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Abstract

Vegetable oils, commonly used in cooking and processed foods, are often considered healthy
alternatives to animal fats. However, their consumption raises concerns due to the presence of
chemical contaminants such as trans fats, polycyclic aromatic hydrocarbons (PAHs), and
aldehydes formed during processing and high-heat cooking. These contaminants are linked to
various health risks, including cardiovascular diseases, cancer, and metabolic disorders. This
review analyzes the sources, formation, and health implications of these chemical byproducts,
emphasizing the need for improved processing techniques and consumer awareness. The paper
also discusses potential safer alternatives to conventional vegetable oils and strategies for
mitigating associated health risks.
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1. Introduction

They are one of the most common ingredients in cooking, chemical processing, and even
cosmetics. These oils are generally derived from certain plants' seeds, nuts, and fruits, and they
each have their unique chemical composition and health-promoting properties. Triglycerides
are significant constituents of vegetable oils, composed of three fatty acids linked to a glycerol
backbone. Vegetable oils are categorized by their fatty acids profile: monounsaturated,
polyunsaturated, and saturated fats. This versatility relates to their properties, such as fatty acid
composition, stability, and flavor characteristics. Here is a detailed breakdown of various plant
oils and their origin.

e Sunflower oil- Sunflower oil is among the most widely used oils in the world, and it is
derived from the seeds of the sunflower plant (Helianthus annuus). It contains many
polyunsaturated fatty acids, especially linoleic acid (an essential omega-6 fatty acid).
Sunflower oil has a high smoke point, making it perfect for frying, sautéing, and deep-
frying. In addition to that, its gentle taste makes it suitable for several cooking goals, like
preparing and dressing salads. Sunflower oil is produced mainly in Europe, Russia, and the
United States, where sunflowers are cultivated on a large scale. More recently, high oleic
sunflower oil, which is higher in monounsaturated fats and has better oxidative stability
than traditional oil, has become increasingly popular for its health benefits, as well as retail-
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ready, longer shelf life in both food and non-food end-uses. Answer: Sunflower oil is often
present in processed food, margarine, and cosmetics. Sunflower oil is developed with
plenty of unsaturated fats (a healthful type of fat), so the health advantages of sunflower
oil, specifically in the case of coronary heart health, have been extensively researched [1].

e Soybean Oil — Another significant and common vegetable oil directly extracted from the
seeds of the soybean plant (Glycine max). The most abundant fatty acid classes in soybean
oil are polyunsaturated fatty acids, specifically omega-6 fatty acids, and a relatively large
amount of omega-3 fatty acids (as alpha-linolenic acid, ALA) [8]. The omega-3 fatty acids
associated with decreased inflammation and heart health have made soybean oil a relatively
health-promoting oil composition. Soybean oil is often used in frying and baking foods and
as an ingredient in processed foods such as salad dressings, mayonnaise, and margarine.
Because of its abundance and versatility, it is also utilized in biodiesel production. North
American soybean growers, particularly production of these glyphosate-resistant crops, but
the United States holds the top global producer status in soybean oil. Soybean oil is finally
used in many homes and food industries worldwide because of its low cost and availability.
Some studies highlighted the properties of soybean oil (such as its nutritional value), while
others drew attention to health concerns, such as the imbalance in omega-3 and omega-6
fatty acid consumption [2].

e Palm Oil- Still, one of the most produced vegetable oils worldwide is Palm Oil, which
comes from the fruit of the oil palm tree (Elaeis guineensis). What distinguishes palm oil
from other common vegetable oils is its high saturated fats, mainly palmitic acid [4]. This
structure stabilizes palm oil and makes it suitable under high-temperature conditions. It is
often used in overdose oils and the production of processed foods such as snacks,
margarine, and confectionery. Palm oil is also used in many personal care and household
products such as soap, shampoo, and detergent. Oil palm is mainly produced in Southeast
Asia, where Malaysia and Indonesia represent nearly the entire world's palm oil production.
Although palm oil is now widely viewed as an unhealthy saturated fat, it also has benefits
in terms of lower economic and environmental costs since its production requires less land
than most other oil crops. On the other hand, palm oil has been a controversial crop because
of its negative environmental footprint, mainly deforestation and loss of biodiversity. Palm
oil production has been a long-challenged pursuit in terms of sustainable methods by both
the industry and ecological communities [3].

