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Abstract

In ovo supplementation of nutrients is emerging as an innovative technique used to enhance the productivity
of broiler chicken. In ovo inoculation with mineral nanoparticles help in exploring the potentials of nanotechnology
in embryonic nutrition. This study has been conducted to investigate the effect of in ovo supplementation of copper
nanoparticles (CuNP) and zinc nanoparticles (ZnNP) on the growth and immune response of broiler chicken. Six hundred
eggs were incubated. At 18 days of incubation the eggs were candled and the fertile eggs allotted into seven treatment
groups with 80 eggs each. The control group (T1) was in ovo inoculated with normal saline. The treatment groups T2, T3
and T4 were supplemented CuNP in ovo (12ug/egg), orally post hatch and in combination (in ovo + oral) respectively. The
treatment groups T5, T6 and T7 were supplemented with ZnNP (80 ug/egg) in ovo, orally post hatch and in combination.
The results of weekly body weight and bodyweight gain up to six weeks of age showed that in ovo supplementation
of copper and zinc nanoparticles did not influence growth significantly. The feed consumption and FCR did not differ
significantly between treatment groups. The humoral and cell mediated immunity immunity were non-significant in the
copper and zinc nanoparticles supplemented groups. Thus, the in ovo and dietary supplementation of copper and zinc
nanoparticles has similar effects on growth and immune response of broiler chicken.
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The incubation period and early chick period covers about 50 per cent of the lifespan of a broiler chicken, which
increases the importance of the period of embryonic development. Any factor that promotes growth during this period will
have a remarkable effect on the performance and health of broilers (Noy and Uni, 2010). Day-old chicks may not have
feed access for about 48-72 hours during the hatch day operations and transportation from the hatchery to farms. This
delay may have an impact on the early chick nutrition, development of intestinal villi and the initiation of stimulation of the
immune mechanism of chicks (Lingens et al., 2021).

In ovo inoculation of nutrients was proposed as a measure to overcome these shortcomings affecting chick
growth. It is the method of inoculation of nutrients directly into the amniotic sac of the developing embryo at a later stage
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of embryonic development. The in ovo supplementation of
eggs can provide early nutrients and additives to embryos,
stimulate gut microflora, and mitigate the adverse effects
of starvation during post-hatch periods (Uni et al., 2005).
In ovo nutrient supplementation is an emerging technique,
which is gaining importance due to its beneficial effects on
embryonic developmentand posthatch growthandimmune
status in chicken. Different compounds are delivered to the
embryo at day 17 to 18 of incubation by amniotic sac route.
Energy sources like glucose when supplemented in ovo
showed improved hatchability and body weight of chicks
at hatch (Naeem et al., 2022). In ovo supplementation with
vitamins improved immune response in broiler chicken
(Bhanja et al., 2012). Minerals like zinc, iron, copper and
manganese when in ovo inoculated showed favourable
responses with better hatchability (Bakyaraj et al., 2012),
growth and immune response (Anandhi et al., 2022).

Inorganic copper and zinc are commonly used
for the dietary supplementation in chicken. The application
of nanotechnology can bring about drastic changes in the
properties of copper and zinc (Scott et al., 2018). Hence
this experiment was planned to study the effects of in ovo
supplementation of copper and zinc nanoparticles along
with its post hatch oral supplementation on growth and
immune status of chicken.

Materials and methods
Experimental design

Six hundred hatching eggs of commercial broiler
(Vencobb-430Y) were procured from the broiler breeder
farm, M/S Farms India Chicken, Udumalpet. The eggs
were randomly allotted into seven treatments which were
incubated under standard conditions. At eighteen days of
incubation, the eggs were candled and sixty fertile eggs
from each treatment were transferred to the hatcher. The
seven treatments are detailed below in Table 1.

Nanoparticles

The nanoparticles of copper and zinc for in
ovo inoculation and post-hatch oral supplementation in
broilers for this study were procured from Sigma Aldrich

(Darmstadt, Germany). The copper nanoparticles (CuNPs)
with average particle size of 25 nanometer and zinc oxide
nanoparticles (ZnNPs) with average particle size of 50
nanometer were stored in amber-coloured bottles within
airtight containers to ensure stability.

Nanoparticle solutions

The nano copper and nano zinc solutions were
prepared in normal saline for in ovo inoculation (Anandhi
et al., 2022). Nano copper solution was prepared by
dissolving 2.4 mg of CuNPs in 2 mL ethanol using a
magnetic stirrer, which was further made up to 100 mL
with normal saline.

