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Abstract
A 9-week study was conducted to evaluate the effect of using zeolite as a litter management protocol to enhance broiler performance and control ammonia
emission from litter. A total of 140 broiler birds (arbor acre) were used for the study. After brooding them together for 2 weeks as a way of stabilizing them,
they were randomly assigned to 4 treatment groups labeled A-D in a completely randomized experimental design and each treatment was replicated 5 times
with 7 birds per replicate. Treat2ment of the litter were as follows: treatment A litter (control) had no zeolite treatment, B (200g zeolite kg−3 litter), C (400g
zeolite kg−3 litter), and D (600g zeolite kg−3litter).The experiment was divided into two phase. Starter phahse which lasted for 3weeks and �nisher phase lasted
for 4 weeks. Feed and water were provided ad libitum Results showed signi�cant differences (P<0.05) in the birds’ values for total feed intake, average daily
feed intake, total beyody weight, average daily weight gain, �nal body weight and feed conversion ratio in both phases in favor of treatment groups. The litter
chemical analysis showed signi�cant differences (P<0.05) in the bird’s mean values for mo5isture, uric acid, pH, phosphorous, ammonium nitrate, total
volatile fatty acid, ammonium sulfate, ammonia, nitrogen, and ash among the study groups in both phases. Difference in litter microbial load values among
the treatments were also signi�cant (P<0.05). In conclusion, litter treatment using zeolite as a management protocol to enhance broiler performance and
control ammonia emission was able to enhance performance of the birds by exerting diminutive effect on the precursors and microbial activities that are
involve in ammonia production from the litter. It is therefore recommended that farmers can adopt this litter management protocol to reduce ammonia
emissions in broiler houses without negatively affecting the growth of the birds.

Introduction
According to recent projections, the world human population will likely attain eight billion. Also, according to United Nations Population Division and United
Nations Department of Economic and Social Affairs (2010) the global human population by 2042 will be expected to rise to nine billion. As of Wednesday,
October 23, 2019, Nigeria population was about 202,559,797million (World meters, 2019).

This escalating human population might need a doubling and sustainable source of farm animal protein and provision of sustainable source of farm animal
protein that will meet the protein need of the rising    global   human   population    calls f or the production of all classes of poultry meat such as chicken and
turkey. However, investing meaningfully in poultry production will help to reduce hunger and poverty which are currently ravaging the increasing human
population globally. FAO (2010) revealed that poultry sector is among the top sectors that provide various sources of animal proteins for human utilization.
Poultry are most inexpensive source of farm animal protein, contributing meaningfully to the rising demand for animal food products globally (Farrell, 2013).
During the last two decades, poultry industry was the greatest dynamic meat sector, displaying the utmost growth of the entire meat sectors as mirrored in
world consumption.  According to Adene (1989) and Moore et al. (1996) majority of organizations and individuals globally depends on poultry sector for
considerable portion of their revenue and protein which is low in cholesterol 

However, poultry sector despite its contribution in the mitigation of poverty and hunger is still faced with increasing environmental challenges. One of these
outstanding environmental challenges is the problem of odor production which ammonia gas is the most common. Ammonia is a leading upsetting gas that
emanates from poultry litter. Ammonia gas is a product of degradation or putrefaction of protein-rich substrates such as animal manure by microbes (Munk et
al., 2017; Mata-Alvarez et al., 2014). Ammonia gas production is normal part of poultry production, but, it potentially undermines the sustainable development
of the industry, cause environmental pollution and contribute to the global climate change. According to Meda et al. (2011) ammonia gas generated from the
litter has numerous harmful impacts on the environment. Acidi�cation of lands and water surfaces which is capable of causing injuries on vegetation and
reduction in variety of plant and animal life in the world or in a particular habitat is enhanced by high atmospheric ammonia concentration. Work of Sanjay et
al. (2006) con�rms that high ammonia content of litter is capable of causing an increase in fertilizer value and thereby, leading to environmental pollution that
will cause health hazards to neighbors. Ammonia production contributes strongly to the high rate of atmospheric nitrogen deposition (Van et al., 1982,
Apsimon et al., 1987). Some of the consequences of high ammonia concentration on birds are: respiratory tract infections, reduction in the intake of feed, eye
blindness and decrease in productivity, (Wheeler et al., 2004).

Therefore, the lessening of these negative effects of ammonia on poultry performance and on our environment calls for an application of good litter
management protocol that will create a friendly atmosphere in the poultry house via the reduction of ammonia production from the litter. 

