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The broiler performance can be influenced by optimizing the in-house
environment and the negative effects of litter on the environment of the poultry
can be minimized by the utilization of nanoparticles to reduce the ammonia
production. For this purpose, this study was performed for 42 days, including 540-
day-old broiler birds to ascertain the best levels of nanoparticles. The birds were
randomly divided at day 15 into A-I groups, where A was as positive control, B as
negative control, and C as starch treatment group. The groups D, E and F were
divided into three subgroups. Birds were treated with three types of nanoparticles,
i.e., alum, zinc oxide and copper oxide. Nanoparticles were sprayed on litter
material to kill the litter microbes and reduce the ammonia emission. Ammonia
was produced by maintaining wet litter conditions by sprinkling water at the rate
of 250 ml per day for first week of treatment trial. Ammonia, temperature,
moisture, humidity, litter pH and feed consumption were recorded daily
throughout the experiment. Air and litter microbial counts were recorded on
weekly basis. Ammonia, humidity and pH levels depicted significantly (P<0.05)
lower level in treatment groups (ZnO @ 500 mg/m?), (ZnO @1000 mg/m?) and
(ZnO @ 1500 mg/m?) from the control positive group in the 3™ week. Air
microbial count was significantly (P<0.05) lower in ZnO (@1000 mg/m?) group in
3" week from the control positive group. In week 4, all the treatment groups
showed significantly (P<0.05) lower litter microbial count from that of the control
positive group. The study showed that copper oxide, zinc oxide and alum
nanoparticles can be used as possible substitute to overcome the in-house
environmental problems. However, there is need to investigate the real impact of
these nanoparticles as environmental modifiers.

To Cite This Article: Zarnab S, Javed MT, Gul AHST, Mahmood MS, 2022. The chicken in-house environment can
be improved by the use of nanotechnology. Pak Vet J, 42(4): 526-532. http://dx.doi.org/10.29261/pakvetj/2022.062

INTRODUCTION

sneezing, tracheal Iirritation, air sac inflammation,
conjunctivitis and dyspnea. The high ammonia levels

Poultry production faces many problems that include
dust, bacterial and viral diseases as well as the production
of many foul smelling odorous chemical compounds from
litter material (Blake and Hess, 2001) The ammonia in
poultry houses is the most important air pollutant, its
irritating nature causes respiratory distress of the broiler
birds that affect the immune system of the birds (Aziz and
Barnes 2010; Maliselo and Nkonde, 2015). The ammonia
content of the poultry house depends on ventilation,
temperature and relative humidity (Ullman et al., 2004).
Ammonia levels above 25 ppm have been associated with
problems in the poultry houses (Zarnab et al., 2019)
Temperature also plays an important role in increasing the
bacterial activity and production of ammonia (Al-
Homidan et al., 2003). The signs of ammonia toxicity are
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cause reduction in weight gain, feed efficiency and causes
damage to the respiratory system leading to mortality
(Patterson and Adrizal, 2005).

However, to face this emerging challenge to treat
bacterial infections in poultry, nanotechnology has been
introduced to overcome the microbial resistance due to its
wide range of antibacterial activity (Hallaj-Nezhadi and
Hassan, 2013). Nanoparticles have antibacterial activity
against both gram positive and negative bacteria, and
fungi (Hallaj-Nezhadi and Hassan, 2013).

Different environmental modifiers like zinc, copper
sulfate and alum can be used to improve the poultry house
environment (Zarnab et al., 2019). The nanoparticles of
copper have shown an important role in elimination of
different microbial infections. Copper in the form of



CuSOy is known to have antibacterial activity (Raffi et al.,
2010; Kon and Rai, 2013). Addition of zinc oxide in food
materials is reported as a useful agent against different
contaminants, that enhances the shelf life of the food, and
keep it safe from spoilage (Stoimenov et al., 2002).
Nanoparticles of zinc oxide have more definite property
against microbes. It kills microbes by the production of
reactive oxygen species (Reddy et al., 2007). The use of
these nanoparticles is to maintain a healthy in-house
environment, linked to low mortality rates, to have
efficient poultry production, while preserving the
consumer’s health by avoiding antibiotic residues. There
is considerable work being done in evaluating the use of
alum, zinc and copper oxide nanoparticles in poultry
houses to decrease the ammonia production. For this
purpose, this study was planned to explore the
improvement potential of nanoparticles of zinc, copper
and alum in reducing the ammonia concentration in the
chicken house environment.

