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ABSTRACT: A completely randomized design was used in a growth trial for using thirty male lambs
in three similar groups (ten lambs/ group). Lambs were on average body weights 28.2 + 0.72 kg and aged
7 months. Body weights of lambs were recorded at the start of the experiment and biweekly through the
experimental period which lasted for 98-day. Lambs were received a basal diet (control, C) that included
Berseem hay at level of 40% and concentrate feed mixture at level of 60% of their overall growth
requirements. The first group received the control ration without any additives, while for the second and
third groups, the control ration was supplemented with Nano zinc oxide either 6 mg Nano zinc oxide /kg
DM, T1 or 12 mg Nano zinc oxide / kg DM, T2. A digestibility trial was carried out at the end of the
growth trial on 12 rams (4rams/rations). Ruminal contents were collected via stomach tube at 0, 2, 4 and 6
h post-morning feeding to monitor the pH and estimate the concentration of NHs-N, and total volatile
fatty acid (VFA). Blood serum metabolites determined were total protein, albumin, globulin, urea,
creatinine, blood glucose, AST and ALT. Data revealed that adding nZnO in both levels lead to an
increase in body weight. Total gain and ADG followed the same pattern. Digestibility of all nutrients was
not significantly different between the experimental groups. Nutritive value as TDN improved due to
nZnO supplementation. No significant differences between the three experimental groups for all N
balance data. All the animals were in positive N balance. No difference was reported for pH value.
Supplementing diets with nZnO increased ammonia nitrogen significantly at all times of incubation.
Values of VFA followed the same pattern. Total serum protein significantly decreased from 6.18 for C to
6.05 and 6.12g/dl for T1 and T2, respectively. Globulin followed the same pattern being 2.51, 2.37 and
2.47g/dl for the same respective order. Albumin values however did not differ. No differences were
reported for all other blood parameters. Immunoglobulin increased significantly due to the Nano zinc
supplementation.
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INTRODUCTION most important metal oxide with many

Zinc (Zn) is an essential micro-element; it is
a part of several enzymes that are necessary for
the nutrients metabolism in animals (Jia et al.,
2008). Unfortunately the body cannot store Zn;
therefore, a constant dietary supply is required
for appropriate physiological functions (Zalewski
et al., 2005). Zinc oxide is the main source of Zn
used in animal feed manufacturing in spites of
low solubility (Wedekind and Baker, 1990). Zinc
oxide nanoparticles (ZnO NPs) are one of the

significant features such as chemical and
physical stability, high catalytic activity,
effective antibacterial activity as well as
intensive ultraviolet (UV) and infrared (IR)
adsorption. They are used in an array of products
and wide range of applications (Buazar, et al.,
2015; Buazara et al., 2016 and Yusof et al.,
2017). Nano zinc oxide (nZnQ) is used recently
for supplementation in ruminant diets. Nano zinc
has larger surface area than normal zinc which
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allows greater solubility leading to better
utilization in animals. The effects of this
substance need to clarify its potential utility as a
dietary supplement in ruminants. Therefore, this
experiment was carried out to study the effect of
different levels of nzZnO on performance,
digestibility, and nitrogen balance of Barki
sheep.

MATERIAL AND METHODS

The present study was conducted at Animal
Production Department, Faculty of Agriculture,
Menoufia University (Shebin EI-Kom) in
compliance with Menoufia University guidelines
for dealing with animals in scientific research,
with the approval of Ethics Committee. (The
Institutional Animal Care and Use Committee-
Menoufia University (IACUC) - (Reference No.
MUFAG/F/AP/1/23).

This study was carried out according to the
cooperation protocol between the Animal
Production Research Institute  (APRI),
Agriculture By-product Utilization Research
Department, and the Faculty of Agriculture,
Menoufia University, the Animal Production
Department, (Reference No. 2429.22.2019).

Nano Zinc oxide (ZnO NPs)

Figure (1) shows the structure and
morphology of the Nano zinc, which was studied
using transmission electron microscopy (TEM)
by TOPCON 002B with a point-to point
resolution of 0.18 nm and a voltage of 200 kV.
Transmission electron microscopic analysis
provided exact morphology and size of ZnO NPs
acquired from optimized synthesis conditions
and revealed predominantly irregular to nearly
hexagonal and quasi-spherical with legitimately
agglomeration (Fig. 1A,B). This is a typical
phenomenon of interaction of moisture and ZnO
and inter-particle interactions (Van der Waals,
electrostatic and magnetic forces) 49,50. The
average size of zinc nanoparticles was 30 nm,
which is comparable to protein globules' (2-10
nm) diameter, the size distribution patterns
reveal that the synthesized NPs ranged from nm
with an average size similar hexagonal—quasi-
spherical zinc oxide nanoparticles. DNA helix's

(2-nm) diameter, and cell membranes' (10-nm)
thickness. This allows them to easily penetrate
cells and cell organelles. Research indicates that
nanoparticles (NPs) larger than 10 nm, which can
enter the nucleus, are more harmful than smaller
NPs (Huo et al., 2014).

