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Abstract

The health risk concerns raised by the European Rapid Alert System for Food and Feed (RASFF)
from increasing mineral oil hydrocarbon (MOH) contamination in global vegetable oils and
fats, such as palm oil, have gained the attention of stakeholders. The drastically rising MOH
pollution incidents diminish worldwide food safety, including Malaysia, as consuming
chemically contaminated food can be harmful to health. Although reports of MOH
contamination risks are available, the role of food safety practices in improving the food
safety performance of palm oil mills has not been attentively addressed. Therefore, this study
assessed the impacts of food safety practices on food safety performance, in which hygienic
equipment design as an antecedent factor in MOH contamination prevention within
Malaysian palm oil mills. This study is principally based on the Human Factors and
Classification System (HFACS) and Structural Contingency Theory (SCT) as an underlying
theoretical underpinning. Palm oil mills that meet pre-defined criteria were subjected to a
guantitative survey following selection through simple random sampling. The findings can
offer detailed insights to palm oil mill management on the latent factors of and improve food
safety management practices in palm oil mills to mitigate MOH risks.

Keywords: Food Safety Performance, Food Safety Practices, Hygienic Equipment Design,
Malaysia, Mineral Oil Hydrocarbon; Palm Qil Mill

Introduction

Vegetable oils and fats are prone to mineral oil hydrocarbon (MOH) contamination. The
MOHSs do not encompass naturally occurring hydrocarbons, as they are complex mixtures of
petrogenic origins derived from crude oils or synthesised from coal, natural gas, or biomass.
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Migration from food contact materials and environmental contamination are among the
sources of MOH contamination in food, arising from the lubricants employed in machinery,
release agents, processing aids, and food or feed additives.

Based on the chemical structure, MOH comprises two classes of hydrocarbon compounds:
mineral oil saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons (MOAH).
n-alkanes and other straight-chain alkyl groups are categorised under MOSH. Exposure to
MOSH can result in its bioaccumulation in the organs and tissues. Meanwhile, MOAH
encompasses substances with three or more aromatic rings and has been associated with
genotoxicity and carcinogenicity (Chain et al., 2023).

Health risk concerns from the consistently increasing MOH contamination have led the
European Standing Committee on Plants, Animals, Food and Feed to recommend the
withdrawal of food products exceeding the quantification limits set by the Joint Research
Centre [European Commission (EC), 2022]. According to the guidelines, the allowable limit for
food contains between 4% and 50% fat is 1.0 mg/kg products while 2.0 mg/kg maximum for
products that consist of over 50% fat content (Bratinova et al., 2023). The recommendation
has led to MOH-contaminated vegetable oils and other foods exported to the European Union
(EU) countries being recalled by the EU food safety authority.

According to the European Rapid Alert System for Food and Feed (RASFF), a drastic 900%
increment in worldwide MOH occurrence in various foods has been documented within five
years since 2020 (EC, n.d). Vegetable oils and fats were impacted the most by MOH
contamination, leading them being recalled. The phenomenon has also heightened concerns
among the food industries regarding the safety of oils and fats.

Approximately one-third of global palm oil production is dominated by Malaysia, making the
nation the second-largest palm oil manufacturer. Palm oil export in 2022 has also earned
Malaysia RM82.49 billion, which is a 27.7% rise compared to the previous year of RM64.61
billion [Malaysia Palm Qil Board (MPOB), n.d.]. The industry is also a primary agricultural
commodity within manufacturing industries in the country, where upstream, midstream, and
downstream sectors contributed 35.2% to the GDP of the nation in 2021 [Department of
Statistics Malaysia (DOSM), 2022].