MATERIALS AND METHODS

Ethical approval: The proposed design of study was
approved by ethical committee of UAF ensuring comfort
and welfare of the birds. (D. No 3675, Dated 30-08-2021)

Synthesis of nanoparticles: The nanoparticles of copper,
zinc and aluminium oxide were synthesized by using co-
precipitation method (Manyasree et al., 2017; Manyasree
etal., 2018).

Plan of study: The experimental trial was conducted at
the poultry shed of Parasitology department, University of
Agriculture Faisalabad in the month of January. The litter
material used was rice husk. The average temperature
outside the house was 20-22°C with humidity of 70%. So,
the shed was prepared with the required conditions of
temperature, humidity and ventilation to produce the
ammonia in winter season.

A total 540 number of day-old broiler chicks were
raised under suitable environmental conditions for the
first 15 days and basal feed was provided to them. On the
15" day, the birds were randomly divided into 9 different
groups (A-I) having 21 subgroups. The groups A and B
were kept as control positive and control negative,
respectively. The group C was treated with starch only.
The groups D, E and F, each had further 3 subgroups,
i.e., D1 (500mg/m? ZnO + 20g starch), D2 (1000mg/m?
ZnO + 20g starch), D3 (1500mg/m? ZnO + 20g starch);
El (100mg/m?> CuSO4 + 20g starch), E2 (200mg/m?
CuSO4 + 20g starch), E3 (400mg/m?> CuSO4 + 20g
starch); F1 (250mg/m? alum + 20g starch), F2 (500mg/m?
alum + 20g starch) and F3 (1000mg/m? alum + 20g
starch). Each subgroup had 20 birds. Every compartment
was separated/sealed by polythene sheath. The litter
material used for first 15 days was equally distributed in
all the sealed grouped compartments with the additional
bedding material. The ammonia was produced by
increasing the level of humidity by sprinkling water (250
ml water/day for first week) in all the treatment groups
except in the negative control. The control negative
group was an open house compartment and was not
sealed. The nanoparticles were sprayed on the litter

527

Pak Vet J, 2022, 42(4): 526-532.

material twice in a week on every Monday and Thursday.
Total duration of the experiment was 42 days.

The doses were selected by reviewing different
literature and keeping in view the results of previous
M.Phil. research where three litter amendments were used
to determine the effect of in-house ammonia in broiler.

To make it more clear and avoid confusion inserted a
table of experimental design showing all groups and
subgroups with treatments.

Parameters studied: Temperature and humidity levels
were monitored by using digital hygrometer on daily
basis. Microbial count was determined using sterilized
nutrient rich petri dishes on weekly basis (Napoli ef al.,
2012). The pH of litter material was determined using pH
meter. Samples of litter were collected and were
processed for microbiological analysis as described by
Terzich et al. (2000). Air samples for the number of
cultural microorganism (NCM) were collected and
analyzed for microbiological count as method
demonstrated by Wojcik et al. (2010). Moisture level was
also determined by performing proximate analysis
(Odebunmi et al., 2010).

Statistical analysis: Data collected from above
experiments were analyzed by using general linear model
procedure by two-way analysis of variance technique (P<
0.05). Means were compared by Tukey’s test using SAS
statistical software (SAS, 2007).

RESULTS

Ammonia: The control positive group in this study,
showed significantly (P<0.05) increased ammonia level
than the control negative group in all four weeks. In week
1, groups 100, 400 mg/m?> CuSO4 and 250 mg/m? alum
showed significantly (P<0.05) higher ammonia levels,
while groups 500, 1000 mg/m? alum showed significantly
(P<0.05) lowest ammonia levels, respectively than the
positive control group. In week 2, all the treatment groups
showed significantly (P<0.05) lower ammonia level from
that of control positive group except the 500 and 1000
mg/m? ZnO groups. In weeks 3 and 4, all the treatment
groups showed significantly (P<0.05) lower ammonia
level than control positive group (Table 2).

Temperature: Control positive group revealed non-
significantly lower temperature after 1% week, while this
group showed non-significantly higher temperature after
2m and 3 week.

