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Abstract
In the present study, the effect of zinc oxide nanoparticles (ZnONPs) at different concentrations (20, 40 and 60 mg/kg) in broiler chicken diet on growth,
carcass characteristics and intestinal health of broiler chicks were evaluated. The ZnONPs synthesized by physical method was characterized for its
nanoparticle properties and evaluated for its in vitro toxicity using different cell lines. In vivo feeding trials was conducted with 150-day-old broiler chicks
randomly assigned to five dietary treatments in three replicates for the period of 35 days with ZnONPs. The results indicated that ZnONPs supplemented
group showed significantly higher (p < 0.05) body weight gain and the lower feed conversion ratio (FCR) compared to control. The carcass characteristics
like meat pH and dressing percentage revealed the significance differences in the ZnONPs supplemented group. The intestinal histomorphology revealed
significantly higher (p < 0.05) crypt depth in ileum and villi length to crypt depth ratio in duodenum of ZnONPs supplemented group. The zinc elemental
concentration in the serum found to be significantly higher and the mRNA expression of intestinal tight junction protein genes like mucin-2 and claudin-3
found to be significantly upregulated in the ZnONPs supplemented group. It could be concluded that supplementation of ZnONPs in broiler diet could
improve production performance, intestinal health status and can be used as an effective feed additive in broilers.

Introduction
Poultry production in India has emerged as one of the fastest growing sectors among various livestock-based sectors with growth rates of 8.51 and
7.52% in egg and broiler production, respectively (BAHS, 2019). Nutritional interventions have contributed to high growth of broiler production during
recent decades in India and there is huge demand for broiler meat and vast scope for broiler industry. Zinc is an important nutrient for animals, which
can act as antioxidant, glandular development, poultry performance, protein and carbohydrate metabolism and cofactor in more than 300
metalloenzymes (Hussien et al., 2021). It promotes growth and act as antibacterial agent, modulates the immunity and reproduction of the animals
(Asheer et al., 2018). The uniqueness of zinc is that, it is the second most abundant trace element in the animal body but at the same time it cannot be
stored, thus demanding the regular dietary intake. In the last few decades, the interest of researchers to nano forms of minerals has been increased. This
might be due to their higher reactivity, huge surface to volume, stability, bioactivity, bioavailability, controlled particle size and site-specific targeting
(Youssef et al., 2019). Because of their small size in nature (< 100 nm), the nanomaterials have unique physical properties that can influence their uptake,
distribution, and behaviour in the body (Schmidt et al., 2009). An enhanced bioavailability of a mineral source could reduce the amount of a mineral that
is added to a diet to meet mineral nutritional requirements, which would reduce the amount of mineral excreted by birds (Cheng et al., 1998).
Nanotechnology facilitates the development of nano vehicles for nutrients (including trace minerals), allowing efficient delivery to improve digestion and
absorption for better nutrient metabolism and physiology. Recently, nanoforms of essential minerals have been explored to improve the growth
performance, feed utilisation and health status of animals (Patra & Lalhriatpuii, 2020). Nano minerals are interesting alternatives for inorganic and
organic minerals for animals that can substantially enhance the bioavailability and reduce pollution (Abdelnour et al., 2021) and may be used at lower
doses in livestock feed to provide better results than the conventional Zinc sources (Swain et al., 2016). It has been indicated in several studies that
nano-zinc is an emerging alternative feed supplement for poultry as it surpasses the conventional zinc sources, even at lower doses, in terms of growth
performance, meat quality, improved serum concentration of zinc and intestinal barrier function of broiler chickens (Hafez et al., 2017; Khah et al., 2015;
Hatab et al., 2022 and Zhang et al., 2022). This study, therefore, aimed to investigate the effect of zinc oxide nanoparticles (ZnONPs), in comparison to
inorganic and organic zinc, on growth performances, carcass characteristics, serum biochemical profile and intestinal health status of broiler chickens.

Materials And Methods
Synthesis of zinc oxide nano particles:

Synthesis of zinc oxide nanoparticles was carried out using Planetary Ball mill (Retsch – PM 100). To synthesize zinc oxide nano particles different
combinations of time duration (7 or 8 or 9 hours), quantity of inorganic zinc oxide (5 or 10 g) and number of balls each having 5 mm diameter (45 or 50
or 55) were used for optimization. The ball mill was operated at 250 RPM speed. Finally, ball milling conditions to synthesize the zinc oxide nanoparticle
was optimized with following conditions: Approximately 5 g of food grade zinc oxide was added in the 50 ml capacity zirconium jar with 50 balls each
having 5 mm diameter operated for the total running time of 9 hours with 30 minutes interval.