The European Food Safety Authority (EFSA) classified MOH as an industrial chemical pollutant.
Specifically, numerous contamination issues, including MOH, have been plaguing the
Malaysian palm oil milling sector [Naidu & Moorthy, 2021; Federation for European Oil and
Proteinmeal Industry (Fediol), 2022]. Ahmad et al. (2019) and Maznah et al. (2023) reported
that various processing steps contributed to the contamination of the crude palm oil
produced in several palm oil mills (POMs) in Malaysia, which supported the palm oil MOH risk
highlighted in previous reports (Ahmad et al., 2019; Stauff et al., 2020). The EU also reported
that 36% of MOH cases were contributed by vegetable oils and fats, with 31% contributed by
palm oil, including two incidents from Malaysia.

Palm oil has been utilised as a primary ingredient in various food production, potentially

yielding MOH-tainted food products, and Grob (2018) revealed that vegetable oils, including
palm oil, were substantially impacted by MOH (Ahmad et al., 2019; Stauff et al., 2020). One
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in 10 individuals falls sick and dies from consuming chemically and biologically contaminated
food [World Health Organization (WHQ), 2022]. Therefore, significant concerns have been
raised by international palm oil players regarding food safety, as MOH cases has led to an
elevated number of global food safety incidents.

The value of the Malaysian palm oil industry and public health have been impacted by MOH
contamination issues, while global food safety performance, which is measured based on the
global food security index, has decreased. Significantly diminished food safety performance
and quality were also documented in 2022, where Malaysia was scored 69.9, a drop from 70.1
in 2021 (The Economist Group, 2022). As a consequence, nations agricultural sector
performance, specifically agri-food subsector has been negatively impacted (Rozhan, 2025).
This is evidenced based on observable market pattern whereby Malaysia’s palm oil export
volume to EU have drastically declined by 34% from 2020 to 2024 (Parveez, n.d.-a; Parveez,
n.d.-b; Parveez, n.d.-c; Parveez, n.d.-d) that corroborates with time ever since EU heightened
food safety and sustainability standards. Such an impact explicitly associates with trade
performance and market access risk. Hence, managing the palm oil milling process is vital to
address current food safety issues, considering the heightened potential of introducing MOH
during each stage (Chandran, 2023; Parveez, 2023). Millers should also remain vigilant and
proactive in identifying effective control measures that can improve the food safety
performance of POMs.

Within the past two decades, research on MOH contamination has shifted from assessing
food samples to determining potential migration from packaging materials. Studies have also
improved MOH analytical methodologies, food safety risk, toxicological, and knowledge gaps
analyses, and determined the consequences of legislation enforcement actions and
processing on human health. Nonetheless, previous reports have failed to address the
underlying factor of MOH contamination.

Knowledge on various scopes of studies is necessary to mitigate the MOH contamination risk.
Nevertheless, the focus might have diverted researchers’ attention from the human variables
(Griffith & Motarjemi, 2023). Food safety issues are predominantly attributed to human
factors (Liu et al., 2015; Walsh & Leva, 2019). Accordingly, food business owners aiming to
enhance food safety performance should consider identifying and assessing the potential role
of human parameters within the food processing environment (Walsh & Leva, 2019). Despite
significant number of studies on food safety performance, there are several gaps in existing
literature identified.

The research on food safety performance is investigated from the perspective of food safety
programs influence (Jeffer et al., 2021; Njage et al., 2018), types of food services (Cunha et
al., 2018), food safety culture (Jhuang & Chen, 2019), effect of institutional pressure (Abebe,
2020), effect of management practices (Taha et al., 2020), hygiene behaviour (Nyarugwe et
al., 2020) and product quality (Hoyos Vallejo & Chinelato, 2024). Only Zhang et al. (2021)
assessed the impact of contamination on food safety performance in China. A parallel study
is unavailable in Malaysia.

Besides, past food safety performance research has been centred on the food service (Abdul
Rashid et al. 2022; Fathurrahman et al., 2021) and meat processing sectors (Ollinger & Houser,
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2020; Jeffer et al., 2021). Furthermore, very few studies have evaluated the food safety
performance of palm oil milling sector in the Malaysian context, specifically concerning MOH.
Accordingly, in this study, the occurrences of MOH contamination incidents were not
restricted to food safety performance due to the harmful chemical hazards risk to human
health, but also depicted weakness in food safety systems and the elevated risk of regulatory
violation that leads to product recall. Therefore, an exceptional system could detect and
manage MOH contamination at an early stage to ensure food safety compliance and
sustainable performance.

