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Abstract: The aim of this paper is to assess the economic viability of two different bedding materials
used in broiler chicken farming processes. The materials considered are wood shavings and slice-
dedusted straw. The slice-dedusted straw is considered an alternative type of bedding material pro-
duced by a company from Slovenia. While the technological and economic assessment of this type
of bedding material has already been researched in the case of horse breeding, it is something new
in the case of broiler chicken farming. Data collection is structured from two trials. Trial one (T1) is
also known as daily observations, and trial two (T2) involves obtaining input data at the end of the
fattening period. During T1, daily observations are focused on collecting data from technical char-
acteristics, and in T2, the percentage of death proportions and average increments are observed,
calculated, and considered as economic input data. The cost calculation model is used for the calcu-
lation of several different technical-economic indicators, which denote the influence of different
bedding materials no economic production viability. Favorable economic results were found for
slice-dedusted straw, which shows that this kind of alternative bedding material could be the better
option.

Keywords: bedding materials; feasibility analysis; broiler chicken; cost calculation model

1. Introduction

Bedding material has ethological and technological functions within all farming
breeding processes, regardless of the type of production. Choosing the best bedding ma-
terial can lead to a decision-making problem based on both an economic and technological
assessment of the material. Many studies have been completed by the veterinary sector,
while agricultural and economic aspects remain unexplored. The rapid growth rate in
broiler production and the gradual ban of the cage system for layers will mean more litter
materials for the poultry industry. Several factors, including unavailability, increased
cost, and possible health and safety risks of conventional materials have been the major
forces driving research into new bedding materials for commercial poultry [1]. Wood
shavings and sawdust are becoming scarce and expensive [2]. In recent decades, we have
seen increased research in alternative bedding materials for poultry. Several alternatives
to wood by-products have been used with varying outcomes on bird welfare and perfor-
mance. In view of the differences in the availability of substrates used for bedding mate-
rials among regions, reviews summarizing the characteristics of alternative materials,
their effectiveness, and major issues would benefit the poultry industry [3]. Several alter-
native materials have been studied. Rice hulls have been identified as an appropriate litter
alternative and are rapidly gaining space in the broiler litter market [3]. Soft wheat straw
and rice straw can be used successfully as poultry litter without apparent adverse effects
on bird performance or litter quality [4]. Sand has been considered a suitable litter mate-
rial, resulting in increased body weight and lower coliform and aerobic plate counts [5].
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Chopped corn cobs [6], shredded and processed newspaper [7], pelleted newspaper [8],
coconut husk [9], coir dust [10], and refused tea [11] have all been tested and produced
results similar to wood or pine shavings. All analyzed bedding materials have similar
limitations related to geographic limitation of the origin of raw materials, complex pro-
duction processes, or economically unjustified usage.

Soft- and hardwood shavings have become increasingly expensive and difficult to
obtain as the broiler industry is expanding worldwide, and they are unavailable in some
production areas, encouraging researchers to evaluate other litter sources. The purpose of
this study is set out in the statement written by authors [3], where they explain that iden-
tifying suitable and affordable alternative litter sources is of particular importance in de-
veloping countries, as broiler production makes a significant contribution to the liveli-
hoods of small-scale farmers. The objective of the study was to assess the economic via-
bility of sliced and dedusted straw as one of the alternative bedding materials in broiler
farming. It is a relatively new material developed by a Slovenian company and is com-
monly used as bedding material for horses by several big stables in Europe. A more de-
tailed description of this material is set out in the subsection under Material and Methods.
The feasibility analysis of this new industry product used in horse breeding has already
been discussed in one published paper [12]. The results indicate relevant positive eco-
nomic reasons of slice-dedusted straw as bedding material for horses. Part of the research
[12], which was described as a new and provocative methodology for assessing the dura-
bility of bedding material in horse breeding (based on breeders’ visual assessments), is
also the same approach used in this study for assessing the quality of bedding material in
the production the broiler chickens, based on relevant assessment criteria. The efficiency
of a particular bedding substrate is influenced by factors such as particle size, moisture
content and build-up, rate of caking, and other physical characteristics [13]. This assess-
ment approach can be very useful in everyday real-life situations when farmers do not
use quantitative measurement units.

