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Abstract
The aim of the study was to determine the dose of a nanotechnological-mineral preparation 
based on nanosilver and vermiculite for an effective ammonia reduction, and the influence 
of the preparation on physical properties of litter and air. The preparation used was 
obtained by spreading water nanosilver suspension on vermiculite with an addition of 5 % 
of humodetrynite. Research animals were broiler chickens divided into three groups. The 
particular groups were differentiated regarding the prepared application. The measurements 
of ammonia concentrations were conducted in upper litter layer and about 30 cm above the 
litter. Litter temperature, humidity and pH, and air humidity and temperature were monitored. 
The measurements were conducted at day 5, 10, 15, 20 and 25 of the experiment. Ammonia 
content above the litter was reduced in group I and II. The highest ammonia concentration 
was observed in the control group at sampling four while the lowest one was noted in group 
II at sampling two. In all groups an influence of the preparation on ammonia content above 
the litter was visible. Decrease in ammonia concentration in experimental groups compared 
to the control group was more distinct than in the case of ammonia concentration above 
the litter. Based on the results it is difficult to determine unequivocally an influence of the 
preparation on litter temperature, pH and humidity, and also on air temperature and humidity. 
Taking into account the level of ammonia reduction, the results may be a premise for further 
studies in the range of nanosilver application for the sanitization of animal buildings.
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Introduction
Issues connected to the limitation of the emission of harmful substances of agricultural 
origin, including animal production, into the environment are still one of the most significant 
problems related to environment protection. Various law regulations, directives or 
international agreements introduce increasingly growing limitations aimed at the reduction 
of pollutions coming from animals breeding, what results in the need of new, effective and 
safe methods for that problem fighting. Moreover, increasing number of complaints from 
people exposed to emissions of odours from animal production is observed. Odours, including 
ammonia which is one of the most harmful and concurrently most common odorants, have a 
significant influence on the life of people inhabiting areas in the vicinity of animal production 
farms, since these compounds may cause nausea, stress, irritation or allergy (Hayes et al. 
2006, Mills 1995, Nimmermark 2004, Schiffman &  Williams 2005, Witkowska et al. 2006). 
Volatile organic compounds may exhibit toxic activity, stimulate sensory nerves causing 
neurochemical changes, and also be a reason of sensorial irritations of eyes, throat and nose. 
Moreover, an unprofitable influence of odours of agricultural origin on human health may be 
caused by cognitive and emotional factors (Radon et al. 2004). 

One of most common sources of odorants’ emission into the environment is animal 
production which, according to the literature data, may be responsible for even 90 % of 
total ammonia emission (Battye et al. 2003, Gay & Knowlton 2005, Korczyński et al. 2008, 
Misselbrook et al. 2000, Reidy et al. 2008, Sotiropoulou et al. 2004). The most visible effects of 
ammonia emission reduction are observed when adding chemical, mineral or microbiological 
preparations to the bedding, which neutralize ammonia and other gases release and also 
exhibit bactericidal and deodorization properties. The activity of preparations used includes 
ammonia binding in stable chemical connections, influence microflora development or 
physicochemical bedding properties (bedding drying or pH lowering), what in a consequence 
causes limitation of uricolytic transformations and thus a decrease in the ammonia amount 
(McCrory & Hobbs 2001, Meisinger & Jokela 2000). Chemical control of ammonia emission 
from the bedding seems to be relatively simple, because ammonia easily reacts with 
other chemical compounds. The advantage of the chemical agent used for this purpose 
should be the lack of toxic activity, low cost and easy application. To neutralize ammonia 
activity in inventory buildings the following agents are used: formaldehyde, burnt lime, 
superphosphate, organic acids (acetic, propionic), different fungicidal preparations. Also, 
as an alternative for chemical compounds, also natural preparations in a form of zeolites, 
aluminosilicates, dolomites, some varieties of brown coal, peat preparations, or recently 
preparations containing saponins, are used more often (Duggan et al. 2001, Gutarowska 
et al. 2009). There are also some attempts of novel biofilter application in elimination of 
odours, endotoxins, bacteria and other pollutants from livestock objects (Tymczyna et al. 
2004, Chmielowiec-Korzeniowska et al. 2007, Tymczyna et al. 2007)The present ways of 
optimization of animals maintenance in inventory buildings, e.g. by disinfection practices, 
bedding or manure additives in a form of mineral, microbiological or chemical preparations, 
do not solve however the problems, the more that many of them cannot be applied in the 
presence of animals (Stringfellow et al. 2009). 
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There is still a search for universal preparations, limiting microflora development, and thus 
gases emission, mainly ammonia, from bedding (with animals manure), which would be 
concurrently safe for the animals and environment. It is also significant, that the substances 
applied improve fertilizing value of manure, droppings etc. which play more and more 
significant role in fertilization (especially on organic farms and in gardening), according to 
sustainable agriculture rule. Probably, such a mean may be nanosilver, which is lately often 
used in various nanotechnological applications, and is continuously a subject of extensive 
research (e.g. Pulit et al. 2012).