Characterization of zinc oxide nanoparticles

Dynamic light scattering (DLS) and zeta potential analysis were carried out to assess the average size and stability of synthesized nanoparticles (particle
size analyzer -Horiba SZ-100). For further confirmation, the particle size and shape were investigated using high resolution transmission electron
microscope (Jeol/JEM 2100) operating at 200 kV voltage. The crystalline nature and the average crystallite size of synthesized zinc nanoparticles were
determined by X-Ray Diffraction technique (Bruker D8 Advance) with 2θ ranging 0 – 80o (λ=1.5406 A°). The average crystallite size of ZnONPs were
calculated using Debye-Scherrer’s equation: D=Kλ/βCosθ, where 0.89 is Scherrer’s constant (K), λ is the wavelength of X-rays, θ is the Bragg diffraction
angle, and β is the full width at half-maximum (FWHM) of the diffraction peak. The characteristic functional group of the synthesized zinc oxide
nanoparticles was analyzed by Fourier Transform Infra-Red (FTIR) spectroscopy (Thermo Nicolet iS5o) in the region of 4000 cm-1 to 100cm-1 The
presence of zinc oxide nanoparticles was confirmed by UV–Vis spectroscopy (Perkin Elmer Lambda 365) in the wavelength region of 200 nm to 1000
nm. The elemental concentration (in percentage) of zinc in synthesized nano particle was estimated using Inductively Coupled Plasma Mass
Spectrometry (Thermo Fisher iCAP RQ ICP-MS).

In vitro cytotoxicity Assay:
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The cytotoxicity of zinc oxide nanoparticles was assessed by MTT assay using BHK-21, Vero and Primary Chick liver culture cell lines. The cell lines were
maintained in 10 % fetal bovine serum and Dulbecco’s modified eagle medium (DMEM) at 37°C with 5 % CO2 incubator. Cells (108 cells/ml) were seeded
into 96-well plates and after 24 hours of incubation, the media was discarded. The zinc oxide nanoparticle at different concentrations (6.25, 12.5, 25, 50
and 100 µg /ml) were dispersed in DMEM and added to each well in triplicate and incubated for 72 h. After 72 hours, MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5- diphenyl tetrazolium bromide) dye (5 mg / ml) was added to all the wells and incubated at 37 °C for four hours. After the incubation period, the
media containing MTT dye was removed from all the wells and about 100 µl of DMSO was added and the absorbance was measured at 570 nm using
ELISA reader (Agilent HTX multi-mode reader).

Bird Management and Experimental Design:

A total of 150-day old broiler chicks (Cobb 400) were procured and randomly allocated in a completely randomized design for 5 treatments, each of
which had 3 replicates of 10 broiler chicks for 35 days. The dietary treatments consisted of a maize- soyabean meal based diet supplemented with
inorganic zinc at 100 % of the requirement as per Bureau of Indian Standards, 2007 was taken as control (T1), basal diet supplemented with organic zinc
at 60 mg/kg (T2), basal diet supplemented with nano form of zinc at 60 mg/kg 75 % of the requirement level (T3), basal diet supplemented with nano
form of zinc at 40 mg/kg 50% of the requirement level (T4), basal diet supplemented with nano form of zinc at 20mg/kg 25 % of the requirement level
(T5). Broiler chicks had ad libitum access to feed and water, and the light program was 23 hours of light per day. The details of experimental design and
feed ingredient compositions are furnished in the Table 1 and Table 2, respectively. The experimental rations were formulated as per BIS, 2007
specifications. Based on the nutrient requirement and anticipated growth rate, the experiment was divided into three phases namely, pre-starter phase (0-
7 days), starter phase (8-21 days) and finisher phase (22-35 days).

Growth Performances:

Body weights of individual birds were measured on day 1, 7, 14, 21, 28 and 35. The weight gain of individual birds was calculated from weekly body
weight data. The feed intake of each replicate was recorded by subtracting the quantity of residual feed (g) from feed offered (g). The FCR was
calculated by dividing the respective feed intake of the chicks by weight gain during the respective period.

Carcass characteristics:

At the end of experimental period (35 days of age), six birds (two birds from each replicate) from each treatment group were selected for the carcass
characteristic study and were kept off feed for a period of 12 hours prior to slaughter but given ad libitum access to water. The pre slaughter live weights
of the birds were recorded. Feathers were then plucked and the birds were eviscerated and weighed to determine the dressing percentage. Further, the pH,
Water Holding Capacity and Shear force value of breast muscle meat sample were analyzed.

