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ABSTRACT

Vegetable oils are significant sources of dietary fatty acids. Palm oil is an edible vegetable oil

derived from the fruit of the palm plant (Elaeis guineensis) and is among the most produced and

widely used edible oils globally. Nevertheless, storage circumstances substantially modify its
chemical composition, elevating free fatty acid (FFA) levels. Free fatty acids (FFAs) are recognized
for their capacity to compromise membrane integrity and enzymatic activity, potentially altering
ATPase functions and resulting in modified hepatic metabolism. Employing groups of Wistar rats as
experimental models, one group used as control and the other groups fed with fresh and stored palm
oil containing varying levels of free fatty acids, assays were carried out to investigate the effects of
fresh and stored palm oil on the change in body weight and the activity of calcium ions ATPase
activity and magnesium ions ATPase activity in the liver of the Wistar rats. The results indicates that
consumption of fresh and stored palm oil with varied free fatty acid levels (0.4%-42.7%) led to
increase in the body weight of rats. Fresh palm oil with low free fatty acid levels contributes to
optimal liver function by preserving the structural and functional integrity of cell membranes. This is
due to its antioxidant components in fresh palm oil such as tocopherols, tocotrienols and carotenoids
which played a protective role by mitigating oxidative stress, maintaining enzyme activity and
promoting cellular homeostasis. Stored palm oil with elevated free fatty acid levels resulting from
oxidation exhibited negative effects on ATPase activity in ca** and Mg?* particularly for Ca?*

ATPase. This study reviews the effects of fresh and stored palm oil after consumption.



CHAPTER ONE

1.0. INTRODUCTION AND LITERATURE REVIEW

1.1. Introduction

Vegetable oils, which can be defined as “oils composed primarily of glycerides of fatty acids being
obtained only from plant sources,” have been introduced more recently in Europe. Until the late
nineteenth century, the olive was the sole edible oil-bearing crop, and its utilization was
predominantly confined to the Mediterranean region, whereas the remainder of the continent relied
on animal fats as the primary supply of cooking oil. Technological advancements, extensive food
production, and more affordable transportation have led to an increase in the consumption of olive

oil and other vegetable oils (Cordain et al., 2005).

Vegetable oil is mainly composed of triacylglycerol(TAG) , a storage lipid that serves as a major
commodity for food and industrial purposes. Vegetable oils are significant sources of dietary fatty
acids. Worldwide, the primary oils in the human diet originate from soybean, palm, sunflower, and
rapeseed, however significant variety exists based on regional traditions. These oils are primarily

utilized for baking, frying, or as salad dressing (Sayon-Orea et al., 2015).

Vegetable oils are excellent sources of (n-9) monounsaturated fatty acids (MUFAs) and (n-6 and n-3)
polyunsaturated fatty acids (PUFAs). Hydroxytyrosol is a distinct molecule linked to olive oil
consumption, thought to play a role in several health benefits. Vegetable oils and fats are vital parts
of food and crucial elements of our daily diet (Brahmi ef al., 2020). Vegetable oils are derived from
the mechanical expulsion or solvent extraction of oilseeds (such as soybeans, rapeseed, and

sunflower) or oil-rich fruits like palm and olive (Vidrih et al., 2010). It predominantly consist of



triglycerides (about 98 g/100 g) (Qian et al., 2020), which are triesters formed from the interaction of

glycerol and fatty acids, along with minor constituents (Gnanaprakasam et al., 2013).

Certain compounds, including diglycerides, vitamins, phytosterols, tocopherols, and polyphenols,
confer significant health benefits to humans (Gharby et al., 2021; Chew et al., 2016), and thus should
remain intact during processing. Other compounds known for their negative effect on the quality and
stability of oils, include free fatty acids, unsaponifiable matters, waxes, pigments, solid impurities
(mainly fibers), oxidation products (peroxides, aldehydes, ketones, alcohols, and oxidized fatty acids)

(Gharby et al., 2016 ; Aliyar-Zanjani et al., 2019).

Fatty acids (FAs) are organic acids characterized by a minimum of one carboxyl (-C(=O)OH, —
COOH, or —CO2H) group and an elongated carbon chain, which may contain double bonds in
unsaturated fatty acids or single bonds in saturated fatty acids. They are classified as saturated or
unsaturated on the basis of the absence or presence of double bond (Baum et al., 2012). Fatty acids
are primarily sourced from triglycerides and phospholipids, serving as the principal constituents of
dietary fats. Most naturally occurring fatty acids possess a linear chain including an even number (4—
28) of carbon atoms. The fatty acid catalogue categorizes fatty acids into saturated fatty acids (SFAs),
monounsaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs) based on the
quantity of double bonds present. Typically, plants synthesize fatty acids that may include zero to
three double bonds. The often encountered fatty acids comprise palmitic acid (16:0), stearic acid
(18:0), oleic acid (18:1), linoleic acid (18:2), and linolenic acid (18:3). In oilseed plants, these fatty
acids are primarily stored as triacylglycerols (TAG), the principal storage form in seeds. These lipids
may be stored in cotyledon or endosperm which are needed to supply energy during germination.

Besides TAG, fatty acids are also present as wax esters, such as those found in jojoba fruit



(Simmondsia chinensis)

Fatty acids are produced in plastids from acetyl-CoA as the initial substrate and on acyl carrier
protein (ACP). The fatty acids are then extracted from ACP through the action of the enzyme
thioesterase. Free fatty acids migrate to the cytosol, where they are subsequently integrated into the
acyl-CoA pool and/or the phosphatidylcholine (PC) pool. These pools then undergo changes,
including desaturation, hydroxylation, and epoxylation, before being combined into triacylglycerol
(TAG). The subsequent events transpire in the endoplasmic reticulum (ER) of plant cells (Bates et
al., 2013). TAGs constitute the primary storage form present in seeds. It is produced in ER, using
acyl-CoA and glycerol-3-phosphate as substrates by the Kennedy route. The initial enzyme is
glycerol-3-phosphate acyltransferase (GPAT), which acylates the sn-1 position of the glycerol
backbone to produce lysophosphatidic acid (LPA). The second enzyme in the cycle is
lysophosphatidic acid acyltransferase (LPAAT), which acylates at the sn-2 position to produce
phosphatidic acid (PA), subsequently transformed into diacylglycerol (DAG) by phosphatidic acid
phosphatase (PAP). Another acyltransferase, diacylglycerol acyltransferase (DGAT), produces TAG

from DAG utilizing an acyl-CoA as a substrate (Bates et al., 2013).

Fatty acids are allocated to cells where they function as energy sources (Philip , 2015) for muscle
activity and overall metabolism. As biological entities, fatty acids are essential in human metabolism,
health, and illness. They are a source of consumable fatty acids (saturated, monounsaturated, or
polyunsaturated), which are crucial for cellular metabolism, serving both as energy storage and as a
means of energy provision when necessary. Fatty acids are recognized for their significant
involvement in cellular division and development. They are essential constituents of cell membranes,

hormones, neurotransmitters, and other biological molecules.



Saturated fatty acids (SFAs) are fully saturated with hydrogen. The majority of saturated fatty acids
consist of linear hydrocarbon chains containing an even number of carbon atoms. SFAs are generally
split into subgroups depending on their chain length. The primary food contributors of individual
saturated fatty acids in the diet differ by saturated fatty acid chain length. For example, the major
food sources of short chain SFAs are dairy fats while medium and long chain SFAs are

predominantly found in red meat, diary fats and plant oils (Ratnayake and Galli, 2009).

Monounsaturated fatty acids (MUFAs) possess a single carbon-carbon double bond, which may be
located in various places. In the cis configuration, the hydrogen atoms are on the same side as the
double bond whereas in trans configuration , the hydrogen atoms and double bond are present on
opposite sides. The cis-isomers are the predominant form of MUFA in food sources. Oleic acid
represent the topmost MUFA provided in the diet (90% of all MUFAs) (Schwingshackl and

Hoffman, 2012).

In polyunsaturated fatty acids (PUFAs), the initial double bond is located between the third and
fourth carbon atoms from the n carbon; these are designated as n-3 or omega-3 fatty acids. If the first
double bond is between the sixth and seventh carbon atom, then they are called n-6 fatty acids. The
double bonds in polyunsaturated fatty acids (PUFAs) are interspersed by a methylene group.
Polyunsaturated fatty acids (PUFAs), synthesized only by plants and phytoplankton, are vital for all
higher creatures, including mammals and fish. Fish and plant oils are often rich in PUFAs with fish
being rich in omega-3 and plant oils rich in omega-6(Abdelhamid ef al., 2018). n-3 and n-6 fatty
acids are not interconvertible and are both necessary nutrients. PUFAs undergo additional
metabolism in the body by elongation (addition of carbon atoms) and desaturation (removal of

hydrogen). Mammals possess desaturases that may eliminate hydrogens solely from carbon atoms



situated between an existing double bond and the carboxyl group. B-oxidation of fatty acids, a
catabolic process involving the degradation of fatty acids, can occur in either mitochondria or

peroxisomes.

During digestion, free fatty acids (FFAs) and monoacylglycerols are liberated and assimilated in the
small intestine. In the intestinal mucosa cells, FFAs are re-esterified to triacylglycerols, which are
delivered via lymphatic vessels to the circulation as part of chylomicrons. Fatty acids are carried in
circulation either bound to albumin or incorporated within lipoproteins (Glatz et al., 2010).
Free fatty acids (FFAs) are absorbed by cells primarily by protein transporters in the plasma
membrane and are subsequently transferred intracellularly by fatty acid-binding proteins (FABP).
Fatty acids are then activated to acyl-CoA and transported by acyl-CoA-binding protein (ACBP) to
mitochondria or peroxisomes for B-oxidation. However, when there is a dysfunction in this process ,
it leads to the accumulation of free fatty acids. Excessive amounts of free fatty acids FFA
accumulated in peripheral tissues have adverse effects on cellular signalling and functions , effects
known as lipotoxicity. It is mostly linked with obesity caused by insulin resistance (Tumova et al.,
2016). Excess FFA causes oxidative stress by forming reactive oxygen species which damage cell
membranes and impair cellular processes. In the liver, excess FFA leads to impaired activity of

membrane-bound enzymes such as ATPases which are essential for ionic balance.

