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ABSTRACT 
Background: Global poultry production generates large volumes of organic waste, and safe 

management of these residues is crucial, particularly during disease outbreaks. Composting 

emerges as a circular-economy technology for litter valorization, with temperature being a key 

factor for pathogen inactivation. Aim. To estimate the effectiveness of farm-scale composting for 

inactivating selected avian pathogens by comparing thermotolerance values reported in the 

literature with the temperature kinetics observed in large compost piles. Materials and 

Methods: Temperature was monitored in two compost piles (32–300 m³ each) of rice-hull duck 

litter during the first 240 hours. Temperature measurements were taken at the base, intermediate 

level, and top of each pile. Inactivation was inferred for nine pathogens (viruses, bacteria, 

parasites) by contrasting the measured thermal kinetics with reported thermotolerance thresholds. 

Data analysis included descriptive statistics and Factorial Analysis of Mixed Data (FAMD). 

Results: Mean temperature at the intermediate level was significantly higher (60–68 °C) than at 

the base and top (38–47 °C). Mean pile temperature exceeded 50 °C continuously for the first 144 

hours. FAMD revealed a spatial thermal gradient, associating the intermediate position with the 

highest and most stable temperatures.  Conclusions: The temperature kinetics observed in large 

compost piles permit inference of consistent inactivation of avian pathogens. The results 

highlight spatial heterogeneity in temperature and suggest optimal timing for turning operations, 

thereby improving process efficiency and biosecurity. Keywords: inactivation; sanitation; 

pathogens; valorization; litter. (Source: AGROVOC) 
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INTRODUCTION 

Poultry production, owing to its sustained growth, is among the most dynamic sectors of 

livestock farming. The proteins it supplies are of high biological value and affordable, face few 

cultural barriers to consumption, and consequently make a substantial contribution to global food 

security. However, intensification of production to meet the consumption demands of a growing 

human population may pose public-health and environmental challenges (Torres et al., 2023). 

In 2021, global production of fresh or frozen chicken exceeded 31.5 billion metric tons, and egg 

production was approximately 12.4 billion metric tons (FAOSTAT, 2023). Such production 

volumes entail the generation of large amounts of organic waste and the consequent need for 

appropriate management. Organic solid waste represents a negative externality that should be 

internalized by the agroindustry, particularly in nations with intensive chicken-meat 

production.(Chiarelotto et al., 2021). 

Internalizing poultry litter through composting and its subsequent agricultural application can 

confer multiple benefits. Converting this waste into compost adds value and confers benefits for 

crop productivity and soil structure (Kacprzak et al., 2023). Composting plays a critical role in 

the management of organic waste during disease outbreaks (Costa & Akdeniz, 2019; Wang & 

Akdeniz, 2023).  

During epidemic infectious-disease outbreaks, composting is a safe and effective alternative, 

including for carcass disposal (Figueroa et al., 2021). However, pile size is a critical factor 

influencing temperature, the most important variable for pathogen inactivation during 

composting (Amuah et al., 2022; Sokač et al., 2022). Recent studies emphasize the need to 

validate the process’s efficacy under real farm conditions (Li et al., 2021; Ma et al., 2022). The 

present study aimed to estimate the effectiveness of farm-scale composting for inactivating 

selected avian pathogens by comparing thermotolerance values reported in the literature with the 

temperature kinetics observed in large-volume compost piles. 

MATERIALS AND METHODS 

Compost pile composition and study location 

The study was conducted on a commercial duck farm in November 2018. The piles consisted of 

rice-hull duck litter on which ducks had been reared from hatch to 90–100 days of age. 

Composting was carried out inside the poultry houses in two piles, each containing 32,300 m³ of 

litter. The resulting piles measured approximately 1.20 m in height, 3 m in base width, and 50 m 

in length (Figure 1). 
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Figure 1. Compost pile schematic and dimensions 

 

The piles were formed by progressively spraying the rice-hull litter with water using a hose while 

homogenizing and piling it with shovels. As a subjective criterion for adequate moisture, portions 

of litter were regularly hand-compressed until they remained compact without free water 

exuding, following commonly reported methodologies (Li et al., 2021). If water did exude, the 

wet material was mixed with dry litter until the desired consistency was achieved. Once formed, 

the piles were covered with polyethylene sheeting and left to rest (Figure 2). 

 
Figure 2. Compost pile 
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Temperature monitoring and data collection 

Beginning 24 hours after pile formation, temperature was measured at multiple points distributed 

across three vertical levels: base (n = 12), intermediate (n = 24), and top (n = 12). Measurements 

were taken at a depth of 30 cm using a stainless-steel needle thermometer with an accuracy of 

±0.5 °C. Readings were recorded every 24 hours for a total monitoring period of 240 hours (10 

days).  

Inference of microbial inactivation 

The temperature-based inactivation of nine pathogens was inferred, including viruses — avian 

influenza virus (AIV), Newcastle disease virus (NDV), infectious bursal disease virus (IBDV), 

egg-drop syndrome virus (EDS), and infectious laryngotracheitis virus (ILTV) — bacteria 

(Escherichia coli, Salmonella spp.) and parasites (Eimeria spp. and Cryptosporidium parvum). 