Serum Biochemistry:

Blood samples were collected from six birds from each group on day 35 and centrifuged at 3000 rpm for 5 minutes to separate serum. The serum was
analysed for Glucose, Total protein, albumin, Cholesterol, Alanine transaminase (ALT), Uric acid (UA), calcium and phosphorus using A15 Biosystem
random access analyzer.

Concentration of zinc in the serum:

The serum sample was diluted with distilled water (10-fold dilutions) and the concentration of zinc in the serum was analyzed using Atomic Absorptive
Spectrophotometer (ZEEnit 700P).

Intestinal Morphometry:

The intestinal morphometry was studied by collecting the intestinal samples from six birds per group from the duodenum, jejunum and ileum, fixed in 10
% of neutral buffered formalin, dehydrated manually, embedded in paraffin wax, cut to 3 µm thick, stained with haematoxylin and eosin. Histological
indices measured using an image analyser software (Magvision) included villus length (from the top of villi to the junction of the villus and crypt), crypt
depth (defined as the depth of the invagination between adjacent villi) and villus height to crypt depth (V / C) ratio.

Intestinal Tight Junction protein gene expression analyis:

The ileum tissue was collected from different treatment groups and treated with 750 µl of Trizol Reagent (Sigma), mixed thoroughly by vigorous
pipetting and incubated at room temperature for 5 minutes. About 200 µl chloroform was added, mixed well, incubated at room temperature for 5
minutes and centrifuged at 12000 rpm for 15 minutes at 4ºC. The upper aqueous layer was collected and equal volume of ice-cold isopropanol was
added and incubated at -20 ºC for 20 minutes. Centrifugation was carried out at 12000 rpm for 10 minutes at 4ºC and the supernatant was discarded.
The pellet was washed with 1 ml of 70 % of ice-cold ethanol and centrifuged at 10000 rpm for 10 minutes at 4ºC. The supernatant was discarded and
pellet was air dried. The pellet was resuspended in 20 µl of NFW, quantified and stored at -80 ºC until further use. About 500 ng of RNA was used for
synthesis of cDNA using iScript (TaKaRa) as per the manufacturer’s instructions. The gene expression analysis of intestinal tight junction protein genes
(Zona occludens-1 (ZO-1), Mucin-2 & Claudin-3) were carried out by specific primers (Table 3) with the following PCR conditions: an initial denaturation
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step at 95ºC for 3 min, followed by 40 cycles at 95ºC for 30 sec, the annealing and extension temperature at 60ºC for 30 sec, and a final extension step
of 72ºC for 35 sec. The melt curve analysis was carried out to assess the specificity of the amplified products.

Statistical analysis:

All the data of this study was grouped and subjected to statistical analysis by one-way ANOVA using SPSS, version 20.0 statistical package. Pair wise
differences in means were computed using Duncan test. The obtained results were expressed as means and standard deviations.

Results
Characterization of zinc oxide nano particles:

The Dynamic Light Scattering (DLS) results revealed the average particle size of synthesized zinc oxide nanoparticles was 4.4 ± 1.45 nm (Fig 1) and the
average zeta potential value obtained was - 35.4 mV (Fig 2). Inductively Coupled plasma mass spectrometry analysis revealed that nano zinc contained
74.78 % elemental zinc. X ray diffraction pattern showed 2θ values at 31.907˚, 34.554˚, 36.393˚, 47.672˚, 56.738˚, 62.985˚, 66.517˚, 68.104˚, 69.192˚,
72.713˚, and 77.054˚ (Fig 3) which could be indexed as the zinc oxide wurtzite structure (JCPDS Data Card No: 36-1451). The average particle size of the
sample was found to be 5.078 nm which is derived from the FWHM of more intense peak corresponding to 101 planes located at 36.393° using
Scherrer’s formula (Talam et al. 2012) which is comparable with the particle size obtained in DLS technique. Using HR-TEM morphology and particle size
of the synthesized zinc oxide nanoparticles were assessed. It was found that most of the ZnONPs are in nano meter scale and are hexagonal in shape
with the average particle size of 41.2 nm (Fig. 4).