Subsequently, studies have acknowledged issues regarding vegetable oil production
operational activities since the 1990s (Moret et al., 1997; Moret et al., 2003; EFSA, 2008;
Gbémez-Cola et al., 2016; Gharbi et al., 2017). Nevertheless, available articles on MOH risk
mitigation to improve food safety performance within the palm oil milling process are limited
and do not adopt a step-by-step approach, despite recognising operational activities as
possible MOH contamination sources, including processing and transporting (Fediol, 2018).
Available reports also outlined the influence of operational activities, specifically food safety
practices, on food safety performance, however it focused on personnel hygiene practices.
Nonetheless, limited studies emphasised other operational activity aspects that are more
relevant in a vegetable oil processing environment, such as vehicle hygiene, lubrication
practices, and machinery cleaning practices.

Prior studies have demonstrated inadequate food safety practices contribute to
contamination during food processing. According to Chapman et al. (2021), subpar hygiene
protocols resulted in microbiological contamination exposure risk in food products. Girmay
et al. (2022) also highlighted that microbial contamination in the drinking water is caused by
workers’ poor hygiene practices. However, these past studies emphasized food safety
practices that leads to microbiological contamination instead of chemical hazards. Food
safety practices have also been underscored as vital in preventing chemical contamination by
Onyeaka et al. (2024), Grover (2023) and Salamandane et al. (2020). Nonetheless, practices
that are specifically relevant to MOH contamination during palm oil milling are scarce.

Generally, the operational activities involved during palm oil mill processing are transporting
palm fruits to the mill, receiving fresh fruit bunches (FFB), processing the FFB, and storing and
delivering the extracted CPO to food processing facilities. The MOH contamination can occur
at any of the palm oil production steps illustrated in Figure 1. Subpar food transportation
protocols are the primary contributors to MOH contamination in vegetable oil (Bevan et al.,
2020), while inadequate processing machinery cleanliness (Ahmad et al., 2019; Maznah,
2023) and lubricant handling (Menegoz Ursol et al.,, 2023) have also caused MOH
contamination. Substantial MOH levels were also recorded by the CPO sampled from various
processing machineries at POMs, such as the clarifier, vibrating screen (Ahmad et al., 2019),
steriliser, digester, and storage tanks (Maznah, 2023), necessitating good milling practices
(GMP) to avoid MOH risk.
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Figure 1 General palm oil milling process (Ahmad et al., 2019)

The risk of MOH contamination in palm oil is well established. Nonetheless, further
assessments of the influence of food safety practices during routine palm oil milling work are
essential, such as possible practices that can result in MOH risk during vegetable oil processing
(EFSA, 2008). Therefore, this study evaluated other dimensions of food safety practices,
including vehicle hygiene, lubrication practices, and machinery cleaning practices in POMs to
enable better comprehension of the issue. Primary contributing factors also need to be
determined, particularly food safety practices that depend upon equipment with a hygienic
design.

Hygienic machinery design is critical in preventing cross-contamination risk and facilitate
adequate cleaning (Menegoz Ursol et al., 2023). The parameter has also been highlighted as
a latent organisational factor that influences unsafe food practices relevant to MOH risk in
palm oil milling activities. Nevertheless, latent factors are frequently neglected and less
attentively emphasised by organisations. Therefore, this study placed understanding the
prevalent role of hygienic equipment design in ensuring safe food practices as a fundamental
objective.

Food machinery produced with hygienic designs are easy to clean and possess features that
avoid cross-contamination and sustain the safety of the food being processed (Waldhans et
al., 2023). A well-hygienically designed food processing equipment also ensures fit for its
intended employment by eliminating potential hazards that can be directly impacted by the
equipment, such as construction materials, lubricant leakages, and damaged seals. Poor
equipment design has also been associated with affecting the safety practices adhered by
food handlers (Duong et al., 2023), such as an inability to perform a thorough cleaning.