e Canola Oil- pressed from the seed of the rape plant (Brassica napus), is low in saturated
fats and has a good ratio of omega-3 fatty acids to omega-6 fatty acids. Canola oil contains
lots of monounsaturated fats, primarily oleic acid, which is good for the heart and
responsible for reducing LDL cholesterol. Its light taste makes it ideal for cooking, frying,
baking, and salad dressing. Canola oil is commonly used in North America and Europe as
an ingredient in many processed foods. To quote from the popular health organization, "Its
health benefits, especially its power to improve cholesterol profiles and decrease heart
disease risk, have made it a popular substitute for higher saturated fat oils." GM canola
plants resistant to diseases and pests have also been developed, which has improved
canola's commercial potential. In addition, canola oil is widely utilized as a raw material
for biofuels, demonstrating its versatility and significance in the food and energy sectors
[4].

e Olive Oil: It is one of the healthiest vegetable oils as it is rich in monounsaturated fatty
acids (the primary fatty acid in olive oil is oleic acid), making it a very healthy oil Extracted
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from the fruit of the olive tree (Olea europaea) The Mediterranean diet is one of the
healthiest diets out there — it includes plenty of olive oil, which has many reported health
benefits, such as lower risk of cardiovascular disease and lower risk of some types of
cancer. The oil contains antioxidants, especially polyphenols and vitamin E, which may
help fight oxidative stress and inflammation. Particularly common in Mediterranean
cooking, olive oil is a staple in salad dressings, marinades, and as a dip for bread. Extra
virgin olive oil is the finest quality, cold-pressed without any chemical treatment. Most
olive oil is produced in Mediterranean countries, mainly Spain, Italy, and Greece; it can
taste mild to intense depending on the olives and how they are made. Due to its positive
impacts on health, especially in lowering bad cholesterol (LDL) and increasing good
cholesterol (HDL) levels, olive oil has been a primary dietary fat of choice in healthy
dietary patterns [5].
Beyond these primary oils, read about more that are generally less used, like sesame,
coconut, and grapeseed, where each of these oils offers a unique nutrition profile and
culinary application. For example, sesame oil possesses high amounts of antioxidants;
grapeseed oil has high polyunsaturated fat and vitamin E content; and an ever-increasing
number of new novel vegetable oils are being developed for niche markets (e.g., high oleic
oils that have improved oxidative stability) in response to a growing body of evidence
surrounding oil compositions that promote human health and culinary/functionality use.
Their health-beneficial properties and nutritional composition will continue to impact these
oils' production, application, and regulatory environments in food and industrial
applications [6].
2. Chemical Contaminants in Vegetable Oils
e Detection of Polycyclic Aromatic Hydrocarbons (PAH) in Vegetable Oils
Polycyclic aromatic hydrocarbons, especially benzopyrene (BaP), are a type of organic
chemical produced during the incomplete burning of organic matter. They are carcinogenic and
have been identified in numerous edible oils. Cooking/indirect pyrolysis generates various
types of PAH, and recent studies show considerable PAH content in vegetable oils that are
processed using frying and roasting techniques at high temperatures [7][8][9]. For example,
the roasting of sesame seeds has been proven to promote the generation of BaP, raising concerns
about sesame oil safety [7].

Fig .1 benzopyrene
e Familiar Sources of PAHs in Vegetable QOils
Several pathways can contaminate vegetable oils with PAHs. The primary source is drying
seeds by a direct firing process, which may cause considerable PAH contamination [10].
Moreover, environmental contamination, including soil, water, and air, can also be a factor
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where oilseeds may accumulate such contaminants [11][12]. In addition, PAHs may also enter
the oils by packaging materials and storage conditions during the process so that sufficient
quality control is required at every stage in production and distribution [13][14].
e Detection of Aflatoxin B1 in Edible Oils

(AFBI) is a potent mycotoxin elaborated by some molds, especially Aspergillus spp, a real
problem in the food industry due to its cancerogenic potential. AFB1 has been detected in
numerous vegetable oils, such as sunflower and olive oils, at levels above the admissible limits
[15],[16],[17]. Afterward, a systematic review revealed that olive oil is regularly contaminated
by AFB1, finding values from Greece and Spain [18].

