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ABSTRACT

Palm oil, a common ingredient in the global food industry, is used in a vast array of other commercial products, from
baked goods to cosmetics. A significant amount of research now supports that palm oil consumption may be associated
with the risk of health concerns. Refined palm oil is predominantly comprised of palmitic acid, a saturated fatty acid
linked to risk of insulin resistance, inflammation, and oxidative stress, leading to the development of cardio vascular
diseases and cancers. This study focusses on the concise mechanism of palmitic acid inducing metastasis and excessive
consumption of refined palm oil results in over accumulation of lipids which in turn contributes to development of fatty
liver diseases and liver damage. The findings highlight the importance of limiting the consumption of palm oil both crude
and refined forms and exploring healthier dietary options to minimize these health risks.
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INTRODUCTION

The palm oil is commonly used vegetable oil worldwide and is extracted from the fruits and seeds of the
palm tree and other frequently used foods along with other consumer products from packed foods to
cosmetics [1]. Wildly grows in the tropical wetlands of the world, particularly in Asia, Latin America and
Africa [2]. A single palm tree contains over 2000 fruits. It is good source of edible oil and each palm fruit
contains 30-35% of oil [3]. The crude palm oil (CPO) extracted from the fruits and seeds from outer
mesocarp. And the palm kernel oil extracted from the endosperm [4]. The palm oil processing involves
extraction (Oil from mesocarp, threshing (fruit removal from clusters), sterilization of bunches, digestion
of fruit, pulp pressing, kernel separation, crushing of kernel, solvent extraction, crude palm oil obtained

[5]-

Refining of the CPO

Th process of refining is nothing but the removal impurities namely gums, fibrous materials, cell debris,
non-oily solids, FFA (free fatty acids), metals, pigments, residual soap, phospholipids, VOP (volatile
oxidation products) and other contaminants [6] and the process was presented in Fig-1. Major
constraints of vegetable oil refining process where formation of process includes contaminants like 2-
monochloropropane-1,3-diol fatty acid esters (2-MCPDE), 3-monochloropropane-1,2-diol fatty acid esters
(3-MCPDE), glycidol fatty acid ester (GE) which are found to be present in palm oil in appreciable
amounts [7-9]. Particularly these toxicants known to be 3-MCPDE which is proven carcinogen in animals
and might alter normal functions of other major organs and also having pose to several clinical disorders
like antifertility, nephrotoxic activity [10]. furthermore, classified contaminates are possibly carcinogenic
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to humans by International Agency of Research on Cancer (ICAR) [11]. Thus, the maximum allowable
daily intake limit for 3-MCPDE was determined at 2 pg/kg per body weight by the European Food Safety
Authority (EFSA), and 4 pug/kg was set by the joint expert committee of the FAO/WHO expert committee
on food additives and pollutants (JECFA) [12]. These toxicants developed during the refining process, and
a number of additional variables also contribute to their creation in oil. Treating the oils at high

temperatures during the bleaching, degumming, and deodorization processes is another major factor in
the creation of these [8, 13].

Palm OQil Consumprtion and Associated Health Effects
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Fig.1 Crude oil refining process
The most successful processing methods currently in use to lower the 3-MCPDE of refined oil are clay

washing and strong centrifugation [14]. There hasn't yet been a documented successful mitigating
technique for 2-MCPDE2 decrease [8].
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Palm Oil and Palmitic Acid - Biological and Nutritional properties

The crude palm oil CPO also known as red palm oil RPO, is extracted through wet or dry methods. It
contains a variety of beneficial and healthful compounds, including vitamin E, carotenoids, phytosterols,
and triacylglycerols (TAG). However, it also contains impurities, including gums, phospholipids, free fatty
acids (FFAs), and lipid oxidation products, which can be eliminated through refining procedures [16]. The
effects of palm oil both crude and refine forms on human health was depicted in Fig-2.
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Fig-2: Effects of Palm oil on human health