Table I: Layout of Experimental trial, 20g starch was added to the
groups DI, D2, D3, El, E2, E3, FI, F2 and F3

Group Name  Number of Birds Treatment (15™ day of age)
A 20 Positive Control (only H,O
@250 ml)
B 20 Negative Control
C 20 Starch sprayed @ 20grams
DI 20 ZnO @ 500 mg/m?
D2 20 ZnO@1000 mg/ m?
D D3 20 ZnO @]1500 mg/ m?
El 20 CuSO4@100 mg/ m?
E2 20 CuSO4@ 200 mg/ m?
E E3 20 CuSO4@ 400 mg/ m?
FI 20 Alum @ 250 mg/ m?
F2 20 Alum @ 500 mg/ m?
F F3 20 Alum @ 1000 mg/ m?
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Table 2: MeanSD values of ammonia level (PPM) and temperature (°C) are presented with percentage change

Groups Ammonia Temperature
Weekl Week2 Week3 Week4 Weekl Week2 Week3 Week4
A 20.58+0.56¥ 15.91+0.65¥ 20.29+0.20¥ 19.62+0.38¥ 26.00%1.00 24.00+1.00 22.00%1.00 22.00%1.00
88.53% 78.63% 81.22% 90.98% 1.27% -1.38% -6.05% 3.05%
B 2.36+0.04 3.40+£0.56* 3.81+0.39* 1.77+0.69* 25.67+0.58 24.33+0.58 23.33%1.15 21.3340.58
c 19.36+0.15%¥ 14.59+0.07*¥ 18.38+0.64*¥ 13.61+0.08*¥ 27.00+1.00 24.00+1.00 22.6740.58 21.67%1.15
5.92% 8.29% 9.41% 30.63% -3.85% 0% -3.05% 1.5%
DI 18.29+0.33¥ 15.35+0.15¥ 10.4610.22*¥ 541+0.22*¢ 25.00+1.00 24.33+0.58 23.00+1.00 21.33%1.15
11.13% 3.52% 48.44% 72.43% 3.85% -1.38% -4.55% 3.05%
D D2 17.44+0.17¥ 15.91£0.81¥ 10.4210.19%¥ 4.4310.19*¥ 26.00+1.00 25.00+1.00 24.00£1.00 22.67%1.53
15.23% 0% 48.64% 77.42% 0% -4.17% -9.09% -3.04%
D3 16.58+0.38% 14.32+0.17*%¥ 12.3110.18*¥ 3.58+0.07*¥ 26.67+0.58 25.00+1.73 23.00%1.00 23.00%1.00
19.44% 9.99% 39.33% 81.75% -2.58% -4.17% -4.55% -4.55%
El 22.5240.23%¥ 13.47+0.22%¥ |1.3240.18%¥ 4.23+0.02*¥ 26.00%1.00 24.00+1.00 23.67%1.53 21.33%1.53
-8.61% 15.34% 44.20% 78.44% 0% 0% -7.59% 0.03%
E E2 20.15+0.02¥ 12.4610.19%¥ 12.554£0.06*¥ 5.71+0.13%¥ 25.00+1.00 26.00+1.00 24.00£1.00 23.00£1.00
2.08% 21.68% 38.15% 70.88% 3.85% -8.33% -9.09% -4.55%
E3 21.58+0.07*¥ 12.2210.61*¥ |1.48+0.25%¥ 6.88+0.06™¥ 25.00+1.00 25.00+1.00 23.00+1.00 21.00£1.00
-4.86% 23.19% 43.42% 64.93% 4% -4.17% -4.55% -4.55%
Fl 23.5510.06%¥ 11.6210.14%¥ 12.61+0.08*¥ 7.63+0.19%¥ 26.67%1.53 24.3310.58 22.33%1.15 22.33%1.15
-14.43% 26.96% 37.85% 61.11% -2.58% -1.38% -1.5% -1.5%
F F2 18.75+0.68%¥ 12.56+0.06™¥ |1.38+0.24*¥ 5.37+£0.24*¥ 27.00+1.00 24.00+1.00 23.67£1.15 23.33%1.15
8.89% 21.06% 43.91% 72.63% -3.85% 0% -7.59% -6.05%
F3 18.53+0.49%¥ 11.25+£0.01*¥ 10.4610.22*¥ 4.67+0.16*¥ 28.00+1.00 24.00+1.00 22.33%1.53 20.6740.58
9.96% 29.29% 48.44% 76.19% -7.69% 0% -1.5% 6.04%

Data from 1%, 2™, 3™ and 4" week depicted non-
significant differences in all the treatment groups from
both control positive and control negative groups as
shown in Table 2.

