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Fig 1- X-ray Powder Diffraction of zinc oxide
nanoparticles
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Fig 2- Scanning electron microscope of zinc oxide
nanoparticles
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Tablel- Composition and calculated nutrient contents of basal diets”

Ingredients (g/kg) Starter (1 to 21 d) Grower (22 to 42 d)
Corn 578.50 640.70
Soybean meal 338.70 284.30
Soybean oil 38.00 33.40
Dicalcium phosphate 23.50 19.00
Calcium Carbonate 10.50 12.50
DL-methionine 1.80 1.10
Vitamin premix” 2.50 2.50
Mineral premix™ 2.50 2.50
Salt 4.00 4.00
Calculated composition
Metabolizable energy (Kcal/kg) 2870 2980
Crude protein (%) 22.10 22.00
Calcium (%) 0.86 0.75
Auvailable phosphorous (%) 0.49 0.44
Methionine + cysteine (%) 0.50 0.38
Lysine (%) 1.31 1.19

*Vitamin premix (each kg contained): vitamin A 9,000,000 1U; vitamin D3 2,000,000 IU; vitamin E 18,000 1U; vitamin
B1 1,800 mg; vitamin B2 6,600 mg; vitamin B3 10,000 mg; vitamin B6 3,000 mg; vitamin B12 15 mg; vitamin K3 2,000
mg; vitamin B9 1,000 mg vitamin B5 30,000 mg; vitamin H2 100 mg; vitamin choline chloride 500,000 mg; antioxidant

1000 mg.

**Mineral premix (each kg contained): Mn, 4,800 mg; Fe, 16,000 mg; Cu, 6,400 mg; I, 500 mg; Se, 120 mg.
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Table 2- Effect of zinc oxide nanopatrticles and Bacillus coagulans on growth performance of broilers (1-42 d)

“Experimental groups Weight gain Feed intake Feed copversion
(g/d) (g/d) ratio
Control (basal diet + zinc oxide) 53.08% 93.75 1.7652
Control + 100 mg/kg probiotic 54.31%® 91.44 1.683%¢
Basal diet + 25 mg/kg zinc oxide nanoparticles 51.67° 91.76 1.7762
Basal diet + 50 mg/kg zinc oxide nanoparticles 53.19 93.24 1.7522
Basal diet + 25 mg/kg zinc oxide nanoparticles + probiotic 55.87¢2 94.34 1.687b¢
Basal diet + 50 mg/kg zinc oxide nanoparticles + probiotic 55.682 91.72 1.646°
Standard Error of Mean (SEM) 0.852 2.395 0.024
P-value 0.018 0.928 0.006

aal (555 apeSl oSS 53 a S e Vet shls wald e Slla 50wl g 50 G (Same oS Sl suliil b ol s pua”
*The basal diet was prepared using premix without zinc, while the control diet contains 100 mg/kg zinc oxide.
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Table 3- Effect of zinc oxide nanoparticles and Bacillus coagulans on the relative weight of carcass (% of live

weight), various components of carcasses and digestive organs weight of 42 d broilers (%o of live body weight)

* . Carcass Breast Legs Liver  Pancreas Bursa of Spleen
Experimental groups Fabricius

Control (basal diet + zinc oxide) 61.70 20.63 18.79° 2.80* 0.290 0.148 0.139

Control + 100 mg/kg probiotic 62.13 21.93 19.76® 255% 0.307 0.144 0.136

Basal diet + 25 mg/kg zinc oxide nanoparticles 61.41 21.49 18.78° 2.75%  0.291 0.144 0.135

Basal diet + 50 mg/kg zinc oxide nanoparticles 61.74 21.70 18.87% 254% 0.304 0.189 0.150

Basal diet + 25 mg/kg zinc oxide nanoparticles + 62.31 22.43 19.87% 235 (0.285 0.158 0.164
probiotic

Basal diet + 50 mg/kg zinc oxide nanoparticles + 62.64 2266 19.96% 2.07° 0.289 0.177 0.152
probiotic

Standard Error of Mean (SEM) 1519 0.843 0.343 0.099 0.022 0.016 0.008

P-value 0.993 0.603 0.046 0.007 0.975 0.122 0.229

a.b¢ Means within a column with different letters differ significantly (P< 0.05).
*The basal diet was prepared using premix without zinc, while the control diet contains 100 mg/kg zinc oxide.
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Table 4- Effect of zinc oxide nanoparticles and Bacillus coagulans on weight and length of different parts of
small intestine of 42 d broilers (% of live body weight)