Fig .2 Aflatoxin B1

e Sources of Aflatoxin B1 in vegetable oil.
The contamination of vegetable oils with AFB1 primarily originates from raw materials used
for oil extraction. Mold growth with AFB1 production is particularly likely in seeds harvested
during humid conditions or poorly stored [19][20][21]. Furthermore, poor processing and
refining practices may not remove these toxins and may remain present in the end product
[22][23]. Specific regulations combined with best agricultural practices are needed to minimize
the chance that oils will be contaminated with AFB.

e Identification of Heavy Metals in Vegetable Oils
Lead, cadmium, and arsenic, among the heavy metals in vegetable oils, are also dangerous to
human health. Studies have shown the contamination of edible oils with these metals where
their sources can be environmental pollution, agricultural practices, and processing
[24][25][26]. One example is a study showing that several vegetable oils tested positive for
high levels of trace metals, which makes them unsafe for consumption [27].

e Sources of Heavy Metals in Vegetable Oils
The sources of heavy metal contamination in vegetable oils are intricate. Soil and water
pollution are some environmental factors that can contribute to the accumulation of these
metals in oilseeds [28][29]. They may also enter the food chain when contaminated fertilizers
and pesticides are used to grow these foods [30][31]. Another source of metal contamination is
the processing equipment and storage containers, highlighting the need for strict monitoring
and control during the oil production process [32][33].
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3. Mechanisms of contamination during production, processing, and storage.
Vegetable oil contamination is a complex phenomenon associated with all production,
processing, and storage stages. Such insights are essential for food safety and the quality of
vegetable oils. Where are the primary contamination sources from environmental, processing,
or storage conditions. This discussion will examine each of them and help us understand
process contamination.

e Environmental Contamination
Vegetable oils are prone to environmental contamination, primarily impacting their quality and
safety. While growing oil-bearing plants, contaminants like heavy metals, pesticides, and
polycyclic aromatic hydrocarbons (PAHSs) can be brought in. Heavy metals, for example, can
come from fertilization, soil, and atmosphere deposition, and pesticides are made to protect
crops from pests and diseases [34][35][36]. These contaminants can enter the soil, be absorbed
by plants, and then transferred to the oil during extraction [37][38].

PAHs are further exacerbated and introduced into neighboring environments, mainly through
environmental pollutants released from nearby industries and vehicles using the roads. The
transfer of PAHSs to oil-bearing plants occurs through atmospheric deposition or from contact
with contaminated soil and water [39][40]. Due to the carcinogenicity of PAHS, such
environmental pollution seriously threatens human health [41] [42].

e Production Contamination

Vegetable oil passes through multiple steps — extraction, refining, and packaging — any of
which can introduce the chance for contamination. Indirectly, the solvents like hexane used to
extract the oil can add chemical contaminates to the oil during extraction. An unfinished
product might have residue solvents because of improper removal during purification8,9.
Moreover, the machines used during oil extraction/processing may get worn out, thus releasing
contaminants into the producing oil [32][30].

In addition, temperature and the time required for polymer processing can also affect the

formation of harmful contaminants. Many of these, like 3-monochloropropane-1,2-diol (3-
MCPD) and glycidyl esters, are food contaminants generated during the thermal processing of
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oils during high-temperature processing [45][46]. Furthermore, these contaminants can
negatively influence the oil's sensory properties and pose health hazards to consumers [47][48]

.Microbiologically, vegetable oils are another key aspect during the production and processing
steps. If there is moisture during the extraction or processing of the oil, it will form a moist
environment to grow microbes. Especially in the case of unrefined oils, oils may serve as the
growth medium for fungi, bacteria, and yeasts, resulting in oil spoilage and the generation of
mycotoxins, such as aflatoxins [41][17][18] the risk of microbial contamination increases in
areas where sanitation practices or storage conditions are deficient [19][20].

Additionally, the washing and processing of oilseeds may involve using contaminated water
that can transfer pathogens to the final product. Kim et al. 16, Hisashi et al. [17] , and Romane
et al. reported that unrefined oils had higher microbial loads than refined oils, suggesting that
more careful processing techniques must be applied to avoid this problem.