However, one of the litter management protocols that will help to reduce high ammonia production from the litter is the treatment of litter with zeolite. Zeolite
according to Amon et al. (1997) has an open micro channel in its crystal structure that enables the assimilation of H20 and gases, such as ammonia. High
production of odorous gases most especially ammonia that cause environmental degradation and negatively affect performance of birds takes place when
the litter pH and moisture are high (Reece et al., 1979; Elliott and Collins, 1982). High litter pH (alkalinity) and moisture encourage microbial proliferation and
degradation of litter. The lower the litter moisture and pH, the lower the ammonia production because of decreased microbial degradation of litter. Reduction
of litter pH and moisture which are among the major culprits in ammonia production from the litter can be achieved by treating the litter with zeolite. According
to research, zeolite has been utilized to lessen the emanation of poisonous gases such as ammonia (Amon et al., 1997). It has been used as a litter
constituent (Ullman et al., 2004). Treatment of litter with zeolite creates an unfavorable environment for microbial litter degradation that are responsible for
odor production such as ammonia from the litter and thus, making the birds to escape the deleterious effect of these odorous gases on their performance in
terms of body weight increase as a result of decreased intake of food or feed, poor feed conversion and utilization in the body. Treatment of litter with zeolite
helps to ameliorate the litter moisture (Schneider et al., 2016) and thus, risk of disease spread from the litter to the birds is reduced. Schneider et al. (2016)
reported that the incorporation of ten percent zeolite to the litter decreased moisture litter content and rate of volatilization of ammonia. Recent research work
relate zeolites to the conservation of  surroundings as a result of their ability in retaining gaseous pollutants such as ammonia emanating from farm animal
production ( Zimmermann, 2014; Bujnak et al., 2015). According to Obayelu (2010) there has been public ’increasing intolerance of odor from livestock
production facilities, therefore this study is designed to investigate the growth performance, liter chemical compositions and microbial loads of broiler birds
reared on different levels of zeolite treated litter  during starter and �nisher growth phase. 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782017000800652#B54
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782017000800652#B11
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Maize 46.60 51.00

Wheat offal 15.00 15.20

Soya bean meal 30.00 24.40

Lysine  0.30 0.20

Methionine 0.35 0.20

Met-Cyst 0.25 0.20

Red oil 1.80 2.00

Phosphorous  0.70 0.80

Fiber 1.00 1.40

Calcium  3.10 3.60

Fat (plants and animal fats)

Total

0.90

100                                           

1.00

100

Calculated compositions    

Crude protein (%)                                                      23.00                                                                                     20.00

Crude �ber (%)                                                           4.20                            5.00

Ether extract (%)                                                     3.80                                                    4.20

Energy (Kcal/KgME) 2823.67 3000.00

Materials And Methods

Study area and duration
The study was carried out at the Poultry Unit of the Department of Animal Science Teaching and Experimental Farms, University of Nigeria; Nsukka. The study
was carried out at the Department of Animal Science Teaching and Experimental Farms, Poultry Section of the University of Nigeria, Nsukka Enugu State. It is
located on latitude 6025N and longitude 7024E at an altitude of 430m above sea level (Breinholt et al., 1981). The average maximum ambient temperature
ranges from 330C and 370C (Okonkwo and Akubuo, 2007). The annual rainfall ranges from 1567.05mm-1846.98mm (Metrological Center, Crop Science
Department, University of Nigeria, Nsukka Enugu State). The study lasted for 9 weeks.

Source of the zeolite and feed ingredients
The chemical that was used in the litter treatment was zeolite. The zeolite was purchased from a trusted chemical dealer in Nsukka Urban and Enugu Nigeria.
The zeolite which was in a powdered form was kept at room temperature as speci�ed by the manufacturer. Ingredients that were used in the feed formulation
for both starter and �nisher ration were as follows: 10% concentrate purchased from Agro Bar-Magen Enugu. The 10% concentrate contain the following
ingredients: fat, �bre, lysine, Met-Cystein,  methionine, cysteine, calcium, phosphorous and other feed stuffs such as yellow maize, soybean meal, wheat offal,
red oil that were used in the mixing of the concentrate were purchased from an accredited feed stuff dealer in Nsukka Urban Enugu State Nigeria. Inclusion
levels of these feed stuffs as given by Agro Bar-Magen were strictly followed. 

Experimental diet
The compositions and proximate compositions of the diets are shown in Table 1 and 2 for both starter and �nisher ration. Experimental diets for the starter
and �nisher were computed to contain 23.00% and 20.00% crude protein and Metabolizable Energy content of 28Mcal/kg ME and 3.0Mcal/kg ME respectively.
Samples of the experimental diets were analyzed for their proximate compositions using (AOAC, 2006). 