The risks of MOH contamination associated with oil mill equipment commonly arise from

lubricant contamination due to machinery design. Several units of processing equipment in
palm oil milling activities are also linked to cross-contamination risk, such as the palm fruit
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elevators (Mohd Shukri, 2020). Similar to the observations reported by Menegoz Ursol et al.
(2023), who revealed that the grease on mechanical parts in olive processing machineries is
exposed to contact with olives, the conveyor chains in palm oil processing are also sources of
MOH contamination.

Maznah et al. (2023) documented considerable MOSH levels in sterilised palm fruit and crude
palm oil. The findings might be due to the placement of motorised rotating pumps on palm
fruit digesters and vacuum dryers at POMs, which presents a hygienic design concern due to
the possibility of MOH contamination risk from lubrication oil leakages. Consequently,
Moerman et al. (2023) suggested installing rotary pump motor drives outside the product
zone with self-draining protection to prevent lubricant from being introduced into the
products.

Unavoidable contact between mechanical parts and food matrix and insufficient accessibility
for cleaning lead to machinery contamination, necessitating designs that minimise cross-
contamination risks. Digesters, press gear drives, and screw press cones have surfaces that
are directly in contact with products, presenting potential mineral oil pollution from leakages.
Layouts that permit easy access for maintenance of lubrication points are also essential.
Nevertheless, most hygienic design literature was centred on potential microbiological
contamination, while some empirical studies assessed how specific hygienic designs affect
MOH transfer to crude palm oil. Consequently, equipment cleanability and design were
evaluated in this study.

Addressing research gaps is vital to mitigate MOH, thereby alleviating the declining food
safety performance in Malaysia. This study predominantly established the effects of food
safety practices that are relevant to MOH contamination on food safety performance in
Malaysian POMs. Hygienic POM equipment design as an antecedent factor in influencing safe
food practices was also evaluated. The data obtained can facilitate a better understanding of
contamination pathways through routine operational activities and improve control
measures throughout the palm oil milling process in the country.

Literature Review

Theoretical Underpinning

The interconnected associations among variables in a study are explained by a theory.
Theories also justify why the correlations might influence problems of a study and shape
propositions that indicate the connection between the parameters assessed (Bougie &
Sekaran, 2020). This study was based on two underpinning theories: human factors analysis
and classification system (HFACS) and structural contingency theory (SCT). Organisational
latent factors influencing food safety practices implementation were explained according to
HFACS (Wiegmann & Shappell, 2003), while the effects of food safety performance contingent
upon internal contingencies of an organisation were determined based on SCT (Thompson,
1967).

According to the HFACS model, the human variable error encompasses four levels in a
sociotechnical system: organisational influence, unsafe supervision, and preconditions for
unsafe and unsafe acts (Wiegmann & Shappell, 2003). The model was developed based on
Reason’s theory and enables organisations to structurally investigate underlying active failure
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factors or internal deficiencies stemming from human error. Latent conditions leading to
incidents are also considered to allow organisations to devise strategies that mitigate the
contributory factors.

This study postulated that MOH contamination risk during palm oil milling arises from
improper food safety practices are due to human error. The human error aspect is classified
as skill-based error at the unsafe act level in HFACS. Meanwhile, the determinants of food
safety practices were focused on hygienic equipment design, that are classified as
technological environment, in which this study theorised at preconditions of unsafe act level
being as a latent failure factor within the organisation.

Based on SCT, the relationship between organisational characteristics and effectiveness is
contingent upon certain parameters. The theory suggested that various contingency factors
influence the attainment of intended performance, instead of depending upon a sole
determinant. Moreover, SCT does not recognise one optimal fit model for appropriateness
and efficiency of risk mitigation strategies (Kumar et al.,, 2021). Therefore, this study
conceptualised the effectiveness of food safety performance in POMs as influenced by the
extent of the food safety practices implemented by a company, are contingent upon
technological variables, which in this study refers to hygienic equipment design.

