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Abstract
Nowadays, nanotechnology is more frequently used with the presence of new tools for
utilizing nanoparticle-sized essential elements, enhancing the animal’s ability to absorb
these elements and thereby improving their productive and reproductive performance. Zinc
oxide nanoparticles (Nano-ZnQO) can promote productive performance, act as antibacterial
agents, and influence the immunity and reproduction of the rabbits. Moreover, zinc (Zn)
increases semen volume, total live sperm concentration, percentage of sperm motility, and
conception rate in heat-stressed rabbits. Several studies have already reported the effects of
low and high zinc doses on rabbit performance. The most observed and analyzed
reproductive performance variables are semen quality, spermatogonia, and meiosis of
spermatocytes. Most of the studies showed slight positive effects; however, significant
results were rare. Since there are almost unlimited possibilities regarding the zinc dosage,
further research is still required. Nano-sized zinc particles can be used at low doses,
resulting in better outcomes than conventional zinc sources. This review provides an
overview of and illustrates the positive effects of zinc nanoparticles and their potential
application as a mineral supplement to rabbit diets.
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1. Introduction Zn salts, using organic Zn chelates in

Trace minerals are essential for many animal diets is limited because it is not
metabolic processes and physiological cost-effective. Feng et al. (2009) stated
functions of animals (McDowell., 2003). that the high levels of Zn in the
Zhao et al. (2014) demonstrated that zinc supplemented animals have raised
(Zn) can be incorporated into the diet as concerns about environmental pollution.
inorganic salts, such as ZnO and Zn Therefore, investigating this issue might
sulfate (ZnSQO,4), and organic chelates, lead to finding better bioavailable Zn
such as Zn propionate and Zn acetate. sources and, if possible, reducing the
Although Zn bioavailability in organic supplemental dose of Zn to the animal
sources is greater than that of inorganic feed. Nanotechnology is used to produce

nanoparticle-sized Zn a  potential
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Zn sources and micro-Zn (Wang et al.,
2006; Sahoo et al., 2014b).

Recently, in both animal and
human models, nanotechnology was
employed in the fields of biology,
biotechnology, mineral nutrition,
physiology, reproduction, and
pharmacology. Sindhura et al. (2014)
showed that these nanomineral particles
have higher potential than conventional
sources, thus decreasing the required
quantity. Swain et al. (2015) found an
added advantage to Nano-ZnO that is
they can efficiently be synthesized using
any of the physical, chemical, or
biological methods which are cost-
effective and feasible. Piccinno et al.
(2012) demonstrated that, based on the
volume of metal nanoparticles produced
annually worldwide, Nano-ZnO comes in
third place after nano-SiO2 and nano-
TiO2. Padmavathy and Vijayaraghavan
(2008) said that the sudden increased
demand of Nano-ZnO is mostly because
it possesses better antibacterial properties
than conventional Nano-ZnO. Nano-ZnO
are used in the food industry as additives
and during packaging because of their
antimicrobial characteristics (Gerloff et
al., 2009; Jin et al., 2009).