1.1.1. Justification of Study

The study of Ca?* and Mg?* ATPase activity in the liver of Wistar rats consuming fresh and preserved
palm oil is important for elucidating the biochemical and physiological impacts of dietary lipids,

especially in relation to storage conditions. Ca®" and Mg?" ATPases are essential for preserving



cellular ion equilibrium, especially in metabolically active tissues such as the liver. Ca** ATPase
regulates intracellular calcium, which is essential for metabolism, signaling, and cell survival. Ca2+
concentration by plasma membrane. Ca2+ -ATPase is a critical for cell survival as disruptions in
Ca2+ homeostasis can alter cellular physiology (Brini et al., 2013). Dysregulation can lead to
oxidative stress and cellular damage frequently associated with liver disorders. Mg?** ATPase is
crucial for ATP hydrolysis and energy dependent processes in cells, influencing metabolic functions

in the liver (Romani, 2011).

Palm oil is a worldwide prevalent edible oil owing to its cost-effectiveness and versatility.
Nevertheless, storage circumstances substantially modify its chemical composition, elevating free
fatty acid (FFA) levels. Free fatty acids (FFAs) are recognized for their capacity to compromise
membrane integrity and enzymatic activity, potentially altering ATPase functions and resulting in

modified hepatic metabolism (Boateng ef al., 2016).

Studies have shown that prolonged storage of palm oil leads to oxidative degradation , forcing
harmful byproducts like peroxides and free fatty acids which are hepatotoxic (Edem, 2002).
Employing Wistar rats as experimental models facilitates controlled investigations to ascertain the
causal links between dietary palm oil and hepatic ATPase activity. This study assesses the influence
of fresh and preserved palm oil on ATPase activity, offering significant insights for dietary and public

health recommendations.

1.1.2. Aim of Study

This study is directed at investigating the effects of fresh and stored palm oil on Ca*" ATPase and

Mg?* ATPase activities in the liver of wistar rats.



1.1.3. Objectives of Study
i To determine the activity levels of Ca?" ATPase in the liver of wistar rats fed fresh
palm oil and stored palm oil.
ii. To assess the activity levels of Mg?* ATPase in the liver of wistar rats fed fresh palm
oil and stored palm oil.
iii. To compare the enzymatic activities between rats fed with fresh palm oil and stored

palm oil, highlighting any significant differences in metabolic impact in the liver.

iv. To evaluate the relationship between free fatty acid levels in palm oil and the

activities of hepatic Ca** ATPase and Mg?" ATPase.

1.2. Literature Review

1.2.1. The Oil Palm

The oil palm tree, or Elaeis guineensis, sometimes referred to as the African oil palm, is a member of

the Arecaceae family, which includes coconut and date palms (Gnanesh et al., 2014). It is a crucial
element of the global palm family, possesses substantial economic significance, is extensively

researched, and is commercially utilized (Espana et al., 2018). The species Elaeis oleifera or Elaeis

melanococca, commonly referred to as "Caiaué," is recognized as the American oil palm tree. The
hypothesis is that the separation of the American and African continents in past times led to the
emergence of those species recognized today (Gnanesh et al., 2014). Scholars widely concur that the
oil palm E. guineensis is indigenous to the western and southwestern areas of Africa, specifically the
territory between Angola and Gambia (Reddy ef al., 2019). It is posited that domestication occurred
in its indigenous environment, presumably in Nigeria, and subsequently disseminated throughout

tropical Africa about 5000 years ago.



The oil palm fruit (OPF), derived from the palm tree, is a drupe that develops in dense, spiky clusters
(Mba et al., 2015). The oil palm yields fruits in fresh fruit bunch (FFB) clusters (Figure 2). These
clusters consist of densely packed spikelets carrying fruits and can weigh up to 50 kg, housing
anything from several hundred to several thousand fruits (Nair, 2010). Each fruit consists several
various layers, including an exterior skin (exocarp), a fleshy pulp (mesocarp), a protective shell
(endocarp), and an inner kernel (endosperm), (Pereira et al., 2020; Mba et al., 2015). The mesocarp,
a fibrous structure, holds palm oil, while the kernel encloses oil within its center nut. A standard palm
fruit is roughly 3.5 cm long and weighs between 3.5 and 4.0 g. OPF is identifiable by its reddish hue
and cluster-like development pattern. Each fruit comprises two primary components: the oily, fleshy
layer termed the mesocarp, and a solitary seed, referred to as the palm kernel or endosperm. The oil

obtained from the mesocarp is designated as crude palm oil (CPO), whereas the oil derived from the

kernel is termed palm kernel oil (Mba et al., 2015).

Fig 1.1 (a) Oil palm tree (b) Oil palm fruits



1.2.1.1. Processing of Fresh Fruit Bunches into Crude Palm oil

Following the third year of cultivation, the first bunches of fruits commence ripening. About 180
days post-initiation of inflorescence development, oil formation commences, with a significant
acceleration occurring after two weeks of maturation (Rao et al., 2010). Two varieties of oil are
derived from the fruit of the palm tree: red crude palm oil from the mesocarp and palm yellow crude
kernel oil from the endosperm, each possessing a unique composition (Gee, 2007). Mesocarp oil is
predominantly utilized for culinary purposes, while palm kernel oil is employed in the oleochemical

sector. When fully ripe, the fruit mesocarp normally contains 68.0% to 73.2% (w/w) edible oil.

The manufacture of palm oil encompasses several intricate stages, including the sterilization of fresh
fruit, fruit detachment, digestion, oil extraction, and clarifying. Sterilizing fresh fruit is a vital step
requiring moisture absorption and heat treatment to deactivate lipolytic enzymes such as lipases in
the fruit mesocarp (Wondi et al ., 2019; Wondi et al., 2020; Tan et al., 2023). These enzymes may
result in elevated concentrations of free fatty acids (FFAs) (Rao ef al., 2010), leading to quality
concerns during storage, processing, and refining (Mahmod et al., 2023). The condensed water from
this operation constitutes a substantial source of palm oil mill effluent (POME). A number of studies
have concentrated on enhancing the utilization of POME, including the repurposing of water
produced during oil extraction for milling processes or as potable water (Sodri and Septriana, 2022).

POME is also utilized for biogas production (Sodri and Septriana, 2022).

The production of palm oil can be classified into artisanal and industrial milling techniques. The oil
extraction procedure, utilizing several methodologies, is essential in ascertaining the output and

quality of oil. These extraction methods can be classed based on their complexity and processing



capacity, ranging from artisanal techniques and small mechanical units to medium-scale and big

industrial mills (Nchanji et al., 2013).

Artisanal palm oil extraction is the most ancient technique of oil separation, typically utilizing
traditional apparatus. In artisanal extraction, harvested fruit bunches are allowed for several days to
promote the detachment of the fruits before the oil extraction process, enhancing lipase activity and
leading to the hydrolysis of palm oil triglycerides (Godswill et al., 2017). The fruits are later cooked

in a drum, and extraction is conducted by a manual or motorized press.

Industrial palm oil extraction utilizes two main methods: chemical or wet procedures, including
solvent extraction, and physical or dry ones, such as mechanical pressing. These techniques can
attain oil extraction efficiency between 75% and 90% (Alam et al., 2020; Gibon et al., 2009). The
selection between these two techniques is contingent upon various circumstances, including the

quality and acidity of the crude oil and local regulations.

In the solvent extraction procedure, oil is obtained from the disrupted cells of the oil palm using
water or steam. This procedure coagulates proteins and hydrolyzes any starch, adhesive, or gum that
may be present (Chai et al., 2023). These chemicals may induce oil foaming while frying. The
alkaline neutralization phase of chemical refining eliminates free fatty acids and the majority of
phosphatides. In the ensuing oil clarifying phase, hydrolyzed and coagulated substances are
eliminated. Crude palm oil (CPO) is obtained following the evaporation of moisture (Awere et al.,

2023; Zamanhuri et al., 2022).
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Dry extraction employs a hydraulic press, screw press, or centrifuge to rupture the oil cells. The
screw press is generally more appropriate for continuous extraction systems, whereas the hydraulic
press is frequently employed in batch or semi-batch extraction systems. Upon pressing, the crude
palm oil is extracted from the fibrous mesocarp, with the residual fiber components containing
around 5 to 6% (w/w) of the oil. The yield and quality of the extracted oil are affected by beginning
oil and moisture contents, operation temperature, heating duration, and applied pressure (Zamanhuri
et al., 2022). The pressure is generally diminished to avert the rupture of fruit kernels, hence

enhancing oil retention to around 10—12% in the mesocarp biomass.

Premium palm oil generally exhibits low levels of free fatty acids and moisture, minimum
impurities, and a superior degradation of the bleachability index (DOBI). The grade and market
worth of palm oil rely on the quality of the extracted product. Triacylglycerol (neutral lipid),
carotenoids, phytosterols, and vitamin E (tocopherol and tocotrienols) are valuable constituents of
oils due to their nutritional significance. During extraction processes, whether artisanal or industrial,
numerous compounds are extracted alongside the oil, including free fatty acids, partial acylglycerols,
phosphatides, sterols, tocopherols, tocotrienols, hydrocarbons, pigments, vitamins, sterol glycosides,

protein fragments, traces of pesticides, dioxins, and heavy metals.

Consequently, palm oil comprises unwanted constituents including water, oil contaminants, and fruit
debris. Mitigating these chemicals is essential to enhance the quality of palm oil and broaden its
applications. The objectives of the refining process include producing a moisture content below 10%
and decreasing the FFA level to 0.3% (Abdeltawab and Khattab, 2018). In contrast, free fatty acids,
phospholipids, and gums are regarded as pollutants and are chemically undesirable.

Palm oil requires processing to achieve the requisite purity attributes and become consumable (Silva

11



et al., 2014). The refining process of palm oil, whether chemical or physical, successfully eliminates
contaminants, yielding refined, bleached, and deodorized (RBD) palm oil. The quality of refined
palm oil is largely evaluated based on parameters like free fatty acid content, iodine value, peroxide

value, moisture content, saponification value (SV), and impurity level.