According to these statements, the relevant research question for this paper pertains
to whether this bedding material could be useful in broiler housing and management be-
cause the costs of bedding materials present the second-highest cost percentage in the
structure of total costs (the first one being feeding costs). We decided to use the same
economic methodology (cost calculation model) as in [12], as it is recognized as suitable
for the wider applicability of economic analyses. During the literature review [1,14-16],
we identified that a common trait of all the alternative options is that their production
processes are too expensive and influence the high final price. An understanding of the
costs of bedding materials can lead to a reduction in total farm costs.

This paper is structured through several sections, which range from describing the
materials and methods to a discussion section, where the authors present important re-
sults, which can lead to further research ideas. These results are based on a survey of data
collected from a scientific project, which was supported by the Slovenian Agency for Ag-
ricultural Markets and Rural Development.

2. Materials and Methods

The experiment was carried out between November 2019 and October 2021. It was
part of a research project entitled “Technological and economic analysis of slice-dedusted straw
as bedding material use in different animal production processes”, financed by the Agency for
Agricultural Markets and Rural Development in Slovenia. Two farms were taken into con-
sideration. For a clearer interpretation and to avoid any ambiguity, we named them Farm
1 and Farm 2. The GPS coordinates of Farm 1 are 46°37'57.3" N 15°27'04.2" E and for Farm
2 are 46°17'20.5" N 15°25'26.0" E. The production capacity of Farm 1 is between 100 and
130 broiler chickens, and on Farm 2, the total capacity is between 10,800 and 11,000 broiler
chickens during one production/fattening period. To calculate the economic results, it was
crucial to take into account different costs (variable costs —such as material costs, costs of
purchasing animals, feeding costs, and manual labor costs. The part of fixed costs due to
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regulating microclimatic conditions was incorporated into material costs), which can in-
fluence the calculation and depend on the level of production (extensive or intensive). We
stated the same cost structure for both variants and took into account the factors that could
be easily measured by breeders/farmers, which were crucial for creating the cost calcula-
tion model.

2.1. Bedding Materials

Two different types of bedding materials were tested. Their characteristics are pre-
sented in Table 1. Furthermore, throughout the paper, we use the symbol “I” for wood
shavings and “II” for slice-dedusted straw.

Table 1. Characteristics of tested bedding materials.

The Length of Symbol of Bedding Price (p)

Type of Bedding Material Short Description Pieces (cm) Material Use in Article (EUR/kg)
Wood shavings Transported from a local sawmill ~ Not relevant I 0.09
Slice-dedusted straw Slice-dedusted straw in 25 packages 2.5 11 0.25

The production process for slice-dedusted straw allows for different lengths of frag-
ments. We selected the most common or “standard” length. This type of length does not
need additional processing and it is the optimal choice from an economic point of view.
All other types, where the lengths of fragments were shorter, were more expensive than
EUR 0.25/kg. The input data for slice-dedusted straw were collected by the producing
company. The price of bedding material Il was calculated from retail prices on the market,
while for the bedding material I, the price was calculated as a product between variable
costs (taken from [17]) and transportation costs (EUR 1 per km; approximately 10 km dis-
tance [18] to the farm). This was the average calculation of transportation costs, which
depended on actual fuel prices, type of transportation, and manual labor costs. These costs
may vary between countries.

2.2. Broiler Chickens

Broiler chickens of the ROSS 308 provenance were included in the litter testing. The
estimated density of inhabited animals did not exceed the norms on minimum conditions
for farm animals [19-22]. The animals were bred using technology on deep bedding. Feed
and water were available ad libitum. All the animals in the experiment had a complete
feed mixture prepared according to the recommendations for the selected Ross 308 prov-
enance [23]. Microclimatic conditions were monitored daily according to recommenda-
tions for animal provenance [23,24] (a thermoneutral zone was also provided by [25]). We
used a variable program of illumination in hours, ratios of light-L, and darkness-D (23L:
1D, 20L: 4D, 23L: 1D) in accordance with existing legislation [19,20,22]. The weighing of
10% of animals took place at the end of the experiment. During the experiment, we as-
sessed the birth growth, and the final results are presented in Table 2.

