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The experiment was conducted in April, 2023 at Madras Veterinary College, Chennai, India to study the efficiency of 
nanoselenium in alleviating heat stress in broilers. To incorporate nana Se in poultry diet, the selenium nanoparticles were 

synthesized by the ball milling technique (physical method) using feed-grade sodium selenite powder at 250 rpm in a planetary 
ball mill. The result showed that the product yield of synthesized nano selenium as 95.04% after milling for five hour thirty 
minutes. The dynamic light scattering technique was used to analyse the particle size and zeta potential of nano Se, which 
resulted in 69.1 nm and –23.9, respectively. The X-ray Diffraction revealed that the selenium nanoparticle was crystalline in 
nature. The Fourier Transform Infra-Red Spectroscopy analysis displayed the characteristic peaks at 3437, 2923 and 2851, 
1601, 1427 corresponding to the presence of O-H, C-H, C=O, COO- functional groups, respectively which show the stability 
of synthesized nano selenium. The well-defined peak in the FTIR spectrum confirmed that there were no impurities in the 
synthesized nano Se. The transmission electron microscope unveiled the size of nano Se in the range of 6–20 nm and the shape 
of synthesized nano Se was spherical in nature. Hence, it can be concluded that the nano selenium synthesized productively 
through a physical method and can be utilized as a mineral supplement in the commercial poultry diet.
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1.   INTRODUCTION

Minerals are essential for growth, egg production and 
reproduction. Trace minerals could also be used 

effectively to alleviate some of the adverse effects of the 
heat stress. Minerals like Zn and Se are the most important 
minerals used in the antioxidative defense system in the 
heat-stressed poultry (Mir et al., 2018). Selenium (Se) 
is one of the indispensable minerals required for better 
growth performance and production in poultry, as it is a 
cofactor for many antioxidant enzymes. Se is an integral 
part of more than 25 selenoproteins, of which glutathione 
peroxidases (GPx) and thioredoxin reductases (TrxR) have 
roles in detoxification, maintenance of the redox potential 
and antioxidant defense enzyme systems control free radicles 
of reactive oxygen species and Se involves in all aspects of 
immune function (Nabi et al., 2020).  Se increases the Cu-
Zn-superoxide dismutase and glutathione peroxide activity, 
protects the mucosa of the small intestine and pancreas from 
oxidative damage during heat stress in birds (Placha et al., 
2014).  Se has a vitamin E-sparing role by enhancing its 
absorption from the gut and protecting the cell membrane 
fats from oxidative damage (Habibian et al., 2015). The 
recommended concentration of Se in commercial broiler 
chicken throughout its growing period is 0.15 mg kg-1 of diet 
(Anonymous, 2007). Se deficiency in chickens promotes gut 
inflammation (Gao et al., 2016; Wu et al., 2016) and also 
the metabolism of minerals is negatively impacted by heat 
stress. Heat stress causes the body to lose too many minerals, 
which not only makes it harder for chickens to adapt but 
also increases the risk of chronic diseases. When birds are 
under heat stress, their appetites are lowered, which leads to 
a decrease in the amount of minerals they consume (Sahin 
et al., 2009). Sahoo et al. (2014) reported that nanoparticles 
are likely to be distinct from their normal forms due to 
their extremely small size and unique physical features. 
These are intended to have greater absorption, a low dose 
rate and a steady interaction with other components as a 
feed supplement. Gopi et al. (2017) opined that the major 
application of nanotechnology in poultry involves use of 
nano mineral elements, which can reduce any antagonistic 
behavior seen in traditional inorganic minerals in the 
gastrointestinal tract and improve the bioavailability at lower 
effective doses. Moreover, higher bioavailability and better 
utilization of trace minerals could have a desirable effect 
on metabolism, while reducing mineral excretion into the 
environment (Surai et al., 2017). The nano Se was produced 
by grinding feed grade sodium selenite in ball mill @ 1060 
cycles per minute using two 12.7 mm stainless steel balls 
in 75 ml capacity jar for 60 mins (High energy ball milling 
technique (Physical method) with product yield of 50 gram 
per hour (Jamima et al., 2020). The main parameters in the 
characterization of nanoparticles are size and shape of the 
particle. In addition, the crystal structure and the chemical 