Chemical refining entails the elimination of free fatty acids through alkali treatment and the
separation of soap via centrifugation (sludge). Chemically refined CPO undergoes washing with a
sodium hydroxide or sodium carbonate solution to diminish free fatty acids and eliminate
phospholipids and other polar lipids. Nonetheless, alkali refining alone may not eradicate all

potentially harmful chemical constituents (Alhaji et al., 2016).

Physical refining eliminates free fatty acids and other substances by a stripping process. The
selection of refining technique is contingent upon the properties of each oil. Oils like palm, palm
kernel, and coconut, characterized by low phospholipid content, are predominantly subjected to
physical refining. Physical refining offers benefits through reduced chemical usage and diminished
effluent output. Physical refining is recommended for crude palm and palm kernel oils characterized
by low initial phosphatide levels and elevated carotene and free fatty acid (FFA) contents, as it
minimizes neutral oil loss and operational expenses (Alhaji et al., 2016; Sampaio et al., 2013).
Processing parameters can be modified to enhance the retention of beneficial secondary components
like tocopherols and tocotrienols while reducing the formation of undesirable trans fatty acids.
When physically refined, CPO undergoes bleaching and deodorization, which demand high
temperatures (Tan et al., 2021). Bleaching is an adsorption procedure carried out at temperatures
ranging from 95 °C to 135 °C. In this procedure, neutral or acid-activated bleaching earth eliminates

colors, metals, oxidation products, and soaps (Almeida et al., 2019). During bleaching, certain

12



carotenes are eliminated, and the residual carotenes are degraded during deodorization at
temperatures of 240 °C or above (Ribeiro et al., 2018). This thermal bleaching process eliminates
free fatty acids, aldehydes, and ketones via volatilization. Oils characterized by low DOBI and
elevated concentrations of FFA and peroxides exhibit a greater susceptibility to bleaching (Vispute
and Dabhade, 2018). The DOBI value is the ratio of oil absorption at 446 nm to that at 268 nm,
reflecting the relative quantities of carotenes and oxidized carotenes. A greater DOBI value indicates
a reduced presence of oxidized carotenes, facilitating the bleaching process of the oil. DOBI levels
ranging from 2.5 to 4.0 signify moderate to good crude oil quality, whereas values below 2.0 denote

poor quality, which presents challenges for bleaching.

The increasing temperatures employed in refining procedures may result in unfavorable chemical
alterations due to the increased heat during these stages. The use of bleaching earth may result in the
generation of oxidation products, elevating the concentrations of free fatty acids, foams, colorants,
and viscous substances (Almeida et al., 2024). During refining, undesirable byproducts such as 3-
monochloropropane-1,2-diol (3-MCPD) and glycidyl esters (gEs) are generated, which are pollutants
caused by the process (Rahn and Yaylayan, 2011). These chemicals are poisonous, and their

ingestion is associated with tumor growth.

The synthesis of 3-MCPD and gEs is predominantly affected by temperature, particularly during the
deodorization of oil (Jedrkiewicz et al., 2016). 3-MCPDs are very imperceptible in virgin,
unprocessed oils (Arris et al., 2020). These pollutants are generated not only in oils during
processing but also in prepared foods such as bread, cakes, cookies, cereals, roasted coffee, and
infant meals (WeiBhaar, 2011). Besides the aforementioned parameters, other additional factors

affect the synthesis of these chemicals, including soil type, fertilizers, and the harvesting interval of

13



the bunches (Arris et al., 2020). The formation mechanisms of these contaminants remain
inadequately understood (Tivanello et al., 2021); nonetheless, strategies to reduce their development
are established: lowering chlorides and other precursors by washing crude oil prior to the
deodorization phase (Yung et al., 2023; Santiago et al., 2021). Regulating the DAG concentration
and minimizing exposure and duration to elevated temperatures during processing, while employing
neutral bleaching clays, as acid-activated clays are treated with hydrochloric acid (Oey et al., 2019).
Refined oil may progressively alter in color to deeper tones during shipping, storage, and
consumption, a phenomenon known as color reversal (Chen and Sun, 2023). Color reversal is
typically linked to substandard oil quality or insufficient degumming and bleaching procedures. The
presence of colorful pigments and oxidation chemicals significantly influences the final hue of the
oil and contributes to the phenomena of color reversal. Temperature induces the discoloration of
carotenes while simultaneously promoting oxidation, resulting in the production of alternative
colored molecules. The oil may have an intensified yellowish or red hue due to the development of
tocopherol oxidation products, such as y-tocopherol and y-tocopherol-5,6-quinone, which may

stabilize other pigments, preventing their removal through adsorption (Igile ef al., 2013).

1.2.1.2. Primary Products of the Oil Palm.

Two distinct forms of oil are present in the primary tissues of palm fruits: 'palm oil' and "palm kernel
oil' (Murphy, 2019). Palm oil, derived from the fleshy mesocarp tissue, is a deep orange-red, semi-
solid liquid, whereas palm kernel oil is a white-yellow oil primarily collected from the endosperm
tissue of the kernel (seed). The distinct fatty acid contents of these two oils result in their utilization
for various downstream applications across many industrial sectors (Goggin and Murphy, 2018). The

elevated saturated fat content of palm oil renders it especially appropriate for culinary applications as

14



a solid vegetable fat (melting point around 35°C). Conversely, palm kernel oil is a less dense
substance (melting point approximately 24°C) primarily utilized for non-edible purposes. A primary
application of palm kernel oil is as the essential functional component in numerous soaps, detergents,
and cosmetics. Elaeis guineensis trees produce abundant oil-rich fruit bunches throughout the year,
with each bunch comprising between 1000 and 3000 individual fruits (Corley and Tinker, 2015).
Mesocarp-derived palm oil constitutes around 89% of the total fruit oil, while the remaining 11% is
sourced from the seed or kernel. Due to the distinct mechanical procedures employed in the
extraction of palm oil and palm kernel oil from fruits, as well as their divergent downstream

applications, they enter separate supply chains immediately after extraction in mills.

1.2.2. Palm oil

Palm oil is an edible oil derived from the fruit of the palm plant (Elaeis guineensis) and is among the

most produced and widely used edible oils globally. This occurs despite being sourced from the
smallest global proportion of all farmed land dedicated to oils and fats (Ismail ef a/., 2018). Palm oil
serves multiple functions. Mesocarp oil and kernel seed oil have multiple applications; roughly 80%
are utilized for culinary purposes, while the remaining 20% serve as feedstocks for diverse nonfood
uses. Historically, palm oil has been utilized for domestic cooking throughout Southeast Asia,
tropical Africa, and South America for centuries (Purnama et al., 2020; Echioda et al., 2018). In
recent decades, the food sector has embraced refined palm oil due to its functional advantages,

adaptability, and extensive availability.
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The primary advantages of palm oil include:

(1) its high stability over time since palm oil helps keep the product’s taste throughout its shelf life

due of its higher oxidation stability than other vegetable oils do.

(2) Its neutral flavor and the aroma of deodorized palm oil facilitate its integration into diverse
culinary applications without altering taste; this neutrality guarantees that the oil does not

overshadow the flavors of other components, including milk, chocolate, and hazelnuts.

(3)The adaptability of vegetable fat arises from its capacity for fractionation into several solid

components, rendering it appropriate for diverse texture and flavor needs in final products (Wang et

al., 2016).

(4) Palm oil imparts a smooth and creamy texture to food products, offering an exceptional
mouthfeel with distinct characteristics for each item; for instance, it enhances the smoothness and

spreadability of chocolate spreads.

(5) As a substitute for trans fats, palm oil serves as an appropriate alternative to partially

hydrogenated fats.

A significant proportion of items available in supermarkets contain palm oil in their formulation. The
products encompass margarine, confectionary, ready-to-eat meals, snacks, chocolate, ice cream,
baked goods, and non-food items including soap, candles, and cosmetics.
The fractionation process can ascertain the chemical and physical properties of olein and stearin: at

the industrial scale, refined, bleached, and deodorized (RBD) olein is predominantly utilized in food
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products, including cooking and frying oils, shortening, and margarine; RBD stearin is similarly
employed in the production of margarine and shortening (de Almeida et al., 2021). Unfractionated
RBD palm oil is utilized in the production of ice cream, margarine, shortening, vanaspati (vegetable

ghee), frying fats, and ice cream.

Nonfood applications of palm oil encompass cosmetics and personal care products, soap, candles,
medicines, metal plating, lubrication and grease, surfactants, industrial chemicals, agrochemicals,
coatings, paints, lacquers, electronics, leather, and biodiesel manufacturing. Besides mesocarp and
kernel oils, the primary products of oil palm, tree and fruit processing waste have several
applications. Sludge is utilized in conventional soaps and fertilizers, while palm kernel cake is
extensively employed as an ingredient in the feed industry and fertilizers. The processing byproducts,
specifically empty bunch trash, fibers, shells, sludge, and mill effluent, comprise roughly 75% of the
entire mass of the oil products. The remaining components of the palm tree (trunk, leaves, and fiber)
possess extensive applications, whereas the bunch trash and leftovers from oil production (fiber,
shell, and sludge) can serve as fuel for mills, rendering briquettes an alternative to fuel wood. Kernel
cake was employed in animal feed and organic fertilizer production as a substrate for mushroom
cultivation. The midribs and rachises are utilized as roofing materials (Echioda et al., 2018).
The phytochemistry of palm oil fruit has been thoroughly investigated and is recognized for its
numerous bioactive compounds, including a palmitic-oleic-rich semi-solid fat (comprising 95%
triglycerides and fatty acids such as palmitic, myristic, stearic, oleic, and linoleic acids), a vitamin E

fraction (30% tocopherols and 70% tocotrienols), carotenoids, polyphenols, and phytosterols.
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1.2.3. Oil Palm Tree Identity

Preferred Scientific Name: Elaeis guineensis Jacq.