The FTIR spectrum of synthesized zinc oxide nano particle showed the peaks at 3428.96 cm-1, 2921.43 cm-1, 2849.8 cm-1, 1630.02 cm-1, 1022.17 cm-1,
989.43 cm-1, 872.77 cm-1 and 448.42 cm-1 (Fig. 5). In our study, UV-visible absorption spectroscopy is used to examine the optical properties of nano
particles. UV-Vis absorbance spectrum of zinc oxide nanoparticle shown in Figure 6a. ZnO nano particle exhibited the absorption peak between 350 –
360 nm and diffuse reflectance spectra revealed characteristic absorption edge near 380 nm with high reflectance of 50 % in the visible region (Fig. 6b)

In - vitro cytotoxicity assay:

The cytotoxicity effects of zinc oxide nano particles in different cell lines (Vero and BHK-21) and primary chick liver culture were assessed by MTT. The
results of ZnO nanoparticles on Vero, BHK-21 and primary chick liver culture cells are presented in Fig. 7. In primary liver culture cells, the maximum cell
viability was observed at the lowest concentration of zinc oxide nano particles (6.25 μg/ml). The present study suggested that zinc oxide nanoparticles
were exhibited no cytotoxicity upto the concentration of 100 μg/ml in both cell lines and primary culture.

Growth performances:

Effects of dietary zinc oxide nanoparticles (ZnONPs) supplementation on feed intake, weight gain, feed conversion ratios (FCR) in broiler chickens from
day 1 to 35 were presented in Table 4. In overall trial period, 60 mg/kg of zinc oxide nanoparticles supplemented group revealed significantly higher
(p<0.05) body weight gain compared to control and no significant difference (p>0.05) with 20 mg/kg of zinc oxide nanoparticles supplemented birds.
Feed Conversion Ratio was significantly lower (p<0.05) in the birds supplemented with 60 and 20 mg/kg of zinc oxide nanoparticles when compared to
control and other treatment groups.

Carcass characteristics:

The results indicated that there was no significant difference (p>0.05) among the treatment group in shear force value and water holding capacity as
shown in table 5. Whereas, 60 mg/kg of zinc oxide nanoparticles supplemented birds had significantly lower (p<0.05) meat pH. The results indicated that
ZnONPs fed groups had significantly higher (p<0.05) dressing percentage compared with other treatment groups.

Serum Biochemistry:

There was no significant difference (p>0.05) in the glucose, total protein, albumin, cholesterol, ALT, uric acid, calcium and phosphorus values between the
treatment groups (Table 6).

Concentration of zinc in the serum:

Effects of zinc oxide nanoparticles on serum zinc concentration was given in Table 7. In serum, the zinc concentration revealed highly significant
difference (p<0.01) between zinc oxide nano particles supplemented group and control.

Intestinal Morphometry:

Among treatment groups, there was no significant difference(p>0.05) in ileum villi length and jejunum Villi length and crypt depth ratio (Table 8). The villi
length and crypt depth in duodenum and jejunum and villi length to crypt depth ratio in ileum was significantly (p<0.05) higher in birds supplemented
with of 20 mg/kg ZnONPs compared to control (Fig. 8, Fig. 9 and Fig.10). Further, in our study crypt depth in ileum and villi length to crypt depth ratio in
duodenum there was a significant difference (p<0.05) between zinc oxide nano particles supplemented group and other groups. Supplementation of zinc
oxide nanoparticles showed significant increase (p<0.05) in crypt depth in ileum and villi length to crypt depth ratio in duodenum values when compared
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to other groups. Based on the data presented in table 8, the highest villi length, crypt depth and villi length to crypt depth ratio in duodenum, jejunum and
ileum was observed in 20 mg/kg of ZnONPs supplemented groups.

Intestinal Tight Junction protein gene expression:

The effects of ZnONPs on ZO-1, mucin-2 and claudin-3 gene expression in intestine were presented in Fig. 11. Dietary supplementation of ZnONPs did
not affect the mRNA expression of Zo-1 (p>0.05) compared with other groups. However, mucin-2 and claudin-3 intestinal tight junction protein genes
were significantly (p<0.05) upregulated (4.18 and 3.63-fold respectively) in broiler chicks fed with 20 mg/kg of ZnONPs.