Growth performance

Thirty male lambs were randomly selected in
a completely randomized design and separated
into three comparable groups (ten lambs/ group)
in a 98-day growth trial. Lambs were on average
body weight 28.2 + 0.72 kg and aged 7 months.
Body weights were recorded at the start of the
experiment and biweekly thereafter. Animals
were received a basal diet (Table 1; control, C)
that included Berseem hay at level of 40% and
concentrate feed mixture at level of 60% of their
overall growth requirements according to NRC
(1985). The first group received the control
ration without any additives, while for the other
two groups, the control ration was supplemented
with Nano zinc oxide either 6 mg Nano zinc
oxide /kg DM, T1 or 12 mg Nano zinc oxide / kg
DM, T2. The concentrate feed mixture consists
of yellow corn, 52%; cotton seed meal, 17.0%;
soybean meal, 10.0%; wheat bran, 18.0%;
limestone, 1.7%; sodium chloride, 1.0%; mineral
and vitamin mixture, 0.3%. Feeds were offered
daily in two portions at 09:00 a.m. and 16:00
p.m. Animals had free access to drinking water at
all times. The chemical composition of
ingredients and ration are presented in Table (1).

Digestibility and nitrogen balance

A digestibility trial was carried out at the end
of the growth trial on twelve adult rams (4
rams/rations; 46.58+0.71 kg). Animals were
housed individually in metabolism cages (1.6m x
0.53m) and fed the previous three rations
according to NRC (1985) for 21 days as an
acclimatization period and a subsequent 5 days
collection period. The amount of daily excreted
feces per each animal was recorded, mixed, and
10% of the represented samples were extracted
and dried for 48 hours at 70°C. After being
processed through a 1 mm sieve on a Wiley mill
grinder, feed and fecal sub samples were stored
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for further analysis. Urine samples were
collected daily; the urine volume was measured
and 10% subsamples was stored in plastic jars
and frozen for later analysis. Fifty millimeters of
4 N H;SO4 were added daily to urine collection
buckets to prevent ammonia volatilization. The
chemical composition of Feed, fecal samples and
Nitrogen content in urine samples were analyzed
according to the AOAC (2016). Nutritive ratio
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(NR) and Nutritive quality index (NQI) for the
experimental rations were calculated by the
following equations according to McDonald et
al. (1983).

NR: Nutritive ratio = (TDN-DCP)/ DCP.

NQI: Nutritive quality index = (CP %) x (DMD
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Transmission electron microscopic image of Ak-ZnO NPs (A) low magnification (X80k), (B) high
magnification (X120Kk), and (C) particle size distribution histogram.

Figure (1). Transmission electron microscopic images of Nano zinc.
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Table 1: Chemical composition (%) of the experimental feeds and rations.

ltem Experimental feeds and ration _
Berseem hay CFM Control ration
Dry Matter 88.94 88.04 88.41
Percent of nutrients on DM basis
Organic matter 88.97 90.31 89.68
Crude protein 12.63 14.59 13.77
Crude fiber 31.02 9.93 18.39
Ether extract 2.57 3.76 3.24
Nitrogen free extract NFE 42.75 62.03 54.28
Ash 11.03 9.69 10.32

CFM (concentrate feed mixture) : yellow corn 52%, cotton seed meal 17.0%,soybean meal 10.0%, wheat
bran 18.0%, limestone 1.7%, sodium chloride 1.0%, mineral and vitamin mixture 0.3%.

Rumen fermentation

Samples of rumen contents were collected
via stomach tube at 0, 2, 4 and 6 h after feeding
to monitor the pH and estimate the
concentration of NHs-N, and total volatile fatty
acid (VFA). The Rumen pH was immediately
measured by a digital pH meter (Model HI
8424). Free ammonia-nitrogen (NHs-N) in
rumen liquor samples were analyzed according
to AOAC (2016). Total volatile fatty acids
(TVFAs) were estimated by the steam
distillation method as described by Warner
(1964).