Preferred Common Name: African oil palm

Other Scientific Names: Elaeis dvbowskii Hua, Elaeis madagascariensis(Jum. & H. Perrier)

Becc., Elaeis melanococca Gaertn. , Elaeis virescens (A.Chev.) Prain , Palma oleosa Mill.

International Common Names:
English : macaw-fat, oil palm
Spanish : palma africana, palma de aceite

French :palmier a huile, palmier a huile, palmier a huile d'Afrique, palmier a I'huile

Local Common Names:apwiraiasi , Brazil :palmeira-caiau¢ , Cambodia :doong preeng,Cook
Islands :nu tamara, Germany :Oclpalme, Indonesia :kelapa sawit; salak minyak, Italy :palma
da olio, Malaysia : kelapa bali; kelapa sawit, Myanmar :si-htan; siohn; si-ohn,
Netherlands :oliepalm, Portugal :dendé ; palmeira-andim, Sweden :oljepalm,

Tanzania :mchikichi, Thailand :pam namman, Vietnam :co dau; dua dau.

1.2.3.1. Taxonomical Classification

Domain: Eukaryota

Kingdom: Plantae,

Phylum: Spermatophyta

Subphylum: Angiospermae

Class: Monocotyledonae,

18



Order: Arecales

Family: Arecaceae

Genus: Elaeis

Species: Elaeis guineensis

1.2.4. Chemical Components of Palm Qil

A notable feature of palm oil is its oleic acid content and the abundance of antioxidant components,
including carotenes and tocols, which enhance its resistance to oxidation and suitability for frying,
thereby fulfilling the demands of the food sector (Montoya et al., 2013). African palm oil is derived
from the mesocarp of the fruit and is recognized for its unique composition of fatty acids. This oil
exhibits a balanced composition of saturated and unsaturated fatty acids, rendering it highly
adaptable and applicable in various contexts (Uuh-Narvaez et al., 2023).It comprises roughly 44%
palmitic acid, 40% oleic acid, 10% linoleic acid, and 5% stearic acid; hence, it consists of
approximately 50% saturated fatty acids and 50% unsaturated fatty acids. This composition contrasts

with that of the oil derived from the American species Elaeis oleifera (Caiaué). The unsaturated fatty

acid concentration in Elaeis oleifera palm trees ranges from 47% to 69% for oleic acid, 2% to 19%
for linoleic acid, and 0.1% to 1.2% for linolenic acid (Montoya et al., 2014), whereas palmitic acid

constitutes roughly 24%. The interspecific hybrid possesses a fatty acid composition of oleic acid

(55%), palmitic acid (27%), and linoleic acid (11%).

Palm oil is frequently condemned for its elevated levels of saturated fatty acids (SFA), especially

palmitic acid, which are associated with health problems including obesity, cardiovascular disorders,
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diabetes, and malignancies. Oleic acid, a monounsaturated fatty acid (MUFA) found in high
concentrations in palm oil, might lower detrimental cholesterol levels and safeguard against
cardiovascular disease (Ribeiro et al., 2018), as well as polyunsaturated fatty acids (PUFA).
Unsaturated fatty acids, designated as omega (w), are classified based on the location of the carbon in
the unsaturated chain, including -3 (linolenic acid), -6 (linoleic acid), and ®-9 (oleic acid) fatty
acids.

Palm oil mostly consists of a blend of triacylglycerols, accounting for roughly 95% of its
composition. Nonetheless, the oil comprises several minor constituents, including free fatty acids
(FFA), monoacylglycerols (MAG), diacylglycerols (DAG), metals, phospholipids, peroxides, and
chlorophylls, along with antioxidants and valuable compounds such as carotenoids, vitamin A
precursors, tocols (tocopherols and tocotrienols), and phenolic compounds (Norhaizan et al., 2013;
Machado et al., 2023). Vegetable oils are vital in the human diet as they serve as significant

transporters of fat-soluble vitamins, including A, D, E, and K.

Carotenoids, vital minor constituents of palm oil, possess elongated chains with conjugated double
bonds that markedly affect the oil's color, varying from yellow to orange-red. Liposoluble pigments
are accountable for the characteristic orange hue of the oil derived from the mesocarp. The

concentration of pigments in the oil extracted from Elaeis guineensis fruits ranges from 600 to 1000

ppm, while for Elaeis oleifera, it exceeds 4000 ppm. The concentration in interspecific hybrids

ranges from around 1400 to 2300 ppm (Vidoca et al., 2020). About 90% of the carotenes in the oil

consist of a- and B-carotenes (Zurawik et al., 2021).

Carotenoids has antioxidant qualities that beneficially influence human health, rendering palm oil

significant for the prevention of vision impairments, cardiovascular diseases, and cancer (Yeung et

20



al., 2022; Amorim et al., 2022). Carotenoids function as precursors to vitamin A, with B-carotene
demonstrating the highest provitamin A (retinol) efficacy. Carotenes not only confer health benefits
but also significantly influence the oxidative processes of oil by mitigating oil oxidation through their
capacity to suppress 102 (singlet molecular oxygen), with this capability enhancing in correlation to
the number of double bonds in the chain. Besides their nutritional benefits, these chemicals are
eliminated from the oil during refining to provide a lighter color for enhanced consumer acceptance
in many industrial applications. Conversely, preserving residual carotenoids in post-bleaching palm

oil is crucial, as they inhibit the oxidation process (Tan et al., 2021).

A crucial minor component of palm oil is tocopherols and tocotrienols, collectively referred to as
tocols. In conjunction with carotenes, these chemicals may function synergistically as antioxidants,
improving the oxidative stability of the oil (Almeida et al., 2019). These substances have a
chromanol group that influences vitamin E activity in the diet (Shahidi and De Camargo, 2016). A
deficiency of this vitamin can lead to anemia, diminished immunological response, retinopathy,
neuromuscular and neurological disorders, as well as strong anticarcinogenic agents that assist in
combating thrombosis (Sampaio et al., 2013). Palm oil, alongside carotenes and tocols, is abundant
in biologically active chemicals that enhance nutritional absorption and bolster brain function, such
as phospholipids, phenolic compounds, and considerable quantities of squalene and phytosterols

(Loganathan et al., 2010).
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1.2.5. Physio-chemical Properties of Palm Oil

The distinctiveness of palm oil and its health advantages relative to other vegetable oils can be
attributed to its fatty acid composition and their arrangement within the triglyceride structure
(Mancini et al., 2015). The appropriateness of palm oil within the global marketplace largely hinges
on the physical and chemical characteristics of the oil at the moment of acquisition. Typically, the
properties taken into account include free fatty acids (FFA), iodine value (IV), peroxide value (PV),
moisture content, impurities content, color, taste, aroma, melting point, as well as tocopherol and
tocotrienol contents (Zarezadeh et al. 2021b). Additional factors that bear an indirect relationship to

the composition of edible oils encompass the iodine value and saponification value.

1.2.6. Health Benefits of Palm Qil

Triacylglycerols, constituting the majority of dietary fats and oils, yield twice as much energy per
gram compared to carbohydrates. Fats and oils play a crucial role in providing essential fat-soluble
vitamins, including Vitamins A, D, E, and K. Palm oil is notably abundant in pro-vitamin A
carotenoids and comprises approximately 800 ppm of vitamin E compounds, which are rich in
tocopherols and tocotrienols (Carneiro et al., 2023). The nutritional advantages of palm oil can be
attributed to the antioxidant characteristics inherent in carotenes, tocopherols, and tocotrienols. These
compounds function as agents that neutralize free radicals generated through biological metabolism
or as a result of exposure to toxic chemicals and environmental pollutants. Free radicals are
associated with the processes of aging, the development of chronic degenerative diseases like

atherosclerosis and arthritis, as well as the mechanisms of carcinogenesis (Ribeiro et al., 2018).
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Palmitic acid is the primary saturated fat found in palm oil. A 16-carbon chain is an essential fatty
acid involved in cell membrane structure, lipid transport, secretion, and overall human physiology.
Additionally, palmitic acid plays a role in energy production by facilitating the association with
specific proteins necessary for the proper functioning of the nervous system and the formation of
intercellular connections (Agostoni et al., 2016; Carta et al., 2017). Furthermore, the antioxidant
content of palm oil, comprising tocopherols and tocotrienols, offers a protective effect for cells and
tissues against oxidative stress caused by free radicals. The vitamin E content of palm oil provides
protective effects against cellular aging, cancer, atherosclerosis, arthritis, and Alzheimer's disease.
Tocotrienols in palm oil reduce low-density lipoprotein cholesterol (LDL-C) levels by 7-38% while
maintaining high-density lipoprotein (HDL) levels. This effect is achieved through the inhibition of

HMG CoA reductase, the enzyme responsible for regulating cholesterol synthesis in the liver.

1.2.7. Oxidation of Palm Oil

Oils and fats consist of a combination of triacylglycerols derived from various fatty acids, with palm
oil products predominantly comprising oleic and palmitic acids. Lipid oxidation is a significant issue
impacting palm oil, as it is with other edible oils, leading to critical deteriorative alterations in their
chemical, sensory, and nutritional characteristics (Velasco and Dobarganes, 2002). Oxidative
deterioration of oils and fats leads to the formation of unpleasant off-flavours and the degradation of
vitamins (A, D, E, K, C), essential fatty acids, chlorophylls, carotenes, amino acids, proteins, and
enzymes due to the generation of toxic or physiologically active compounds. Unsaturated vegetable
oils exhibit greater reactivity compared to animal fats, which are primarily saturated and less prone
to chemical reactions. Oxidation typically progresses slowly during the initial phase and accelerates

upon exposure to heat, light, and trace metals. An increase in dissolved oxygen content (DOC) will
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accelerate the oxidation process.

The presence of double bonds in unsaturated fatty acids can lead to accelerated oxidation; thus, an
increase in the number of double bonds correlates with decreased oil stability. Consequently, palm oil
exhibits greater stability compared to polyunsaturated oils, such as soybean oil and corn oil, owing to
its reduced proportion of unsaturated fatty acids. Crude palm oil comprises carotenoids at
concentrations ranging from 500 to 700 ppm and vitamin E at concentrations between 600 and 1000
ppm. These components are dietary essentials primarily functioning as antioxidants, substances that

inhibit oxidation.