Thermotolerance levels as a function of time reported in the literature (primarily from the last 

five years) were compared with the actual temperature kinetics recorded in the large-volume litter 

piles. When multiple thermotolerance values were reported for the same microorganism, the 

highest value was used as a conservative cutoff for inferring inactivation. 

Statistical analysis 

Temperature data were processed using the R programming language (R Core Team, 2023). 

Initially, a descriptive statistical analysis (mean, standard deviation, range) was performed for 

each sampling position (base, intermediate, top) and for the pile-level average. Graphical 

visualizations were produced with the ggplot2 package (v. 3.3.3; Wickham, 2016). To compare 

mean temperatures among the three vertical positions, a one-way analysis of variance (ANOVA) 

was conducted, followed by Tukey’s post-hoc test (α = 0.05) to identify pairwise differences; 

analyses were implemented using R’s stats package. 

To identify underlying patterns in the thermal dynamics of composting, and accounting for the 

mixed structure of the data (continuous variables: temperature, time; categorical variables: pile 

position, pile identity), a Factor Analysis of Mixed Data (FAMD) was implemented using the 

FactoMineR and factoextra packages in RStudio (v. 4.5.0). The analysis preserved the mixed 

nature of the dataset by standardizing continuous variables and encoding categorical factors as 

indicator (dummy) variables. Emerging spatiotemporal patterns were interpreted by (1) factorial 

correlations (|r| > 0.6) between variables and latent dimensions, and (2) projection of observations 

onto factorial planes, taking into account each variable’s relative contribution to total inertia. 

Observations were clustered by applying the k-means algorithm to the factorial coordinates. 
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RESULTS AND DISCUSSION 

Temperature dynamics 

Mean temperatures at all pile levels (Figure 3) consistently exceeded 40 °C, with significantly 

higher values (p < 0.05, Tukey’s test) observed at the intermediate level. However, the lower end 

of the temperature range reached 30 °C in the coolest measurements, occurring mainly at the base 

and the top. The temperatures attained fell within the thermophilic range and were consistent with 

values reported in similar studies (Biswas et al., 2019; Torres et al., 2023). The observed 

heterogeneity matches the findings of Ma et al. (2022), who highlight the importance of 

management practices to homogenize pile conditions. 

 
Figure 31. Mean temperatures and dispersion across compost pile levels 

Pile height influences process temperature (Vaddella et al., 2018; Amuah et al., 2022). As 

alternatives to achieve higher temperatures than those observed here, pile turning and even water 

spraying — practices known to promote temperature increases — could be implemented (Li et 

al., 2021; Ma et al., 2022; Manga et al., 2023). Torres et al. (2023) recommend evaluating pile 

height (Figure 4), since temperature homogeneity is not always observed across all pile 

dimensions and this may compromise pathogen inactivation at some locations. Our results are 

consistent with those of Paterlini et al. (2017), who reported differences in the duration of 

thermophilic temperatures between pile sides and the pile surface in composting of poultry 

residues. 

https://rpa.reduc.edu.cu/index.php/rpa/article/view/e280


Farm-Scale Composting: Inferred Inactivation of Selected Avian Pathogens 

 

Journal of Animal Prod., 37, https://rpa.reduc.edu.cu/index.php/rpa/article/view/e280 

 
Figure 4. Sspace-time analysis of temperature behavior in each compost pile 

 

Factor Analysis of Mixed Data (FAMD) 

The FAMD identified the dimensions contributing most to the variance, with Dimension 1 

accounting for 37.7% of the total variability, while Dimensions 2, 3 and 4 each contributed 

approximately 20% (Appendix 1). Dimensions 1 and 3 were primarily influenced by the 

continuous quantitative variables (time and temperature), which made the largest contributions to 

the formation of those factorial axes (Figure 5). Among the ordinal qualitative variables, 

sampling position within the pile contributed most strongly to the first factor, whereas pile 

identity had negligible influence, indicating good reproducibility of the thermal behavior between 

the two piles. 
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Figure 5. Analysis of the variables contributing to the variance in the factorial space 

 

Dimension 1 is associated with a thermal gradient: high temperatures are linked to the 

intermediate positions (Intermedia A and B). Dimension 3 captures temporal variability, with 

longer elapsed times associated with the base and top positions. This suggests that the 

intermediate position reaches critical temperatures for viral inactivation more rapidly and 

maintains them more stably than the base and top positions (Figure 6), a finding consistent with 

the microaerophilic nature of the composting process reported by Ge et al. (2020). 
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Figure 6. Cluster analysis on FAMD dimensions 

 

A spatial heterogeneity pattern was evident with the formation of four clusters (Figure 6) 

corresponding to the temperature sampling positions within the compost piles. The similar 

behavior among the sampled positions is confirmed (Base – Top and Intermediate A – B). For 

positions with high temperatures (Intermediate A–B), this may be associated with greater thermal 

stability and lower daily fluctuation, which is consistent with effective viral inactivation. 