Blood biochemistry and
Immunological parameters

Blood serum criteria; total protein, aloumin,
globulin, urea, creatinine, blood glucose, AST
and ALT were determined using standard Kits
supplied by Spectrum, Germany.

Immunoglobulin A, immunoglobulin G and
Interleukin 2 concentrations in serum were
estimated using single radio-immuno-diffusion
methods derived primarily from the works of
Fahey and McKelvey (1965) and Mancini et al.
(1965). These methods are specific for the
quantitative determination of individual protein
groups in biological fluids.

Data were statistically analyzed using the
General Linear Model Procedure of the SAS
software (SAS 2004). The statistical model used
to analyze the data was as follow:

Yij=p+Titej

Where: Yjj = Parameters under analysis, u =
Overall mean, T; = the effect of the ith treatment
and ejj = Random error. Mean comparisons were
evaluated using Duncan's (1955) Multiple
Range test.

RESULTS AND DISCUSSION

Data in Table (2) present the growth
performance of the experimental sheep; it
reveals that adding nZnO in both levels lead to
increased body weight during the experimental
period, differences were significant at week 8
and thereafter. Final body weight was 44.41,
47.83 and 47.03kg; difference between both
levels T1 and T2 was not significant. Total gain
(kg) and ADG (g) followed the same pattern
being 16.21 and 165.4 for the control group,
18.88 and 192.7 for group T1 and 18.09 and
184.6 for group T2. Working with Iranian
Angora goat kids (Zaboli et al., 2013) and with
Jalauni male lambs (Singh et al., 2019) did not
find any effect on average daily gain due to
supplementation of nZnO .; the zinc level in the
basal ration may have been adequate for normal
growth of Jalauni lambs which could be the
reason for non-significant effect on growth
performance. Finding of Belewu and Adewumi
(2021) reveled that dry matter intake and
average daily gain significantly increased
(P<0.05) across the groups with increasing
levels of nano zinc oxide fed to West African
Dwarf goats. According to Tag-El Din (2019)
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rabbits fed diet enriched with various amounts
of Nano-Zn or Nano-Se had higher (P>0.05)
live body weight at 12 weeks than the control.
Additionally, rabbits fed diet supplemented with
60 mg Nano-Zn or 0.3 mg Nano- Se/kg
recorded the higher (P>0.05) value of body
weight gain and feed conversion ratio
comparing with the control group at the whole
experimental period (6-12 weeks of age), while
protein efficiency ratio were insignificantly
improved.

The effect of nZnO supplementation on the
nutrient digestibility, nutritive value and N-
balance is shown in Table (3). Digestibility of
all nutrients was not significantly different
between the experimental groups. Nutritive
value as TDN improved due to nzZnO
supplementation being 63.05, 64.59 and 64.12
for groups C, T1 and T3. While, DCP and NR
did not differ. The nutritive quality index (NQI)
increased  significantly due to nzZnO
supplementation being 8.76, 9.13 and 9.12, for
the same respective order. Singh et al. (2019)
found that all studied groups showed a similar
apparent digestibility of DM, OM, CP, NDF,

and ADF. Earlier, Jadhav et al. (2008) reported
that nutrient digestibility was unaffected by Zn
supplementation in buffalo calves at levels of 0O,
35, and 70 ppm. In a Similar vein, there was no
difference in the digestibility of CP, EE, NDF,
ADF and cellulose in crossbred cattle
supplemented with 0, 35 and 70 ppm Zn in
basal diet containing more than 25 ppm Zn
(Mandal et al., 2007). All the animals were in
positive N balance. Working with rabbits, Tag-
El Din (2019) found that dietary treatment
(Nano-Zn or Nano-Se) had no significant effect
on all studied nutrients digestibility and carcass
traits.

Data of nitrogen balance (Table 3) revealed
no significant differences between the three
experimental groups for all N balance data;
intake, fecal, urinary and nitrogen retention; N
balance and biological values showed the same
pattern. All the animals were in positive N
balance in different studies with different
animal receiving nZnO (Mandal et al., 2007;
Jadhav et al., 2008 and Singh et al., 2019).