Different chemical mechanisms such as autoxidation and photosensitized oxidation occur during
storage and are responsible for the oxidation of edible oils. Autoxidation is a reaction between
unsaturated fatty acids, (regardless of whether they are in their free state or esterified as a triglyceride
molecule) and oxygen. These reactions originate hydroperoxides, which are rapidly decomposed to
aldehydes, ketones, alcohols, hydrocarbons, esters, furans and lactones (Choe and Min, 2006;
Adetola et al., 2016). Changes in oil quality during inappropriate storage conditions are still a major
issue from the health perspective (Almeida ef al., 2018). Also, most of the oils erroneously referred

to as fresh palm oil is photoxidized (Beshel and Beshel, 2019).

Hydroxyperoxides represent the initial products of the oxidation process, subsequently degrading
into secondary oxidation products. This results in a complex mixture of aldehydes, ketones, and free
fatty acids, which contribute to undesirable flavors and diminish the oil's value. In addition to
oxidative rancidity, hydrolytic reactions facilitated by lipases from food sources or microorganisms
contribute to the deterioration of oil. Hydrolytic reactions can be mitigated through cold storage,

effective transportation, proper packaging, and sterilization. In contrast, auto-oxidation can be
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prevented by employing vacuum packaging, using inert gases to exclude oxygen, and refrigeration or

freezing (Naz et al., 2004).

1.3. ATPase Enzymes

ATPases are enzymes that facilitate the hydrolysis of ATP into ADP and a free phosphate ion, or the
reverse reaction. The dephosphorylation reaction liberates energy, which the enzyme typically
utilizes to facilitate other chemical reactions that would not occur otherwise. This process is
prevalent across all known life forms. Certain enzymes function as integral membrane proteins,
embedded within biological membranes, facilitating the transport of solutes across the membrane,
often against their concentration gradient. These are referred to as transmembrane ATPases.
ATPase, known as FOF1-ATP Synthase, is a charge-transferring complex that catalyzes the synthesis

of ATP by facilitating ion movement across the membrane(Hahn et al., 2016).

The coupling of ATP hydrolysis and transport represents a chemical reaction where a specific
number of solute molecules are transported for each ATP molecule hydrolyzed. In the case of the
Na'/K* exchanger, three Na* ions are transported out of the cell while two K" ions are transported
into the cell per ATP molecule hydrolyzed. Transmembrane ATPases utilize the chemical potential
energy of ATP to perform mechanical work by transporting solutes against their thermodynamic
gradient, specifically from areas of low concentration to areas of high concentration across the
membrane. This mechanism is known as active transport.Inhibiting vesicular H/K*-ATPase leads to

an increase in vesicular pH and a decrease in cytoplasmic pH.

All ATPases exhibit a fundamental structural similarity. Rotary ATPases consist of two primary
components: FO/A0/VO and F1/A1/V1. They are interconnected by one to three stalks to ensure

stability, regulate rotation, and inhibit reverse rotation. One stalk is employed for torque
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transmission.The quantity of peripheral stalks is contingent upon the specific type of ATPase. F-
ATPases possess one catalytic site, A-ATPases contain two, and V-ATPases feature three. The F1
catalytic domain is situated on the N-side of the membrane and plays a role in ATP synthesis and
degradation, as well as in oxidative phosphorylation. The FO transmembrane domain facilitates ion

transport across the membrane (Hahn et al., 2016).

ATPases serve as essential enzymes in various processes throughout all kingdoms of life. ATPases
function as molecular motors that utilize the energy derived from ATP hydrolysis to drive a variety of
processes, including protein trafficking, unfolding, assembly, replication, transcription, cellular
metabolism, muscle movement, cell motility, and ion pumping (Baker and Sauer, 2012; Maxson and

Grinstein, 2014).

The various classifications of ATPase enzymes include the following(Hahn et al., 2016):
F-ATPases are reversible ATPases capable of utilizing a proton gradient for ATP synthesis or
generating a proton gradient through ATP hydrolysis. These are present in bacteria, chloroplasts of

plants, and mitochondria of eukaryotes.

V-ATPases are found in the Golgi apparatus, endosomes, lysosomes, and vacuoles. They hydrolyze
ATP to utilize the energy for protein trafficking, active transport of metabolites, and neurotransmitter
release.

A-ATPases are reversible ATPases that are exclusively found in Archaea.

P-ATPases are present in both bacteria and eukaryotes, facilitating the transport of various ions (e.g.,
Na', K', Ca?*, Mg?") against their concentration gradients through the energy derived from ATP

hydrolysis.
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1.3.1. Role of Calcium ions Ca?* and Magnesium ions Mg?" ATPase in Liver Function

Ca®" and Mg?* ATPases are crucial ion transport enzymes that are integral to the maintenance of
cellular homeostasis and the support of liver function. These ATPases are classified within the P-type
ATPase family and function to regulate the intracellular concentrations of calcium and magnesium
ions. Their activity facilitates appropriate cellular signaling, muscle contraction, and enzyme
regulation.

Ca®>" ATPases, part of the P-type pump superfamily, are crucial for sustaining low, nanomolar
cytoplasmic Ca®* concentrations at rest and for preparing organellar stores, such as the endoplasmic
reticulum, Golgi apparatus, and secretory vesicles, with elevated Ca?" levels for various signaling
functions. Ca®>* ATPase actively transports calcium ions from the cytoplasm to the extracellular
environment or organelles such as the sarcoplasmic reticulum, thereby regulating intracellular
calcium levels. Following the release of Ca®" from the sarcoplasmic reticulum by ryanodine receptor
(RyR) channels to facilitate muscle contraction, Ca** ATPase(110 kDa), an integral membrane
protein, promotes relaxation by transporting cytoplasmic calcium ions back into the sarcoplasmic
reticulum lumen, thereby reducing the cytoplasmic Ca2+ concentration. The Ca?>" ATPase transitions
between an ATP-dependent E1 state, characterized by high calcium affinity, and an E2 state, which

has low calcium affinity (Nakamura et al., 2021).

Calcium signaling governs numerous cellular and physiological processes, including transcriptional
activation, cell cycle regulation, muscle contraction, and lactation. lonic calcium serves as a
widespread second messenger in the activation of signaling cascades. Calcium ion signaling.
Conversely, sustained cytoplasmic elevation of free Ca*' is detrimental and induces cell death
(Orrenius et al., 2015). Cells must regulate cytoplasmic calcium levels between a resting state of

approximately 100 nM and an activated state ranging from 500 nM to 1 puM under normal
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circumstances. The delicate equilibrium is upheld by a group of membrane transport proteins that
collaboratively facilitate the movement of Ca®" across membranes, both into and out of the cell or

intracellular storage organelles.

In the liver, Ca2+ ATPase exists primarily in two major forms, distinguished by their location and

function. The components are as follows:

 Sarco/Endoplasmic Reticulum Calcium-Transporting ATPase (SERCA) — This is located in the
endoplasmic reticulum (ER) of hepatocytes. They sequester calcium in the endoplasmic reticulum,
which serves as the primary and most accessible reservoir for intracellular calcium (Bergner and
Huber, 2008). This preserves low cytoplasmic Ca?" concentrations and replenishes ER calcium
stores, which are essential for signaling and metabolic regulation. SERCA isoforms encompass
SERCA2b, which 1is extensively expressed in the liver and various other tissues.
* Plasma membrane Ca*" ATPase (PMCA) is located in the plasma membrane of hepatocytes. The
mechanism expels Ca?" from the cytoplasm into the extracellular space, thereby aiding calcium
homeostasis by sustaining low intracellular calcium concentrations. Four forms of PMCA exist
(Krebs, 2015). In the liver, PMCA1 and PMCA4 are the primary isoforms that are widely expressed.
PMCAL serves a fundamental housekeeping function in regulating basal intracellular calcium levels
by transporting Ca** from the cytoplasm to the extracellular space. In contrast, PMCA4 appears to
have more specialized roles in calcium signaling and homeostasis in hepatocytes, particularly during

metabolic and stress-related processes.

Liver cells rely on Ca*" ATPase for calcium signaling, which is essential for bile production,
metabolism, and the regulation of enzyme activity. Dysregulation may result in oxidative stress and

hepatic injury. Calmodulin influences the activity of Ca?>" ATPases, enhancing their efficiency
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particularly in stress conditions. In conditions of metabolic overload, such as those caused by
excessive lipid or free fatty acids, Ca?" ATPases adapt to sustain ion homeostasis despite heightened
demand.

Mg?" ATPase is an enzyme that facilitates the hydrolysis of ATP (adenosine triphosphate) into ADP
(adenosine diphosphate) and inorganic phosphate (Pi) in the presence of magnesium ions (Mg?").
Mg?* ATPase is very important in living organisms. Its substrate is MgATP while free ATP and Mg?*
appears to be the enzyme modifiers with a dual effect (Nozadze et al., 2015). Mg>" serves as a
cofactor that stabilizes the negatively charged phosphate groups on ATP, thereby facilitating the

appropriate binding of ATP to the enzyme's active site and its subsequent hydrolysis.

Mg?* ATPases are complex proteins composed of multiple subunits and undergo phosphorylation
during their reaction cycle, featuring specific regions for ATP binding, Mg?* coordination, and
substrate interaction. The mgtA gene, which encodes this enzyme, is believed to be regulated by a
magnesium-responsive RNA element (Cromie et al., 2006). Mg>" ATPase carries out Mg>"
transport(Nozadze et al., 2015) and plays a crucial role in maintaining magnesium ion gradients,
which are essential for stabilizing nucleotides and activating enzymes involved in metabolism,
serving as a cofactor for the majority of enzymes. ATP-dependent enzymatic reactions in the liver are
essential. In the liver, Mg?" ATPase facilitates optimal ion transport, which is essential for metabolic
processes including gluconeogenesis and detoxification. Mg?>* ATPase regulation occurs through

phosphorylation or interaction with other proteins or ions.