Nano zinc oxide solution was prepared by mixing
16 mg of ZnNPs in 100 mL normal saline using a magnetic
stirrer followed by ultrasonic mixing for 20 minutes using
an ultrasonic mixer. The prepared solutions of Cu and Zn
nanoparticles were autoclaved and cooled to 37°C. The in
ovo inoculation was carried out using these solutions.

Incubation and in ovo inoculation

The eggs were fumigated using potassium
permanganate and formalin (3X concentration). All the
eggs were inspected for any shape or shell abnormalities,
weighed, and subsequently assigned randomly to seven
treatment groups. The eggs were marked and then placed
into setter trays, which were subsequently loaded into the
incubator compartment.

The incubator was run ensuring standard
temperature (37.2 — 37.5°C) and relative humidity (55-
60%) conditions. The eggs were transferred to the hatcher
compartment on the 18" day of incubation. The eggs were
candled at the time of transfer and the fertile eggs with
live embryo were taken for the experiment. The eggs were
divided into seven treatments of sixty eggs each.

The surface of the eggs at the broad end was
sanitised by swabbing using a cotton swab dipped in an
alcoholic sanitiser (70 per cent isopropyl alcohol). The in
ovo inoculation was done as per the method prescribed
by Bhanja et al. (2004). At the centre of the air cell on the
broad end, a pinhole was punched using a sterile 20 gauge

Table 1. Experimental design of different treatment groups for in ovo and post-hatch oral supplementation of CuNPs and

ZnNPs in broilers (n=12 in each group)

Treatment | In ovo inoculation at 18" day of incubation | Oral supplementation in drinking water to chicks
T1 (Control) Normal saline Nil

T2 CuNPs 12 pg/egg Nil

T3 Nil CuNPs 12 mg/L

T4 CuNPs 12 pg/egg CuNPs 12 mg/L

T5 ZnNPs 80 pg/egg Nil

T6 Nil ZnNPs 80 mg/L

T7 ZnNPs 80 pg/egg ZnNPs 80 mg/L
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needle. This hole was used for the inoculation of the nano
copper and nano zinc solutions into the amniotic cavity of
the embryo. After each hole is punched the needle was
sterilized by dipping in 70 per cent isopropyl alcohol to
prevent contamination. A sterile 24 gauge hypodermic
needle of 25 mm length was used for the in ovo inoculation
procedure. This was immediately followed by sealing of the
punch hole using molten paraffin wax. The eggs were then
transferred to the hatcher compartment and incubated
under standard conditions till the 21t day of incubation.

The day-old chicks were weighed, wing banded
and 12 chicks allotted to each respective labelled replicate
pen. From day-old onwards the chicks in the treatment
groups allotted oral supplementation were given the nano
mineral solutions through drinking water till the end of the
experimental period.

The birds were fed with pre-starter diet up to
seven days of age, starter diet from eight to 21 days of
age and then finisher diet up to 42 days of age. The feed
and water were given ad libitum. The feed samples were
subjected to proximate analysis as per AOAC (2016).
Standard management practices were followed throughout
the experiment.

The body weight (g) of individual birds were
recorded at weekly intervals from day-old to six weeks of
age and weekly body weight gain was calculated. Feed
consumed (g) by birds in each replicate was recorded at
weekly intervals up to six weeks of age and from this data
cumulative feed consumption for the entire period was
calculated. Feed conversion ratio (kg of feed consumed
per kg weight gain) was calculated replicate wise, based
on the data on body weight gain and feed consumption.

Humoral and cell mediated immune response

Blood from three birds in each treatment was
collected at 0, 14, 28 and 42 days of age and the serum
separated. The antibody titre in the serum against
Newcastle Disease was tested using the standard
Haemagglutination Inhibition test (HI) as per OIE, (2021).

Three chicks from each treatment were inoculated
with 0.25 mL of 2, 4-dinitrochlorobenzene (DNCB) at 28
days of age. The inoculation was done in the interdigital
space between the third and fourth toes of the right foot by
intradermal injection. In the same interdigital space of the
left foot of the same bird, 0.25 mL acetone was injected
as control. Prior to inoculation, 24, 48 and 72 hours post
challenge, the cell reaction was evaluated by measuring
skin thickness with vernier callipers. Based on the above
measurements, the following calculations were made.

1) DNCB Response = thickness of the right foot
after DNCB inoculation - thickness of the right foot before
DNCB inoculation (mm)

2) Acetone control response = thickness of the
left foot after acetone inoculation — thickness of the left foot
before DNCB inoculation (mm)

The cutaneous hypersensitivity at each evaluation
time was calculated as the difference between DNCB and
acetone response.