The storage of vegetable oils is a key stage of the process and is suitable for contamination.
Exposure to high ambient temperature, light intensity, and oxygen induces the development of
oil rancidity and toxic compounds, which diminishes oil quality [2] [ 3]. Increased oxidative
rancidity at high temperatures can lead to the formation of free fatty acids and other degradation
products, which can endanger the safety and quality of the oil [14] [17][21].

Or the storage containers themselves can contaminate it. For example, when heated, plastic
containers can release toxic products, like phthalates, into the oil [22]. Inappropriate storage

conditions (for example, light and air exposure) can also enhance soil quality, resulting in the
formation of toxic compounds [14][17].

Aromatic Contaminants in Metal/Metalloid Tailings Ponds
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4. Mitigation Strategies

Given the origins of potential contamination, various mitigation strategies can be used to
reduce the risk during different production, processing, and storage phases. For example, better
agricultural practices can decrease the incidental contamination of pesticides and fertilizers [7].
Moreover, strict quality control measures during oil extraction and refining can be established
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to minimize the chemical contaminants present and enhance the safety of the final product

(81191

Furthermore, proper storage conditions, such as suitable containers and monitoring temperature
and humidity, may lower storage contamination [14]. Contaminants in vegetable oils should
be routinely monitored and tested. This will help identify any potential hazards and ensure
compliance with safety requirements.

5. Health Implications of Contaminants:

Epidemiological studies and clinical trials have shown that contaminants in vegetable oils,
including polycyclic aromatic hydrocarbons (PAHS), mycotoxins, heavy metals, and oxidative
byproducts, carry essential health consequences.

e Polycyclic Aromatic Hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons (PAHS) are lipophilic contaminants produced during high-
temperature oil processing, such as refining or frying. Soundararajan and Parthasarathy discuss
the accumulation of various polycyclic aromatic hydrocarbons (PAHS) in repeatedly heated
oils, which can exacerbate oxidative stress and cardiovascular risks [41]. Additionally, Ndudi
et al. indicate the potential carcinogenic effects of PAHs and their involvement in the
exfoliative or interstitial type of liver or lung cancer development [42]. Pinto et al. highlight
the serious exposure risks PAHSs pose in fried and grilled foods, connecting their oils' existence
to DNA damage and tumorigenesis [43].

e Mycotoxins and Immunotoxicity
Mycotoxins like aflatoxins and ochratoxin A are sources of oil contamination resulting from
the inadequate storage and processing of oilseeds. Almoselhy states that these pollutants cause
oxidative stress and immune suppression that may be followed by hepatic injury and
hepatocellular carcinoma [44]. Similarly, Zio et al. show how aflatoxins contribute to
reproductive toxicity, aggravated by repeated heating or refining of oils [45].

e Heavy Metal Toxicity

Vegetable oils are commonly contaminated by heavy metals, such as lead, cadmium, and
arsenic, due to environmental pollution or improper refining processes. Vignesh et al. chronic
heavy metal exposure [46] due to nephrotoxicity and neurological damage [47] reported health
risks. Askarpour et al. further identified dangerous amounts of these elements in cold-pressed
and refined oils, and risk assessments illustrated cumulative toxicity with long-term exposure
[47].

e Tin Oxide Nanoparticles Are Oxidative Byproducts with Cardiovascular Risks

Repeated heating and refining of vegetable oils produce many oxidative byproducts—
aldehydes, trans-fats, and free radicals—all of which have been linked with cardiovascular
diseases. According to Almoselhy, lipid peroxidation in oils causes oxidative stress to become
systemic, driving systemic inflammation and endothelial dysfunction, which increase the risks
of atherosclerosis and heart disease [44]. These support similar findings by Bukowska et al.,
indicating that DNA adducts and mutagenic DNA damage occur through oxidized oils [48].
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6. Regulatory Requirements and Risk Characterization of Contaminants in
Vegetable Oils

The widespread pollution of vegetable oils with hazardous chemicals (e.g., polycyclic aromatic
hydrocarbons (PAHSs), heavy metals, and mycotoxins) constitutes a major global problem.
Codex Alimentarius, the European Food Safety Authority (EFSA), and other national food
safety authorities set thresholds for hazardous factors to protect public health. EFSA sets action
levels (ALs) that are non-binding and serve as proactive early warning tools to assess
contaminants, including dioxins and polychlorinated biphenyls (PCBs), in vegetable oils and
feed products, for example [49].