1.4. Impact of Storage Conditions on Palm Oil Composition

The quality and stability of palm oil are primary factors affecting its acceptability and market value,

as well as minimizing degradation during deep frying (Almeida et al., 2017). Oxidative stability is a
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crucial indicator of the keeping quality of oil (Tan et al., 2017). The oxidative stability of vegetable
oils is influenced by factors such as temperature, light, oxygen, metals, enzymes, the presence of
antioxidants or pro-oxidants, fatty acid composition, and the use of oxygen-permeable packaging
(Pristouri et al., 2010; Ahmad et al., 2011). Furthermore, Frank et al. (2011) indicated that the
deterioration of palm oil during storage is influenced by the type of storage material, exposure to
light, air, autocatalytic hydrolysis by lipolytic microorganisms, and water content. Various chemical
mechanisms contribute to the oxidation of edible oils during storage, specifically autoxidation and
photosensitized oxidation. Autoxidation refers to the reaction involving unsaturated fatty acids,
whether in their free form or esterified as triglycerides, and oxygen. These reactions produce
hydroperoxides, which decompose quickly into aldehydes, ketones, alcohols, hydrocarbons, esters,
furans, and lactones (Adetola et al., 2016). Inappropriate storage conditions significantly affect oil
quality, presenting a considerable health concern. In Bahia, Brazil, retailers and wholesale dealers
store palm oil for sale in open-air conditions, at elevated temperatures, packed in opaque plastic, and
exposed to both natural and artificial light. Changes in oil quality during inappropriate storage

conditions are still a major issue from the health perspective (Almeida, et al., 2018).
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CHAPTER TWO

2.0. Materials and Methods

2.1. Materials

Weighing balance, bowls, plastic containers, test tubes (glass and plastic),test tube covers, test
tube racks, spatula, stirring rod, beakers, conical flasks, measuring cylinders, aluminium foil
paper, latex gloves, syringes, gavage, micropipettes, micropipette tips, calibrated pipettes, pasteur
pipettes, cotton wool, rat cages, rat feed, feeding plates, saw dust, mortars and pestles,
refrigerator, centrifuge, water bath, digital pH meter, spectrophotometer, cuvettes, Sml plain

specimen tubes, Sml lithium heparin specimen tubes, universal containers.

2.1.1. Reagents and Chemicals

Calcium chloride (Caclz), Magnesium chloride (MgClz), Adenosine triphosphate (ATP), 1-amino, 1-
naphthol-4-sulphonic acid (ANSA), Tris-HCL buffer (pH 7.4), Tris-HCL buffer (pH 7.6), Oubain,
Trichloroacetic acid (TCA), Distilled water, Ammonium molybdate. All chemicals used were of good

quality and analytical grade.

2.1.2. Palm oil Samples

Freshly milled sample (A) and stored palm oil samples (B-E) that was stored for 1 year at room
temperature of free fatty acid (FFA) levels of 0.4%, 4.8%, 8.4%, 21.9% and 42.7% respectively was

obtained from Nigerian Institute for Oil Palm Research (NIFOR), Benin City, Edo State.

2.2. Animals

Albino Wistar rats with an average weight of 130-150g of female sex were selected for this study.
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The animals were obtained from Animal House, Department of Biochemistry , Faculty of Life
Sciences, University of Benin, Benin City , Edo state Nigeria. The animals were kept in clean cages
in a 12 hour light/dark cycle room with daily litter change. The animals were acclimatized for two
weeks before the experiment commenced. The animals were fed with guinea pellet (Product of
Premier feed mills, Co Ltd, Ibadan , Oyo State) and water ad libitum during the experiment. Weight
of the rats were monitored throughout the duration of the experiment. During the study, rats were
maintained under standard conditions. The ethical conditions and experimental protocols governing
the use and conduct of experiments with live animals were strictly observed as approved by the
university of Benin’s ethical committee on the use of laboratory animals for experimental purposes,
which is in accordance as recommended by the National Research Council (US) Committee Guide

for the Care and Use of Laboratory Animals (2011).

2.2.1. Animal Studies

This was carried out to assess the effect of crude palm oil of different free fatty acids concentration

on the lipid profile and other biochemical parameters of Wistar rats.

2.2.2. Experimental Design

Thirty-six (36) Wistar rats were divided into 6 groups of 6 rats per group and treated as follows:

Group I (normal control); no palm oil administered. Fed with only their foods.

Group II (Experimental control); given freshly milled crude palmoil containing 0.4% free fatty acids

480mg/kg body weight.

Group III; given crude palmoil containing 4.8% free fatty acids 480mg/kg body weight.

Group IV; given crude palmoil containing 8.4% free fatty acids 480mg/kg body weight.
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Group V; given crude palmoil containing 21.9% free fatty acids 480mg/kg body weight.

Group VI; given crude palmoil containing 42.7% free fatty acids 480mg/kg body weight.

2.2.3. Animal Sacrifice

At the end of four weeks of administration and twenty-four (24) hours following the last treatment,
the rats were euthanized in a chloroformsaturated chamber. Thereafter, they were ventrally dissected

via the abdominal cavity.

2.2.4. Preparation of Tissue Homogenates

Samples of blood, liver, heart and kidney were obtained and used for biochemical and

histopathological analysis.

2.3. Measurement of Calcium ions Ca** ATPase Activity Using the Method of Hjerten and Pan

(1983).

Ammonium molybdate and inorganic phosphate interacts under acidic condition and form a green
molybdophosphoric acid complex. The formation of this complex brings about a colour change

which can be measured spectrophotomerically at 600-660nm.

2.3.1. Procedure

The incubation mixture contained 0.1 mL each Tris- HCI buffer, CaCl2, ATP and distilled
water/oubain. After equilibrating the tubes at 37°C, the reaction was initiated by the addition of 0.1

mLof sample. The contents were incubated at 37°C for 30 min. The reaction was arrested by the
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addition of 1 mL of 10% cold TCA. The tubes were centrifuged and the phosphorous content in the
supernatant was estimated by the method of Fiske and Subbarow (1925). The supernatant and
aliquots of standards were made up to 5 ml with water. To these test tubes, 1 mL of ammonium
molybdate followed by 0.5 mL ANSA (1-amino-2-naphthol-4-sulphonic acid) were added and
mixed. The amount of phosphorous liberated was read at 620 nm after 20 min against a reagent
blank. The activity of total ATPase was expressed as pmoles of phosphorous liberated/h/mg protein.
Calculation:

Calcium ATPase activity

Sa x Rv

SvxT

Where:

Sa = amount of phosphate

Rv = reaction

Sv = sample volume

T = reaction time
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2.4. Estimation of Magnesium ions ATPase (Mg?*) ATPase activity using the method of Ohnishi

et al. (1982).

Ammonium molybdate and inorganic phosphate interacts under acidic condition and forms a green
molybdophosphoric acid complex. The formation of this complex brings about a colour change

which can be measured spectrophotometrically at 600 — 660 nm.

2.4.1.Procedure

The incubation mixture contained 1 mL of 3.75 mM Tris HCI (pH 7.6) buffer, 0.1 mL each of 25 mM
MgCl2, ATP, oubain/distilled water and sample. The contents were incubated at 37°C for 15 min and
the reaction was arrested by the addition of 0.5 mL of 10% cold TCA. The tubes were centrifuged
and the phosphorous content in the supernatant was estimated by the method of Fiske and Subbarow
(1925). The supernatant and aliquots of standards were made up to 5 ml with water. To these test
tubes, 1 mL of ammonium molybdate followed by 0.5 mL ANSA (1-amino-2-naphthol-4-sulphonic
acid) were added and mixed. The amount of phosphorous liberated was read at 620 nm after 20 min
against a reagent blank. The activity of Mg-ATPase was expressed as pumoles of phosphorous

liberated/h/mg protein.

Calculation:

Magnesium ATPase activity

Sa x Rv

SvxT

Where:
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Sa = amount of phosphate

Rv = reaction volume

Sv = sample volume

T = reaction time

2.5. Statistical Analysis

Statistical analysis of data was carried out using the statistical package for social science (SPSS)
version 21.0 for windows. Results were expressed as mean + SEM of five replicates. The levels of
homogeneity amongst groups were tested using one-way analysis of variance (ANOVA) with p <

0.05 considered significant. Duncan’s multiple range test was used to separate homogenous groups.
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3.0. RESULTS

CHAPTER THREE

3.1. Mean Values of the Body Weights of Wistar Rats

Body weights were measured before and after treatment and the differences were calculated. Table 1

summarizes the mean values and standard error of mean of the body weights of wistar rats.

Table 1 : Mean Values of the Body Weights of Wistar Rats

Group

Body weight taken
before treatment

(€9)

Body weight taken
after treatment

(€9)

Difference in weight

(@

1- Control
2-0.4 % FFA
3-4.8 % FFA
4-8.4 % FFA
5-21.9 % FFA
6-42.7 % FFA

136.50 £ 0.11?
141.30 £ 0.11°¢
149.50 £ 0.11F
140.30 £ 0.11°
142.30+£0.11¢
143.00+ 0.11¢

148.07 £0.14°
157.00 £ 0.11¢
161.60 £0.11°
144.70 £ 0.11?
150.70 £ 0.11¢
154.00 £ 0.11¢

8.54 £0.05¢
11.10 £ 0.08F
8.06 £ 0.064
3.13+0.082
5.90 £ 0.08°
7.69 £+ 0.08°

Values are in mean + standard error of mean. Data with the same superscript are not significantly

different (p> 0.05) while data with different superscript are significantly different (p< 0.05).

3.2. Mean Values of Calcium ions ATPase Activity In The Liver of Wistar Rats

The activity of calcium ions (Ca®") ATPase in the liver of wistar rats were assessed for the control

group and experimental groups fed with fresh and stored palm oil containing varying free fatty acid

(FFA) levels. Table 2 summarizes the mean values of calcium ions ATPase activity in the liver of

wistar rats.
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Table 2 : Mean Value of Calcium ions (Ca®>*) ATPase Activity in the Liver of Wistar Rats

Group Ca?" ATPase Activity(x10-7)
(molPi/min/mgprotein)
Control 0.46+0.20°
0.4 % FFA 0.40+0.05°
4.8 % FFA 0.80+0.23¢
8.4 % FFA 0.20+0.05?
21.9 % FFA 0.46+0.03°
42.7 % FFA 1.00+0.11°¢

Values are in mean + standard error of mean. Data with the same superscript are not significantly

different (p> 0.05) while data with different superscript are significantly different (p< 0.05).