composition should be thoroughly investigated as first part 
of the nanoparticle synthesis (Mourdikoudis et al., 2018). 
The methods used to characterize nanoparticles are dynamic 
light scattering (particle size), zeta potential (stability), 
X-ray diffraction (microstructure), Transmission Electron 
Microscope (morphology) and Fourier Transform Infra-
Red Spectroscopy (functional groups) (Kazemi et al., 2021). 
Therefore, the nano form of minerals can be introduced 
into poultry feed to increase absorption and efficient use 
of minerals during stress. This study was conducted to 
synthesize and characterize the nano selenium by physical 
methods to incorporate it in poultry feed.

2.   MATERIALS AND METHODS

The experiment was conducted in April of 2023 at 
Madras Veterinary College to study efficiency of 

nanoselenium in alleviating heat stress in broilers. The ball 
milling technique (physical method) was used to synthesize 
nano Se using a planetary ball mill (Retsch, 100). The 
process was standardized with different milling times, the 
number of zirconium balls, and quantities of sodium selenite 
used. Finally, a nano form of Se was synthesized by grinding 
4 grams of feed-grade sodium selenite in a 50 ml capacity 
zirconium jar with 40 zirconium balls of 5 mm diameter for 
5 hours and 30 minutes at 250 cycles minute-1.  

Nano particle product yield (%) was determined by dividing 
the nano material obtained after grinding by the quantity of 
mineral source used for grinding in the ball mill, multiplied 
by 100.
Nano particle yield (%)=(Nano material obtained after 
grinding/ Quantity of raw material used)×100

The synthesized nano Se was characterized with the 
following techniques (Kazemi et al., 2019): particle size 
analysis and transmission electron microscope technique 
for analysis of particle size, zeta potential to analyze the 
stability, X-ray diffraction technique using Rigaku-Mini 
Flex-II Desktop X-ray Diffractometer (Theivasanthi and 
Alagar, 2010) to unveil the crystallinity and particle size 
of the crystal, Fourier Transform Infra-Red Spectroscopy 
(Chattopadhyay et al., 2014) to reveal surface chemistry and 
functional group of synthesized nanoparticles.

The average particle size of nano Se was derived through 
XRD by using the Debye-Scherrer formula (Mustapha et 
al., 2019)

D=0.9λ/β cos θ
Where ‘λ’ is wave length of X-Ray (0.1541 nm), ‘β’ is the 
FWHM (full width at half maximum), ‘θ’ is the diffraction 
angle, and ‘D’ is the particle diameter.

3.   RESULTS AND DISCUSSION

The synthesized nano Se by the physical method was 
weighed, and the product yield of synthesized nano Se 
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Figure 1: Particle size distribution of synthesized nano Se in 
particle size analyzer Figure 3: Powder XRD patterns of synthesized Se powder

Figure 2: Zeta potential of synthesized nano Se

derived using the formula was 95.04%. The particle size of 
synthesized nano Se by the ball milling technique under a 
standardized procedure was below 100 nm as resolved by 

Table 1: Characterization of synthesized nano Selenium

Sl. 
No.

Characterization parameters

1. Chemical source Sodium selenite

2. Mean product yield (%) 95.04

3. Particle size (assessed through 
particle size analyzer)

69.1 nm

4. Particle size (assessed through 
TEM)

6-20 nm

5. Particle size (Debye-Scherrer 
formula)

43.26 nm

6. Zeta potential (mV) -23.9

7. XRD Free of impurities

8. FTIR Stability of 
nanoparticles

particle size analyzer, XRD, and TEM techniques (Table 1). 

