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Halal, HACCP. Poultry to examine the key stages of the poultry slaughterhouse process
Slaughterhouse from farm to table and highlight critical factors influencing product

safety and quality. narrative literature review was conducted using
Corresponding Author: scientific publications obtained from major academic databases,

nurdianti@polbangtanmalang.ac.id including Google Scholar, ScienceDirect, and Scopus. The
reviewed literature indicates that several critical points in poultry
processing such as pre slaughter handling, stunning and halal
compliance, chilling, packaging, and waste management
significantly affect meat quality, microbial safety, and
environmental sustainability. Effective implementation of food
safety management systems such as Hazard Analysis and Critical
Control Points (HACCP), combined with improved handling
protocols and sustainable waste management strategies, can
significantly enhance the safety, quality, and sustainability of
poultry products. Strengthening these practices will contribute to
building consumer trust and supporting the long-term
sustainability of poultry production systems..

INTRODUCTION

Poultry meat is considered one of the most consumed sources of animal protein
worldwide due to its low cost and nutritional value. Over the past decades, consumption of
poultry products has been steadily increasing, driven by population growth and changing
dietary habits (Ali et al., 2008; FAO, 2025). This rise in demand highlights the critical
importance of poultry slaughterhouses in ensuring food security and quality. However, to
maintain consumer trust, these facilities must address challenges related to animal welfare,
food safety, and hygienic processing practices (Qi et al., 2017; Yue et al., 2024). Preslaughter
handling has been identified as a decisive factor affecting poultry meat quality. Stress during
transportation, shackling, and lairage significantly alters physiological responses, often
resulting in poor meat quality outcomes such as pale, soft, exudative (PSE) or dark, firm, dry
(DFD) meat (Ali et al., 2008; Chulayo et al., 2013; M. Zhang et al., 2020). Such stress induced
quality defects not only reduce consumer acceptance but also cause economic losses in the
poultry industry (Oluwagbenga & Fraley, 2023). Furthermore, the welfare of birds during pre
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slaughter handling has become a growing ethical concern among global consumers and

international markets (Ali et al., 2008). To tackle these challenges, comprehensive assessments
of poultry slaughterhouse operations are essential, especially emphasizing biosecurity
measures, hygiene protocols, and compliance with food safety regulations. Strengthening
preslaughter management through science based interventions such as GMP, SOP sanitation,
and worker training can significantly improve the safety and quality of poultry meat, in line
with both consumer expectations and sustainable, ethical production practices (Sasmita et al.,
2025; Tagar & Ahmed, 2021).

In addition to animal welfare and hygiene considerations, sustainability has become a
central aspect of evaluating poultry slaughterhouse performance. The growing global emphasis
on environmentally responsible production practices compels the poultry sector to minimize
waste, optimize resource utilization, and reduce greenhouse gas emissions. Poultry
slaughterhouses produce substantial quantities of by products, including feathers, offal, blood,
and wastewater, which must be handled appropriately to prevent environmental degradation.
Adopting sustainable waste management technologies such as rendering, composting, and
anaerobic digestion allows these by products to be converted into valuable resources like
animal feed, fertilizer, and biogas. Such practices align with the principles of a circular
economy, promoting both environmental protection and economic efficiency (Apeh & Nwulu,
2025; Patel et al., 2023). Furthermore, the modernization of poultry slaughterhouses is closely
linked to technological innovation. Automation, digital sensors, and real time data collection
are transforming traditional processing lines into intelligent systems capable of monitoring
hygiene, temperature, and product flow with high precision. Blockchain technology is also
gaining traction as a tool for improving traceability and transparency along the poultry value
chain, especially in halal and biosecurity standards (Sidarto & Hamka, 2021; Subramanian et
al., 2023).