3.3. Mean Values of Magnesium ions ATPase Activity In The Liver Of Wistar Rats

The activity of magnesium ions (Mg?") ATPase in the liver of wistar rats were assessed for the
control group and experimental groups fed with fresh and stored palm oil containing varying free
fatty acid (FFA) levels. Table 3 summarizes the mean values of magnesium ions ATPase activity in

the liver of wistar rats.
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Table 3: Mean Values of Magnesium ions (Mg*") ATPase Activity in the Liver of Wistar Rats

Group Mg?* ATPase Activity(x10-7)
(molPi/min/mgprotein)
Control 1.56+0.142
0.4 % FFA 1.30+0.052
4.8 % FFA 1.50+0.052
8.4 % FFA 1.80+0.002
21.9 % FFA 1.90+0.00?
42.7 % FFA 2.83+0.41°

Values are in mean + standard error of mean. Data with the same superscript are not significantly

different (p> 0.05) while data with different superscript are significantly different (p< 0.05).
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CHAPTER FOUR

DISCUSSION AND CONCLUSION

DISUSSION

About 95% of palm oil is made up of a combination of triacylglycerols . It also contains various
minority components, including free fatty acids (FFA), monoacylglycerols (MAGQG),
diacylglycerols (DAG), metals, phospholipids, peroxides, and chlorophylls, as well as
antioxidants and high-value compounds such as carotenoids (B-carotene and lycopene) (Chawla
and Saxena, 2013), vitamin A precursors, tocols (tocopherols and tocotrienols), and phenolic
compounds (Silva et al., 2014; Norhaizan et al., 2013). Some of these substances protect the liver
from harm by neutralizing reactive oxygen species in hepatocytes. However, dietary palm oil
may be toxic to the body, particularly if it is oxidized or stored improperly. Palm oil is consumed
in the fresh state and/or at various levels of oxidation. Experiments on feeding people and other
animal species have demonstrated the health benefits of fresh palm oil. In a prior study, the
health advantages of consuming palm oil were assessed using exposure to hypobaric hypoxia as a

screening paradigm (Saxena et al., 2014).

However, using palm oil in its oxidized form may pose risks to the body's biochemical and
physiological processes. Oxidized palm oil induces an adverse effect on plasma lipid profile, free
fatty acids, phospholipids and cerebrosides. Additionally, oxidized palm oil induces reproductive
toxicity and organ toxicity particularly of the kidneys, lungs, liver and heart. Available evidence
suggests that at least part of the oxidized oil impact on health is due to generation of toxicants
due to oxidation. The reduction of the dietary level of oxidized oil and/ or the level of oxidation

may reduce the health risk (Mukherjee and Mitra, 2009).
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Ion transport across membranes, intracellular ion homeostasis, and cellular energy metabolism all
depend on the activity of ATPases such as calcium ion Ca2+ and magnesium ion Mg2+ ATPases
in the liver. The stability of these enzymes in dietary oils is important and this study indicates the

beneficial role that fresh palm oil plays in maintaining liver health.

From the experimental results from Table 2 , calcium ions Ca? ATPase activity was shown in the
liver of different groups of wistar rats fed fresh and stored palm oil of varying free fatty acid
levels.It was also observed that the activity of Ca? ATPase varied significantly across the groups.
After analyzing the results carefully , it was observed calcium ions Ca? ATPase activity was
highest in stored palm oil containing 4.8% free fatty acid while the lowest activity was seen in
group 4 the stored palm oil containing 8.4 % free fatty acid. Group 2 fed with fresh palm oil
with low FFA levels such as 0.4%) exhibited relatively higher Ca?> ATPase activity (2.17 +
0.01micromole pi per milligram protein per minute) compared to the control group (2.03 +
0.01micromole pi per milligram protein per minute).This suggests that fresh palm oil may
enhance the activity of calcium ion ATPase due to its high antioxidant content such as
tocopherols, tocotrienols and carotenoids(Carneiro et al., 2023) which protect hepatocyte
membranes and maintain the functionality of membrane-bound enzymes. The improved activity
could be attributed to the ability of these antioxidants to mitigate oxidative stress(Almeida et al.,
2019), preserve membrane fluidity and protect the enzyme from lipid peroxidation-induced

damage.

The groups fed with stored palm oil with increasing FFA levels due to oxidative degradation,
exhibited variable effects on Ca? ATPase activity. Group 3 fed with palm oil of moderate FFA
levels (4.8% FFA) showed significantly increased Ca? ATPase activity, potentially due to

adaptive responses to mild oxidative stress. The liver may upregulate ATPase activity to
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counteract calcium overload caused by oxidative damage to cell membranes (Eunus and Nikolia,
2019). However group 4 fed with stored palm oil containing high FFA levels (8.4 %FFA) led to a
marked reduction in Ca? ATPase activity. This is likely due to excessive oxidative stress and lipid
peroxidation products such as aldehydes and peroxides which impair enzyme structure and
function. Such oxidative damage disrupts calcium homeostasis leading to potential calcium
overload (Orrenius ef al., 2015).and hepatocyte dysfunction. Interestingly, group 5 and 6 fed with
stored palm oil of higher FFA levels (21.9 % and 42.7 %), it was observed that Ca?> ATPase
activity showed some recovery, likely reflecting a compensatory response by the liver to restore
ionic balance. This response may involve the synthesis of new ATPase enzymes or increased

expression of antioxidant mechanisms.

There was significant difference (p< 0.05) between group 4( 8.4% FFA) and group 1, group 4
(8.4% FFA) and group 2(0.4 %FFA), group 4( 8.4% FFA) and group 3 (4.8 % FFA), group
4( 8.4% FFA) and group 5 (21.9% FFA) and also between group 4( 8.4% FFA) and group 6
(42.7% FFA). There was no significant difference (p> 0.05) between group 1 (control) and group

6 (42.7 % FFA).

After analyzing the results in Table 3, Mg?* ATPase activity exhibited a different pattern with the
highest activity observed in group 2 fed fresh palm oil with 0.4% FFA (2.59 £ 0.0 Imicromole pi
per milligram protein per minute) and the lowest activity in group 6 fed stored palm oil with
42.7% FFA (1.32 + 0.0lmicromole pi per milligram protein per minute). Group 2 fed with fresh
palm oil with 0.4 %FFA(2.59 + 0.01micromole pi per milligram protein per minute) significantly
showed enhanced Mg?" ATPase activity compared to the control group (1.96 £ 0.01micromole pi
per milligram protein per minute). This observation aligns with the antioxidant properties of

fresh palm oil, which protects the lipid bilayer of hepatocyte membranes and preserve the
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function of membrane-bound enzymes. Magnesium ions play a crucial role in stabilizing ATP
molecules and facilitating enzymatic reactions and the higher Atpase activity in this group

suggests improved magnesium transport and utilization in hepatocytes(Nozadze ef al., 2015).

Group 3 fed stored palm oil with FFA levels (4.8 % and 8.4 %) , Mg*" ATPase activity remained
relatively stable (2.08 = 0.0land 2.06 = 0.0lmicromole pi per milligram protein per minute
respectively), indicating that the liver was able to maintain magnesium homeostasis despite
oxidative stress. Group 5 fed stored palm oil with 21.9 % FFA demonstrated relatively high Mg**
ATPase activity ( 2.43 + 0.0lmicromole pi per milligram protein per minute). This shows an
adaptive response by the liver to counteract oxidative stress by enhancing ATPase activity to
maintain magnesium balance. However in group 6 fed stored palm oil with extremely high FFA
levels (42.7%), Mg?** ATPase activity declined significantly , reflecting severe oxidative damage
to membrane integrity and enzyme function. Lipid peroxidation products may have denatured the
enzyme, disrupting magnesium transport and impairing cellular metabolism(Baker and Sauer,

2012) .

There was significant difference (p< 0.05) between group 6(42.7% FFA) and group 1(control),
group 6 (42.7 % FFA) and group 3(4.8 %FFA), group 6 (42.% FFA) and group 4(8.4 %FFA),
group 6(42.7% FFA) and group 5 (21.9 % FFA) and also between group 6(42.7 % FFA) and
group 2 (0.4 % FFA). There was no significant difference (p> 0.05) between group 3 (4.8 % FFA

and group 4 (8.4 % FFA).

The effects of fresh and stored palm oil with varying free fatty acid levels on calcium ions Ca**
and magnesium ions Mg** ATPase activity in the liver of wistar rats haven’t been properly
investigated. Nwobodo et al (2024) investigated the actions of red palm oil on the liver function

of treated wistar rats. They reported that red palm oil may contain a better mixture of fatty acids
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and antioxidants beneficial to health compared to cow fat oil(Nwobodo et al .,2024). Imo and
his colleagues worked on the effects of palm kernel oil on the liver function of male albino rats
(Imo et al., 2020). His study showed that the administration of palm kernel oil did not cause any

significant change on the liver enzymes (ALT, ALP and AST).

This study shows how wistar rats fed fresh palm oil always exhibited high calcium ions and
magnesium ions ATPase activity in their liver. Palm oil becomes more oxidized the longer it is
stored , leading to an increase in free fatty acid levels . When free fatty acids levels are high , it
disrupts cell function by undergoing auto-oxidation forming reactive oxygen species (Tumova et
al., 2016)which can lead to oxidative damage in the cell. Groups of wistar rats fed stored palm
oil which has undergone oxidative degradation , there is an increase in Ca** ATPase activity as
the liver is able to upregulate ATPase activity through synthesis of new ATPases to counteract

calcium overload caused by oxidative damage to the cell membranes in the liver.