Table 1

 Percentage composition of experimental diets

Ingredients                                            Starter (%)                                     Finisher (%)
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Table:2

Proximate compositions of experimental diets

Parameters Starter Finisher

Moisture 11.90 12.19

Dry matter 88.10 87.81

Ash 17.42 18.20

Crude �bre 4.39 4.96

Ether extract 3.83 4.17

Crude protein 22.89 20.12

Nitrogen free extract 39.58 39.87

Met.Energy Kcal.kg-1 2799.99 2998.69

 

Experimental layout
The experiment was done using completely Randomized Design (CRD). The experiment involved four treatments of 35 birds. Each treatment was replicated 5
times with 7 birds per replicate. The distributions of birds are shown in Table 3. 

Table 3

 Experimental Layout

                                 Treatments

Replicates A B C D

R3 7 7 7 7

R2 7 7 7 7

R3 7 7 7 7

R4 7 7 7 7

R5 7 7 7 7

Total 140 140 140 140

The birds were randomly placed in various replicates and treatments. Each treatment received zeolite treatment at varying level as follows: Treatment A: 0g
zeolite kg-3 litter, treatment B: 200g zeolite kg-3 litter, treatment C: 400g zeolite kg-3 litter and treatment D: 600g zeolite kg-3 litter respectively.

Experimental birds and management
Total of 140 day old broiler birds were used for the study. This study was divided into two phases (starter and �nisher phase). In the �rst two week of life, the
birds were brooded together before they were weighed and randomly placed in various replicate per treatments to begin the starter phase of the experiment
which lasted for 3 weeks. At the end of the starter phase, the birds were reweighed again and randomly placed in the various replicates and treatment to start
the �nisher phase of the work that lasted for 4 weeks. Prior to the arrival of the birds from the hatchery, the brooding house was cleaned with soap and
disinfected with strong disinfectant after which wood shavings were spread. The pen was pre-heated few hours before the arrival of the birds. The pre-heating
was to achieve a nice brooding environment that would enhance bird’s activities. Feeding troughs and drinkers were also procured, disinfected and
strategically positioned. Clean drinking water and feed were made ready before the arrival of the birds. Timely vaccination and drugs were administered
appropriately.

Litter treatment
The zeolite powder and the litter materials (wood shavings) were properly mixed together in all the replicates in the various treatments. The treatment of litter
with zeolite was done once throughout the trial periods. 

Collection of data
The following data were collected:
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Initial body weight and body weight gain
At the beginning of each phase of this experiment, the birds were weighed and also weighed on weekly basis throughout the experimental periods. At the end
of the previous week, weight measured was subtracted from that of the present week in order to get the body weight gained for the week. A box on a top pan
balance was used to weigh the birds and it was done in batches.

Feed intake (g) 
On each day throughout the experimental periods, feed was weighed before being given to the birds. Then, the difference between the feed provided the
preceding day and left over feed in the feeding trough the next morning was divided with the number of birds in each replicate in order to get daily feed intake
per bird for each replicate.

Average daily feed intake (ADFI)
This was obtained by dividing the total feed intake of birds with the number of days the feeding trial lasted.

Average daily weight gain (ADWG)
This was obtained by dividing total weight gained per bird per replicate with the number of days the feeding trial lasted.

Total feed intake (TFI)
This was calculated by summing the daily feed intakes of the birds throughout the trial period. 

Final body weight (FBW)
Weights of the birds at end of trial periods.

Litter chemical properties measured were as follows:
Moisture Nitrogen

pH Uric acid

Ammonium nitrate  Ash

Total volatile fatty acids  

Ammonium sulfate  

Ammonia  

Phosphorous  

Mortality         

Mortality was chronicled as it occurred and  birds that died were taken to the post mortem room of the Veterinary Pathology Laboratory, University of Nigeria,
Nsukka for post-mortem examination to ascertain the cause of their deaths.

Procedure for chemical analysis of the litter

Moisture determination was done using oven method 
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Nitrogen determination 
Determination of nitrogen in the sample was done by using kjedahl micro method (Pearson, 1976). The technique involves sample digestion, digest distillation
and titration of distillate. 

Ammonia determination 
Ammonia was ascertained by precipitation with sodium tetra phenyl borate as it is sparingly

soluble in ammonium tetra phenyl borate. 