Discussion
In the present study, zinc oxide nanoparticles (ZnONPs) were synthesized, characterized and evaluated to use as an effective feed additive in broiler
chicken diet. ZnONPs are specially prepared and having the particle size of 1 to 100 nm (Swain et al., 2015). Average particle size of ZnONPs was 4.4 ±
1.45 nm in Dynamic Light Scattering (DLS) analysis which is comparable with the findings of Melk et al. (2021) who reported that the average particle
size distribution of ZnONPs was 10.58 ± 3.350 nm. The average zeta potential value obtained was - 35.4 mV and the negative values detected by zeta
potential were responsible for stabilization of the nanoparticles. The value present in this study is in agreement with the earlier study of Barzinjy et al.
(2020) who reported the average zeta potential value of −40 mV. In the present study Inductively Coupled plasma mass spectrometry analysis revealed
that nano zinc contained 74.78 % elemental zinc. Zinc oxide mainly crystallizes in two forms, hexagonal wurtzite and cubic zincblende. The wurtzite
structure is most common and most stable at ambient conditions (Rai et al. 2021).  XRD analysis of ZnONPs showed that all the diffraction peaks
corresponded to the hexagonal wurtzite structure (JCPDS Data Card No: 36-1451). These results were in agreement with the findings of Yedurkar et al.
(2016) who reported the wurtzite structure of ZnONPs. The average crystallite size of ZnONPs was in the nanometric range which is comparable with the
particle size obtained in DLS technique. HR-TEM analysis also confirmed that most of the ZnONPs are in nano meter scale and are hexagonal in
shape which is in conformity with the findings of Ezealisiji et al. (2019) who observed s spherical particles. The intensive peak at 448.42 cm-1 in FTIR
analysis clearly indicates the characteristic absorption of Zn – O bond. As a thumb rule, the absorption peak maximum for ZnONPs ranges between 300
and 380 nm. Here, ZnONPs exhibited the absorption peak between 350 – 360 nm which is close to the findings of Talam et al., 2012 who observed
that ZnONPs exhibits a strong absorption band at about 355 nm. In our study, diffuse reflectance spectra of ZnO nanoparticles revealed characteristic
absorption edge near 380 nm with high reflectance of 50 % in the visible region (Fig. 6b) which is in agreement with the results of Zeferino et al. (2011).
The results indicated that ZnONPs does not produce any toxicity effects on cells in all the concentrations. Reduction of cell viability by more than 30 %
was considered a cytotoxic effect (ISO 10993-5). The results of the present study were in agreement with Masud et al. (2020) who carried out the in vitro
cytotoxicity analysis of the ZnO bio nanocomposite using the BHK-21 cell and the Vero cell line for 48 hours and reported more than 95% of cell viability
which indicated the cytocompatibility of the bio nanocomposite of ZnO. In contrast, Saranya et al. (2017) reported that the ZnONPs showed improved
cell viability at lower concentration (10 μg/100 μl) in Vero cell line. The present study suggested that zinc oxide nanoparticles were exhibited no
cytotoxicity up to the concentration of 100 μg/ml in cell lines and primary culture. 

Due to higher bioavailability of Zn from nano-zinc than inorganic and organic sources, they have a better absorption than other two sources resulting in
better growth. (Pathak et al., 2020). In overall trial period, significantly higher body weight gain and FCR was obtained in 20 mg/kg of ZnONPs when
compared to control. This finding was consistent with Zhao et al. (2014), who reported that 20–60 mg/kg ZnONPs could improve body weight gain and
feed conversion ratio in broiler chicks compared to 50 mg/ kg traditional ZnO. Similarly, Fawaz et al. (2021) reported that 20 - 40 mg/kg ZONPs improved
growth performance in broilers compared to other concentrations (10 & 30 mg/kg). There was no significant difference (p>0.05) among the treatment
group in SFV and WHC in this study. Similarly, Hussan et al. (2020) found that there was no significant difference (P > 0.05) observed in WHC of meat by
the supplementation of nano ZnO at graded levels (2.5,5,10 and 20 ppm of nano zinc and 40 ppm of ZnO). Whereas, 60 mg/kg of zinc oxide
nanoparticles supplemented birds had significantly lower (p<0.05) meat pH.  This finding of present study in agreement with the results of Eskandani et
al. (2021) who found lower pH value of breast meat in chickens fed with ZnONPs (30, 50, 70 & 90 mg/kg) and 70 mg Zn amino acid complex. ZnONPs
fed groups had significantly higher (p<0.05) dressing percentage compared with other treatment groups in this study. However, Hatab et al. (2022)
suggested that ZnONPs at 40 mg/kg increased carcass yield in comparison with other groups (0&60 mg/kg ZnONPs). 

There was no significant difference (p>0.05) in the glucose, total protein, albumin, cholesterol, ALT, uric acid, calcium and phosphorus values between the
treatment groups. Total Protein, Total Bilirubin, Aspartate aminotransferase (AST) and Alanine Transaminase (ALT), ALP, uric acid levels, creatinine and
globulin were not significantly affected by ZnONPs supplementation (Abdel-Monem et al., 2021; Mahmoud et al., 2021). Zinc concentration in serum was
elevated dose dependently. This finding was consistent with Hatab et al. (2022) who reported that supplementation of nano form of Zn into broiler diets
(40 and 60 mg/kg diet) increased the concentration of Zn in serum dose dependently. Such amelioration of zinc can be ascribed to enhanced
bioavailability of zinc in its nano form leading to improved absorption in the digestive tract. It might be attributed to increased villi length in the intestine
of the broiler chickens due to the supplementation of zinc oxide nanoparticles. 