Table 2: Growth performance as affected by Nano zinc supplementation

Treatments
Weeks SEM P. value
C T1 T2

Initial BW (kg) 28.2 28.94 28.93 0.55 0.574
2 weeks 29.97 30.79 30.81 0.59 0.546
4 weeks 31.89 32.82 33.07 0.52 0.285
6 weeks 34.05 35.26 35.24 0.54 0.235
8 weeks 36.50° 38.092 37.99% 0.67 0.073
10 weeks 38.99° 41.39° 41.05? 0.43 0.004
12 weeks 41.68° 44.61° 44,192 0.33 <0.001
Final BW (kg) 44.41° 47.832 47,03 0.49 <0.001
Total gain (kg) 16.21° 18.882 18.09% 0.73 0.064
ADG (g) 165.40° 192.702 184.60%® 0.08 0.063

C: basal diet without additive (control) . T1: control diet supplemented with 6 mg Nano zinc oxide /kg DM. T2:
control diet supplemented with 12 mg Nano zinc oxide /kg DM. ADG: average daily gain. SEM: standard error of

means.

a.b and ¢ means within each row with different superscript differ significantly.
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Table 3: Nutrient digestibility, nutritive value and nitrogen balance of sheep as affected by Nano

zinc supplementation.

Treatments P.

Items c | T | T2 SEM value
Nutrient digestibility (%)
Dry matter, DM 65.30 67.07 66.98 0.55 0.096
Crude protein, CP 67.37 70.55 68.38 1.08 0.289
Crude fiber, CF 61.84 63.14 63.04 0.61 0.286
Nitrogen free extract, NFE 69.12 71.01 71.14 0.93 0.284
Ether extract, EE 69.41 68.16 67.15 0.81 0.306
Nutritive value (%)
TDN 63.05° 64.59? 64.12% 0.46 0.092
DCP 9.25 9.60 9.45 0.15 0.284
NR 5.82 5.73 5.79 0.05 0.80
NQI 8.76° 9.13% 9.122 0.06 0.019
Nitrogen balance (g/d)

Nitrogen intake, NI 32.66 32.66 32.66
Fecal nitrogen, FN 10.66 9.62 9.99 0.48 0.131
Urinary nitrogen, UN 11.01 10.72 11.02 0.30 0.732
Nitrogen balance, NB 10.99 12.31 11.64 0.47 0.239
Biological value, BV% 50.48 53.42 51.29 0.93 0.444

C: basal diet without additive (control). T1: control diet supplemented with 6 mg Nano zinc oxide /kg DM. T2:
control diet supplemented with 12 mg Nano zinc oxide /kg DM. TDN: total digestible nutrients. DCP: digestible
crude protein. NR: Nutritive ratio. NQI: Nutritive quality index. SEM: standard error of means.

a.b and ¢ means within each row with different superscript differ significantly.

The effect of nzZnO supplementation on
rumen parameters in sheep as affected is
presented Table (4). No difference was reported
for pH value except for T1 at 4 and 6 hours after
feeding which was lower. Supplementing diets
with  nZnO increased ammonia nitrogen
significantly at all times of incubation. Values of
VFA followed the same pattern of NHs-N; it
increased from 9.79 up to 11.6 meq/100ml at 4h
of incubation. The respective values at 6h of
incubation were 8.66, 9.33 and 9.21 meq/100ml
rumen liquor. Chen et al. (2011) investigated the
effect of nZnO supplementation at different
levels (from zero to 400 mg/kg DM) on rumen
fermentation parameters. Nano zinc
supplementation improved the growth of rumen
microorganism, increase microbial protein
synthesis and increase energy utilization.

There is increase in VFA concentration,
microbial protein production and fermentation of
organic matter, however, the concentration of
NHs-N was adversely affected by addition of
100-200 mg nano zinc oxide /kg at 12h of
incubation.

The tested blood parameters as affected by
dietary nZnO are presented in Table (5). Total
serum protein significantly (P<0.07) decreased
from 6.18 for C to 6.05 and 6.12g/dl for T1 and
T2, respectively. Globulin followed the same
pattern being 2.51, 2.37 and 2.47g/dl for the
same respective order (P<0.07). Albumin values
however did not differ. No differences were
reported for all other blood parameters. The
serum metabolites were comparable and within
the normal physiological range in lambs.
Najafzadeh et al. (2013) reported that lambs
supplemented with nano zinc at the rate of 20
mg/kg BW showed a higher level of creatinine in
the serum. Lambs may have elevated serum
creatinine levels because they were exposed to
large dosages of nZnO (360-400 mg/d). Thus,
groups fed with both levels of Zn
supplementation showed equivalent nutritional
utilization and growth performance; however, Zn
bioavailability was greatly enhanced by nZnO,
though. In light of this, supplementing with 20
ppm of nZnO may be preferable.
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Table 4: Rumen parameters in sheep as affected by Nano zinc supplementation.