Different sources and levels of zinc in
rabbit  feedstuff had  significantly
improved immune responses (Luecke et
al., 1978; Meshreky et al., 2006;
Meshreky et al., 2015). Zn can enhance
the carbonic anhydrase activity which
catalyzes the conversion of CO,+ H,0 to
HCO3— that is important for bone
development (Fawaz et al., 2019a). Zn is
used as an antimicrobial material and can
improve Kkidney and liver functions
(Chrastinovéa et al., 2018; Fawaz et al.,
2019b). Moreover, Zn contributes to the
secretion and storage of insulin, has a role
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in reproduction and growth, and can lead
to better intestinal absorption (Chatterjea.,
2009). Zn supplementation improves the
physical characteristics of semen such as
ejaculate volume, sperm motility, count,
seminal plasma antioxidants, and fertility
rate (Amen and Muhammad., 2016; EI-
Speiy and El-Hanoun., 2013; Ghasemi et
al., 2009; and EIMasry et al., 1994). Most
of the studies showed slight positive
effects; however, significant results were
rare. Since there are almost unlimited
possibilities regarding the zinc dosage,
further research is still required. Nano-
sized zinc particles can be used at low
doses, resulting in better outcomes than
conventional zinc sources. This review
provides an overview of and illustrates
the positive effects of zinc nanoparticles
and their potential application as a
mineral supplement to rabbit diets.
2.  Properties of Nano-ZnO
Nanominerals with dimensions less
than 100 nm are known as nanomaterials
which are stable under high pressure and
temperature (Stoimenov et al., 2002).
“Nano” means one-billionth of something
(Ahemad., 2017). With a size range of 1-
100 nm, nanomaterials occupy a position
in many fields of nanoscience and
nanotechnology because of their small
size which makes them easily absorbed
by the gastrointestinal tract (Feng et al.,
2009). Organic and inorganic
nanominerals interact more effectively in
the animals’ digestive tract due to the
larger surface area (Feng et al., 2009;
Zaboli et al., 2013). Fawaz et al. (2019a)
have concluded that Nano-ZnO could be
a potential alternative to other sources of
Zn, enhancing the performance and health
status of poultry. Hillyer and Albrecht
(2001) indicated that nanoparticles of
minerals could be absorbed through the
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small intestine into the blood and then
into internal parts of the animal. Besides,
Rosi and Mirkin (2005) discovered that
the small particle size of the nanometals
greatly affects the functional activities,
such as chemical, biological, and catalytic
effects of nanoparticles of minerals.
Sharma et al. (2012), after 14 days,
observed that Nano-ZnO was
significantly retained in the liver subacute
exposure and when orally administered in
the gastrointestinal tract.
3. Recommendation Levels of Zinc in

Rabbit Diets

Zn is an important nutrient for rabbits;
50 mg/kg of Zn is required for growing
rabbits (NRC, 1977). However, Hassan et
al. (2017) reported supplementing rabbit
diets with 30 and 60 mg/kg Nano-ZnO
and they observed that the optimal
concentration is 60 mg Nano-ZnO/kg.
Likewise, Ismail and EIl-Araby (2017)
studied the effect of different sources of
Zn  (ZnO, Nano-ZnO, and the
combination of ZnO and Nano-ZnO) at
60 mg/kg and showed that the best results
were obtained with 60mg/kg of the
combination of ZnO and Nano-ZnO. Din
and Noha (2019) added 30 and 60 mg/kg
Nano-ZnO to rabbits’ diet and concluded
that the recommended level of Nano-ZnO
is 60 mg/kg. Moreover, Hassan et al.
(2016) added different levels of organic
Zn (Zn-enriched spirulina (Zn-Sp)) at 50,
75, and 100 mg/kg to rabbit diets, noting
that the best level was at 100 mg/kg. Yan
et al. (2017) supplemented the diets with
80 mg/kg from different sources of Zn
(ZnSo4, Zn lactate, Zn methionine (Zn-
Me), and Zn glycine) and recommended
that Zn lactate is the best source of Zn
used to improve the productive
performance of rabbits. EI-Moghazy et al.
(2019) supplemented rabbit diets with 50,
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100, and 150 mg/kg of Zn methionine for
8 weeks and recommended Zn-Me at
100 mg/kg. However, Ayyat and Marai
(2000) used different concentrations of
Zn at 100, 200, 300, and 400 mg/kg in
rabbit feed and recommended the
supplementation of 100 and 200 mg/kg.
Meshreky et al. (2015) reported the
supplementation of different
concentrations of 100 and 200 mg/kg of
ZnSO4 and Zn-Me and recommended the
200 mg Zn-Me/kg diet. Elsisiet al. (2017)
supplemented the male rabbit diets with
ZnO at 100 mg/kg and indicated that this
level was safe to be used.