Results and discussion
Body weight

The mean day-old body weight and weekly body
weight recorded up to six weeks of age in broiler chicks are
presented in Table 2. The day-old body weight of chicks
showed no significant difference between treatment
groups supplemented with copper and zinc nanoparticles
in ovo, orally and in combination and the control group
in ovo inoculated with normal saline. Similar results were
observed in day-old body weight of broiler chicks by Scott
etal.(2018) with in ovo supplementation of copper sulphate
and copper nanoparticles on the 18™ day of incubation and
Olatunbosun et al. (2022) with in ovo supplementation of
organic zinc, organic copper and their combination. This
indicates that the in ovo inoculation of copper or zinc have
not adversely affected the growth of the embryo.

The mean weekly body weight of broiler chicks
from the first to sixth week of age was also not significantly
influenced by in ovo inoculation, oral supplementation
and their combination with copper and zinc nanoparticles
in this study. The post-hatch growth of broiler chicks was
not significantly influenced by in ovo and post hatch oral
supplementation of copper and zinc nanoparticles as the
feed provided during the growth period contained optimum
amount of these minerals.

Similar findings of non-significant effect of
these mineral nanoparticles on body weight were
reported in broiler chicks by Scott et al. (2018) with in
ovo supplementation of copper sulphate and copper
nanoparticles along with oral supplementation in drinking
water. Similar results were reported by Jose et al. (2018) in
broiler chicks hatched from the eggs in ovo supplemented
with zinc oxide nanoparticles. Liu et al. (2023) also
observed similar results in chicks supplemented copper
nanoparticles orally.

Feed consumption

The data on mean feed consumption of broilers
under different treatment groups up to six weeks of age
(Table 3) did not differ significantly between the groups
supplemented with CuNPs and ZnNPs in ovo, orally post-
hatch and in combination.

Reports of similar trends in feed consumption
were reported by Jose et al. (2018) in broiler chicken
hatched from the eggs in ovo supplemented zinc oxide

Effect of in ovo and post hatch oral supplementation of copper and zinc nanoparticles on growth and immune response in

broilers
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Table 2. Mean (+ SE) weekly body weight of broiler chicks subjected to in ovo inoculation and post hatch oral

supplementation with CuNPs and ZnNPs, g

Treatments
Age in T2 T4 T5 T7 Fvalue | Pval
weeks| T CuNPs/n | 13 CuNPs | ZnNPs 6 ZnNps | - Vaue | Fvale
Control ovo CuNPs Oral In ovo+ oral In ovo ZnNPs Oral In ovo+ oral
Day 44 .57 44.69 44.60 44.68 43.91 43.74 43.80 293 0.25n
old +1.30 +0.41 +0.28 +0.59 +0.69 +0.99 +0.51 ) )
1 152.33 155.79 158.25 159.93 148.97 155.55 159.61 1.03 0.45
+5.58 +4.96 + 3.01 +1.38 +3.00 +6.07 +2.20 ) )
5 384.78 394.97 399.86 409.20 385.73 387.16 397.84 0.92 0.5
+3.40 +10.62 +3.98 +8.47 +11.23 +10.14 +9.89 ) )
3 813.86 823.09 821.56 838.03 791.80 798.46 824.66 0.97 0.497
+13.49 +22.23 +4.52 +11.81 +22.49 +17.82 +13.51 ) )
4 1304.20 1317.28 1285.49 1326.44 1289.39 1250.33 1275.44 0.82 0.57"
+48.70 +25.14 + 32.81 +20.39 +31.33 + 35.21 +11.15 ) )
5 1825.22 1855.03 1790.41 1883.33 1840.12 1755.84 1796.83 156 0.23"
+ 89.96 +15.48 +28.21 +13.69 +3.82 +60.68 +11.80 ) )
6 2382.83 2396.15 2382.59 2473.86 2457.51 2306.29 2350.91 1.04 0.15%
+93.71 +26.20 +29.27 +48.67 +29.21 +53.18 +27.18 ) )

ns-non significant

Table 3. Mean (= SE) weekly feed consumption and cumulative six-week feed consumption of broiler chicks subjected
to in ovo inoculation and post hatch oral supplementation with CuNPs and ZnNPs, g

Treatments
Agein T2 T3 T4 T5 T7 F value| P value
weeks | (T! | CuNPs | CuNPs | GuNPs | znNPs |, I8 | zaNPs
In ovo Oral In ovo+ oral| Inovo In ovo+ oral