“Experimental groups

Relative weight

Relative length

Duodenum lleum Cecum Duodenum Ileum Cecum

Control (basal diet + zinc oxide) 0.792 1.341 0.458 1.350 3.653 1.442

Control + 100 mg/kg probiotic 0.767 1.187 0.471 1.434 3.719 1.443

Basal diet + 25 mg/kg zinc oxide nanoparticles 0.795 1.259 0.463 1.340 3.099 1.464

Basal diet + 50 mg/kg zinc oxide nanoparticles 0.787 1.125 0.460 1.563 3.924 1.627

Basal diet + 25 mg/kg zinc oxide nanoparticles + 0.755 1.277 0.462 1.378 3.212 1.454
probiotic

Basal diet + 50 mg/kg zinc oxide nanoparticles + 0.739 1.251 0.480 1.578 3.272 1.567
probiotic

Standard Error of Mean (SEM) 0.030 0.096 0.030 0.115 0.434 0.088

P-value 0.732 0.698 0.995 0.509 0.717 0.587

“The basal diet was prepared using premix without zinc, while the control diet contains 100 mg/kg zinc oxide.
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Table 5- Effect of zinc oxide nanoparticles and Bacillus coagulans on the pH of gizzard and cecum of 42 d of

broilers

. i pH
Experimental groups Gizzard lleum
Control (basal diet + zinc oxide) 3.462 6.235
Control + 100 mg/kg probiotic 3.322 6.155
Basal diet + 25 mg/kg zinc oxide nanoparticles 3.342 6.207
Basal diet + 50 mg/kg zinc oxide nanoparticles 3.367 6.175
Basal diet + 25 mg/kg zinc oxide nanoparticles + probiotic 3.280 6.165
Basal diet + 50 mg/kg zinc oxide nanoparticles + probiotic 3.292 6.117
Standard Error of Mean (SEM) 0.054 0.037
P-value 0.269 0.145

*The basal diet was prepared using premix without zinc, while the control diet contains 100 mg/kg zinc oxide
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Table 6- Effect of zinc oxide nanoparticles and Bacillus coagulans on the immune system of broiler (log2)

antibody titers against sheep red blood cells

“Experimental groups Primary (28 day) Secondary (42 day)
Control (basal diet + zinc oxide) 4.12¢ 4.87°
Control + 100 mg/kg probiotic 4.62° 6.12%
Basal diet + 25 mg/kg zinc oxide nanoparticles 4.25° 5.00°
Basal diet + 50 mg/kg zinc oxide nanoparticles 5.87% 6.75°
Basal diet + 25 mg/kg zinc oxide nanoparticles + probiotic 5.12" 6.12%
Basal diet + 50 mg/kg zinc oxide nanoparticles + probiotic 6.25° 7.378
Standard Error of Mean (SEM) 0.338 0.390
P-value 0.001 0.001