Energy and water usage are additional key parameters that determine the sustainability
performance of poultry processing plants. The scalding, chilling, and evisceration processes
require significant amounts of water and electricity. Transitioning toward renewable energy
sources such as solar panels or biomass fueled boilers can reduce operational costs and
environmental impact. Several case studies indicate that integrating renewable technologies in
food processing can lower carbon emissions by over 20% (Cordero-Gutiérrez et al., 2025).
Moreover, the human element remains integral to the success of any poultry slaughterhouse
operation. Workers are exposed to physical, chemical, and biological risks during handling,
slaughtering, and cleaning processes. Therefore, comprehensive training programs focused on
occupational safety, personal hygiene, and the correct use of personal protective equipment
(PPE) are vital. The adoption of Good Manufacturing Practices (GMP) and Hazard Analysis
and Critical Control Point (HACCP) systems provides structured frameworks for identifying
and mitigating potential hazards. Regular supervision, evaluation, and continuous
improvement of these practices are essential to maintaining high sanitary standards and
preventing foodborne disease outbreaks (Harmse et al., 2016)

On a broader scale, poultry slaughterhouses play a significant role in supporting local
economies, particularly in rural areas. They generate employment opportunities, stimulate
smallholder poultry production, and enhance income diversification among farming
communities. Encouraging small and medium scale enterprises (SMEs) to comply with
sanitary and phytosanitary standards can expand market access and promote fair competition.
Government support through subsidies, capacity building programs, and technical training can
further empower local processors to meet international quality requirements (Summary, 2015).
At the consumer level, awareness of food safety and animal welfare continues to shape market
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preferences. Consumers increasingly demand poultry meat that is safe, ethically produced, and
environmentally friendly. Certification schemes such as ISO 22000, Halal Assurance System,
and Animal Welfare Approved serve as key indicators of product integrity and compliance
with global standards. For Muslim majority markets, Halal certification not only ensures
religious compliance but also guarantees hygienic and humane slaughtering processes.
Strengthening certification and auditing mechanisms, therefore, contributes to both market
expansion and ethical accountability (Sidarto & Hamka, 2021). policy and regulation also play
a crucial part in ensuring that poultry slaughterhouses adhere to international health and safety
benchmarks. Effective implementation of monitoring systems such as veterinary inspections,
carcass sampling, and pathogen surveillance is essential for controlling zoonotic agents like
Salmonella, Campylobacter, and Listeria monocytogenes. Integrating these measures under the
One Health framework bridges the gap between animal health, human health, and
environmental protection. This multidisciplinary collaboration ensures that food safety
interventions remain consistent, preventive, and scientifically grounded (Conter, 2025;
SANEYA M. RIZK, D.N.Sc. & EBIED, D.N.Sc., 2018).

RESEARCH METHODOLOGY

The materials used in this study consisted of secondary data obtained from published
scientific articles, review papers, and reports related to poultry slaughterhouse operations.
Sources were collected from major academic databases such as Google Scholar, ScienceDirect,
Scopus, and ResearchGate. The main focus was placed on literature addressing topics such as
pre slaughter handling, animal welfare, food safety, halal slaughtering practices, chilling,
packaging, and waste management.

A total of 120 publications were initially identified, including peer reviewed journals,
conference proceedings, and institutional reports published between 2000 and 2025. After
screening for relevance and quality, 50 articles were selected as the primary materials for
review.

This research was conducted using a narrative review approach. Literature selection was
carried out using specific keywords such as “poultry slaughterhouse,” “pre slaughter stress,”
“animal welfare,” “‘food safety,” “halal poultry processing,” and “waste management in
poultry processing.”
The inclusion criteria required articles to be peer-reviewed, written in English or Indonesian,
and directly related to poultry slaughterhouse processes. Exclusion criteria removed materials
that were non-scientific (e.g., blogs, news reports) or outside the scope of poultry processing.
The selected articles were analyzed qualitatively using thematic analysis. Each article was
categorized into major themes:

1. Pre slaughter handling and stress management

2. Slaughtering methods and halal compliance

3. Hygiene and food safety standards

4. Chilling, packaging, and product distribution

5. Environmental and waste management
The synthesis was then structured to highlight similarities, differences, and research gaps
across the literature, aiming to provide comprehensive insights into the poultry slaughterhouse
process from farm to table.
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Major research and implementation gaps