] 11950 | 118.33 | 11067 | 11933 | 113.00 118.67 109.67 080 | 0.58m
+050 | =437 | 987 +376 | +3.06 +5.55 +2.33 : :

» 289.36 | 29491 | 27718 | 307.48 | 29515 | 278.49 265.97 151 | 005m
+322 | +613 | £1820 | +892 | +1541 | +10.75 +9.45 : :

3 561.48 | 568.58 | 524.67 | 563.70 | 538.39 552.27 586.91 119 | 0.36m
+134 | +£1948 | +36.15 | +£10.16 | £21.05 | =+2.86 +5.75 : :

A 839.42 | 846.33 | 74466 | 83579 | 851.79 813.18 745.58 172 | 0.18%
+3098 | +2861 | +6437 | =556 | +14.64 | +32.31 +31.22 : :

5 906.12 | 939.06 | 84327 | 946.67 | 963.91 782.30 773.85 106 | 0.13
+61.68 | +953 | +8425 | +1499 | +35.15 | =+95.33 +29.46 : :

6 1123.97 | 1098.30 | 1157.00 | 1199.15 | 1241.39 | 1122.21 102294 | oo | oo
+16.81 | +19.85 | +168.66 | +107.79 | +64.18 | +10.14 +36.63 : :

Cg:)“n”s'ﬁmfg:d 3628.84 | 3543.14 | 3352.61 | 3640.94 | 3669.75 | 3361.19 321267 | i1 | o 4gm
i 6W‘;eks +157.20 | +32.07 | +271.73 | +93.01 | +61.07 | +125.65 +36.81 : :

ns-non significant

nanoparticles on the 18" day of incubation, and Awachat
etal. (2020) by in ovo and post-hatch oral supplementation
of zinc and copper. The lack of significant differences in
feed consumption between treatment groups suggests
that nanoparticles do not affect feed intake or nutrient
absorption markedly.

Feed conversion ratio

The mean weekly and cumulative feed
conversion ratio (FCR) values up to six weeks of age in

J. Vet. Anim. Sci. 2024. 55 (4) : 704-711

the treatment groups in ovo and post hatch supplemented
with CuNPs and ZnNPs presented in Table 4 showed no
significant difference between treatment groups and the
control group. This finding agrees with the earlier report
by Goel et al. (2013) who observed no significant effect
on FCR in broiler chicks in ovo supplemented copper
and iron on 14" day of incubation. Supporting the present
findings, Sahr et al. (2020) reported no significant effect
on cumulative FCR with oral supplementation of CuNPs.
Palouj et al. (2021), Anandhi et al. (2022) and Hassan et
al. (2023) also reported similar results in their experiments.

Vimal et al.
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Table 4. Mean (+ SE) weekly and cumulative six weeks feed conversion ratio of broiler chicks subjected to in ovo
inoculation and post hatch oral supplementation with CuNPs and ZnNPs

Treatments
Wooks I J TS T7 | Fvalue | Pval
WERle | convo | S lounesorl, P | 20Ps frwesoml 20T
| Joos | w002 | =002 | 003 | +008 | s001 | 004 | 149 | 025"
2 | Jo0r | 001 | 5005 | +001 | <004 | +002 | soo7 | 032 | 092"
3 | Loo0 | 001 | +001 | w001 | s002 | =004 | w001 | 345 | o008
4 :166.;(?0 :1(.)?8 1 :1(.)?(()) 1 1166.;(?0 i1(3§g2 :1(.)?(;1 :1(.)6.;(2)3 1 0.74 0.63%
5 116?(?1 :1(.)?(? 1 11(.)75 1 :1(.)?(5)30 i1(.)?g 1 :1(.)?(?2 11(.)?(? 1 0.69 0.66"
5 203 | 203 2.04 2.05 2.07 2.04 2.04 011 | ooam
£002 | 002 | 002 | =004 | £0.04 | £002 | =0.07
oRupos| 5 | e | Tes | Tes | e | e s | st | ooee

ns-non significant

Table 5. Mean (+ SE) antibody titre (log,) against Newcastle disease vaccine by HI in broiler chicks subjected to in ovo
inoculation and post hatch oral supplementation with CuNPs and ZnNPs

Days of age
Treatments
Hatch day 14 28 42

T1 (control) 3.33+0.33 6.33+0.33 6.67 + 0.67 6.33+0.33
T2 3.67 +0.33 6.67 £ 0.33 7.33+0.33 7.00 £ 0.58
T3 3.33+0.33 6.67 £ 0.67 7.33+0.33 6.67 + 0.33
T4 3.33+0.33 7.00 £ 0.58 7.00 +0.58 6.67 £ 0.67
T5 3.67 £ 0.33 7.33+0.33 7.33+0.33 7.33+0.33
T6 3.33+0.33 7.00 £ 0.58 8.00 = 1.00 7.67+0.33
T7 3.67 £ 0.33 7.67 £0.33 8.67+0.58 7.33+0.58