Hygienic Equipment Design and Food Safety Practices

Studies across different food business settings have acknowledged the role of hygienic
equipment design for sustainable, safe food practices. Minimising biological, chemical, and
physical contamination of food products necessitates equipment with better hygienic
designs, including tools that are easy to clean and maintain (Rodrigo et al., 2021). Designing
hygienic equipment is also essential for maintaining food safety practices, as food processing
equipment with surfaces that are directly in contact with food imposes risks of cross-
contamination when safe food handling activities are not executed properly.

The effects of hygienic equipment design on food safety practices have been highlighted in
numerous reports. For instance, Reichler et al. (2020) documented unsatisfactory bacterial
reduction when performing random sampling in post-pasteurisation milk processing facility
despite the implementation of a modified cleaning system. The study highlighted the
importance of hygienic design to support adequate cleaning outcomes.

The EFSA has also listed hygienic equipment design as critical in hindering exposure to
microbes in the frozen fruits and vegetables processing industry (Hazards et al., 2020).
Schnabel et al. (2021) also stressed that the hygienic design of the production line leads to an
effective non-thermal sanitation in mitigating microbial contamination on fresh-cut lettuce.
In another study, Stessl et al. (2022) revealed that microbial contamination in a meat
processing plant was due to inadequate conveyor belt and crate washing line. A hygienically
designed apple packing machine surface has also enabled the effective cleaning and
sanitation practice, minimising microbial load by threefold (Ruiz-Llacsahuanga et al., 2022).
The influence of hygienic equipment design on food safety practices has also been evaluated
based on microbiological hazards in a cheese-making facility (Piras et al., 2023), on plastic and
metal surfaces in the meat processing industry (Waldhans et al., 2023), and in food and feed
processing environments (Hazards et al., 2024).

763



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES

Vol. 16, No. 1, 2026, E-ISSN: 2222-6990 © 2026

Reports on the effects of hygienic design on food safety practices are primarily based on
experimental designs. Therefore, the studies assessed the influence of the designs on food
safety practices based on cleaning efficiency, which was determined according to
microbiological contamination risk. Studies focusing on chemical hazard contamination risk
based on the feedback provided by respondents in a survey are limited.

Survey studies are necessary, as they encompass the psychological effects and visual clues
that equipment design has on engaging personnel to perform safe food handling procedures.
The data from such studies also offers insights into the level of awareness and understanding
of the personnel. Moreover, analysing hygienic design influence through survey research
enables respondents to provide feedback on design-related challenges they face when
cleaning the equipment. The information can then be manipulated to make informed
decisions and manage investment costs to achieve further improvements (Aarnisalo et al.,
2006).

Conclusively, employing hygienically-designed food equipment can lead to significant savings
during cleaning operations and cost-effectiveness and sustainability in the long-term
perspective, despite a substantial initial investment (Moerman et al., 2023). Consequently,
this study hypothesised that hygienic equipment design and food safety practices are
correlated. The effects of both variables were assessed in the POM context.

Food Safety Practices and Food Safety Performance

For decades, the performance of food business organisations has been implicated in various
food safety issues. Several measures have been implemented to address the matter, including
a plethora of food safety management systems to govern food safety in the supply chain.
Nonetheless, differences in food safety practices across business organisation, even within
the same business nature, present obstacles to achieving the desired food safety output. The
discrepancies could be due to the variations in production and distribution in food supply
chains.

Based on the literature reviewed in this study, the implementation of food safety practices in
food manufacturing facilities is linked to food safety performance. Abebe (2020) underscored
the positive correlation between food safety practices implementation and food safety
performance through a study conducted among Lebanese food processors, who produced
baked goods, meat, dairy, fruits and vegetables, confectionery, cereals, and oils. Based on the
outcomes, food safety performance among the Lebanese food processors was poor despite
a positive association, as evidenced by food safety complaints and hygiene non-conformities.
Therefore, food manufacturers should improve their safe food handling practices. Meat-
related disease outbreaks in Uganda beef slaughterhouses were also the consequences of
food safety practices that lacked inclusiveness and did not assert seriousness in food safety
system evaluation. Moreover, food safety and hygiene-related complaint system deficiencies
also contributed to the issue (Jeffer et al., 2021). Conclusively, notably poor food safety
performance was predominantly due to poor sanitation, hygiene and handling practices.

