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ABSTRACT

The aim of the present study was to investigate the role of silver nanoparticles (AgNano) supplementation
during early embryogenesis on the post-hatch performance and immunity in broilers. Increasing concentration of
AgNano 0 (un-injected control), 12.5, 25 and 50 pg/egg, respectively were administered on 7! embryonic day at
the broad end of broiler egg, following in ovo feeding techniques. A total of 60 eggs per treatment were used and
five replicates of 8 birds each in all treatment were reared upto 42 days post-hatching. Egg weight, chick weight
and ratio were similar in all the groups, however, the hatchability decreased with increasing AgNano concentration.
Average daily weight gain was increased in all the AgNano supplemented chicks. Average daily feed intake and
feed conversion ratio were not affected by AgNano supplementation. Pancreas weight has shown an increasing
trend with increasing concentration of AgNano. The bursa and spleen weight were increased with increasing
concentration of AgNano supplementation during embryogenesis. /n vivo Immune-response to phytohaemagglutinin-
P and sheep RBC was increased in AgNano supplemented chicks. Serum cholesterol level was decreased in AgNano
supplemented chicks unlike glucose and total protein. Early embryonic supplementation of AgNano particles
modulates the post-hatch growth performance and immunity in broilers.
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The embryonic and first week post-hatch represents a
larger proportion (45%) of broilers lifespan. Unlike the
mammalian embryo, the avian embryo develops in a
carbohydrate free environment with finite amount of energy,
i.e. closed nutrition (Foye et al. 2006). Moreover, there is a
gap of 24-72 h till the chicks receive their first meal due to
difference in hatch window and problems in logistic which
hinders the immunity and further the growth process.
Administering the developing embryo with appropriate
supplements (by in ovo feeding) is a novel way to
manipulate the composition and ‘jump-start’ development
of the chick and has been tried previously for supplementing
vitamins in eggs (Goel et al. 2013).

Nanotechnology deals with structures in the nano-size
range (1-100 nm) with a large surface area and more atoms
exposed on the surface of the nanoparticles. Being more
reactive than larger particles, it has been demonstrated that
toxicity can be minimized or eliminated using nano amounts
of the active substance. These unique abilities bless them
with electronic, optical and catalytic properties better than
their macro counterparts (Paleo ef al. 2011). Silver has been
used since time immemorial for the treatment of burns,
wounds and bacterial infections (Rai et al. 2009). Silver
nanoparticles have effective biocidal activity against a broad
spectrum of Gram negative as well as Gram positive bacteria
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(Wright et al. 1999), modulates the expression of toll like
receptors (Bhanja et al. 2015) and thus affect intestinal
microbial populations and improve the health and
immunological status of the birds (Pineda et al. 2012).

Considering the unique properties of AgNano particle,
the present study was undertaken to study the effect of in
ovo administration of AgNano on hatchability, post-hatch
production, blood biochemical parameters and immune
status of broiler chicken.

MATERIALS AND METHODS

The experiment was conducted at the facility of Central
Avian Research Institute farms and was approved by the
Institute Animal Ethics Committee of Central Avian
Research Institute, Izatnagar, India. Proper ethical standards
were followed during the experiment. The eggs were set in
a vertical force draft incubator at temperature 37.5°C and
relative humidity of 60%. On 19" day of incubation, the
eggs were shifted to a hatcher and kept in pedigree hatching
boxes.

Nanosolution: The colloidal AgNano solution (AgNano)
aXonnite (100 mg per liter deionized water, 99.9999%
purity) was obtained from Nano-Tech Poland Ltd (Warsaw,
Poland). The average particle size, particle surface area
pH range and redox potential were 3.5 nm, 2.827 cm?. 7.1—
8.1 and 0.1 mV, respectively with high purity (>99%).

Experimental design and in ovo feeding: The eggs were
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collected (n=240) from a single flock (50 weeks old) of
white plumaged synthetic broiler dam line (SDL) that has
been developed from synthetic base population at
Experimental broiler farm, Central Avian Research Institute,
Izatnagar, by selective breeding and crossing of six elite
crosses based on their economic traits for growing in
tropical region. The base population were stabilized after
two generation of cross-breeding and was maintained on a
balanced ration as per the US National Research Council
recommendations (NRC, 1994). The eggs were then
weighed, marked and distributed into four groups of 60
eggs each. The treatments were in ovo administration of
AgNano with 0, 12.5, 25 and 50 pg/egg, respectively. The
total volume of 500 ul AgNano was administered at the
broad end in each egg on 7" day of incubation using 26-
gauge 13 mm needles targeting extra embryonic cavity.