The highest villi length, crypt depth and villi length to crypt depth ratio in duodenum, jejunum and ileum was observed in 20 mg/kg of ZnONPs
supplemented groups which is in conformity with Fawaz et al. (2021) who supplemented chicks with different ZnONPs concentrations (10, 20, 30, and
40 mg/kg ration) showed a significant increase in villus height and villus/crypt ratio in small intestine. Dietary supplementation of ZnONPs did not affect
the mRNA expression of Zo-1 (p>0.05) compared with other groups but mucin-2 and claudin-3 intestinal tight junction protein genes were significantly
(p<0.05) upregulated (4.18 and 3.63-fold respectively) 20 mg/kg of ZnONPs group indicating the enhanced intestinal barrier function thereby improving
the nutrient absorption in broiler chicks. However, Zhang et al. (2022) reported that ZO-1 and claudin-2 mRNA expressions were higher in 160 mg/kg ZnO
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nano particle group than that in the Negative Control group. In contrast, Zhang et al. (2012) observed that inclusion of zinc in the diet of chicks did not
affect the mRNA levels of Mucin-2.

It can be concluded that ball milling technique economical method for the preparation of nano zinc oxide with respect to simplicity as well as it has high
yield of 96.7 % and can be used for large scale industrial production of zinc oxide nanoparticles. The present study results showed that the
supplementation of Zinc in the forms of nanoparticles at the lower concentration of 20 mg/kg could be optimal supplementation level in broiler diets and
could be used as an effective feed additive in broilers with beneficial effects on the growth performance, meat quality and intestinal barrier functions of
broiler chicken. 
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Tables
Table 1 Experimental design for in vivo feeding trial to evaluate the effect of supplementation of zinc oxide nanoparticles in broiler chicken

T Experimental Design No. of   birds R Total

T1 Basal diet + inorganic zinc (80 mg/kg) 10 3 30

T2 Basal diet + organic zinc (60 mg/kg) 10 3 30

T3 Basal diet + nano zinc (60 mg/kg) 10 3 30

T4 Basal diet + nano zinc (40 mg/kg) 10 3 30

T5 Basal diet + nano zinc (20 mg/kg) 10 3 30

                                                                                                  Total 150

Experimental duration (in days): 35; T – Treatments; R – Replications

 

Table 2 Feed ingredients composition (%) and nutrient content of broiler chicken pre-starter (1-7 days), starter (8-21 days) and finisher (22-35 days) feeds
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Ingredients

Inclusion level (%)

Pre-starter

(1 - 7 days)

Starter

(8 - 21 days)

Finisher

(22 – 35 days)

Maize 49.56 50.35 54.25

Soya bean meal 42.50 40.09 35.00

Palm Oil 3.80 5.40 6.50

Calcite 1.22 1.22 1.30

Dicalcium Phosphate 1.80 1.84 1.81

Salt 0.30 0.30 0.30

Methionine 0.15 0.14 0.12

Threonine 0.10 0.10 0.15

Vitamin Premix  0.05 0.05 0.05

Trace Mineral Mixture 0.10 0.10 0.10

Choline chloride 0.15 0.15 0.15

Probiotic   0.05 0.05 0.05

Liver tonic  0.04 0.04 0.04

Toxin binder 0.10 0.10 0.10

Coccidiostat 0.05 0.05 0.05

Antioxidant 0.01 0.01 0.01

Total 100.00 100.00 100.00

Nutrient composition      

CP (%) 23.05  22.08 20.02

ME (kcal/kg) 3003.00 3103.00  3198.00

Lysine (%) 1.56 1.48 1.31

Methionine (%) 0.52 0.50 0.45

 

Table 3. The sense and antisense primer sequences of intestinal tight junction proteins and reference gene used for real time PCR

Gene Orientation Primers Sequence Product size (bp)

MUC-2 Forward 5’-TTCATGATGCCTGCTCTTGTC-3’ 93

Reverse 3’-CCGTAGCCTTGGTACATTCTTGT-5’

ZO-1 Forward 5’-GCCTGAATCAAACCCAGCAA-3’ 197

Reverse 3’-TATGCGGCGGTAAGGATGAT-5’

Claudin-3 Forward 5’-GAAGGGCTGTGGATGAACTG-3’ 221

Reverse 3’-GAGACGATGGTGATCTTGGC

16S rRNA Forward 5’-GTAACGCAAGCGATCNCG-3’   130

Reverse 3’-AACCGCGACGCTTTCCAA-5’

  

Table 4 Effects of dietary zinc oxide nanoparticles (ZnONPs) supplementation on feed intake, weight gain, feed conversion ratios (FCR) in broiler
chickens from 1 to 35 Days of age (Mean # ± SD)



