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A condition of obtaining compost with proper sanitary parameters is 
achieving the organic recycling process temperature which exceeds 
70ºC. The objective of the paper was to determine the temperature 
course in the compost tank for organic recycling of dead poultry in 
relation to the applied structure forming material. Wheat, oat, barley, 
rapeseed and corn straw were used as a structure-forming material.  
A measuring system was equipped with a probe with a temperature 
sensor with precision of ±0.15ºC, transducer and data recorder. 
Results were prepared with the use of the analysis of variance at the 
level of significance of α=0.05. Statistically significant differences of 
the temperature value in the thermophille phase of the composting 
process between combinations of the experiment were indicated. In all 
investigated combinations of the experiment, achievement (or 
exceeding) the temperature value of 70ºC of the compost mass was 
reported. 
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Introduction 
Poultry producers have to be aware of loses in poultry as a result of their death. The 

index of poultry deaths which includes weight of dead poultry and livestock of a farm 
according to various authors  (Elson, 2015, Nicol et al., 2013, Rodenburg et al., 2013) is 
within 0.1 to 0.25% per a day and depends mainly on the assumed breeding system, poultry 
species (variety), designation and general welfare. It should be emphasised that in case of 
avian influenza, this index may assume higher values (Skorupski, 2011). Even in case of 
a very low index of death (approx. 0.1%) poultry farms with numerous livestock face 
a problem of rational management of dead poultry (Brand-Klibanski et al., 2014). The most 
comfortable and the safest method on account of sanitary conditions is utilization of dead 
poultry in the form of combustion or as a feed for carnivorous animals. In case of the first 
method of utilization, a side effect is a fetor of fired carrion and the problem of ash 
utilization which is of a low fertilization value. The second one requires poultry with proper 
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weight (amount of soft tissue) and without decay processes. However, chicks constitute  
a considerable interest of deaths and limiting decay processes requires the use of  
a refrigerator which is related to financial inputs and later transport of waste (Smoroń, 
2008, Spychaj-Fabisiak, 2007). An alternative method of utilization of the dead poultry is 
its limited recycling (Kopeć et al., 2014). The process of processing of poultry industry 
waste requires appropriate installation infrastructure, energy expenditures and plant raw 
materials resources (Romaniuk et al., 2009, Sapek, 2007, Staroń et al., 2010). Limited 
recycle for its correct course requires, firstly, relevant moisture (40-50%) fragmented 
composted mass, compaction below 500 kg.m-3, relevant relation of carbon to nitrogen 
(C:N as 25:1) and the presence of oxygen (above 5%, 13-21% is recommended). An 
optimal system of these values influences activity of microorganisms in the compost mass, 
mainly mezophilic, thermophilic bacteria, actinomycetes and fungi. Development of 
thermophilic bacteria colonies causes the increase of the temperature of compost mass 
which results in, inter alia, in deactivation of pathogens. According to Golueke (1992) the 
composting process usually includes four basic stages: a low-temperature (mezophile) stage 
which includes ahydrolysis process and oxidization of organic substance; a high-
temperature (thermophile) stage where organic substance decays fast, a period of 
temperature drop, when the composted mass volume is decreased and the stage of cooling 
the compost (psychrophile phase) and formation of stable humus related thereto. The 
activity of microorganisms causes the increase of temperature of the compost prism to 
approx. 60ºC (Pilarski et al., 2009) and according to some authors (Dach, 2010) even to  
74-77ºC.  Such thermal conditions lead to natural sterilization (deactivation of pathogens) 
of the composted mass. The Polish law (Act ...2007, Resolution ...2008) provides that 
organic fertilizers and substances which support plant cultivation meet the sanitary and 
hygienic criteria. Living bowel parasites (Ascaris sp., Trichuris sp., Toxocara sp.) and 
Salmonellabacteria cannot occur in composts and ferments. The European Union law 
(Resolution...2009, Rynkiewicz, 2005) requires that temperature in the composting process 
(in the thermophile phase) should achieve the value of 70ºC which guarantees appropriate 
hygienization of organic substance and enables management of the compost for fertilization 
purposes.  