Animals and management: On the day of hatch, chicks
were weighed, wing banded, sexed and transferred to 4-
tier electrically heated battery brooders placed in an open-
sided house. Each treatment group had five replicates of
eight birds each and the chicks were reared up to 42 day of
age and provided with standard broiler rations as per NRC
(1994). Feed and water was available ad lib. Standard
managemental practices were followed while rearing the
birds.

Production parameters: Hatchability was calculated on
fertile egg set basis. On day of hatch, chick weight was
taken to 0.1 g accuracy, and mean chick weight and egg
weight to chick weight ratio were calculated. For the growth
assay, the individual bird weights and feed disappearance
by a group of 8 birds in each pen were recorded biweekly
for the determination of ADG (average daily gain), ADFI
(average daily feed intake) and FCR (feed conversion ratio).
Daily record of mortality, if any, for each treatment was
maintained.

In vivo cell-mediated immune response: In vivo
cutaneous basophilic hypersensitivity response to the lectin
phytohaemagglutinin-P from Phaseolus vulgaris (PHA-P)
was assessed in ten 21-day-old chicks following the protocol
previously published in our laboratory (Bhanja and Mandal
2005).

Humoral immune response to sheep red blood cells
(SRBC): To evaluate the humoral immune response to sheep
red blood cells (SRBC), the fresh sheep blood was collected,
washed and adjusted to provide a final SRBC suspension
of 1% (v/v). At 21%'day of age 10 chicks from each treatment
group were injected intravenously with 1 ml of SRBC
suspension; 5 days later, blood sample (1 ml) was obtained
and serum was separated from each chick to evaluate the
antibody response to SRBC following the protocol
previously published in our laboratory (Bhanja and Mandal
2005, Goel et al. 2013).

Blood bio-chemicals: At 21% d post-hatch, 2.0 ml blood
was collected from six birds (equal sexes) of each treatment
group and allowed to clot at room temperature. Serum was
separated and subjected to blood biochemical analysis.
Serum glucose, total protein and total cholesterol were
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estimated using standard Kkits.

Immune organ and digestive organ study: At 42" day
post-hatch, six birds (equal sexes) were killed and weight
of the bursa, thymus and spleen were recorded and
expressed as mg/bwt. The weight of the digestive organs,
i.e. empty gizzard plus proventriculus, intestine without
chyme, liver and pancreas were recorded and expressed as
mg/bwt.

Statistical analyses: Data were subjected to statistical
analysis for ANOVA using standard procedure (Snedecor
and Cochran 1980). Average daily gain, average daily feed
intake and FCR were calculated for each pen. Individual
birds were the experimental unit for all immunological,
blood biochemicals and organ study. Duncan Multiple
Range Test was used for verifying significant difference
among treatment means. Each pen served as the
experimental unit. The initial BW was used as a covariate
for ADFI and ADG, and initial value was used as a covariate
for blood profile. Variability in the data was expressed as
the pooled standard error (SE) and a P<0.05 was considered
to be statistically significant.

RESULTS AND DISCUSSION

In ovo injection of AgNano had no adverse effect on
hatching parameters like per cent hatchability (76.5-85.0),
hatch weight (37.85-38.48 g), and egg weight to chick
weight ratio (65.66—66.78%). It has been reported that in
ovo feeding on 14™ and 18" day of incubation had a
negligible effect on hatchability (Uni and Ferket 2004, Goel
et al. 2013). The previous reports also suggested that in
ovo injection of amino acids have no adverse effect when
injected into yolk sac or extra embryonic cavity, but with
positive influence on the growth of developing embryo and
little impact on the hatchability (Ohta et al. 2002, Bhanja
and Mandal 2005). In another study, in ovo feeding of
AgNano also reported no impact on the embryo weight until
late incubation period (Bhanja et al. 2015).