The aim of the study conducted was an attempt to determine the dose of a 
nanotechnological-mineral preparation based on nanosilver and vermiculite for an effective 
ammonia reduction, and the influence of the preparation used on physical properties of litter 
and air. 

Material and methods
Nanotechnological preparation used in the study was obtained by spreading a water 
nanosilver suspension (Amepox, Łódź, Poland) on mineral sorbent. Expanded vermiculite of 
Rominco Poland Company was used as a sorbent, with an addition of 5 % of humodetrynite 
in order to increase sorptive capacity. Nanosilver suspension of a concentration of 1 000 ppm 
was spread on a sorbent at room temperature in an amount of 100 ml/1 L of sorbent (v/v). 
This way the friable preparation of a solid consistence was obtained. 

Research animals were broiler chickens of Ross 308 line aged two weeks. Three research 
groups were formed by randomly assigned 84 broilers (28 birds in each group). The chickens 
were maintained on straw-sawdust litter of 1:1 ratio of particular components, while 
particular groups were differentiated regarding the application of nanotechnological-
mineral preparation: Control group (C) - without preparation addition; Group I - preparation 
addition in amount of 15 L (i.e. 1.5 L of nanosilver suspension in the volume) under litter 
surface - once at the beginning of the experiment; Group II - preparation addition in amount 
of 15 L mixed with litter, and next added during each straw and sawdust addition, i.e. at day 
3, 10, 17 and 24 of the experiment. 

Straw and sawdust were added at the same days without the preparation also in the 
control group and group I. 

Body weight of broilers was determined at the beginning and at the end of the experiment, 
and during the whole experimental period feed consumption and number of collapses were 
noted. Based on the data collected, the basic production parameters; i.e. body weight gain, 
feed utilization and percentage of collapsed birds; were calculated. Moreover, for the whole 
rearing period, the European Broiler Index (EBI) was calculated according to the following 
formula:

EBI =
 survival rate (%) x body weight (kg) 

∙ 100
 (1)

 length of rearing period (days) feed utilization for 1 kg of bady weigth (kg)

Broilers were fed according to recommendations included in Standards of Poultry Feeding 
(Smulikowska & Rutkowski 2005) with complete mixtures of GROWER and next FINISHER 
type of Provimi Polska Sp. z o.o. company (Provimi, Warszawa, Poland).
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The measurements of ammonia concentrations were conducted in upper layer of litter 
(samples collection on a depth of about 2-3 cm), and also its content about 30 cm above the 
litter was determined. The air for analysis was collected using AMZ-1 aspirators (Rotametr, 
Gliwice, Poland) with the air flow at the level of 60 L/h. In the case of ammonia emission 
from upper layer of litter 15 L of air were collected each time, while when analysing ammonia 
content above the litter, 30 L of air for analysis were collected. The content of ammonia 
collected in each sample was determined in triplicates. 

The content of ammonia was determined using colorimetric method according to 
Polish standard PN-71Z-04041 using SEMCO UV-VIS spectrophotometer (Emco, Łysomice, 
Poland). Temperature and pH of litter was determined using pHmeter (Dramiński, Olsztyn, 
Poland), and humidity of litter was determined using moisture meter of the same company. 
Humidity and temperature of an air were monitored using thermohygrometer of Elementron 
Company (Elementron, Zabrze, Poland). Measurements of physical features of air and litter 
were conducted three times, and the results were presented as means from the three 
measurements. Analyses of ammonia concentration and physical parameters of litter were 
conducted at day 5, 10, 15, 20 and 25 of the experiment (i.e. sampling 1, 2, 3, 4, 5 and 6). The 
study was conducted with an agreement of 2nd Local Ethical Commission for the experiments 
on animals in Wroclaw (agreement no 115/2007 of 22 October 2007). 