Page 10/17

Feed Intake (g) Body Weight Gain (g) FCR (g/g)

Treatments Age in days Age in days Age in days

1 - 7 8-21 22-35 1-35 1-7 8-21 22-35 1-35 1-7 8-21 22-35 1-35

T1 (Control)  144.71
± 4.14

1125.26
± 30.13

1797.53
± 66.04

3076.80
±148.17

108.46
±12.42

694.66

±79.78

1061.53a

± 141.26

1856.00a

± 196.27

1.36bc

±0.02

1.63

±0.03

1.69b

±0.01

1.65b

±0.01

T2 (Zn met-
60 mg/kg)

147.57
± 1.58

1131.70
± 13.70

1832.06
± 55.98

3142.75
± 70.09

111.69
± 9.56

712.96

±61.48

1068.26a

± 134.54

1889.59ab

± 176.90

1.38c

±0.09

1.60

±0.02

1.72b

±0.01

1.66b

±0.01

T3 (ZnONP-
60mg/kg)

152.00
± 4.88

1144.43
± 54.41

1840.56
± 74.61

3152.30
± 75.4

114.80
± 9.09

718.73 ±60.77 1153.33b

± 123.12

1972.54b

± 196.60

1.32ab

±0.10

1.59

±
0.06

1.61a

±0.04

1.60a

±0.01

T4 (ZnONP -
40 mg/kg)

153.11
± 8.34

1147.36
± 22.86

1856.50
± 18.47

3143.87
± 36.37

114.19
± 9.17

716.06

±50.43

1074.5a

± 120.95

1904.76ab

± 140.97

1.34bc

±0.03

1.62

±
0.02

1.72b

±0.07

1.66b

±0.04

T5 (ZnONP -
20 mg/kg)

154.37
± 3.00

1158.70
± 31.09

1860.76
± 38.42

3130.94
± 64.25

111.47
±12.05

708.33

±67.66

1118.6ab

± 152.99

1945.07ab

± 189.17

1.29a

±0.01

1.58

±0.01

1.66a

±0.02

1.60a

±0.02

#Each value represents three replicates with ten birds per replicate 

Means bearing different superscript in a column differ significantly with (p < 0.05)

Table 5 Effects of zinc oxide nanoparticles on carcass characteristics (Mean # ± SD)of broiler chicks

Treatment pH SFV (kg/cm2) Dressing Percentage WHC (%)

T1 (control) 6.21c ± 0.01 0.76 ± 0.09 69.9a ± 1.33  1.43 ± 0.35

T2 (Zn met - 60 ppm) 6.22c ± 0.07 0.76 ± 0.08 69.66a ± 2.39 1.44 ± 0.33

T3 (ZnONPs - 60 ppm) 5.96a ± 0.06 0.71 ± 0.07 73.13b ± 2.09 1.53 ± 0.41

T4 (ZnONPs - 40 ppm) 6.10b ± 0.04 0.74 ± 0.1 72.67b ± 1.20 1.49 ± 0.1

T5 (ZnONPs - 20 ppm) 6.16b ± 0.01 0.74 ± 0.08 71.55b ± 2.00 1.52 ± 0.35

#Each value represents the mean of six observation

Means bearing different superscript in a column differ significantly with (p < 0.05)

Abbreviation: SFV- Shear Force Value; WHC- Water Holding Capacity

Table 6 Effects of zinc oxide nanoparticles on Serum Biochemistry value (Mean # ± SD) of broiler chicks



Page 11/17

Treatment Glucose
(mg/dl)

Cholesterol

(mg/dl)

Total protein
(g/dl)

Albumin(g/dl) Uric
acid

(mg/dl)

ALT

(U/L)

Calcium
(mg/dl)

Phosphorus
(mg/dl)

T1 (Control)  282.83 ±
54.43

120.66

 ± 31.48

2.96 ±   0.41 1.48 ± 0.24 9.24 ± 

0.86

19.00 ±
4.28

12.80 ± 0.57 8.28 ± 1.28

T2 (Zn met-60
mg/kg)

304.00 ±
18.74

185.33

 ± 68.43

3.03 ± 0.18 1.71 ± 0.11 9.45 ± 

1.32

18.16 ±
3.76

13.17 ± 1.13 8.15 ± 1.77

T3 (ZnONPs-
60mg/kg)

269.00 ±
37.15

113.83 

± 28.10

2.83 ± 0.32 1.55 ± 0.24 9.95 ± 

1.95

18.50 ±
4.59

12.96 ± 2.34 7.22 ± 1.25

T4 (ZnONPs - 40
mg/kg)