a.b¢ Means within a column with different letters differ significantly (P< 0.05)
“The basal diet was prepared using premix without zinc, while the control diet contains 100 mg/kg zinc oxide.
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Introduction: Zinc (Zn) is an essential trace element for poultry nutrition, because of its important
role in various biological functions. For decades, the nutritional importance of Zn has been known,
but its vital roles in immune modulation and functioning has been arisen (Bonaventura et al. 2015).
The forms of Zn in the diet of poultry could be as inorganic form like Zinc oxide (ZnO) and Zinc
Sulphate and as organic shapes like Zn acetate (Zhao et al. 2014). A new form of this inorganic salt
is zinc oxide nanoparticles (zno nanoparticles) that have produced by nanotechnology (Song et al.
2010). Nanoparticles have larger surface area that allows higher interactions with other molecules,
and the larger surface area enhances the bioavailability and the intestinal absorption of these tiny
structures (Nel et al. 2009; Tsai et al. 2016). In general, little studies have indicated that the
application of nano minerals in broilers production, immune responses is promising. One of the most
promising spore forming lactic acid-producing species is Bacillus coagulans (B. coagulans)
(Hyronimus et al. 2000). Bacillus coagulans is a safe, unique gram-positive, spore-forming,
microaerophilic, lactic acid producing bacillus that does not encode enterotoxin. It possesses a
protective, spore-like protein coating, which allows it to resist high temperature and to survive
stomach acid and bile salts, reach the small intestine, germinate, and multiply (Hyronimus et al.
2000). It has been demonstrated that supplementation of B. coagulans in chicken feed promotes their
growth performance (Hung et al. 2012). Some previous studies reported that probiotics could
effectively enhance immune functions of broiler chicks. Kabir et al. (2004) found that broiler chicks
fed with probiotic improved antibody titers against sheep red blood cells (SRBC). In addition,
researchers have used probiotics in combination with some nanoparticles, such as nano-selenium, to
improve the growth performance and immunity in broiler chicks (Saleh, 2014). In addition, another
research demonstrated that probiotics decreased intestine pH, hence it increased production of short-
chain fatty acids because of the modification of the gut flora with a consecutive increased mineral
solubility and absorbability (Gilman and Cashman 2006; Scholz-Ahrens et al. 2007). According to
the above evidences, it appears that combination of zno nanoparticles with probiotic probably causes
synergism effects between them through their impact on performance. Thus, in the current study, the
synergistic effects of zno nanoparticle in combination with a probiotic on the growth performance
and immune responses of broilers was studied. Therefore, the aims of current study were to evaluate
the effects of B. coagulans and different levels of zno nanoparticles on growth performance, carcass
characteristics, and immune responses parameters.
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Material and methods: This trial was conducted with 288 male Ross broiler chicks in a completely
randomized design with 6 dietary treatments and 4 replicates with 12 birds per replicate. The
experimental treatments were included: control diet (100 mg/kg zno), control diet plus 100 mg/kg
probiotic, basal diet without zno plus 25 and 50 mg/kg zno nanoparticles with or without probiotic.
The basal diet was formulized according to the dietary requirements in accordance with the Ross
guidelines. In this experiment the performance parameters (body weight gain, feed intake and feed
conversion ratio), humoral immune (antibody titer against sheep red blood cells), carcass parameters
(relative weight of carcass, breast, thigh, spleen, liver, pancreas, bursa of Fabricius and the relative
weight and length of the duodenum, ileum and cecum) and intestinal and gizzard pH were measured.
On day 42 of experiment, two birds from each replicate were selected, then weighed, were slaughtered
and carcass parameters were weighed using a digital scale and their relative weight to body weight
were calculated. The length of the various parts of the small intestine was measured after the
separation from the mesenteric with the ruler. The collected data were compared using SAS software
version 9.1.

Results and discussion: Using zno nanoparticles with probiotic improved body weight gain and feed
conversion ratio of broiler chicks (P<0.05). It has been demonstrated that supplementation of B.
coagulans in chicken feed promotes their growth performance (Hung et al. 2012). In other study,
broiler chicks fed multi-strain probiotic diets have greater body weight gain and lower feed
conversion ratio than those fed control diet (Zhang and Kim 2014). Jawad et al. (2016) were indicated
that supplementation with probiotic improved body weight gain and feed conversion ratio. The
possible mechanism for this improvement is that probiotic exert useful effect via retention of
beneficial bacterial population in the digestive tract and improvement of feed digestion and
absorption. In the present study, treatments had no significant effect on relative weight of carcass,
breast, spleen, bursa of Fabricius, pancreas, and liver (P>0.05). The relative weight of liver and thighs
in broiler fed with combination of zno nanoparticles and probiotic were lower and higher than control
group, respectively (P<0.05). It was reported that using probiotic (Primalac) to the diet of broilers
had no effect on growth performance, carcass quality, carcass weight, carcass traits, breast, heart,
abdominal fat, spleen, and bursa of Fabricius (Shirmohammad et al. 2015). In addition, treatments
had no significant effect on relative weight and length of different parts of small intestine (duodenum,
ileum, and cecum) and pH of gizzard and cecum of broilers (P>0.05). The antibody titer against SRBC
in chickens fed with 50 mg/kg of zno nanoparticles with or without probiotic were significantly more
than the control group. In other study, the variation in Zn levels affected the antibody titers against
SRBC inoculation and the amounts of humoral immune response. The highest antibody titers in
broiler were observed at 80 mg/kg level compared with lower levels (Sunder et al. 2008). Changes in
Zn status of body influenced the T cell functions and the balance between the different T helper cell
subsets (Bonaventura et al. 2015).

Conclusion: In conclusion, the results showed that the use of 50 mg/kg of zinc oxide nanoparticle
with probiotic (Bacillus coagulans) caused an improvement in growth performance, some carcass
characteristics, and immune responses of broiler chickens. In addition, we concluded that substitution
of the mineral form (zinc oxide) with zinc oxide nanoparticle in broiler diet did not affect the broiler
performance.
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