Uric acid determination
Uric acid was determined by multiplying the percentage nitrogen by factor 3

Determination of ammonium sulphate 
Ammonium sulphate was precipitated as barium sulphate. From the acid solution, the precipitate is �ltered off and dissolved in a measure surplus of EDTA in
the presence of aqueous ammonia. 

Ammonium sulphate /PPM = T x N x E x 1000Volume of sample utilized.

Where T = Titre value, M= Molarity of the standardized EDTA

 E = Equivalent weight

Phosphorus determination
Molybdate solution: 20g ammonium molybdate was weighed into 200ml of hot Water and allowed to cool, 1g of ammonium metavanadate was also weighed
into120ml of hot water, 140ml of conc. HNO3 was added; the ammonium molybdate solution was added to the metavanadate and the mixture is made up to

1dm3 with distilled water.

Procedure: Add 5ml of dissolved ash sample in a test tube and added to it was 5ml of the molybdate solution and the absorbance was read at 470nm.
Standard curve was used to calculate the Concentration.

Volatile fatty acid determination
In diethyl ether and 25 milligram alcohol, two grams of the sample was mixed. This was added to 1milligram of phenolphthalein solution (1%). This was
titrated using 0.1m sodium hydroxide until a pink colour which continues for �fteen seconds is obtained. The sample was thereafter heated to boil before it
titrated again and the difference between the �rst and second titrations was calculated as the �nal titre value.

Volatile Acid Value= Titre X 5.61 Weight of sample used.

Volatile Fatty acid= Volatile Acid value.     

pH determination
The pH of the sample was determined using 20% of the sample.

Experimental design
The experiment was executed using Completely Randomized Design (CRD).The experimental model of the Completely Randomized Design:

Xij=µ+T1 +∑ij

Where, Xij = any observation or measurement taken

µ = population mean

T1 = treatment effect

∑ij =experimental error
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i= number of treatments

j=number of replicates

Statistical Analyses
Data generated were subjected to the analysis of variance (ANOVA) in CRD using statistical package (SPSS, 2003) Windows version 8.0. Mean differences
were separated using Duncan’s New Multiple Range Test (Duncan, 1955) as outlined by Obi (2002).

Results

Growth performance of the birds during the starter phase
The result of growth performance of broiler starter reared on different levels of zeolite treated litter is presented in Table 4. Treatment of the litter with zeolite
caused signi�cant (P<0.05) differences among the treatment means in total feed intake, total weight gain, �nal body weight, average daily feed intake,
average daily weight gain, feed conversion ratio. Total feed intake of treatment A and C were similar (P<0.05), but signi�cantly higher than 1970.67 and
1871.33 that were observed for birds on treatment B and C that were also the same (P>0.05). Average daily feed intake followed the same trend as observed
for total feed intake. Total weight gain values of treatment A and B were the same (P<0.05), but signi�cantly lower and different from values of 1576.67 and
1803.33 that were recorded in treatment C and D respectively. Values of �nal body weight and average daily weight gain among the treatments followed the
same trend as observed for total feed intake. Feed conversion ratio values of treatment D and C were similar (P>0.05) but lower than values observed for birds
on treatment B and A that were the same also.

 
Table 4

Growth performance of broiler starter reared on different levels of zeolite treated litter
Parameters (g) A B C D SEM P-values

Initial body weight 550.67 551.67 547.67 552.00 2.81 0.962

Total Feed Intake 1871.33b 1970.67b 2351.33a 2565.67a 92.94 0.002

Total Weight Gain 1080.67c 1150.00c 1576.67b 1803.33a 90.77 0.000

Final Body Weight 1631.33c 1701.67c 2124.33b 2355.33a 90.76 0.000

Feed conversion ratio 1.73a 1.71a 1.49b 1.41b 0.05 0.023

Average daily feed intake 89.11b 93.83b 111.97a 121.63a 4.37 0.020

Average daily weight gain 51.46c 54.76c 75.07b 85.87a 4.32 0.000

abcdmeans on the same row with different superscript are signi�cantly (P<0.05) different
Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite per 3kg litter, Treatment D: 600g zeolite per 3kg
litter.