i Treatments
Incubation SEM P. value
hour C T1 T2
Ph
0 6.74 6.71 6.67 0.03 0.667
2 6.53 6.84 6.52 0.07 0.347
4 6.612 6.53° 6.622 0.16 0.014
6 6.672 6.58P 6.68? 0.02 0.012
NHs-N, mg/dl
0 13.28 13.84 13.75 0.14 0.339
2 17.37° 17.892 17.63% 0.15 0.061
4 18.19° 19.042 18.932 0.17 0.002
6 15.48% 15.822 14.87° 0.27 0.051
VFA, meg/dl
0 7.09 7.21 7.12 0.46 0.339
2 7.37° 7.692 7.56% 0.10 0.061
4 9.79° 11.62 11.272 0.13 0.002
6 8.66° 9.33? 9.21@ 0.09 0.051

C: basal diet without additive (control) . T1: control diet supplemented with 6 mg Nano zinc oxide /kg DM.
T2: control diet supplemented with 12 mg Nano zinc oxide /kg DM. SEM: standard error of means.
a.b and ¢ means within each raw with different superscript differ significantly.

Table 5: Blood criteria of sheep as affected by Nano zinc supplementation

Experimental diets
Parameters Control T1 T2 SEM P. value
Total protein (g/dl) 6.182 6.05° 6.12% 0.02 0.073
Albumin (g/dI) 3.67 3.68 3.65 0.02 0.517
Globulin (g/dl) 2,512 2.37° 2.47% 0.04 0.07
Glucose (mg/dl) 61.77 62.20 62.19 0.59 0.857
Urea(mg/dl) 33.04 31.86 30.67 1.26 0.486
Creatinine (mg/dl) 1.27 1.26 1.27 0.01 0.195
AST U/L 107.06 106.81 106.87 1.07 0.986
ALT U/L 117.65 117.61 117.25 1.27 0.971
IgA, mg/dl 28.47° 29.99% 29.572 0.19 0.006
19G, mg/dI 127.15° 130.64? 129.22° 0.37 0.003
Interleukin2 2 (Pg/ml) 76.32 76.26 77.23 0.75 0.639

C: basal diet without additive (control) . T1: control diet supplemented with 6 mg Nano zinc oxide /kg DM. T2:
control diet supplemented with 12 mg Nano zinc oxide /kg DM. AST: Aspartate transaminase. ALT: Alanine
transaminase. IgA: Immunoglobulin A. IgG: immune globulin G. SEM: standard error of means.

a.b and ¢ means within each raw with different superscript differ significantly.

Belewu and Adewumi. (2021) illustrated that
there were no significant differences in the mean
serum glucose values between the treated groups,

treatments. There was no significant difference
in the alanine aminotransferase activities
between the treatments, but there was a

while the addition of nano zinc oxide led to
significant differences in total protein and blood
urea nitrogen levels when compared to other

significant difference (P<0.05) in the aspartate
aminotransferase activities, with lower values
being obtained in the group that received higher
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levels of treatment than the other treatments.
Tag-El Din (2019) reported that there were no
significant differences between the experimental
rabbit groups in studied plasma criteria by
dietary supplementation of Nano-Zn or Nano-Se
as compared with the control group.

Immunoglobulin  increased  significantly
(P<0.003) due to the Nano zinc supplementation;
values of IgA were 28.47, 29.99 and 29.57
mg/dl, for groups C, T1 and T3. The respective
values for 1gG were 127.15, 130.64 and
129.22mg/dl. Zinc deficiency reduces immune
responses and disease resistance (Chesters,
1997).

Conclusion

In this study, the administration of nano
zinc oxide at the levels of 6 mg and 12 mg
grams per kg dry matter in the diets fed to
Barki sheep groups had positive effect on
growth performance and blood criteria. Thus,
nano zinc oxide provides additional insight on
more bio-available zinc source, as a result. Due
to the increase in surface area and surface
activity of nano minerals, they have a far
greater potential as mineral feed supplements
for animals, even at much lower doses than the
conventional sources. Present study
recommends the supplementation of nano zinc
oxide at the levels of 6 and 12 mg per kg DM
for sheep to improve the growth performance,
digestibility, feed utilization and blood criteria.
Immunology was also improved by nano zinc
oxide supplementation.
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