Table 2. Growth characteristics of broiler chickens.

. . Production Type .
Bedding Material Parameter Intensive (Farm 2) Exte};iive (Farm 1) Sig.
Age (day) 41.00 £ 0.83 43.39 +2.42 0.000
Wood shavings (I) Live weight (g) 2573.50 +215.19 2997.44 +222.01 0.000
Carcass weight (slaughtered) (g) 2073.63 + 140.21 2431.11+202.89 0.000
Age (day) 39.33 +2.40 44.72 +0.70 0.000
Slice-dedusted straw (II) Live weight (g) 2413.33 £ 226.13 3073.43 £239.30 0.000

Carcass weight (slaughtered) (g) 1989.67 + 142.57  2513.25+239.80  0.000
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2.3. Experimental Characteristics

The experiment was structured from two trials, which are separately described in this
subsection. The thermo-neutral zone followed the age of the animals so that the temperature
at the housing was 30 °C (day 1) and gradually decreased to 21 °C on the 27th day of rearing
and remained until the end of the experiment. The relative moisture was 60%.

In total, 11 repetitions of the experiment were performed (6 on Farm 1 and 5 on Farm
2). Three repetitions of the experiment with bedding material I and three repetitions of the
experiment with bedding material II were performed on Farm 1. On Farm 2, bedding ma-
terial I was used three times, and bedding material II was used two times. Considering
the same breeding technology and environmental conditions, we tried to provide the
same conditions on both farms. Table 3 presents the experimental overall setup data of
the investigation. The significant differences between observed animals on Farm 1 and
Farm 2 were in the type of intensive production. One of the unique research questions we
wanted to address in this research was the difference between the use of tested bedding
materials between extensive (Farm 1) and intensive (Farm 2) production types of broiler
chickens. Consequently, the number of animals differed between them.

Table 3. Course and experimental setup of the investigation (between November 2019-October

2021).
Trial
. Average Daily . . .
No. of Repetitions . No. of Observed Units Total No. of Observation in Period
Observations
1 FARMI1 6 44 6 1584
FARM 2 5 40 6 1200
No. of Observed
Broilers
2 FARM1 6 28 4 672
FARM 2 5 2750 4 55,000
Trial 1: The aim of the first trial was to collect data about technical and cleaning char-
acteristics. These data are described in detail in Table 4. It included collecting data such as
the capacity of manual work (measured in time —minutes) connected to preparing bed-
ding material at the start of the experiment, carrying out the mixed bedding material, and
preparing/adding the clean bedding material during the experiment. In all repetitions, we
started the experiment with the same amount (weight) of new bedding material, which
was put into the stall; approximately 5-7 cm of bedding material (Figure 1). Accordingly,
we obtained the exact capacity of bedding material, which was used at the start of the
experiment (in kg).
Table 4. Observed units through trial 1 and trial 2.
. Number of Symbol .
Observed Unit Trials ofyUnits Unit
Quantity of bedding material used at the beginning of the experiment 1 Q1 Kilograms (kg)
Quantity of new bedding material added during the experiment 1 Q2 Kilograms (kg)
Time spent in preparing the stall for the experiment 1 T1 Minutes (min)
Time spent in mixing the bedding material 1 T2 Minutes (min)
Time spent in adding bedding material 1 T3 Minutes (min)
Amount of feed consumed throughout the experiment 1 F1 Kilograms (kg)
The number of broiler chickens at the start of the experiment 2 Al No. of animals
The number of broiler chickens at the end of the experiment 2 A2 No. of animals
The average live weight of the broilers at the end of the experiment * 2 W1 Kilograms (kg)
The average weight of the slaughtered broilers at the end of the experiment * 2 W2 Kilograms (kg)

* Data were collected from approximately one-quarter of the population.
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Figure 1. The set of wood shavings at the start of the experiment (photo: own source).