3.1.  Particle size and zeta potential

The particle size distribution and zeta potential of the 
synthesized Se are depicted in Figure 1. The particle size 
of the synthesized nano-Se was assessed by the dynamic 
light scattering (DLS) technique as 69.1 nm. Nano Se 
with particle size range from 10–80 nm and 74–76 nm, 
137.85 nm has been recorded in DLS by Pardechi et al. 
(2020) and Arulnathan et al. (2016), Sun et al. (2023) 
respectively, which is in agreement with the result of the 
present study. The zeta potential of synthesized nano-Se 
is depicted in Figure 2. The zeta potential is used to study 
the stability of the synthesized Se nano particles as -23.9. 
Similar findings were reported by Arulnathan et al. (2016) 

 

 

and Jamima et al. (2020), the zeta potential of nano Se was 
-22.8 and -23.30 mV, respectively. The zeta potential of +30 
to -30 mV is considered to have a high degree of stability 
in anionic and cationic nano-particles, respectively (Xu, 
2012, and Clogston and Patri, 2011), which indicates that 
the synthesized nano Se is highly stable in nature.

3.2.  X-ray diffraction

XRD yields the information on crystalline structure, phase, 
and crystalline grain size (Mourdikoudis et al., 2018). The 
XRD pattern of the synthesized Se nanoparticles is depicted 
in Figure 3. The sharp diffraction peaks in the nano Se 
graphs indicated that the synthesized Se nanoparticles have 
high crystallinity. The XRD peaks proved that the produced 
powder of Se is pure because no other characteristic XRD 
peaks were detected other than the nano Se. A similar 
finding was reported by Jamima et al. (2020). The particle 
size of the synthesized nanoparticles was calculated using 
the Debye-Scherrer formula as approximately 43.26 nm. 
XRD can be utilized to yield information on crystallinity, 
particle size, and shape of nanoparticles. In our study, the 
XRD peak indicates that the synthesized nano-Se is highly 
crystalline and free of impurities.

X-Ray Diffractogram- SAIF Kochi   

Nano Se (Coupled TwoTheta/Theta)
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3.3.  Fourier transform infra-red spectroscopy

The functional group of synthesized nano-Se was identified 
by the FTIR spectroscopy technique, which also unveils 
the chemical bonding of the nanoparticle (Ramiah et 
al., 2019, and Baudot et al., 2010). The FTIR spectrum 
of the synthesized nano-Se is depicted in Figure 4. The 
peaks indicate that the characteristic functional group 
is present in the synthesized Se nanoparticles. FTIR 
spectrum for synthesized nano Se was located at 3437.18, 
2923.48, 2851.85, 1601.38, 1519.50, 1427.40, 1404.89, 
788.62, 738.78, and 452.70 cm-1. The observed FTIR 
results confirmed that the synthesized Se nanoparticle was 
without any significant impurities. Similar to the finding of 
Jamima et al. (2020), it was observed that the shift in peak 
from 3437.18 to 2851.85 cm-1 corresponded to OH/C-C 
bending, which might be due to the equilibrium of nano 
Se. 	

3.4.  Transmission electron microscopy

The TEM of the nanoparticle source of Se is depicted in 
Figure 5. The size of synthesized Se nanoparticles was 
analysed by TEM, which was in the range of 6-20 nm. 
The mean size assessed through TEM was 9.52 nm for 
the synthesized nanoforms of Se. Similarly, Wang et al. 
(2019) mentioned that TEM is a useful method to analyse 
the size, form, and homogeneity of nanoparticles. Similar to 
the findings of Arulnathan et al. (2016), Alam et al. (2019), 
and Pardechi et al. (2020), TEM revealed the shape of nano 
Se synthesized in this study as spherical.  

4.   CONCLUSION

The ball milling technique (Physical method) was 
used productively to synthesize the nano Se from 

the sodium selenite. The characterization by particle size 
analysis, zeta potential, XRD, FTIR and TEM revealed 
that the synthesized nano Se were met all the requisites 
characteristics of nanoparticle. The synthesized nano-Se can 
be used as a feed supplement in the poultry diet as nano Se 
bioavailability better than that of other forms of Se. 
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