The objective of the paper was to determine the temperature course (in the aspect of 
hygienization) in the compost tank for organic recycle of dead poultry in relation to the use 
of structure forming material.  

Research method 
The research was carried out in Spring 2015 in an enterprise dealing with animal and 

plant production. Material for the experiment came from a poultry farm which breeds 
chickens (Gallus gallus domesticus) bred for meat and eggs (general utility species mainly 
Messa, and Playmouth rock). The farm had production buildings, administrative and social 
premises and storages: of fodder, litter, equipment and eggs. The production premises 
included: nursery, growing house and henhouses. Production premises met requirements set 
forth for this facility with regard to their insulating properties, ventilation, insulation from 
the ground and their equipment and surface are adjusted to the type and intensity of 
production. Poultry production was carried out in the floor and litter system and the 
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livestock was 3500 chickens. Compost boxes with dimensions of 1.4/1.0/1.0 m equipped 
with a perforated bottom were used in the experiment. Compost boxes dimensions were 
justified with the need of manual shifting of the mass and perforation of the bottom enables 
aeration of the mixture. Both the process of aeration and mixing of the compost mass were 
carried out according to the methodology predicted for organic recycle (Bień et al., 2011, 
Dach, 2008, Gałwa-Widera, 2014, Sołowiej et al., 2010, Wieland, 2008,). The temperature 
inside the material was determined with the measurement step of 60 minutes. A certified 
measuring system (Dekra, ISO 9001:2008) was equipped with the probe (AC1904), sensor 
(P100 class A scope: -70+110ºC) with the precision ±0.15ºC, transducer (ThermoFlex5) 
and data recorder (MPI-8, 4-20 mA). In the composting process, as a structure forming 
material five types of dried straw were used: wheat, oat, barley, rapeseed and maize 
(respectively combinations no: 1, 2, 3, 4 and 5). Selection of the straw type depends on the 
straw availability on the farm. The batch to the compost box included; litter (straw with 
droppings), straw and dead poultry in the volumetric proportions 2:1:1. Such proportion 
(Kopeć et al., 2014) ensures appropriate relation of carbon to nitrogen (C:N as 25:1). The 
composting process was carried out for 45 days to the moment stable compost was 
obtained. Two first stages of the composting process were included for realization of the 
assumed objective (mezo- and thermophile phase). Such choice is justified with the fact 
that hydrolysis and oxidization processes of organic substance take place in the low-
temperature phase with participation of mezophile bacteria. These changes are 
accompanied by the increase of the compost mass temperature to approx. 40-45ºC and then 
the process changes into a high-temperatures phase where with participation of thermophile 
bacteria decomposition of fats, proteins, cellulose, hemicellulose and other complex 
hydrocarbons takes place. The thermophile phase is accompanied by the increase of the 
temperature to approx. 60-70ºC. For the needs of unification of the experiment,  
temperature was measured to the moment the temperature in compost boxes in the final 
stage of thermophile phase obtained the value below of 50ºC and did not raise in the 
subsequent 3 days by more than 5ºC. The obtained results were analysed at the level of 
significance of α=0.05 with the use of STATISTICA 12. The analysis of variance preceded 
by the research on the regularity of the distribution in samples (Kolmogorov-Smirnov test) 
and the uniformity of variance (Levene's test) was carried out. Differences between the 
statistically significant averages were investigated with Tukey's test of multiple 
comparisons. Groups of homogeneous variables were determined. Graphical presentations 
of the temperature course in the investigated compost process were formed based on the 
average values from daily measurements but values exceeding 40ºC for the mezophile 
phase and 50ºC for thermophile phase were included. Such included temperature scope 
allowed estimation of the beginning and end of the thermophile phase.   