On the other hand, the lowest magnesium ion ATPase activity was observed in the group fed with
stored palm oil of highest FFA levels. Other groups fed with moderate levels of stored palm oil
have a stable magnesium ion ATPase activity. Ca?>" ATPase is more sensitive to oxidative
damage while Mg?" ATPase is more resilent maintaining stable activity levels under moderate

oxidative stress conditions.
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CONCLUSION

Fresh palm oil , characterized by low free fatty acids (FFA) levels generally supported higher
Ca?" and Mg?" ATPase activities compared to the control group. This suggests that fresh palm oil
contributes to optimal liver function by preserving the structural and functional integrity of cell
membranes. The antioxidant components in fresh palm oil such as tocopherols, tocotrienols and
carotenoids likely played a protective role by mitigating oxidative stress, maintaining enzyme
activity and promoting cellular homeostasis. These observations clearly showed the nutritional
value of fresh palm oil when consumed within a safe timeframe and stored under proper

conditions.

In contrast, stored palm oil with elevated FFA levels resulting from oxidation exhibited variable
effects on ATPase activity. Moderate FFA levels temporarily enhanced ATPase activity possibly
due to an adaptive response by hepatocytes to mild oxidative stress. However, higher FFA levels
significantly impaired ATPase activity particularly for Ca** ATPase . This decline is likely
attributed to the accumulation of lipid peroxidation products and reactive oxygen species (ROS)
which disrupt membrane integrity, inhibit enzyme functionality and impair ionic homeostasis. It
also highlights the detrimental effects of oxidative damage on liver functionality. Impaired Ca**
ATPase activity can disrupt calcium homeostasis, potentially leading to calcium overload and
hepatocyte injury. Similarly , reduced Mg** ATPase activity compromises magnesium transport

which is critical for energy metabolism and enzymatic processes.

Therefore, I suggest doing more research to enhance our understanding of the health implications
of oxidized palm oil stored for long period of time in order to contribute to the development of
safer dietary practices and provide evidence-based guidelines for the consumption and storage of

palm oil.
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APPENDIX I

BODY WEIGHTS OF RATS
Body Group | N | Mean Std. Std. 95% Minimu | Maximu
Weight Deviatio | Error | Confidence m m
before n Interval
Treatment for Mean
(BWTBT)
Lower
Upper
Bound
Bound
Norma | 3 | 136.5 0.2000 0.1154 | 136.0 | 136.99 136.30 136.70
1 0 7 0
04% | 3 | 141.3 0.2000 0.1154 | 140.8 | 141.80 141.10 141.50
FFA 0 7 0
48% | 3 | 149.5 0.2000 0.1154 | 149.0 | 149.99 149.30 149.70
FFA 0 7 0
84% | 3 | 1403 0.2000 0.1154 | 139.8 | 140.8 140.10 140.50
FFA 0 7 0 0
21.9% | 3 | 142.3 0.2000 0.1154 | 141.8 | 142.80 142.10 142.50
FFA 0 7 0
42.7% | 3 | 143.0 0.2000 0.1154 | 142.5 | 143.50 142.80 143.20
FFA 0 7 0
Total 1] 142.1 4.0072 0.9445 | 140.1 | 144.14 136.30 149.70
5 1 6
Body Norma | 3 | 148.0 0.2517 0.1453 | 1474 | 148.70 147.80 148.30
Weight 1 7 0 4
after
T 04% | 3 | 157.0 0.2000 0.1154 | 156.5 | 157.50 156.80 157.20
reatment FFA 0 7 0
(BWTAT)
48% | 3 | 161.6 0.2000 0.1154 | 161.1 | 162.10 161.40 161.80

FFA 0 7 0
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8.4% 1447 | 02000 | 0.1154 | 1442 | 14520 | 144.50 | 144.90
FFA 0 7 0
21.9% 1507 | 02000 | 0.1154 | 1502 | 151.20 | 150.50 | 150.90
FFA 0 7 0
42.7% 154.0 | 02000 | 0.1154 | 1535 | 15450 | 153.80 | 154.20
FFA 0 7 0
Total 152.6 | 5.7757 | 13613 | 149.8 | 155.55 | 153.80 | 154.20
8 0
Difference | Norma 8.55 0.0896 0.0517 8.32 8.77 8.49 8.65
s in 1
Weights =75 11.10 | 0.1550 | 0.0895 | 10.72 | 1149 | 10.95 11.26
(DIWT) . 0 . . . . . . .
FFA
4.8% 807 | 01168 | 00674 | 7.78 | 836 7.94 8.17
FFA
8.4% 3.14 | 01450 | 0.0837 | 2.78 | 3.50 2.99 3.8
FFA
21.9% 500 | 0.1500 | 0.0867 | 553 | 627 5.75 6.05
FFA
42.7% 769 | 0.1500 | 0.0867 | 7.32 | 8.06 754 784
FFA
Total 741 | 252 | 05946 | 6.15 | 8.66 2.99 11.26
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ANOVA

BWTBT Sum of df Mean F Sig.
Squares Square
Between 272.505 5 54.501 1362.525 .000
Groups
Within 480 12 12 .040
Groups
Total 272.985 17
BWTAT | Between 566.564 5 113313 1531.813 000
Groups
Within 527 12 044
Groups
Total 567.091 17
DIWT Between 107.951 5 21.590 1159.381 .000
Groups
Within 223 12 .019
Groups
Total 108.175 17
Post Hoc Tests

Homogeneous Subsets
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BODY WEIGHT TAKEN BEFORE TREATMENTS (BWTBT)

Duncan?

Subset for alpha =0.05

GROUP a b c D E f

21.9% FFA 136.5000

8.4% FFA 140.3000

0.4% FFA 141.3000

4.8% FFA 142.3000

CONTROL 143.0000

W| W] W Wl w| w| Z

42.7% FFA 149.5000

Sig. 1.000 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

BODY WEIGHT TAKEN AFTER TREATMENT (BWTAT)

Duncan?

Subset for alpha =0.05

GROUP a b c D E f

21.9% FFA 144.7000

8.4% FFA 148.0667

0.4% FFA 150.7000

4.8% FFA 154.0000

CONTROL 157.0000

W| W] W Wl Ww| w| 2Z

42.7% FFA 161.6000
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Sig. 1.000 1.000 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
DIFERENCE IN WEIGHT (DIWT)
Duncan®
Subset for alpha =0.05
GROUP N a B c D E f
21.9% FFA 3 3.1367
8.4% FFA 3 5.9000
0.4% FFA 3 7.6900
4.8% FFA 3 8.0667
CONTROL 3 8.5467
42.7% FFA 3 11.1033
Sig. 1.000 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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APPENDIX II
CALCIUM ATPASE ACTIVITY OF THE LIVER (CALATPASELIV)

Std. Std. Minim Maxim
Deviat Error 95 % um um
Grou N Mea ion Confidence
p n Interval for
Men
Lower
Upper
Bound
Bound
0.46 0.3511 0.202 - 1.33 0.10 0.80
Cont 3 67 9 76 0.40 91
rol 57
0.40 0.1000 0.057 0.15 0.64 0.30 0.50
0.4 3 00 0 74 16 84
%
FFA
0.80 0.4000 0.230 - 1.79 0.40 1.20
4.8 3 00 0 94 0.19 37
% 37
FFA
0.20 0.1000 0.057 - 0.44 0.10 0.30
8.4 3 00 0 74 0.04 84
% 84
FFA
21.9 0.46 0.0577 0.033 0.32 0.61 0.40 0.50
% 3 67 4 33 32 01
FFA
42.7 1.00 0.2000 0.115 0.50 1.49 0.80 1.20
% 3 00 0 47 32 68
FFA
0.55 0.3399 0.080 0.38 0.72 0.10 1.20
Total 1 56 3 12 65 46

63




ANOVA

Sum of Squares df Mean Square F Sig.
1.271 5 254 4.400 .017
Between
Groups
.693 12 .058
Within
Groups
1.964 17
Total
Post Hoc Tests

Homogeneous Subsets

CALCIUM ATPASE OF THE LIVER (CALATPASELILV)

Duncan®
Subset for alpha =0.05
GROUP N 1 2 3
.2000
8.4 % FFA 3
4000 4000
CONTROL 3
4667 4667
42.7 %
FFA 3
4667 4667
0.4 % FFA
3
.8000 .8000
21.9 %
FFA 3
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4.8 % FFA

1.0000

Sig.

232

.083

328

Means for groups in homegeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size =3.000

APPENDIX III

MAGNESIUM ATPASE ACTIVITY OF THE LIVER (MAGATPASELIV)

Grou N Mea Std. Std. Minim Maxim
p n Deviat Error 95 % um um
ion Confidence
Interval for
Men
Lower
Upper
Bound
Bound
Cont 3 1.56 25166 .1453 941 2.19 1.30 1.80
rol 67 0 5 18
0.4 3 1.30 .10000 .057 1.05 1.54 1.20 1.40
% 00 74 16 84
FFA
4.8 3 1.50 .10000 .0577 1.25 1.74 1.40 1.60
% 00 4 16 84
FFA
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8.4 3 1.80 .00000 .0000 1.80 1.80 1.80 1.80
% 00 0 00 00
FFA
21.9 3 1.90 .00000 .0000 1.90 1.90 1.90 1.90
% 00 0 00 00
FFA
42.7 3 2.83 2.450 1.41 - 891 40 5.30
% 33 17 461 3.25 99
FFA 32
Total 1 1.81 .9877 232 1.32 2.30 40 5.30
67 2 81 55 78
ANOVA
Sum of Squares df Mean Square F Sig.

4412 5 0.882 0.870 0.529
Between Groups

12.173 12 1.014
Within Groups

16.585 17
Total

Post Hoc Tests

Homogeneous Subsets

Duncan?
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Subset for alpha =0.05

MAGNESIUM ATPASE OF THE LIVER (MAGATPASELILV)




GROUP N 1
1.3000
42.7 % FFA 3
1.5000
CONTROL 3
1.5667
8.4 % FFA
3
1.8000
4.8 % FFA
3
1.9000
21.9 % FFA
3
2.8333
0.4 % FFA 3
Sig. 0.118

Means for groups in homegeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size =3.000
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