4. Antibacterial Activity of Nano-ZnO
Many researchers have identified the
antimicrobial action of Nano-ZnO. For
example, Arabi et al. (2012) reported that
antibacterial activity means a reagent
significantly reduces bacteria growth or
kills both Gram-positive and Gram-
negative bacteria, without being toxic to
the surrounding tissues. Bacteria treated
with Nano-ZnO had a significant increase
in bacteria permeability impacting proper
transport throughout the plasma resulting
in cell death (Auffan et al., 2009). Arabi
et al. (2012) indicated that the
antibacterial  activity of Nano-ZnO
depends on the surface area and
concentration, whereas the particle
crystalline structure and shape have little
effect. However, the size is inversely
proportional to the antimicrobial activity
of Nano-ZnO, suggesting that the smaller
the size of Nano-ZnO, the greater the
antimicrobial activity (Shrivastava et al.,
2007). Adams et al. (2006) found that
nanoparticles have a larger surface area
for interaction with the microbial surface
to improve microbial effect than the large
particles, due to their cytotoxicity to the
microorganisms.
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Many authors have reported
Nano-ZnO mechanisms in acting against
pathogenic  bacteria. For  example,
Rajendran et al.,, (2010) showed that
Nano-ZnO inactivate the proteins, in turn
reducing the membrane permeability and
result in cell death. Padmavathy and
Vijayaraghavan (2008) reported that
nanominerals slow down bacterial
adhesion and biofilm formation. Arabi et
al. (2012) found that Nano-ZnO penetrate
the bacterial cell, causing cell damage due
to the interaction with phosphorus- and
sulfur-containing compounds such as
DNA. Liu et al. (2009) reported that the
inhibitory effect is directly proportional to
Nano-ZnO concentrations which distort
and destroy the bacterial cell membrane,
resulting in intracellular contents leakage
and then bacterial cells’ death. Therefore,
Nano-ZnO is a potential antibacterial
agent in agricultural and food safety. Jin
et al. (2009) reported that Nano-ZnO
exhibited significant antimicrobial effects
on three pathogens in growth media (L.
monocytogenes, Salmonella enteritidis,
and E. coli O157:H7). Nano-ZnO can be
used in food systems to effectively inhibit
certain pathogens. Arabi et al. (2012)
demonstrated that there is another Nano-
ZnO antibiotic mechanism indicate:
microorganisms are negatively charged
whereas metal oxides have a positive
charge, creating an ‘“electromagnetic”
attraction between the microbe and
treated surface; once they interact, the
microbe is oxidized and dies instantly.
The nonspecific mode of action of
nanoparticles against bacteria makes them
ideal candidates as antimicrobial agents
without risk of developing bacterial
resistance (Arabi et al., 2012). Complete
bacterial inhibition depends upon the
concentrations of Nano-ZnO and on the
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number of bacterial cells. Thus, it is
evident from the literature that Nano-ZnO
have an excellent antibacterial effect and
may be incorporated into animal feed as a
growth-promoting agent or to prevent the
occurrence of diseases. Future studies
should investigate using Nano-ZnO as an
alternative to conventional Zn sources in
animal feed to minimize the use of in-
feed antibiotics (Swain et al., 2016).
4. Effects of Nano-ZnO on feed intake
and growth performance of rabbits
Several studies have been conducted
to explore the effects of using Nano-ZnO
on rabbit nutrition and productive
performance. Several studies reported that
zinc can enhance feed intake. For
example, in Hassan et al.’s study (2017),
daily feed intake was significantly
increased (p<0.05) in rabbit fed diet
supplemented with 30 and 60 mg/kg
Nano-ZnO compared to the control
group. Yan et al. (2017) supplemented the
feed with 80 mg/kg from different sources
of Zn ( ZnSQy, Zn lactate, Zn-Me, and Zn
glycine) and observed a significant
improvement in average daily feed intake
when 80 mg Zn lactate was added to the
rabbit fed diet compared to 80 mg ZnSQO,
/kg. On the other hand, Hassan et al.
(2016) noted that feed consumption was
significantly decreased (p<0.05) in
rabbit fed diet supplemented with 75 and
100 mg/kg of organic Zn compared to the
control group. Elsisi, et al. (2017) found
that feed intake was not affected in male
rabbits fed a diet supplemented with zinc
oxide at 100 mg/kg did not. Besides, El-
Hamid et al. (2018) found that feed intake
was significantly increased (p<0.05) in
male rabbits that consumed water with an
added 100 mg Zn/liter at compared to the
control group. After an 8-week feeding of
rabbits diets including high levels of Zn
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(100, 200, 300, and 400mg/kg) no
significant differences were observed in
feed intake (Ayyat and Marai., 2000).
Similarly, no change was observed in the
daily feed intake of rabbit fed diet
supplemented with different levels of Zn-
Me from 50 up to 150mg/kg (El-
Moghazy et al., 2019). Amen and
Muhammad (2016) supplemented rabbit
diets with pure Zn (100 and 200 mg/kg)
and reported that feed intake was not
significantly affected. Besides, Meshreky
et al. (2015) added different levels and
sources of Zn (ZnSO,4 and Zn-Me) at 100
and 200 mg/kg and observed that feed
intake was not affected. In another study,
Selim et al. (2012) indicated that feed
intake of rabbits was not significantly
affected when fed diet included 50, 100,
200, and 400mg/kg.  According to
previous work, there was no significant
change in rabbit feed intake with a dose
of 0.083 g/rabbit per day compared to the
control group (Attia et al., 2015).