The results were subjected to statistical analysis using two-factor analysis of variance 
with an application of Statistica 8.0 software (StatSoft, Inc. Tulsa, OK, USA). Mean values and 
standard deviations were calculated. Significance of differences between the groups was 
determined using Duncan’s test with significance level of P<0.05 and P<0.01.

Results
The indices concerning reared broiler chickens, i.e. initial and final body weight, mortality 
rate, mean feed consumption and EBI were presented in Table 1. 

Table 1
Indices of broiler chickens rearing (mean values)

Index Group
 C I II

Initial number of chickens 84 84 84
Final number of chickens 80 81 80
Mortality rate, % 4.8 3.6 4.8
Initial body weight, g 400.0 399.0 420.0
Final body weight, g 1 730.0 1 830.0 1 842.0
Body weight gain, g 1 330.0 1 431.0 1 422.0
Feed consumption, g/head/day 119 121 120
Feed consumption, kg/kg of body weight gain 2.15 2.03 2.02
European Broiler Index, pts 319.2 362.1 361.7

The initial body weight was slightly higher in chickens from group II compared to other 
groups. Body weight gain during the whole experimental period was the highest in group 
I, and the lowest in the control group. Mortality rate in turn was on the same level, i.e. 4.8 % 
in the control group and group II, while the lowest was found on a level of 3.6 % in group I. 
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Mean feed consumption was similar in all the groups and was 119, 121 and 120 g/head/gay, 
respectively. EBI index in the control group was 319.2, while in groups I and II it was 362.1 and 
361.7, respectively. The tendency for better feed utilization by chickens from experimental 
groups was observed, what was reflected in higher EBI index in these groups. 

The values concerning ammonia emission above the litter and concentration of that gas in 
upper layer of litter for the control group and for experimental ones, where nanotechnological-
mineral preparation was added, were presented in Table 2. 

Table 2
Ammonia concentration above the litter and in upper layer of litter (mean±SD)

Sampling Control group (C) Group I Group II

Ammonia concentration above litter, ppm
1 20.84a±2.09 18.72±1.84 16.03b±1.58
2 23.16A,a±2.85 20.12a±1.67 15.47B,b±2.07
3 24.93a±3.01 21.54±1.28 19.39b±1.50
4 27.26a±2.05 24.38±2.21 21.72b±2.02
5 26.51A,a±2.44 23.87A±3.35 17.77B,b±1.75
6 25.88A,a±2.40 22.35a±1.71 16.23B,b±1.96

Ammonia concentration in upper layer of litter, ppm
1 35.35A,a±4.21 23.77B,b±2.68 22.18B,b±1.82
2 36.90A,a±3.33 21.17B,b±2.11 18.87B,b±1.81
3 38.68A,a±2.75 26.94B,b±3.02 22.62B,b±2.50
4 36.84A,a±2.97 21.13B,b±2.72 18.23B,b±1.89
5 31.66A,a±3.18 18.92B,b±1.91 17.46B,b±2.31
6 29.17A,a±2.68 16.71B,b±2.02 14.18B,b±2.22

A,BValues in rows marked with different letters differ at P<0.01.   a,bValues in rows marked with different letters differ 
at P<0.05. 

Ammonia content above the litter was reduced in group I and II compared to the control 
group. The highest ammonia concentration was observed in the control group at sampling 
four (27.26 ppm), while the lowest one was noted in group II at sampling two (15.47 ppm). 
It was observed that in group II, i.e. the group where the preparation was mixed with litter 
and introduced with each litter addition, the reduction of ammonia concentration above the 
litter was higher compared to group I where the preparation was applied only once under the 
litter at the beginning of the experiment. In both groups reduction of ammonia concentration 
influenced by an addition of nanotechnological-mineral preparation to the litter was noted in 
comparison to the control group. In all the groups, including the control one, an influence of 
litter addition on ammonia content above the litter was visible. It was the most distinct in all 
the groups after 3rd litter adding, when decrease in ammonia concentration with respect to 
previous sampling was 0.75, 0.51 and as much as 3.95 ppm in the control group, group I and II, 
respectively. 