According to Nguyen (2022), food safety practices adopted by the Vietnamese food industries
had statistically significant positive effects on the food performance in the nation. The
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positive relationship between food safety practices and food safety performance was also
affirmed by Woreta et al. (2024) based on cross-contamination prevention procedures
implemented by the water bottling industries in Northwest Ethiopia. Inadequate hygiene
practices during the water bottling process, marked by food safety protocol discrepancies, led
to microbiological contamination, thereby causing subpar food performance.

Significantly different food handling practices led to notably moderate performance
variations among vendors of street food stands in China (Wu et al., 2024). Conversely, Abdul-
Rashid et al. (2022) contended that the safe handling practices of government hospital
kitchen personnel did not influence food safety performance when evaluated based on
microbial indicators. Nevertheless, most studies indicated the positive effects of safe handling
practices on performance, considering that each strategy implemented to improve food
safety practices enhanced food safety performance by 40% (Abebe, 2020). Therefore, this
study assessed the effects of food safety practices on food safety performance in the POM
context.

Research Gap

Several research gaps relevant to the context of this research identified based on review of
prior literatures. Firstly, is contextual gap whereby prior research on MOH contamination and
mitigation action was emphasized based on source of contamination. Researches addressing
food safety incidents specifically in MOH contamination perspective that are based on human
causal contributing factor from the perspective of active and latent failure factors lacks of
examination, specifically in Malaysia palm oil milling context. More specifically, the linkage of
human causal factors towards food safety performance context is lacking. Aside this, past
researches underexplored the influence of food safety practices on performance from the
perspective of operational activities such as vehicle hygiene, lubrication and cleaning
practices which are relevant in MOH incidents within palm oil processes. Thus, practical and
feasible intervention that provide cost-effective remedial based on day-to-day operational
activities lacks of investigation. Moreover, the past studies that investigates food safety
practices less focused on chemical contamination context and the antecedents of inadequate
practices relevant to MOH incidents unaddressed within Malaysia palm oil mills.

Secondly, is empirical gap, in which most of the MOH previous studies much prioritize on
harmonization of MOH analytical methodology. Limited studies have focused on investigating
human causal route in relation to MOH contamination since this is an emerging food safety
issue and nothing much is known on the mitigation based on human factors within Malaysian
palm oil mill context. Hence the existing literatures lacks in empirical evidence based on
human factors being as primary data to address the mentioned gap.

Thirdly, is theoretical gap based on the two main underpinning theories, HFACS and SCT. The
HFACS model analyze human causal factors in accidents incidents investigation based on
internal organization environment, lacks exploration on the impact towards organisations
performance. On the other hand, past researches based on SCT that posits organizational
performance contingent upon system and the context it operates, merely considered the
effect of technological environment factor, especially hygienic equipment design towards
food safety performance. Prior research using SCT as theoretical framework emphasized on
supply chain performance management (Yadav et al., 2023; Amhalhal et al., 2021) and
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management accounting practices (Nguyen et al., 2023; Najera Ruiz & Collazzo, 2021; Hadid
& Al-Sayed, 2021). Therefore, this research undertakes the gaps identified in literature and a
new framework will be established by integrating HFACS model and SCT, the two separate
strands theories focus on Malaysia palm oil milling sector.

Conceptual Framework
Figure 2 illustrates the conceptual framework adopted in this study. The framework provides
a way to comprehend the research objective set in this study.