In ovo injection had enhanced the ADG in AgNano
supplemented eggs throughout the experiment (Table 1).
Our results agree with the earlier study where significant
improvement in the weight gain was reported after
supplementing in feed Nano-silver (silver nanoparticles)
(Andi et al. 2011). In continuation, higher concentration of
AgNanoin feed had increased the live body weight in
chicken and daily growth of pigs after weaning, respectively
(Ahmadi 2009, Fondevila et al. 2009). In contrast, in ovo
feeding of upto 50 mg/kg AgNano did not have any effect
on the growth of the embryos (Sawosz et al. 2009). The
exact mechanism of AgNano to act as growth modulator in
chickens is yet to be established. Since, the role of Ag salt
has been noticed for its antibacterial effects since long time
(Silver and Phung 1996). They may act through the
electrostatic attraction between negative charged cell
membrane of microorganism in intestine and resulted in
healthy hindgut and better absorption of nutrients (Dibrov
et al. 2002). In continuation AgNano may act as a carrier
of available oxygen (O,) and with high surface reactivity
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Table 1. Effect of in ovo injection of AgNano on average daily
gain, feed intake and FCR of broilers

Parameter 0 12.5 25 50 SEM P value!

Phase 1 (d 0-d 21)
ADG? 16.10* 16.80 16.20* 17.70° 0.230 0.032
ADFD (g/d) 28.45 29.09 28.07 29.69 0.382 0.512

FCR* 1.77  1.73 174 1.68 0.014 0.107
Phase 2 (d 21-d 42)
ADG? 41.50* 43.90° 44.00® 44.00° 0.380 0.014

ADFI (g/d) 96.18 102.79 106.03 101.84 1.872 0.341

FCR* 232 234 241 231 0.030 0.743
Overall (d 0—d 42)
ADG? 28.80% 30.30° 30.10° 30.80P 0.270 0.021

ADFP (g/d) 6232 65.94 67.05 65.76 1.041 0.459
FCR* 216 217 223 213 0.023 0.590

IMeans within a row did not differ significantly at P<0.05;
2Average daily gain; 3ADFI, Average daily feed intake; *Feed
conversion ratio; SEM, Standard error of mean.

may increase O, consumption, enhance fat uptake (FU),
and thus stimulates growth (Pineda er al. 2012). In the
present study, the ADFI and FCR were not affected by in ovo
AgNano during incubation. This is in correlation with the
earlier study where the feed intake and feed conversion ratio
for the broilers were similar and was not affected by
supplementing AgNano at 5™ day of incubation at up to 45
mg/kg in egg (Saki and Salary 2015).

At 42M d of age, relative weights of the bursa and spleen
was higher (P<0.05) in in ovo fed nano-particle groups
against control (Table 2). Previous studies also reported
higher bursa and spleen weight when fed with AgNano
inmash/pellet form (Andi et al. 2011). However, contrary
to this investigation, Ahmadi and Kurdestani (2010)
reported smaller lymphoid organs after feeding. This might
be due to the use of AgNano produced by different methods
and their stability in solutions. For example, during chemical
synthesis of nanoparticles a certain quantity of active silver
ions may be adsorbed on their surface, whereas AgNano
produced by physical methods has no (or very few) active
silver ions on its surface (Ognik et al. 2016). In another
study, 10 ppm of AgNano reduces the number and size of
the lymph follicles in bursa of Fabricius without effecting
weight of thymus (Grodzik and Sawosz 2006). Lymphoid
organs such as bursa of Fabricius, thymus and spleen are

Table 2. Effect of in ovo injection of AgNano on 42" day

lymphoid organ weight (g/100 g live weight) and
immune response of broilers

Parameter 0 12.5 25 50 SEM P value
Thymus 0.155 0.140 0.134 0.134 0.007 0.725
Bursa 0.240* 0.298> 0.292> 0.331° 0.011 0.005
Spleen 0.158 0.1865 0.174%> 0.204¢ 0.006 0.010

Foot web index 0.5802 0.622> 0.780° 0.760Y 0.031 0.032
SRBC titer 8.120% 9.25% 9.1202P 10.000P 0.240 0.038
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the initiation sites of B and T lymphocytes during
embryogenesis and thus play an important role in imparting
immunity to chicks (Erf 1997). Thus, improvement in the
weight of bursa and spleen can be treated as the
augmentation of immunity in in ovo AgNano supplemented
birds.