The concentration of ammonia in the upper litter layer also decreased in the groups where 
an addition of preparation with nanosilver was applied to the litter. That concentration was 
in the range from 14.18 ppm (group II, sampling six) to 38.68 ppm (control group, sampling 
three). Decrease in ammonia concentration in experimental groups (I and II) compared to the 
control group was more distinct than in the case of ammonia concentration above the litter. 
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Also in that case an influence of litter adding on ammonia emission was noted, also in the 
control group where nanotechnological-mineral preparation was not used. That influence 
was the most distinct after 2nd litter adding, and decreasing tendency was maintained at the 
end of the experimental period. 

Physical parameters of the litter, i.e. its temperature, humidity and pH, are presented in 
Table 3. 

Table 3
Physical parameters of litter (mean±SD)

Sampling Control group (C) Group I Group II

Temperature, °C
1 26.3±0.9 25.1±1.2 28.5±0.8
2 29.8±1.3 28.5±1.1 33.1±1.5
3 29.3±1.1 26.3±0.9 29.2±1.2
4 28.1±0.7 27.2±0.8 30.3±1.1
5 32.7±1.4 29.4±1.2 32.8±1.5
6 35.3±1.1 34.2±0.9 33.9±1.3

Humidity, %
1 40.2±3.6 37.9±1.9 31.5±5.0
2 54.1±4.9 42.1±4.6 46.3±3.9
3 60.8a±3.2 48.7a±6.2 38.7b±2.5
4 56.1±1.7 52.6±5.8 56.1±4.9
5 58.5±5.1 62.1±3.8 66.3±5.3
6 68.2±4.3 56.2±4.2 52.8±3.1

pH
1 7.60±0.38 7.44±0.41 7.16±0.51
2 7.30a±0.53 6.08b±0.52 5.98b±0.38
3 6.75a±0.29 6.21±0.39 5.59b±0.31
4 6.55±0.61 5.64±0.42 6.27±0.29
5 5.91±0.35 5.74±0.31 5.56±0.42
6 7.60±0.38 7.44±0.40 7.16±0.51

a,bValues in rows marked with different letters differ at P<0.05.

Litter temperature observed during the experiment was on a level from 25.1 °C (group I, 
sampling one) to 33.3 °C (group C, sampling six). Based on the results obtained it is difficult 
to determine unequivocally an influence of nanotechnological-mineral preparation applied 
on litter temperature. Humidity of litter in turn was on a level from 31 (group II, sampling one) 
to 38 % (group C, sampling six). Similarly like in the case of the temperature, the relationship 
between preparation used and litter humidity is not clear. Also pH values which were within 
the range from 5.56 (group II, sampling five) to 7.60 (groups C, samplings one and six) do not 
demonstrate a clear relationship between preparation addition and the litter. 

Table 4 presents physical parameters of air, i.e. temperature and humidity determined 
with each sampling during the whole experimental period. 

Air temperature in experimental boxes observed during the experiment was on a level 
from 19.7 °C (group I, sampling 4) to 28.3 °C (group II, sampling six), while humidity of air 
ranged from 60.3 (group C, sampling three) to 71.0 % (group I, sampling two). Like in the case 
of physical parameters of litter, the clear relationship between air temperature and humidity 
and nanotechnological-mineral preparation addition to the litter is difficult to determine. 
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Table 4
Physical parameters of air (mean±SD)

Sampling Control group (C) Group I Group II

Temperature, °C
1 25.8±1.2 26.0±1.2 26.5±0.9
2 26.1±0.9 24.6±0.7 26.6±1.1
3 25.5±1.1 23.7±1.1 25.8±0.7
4 21.4±0.7 19.7±0.7 23.3±1.0
5 26.3±1.3 24.5±1.3 27.9±0.9
6 27.5±0.8 26.8±1.2 28.3±1.2

Humidity, %
1 67.2±5.8 62.8±4.9 63.2±7.1
2 67.7±4.6 71.0±6.3 66.4±5.9
3 60.3±3.9 63.5±3.9 60.7±4.8
4 70.1±6.2 70.4±4.7 61.4±5.2
5 61.7±5.3 63.6±5.3 61.2±3.9
6 64.3±4.2 65.1±3.5 65.7±4.5 

All physical parameters, both of litter and air, were undoubtedly affected by atmospheric 
conditions observed during the experimental period, i.e. temperature and humidity outside 
the experimental boxes. Also the animals and procedures connected to their feeding, 
watering, or litter adding, as well as room’s ventilation would have influenced these results. 