Daily observations also included the assessment of bedding materials, which was in
the domain of the breeder. During the experiment, researchers developed the assessment
protocol (Table 5) and their standards (criteria), which were taken into consideration by
the breeders. The protocol assessment tool was a new approach based on choosing the
criteria from several literature reviews [26-28]. The protocol provided four quality classes
of bedding material dependent on its contamination level. Class 0 was identified at the
start of the experiment when the bedding material was uncontaminated (usually started
on day 1). Then, classes 1-3 followed, which were dependent on the notes (column 2 in
Table 5) about the contamination of the bedding material. When breeders assessed the
quality of the bedding material with number 3, a new quantity of bedding material was
added, and the assessment of the quality class fell to number 2. This assessment protocol
was used in all the repetitions and repeated until the end of the experiment.

Table 5. Example of assessment of bedding material.

Number of
Class/Asses Notes Status
0 At the start of the experiment (usually stated as day 1) —new bedding material No activity is needed
(a) The mixture process of bedding material can be easily performed
1 (b) The surface of bedding materials is soft Daily mixture process
(c) No smell of contamination in the bedding material
(a) The mixture process of bedding material cannot be easily done
2 (b) The surface of bedding materials is soft Daily mixture process
(c) No smell of contamination in the bedding material
(a) The m1?<ture process of bec'idmg mat.erlél cannot be easily performed Add new bedding
3 (b) The epidermis of the bedding material is compacted material
(c) Detection of the smell of contamination of the bedding material

Trial 2: The aim of the second trial was to collect data about the average live weight
of the broilers at the end of the experiment and the average body weight of the slaughtered
broilers at the end of the experiment. The last one was obtained by the breeders on Farm
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1 and from the slaughterhouse in the case of Farm 2. The number of observed animals
represented approximately one-quarter of the whole population, and the average amount
was calculated for every repetition. Very important input data for additional economic
analyses were also provided by the death rate (which was the difference between the
number of broiler chickens at the start of the experiment and at the end of it). This will be
further discussed in the Results and Discussion section.

2.4. The Structure of the Cost Calculation Model

The economic analysis approach was based on the cost calculation model, which had
already been used in a similar study on horses [4] and several other studies [29,30]. The
aim of the feasibility analysis was to calculate the economic parameters for identifying
which type of bedding material was best from an economic perspective. The calculation
was structured from the total income (TI) and total costs (TC). The calculation of T1I is
presented by Equation (1) and TC with Equation (2). When TI and TC were calculated, we
could then calculate the economic parameters such as financial results (FR) —Equation (3)
and economic coefficient (EC) —Equation (4).

TI = A2 * W2 + MC 1)

TC =BC+ ML+ AC+FC (2)

where MC is meat price (EUR/kg); BC is bedding material costs (EUR) calculated as
”(Ql + SUM (QZ)) * p” (p is the price of bedding material; ML is manual labor costs (EUR)
calculated as “(T1 + T2 + T3) * hp” (hp is the price per hour [31]); AC is animal costs (EUR)
calculated as “A1 = ac” (ac is the price of one broiler chicken), and; FC is the feed costs
consumed through the experiment (EUR) calculated as “F1 * fc” (fc is feed costs). For an
explanation of the symbols, see also Table 1.

Finally, two economic parameters were calculated for estimating the economic anal-
ysis:

FR=TI-TC 3)
FR

EC = — 4

C TC 4)

The main difference between Farms 1 and 2 was in the stated selling price of meat
because Farm 1 presents extensive production and Farm 2 presents intensive production.
On Farm 1, all producing capacity was sold locally or through direct food chains, while
for Farm 2, the marketing process was more dispersed across multiple marketing channels
(local markets, medium and long food chains, direct transport sales, etc.). Accordingly, on
Farm 1, the selling price was EUR 3.8/kg meat, while on Farm 2 it was EUR 2/kg meat. It
was assumed that, with the lower selling price on Farm 2, some additional costs, which
were necessary for successful processing and marketing, were included (e.g., transporta-
tion costs; processing costs such as slaughtering costs, packaging costs, and reproduction
material costs; promotion costs and others, which have a potential impact on reducing
selling costs). Type and costs values were taken from farm cost notes. The calculated sell-
ing price from Farm 2 was comparable to other purchase prices in the poultry industry in
Slovenia.