However, low-temperature zones such as those recorded at the Base and Top may reflect slower 

viral inactivation, requiring longer exposure times to compensate for suboptimal temperatures, 

which reinforces the need for turning as a management practice (Ngwabie et al., 2022). 

Inference of pathogen inactivation 

In the present study, the average temperature remained above 50 °C continuously for 144 hours 

(Figure 7). Despite the observed temperature variability, inactivation of various pathogens is 

expected in accordance with resistance levels reported in the literature (Table 1). Notably, the 

maximum thermal resistance times reported are usually less than two hours, a period far shorter 

than the duration for which pile temperatures exceeded 50 °C. 
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Figure 7. Expected inactivation of relevant avian pathogens based on reported thermal resistance 

and the compost pile’s observed temperature–time kinetics 
 

 

Table 1. Thermal resistance of selected avian pathogens reported in the literature 

Microorganism 

Thermal 

resistance  

(°C) 

Time Source 

Avian influenza virus (AIV) 56-60 30 minutes 
(Hessling et al.,2022; 

OMSA, 2023). 

Infectious bursal disease virus (IBDV), 

also known as Gumboro disease virus 
≥ 55 2h (Rani & Kumar, 2015). 

Newcastle disease virus (NDV) 50 30 minutes (Ruan et al., 2020). 

E. coli 65 1h (Biswas et al., 2019). 

Salmonella spp 60 1h (Biswas et al., 2019). 

Eimeria spp 55 1h (Schneiders et al., 2020). 

Infectious laryngotracheitis virus (ILTV) 55 15 minutes (Gowthaman et al., 2020). 

Egg drop syndrome virus ≥ 56 
≥40 minutes 

3h 

(Suresh et al., 2013; Smyth, 

2022). 

Cryptosporidium parvum 50  Xiao et al., 2022. 

 

The inferred inactivation was consistent with several reports for VEN and VIA (Costa and 

Akdeniz, 2019; Ruan et al., 2020; Figueroa et al., 2021), as well as for other agents (Elving et al., 

2012), even at lower temperatures. A similar outcome was observed for the inferred inactivation 

of IBDV (Crespo et al., 2016) and for the ILTV and EDS viruses (Giambrone, Fagbohun, and 

Macklin, 2008). Regarding the selected parasites, oocyst inactivation is achieved at 55 °C 

(Schneiders et al., 2020), and therefore they could be eliminated. 
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Variations among methodologies used to demonstrate pathogen viability during composting 

make it difficult to determine the minimum time required for inactivation. For example, 

verification of inactivation for some bacterial pathogens has been reported to require 20 days at 

temperatures above 55 °C (Asses et al., 2019), whereas other studies report inactivation occurring 

in as little as one hour (Biswas et al., 2019). Nevertheless, there are reports of Salmonella spp. 

surviving at temperatures between 68 °C and 70 °C (Barrena et al., 2009). These discrepancies 

underscore the need for standardized methods to verify pathogen inactivation during composting, 

as well as for the availability of surrogate variables or modeling approaches to infer inactivation 

from time–temperature relationships, such as the approach addressed in this study. 

The effectiveness of composting can be influenced by various physicochemical variables (Ge et 

al., 2020; Sharma et al., 2023). Turning the piles at an appropriate frequency enhances 

composting efficiency by improving aeration (Ngwabie et al., 2022). The decision to turn a pile 

while it may still contain viable microorganisms, beyond labor requirements, must consider 

biosecurity measures to prevent dissemination of the pathogen and contamination of new sites. 

Similarly, for pathogens with moderate thermal resistance, it may be preferable to leave the pile 

undisturbed. This is a risk-based decision guided by monitoring the pile’s temperature.  

Pile size, as another critical factor (Amuah et al., 2022; Sokač et al., 2022), can compromise both 

the magnitude and the homogeneity of temperatures (Asses et al., 2019; Miller, Miknis, and 

Flory, 2020) and, consequently, the effectiveness of biological agent inactivation. For these 

reasons, the present study adds to the body of knowledge on methods for the safe disposal of 

poultry production organic wastes, including during infectious disease outbreaks, despite the 

limitation that inactivation was inferred. 

CONCLUSION 

The temperature kinetics in large rice-husk bedding compost piles exhibited a sustained 

thermophilic phase (>50 °C for the first 144 hours), which is sufficient to infer inactivation of the 

main avian pathogens studied in accordance with thermal-resistance thresholds reported in the 

literature. 

A pronounced spatial temperature heterogeneity was observed: the mid-depth region of the piles 

reached significantly higher and more stable temperatures (60–68 °C) than the base and surface 

layers (38–47 °C). 

The Factor Analysis of Mixed Data (FAMD) enabled identification and characterization of 

spatiotemporal temperature gradients, providing an objective basis for determining optimal 

turning times to homogenize the pile, improve aeration, and ensure the biosecurity of the process. 
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