Discussion
No distinct influence of preparation based on vermiculite and water nanosilver suspension 
on presented rearing results was observed. It probably results from the fact that birds 
productivity is influenced by a range of factors, and a too small number of observations does 
not allow to draw conclusions in that range. 

There are numerous papers in the literature available concerning the problem of ammonia 
emission and physical parameters of litter and air in livestock buildings. High differentiations 
of conditions, assumptions and results in other authors’ studies show however, that a direct 
confrontation of the results obtained in the present study with results obtained by other 
authors is not easy and an unequivocal issue. 

Nicholson et al. (2004) conducted the study concerning ammonia emission from litter in 
broiler house depending on kind and amount of litter, and also kind of drinkers and litter 
humidity. They observed that ammonia losses in the winter period were higher in the case of 
straw litter compared to sawdust one. It was probably caused by e.g. higher mass of sawdust 
litter compared with straw litter. In the summer period in turn, ammonia losses were almost 
two fold higher compared to the winter period, irrespectively in litter kind, what was caused, 
among others, by higher ventilation rate. No differences in ammonia emission were observed 
depending on litter amount, both in winter and summer. Similar results were obtained by 
Elwinger & Svensson (1996), who analysed the relationship of ammonia emission between 
kind and amount of litter in broiler house and also kind or drinker used (bell and nipple). No 
significant differences caused by kind or amount of litter were observed in this study. 
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It was observed in numerous studies that kind of drinker influences significantly litter 
humidity and thus ammonia emission (Tucker & Walker 1992). In the study by Nicholson et al. 
(2004) ammonia emission was higher in the case of more humid litter compared with litter of 
lower humidity. It was connected to the kind of drinker used (bell and nipple). Similar results 
were obtained by Elwinger & Svensson (1996). 

Vučemilo et al. (2007) analysed an influence of broilers’ age on degree of air contamination 
in the broiler house. Ammonia emission noted by these authors depended on the birds’ age. 
The lowest value was noted at 1st week, what was connected to the fact that broilers were 
placed on a fresh litter (straw-sawdust), while the highest values were observed at 3rd and 
5th week, what was connected to the birds’ age and also to air humidity. Hayes et al. (2006) 
conducted a study concerning ammonia emission in intense breeding poultry farms in 
Ireland. In the case of broilers, ammonia concentration depended on the season of the year. 
Seedorf & Hartung (1999) conducted a study on ammonia concentration in animal buildings. 
In the case of broilers, the mean ammonia concentration was the highest among all the 
species analysed. Also an influence of temperature and humidity on ammonia production 
and release in poultry was observed. Liu et al. (2007) in turn, performed controlled laboratory 
tests aimed to determine an influence of litter humidity in broilers on ammonia emission. They 
observed a distinct relationship between these parameters. Herbut et al. (2010) undertook 
an attempt to determine odours emission, including ammonia, from poultry production. 
The authors observed considerable differentiation in gas emission in broiler production, 
depending on used system of birds’ maintenance. Lower ammonia emission was noted in 
case of cage maintenance system compared to shallow litter. The values of temperature and 
relative humidity inside the buildings were also dependent on maintenance system. 

Tasistro et al. (2006) analysed the influence of an additive aimed to terminate nitrification 
process on the reduction of ammonia emission from broiler litter. They used an addition 
of clay soil to the litter and obtained ammonia emission reduction of about 3 % at the 
beginning of the experiment and about 21 % after 48 hours. Atapattu et al. (2008) examined 
ammonia emission from three various kinds of broiler litters. They used tea wastes, sawdust 
and rice peeling wastes as litter. Ammonia emission was on the lowest level in case of tea 
wastes, while the highest one was noted for sawdust. The value of pH was not differentiated 
depending on litter kind, while humidity level was slightly differentiated. A study conducted 
by Witkowska et al. (2006) revealed that ammonia level was two-fold reduced using 
commercial disinfectant compared to the control, untreated group. In turn, an application of 
open biofilter in the laying house resulted in stabilization of moisture, reaction, temperature 
in air, and also reduced ammonia content on a level from 36 to 89 % (Tymczyna et al. 2004).

In the view of literature data, the results obtained in the present study may be considered 
as satisfactory. Taking into account the amount of ammonia emission reduction, these results 
may be a premise for further studies in the range of nanosilver application in the sanitization 
of animal buildings. 
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