Humidity level: The level of humidity was significantly
(P<0.05) higher in control positive than the control
negative group in all the 4 weeks, respectively. In the 1%
week, groups 100 and 400 mg/m?> CuSO4 depicted
significantly (P<0.05) increased humidity level, while
groups 500, 1000, 1500 mg/m? ZnO and 250 mg/m? alum
showed significantly (P<0.05) lower level of humidity
than the control positive group, respectively. In
comparison with the control negative group, all the
treatment groups showed significantly (P<0.05) higher
humidity level in 1* week. In case of 2™ week, humidity
level was significantly (P<0.05) lower in groups 1000 and
1500 mg/m? ZnO, 100, and 400 mg/m? CuSO4, 250, 500
and 1000 mg/m? alum, respectively than the control
positive group. Data from 3" and 4" week revealed
significantly (P<0.05) lower humidity level in all the
treatment groups from the positive control group as shown
in Table 3.

Litter pH: The litter pH of control positive group was
significantly (P<0.05) higher from that of the control
negative group in 3™ week. In 1%, 2" and 4" week control
positive group showed non-significantly increased pH
value than the control negative group as described in
Table 2. In comparison with the control negative group,
all the treatment groups except groups 500 mg/m? ZNO
and 1000 mg/m> ZNO showed significantly (P<0.05)
higher pH value.

Data from 3" week depicted significantly (P<0.05)
lower pH value in groups 500 mg/m? ZnO, 1000 mg/m?
ZnO and 1500 mg/m?> ZnO from the control positive
group. In comparison with the control negative group,
groups treated with 400 mg/m? CuSO4, 500 mg/m? alum
and 1000 mg/m? alum revealed significantly (P<0.05)
higher pH value in week 3 (Table 3).

Moisture level: The moisture level in the control positive
group was significantly (P<0.05) increased from that of
the control negative group in all the weeks as presented in
Table 4.

In week 1, all the treatment groups except of 1000
mg/m? alum + 20g starch, showed significantly (P<0.05)
lower moisture level from that of control positive group.
In week 1, the groups treated with 500 mg/m? ZnO , 1000
mg/m? ZnO , 1500 mg/m? ZnO + 20g Starch), E2 (200
mg/m> CuSO4 + 20g Starch), E3 (400 mg/m? CuSO4 +
20g Starch), F1 (250 mg/m? alum+ 20g Starch), F2 (500
mg/m? alum + 20g Starch) and F3 (1000 mg/m? alum +
20g Starch), showed significantly (P<0.05) higher
moisture level from that of the control negative group,
while 100 mg/m?> CuSO4  treated groups showed
significantly (P<0.05) lower moisture levels from that of
the control negative group.

In week 2, all the treatment groups showed (P<0.05)
lower moisture level from that of control positive group
except of 1500 mg/m? ZnO, 200 mg/m? CuSO4 and 1000
mg/m? alum treated groups. In week 2, all the treatment
groups except of starch and 500 mg/m?> ZnO showed
significantly (P<0.05) higher moisture level from that of
the control negative group (Table 4).

In week 3, all the treatment groups showed
significantly (P<0.05) lower moisture level from that of
control positive group except of starch and (200 mg/m?
CuSO4 + 20g Starch) treated groups. In week 3, the
groups treated with starch, 500 mg/m? ZnO, 1000 mg/m?
ZnO, 1500 mg/m? ZnO, 200MG/M2 CuSO4 and
400mg/m? CuS04, showed significantly (P<0.05) higher
moisture level from that of the control negative group,
while all other treatment groups showed non-significant
difference (Table 4).

In week 4, all the treatment groups showed
significantly (P<0.05) lower moisture level from that of
control positive group except of starch and100 mg/m?
CuSO4 treated groups. In week 4, the groups treated with
1500 mg/m? ZnO, 100 mg/m? CuSO4, 200 mg/m> CuSO4,
400 mg/m?> ZnO and 1000 mg/m? alum, showed
significantly (P<0.05) increased moisture level from that of
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Table 3: Mean#SD values of Relative Humidity (%) and pH are presented with percentage change