3. Results and Discussion

In this section, the final economic calculation results are presented. Table 6 contains
the results from Farm 1 and Table 7 contains the results from Farm 2. Economic parame-
ters (such as FR—financial results and EC—economic coefficient) show important data in
terms of higher economic justification for the use of slice-dedusted straw (II) in the breed-
ing of broilers. Financial results express the economic viability of production in a dollar
value (EUR currency). In the case of Farm 1, it was between EUR 521.81 and EUR 936.27,
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while in the case of Farm 2, it varied between EUR 15,394.36 and 27,106.42. The economic
coefficient expresses the economic justification of production in number values. If the
number is below 1, it means that production costs are higher compared to total income
(i.e., the farmer has losses). If the number is under 1, it means that production costs are
lower compared to total income (i.e., the farmer has a profit). If the EC is 1, it means that
production costs are equivalent to the total income (farmers are on “zero”). In the case of
Farm 1, the higher value of EC (2.61) was calculated in repetition 5, when sliced-dedusted
straw was used. The same sample was recognized in the case of Farm 2 —repetition 3,
where the EC for the sliced and dedusted straw was 1.62. This value of EC was the higher
value for all the repetitions on Farm 2.
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Table 6. Calculated economic results for Farm 1.
Farm 1
1. Repetition 2. Repetition 3. Repetition 4. Repetition 5. Repetition 6. Repetition
Bedding material I I II I II I
Cost calculation structure
1. Material costs % Y% Y% % % %
Bedding material 10.35 2.92 8.64 1.93 12.00 2.77 9.38 2.48 8.63 2.45 3.78 0.97
2. Costs of purchasing animals 67.00 18.87 93.80 20.92 93.80 21.64 80.40 21.24 87.10 24.74 93.80 24.16
4. Feeding costs 167.95 47.30 242.20 54.01 243.96 56.29 209.64 55.38 176.53 50.14 214.55 55.26
5. Manual labor 109.76 30.91 103.79 23.14 83.63 19.30 79.12 20.90 79.83 22.67 76.16 19.61
Total costs (TC) 355.06 100.00 448.42 100.00 433.39 100.00 378.53 100.00 352.09 100.00 388.29 100.00
Economic parameters
Total income (TT) 876.87 1292.13 1281.63 1109.342 1271.936 1324.566
Financial results (FR) 521.81 843.71 848.24 730.81 919.84 936.27
Economic coefficient (EC) 1.47 1.88 1.96 1.93 2.61 241
Death rate -5.00 -2.14 -1.43 -1.67 -1.54 -3.57
Table 7. Calculated economic results for Farm 2.
Farm 2
1. Repetition 2. Repetition 3. Repetition 4. Repetition 5. Repetition
Bedding material I I II I I
Cost calculation structure
1. Material costs % % % % %
Bedding material 206.24 1.17 198.18 1.11 520.00 3.12 520.00 3.05 198.00 1.15
2. Costs of purchasing animals 4280.00 24.36 4480.00 25.20 4352.00 26.08 4480 26.31 4480 25.93
4. Feeding costs 12,992.00 73.95 13,015.20 73.21 11,727.60 70.29 11948 70.17 12,516.4 72.45
5. Manual labor 89.60 0.51 84.37 047 85.12 0.51 79.89 0.47 82.43 0.48
Total costs (TC) 17,567.84 100.00 17,777.75 100.00 16,684.72 100.00 17,027.89 100.00 17,230.69 100.00
Economic parameters
Total income (TT) 36,939.24 33,172.12 43,791.14 43,522.82 42,811.69
Financial results (FR) 19,371.40 15,394.36 27,106.42 26,494.93 25534
Economic coefficient (EC) 1.10 0.87 1.62 1.56 1.48
Death rate -18.04 -30.08 -3.06 -3.96 -4.29
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Although the feeding costs and material costs in most of the analyzed cases are on
the side of bedding material I, the costs of manual labor and the proportion of deaths are
on the side of bedding material II. If we check the values of the economic coefficient, we
find that it’s higher in the case of bedding material II. Moreover, an interesting finding is
that the volume of production has an impact on the economic results. Higher economic
parameters were calculated in the case of a higher animal population. The calculated feed-
ing costs are lower in the intensive production type and the calculated manual labor costs
are lower in the case of the extensive production type, both apply in the case of using the
sliced-dedusted straw. Other production data investigated that are part of the cost struc-
ture are stated in Tables 6 and 7 (first column). The proportion of animal deaths is similar,
deviating in a negative direction (in practice, this means a positive economic result) when
using bedding material II. The key items show that the use of bedding material II is eco-
nomically more justified compared to wood shavings.