The highest naturally occurring source of carotenoids (500-700 ppm), tocopherols, and tocotrienols
(600-1200 ppm) contributes to the stability and nutritional qualities [15]. Additionally, CPO has
antioxidant qualities that are used to prevent cancer, reduce CVD, and combat reactive oxygen species
(ROS) [16]. Tocotrienols have also been described as naturally occurring inhibitors of the synthesis of
cholesterol [17]. Crude Palm Oil (CPO) undergoes refining to remove impurities and achieve desired
colour and flavour for food manufacturing. This involves chemical or physical refining methods, followed
by bleaching and deodorizing steps to produce high-quality oil. While physical refining is the preferred
method due to environmental and cost benefits, it has drawbacks. These include losses of beneficial
compounds like tocopherols and tocotrienols, oxidative damage, and reduced storage stability, requiring
careful degumming and processing to maintain quality [18]. Low-quality oils are utilized in non-edible
industries like soap and cosmetics, while so-called high-quality PO is made up of less than 0.5% FFAs and
more than 95% neutral triacylglycerols, or triglycerides, which are used in the food business [19]. PO and
PKO exhibit distinct physical and chemical characteristics, primarily contingent on their intended uses.
The PO includes 50% SFAs, primarily palmitic acid (PA, 44%) and smaller quantities of stearic acid (5%),
40% monounsaturated fatty acids (MUFAs), primarily oleic acid, and 10% polyunsaturated fatty acids
(PUFAs), primarily linoleic acids, PKO contains 85% SFAs, primarily lauric and myristic acids[17]. The
primary SFA found naturally in vegetable and animal oils, as well as the primary ingredient in human milk
fat, is PA [20]. Palm olein, with its high oleic acid content, has been proposed as a healthy alternative to
olive oil in healthy normo-cholesterolemic human diet [16] However, debates persist about PO's potential
health effects, primarily due to its elevated levels of palmitic acid (PA) content [21-23]. PO, like other
vegetable oils, is cholesterol-free and composed of triglycerides (TAGs) with oleic acid mainly at the SN2
position and PA at SN! and SN3 positions, differing from animal fats where PA often occupies the SN2
position [24].

Role of palm oil and palmitic acid in metabolic disorders

Obesity a metabolic disorder where his is characterized by the excess of the adipose tissue (WAT) causing
due to the excess energy stored and deposited in the adipose as TAG, responsible for causing adipose
hypertrophy and hyperplasia [25]. Over 2 billion adults worldwide (39% of adults aged 18 years and
older) live with overweight, and 770 million (13%) live with obesity. Children around 40 million under 5
years of age were found to be overweight or obese in 2020 [26]. Nonetheless, disorders associated with
obesity as per the data from the International Diabetes Federation (IDF), 1 in 10 persons had diabetes in
2021, with type 2 diabetes accounting for 90% of occurrences [27]. WAT generates adipokines linked to
metabolic disorders associated with obesity and mechanisms that cause chronic inflammation [28].
Increased SFA depots from the adipose tissues of obese mice trigger inflammatory signaling mediated by
Toll-like receptor 4 (TLR4) [29-31]. Saturated fatty acids (SFAs) activate pro-inflammatory pathways,
both TLR-dependent and TLR-independent, through ROS (Reactive Oxygen Species), which drive the
maturation of interleukin-1f (IL-1p), leading to insulin resistance (IR) via suppression of insulin
signalling in target cells. Additionally, high-fat diets (HFDs) have been linked to metabolic endotoxemia,
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wherein lipopolysaccharides (LPS) from Gram-negative gut microbiota activate inflammation via the
TLR4 pathway, further elevating pro-inflammatory cytokines like IL-6 and contributing to obesity-related
IR [32]. A palm oil (PO)-rich diet is connected with increase in weight gain, hepatic lipid accumulation,
and reduced gut microbial diversity, promoting obesity. Palmitic acid (PA), a primary constituent of PO,
enhances IL-6 secretion and cooperates with LPS to exacerbate inflammatory responses [33]. In obesity
and diabetes mellitus, elevated pro-inflammatory cytokines (TNF-q, IL-6, leptin) impair insulin action and
contribute to B-cell dysfunction. Increased ROS in diabetes leads to oxidative stress and endothelial
dysfunction, heightening the risk of cardiovascular diseases (CVD). The possible role of PO in diabetes is
controversial at present, with some studies suggesting impaired glucose tolerance and insulin sensitivity,
while others show minimal effects. PA impairs insulin signalling through mechanisms such as ER stress,
inhibition of insulin receptor phosphorylation, and ubiquitination of key insulin-signalling molecules,
promoting IR and (-cell apoptosis [34]