G Relative Humidity PH
roups Week Week2 Week3 Week4 Week Week2 Week3 Week4
A 67.52+0.06¥  71.26+0.06¥ 71.24+0.94% 70.30+0.31¥ 9.10£0.70 8.80+1.100 I1.17£1.00¥  10.43£0.68
7% 7.11% 9.69% 7.24% 18.35% 1591% 3491% 28.76%
62.52+0.61*  66.19+0.29* 64.33£0.19* 65.21£1.10% 7.4340.25 7.40+0.30 727+0.21* 7.43£0.21
C 69.48+0.22%¥ 70.360.13¥% 68.57+0.57%¥  69.48+0.27*¥  9.63+0.74 10.90+1.54¥  9.27+0.81 10.00+0.17
-2.82% 1.26% 3.75% 1.16% -5.82% -23.86% 17% 4.12%
DI 66.31£0.12%¥ 70.30+0.17% 69.29+0.21%¥  69.22+0.11*¥  8.07+0.64 10.10+0.17 8.07+0.64* 9.17£1.27
1.79% 1.35% 2.74 % 1.54% 11.32% -14.77% 27.75% 12.08%
D D2 66.45£0.17%¥  65.19+0.06* 69.39£0.16%¥  69.22+0.01*¥  8.80%I.10 10.23+0.31 8.47+0.95% 8.43+0.64
1.58% 8.52% 2.59% 1.54% 3.29% -16.25% 24.17% 19.17%
D3 65.76+0.68%¥ 66.34+0.21* 68.14+£0.02%¥  69.22+0.01*¥  8.80%I.10 11.23£1.05¥  8.53x].24* 8.43+0.64
2.74% 6.90% 4.35% 1.54% 3.29% -27.84% 23.63% 19.17%
El 68.60+0.06%¥ 66.19+0.06* 67.13£0.02%¥  68.22+0.01%¥  9.17+0.64 11.25+1.03¥  8.80+1.42 9.17+0.64
-1.59% 7.11% 5.77% 2.95% 0.76% -27.84% 21.22% 12.08%
E E2 67.77£0.69¥  72.37+|.85¥% 67.27+0.24%¥  68.32+0.17%  8.70%I.11 11.27£0.95¥  9.30+0.56 9.17+0.64
-0.37% -1.55% 5.57% 2.82% 4.39% -28.07% 16.74% 12.08%
E3 69.22+0.67%¥ 69.47+0.37%¥  68.29+0.21*¥  69.22+0.01%¥  9.17+0.64 11.2321.05%  9.77+0.64¥% 9.53+0.64
-2.52% 251% 4.14% 1.54% -0.77% -27.61% 12.53% 8.63%
Fl 66.44+0.16%¥ 68.95+0.70%¥  68.22+0.1 I*¥  69.22+0.01*¥  9.60+0.64 10.47£0.67¥  9.10+0.26 10.13£0.21
1.59% 3.24% 0.04% 1.54% -5.49% -18.97% 18.65% 2.87%
E F2 68.55+0.17¥  69.33+0.19%¥  69.26+0.17¥  69.21+0.09* 9.17+0.64 11.27£1.05%  9.77+0.38¥% 10.63+0.75
-1.53% 2.70% 2.77% 1.55% -0.76% -28.07% 12.54% -1.92%
F3 67.42+0.24¥  68.16+0.04%¥  69.19£0.06*¥  70.18+0.07* 9.60+0.70 10.47+0.67¥% 10.67£1.19¥  12.04+0.62
0.15% 4.35% 2.87% 0.17% -5.49% -18.98% 4.47% -15.05%
Table 4: MeanSD values of Moisture (%) and Litter microbial count (CFU) are shown with percentage change
Groups Moisture Air Microbial Count
Week | Week2 Week3 Week4 Week| Week2 Week3 Week4
A 66.93%1.45¥ 73.67+2.75% 77.20+1.31¥ 76.53+1.50¥ 45106.33+1888.08¥ 40220.67+269.54¥ 39949.67+73.66  39232.33+611.70
27% 38% 44% 41% 22% 18% 1% 15%
B 49.07+0.38* 45.93+0.06% 43.23+2.12* 44.93+4.24* 35055.33£38.84*  33071.33+935.94* 35430.33+1014.14 33297.33+1188.64
C 53.27£1.60% 46.03+2.25*% 67.83£0.77¥ 73.53+2.05¥ 35298.00+1200.38* 32957.33+1037.64* 37258.67+42.89  33123.00+1923.42
20% 38% 12% 40% 21.74% 18% 7% 16%
DI 59.17£0.32*%¥ 50.90+0.10% 56.77+1.70%¥ 37.77+1.05%¥ 37154.67+25.89%  27127.00+3597.02* 32306.67+880.98 33408.33+2447.82
12% 31% 26% 51% 18% 32% 19% 15%
D D2 58.63%1.09%¥ 53.17+1.53*¥ 64.63+1.21*¥ 37.13+2.08*¥ 36752.33+37.81*  26906.00+4916.84* 25551.33+6093.70* 35064.67+43.08
12% 28% 16% 51% 18% 33% 36% 11%
D3 56.50£1.32%¥ 73.50+0.10¥ 65.70+1.82*%¥ 63.93+0.75%¥ 35131.67+45.46%  33443.00+2743.79 26517.00+5573.0% 35865.00+44.17
15% 0.2% 14% 16% 22% 16% 34% 8%
El  46.47+0.06% 65.63x+1.88*¥ 48.43+0.55% 7527+3.22¥ 37423.00+36.39*  35225.00+2251.67 30203.00+7772.27 37930.00+16.70
30% 11% 37% 20% 17% 12% 24% 3%
E E2  58.00£1.00%¥ 77.63+0.06¥ 74.40+0.92¥ 62.47+0.95%¥ 35050.33+40.10%*  35165.33+2350.68 33673.33%1919.70 28477.33+685.86*
13% -5% 4% 18% 22% 12% 16% 27%
E3  53.90+0.10%¥ 64.27+3.22*¥ 63.80+0.6|*¥ 55.60+2.82*¥ 34151.00+26.23*¥ 33540.67+2059.64 33848.00+1318.11 28865.67+109.37*
19% 13% 17% 27% 24% 17% 15% 26%
FI 61.60+0.10%¥ 62.63+0.06*¥ 54.40+5.9*¥ 41.20+1.00%* 38148.67+44.24*  34304.00+1869.64 31750.33+695.29 29537.33+506.46*
8% 15% 29% 46% 15% 15% 20% 25%
F F2  58.10+2.86%¥ 64.57+2.72%¥ 45.07+4.48* 47.67+0.25% 37258.67+42.89*  32105.33+737.344* 31653.33+458.48 28206.33+684.35*
13% 12% 41% 38% 17% 20% 21% 27.1%
F3  65.63+0.06¥ 75.60x0.10% 54.47+6.66™¥ 51.27+1.06%¥ 35065.67+39.95%  24928.33+468.23*¥ 29639.67+6466.22 28303.33+750.74*