Despite extensive research, gaps remain. Local empirical evidence in tropical settings
is lacking: transport designs, lairage microclimates, and cold chain logistics in developing
countries often go unstudied (S. Fan, J. li, Y. Zhang, X. Tian, 2017; Tamzil et al., 2022;
Voslarova et al., 2007). Harmonisation of halal standards continues to challenge international
trade due to differing fatwas and certification criteria (Amjad Abdulrazzak Aghwan, 2022;
Aufi et al., 2024). Finally, valorisation technologies are well researched scientifically but face
slow real world adoption, especially among small and medium facilities

Implications for Practice & Policy

e Improve logistics & training for handling and transport to reduce pre slaughter stress

e Select chilling methods based on local constraints, and treat chilling as CCP with
monitoring, microbial control, and documentation

o Strengthen cold chain + packaging synergy so that packaging effectiveness is not
compromised by transport

e Support waste valorisation pilot projects through cooperative plants, subsidies, or
technical partnerships

o Facilitate collaboration between scientists and halal authorities to develop protocols
acceptable both scientifically and religiously

Limitations of this Review

This review relies mainly on published and accessible literature; grey literature or non
indexed local reports are underrepresented. Also, diversity in measurement methods and
contexts prevented meta-analysis, so narrative synthesis is used.(Ali et al., 2008; Tamzil et al.,
2022).

RESULT AND DISCUSSION

Pre Slaughter Handling

Pre slaughter handling is a critical determinant of poultry meat quality. Factors such as handling
during catching, transport density, duration of transport, and climatic conditions during lairage
have been shown to induce acute stress responses in birds, which affect muscle metabolism
and increase risks of meat defects such as PSE or DFD (Benincasa et al., 2020; Qi et al., 2017;
Tamzil et al., 2022; Zaboli et al.,, 2019). Proper handling practices and controlled
environmental conditions are therefore essential to reduce physiological stress before
slaughter.

Stunning and Halal Compliance

The method of slaughter, including whether stunning is applied, can significantly affect
animal welfare and meat safety. In many cases, stunning is contested due to religious
requirements; however, studies indicate that certain stunning protocols acceptable in halal
standards can improve welfare without invalidating halal compliance (Amjad Abdulrazzak
Aghwan, 2022; Benincasa et al., 2020; Husna, 2021) It is essential to balance religious
regulations and scientific welfare standards to maintain ethical slaughter practices.

Chilling

Chilling is a critical stage in poultry processing that directly influences meat safety and
quality. Immediately after slaughter, carcasses must be cooled to inhibit microbial growth and
slow down biochemical changes that can lead to spoilage. Common methods applied in the
poultry industry include immersion chilling (submerging carcasses in cold water) and air
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chilling (exposing carcasses to cold circulating air) (Belk et al., 2021; Huezo et al., 2007). Both
methods have advantages and limitations: immersion chilling is efficient and cost effective but
may increase the risk of cross contamination, whereas air chilling reduces microbial transfer
but requires higher energy costs (James et al., 2006). Maintaining proper chilling conditions is
also considered a Critical Control Point (CCP) in poultry processing under HACCP systems.
Rapid reduction of carcass temperature to below 4°C has been shown to significantly decrease
Salmonella and Campylobacter prevalence. For example, immersion chilling reduced
Salmonella incidence by nearly 40% and Campylobacter by 43% compared with pre chilled
carcasses (Demirok et al., 2013). Similarly, a recent systematic review highlighted that chilling
and post chilling interventions consistently lowered pathogen loads across multiple studies,
emphasizing the role of chilling as a key CCP for international food safety compliance (Leone
et al., 2024). Therefore, chilling not only extends shelf life but also safe guards poultry meat
against microbial hazards.