Many studies indicated that
dietary treatments including different
levels and sources of Zn significantly
improved body weight gain as follows.
Hassan et al. (2017) observed a
significant improvement in daily body
weight gain when rabbits consumed
different levels of Nano-ZnO at 30 and
60 mg/kg compared to the control group.
Besides, after a 60-day feeding, the body
weight gain of rabbits fed diets including
20 and 40 mg/kg Zn salt was significantly
enhanced compared to the control group
(Alikwe et al., 2011). Similarly, Hassan et
al. (2016) indicated that daily body
weight gain was significantly increased in
rabbits fed diet with 75 and 100 mg/kg
compared to the control group. Thus,
average daily body weight gain was
significantly increased in rabbits fed diet
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with 80 mg/kg Zn lactate added compared
to 80 mg ZnSO4/kg (Yan et al., 2017). In
another study, daily body weight gain was
significantly increased in rabbit fed diet
supplemented with 100 mg/kg ZnO
compared to the control group (Al-
Sagheer et al., 2020). Thus, Ayyat and
Marai (2000) added high levels of Zn
(100, 200, 300, and 400 mg/kg) to rabbit
diets and observed a significant increase
in body weight gain compared to the
control group. Additionally, EI-Moghazy
et al. (2019) found a significant
improvement (p<0.0001) in average
daily body weight gain with rabbit fed
diet with 50, 100, and 150 mg/kg Zn-Me
compared to the control group. Body
weight gain was significantly increased
with a diet supplemented with 100 and
200mg pure Zn/kg compared to the
control group (Amen and Muhammad.,
2016). According to a previous study,
after 22 weeks of feeding including 100
and 200 mg/kg of ZnSO,4 and Zn-Me, the
body weight gain of rabbits significantly
increased (Meshreky et al., 2015).
Moreover, diets including 100 mg/kg of
ZnO significantly improved body weight
gain of rabbits compared to the control
group (Al-Sagheer et al., 2020). This
result was in line with Elsisi., et al. (2017)
who observed a significant increase
(p<0.001) in body weight gain of male
rabbits fed diet with 100 mg/kg compared
to the control group. El-Hamid et al.
(2018) demonstrated that body weight
gain was improved (p<0.05) in male
rabbits that consumed water with 75 and
100 mg Zn/liter compared to the control
treatment. Uniyal, S. (2015) found that
average daily body weight gain was
significantly increased with rabbit diets
supplemented with 20 ppm commercial



Raslan et al., SVU-International Journal of Agricultural Sciences, 2 (2): 278-290, 2020

zinc nanoparticles when compared to
other groups.