2% -3% 29% 33% 22% 38% 26% 28%

1000 mg/m? alum showed significantly (P<0.05) lower air
microbial count, respectively from that of control positive
group as shown in Table 4.

the control negative group, while the groups treated with
500 mg/m? ZnO and 1000 mg/m? ZnO showed significantly
(P<0.05) lower moisture level as described in Table 4.

Litter microbial count: The litter microbial count in
control positive group was significantly (P<0.05)
increased from that of the control negative group in all the
weeks, respectively. In week 1, the litter microbial count
was significantly (P<0.05) lower in all the treatment
groups from that of control positive group except of starch
and 1000 mg/m? ZnO treated group. In week 2, all the
treatment groups showed significantly (P<0.05) lower
litter microbial count from that of control positive group
except of starch, 1500 mg/m? ZnO and 100, 400 mg/m?
CuS04 and 1000 mg/m? alum treated groups. In week 3,
the groups treated with 1500 mg/m? ZnO, 100, 200, 400

Air microbial count: The air microbial count in control
positive group was significantly (P<0.05) increased from
that of the control negative group in first 2 weeks,
respectively while it showed non-significant difference in
last two weeks. In week 1, all the treatment groups
showed significantly (P<0.05) lower air microbial count,
while in 2™ week, 500, 1000 mg/m?> ZnO, 500, 1000
mg/m? alum showed significantly (P<0.05) lower air
microbial count, while in week 3, the only group 1000
mg/m?> ZnO showed significantly (P<0.05) lower air
microbial count from that of control positive group. In
week 4, the groups 200, 400 mg/m> CuSO4, 250, 500,
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mg/m> CuSO4 and 1000 mg/m? alum showed
significantly (P<0.05) lower litter microbial count by
52%, 44%, 17%, 22% and 54% from that of control
positive group with a non-significant difference from the
control negative group. In week 4, all the treatment groups
showed significantly (P<0.05) lower litter microbial count
from that of control positive group (Table 5).