300.66 ±
37.66

169.33 

± 70.30

2 .63 ± 0.41 1.73 ± 0.45 9.54 ± 

0.93

22.33 ±
6.40

13.29 ± 2.84 7.76 ± 2.23

T5 (ZnONPs - 20
mg/kg)

307.83 ±
26.09

151.83 

± 71.43

3.03 ± 0.22 1.65 ± 0.15 8.39 ± 

3.18

20.83 ±
5.63

11.93 ± 1.42 8.87 ± 0.70

          #Each value represents the mean of six observation 

Table 7 Effects of zinc oxide nanoparticles on serum zinc concentration (Mean# ± SD) of broiler chicks 

Treatment Zinc (mg/L)

T1 (Control)  1.39a ± 0.1

T2 (Zn met-60 mg/kg) 1.37a ± 0.06

T3 (ZnONPs- 60mg/kg) 2.18b ± 0.12

T4 (ZnONPs - 40 mg/kg) 1.97b ± 0.31

T5 (ZnONPs - 20 mg/kg) 1.81b ± 0.22
#Each value represents the mean of six observation

Means bearing different superscript in a column differ significantly with (p < 0.01)

Table 8 Effect of supplementation of zinc oxide nanoparticles on intestinal morphology of 35-day old broiler chicken (Mean# ± SD)

Treatment Villi length (µm) Crypt depth (µm) Villi length: Crypt depth

Duodenum Jejunum Ileum Duodenum Jejunum Ileum Duodenum Jejunum Ileum

T1 554.3a ± 134.3 548.41a ±
77.02

338.82±
80.36

38.50a ±
15.31

39.15a ±
12.29

32.85a ±
7.22

15.08a ±
4.21

13.83 ±
3.11

8.98a ±
2.30

T2 614.46ab ±
110.77

544.42a ±
141.51

346.79 ±
55.48

41.37ab ±
8.76

39.47a ±
7.42

33.30a ±
5.80

15.70a ±
3.24

13.47 ±
3.17

9.23ab±
2.13

T3 681.40b ±
149.91

591.54ab ±
71.91

369.48 ±
97.35

43.93ab ±
11.12

44.73b ±
6.75

37.73b ±
6.78

18.63b ±
4.25

14.37 ±
3.11

9.94ab±
3.27

T4 655.02b ±
132.53

616.40bc ±
115.19

349.07 ±
84.78

42.07ab ±
8.79

43.44ab ±
9.67

36.83b ±
7.71

18.16b ±
6.29

14.24 ±
3.12

9.65ab±
3.32

T5 847.20c ±
138.32

650.27c ±
94.61

372.43
±103.82

45.53b ±
9.73

44.82b ±
9.92

39.69b ±
8.00

19.01b ±
5.04

14.66 ±
3.13

10.72b ±
2.81

#Each value represents the mean of thirty-six observation

Means bearing different superscript in a column differ significantly with (p < 0.05) 

[T1 - Control; T2 - Zn met-60 mg/kg; T3 - ZnONPs- 60mg/kg; T4 - ZnONP - 40 mg/kg; T5 - ZnONP - 20 mg/kg]
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Figure 1

Particle size analysis of zinc oxide nanoparticle

Figure 2

Zeta potential analysis of zinc oxide nanoparticle
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Figure 3

XRD analysis of zinc oxide nanoparticles

Figure 4

TEM analysis of zinc oxide nanoparticles
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Figure 5

FTIR analysis of zinc oxide nanoparticles

Figure 6

a UV-Vis Reflectance spectrum of ZnONPs

b UV-Vis absorbance spectrum of ZnONPs
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Figure 7

Cell viability (%)   observation. Each cell line was treated with indicated amount of ZnONPs and   measured after 72 h of exposure period. A) BHK – 21,
B) Vero and C) Primary   chick liver culture

Figure 8
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Histomorphometry analysis of duodenum of broiler chicks fed on Control, Organic zinc (Zn met) and zinc oxide nanoparticles at 35 days of age
(H&E×400)

Figure 9

Histomorphometry analysis of jejunum of broiler chicks fed on control, Organic zinc (Zn met) and zinc oxide nanoparticles at 35 days of age (H&E×400)

Figure 10

Histomorphometry analysis of ileum of broiler chicks fed on control, Organic zinc (Zn met) and zinc oxide nanoparticles at 35 days of age (H&E×400)
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Figure 11

Effects   of Zinc Oxide Nanoparticles on intestinal tight junction protein gene   expression of broiler chicks A) Zona Occludens-1, B) Mucin-2 and C)
Claudin-3