However, Selim et al. (2012)
found that body weight gain was not
significantly different in rabbit fed diet
including 50, 100, 200, and 400 mg/kg.
Additionally, in another study, no
significant difference was observed in the
final body weight with a dose of 0.083
g/rabbit per day for 81 days (Attia et al.,
2015).

Hassan et al. (2016) observed a
significantly improved feed conversion
ratio (FCR) of rabbit fed diet
supplemented with 50, 75, and 100 mg/kg
compared to the control group. Besides,
FCR was significantly improved in rabbit
fed diet supplemented with 80 mg/kg Zn
lactate compared to 80 mg ZnSo4/kg (Yan
et al., 2017). Diets including pure Zn at
100 and 200mg/kg significantly
improved the FCR of rabbits compared to
the control diet (Amen and Muhammad.,
2016). Furthermore, Meshreky et al.
(2015) noted that FCR was significantly
decreased in rabbit fed diet with 100 and
200mg/kg of 2ZnSO, and Zn-Me
compared to the control group. Similarly,
Elsisi, et al. (2017) found that FCR was
significantly lower (p<0.001) in male
rabbit fed diet with 100 mg/kg of ZnO
compared to the group without
supplementation. Additionlly, EI-Hamid
et al. (2018) observed that FCR was
improved in male rabbit consumed water
with 75 and 100 mg /liter compared to the
control treatment.

On the other hand, Hassan et al.
(2017) supplemented the feed with 30 and
60 mg/kg Nano-ZnO and noted that the
FCR was not affected in rabbits compared
to the control group. After an 8-weeks
feeding on 50, 100, and 150 mg Zn-
Me/kg rabbit diet, FCR was not affected
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(ElI-Moghazy et al., 2019). Selim et al.
(2012) observed that FCR was not
significantly affected in rabbits fed diet
including 50, 100, 200, and 400 mg/kg. In
another study, after 81 days, there were
no significant differences in FCR of
rabbits given a dose of 0.083 g/rabbit per
day compared to the control group (Attia
et al.,, 2015). After an 8-week feeding,
rabbits’ diets including high levels of Zn
(100, 200, 300, and 400 mg/kg) had been
nonsignificant effects in FCR (Ayyat and
Marai., 2000).
5. Effects of Nano-ZnO on Nutrient
Digestibility of rabbits

Supplemented the diets with
different levels of Zn-Sp of 50, 75, and
100 mg/kg and noted that the digestibility
of dry matter, organic matter, crude
protein, and ether extract was
significantly improved in rabbit fed diet
with 100 mg/kg compared to the control
group (Hassan et al., 2016). Likewise,
Meshreky et al. (2015) found that rabbits
fed diets supplemented with Zn-Me or
ZnSO, of 100 or 200mg/kg diet
improved nutrients digestibility and
nutritive, that is, the total digestible
nutrients and digestible crude protein. In
addition, Elsisi et al. (2017) found that the
digestibility of dry matter and crude
protein was significantly improved
(p <0.05) in male rabbit fed 100 mg/kg of
ZnO compared to the control. Moreover,
Al-Sagheer et al. (2020) reported a
significant increase in crude protein and
dry matter digestibility in rabbit fed
100 mg/kg ZnO compared to the control
group. Similarly, Pinheiro et al. (2004)
discovered that the digestibility of crude
protein, fat, organic matter, and dry
matter was not significantly affected in
rabbit fed a 0.1g Zn bacitracin/kg diet.
Shinde et al. (2006) observed that
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supplementation of 20 mg/kg of Zn did
not significantly affect the nutrient
digestibility of pigs compared to the
control group. Attia et al. (2015) noticed a
significant improvement in crude protein
and ether extract digestibility of rabbit
given a dose of 0.083 g/rabbit per day;
however, ash and dry matter were not
affected compared to the control group.
On the other hand, Din and Noha
(2019) found that the digestibility of dry
matter, crude fiber, crude protein, and
ether extract was not significantly
affected in rabbit fed diet supplemented
with 30 and 60mg/kg Nano-ZnO.
Besides, Uniyal et al. (2017) noted that
there were no significant differences
observed in nutrient digestibility (dry
matter, crude fiber, crude protein, and
ether extract) in guinea pigs fed 20 mg/kg
of different sources of Zn (ZnSQO,4, Nano-
ZnO, and Zn-Me).
6. Effects of Nano-ZnO on Carcass
Criteriaof rabbits