DISCUSSION

Ammonia being a toxic gas is recognized as dominant
in-house environmental contaminant of broilers chicken
(David et al., 2015). The control positive group in this
study, showed significantly (P<0.05) increased ammonia
level of 20.58, 15.91, 20.29 and 19.62 than the control
negative group in all four weeks, which might be
attributed to increased moisture level as well as
environmental temperature. There was no increase
observed over time owing to slaughtering of birds every
week in the control positive group, so the birds number
kept on decreasing and the space allocated remained the
same, which might be the reason of a constant level of
ammonia in the shed during the four-week period. High
in-house ammonia concentration may be linked with
increased moisture level and environmental temperature
that has also been reported by Jiang et al. (2021). In week
1, groups 100, 400 mg/m> CuSO4 and 250 mg/m? alum
showed significantly (P<0.05) higher ammonia levels of
22.52,21.58 and 23.55 with a percent increase of 9.42%,
4.82 and 14.43 %, while groups 500, 1000 mg/m? alum
showed significantly (P<0.05) lowest ammonia levels of
18.75 and 18.53 with percent improvement of 8.89 % and
9.96%, respectively than the positive control group. In
week 2, all the treatment groups showed significantly
(P<0.05) lower ammonia level from that of control
positive group except the 500, 1000 mg/m? ZnO groups.
In weeks 3 and 4, all the treatment groups showed
significantly (P<0.05) lower ammonia level than control
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positive group. Low levels of ammonia in all the
nanoparticles treated groups might be attributed to
antibacterial effects of nanoparticles. Antibacterial
activity of nanoparticles has also been reported by
Menazea and Ahmed (2020) and Dat et al. (2021). Moore
et al. (1996) investigated the effects of the alum on litter
as alum reacts with the moisture of the litter, so ammonia
volatilization is reduced along with reduction in the
moisture contents of the litter.

The level of humidity was significantly (P<0.05)
higher (67.52, 71.26, 71.24 and 70.30) with increased by
7, 7.11, 9.69 and 7.24% in control positive than the
control negative group in all the 4 weeks, respectively. In
the 1% week, groups 100, 400 mg/m?> CuSO4 depicted
significantly (P<0.05) increased humidity level (69.48,
68.60 and 69.22) with the increase by 2.82, 1.59 and 2.52
percent, while groups 500, 1000, 1500 mg/m? ZnO and
250 mg/m? alum showed significantly (P<0.05) lower
level of humidity (66.31, 66.45, 6576 and
66.44), with improvement by 1.79, 1.58, 2.74 and 1.59%
than the control positive group, respectively. In
comparison with the control negative group, all the
treatment groups showed significantly (P<0.05) higher
humidity level in 1% week. In case of 2" week, humidity
level of 65.19, 66.34, 66.19, 69.47, 68.95, 69.33, 68.16
was significantly (P<0.05) lower in groups 1000, 1500
mg/m? ZnO, 100, 400 mg/m?> CuSO4, 250, 500, 1000
mg/m? alum with improvement by 1.35, 6.90, 7.11, 2.57,
3.24, 2.70 and 4.35%, respectively than the control
positive group. Data from 3" and 4" week revealed
significantly (P<0.05) lower humidity level in all the
treatment groups from the positive control group. Dunlop
and Jim (2021) found that as relative humidity increased
from 45 to 75%, and the ammonia levels became more
variable and generally increased.

The litter pH was 11.17 in control positive group,
which was significantly (P<0.05) higher from that of the
control negative group in 3" week. This higher pH

Table 5: MeanSD values of Air microbial count (CFU) are presented with percentage change