Palm oil in CVD

Biomedical Research indicates that palm oil, which is high in saturated fat and low in polyunsaturated fat,
promotes heart diseases. Though less harmful than partially hydrogenated vegetable oil, it is far more
conductive to heart diseases than such heart - protective liquid oils such as: olive oil, soya and canola oil.
National Heart, Lung and Blood Institute (NHLBI), WHO and other health authorities have urged to
reduce the consumption of palm oil to reduce the risk of CVD among the populations. According to WHO
Consuming refined palm oil can lead to an increased risk of cardiovascular disease. Excessive
consumption can lead to an imbalance of fatty acids in the body. The study emphasizes on the complexity
of the issue and the need for nuanced understanding that PA content in PO and its potential impact on
CVD risk. Comparison of PO with other oils (e.g., soybean, olive, sunflower, canola) show no considerable
differences in lipid profiles. The importance of fatty acid chain length, saturation, and stereospecific
positioning in TAG structures. The atherogenicity of specific TAGs and the role of PA at the SN2 position.
The potential benefits of PO's typical TAG structure, with PA at SN! and SN3 positions, reducing
atherogenicity. Excessive Consumption may pose adverse effects on lipid profiles and hepatic health
revealing: Dyslipidemia, Hepatic lipid accumulation, miRNA dysregulation, potentially leading to
metabolic disturbances. These findings underscore the importance of adhering to recommended dietary
guidelines for palm oil consumption to prevent adverse effects on cardiovascular and hepatic health.

Palm oil and metastasis

Metastasis is characterized by the intake of fatty acids and altered metabolism; however, there is a dearth
of information regarding the biology underpinning these processes and whether or not all dietary fatty
acids are prometastatic. Metastasis is characterized by the intake of fatty acids and altered metabolism;
however, there is a dearth of information regarding the biology underpinning these processes and
whether or not all dietary fatty acids are prometastatic. Research studies demonstrate that the oral
carcinomas and melanoma in mice are more likely to metastasize when dietary palmitic acid (PA) is
present, but not oleic acid or linoleic acid. Even after being serially transplanted, tumors from mice fed a
short-term diet high in palm oil (PA) or tumor cells that were momentarily exposed to PA in vitro
remained highly metastatic. A person's diet plays a significant role in the disease progression including
cancer, as it alters the nutrient levels and composition within the tumor microenvironment (TME). This,
in turn, can impact cancer cell growth, metabolism, and response to treatment. Further palmitic acid-
enriched diet can epigenetically reprogram cancer cells, adopting a neural-like identity that fosters tumor
nerve infiltration and metastatic spread, highlighting the critical role of diet in shaping cancer behavior
[35]. The study also investigated the role of fatty acids in metastasis formation and found that pretreating
human oral squamous cell carcinoma cells with palmitic acid (PA), but not oleic acid (OA) or linoleic acid
(LA), significantly increased metastasis in mice without affecting primary tumor growth. Research
indicates that there may be a connection between postmenopausal women's fatty acid intake and breast
cancer risk. Positive correlations have been observed between the following: total MUFA intake and
breast cancer incidence; intake of palmitic acid (PA) and stearic acid and breast cancer incidence (89%
higher risk) [36]. One of the most important enzymes in the metabolism of fatty acids, fatty acid synthase
(FAS), is overexpressed in a number of human malignancies, including colorectal, breast, and non-small-
cell lung cancer, which is the main cause of cancer death. This supports the idea that certain fatty acids,
such as palmitic acid (PA), are important in controlling the growth and progression of tumors by
suggesting FAS as a possible prognostic tumor marker and therapeutic target [37-39]. Evidence linking a
proregenerative state of tumor-activated Schwann cells to a dietary chemical that produces stable
transcriptional and chromatin alterations that result in a long-term encouragement of metastasis.
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CONCLUSION

The study signifies the contribution of refined palm oil and palmitic acid to metabolic disorders, including
obesity and type 2 diabetes, by promoting chronic inflammation, insulin resistance, and pancreatic beta-
cell dysfunction, ultimately increasing the risk of cardiovascular diseases. As extensively consumed
vegetable oil globally, palm oil's presence in various food products has raised questions about its
potential impact on glucose tolerance, fatty liver and cancer. Moderate consumption of high-quality palm
oil, particularly palm stearin, can be part of a healthy diet. Regulatory bodies should ensure proper testing
and labelling, and further research should focus on minimizing process-induced toxicants. A balanced
perspective and informed choices can help consumers navigate the complexities of palm oil's health
effects.

Further research is needed to elucidate the mechanisms and potential therapeutic targets for mitigating
the adverse effects for making a healthy and sustainable living.
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