Hot carcass weight and dressing
percentage were significantly increased,;
however, liver weight was significantly
decreased in rabbit fed diet with 75 and
100 mg/kg compared to the control group
(Hassan et al., 2016). Besides, Al-Sagheer
et al. (2020) found a significant increase
in carcass weight of rabbit fed diet
supplemented with 100 mg/kg; however,
liver, kidney, and heart were not different
compared with the control group. Diets
including 100 mg/kg ZnO did not affect
carcass weight, liver, kidney, and heart in
male rabbits (Elsisi, et al., 2017). In
another study, dressing and liver and
kidney percentages were not significantly
different in rabbits fed 50, 100, 200, and
400mg kg-1 ZnO diet compared the
control group (Selim et al., 2012).
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7. Effects of Nano-ZnO on Blood
biochemestery of rabbits

Plasma creatinine concentration
did not change in rabbit fed diet
supplemented with 30 and 60 mg/kg (Din
and Noha., 2019). Additionally, Uniyal et
al. (2017) found that serum creatinine
concentration was not significantly
affected in guinea pigs fed 20 mg/kg Zn,
Nano-ZnO, and Zn-Me for 90 days. On
the other hand, EI-Moghazy et al. (2019)
supplemented the diets with different
levels of Zn-Me of 50, 100, and
150 mg/kg and observed a significant
decrease in creatinine concentration in
rabbit fed diet with 50 and 100 mg Zn/kg
compared to the control group. Similarly,
El-Hamid et al. (2018) found that the
serum  concentration of creatinine
significantly decreased in male rabbits
consumed water with 75 and 100 mg
Zn/liter compared to the control group.
After a 90-day feeding of 30, 40, and
60 mg Nano-ZnO/kg, the serum content
of creatinine was linearly decreased
(p <0.001) with increased Zn level when
compared to the control group (Fawaz et
al., 2019b). However, Ismail and El-
Araby (2017) observed a significant
increase in plasma content of creatinine in
rabbit fed diet with 60 mg/kg Nano-ZnO
compared to the control group.

Uniyal et al. (2017) found that
serum alkaline phosphatase concentration
was not affected in guinea pigs fed diet
with 20 mg/kg ZnSQ,4, Nano-ZnO, and
Zn-Me compared to the control group.

Hassan et al. (2016) showed that
aspartate aminotransferase (AST) was not
affected in rabbit fed different levels of
Zn-Sp at 50, 75, and 100 mg/kg.
Similarly, Din and Noha (2019) observed
that AST concentration was not affected
in rabbit fed 30 and 60 mg Nano-ZnO/kg.
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Morever, Al-Sagheer et al. (2020)
indicated that rabbit fed diet with 100
mg/kg of ZnO did not affect AST enzyme
serum concentration. besides, Elsisi et al.
(2017) suggested that the serum
concentration of AST was not different in
male rabbit fed diet supplemented with
100 mg/kg ZnO compared to the control
group. El-katcha et al. (2018) found that
AST enzyme concentrations  were
reduced in laying hens fed diet
supplemented with 30mg of Nano-
ZnO/kg. Furthermore, Fawaz et al.
(2019b) observed a linear decrease
(p<0.001) in AST concentration in hens
compared to the control group.

In other studies, EI-Masry et al.
(1994) found that serum concentration of
glutamic oxaloacetic transaminase was
significantly decreased in rabbit fed diet
with 35 mg/kg of Zn at compared to the
control group. Similarly, EI-Hamid et al.
(2018) noted that the serum content of
AST was lower (p<0.05) in male rabbit
consumed water supplemented with 75
and 100 mg Zn/liter than that of the
control group.