Cell mediated immunity at 21 d of age with respect to
mean skin thickness to phytohaemagglutinin differ
significantly (P<0.05) in in ovo nano particles supplemented
groups. The highest immune response was obtained in
AgNano treatment at 25 and 50 pg/egg compared with the
control (Table 2). This is in correlation with the data of the
lymphoid organ weight. Previous studies had also reported
enhanced cellular immune response when immunized with
either 2 mg/kg or 15 mg/kg AgNano in mice and in chicken,
respectively (Bhanja et al. 2015, AL-Rhman et al. 2016).
Our study shows the dose related increase in cell-mediated
immune response.

There was a significant increase (P<0.05) in the humoral
immune response to SRBC in 50 pg/egg AgNano treatment.
Previous studies also reported enhanced humoral immunity
in response to in ovo AgNano supplemented chicks by
modulating the major components of the pattern recognition
receptor system and pathogen associated molecular patterns
(Bhanja et al. 2015). It could be due to the fact that, AgNano
enhances the susceptibility of macrophages to inflammatory
stimulation generated in response to SRBC after releasing
pro-inflammatory cytokines (Castillo er al. 2008). In
addition, the antibacterial effectiveness of silver and its
compounds is known to be directly proportional to the
amount of biologically active Ag+ ions released. Silver in
form of colloidal solution or as 5 to 100 nm nanoparticles
is more stable, absorbed at much lower extent and thus
minimum toxic, and exerts higher antimicrobial effect
(Wright et al. 1999).

Relative weights of the digestive organs, i.e. empty
gizzard plus proventriculus, intestine without chyme, liver
did not differ significantly (P<0.05) among the control and
in ovo fed groups (Table 3). In contrast, previous study
conducted on silver especially in the form of nano-particles

Table 3. Effect of in ovo injection of AgNano on 42" day
visceral organ weight (g/100 g live weight) and serum
biochemical of broiler chickens

Parameter 0 12.5 25 50 SEM P value
Liver 2.323 2.584 2.502 2461 0.064 0.579
Gizzard 3.174  3.393 2.993  3.043 0.068 0.153
Intestine 4934 4914 5.096 5.097 0.130 0.946
Pancreas 0.279*  0.299*  0.357° 0.330°° 0.011  0.034
Heart 0.615 0.618 0.541  0.618 0.019 0.406
Glucose 119.390 131.460 132.150 140.190 4.630 0.500
(mg/dl)
Total protein (%) 2.240  1.980 2.570  2.140 0.110 0.290
Total choles- 99.780° 86.970* 100.30° 101.260° 2.130  0.030

terol (mg/dl)

'Values with the different superscript in the same raw are
statistically different (P<0.05).

Values with the different superscript in the same raw are
statistically different (P<0.05).
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had reported negative effects on relative liver weight
(Shabani er al. 2010). Since oxidative stress and lipid
peroxidation which occurs as a result of in ovo injection of
AgNano are important processes that can cause damage to
liver cells. The results of this study indicate that AgNano
had significantly affected the relative weight of pancreas
(P<0.05). The reason behind this could be that AgNano
positively modulated the expression of FGF gene which is
involved in the pancreatic development in chicken (Hotowy
et al. 2012). This could be due tothe effect of AgNano into
the interior of cell and thus accumulated in pancreas.

No significant effect was seen on the concentrations of
glucose and total protein at 21 d of age, indicating that the
treatment did not influence related metabolic pathways
(Tables 3). In comparison to the control, the concentration
of serum cholesterol was significantly decreased (P<0.05)
by 12.5 ug AgNano supplementation. This correlates the
earlier study where 8 ppm/kg and 12 ppm/kg AgNano
supplementation reduced HDL cholesterol (Ahmadi and
Kurdestany 2010). This is because Ag-NPs induced
oxidative stress and adversely affect the structure and
peroxidation of lipid in the cell membranes and function
leading to rupture of lipid membrane. In another study, the
level of malondialdehyde (MDA), the end product of lipid
peroxidation in plasma was enhanced due to
supplementation of 20, 40 and 60 ppm/kg of nanosilver in
broilers feed (Ahmadi 2012).

Finally, our results suggest that the in ovo injection of
AgNano during early incubation period enhances the post-
hatch growth and immune-competence of the birds.
Immunity parameters had shown a dose dependent increase
though hatchability was slightly reduced with increasing
concentration of AgNano.However, more research is
required to confirm its status as growth promoter.
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