Groups Litter Microbial Count
Week | Week 2 Week 3 Week 4
A 293.0045.57% 299.00+1.00¥ 301.00£1.00¥ 280.00£21.93¥
47% 53% 39% 33%
B 157.67+22.81* 142.00+21.38* 183.33+100.17* 187.00+8.54*
c 242.00+13.74 266.00+£6.56¥ 258.67£14.01* 256.00+4.58%
17% 1% 14% 9%
DI 188.67+9.61* 140.33+13.87* 156.00+22.27 191.67+6.66*
36% 54% 48% 31%
D D2 210.0045.57 141.33+14.57* 151.67+3.51 178.67+12.86*
28% 53% 49% 36%
D3 181.00+104.1* 211.00£37.03 145.33+8.33* 142.00+21.38*
38% 29% 52% 49%
El 119.33+2.08* 259.67+33.50¥ 167.33£76.79* 140.33+13.87*
59% 13% 44% 49%
E E2 127.67+3.05% 252.33+£37.07¥% 249.33%6.11% 141.33+14.57%
56% 16% 17% 49%
E3 102.33+2.52% 236.33£22.50 235.00+20.52* 144.33+40.05*
65% 21% 22% 48%
Fl 114.33+4.04* 178.00+55.22* 248.67+7.09 159.67+35.50*
61% 40% 17% 43%
F F2 109.67+7.57* 148.33+44.52* 131.33£0.26 162.33+22.89*
62% 50% 56% 42%
F3 134.67+25.89* 207.67+16.19 138.33+22.23* 136.33+22.50*
54% 30% 54% 51%

Note: (The values with asterisk (*) and yen sign (¥) are showing the significant (P<0.05) difference from the positive and negative control group,
respectively. The percent difference of positive control group is from the negative control group and the percent difference of all treatment groups is

from the positive control group).



facilitates the growth of various bacteria. Data from 3™
week depicted significantly (P<0.05) lower pH value
(8.07, 8.47 and 8.53) in groups 500, 1000, 1500 mg/m?
ZnO with improvement by 27.75, 24.17 and 23.63%,
respectively from the control positive group. The release
of ammonia is directly influenced by the pH of the
litter (Chapman et al., 2021). The decrease in pH might be
attributed to the pH buffering capacity of ZnO
nanoparticles. The pH buffering capacity of nanoparticles
has also been reported by Singappuli-Arachchige and
Slowing (2020), as they used silica nanoparticles in their
study. Reece et al. (1979) reported that very little NH3
was released from litter with a pH below 7, whereas it was
rapidly released from litter with a pH above 8.

The air microbial count in control positive group was
significantly (P<0.05) increased by 22 and 18% from that
of the control negative group in first 2 weeks, respectively
while it showed non-significant difference in last two
weeks. In week 1, all the treatment groups showed
significantly (P<0.05) lower air microbial count, while in
2m week, 500, 1000 mg/m? ZnO, 500, 1000 mg/m? alum
showed significantly (P<0.05) lower air microbial count
by 32, 33, 20 and 38%, while in week 3, the only group
1000 mg/m? ZnO showed significantly (P<0.05) lower air
microbial count by 36% from that of control positive
group. In week 4, the groups 200, 400 mg/m? CuSO4,
250, 500, 1000 mg/m? alum showed significantly
(P<0.05) lower air microbial count by 27, 26, 25, 27 and
28%, respectively from that of control positive group.
This also clearly indicated antibacterial activity of
nanoparticles used in this study.

The litter microbial count in control positive group
was significantly (P<0.05) increased by 47, 53, 39 and
33% from that of the control negative group in all the
weeks, respectively. In week 1, the litter microbial count
was significantly (P<0.05) lower in all the treatment
groups from that of control positive group except of starch
and 1000 mg/m? ZnO treated group. In week 2, all the
treatment groups showed significantly (P<0.05) lower
litter microbial count from that of control positive group
except of starch, 1500 mg/m? ZnO and 100, 400 mg/m?
CuSO04 and 1000 mg/m? alum treated groups. In week 3,
the groups treated with 1500 mg/m? ZnO, 100, 200, 400
mg/m> CuSO4 and 1000 mg/m? alum showed
significantly (P<0.05) lower litter microbial count by 52,
44, 17, 22 and 54% from that of control positive group
with a non-significant difference from the control negative
group. In week 4, all the treatment groups showed
significantly (P<0.05) lower litter microbial count from
that of control positive group. Thus, indicating
antimicrobial activity of nanoparticles. The antibacterial
activity linked with ZnO and CuO nanoparticles have also
been reported by Paul et al. (2020).

Conclusions: It can be concluded that increased
concentrations of ammonia adversely affect the in-house
environment of the poultry house which is linked with
moisture, humidity, air and litter microbes. To overcome
the problem, nanoparticles of zinc oxide, copper oxide
and aluminium sulphate proved to have an antibacterial
effect to lessen the problems of poor in-house
environment of the poultry house.
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