In contrast, Fazilati (2013)
indicated that the serum content of the
AST enzyme was significantly increased
(p < 0.05) in male rats fed 25-200 mg/kg
Nano-ZnO. Attia et al. (2015) found a
significant increase in plasma content of
AST enzyme in rabbit h given a dose of
0.083 g/rabbit per day, compared to the
control group. Similarly, Ismail and El-
Araby (2017) indicated that the plasma
concentration of AST was significantly
higher (p<0.001) with ZnO treatment
than the control group.

Many studies observed that diets
including different levels and sources of
Zn significantly influenced the sexual
hormones levels. Zn is required to
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improve testicular performance, as Zn
deficiency leads to decreased testicular
growth rate in bull calves (Miller and
Miller., 1962; Pitts et al.,1966 ). EI-Masry
et al. (1994) noted that serum
concentration  of  testosterone  was
significantly increased (p<0.01) in
rabbit males fed diet supplemented with
35 mg/kg Zn enhancing sperm
concentration and  sperm  motility
compared to the control group. Besides,
Jalali et al. (2010) observed that plasma
concentration of testosterone and serum
luteinizing hormone (LH) concentration
were significantly increased in male
patients treated with 250 mg/day of Zn

sulfate;  however, follicle-stimulating
hormone (FSH) was not affected.
Moreover, Dissanayake et al. (2009)

found that serum testosterone level was
significantly increased (p <0.05) in male
rats fed diets supplemented with oral Zn
sulfate at 5mg/day for two weeks
compared to rats without treatment. Zn
deficiency reduces angiotensin-
converting enzyme activity and this leads
to inhibition of spermatogenesis and
depletion of testosterone (Bedwal and
Bahuguna., 1994). Baiomy et al. (2018)
reported a significant increase in ejaculate
volume, sperm concentration, and fertility
rate in rabbit fed diet with 75 and
150 ppm ZnO/kg diet to the group
without supplementation. Furthermore,
Ogbu and Ezeokoli (2016) and Moce et
al. (2000) observed an improvement in
the reproductive performance of rabbits
fed diet with Zn recording greater
(p<0.05) ejaculate volume, sperm
motility, and fertility rate than those of
the control group. This improvement is
based on the low sperm count and high
percentage and motility of abnormal
spermatozoa levels (Raji et al., 2003).
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There is also some evidence that
Zn is required for the normal functioning
of the hypothalamic-pituitary-gonadal
axis. Zn supplementation is reported to
increase the serum testosterone level in
crossbred bulls (Kumar, 2003). In
competition studies between Zn and Cu
and Fe for membrane binding sites, the
potential for the formation of hydroxyl
radicals via redox cycling is reduced
(Zago and Oteiza, 2001). High levels of
seminal reactive oxygen species (ROS)
may decrease the effective concentration
of seminal Zn (Powell, 2000). Several
studies indicated that a decrease in Zn
concentration may lead to an increase in
oxidation of DNA, proteins, and lipids,
causing the loss of spermatozoa
membrane integrity and Zn has an
important role in inhibiting seminal
oxidative stress (Oteiza et al., 1995;
Marzec-Wréblewska et al., 2012).

Conclusions
The role of Zn in the animal system is
well  established and documented.

However, Zn from conventional sources
is of less benefit to the body and As a
consequence, it is mostly excreted to the
environment  causing  environmental
pollution. Nano-ZnO is considered a
suitable alternative to conventional Zn
sources to be used in livestock feeding.
Apart from being highly bioavailable,
reports have pointed out the growth-
promoting, antibacterial,
immunomodulatory, and many other
beneficial effects of Nano-ZnO, serving
all the purposes of the conventional Zn
sources and helps in all the physiological
functions. Thus, Nano-ZnO may be used
at 60 mg/kg in rabbit feed to provide
better results than the conventional Zn
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sources, indirectly
environmental contamination.

preventing
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