Table 8 presents the calculated proportions between different types of costs.

Table 8. Calculated proportions between different types of costs on Farms 1 and 2.

Farm 1 Farm 2

Type of the Costs

Average Value Average Value

Proportion (%) Proportion (%)

(Express in %)

(Express in %)

Costs of bedding material

I 1.94 1.15

II 2.57 32.33 3.09 169.23
Feeding costs

I 52.19 73.27

II 53.93 3.35 70.23 -4.33
Manual labor

I 24.55 0.40

II 20.95 -17.18 0.49 2291

Death rate
I -3.57 -17.47
II -1.54 -131 -3.51 398

The calculated proportion results presented in Table 8 depended on the positive or
negative proportion between bedding materials I and II. It can be seen that the costs of
bedding material II are higher on both farms (32.33% on Farm 1 and 169.23% on Farm 2).
The same calculations were performed for feeding costs, manual labor, and the death rate.
If we compare the calculated average values of the economic coefficient, we can see that
on Farm 1, it is higher for 13% and in the case of Farm 2, for 38.16% (the positive propor-
tion goes to bedding material II). According to the calculated proportions between the cost
structure (Tables 6 and 7), we can see that total income is a crucially important factor in
the calculation of the differences between economic coefficients of bedding materials. Fur-
thermore, the crucial component in the calculation of total income is the death rate, which
is higher in the case of bedding material I (Table 8). These differences are not so relevant
in the case of Farm 1, where the death rate for bedding material Iis =3.57%, and in the case
of bedding material II, is -1.54%. However, it is enough that the calculated economic co-
efficient results are higher in the case of bedding material II compared to L.

An interesting finding from the obtained results is the expression of the higher posi-
tive economic results in the case of intensive farming processes. The maneuvering space
for improving economic results can be recognized in achieving the higher selling price in
the case of Farm 2. By changing the selling price in the cost calculation model, we can
create numerous simulations. Some of them express that if farmers can improve the selling
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price to EUR 2.5/kg, then the economic coefficient will be higher by approximately 0.5
points. Moreover, it will be higher by approximately 1 point in the case of the selling price
being EUR 3/kg.

4. Conclusions

The results of this survey presented the economic findings, while the technological
investigation is still in progress. A future avenue should include the quality of meat in
economic assessments. According to these preliminary results of the research project, we
can derive some soft but well-stated conclusions connected to economic results. The re-
sults demonstrated that using slice-dedusted straw as one of the options of alternative
bedding material could have some positive economic influences on extensive and inten-
sive production types of broiler chickens, depending on breeders’ assessment techniques
(the subjective factor of the breeder is included). The positive options for improving the
economic results of the farms also exist in exploiting the lower death rate of animals in the
case of slice-dedusted straw, while it depends on various aspects, such as housing, man-
agement, and chicken strain.

According to the statements from the last paragraph in the Results and Discussion
section, a further challenge for investigation also exists in introducing a new methodolog-
ical approach, such as an econometric modeling approach, with the aim of calculating
elasticities values. With these kinds of calculations, researchers can investigate the move-
ments of profit related to the change in cost values. The same methodological approach
was already used by [32].
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