In Europe, the Rapid Alert System for Food and Feed (RASFF) is a mechanism to notify and
mitigate chemical contaminants [50], similar to risk assessment and information sharing to
protect food safety. This concern is further mirrored in regulating glycidyl esters and
acrylamides, carcinogenic compounds formed when producing vegetable oils, and for which
stringent limits need to be set [51].

The first is benzopyrene (BaP) residue, based on China's food safety authorities' monitoring
schedule of edible oils. To predict contamination risks, LSTM-XGBoost prediction
frameworks, which are advanced machine learning models, are employed [52], enabling
efficient regulatory control and early intervention.

e Risk Assessment Methodologies

Risk assessment comprises four steps: hazard identification, exposure assessment, dose-
response analysis, and risk characterization. This systematic process evaluates contamination
rates and their effect on public health [53]. A pre-early warning system for the European Union
(EMRISK) further aligns risk assessment with predictive models to identify emerging safety
risks [51].

Food safety is challenging due to chemical contaminants such as mycotoxins that need to be
detected reliably using recent analytical and metrological accurate methods (6). Rapid protein-
based tools that signal exposure to pollutants, like the Rapid Assessment of Contaminant
Exposure (RACE), can be deployed to facilitate rapid risk assessment following contamination
alerts [49].

7. Early Warning Systems for Contamination Detection

Early warning systems (EWS) play an essential role in detecting contamination risk at an early
stage. These systems leverage real-time monitoring systems, data analytics, and machine
learning algorithms to predict potential hazards. For example, Marvin et al. summarize the
EWS to detect emerging foodborne hazards from contaminant trends [51]. EWS allows
regulatory bodies to define thresholds for triggering contaminants to ensure responsible parties
intervene quickly and manage the risk. Food safety systems (e.g., RASFF) have been
established because they allow the sharing of data between countries to identify and contain
contamination events [54].

Traceability systems in palm oil and other vegetable oil supply chains ensure quick access to
the source of contamination and allow for the removal of contaminated products from the
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market. Oversight of these supply chains includes partnerships with industry and regulatory
stakeholders, focusing on adherence to food safety compliance [55].

8. Summary of findings and recommendations for healthier alternatives to vegetable
oils

The analysis of vegetable oil consumption has revealed significant concerns regarding their
health implications, primarily due to the presence of chemical contaminants and unhealthy
processing methods. The findings indicate that conventional vegetable oils, often high in
omega-6 fatty acids, can contribute to inflammation and various chronic health issues. To
mitigate these risks, it is crucial to consider healthier alternatives such as extra virgin olive oil,
avocado oil, and coconut oil, which not only offer favorable fatty acid profiles but also contain
beneficial nutrients and antioxidants. Additionally, adopting cooking methods that utilize lower
temperatures can reduce the formation of harmful compounds during oil utilization.
Encouraging consumers to transition to these alternatives and integrating them into dietary
guidelines could lead to improved public health outcomes, allowing individuals to enjoy
flavorful dishes without compromising their well-being. Thus, redefining cooking oil choices
is essential for fostering a healthier lifestyle.

9. Conclusion

In conclusion, the consumption of vegetable oils, while prevalent in modern diets, carries
significant hidden dangers that warrant serious consideration. The chemical composition of
these oils, primarily consisting of triacylglycerols (TAGs), presents a complex interplay of
various fatty acids that can influence health outcomes negatively. Despite their common use in
food products such as margarine, ice cream, and baked goods, the presence of chemical
contaminants during processing raises alarming concerns about their safety and health
implications . Furthermore, the potential for oxidative degradation and the formation of harmful
byproducts during cooking emphasizes the need for increased awareness and scrutiny of
vegetable oil consumption . As consumers become more informed about these issues, they can
make healthier choices, potentially minimizing the associated health risks and promoting
overall well-being. Thus, a critical reassessment of our dietary fats is crucial for future health.
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