The growth performance of the birds during the �nisher phase
The growth performance of broiler �nishers reared on different levels of zeolite treated litter is shown in Table 5. Treatment of the litter with zeolite caused
signi�cant (P<0.05) differences among the treatment means in total feed intake, total weight gain, �nal body weight, average daily feed intake, average daily
weight gain, feed conversion ratio. Total feed intake of treatment D and A were similar (P>0.05), but higher than the 4357.67 and 4403.67 that were observed
for birds on treatment B and A that were the same also. Values of �nal body weight and average daily feed intake followed the same trend as observed for
total feed intake. Total weight gain of treatment A and B were similar (P>0.05), but signi�cantly lower than the values of 1876.67 and 2150.00 observed for
birds on treatment C and D. Average daily feed intake followed the same trend as observed for total weight gain among the treatments. Feed conversion ratio
values of treatment D and C were similar (P>0.05), but signi�cantly lower than the 2.96 and 3.13 observed for birds on treatment B and A.
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Table 5
Growth performance of broiler �nisher reared on different levels of zeolite treated litter

Parameters(g) A B C D SEM P-values

Initial body Weight 2113.67 2094.33 2098.67 2109.00 24.25 0.999

Total Feed Intake 4403.67b 4357.67b 4800.00a 4986.67a 87.25 0.002

Total Weight Gain 1393.33c 1470.00c 1876.67b 2150.00a 95.42 0.000

Final Body Weight 3573.67b 3551.00b 3975.33a 4259.00a 97.84 0.002

Feed conversion ratio 3.13a 2.96a 2.56b 2.39b 0.09 0.000

Average daily feed intake 157.27b 155.63b 171.42a 178.09a 3.12 0.002

Average daily weight gain 49.76c 52.43c 66.90b 73.94a 3.11 0.000

abcdmeans on the same row with different superscript are signi�cantly (P<0.05) different
Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite per 3kg litter, Treatment D: 600g zeolite per 3kg
litter.

Chemical litter compositions during the starter growth phase
The result of the chemical compositions of different levels of zeolite treated litter during the starter growth phase is presented in Table 6. Treatment of litter in
this study signi�cantly (P<0.05) affected the nitrogen, ammonia, ammonium nitrate, ammonium sulfate, pH, moisture, phosphorus, uric acid, total volatile
fatty acid and ash values among the treatments. Nitrogen value of treatment A and B were similar (P>0.05), but signi�cantly lower than 2.47 and 3.13
recorded in treatment C and D respectively. Phosphorous and uric acid values followed the same trend observed in nitrogen values among the treatments.
Ammonia values of treatment D, C and B were similar (P>0.05), but signi�cantly lower than the value of 5.13 recorded in treatment A (control). Ammonium
nitrate value followed the same trend observed in ammonia values. Ammonium sulfate values of treatment A and B were the same, but signi�cantly lower
than the values of 6.64 and 6.06 recorded in treatment C and D respectively. pH values of treatment D and C were the same (P>0.05), but signi�cantly lower
than the values of 6.16 and 7.67 recorded in treatment A. Moisture value of treatment A was signi�cantly higher than the values of 6.87, 4.80 and 4.06
recorded in treatment B, C and D respectively. Volatile fatty acid values among the treatment followed the same trend observed in moisture values among the
treatments. Treatment D ash value was the highest compared to the values of 17, 14.67 and 13 that were recorded in treatment C, B and A respectively. 

 
Table 6

Result of the Chemical compositions of different levels of zeolite treated litter during the starter growth phase
Parameters(%) A B C D SEM P-values

Nitrogen 1.53c 1.48c 2.47b 3.13a 0.22 0.000

Ammonia 5.13a 2.79b 1.81bc 1.60c 0.44 0.000

Ammonium nitrate 8.29a 6.47b 4.50c 3.88c 0.55 0.001

Ammonium sulfate 14.06a 11.23a 6.64b 6.06b 1.07 0.000

pH 7.67a 6.16b 4.34c 3.47c 0.52 0.001

Moisture 7.83a 6.87b 4.80c 4.06d 0.47 0.001

Phosphorous 0.42c 0.56bc 0.67b 1.05a 0.67 0.001

Uric Acid 3.56c 4.16c 6.65b 10.45a 6.21 0.000

TVA 5.18a 4.26b 3.11c 2.54d 3.77 0.000

Ash 13.00d 14.67c 17.00b 18.67a 15.83 0.000

abcdmeans on the same row with different superscript are signi�cantly (P<0.05) different
Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite per 3kg litter, Treatment D: 600g zeolite per 3kg
litter.