P value 0.93 0.5m 0.08m 0.97m

ns-non significant

Table 6. Mean values of cutaneous hypersensitivity reaction to interdigital inoculation of DNCB in broiler chicks subjected
to in ovo inoculation and post hatch oral supplementation with CuNPs and ZnNPs

Hours after inoculation
0 24 48 72
T 0.07 £ 0.01 0.71 £0.04 0.52 £ 0.06 0.33+0.03
T2 0.06 = 0.01 0.64 +0.06 0.54 £ 0.06 0.30 £ 0.04
T3 0.09 +0.02 0.68+0.10 0.51 £0.07 0.39+0.03
T4 0.05+0.03 0.69 + 0.01 0.55 +0.01 0.27 + 0.01
T5 0.09 +0.01 0.70 £ 0.07 0.50 + 0.02 0.36 + 0.03
T6 0.08 £ 0.03 0.74 +0.07 0.56 + 0.08 0.29 + 0.01
T7 0.09 £0.01 0.71 £0.04 0.56 £ 0.05 0.31 £0.01
P value 0.38m 0.62n 0.53"s 0.42n

ns-non significant
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Fig. 1.

The results of this study indicated that CuNPs and ZnNPs
do not significantly influence the feed conversion ratio in
broiler chicks.

Haemagglutination Inhibition

The haemagglutination inhibition (HI) test done
to detect antibody level in serum samples of the broiler
chicks at different ages, before and after Newcastle
disease vaccination is shown in Table 5.

The mean Hl titre value of the control group on the
day of hatch did not differ significantly between treatment
groups and were negative in all groups. The mean Hl titre
at 14 days of age also showed no significant difference
between treatment groups.

The Hl titre on 28™ day of age of the control group
T1 after Newcastle disease booster dose vaccination was
6.67. The treatments groups supplemented with CuNPs in
ovo, orally post hatch and in combination (T2, T3 and T4)
showed mean values of 7.33, 7.33 and 7.00, respectively.
The treatments groups supplemented with ZnNPs in ovo,
orally post hatch and in combination (T5, T6 and T7)
showed mean values of 7.33, 8.00 and 8.67, respectively.
The mean values did not differ significantly between
treatment groups.

On the 42" day of age the mean Hl titre values of
various treatment groups showed no significant difference
between treatment groups. The humoral immune
response observed in this study was in agreement
with the observations of Goel et al. (2013) on in ovo
supplementation of copper, Palouj et al. (2021) on zinc
oxide nanoparticle supplementation and Anandhi et al.

J. Vet. Anim. Sci. 2024. 55 (4) : 704-711

Cutaneous hypersensitivity reaction to interdigital inoculation of DNCB in broiler chicks subjected to in ovo inoculation and
post hatch oral supplementation with CuNPs and ZnNPs

(2022) on in ovo supplementation of zinc, copper and
chromium nanoparticles.

Cutaneous hypersensitivity

The cutaneous hypersensitivity reaction to
interdigital injection with 2,4 Dinitro chlorobenzene (DNCB)
in the footpad of broilers in different treatment groups
was calculated and expressed in Table 8 and graphically
represented in Fig. 1.

The mean values of cutaneous hypersensitivity
evaluated 24, 48 and 72 hours after the DNCB injection
did not show any significant difference between treatment
groups. The results of the current study are in agreement
with the observations of Palouj et al. (2021) in broiler
chicken in ovo supplemented zinc oxide nanoparticles
at the 10™"day of incubation. Sogunle et al. (2018) also
reported no significant effect of in ovo supplementation of
zinc sulphate, sodium selenite and copper sulphate on cell
mediated immunity response in broilers.

Conclusion

The present study on in ovo inoculation of copper
and zinc nanoparticles in broiler hatching eggs and their
post-hatch drinking water supplementation showed no
significantimprovement in growth in broilers supplemented
with copper and zinc nanoparticles. The humoral immune
response was insignificant even though the values were
numerically better in groups supplemented with zinc
nanoparticles in ovo, orally and in combination. Thus, the
supplementation of nanoparticles of copper and zinc in
ovo and orally post-hatch, have shown no beneficial effect
in improving the productivity and health of broiler chicken.

Vimal et al.
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