiled rice bran 

(DORB) 

18 

Soybean meal  30 

Ground Nut cake 5 

Molasses 4 

Di-Calcium Phosphate 2 

Salt 1 

Total 100 
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Table.2 Initial and final body weights of crossbred calves in different groups 
 

 Control Treatment 1 Treatment 2 Treatment 3 

Initial body weight  117.91±6.12 115.66±7.67 115.83±8.30 116.25±7.51 

Final body weight  

(on 90
th  

day) 

136.66
 d

 ±4.51 150.91
 c
 ±8.65 151.25

 b
 ±7.71 155.91

 a
 ±8.05 

 Weight Gain (kg) 18.75
 d

 ±6.39 35.25
 c
 ±4.64 37.54

 b
 ±0.87 39.67

 a
 ±0.73 

ADG (g) 208.33
d
±11.51 391.67

 c
 ±12.32 417.11

 b
 ±10.54 440.78

 a
 ±11.43 

 

Table.3 Effect of nano zinc oxide supplementation on the total cost of feeding Crossbred calves  
 

 Control Treatment 1 Treatment 2 Treatment 3 

Mean cost of feeding per calf 

for 90days 

4276.3±6.08 4284.97±4.35 4288.7±11.13 4324.39±2.70 

Cost of feeding per kg weight 

gain (rupees) 

150.04±3.04 140.18±10.12 118.30±2.82 110.64±2.58 

 

The lowest and highest cost per kg weight 

gain was noticed in groups supplemented with 

10ppm nano zinc oxide and control groups, 

respectively. Though the mean cost of feeding 

was high in the groups supplemented with 

nano zinc oxide, the growth and weight gains 

were higher in nZnO supplemented groups 

which resulted in reduced cost per kg weight 

gain. The results of the present study are 

consistent with Lina et al., (2009) who 

observed a downscale in cost of broiler 

production when they were supplemented with 

nano-zinc oxide.  

 

From the study, it can be concluded that the 

economic growth rate of crossbred calves can 

be achieved by supplementing nZnO at 10ppm 

level in the feed.  
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