Chemical litter compositions during the �nisher growth phase
The result of the chemical compositions of different levels of zeolite treated litter during the �nisher growth phase is presented in Table 7. Ammonium nitrate
values of treatment D and C were the same (P>0.05), but signi�cantly lower than the values of 13.94 and 15.40 recorded in treatment B and A respectively.
Values of ammonium sulfate, pH, and moisture among the treatment followed the same trend observed in ammonium sulfate. Uric acid value of treatment D
was signi�cantly higher than the values of 13, 10.12 and 8.37 recorded in treatment C, B and A respectively. Volatile fatty acid value content of treatment A
was signi�cantly higher than the values of 6.33, 4.90 and 3.74 recorded in treatment B, C and D respectively. Values of ash of treatment A and B were similar
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(P>0.05), but signi�cantly lower than the values of 26.38 and 28.53 recorded in treatment C and D respectively. Ammonia value of treatment A was signi�cant
higher than values recorded in treatment B, C and D. Nitrogen values of treatment A and B were the same (P>0.05), but lower than the values of 5.73 and 7.33
recorded in treatment C and D respectively.

 
Table 7

Result of the chemical compositions of different levels of zeolite treated litter during the �nisher growth phase.
Parameters (%) A B C D SEM p-values

Ammonium nitrate 15.40a 13.94b 12.57c 12.00c 0.43 0.001

Ammonium sulfate 19.77a 17.91ab 16.00bc 15.00c 0.61 0.003

pH 9.33a 7.77b 5.53c 4.90c 0.55 0.000

Moisture 13.17a 11.83b 9.00c 8.67c 0.60 0.000

Phosphorous 0.26 0.22 0.24 0.25 0.01 0.592

Uric Acid 8.37d 10.12c 13.00b 16.67a 0.97 0.000

VFA 8.33a 6.33b 4.90c 3.74d 0.53 0.000

Ash 21.67b 23.45b 26.38a 28.53a 0.86 0.001

Ammonia 12.95a 8.16b 6.35c 4.87d 0.56 0.000

Nitrogen 3.30c 4.07c 5.73b 7.33a 0.48 0.000

abcdmeans on the same row with different superscript are signi�cantly (P<0.05) different
Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite per 3kg litter, Treatment D: 600g zeolite per 3kg
litter.

Microbial load during the starter growth phase
The result of the effect of different levels of zeolite treated litter on microbial load during the starter growth phase is presented in Table 8. Total viable count
values of treatment D, C and B were similar (P>0.05), but signi�cantly lower than the value of 236666666.67 recorded in treatment A. Mold values among the
treatment follows the same trend as observed for total viable counts. Coli form values of treatment A and B were the same (P>0.05), but signi�cantly lower
than values recorded in treatment C and D respectively.

 
Table 8

Result of the effect of different levels of zeolite treated litter on microbial load during the starter growth phase
Parameters

(cfu/g)

T1 T2 T3 T4 SEM P-Value

Tvc 236666666.67a 50000000.00b 133333333.33b 11000000.00b 16196005.87 0.004

Coli form 5733.33a 5000.00ab 4133.33bc 3266.67c 313.66 0.004

Mold 100.00a 22.33b 16.00b 11.00b 14.92 0.003

abcMeans on the same row with different superscript are signi�cantly (P<0.05) different.
Tvc: Total viable counts, cfu: Colony forming unit. Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite
per 3kg litter, Treatment D: 600g zeolite per 3kg litter.

Microbial load during the �nisher growth phase
The result of the effect of different levels of zeolite treated litter on microbial load during the �nisher growth phase is presented in Table 9. Coli form value of
treatment B, C and D were the same (P>0.05), but signi�cantly lower than value of 6055.67 recorded in treatment A. Mold values among the treatment
followed the same trend observed in coli form values among the treatments.

 



Page 10/15

Table 9
Effect of different levels of zeolite treated litter on litter microbial load during the �nisher growth phase.

Parameters (cfu/g) T1 T2 T3 T4 SEM P-value

Tvc 270000000.00 226666666.67 220000000.00 160000000.00 16626846.37 0.115

Coli form 6055.67a 5200.00b 4196.33b 4415.00b 617.25 0.043

Mold 373.33a 253.33b 184.67b 183.33b 46.82 0.040

abcMeans on the same row with different superscript are signi�cantly (P<0.05) different.
Tvc: Total viable counts, cfu: Colony forming unit. Treatment A: 0g zeolite per 3kg litter, Treatment B: 200g zeolite per 3 kg litter, Treatment C: 400g zeolite
per 3kg litter, Treatment D: 600g zeolite per 3kg litter.