Packaging and Shelf Life Management

After slaughter and processing, the manner of packaging has a large influence on the
quality, safety, and shelf life of poultry meat. Modified Atmosphere Packaging (MAP) has
been demonstrated to preserve color, reduce microbial loads, and delay spoilage for chicken
products stored at refrigeration temperatures, while also minimizing moisture loss (Al-Hilphy
et al., 2024; Soderqvist et al., 2024; Tahseen & Gurunathan, 2024). Effective packaging and
cold chain management thus represent crucial steps in maintaining product integrity during
distribution.

Waste Management and Environmental Impact

Waste management is a crucial but often underemphasized aspect of poultry

slaughterhouse operations. Byproducts such as blood, feathers, offal, and wastewater represent
significant environmental challenges if not properly managed. Untreated effluents are rich in
organic matter, nitrogen, and phosphorus, which can lead to water pollution, eutrophication,
and odor problems in surrounding communities (Tesfaye et al., 2017; Ungureanu et al., 2022).
Sustainable waste utilization strategies are increasingly being adopted. Poultry feathers can be
processed into feather meal for animal feed or used as a source of keratin based bioplastics (B.
Zhang et al., 2024). while blood can be converted into blood meal rich in protein and minerals,
Wastewater treatment technologies, including anaerobic digestion and constructed wetlands,
have also been proven effective in reducing the environmental footprint of slaughterhouses (L.
Zhang et al., 2023). Integrating waste to value approaches not only minimizes pollution risks
but also contributes to the circular economy, aligning poultry production with global
sustainability goals. Therefore, effective waste management should be considered as integral
as chilling, packaging, and hygiene in ensuring that poultry processing systems remain safe,
ethical, and environmentally responsible (Agung Saputra et al., 2025). Waste management also
directly intersects with animal welfare, food safety, and consumer trust, making it a key pillar
in sustainable poultry processing.

Key Issues And Implication

Several interconnected issues emerge across the Literature:

« Animal Welfare: Poor preslaughter handling and absence of adequate stunning practices are
repeatedly documented as sources of distress and meat quality deterioration (Amjad
Abdulrazzak Aghwan, 2022; Benincasa et al., 2020).

o Food Safety: Microbial contamination risks increase when packaging, chilling, or
distribution systems are not optimal (Soderqvist et al., 2024)
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« Halal Integrity: Ensuring that slaughter techniques, handling, and stunning (where allowed)
consistently comply with halal standards is necessary for consumer trust, especially in
Muslim majority contexts (Amjad Abdulrazzak Aghwan, 2022)

o Local Context & Sustainability:Local studies such as (Tamzil et al., 2022; VVoslarova et al.,
2007). highlight that transport conditions in Indonesia add stress to poultry, which can be
mitigated through better infrastructure and farmer training.

Cross Cutting Synthesis: Patterns, Gaps & Controversies

The literature demonstrates that animal welfare, food safety, and sustainability are
interlinked. Stress in handling increases carcass defects and contamination risk, requiring
integrated interventions across the chain (Ali et al., 2008; Sicuso et al., 2025; M. Zhang et al.,
2020). Chilling, packaging, and waste management are all critical control points in HACCP
frameworks (Awuchi, 2023) In the realm of waste, transformation of by products into value
added products becomes increasingly emphasized

CONCLUSIONS AND SUGGESTION

The poultry slaughterhouse process plays a critical role in ensuring food safety, animal
welfare, and the sustainability of poultry production systems. This review highlights that key
stages including pre slaughter handling, halal compliant slaughtering practices, chilling,
packaging, and waste management significantly influence meat quality and microbial safety.
Proper implementation of food safety management systems such as HACCP, combined with
improved handling protocols and effective cold chain management, can greatly enhance
product quality and consumer confidence. Furthermore, sustainable waste management
practices contribute to environmental protection and support circular economy principles
within the poultry industry. Therefore, integrated management strategies involving industry
stakeholders, policymakers, and researchers are essential to ensure that poultry processing
systems remain safe, ethical, and environmentally responsible.
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