Research results and discussion 
Results of Kolmogorv-Smirnov’s and Levene's tests allowed a parametric analysis of 

variance of the investigated variables and determination of the value of F Snedector's 
statistics. Statistically significant differences were reported in relation to the applied 
structure-forming material as to the value of the measured temperature in the thermophile 
phase of the composting process (Table 1). The obtained results indicate that in all 
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combinations of the experiment the compost obtained temperature above 70ºC. However, 
dynamics of achieving the maximum temperature (exceeding 70ºC) by particular 
combinations was different. The highest temperature (74.1ºC), and achieved in the shortest 
time was reported in case of maize straw (Fig. 1). Such result of experiment was compliant 
with the research presented by Dach (2010) where he determined the course of the 
composting process of sludge (with participation of maize straw) and the size and dynamics 
of ammonia emission. In the literature (Kopeć et al., 2014) we may also find information 
according to which in the process of composting of slaughter waste (mainly fat, ceratin, 
feather and droppings) at the participation of maize straw, the temperature of the process 
exceeded the value of 60ºC. In case of the use of rapeseed straw the maximum temperature 
which was reported was 70.4ºC. Combinations, where structure-forming material was used 
in the form of wheat straw had similar values of maximum temperatures where the values 
were around 72ºC (combinations which include barley straw achieved the maximum value 
the latest). In the sanitation process it is significant that the composted mass temperature is 
70ºC and this value is maintained by the determined time. Graphical analysis (Fig. 1) 
indicates that in combinations including maize and wheat straw the temperature of 70°C 
was maintained by approx. 3 days. On account of the specificity and expected lack of 
equipotency in tests in the final stage of experiment the Spjotvoll and Stoline's procedure 
was used as a test for multiple comparisons (generalization of HSD Tukey's test). Three 
homogeneous groups were obtained (Table 2). 

Table 1. 
Results of one-way analysis of variance - impact of used structure-forming material on the 
course of temperature of the composting process 

Independent 
variable 

Sum of 
squares 

 

Degrees of 
freedom 

 

Average 
square 

 

Value of 
F Snedecor's   

test 
 

 of test 
probability 

 

Absolute term 
 

1598687 1 1598687 16055.89 0.0000 
Structure-forming material 

 

1375 4 344 3.45 0.0085 
Error 

 

50681 509 100   

Table 2. 
Results of Spjotvoll's and Stolinea's test (homogeneous groups system) -impact of used 
structure-forming material on the course of temperature of the composting process 

Group no. Structure-forming material Temperature (ºC) 
1 maize straw 59.1 
2 wheat straw, oat straw, barley straw 55.4-56.1 
3 rapeseed straw 54.2 
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Figure 1. Change of temperature during the composting process (dotted line marks 
reference to the value 70ºC) 

Conclusions 
1. The applied combinations of the structure forming material significantly influence the 

course of the composting process temperature. 
2. All investigated combinations of the experiment achieved (or exceeded) the temperature 

value of 70ºC in the composting mass. 
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DYNAMIKA ZMIAN TEMPERATURY FAZY TERMOFILNEJ  
PROCESU KOMPOSTOWANIA W ASPEKCIE STANU 
SANITARNEGO UZYSKANEGO MATERIAŁU 
Streszczenie. Warunkiem uzyskania kompostu o odpowiednich parametrach sanitarnych jest 
osiągnięcie w trakcie procesu recyklingu organicznego temperatury przekraczającej 70°C. Celem 
pracy było określenie przebiegu temperatury w skrzyni kompostowej przeznaczonej do organicznego 
recyklingu padłego drobiu w zależności od zastosowanego materiału strukturotwórczego. Jako 
materiał strukturotwórczy zastosowano słomę pszeniczną, jęczmienną, owsianą, rzepakową  
i kukurydzianą. W badaniach korzystano z układu pomiarowego wyposażonego w sondę z czujnikiem 
temperatury o dokładności ±0,15ºC, przetwornik i rejestrator danych. Wyniki opracowano  
z wykorzystaniem analizy wariancji na poziomie istotności α=0,05. Wykazano statystycznie istotne 
różnice wartości temperatury w fazie termofilnej procesu kompostowania między kombinacjami 
doświadczenia. We wszystkich badanych kombinacjach doświadczenia stwierdzono osiągnięcie (lub 
przekroczenie) wartości temperatury 70ºC masy kompostowej. 

Słowa kluczowe: kompostowanie, drób, temperatura, higienizacja 
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