Discussion

Effect of different levels of zeolite treated litter on growth performance of broiler starter
and �nisher
Table 4 and 5 shows the results of the effect of zeolite treated litter on growth performance of broiler starter and �nisher. From the results, highest (P<0.05)
body weight gain was recorded in favor of birds reared on zeolite treated litter. Body weight gain signi�cantly increased (P<0.05) as the level of zeolite in the
litter increased. This is an indication that high ammonia production which is known to have negative effect on feed intake, weight gain and productivity
(Wheeler et al., 2004; Wang et al., 2014) decreased signi�cantly in treatment groups compared with the control treatment (Table 6 and 7). This agrees with the
study of Sarıca et al. (1996) who applied zeolite to the litter and observed a signi�cant variation in live weight gain in favor of birds reared on treated litter and
disagreed with the �ndings of Altan et al. (1998) who used zeolite to treat litter and reported no statistical variations in the live body weight gain of birds
among the treatments.

Birds reared on treatment A (control) recorded the lowest (P<0.05) weight gain. This could be attributed to the high ammonia production recorded in treatment
A (Table 6 and 7). Beker et al. (2004) reported that ammonia in poultry facilities decreases performance of birds. Birds reared in an environment with increased
ammonia production will experience reduced feed intake because of its choking and irritant nature. Broiler feed intake and feed e�ciency has been revealed to
reduce during exposure to increase levels of ammonia (Miles et al., 2002). When feed intakes reduce, weight gain tends to reduces also.

Ammonia causes vision problem in birds (Wang et al., 2014). According to Kristensen and Wathes (2000) exposure of birds to high ammonia concentration
resulted in eye damage in the form of keratoconjunctivitis. After eye damage has taken place, birds may have complexity in �nding water and feed.Vision
problem caused by high ammonia gas production in the pen can limit the movement of birds in the pen and thereby resulting to reduced feed intake and
weight gain as observed in control treatment.

Reduced (P<0.05) weight gain observed in birds reared on control treatment compared to the treatment group could also be attributed to effect of ammonia on
birds as a good stressor. Stress affects feed intake and body weight gain in farm animals. Induced oxidative stress can culminate into decreased productivity
(St-Pierre et al., 2003). When an animal is stressed, productivity tends to reduce. Aziz and Barnes (2009) who reported rise in malonaldehyde (biomarker used
to measure stress in farm animals) in the blood of broilers reared in environment of high ammonia production supports this assertion. So it could be that the
control birds were stressed more compared to treated groups. Report work of Wei et al. (2012) a�rms the assertion that ammonia gas is a stressor when
observed a decrease in antioxidant capacity in broilers exposed to high ammonia production. Also, Curtis et al. (1975) reported rise in level of enzyme called
lactate dehydrogenase (LDH) in the blood of broilers as a result of exposure to high atmospheric ammonia. This implies that some organs that play roles in
metabolism can be injured and in this case, weight gain will be affected.

Ammonia negatively affect weight gain in birds as observed in control birds could also be attributed to in�ammatory effect of ammonia in bird’s
gastrointestinal tracts. In�ammation of digestive organs such as small intestines affects nutrient digestibility and absorption and consequently feed
conversion ratio is affected negatively. Low body weight gain and poor feed conversion ratio observed in control birds agrees with Miles et al., (2004) who
reported poor feed conversion ratio and body weight gain in broilers reared in high ammonia production. Li et al. (2014) who observed reduction in average
daily weight gain and average daily feed intake in broilers reared in an environment with high ammonia production was in tandem with result of this research
work. Ammonia gas can also disrupt the usual organ roles in animals and bring about mitochondrial injury within the mucosa of gastro-intestinal tract and
consequently, this will negatively affect energy metabolism and general performance of birds.

Effect of different levels of zeolite treatment on chemical compositions of broiler litter
during the starter and �nisher growth phase
Table 6 and 7 shows the chemical compositions of litter treated with varying levels of zeolite during the starter and �nisher growth phases. Highest (P<0.05)
ammonia production was recorded in treatment A (control), while the lowest (P<0.05) ammonia production was recorded in treatment group litter. This could
be as a result of differences recorded in moisture and pH levels among the treatments during the experimental periods. Ordinarily, uric acid which is a waste
product from the birds does not smell, but its degradation by uricase (Nahm, 2003), an enzyme synthesized by litter microbes together with other nitrogen
containing compounds in the litter leads to the production of ammonia and this is enhanced when litter moisture is high and at litter pH above 7 (alkalinity),
while decrease in litter pH (acidity) discourages ammonia production because acidic environment is detrimental to microbial proliferation and activities that
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are responsible for ammonia production from the litter. Moisture is highly implicated in ammonia production from the litter (Elliott and Collins, 1982). Reece et
al. (1979) reported that ammonia volatilization can be decreased when the litter pH falls below 7, while it is deeply enhanced when pH of the litter is above 8.
Degradation or breakdown of uric acid is mainly enhanced under alkaline litter state (Rappet and Muller, 2005). Effect of enzyme called uricase which
catalyzes the degradation or breakdown of uric acid gets to utmost at pH of 9. Increased litter pH (high alkalinity) presents best environment for the activities
of bacteria, viral and parasitic organisms in the litter.