Food safety practices

Hygienic equipment design

Vehicle hygiene

Equipment cleanability »  Food safety performance

Lubrication practices

Equipment design
Machinerv cleaning practices

Figure 2: Conceptual framework

Methodology

The target population in this study was selected from a list of POMs operating in Malaysia.
According to the list, which was obtained from the MPOB Directory of Malaysian Palm Oil
Processing Sector (2021), 465 POMs were registered in the country. The directory also
provided the names, addresses, and contact details of the POMs in each state in Malaysia
without offering information on mill characteristics. The POMs in Malaysia have contributed
substantially to the economy of the nations, hence they were all considered as possible
candidates.

During respondent selection, random numbers between 1 and 465 were first generated
utilising an online randomiser tool from Research Randomizer. The simple random sampling
strategy was employed to select the respondents that met specific pre-defined criteria
relevant to the variables of interest in this study. The numbers were then assigned to the
target population based on the list procured from the MPOB Directory, allowing this study to
choose representative samples, prevent bias, and allow outcome generalisability (Saunders
et al., 2019). The method also yielded a uniformed core processes and similar regulatory
requirements depicting standardised operational processes and regulatory compliance
regardless of operating conditions across different POMs, per the benefits recorded by, Cunha
et al. (2018) and Wang et al. (2022). Consequently, this study obtained a homogenous sample
of mills with similar attributes.

The respondents in this study were personnel employed in the POM sector who were
responsible for overseeing and implementing food safety. Nevertheless, only individuals with
a minimum of two years of working experience with responsibilities in food safety
implementation tasks were involved to guarantee that their perceptions were directly
relevant to the focus of this study, which was the underlying human factors contributing to
MOH contamination and food safety performance in POMs. Similar strategies were adopted
by Njage et al. (2018), Abebe (2020), Nyarugwe et al. (2020) and Durme et al. (2024), who
tailored their respondents’ criteria to align with the quantitative goals of their investigations.
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A survey questionnaire generated with Google Forms was the primary data collection
approach employed in this study, which was only provided to consenting respondents after
obtaining written permission from the management of each selected POM. Before agreeing
or disagreeing to participate in this study, each respondent was asked to read and
acknowledge the consent form, and all information procured was anonymous and
confidential. The administration department of each POM was emailed the structured survey
guestionnaire, an explanation of the objectives of this study, the inclusion criteria, and
instructions for participation. Outliers were then screened before conducting data analysis
with a descriptive evaluation and partial-least square structural equation modeling (PLS-
SEM).

Conclusion

The economic performance of Malaysia significantly relies upon its palm oil production, which
is being threatened by persistent MOH contamination incidents. Nonetheless, MOH-polluted
oil palm cases in the nation present public health risks and subject the integrity of the
industry, trade competitiveness, and national food safety performance to potential damage.
Enhancing the food safety systems in Malaysian POMs is also urgently required due to the
stringent regulatory expectations, increasing product recalls, and rising international
concerns over MOH contamination. Consequently, palm oil milling operations should
implement targeted interventions, especially food safety practices that directly prevent
contamination.

Available data are insufficient to address the operational and human-driven factors
contributing to contamination within processing environments, despite substantially
advanced scientific understanding of MOH detection, migration behaviour, and toxicological
risks. Inadequate empirical reports linking operational practices and hygienic equipment
design to MOH contamination in POMs also present limitations. This study fills the critical
knowledge gaps by assessing the influence of design-related latent factors on routine food
safety practices, which affects food safety performance.

Hygienic equipment design, which is a commonly overlooked factor, is critical in chemical
contamination. The design of equipment exerts a fundamental effect on cleanability,
lubricant management, and the feasibility of safe work protocols. This study established the
correlations between routine operational activities, such as vehicle hygiene, lubrication
handling, and machinery cleaning, and equipment design. Therefore, the information
obtained offered meaningful insights into the organisational and technical conditions that
enable or prevent MOH contamination. This study also provided an evidence-based pathway
for improving preventive measures, mitigating MOH risks, and supporting a sustainable food
safety performance within the Malaysian POM sector.
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