So, increased (P<0.05) level of ammonia, ammonium nitrate, ammonium sulfate, volatile fatty acid and decreased (P<0.05) level of uric acid, nitrogen and ash
values (Table 6 and 7) recorded in control treatment could be attributed to the increase in pH and moisture contents of its litter. High microbial putrefaction
must have been taken place in the control treatment.

However, in treatment group, their values of ammonia, ammonium nitrate, ammonium sulfate and volatile fatty acids litter content decreased signi�cantly as
the level of zeolite in the litter increased. This may be attributed to the aptitude of zeolite in reducing litter moisture (Schneider et al., 2016) and pH which are
major culprits in ammonia production. The observed moisture reduction in the treatment group (Table 6 and 7) could be responsible for the signi�cant
reduction in the value of their ammonia, ammonium nitrate, ammonium sulfate and volatile fatty acids litter content. Reduced ammonia production observed
in zeolite treated litter in this work is in an agreement with both the works of (Zimmermanni, 2014; Li et al. (2008) who treated litter with zeolite and recorded
reduced ammonia production. Decreased ammonia production recorded in zeolite treated litter in this work also agrees with the �ndings of Nakaue et al.,
(1981) who observed diminution in the level of ammonia production in the poultry house when litter was treated with zeolite and agrees with the �ndings of
(Eleroglu and Yaicin, 2005) who reported reduction in ammonia production from the litter when zeolite was used for litter amendment. The �ndings of Amon et
al., (1997) who reported huge rise in level of ammonia when litter was treated with zeolite is not in tandem with the results of this present work. However, the
huge rise in ammonia level when zeolite was applied to the litter as reported by (Amon et al., 1997) could be attributed to the type of zeolite used because
aluminum and silicon ratio in zeolite affect its acidity or alkalinity. The higher the aluminum to silicon ratio in zeolite, the higher the reductive effect on litter
pH.

Effect of different levels of zeolite treated litter on microbial load during the starter and
�nisher growth phase.
The results of the effect of litter treated with varying levels of zeolite on litter microbial load during the starter and �nisher phase are presented in Table 8 and
9 respectively. From the results, values of total viable count, Coli forms and Mold counts recorded in treatment A (control) were signi�cantly (P<0.05) higher
than the values recorded in zeolite treated litter. The increased (P<0.05) total viable count, coli forms and mold recorded in control compared to the values
recorded in treatments with zeolite inclusion can be linked to the variation in their litter moisture and pH. High litter moisture and pH (alkalinity) encourages the
proliferation and activities of the litter microbes. From the results of the litter chemical analysis presented on Table 6 and 7, control litter recorded the highest
(P<0.05) moisture and pH values. This a�rms the observed increase (P<0.05) in microbial load values in control litter. Moisture affects fecal coli forms
survival. The higher the litter pH (alkalinity) and moisture of the litter, the higher the microbial number and activities. This implies that, litter alkalinity (pH>7)
favors the proliferation and activities of litter microorganisms than when the litter is acidic (pH<7). High moisture content of litter encourages proliferation of
the litter microbes than when it is low (Elliott and Collins, 1982). In zeolite treated litter, there was an observed decrease (P<0.05) in litter microbial load (total
viable counts, coli forms and mold) as the level of the zeolite in the litter increased. Treatment of litter with zeolite helps to reduce the litter moisture (Schneider
et al., 2016) and pH and consequently, making the litter environment less favorable for microbial proliferation and activities. Reduction in litter pH creates an
acidic environment that is detrimental to the litter microbial growth and putrefaction in the litter. This a�rms the major reason why microbial load values
observed in zeolite treated litter were signi�cantly (P<0.05) the lowest and highest in the control litter.
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Figure 1

Chemical replica of a zeolite complex stru

Figure 2

Bar chat representing the result of the Chemical compositions of different levels of zeolite treated litter during the starter

Figure 3

Bar chat representing the result of the Chemical compositions of different levels of zeolite treated litter during the �nisher growth phase.
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Figure 4

The mean plot of the litter ammonia content of the various treatments during the starter phase

Figure 5

The mean plot of the litter ammonia content of the various treatments during the �nisher phase


