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ABSTRACT

This study evaluated the fatty acid and cholesterol content in long-horned Ankole
cattle (Bos taurus indicus) from Ntungamo and Kiboga districts in Uganda to
guide healthier food choices and aid in non-communicable disease prevention.
Specifically, the study determined lipid content, fatty acid composition, and
cholesterol levels in meat cuts. Meat samples were collected from eight cattle
parts: brisket, rib, chuck, round (muscle meat), and liver, kidney, heart, and large
intestines (organ meat). Total lipids were measured gravimetrically, fatty acids
were analyzed by gas chromatography, cholesterol levels were assessed by high-
performance liquid chromatography, and the nutritional quality implications of
fatty acids and cholesterol were analyzed using nutritional indices. The liver and
kidney exhibited the highest lipid contents (liver: 2.38-3.55%; kidney: 1.21-
2.23%), whereas the brisket and round cuts had the lowest (brisket: 0.61-1.22%;
round: 0.67-1.63%). Cholesterol was highest in the liver (155.95-187.21 mg/100
g) and kidney (113.40-129.75 mg/100 g), with lower levels in the brisket (24.24—
31.84 mg/100 g) and rib (24.76-28.50 mg/100 g). Monounsaturated fatty acids
(MUFA) were the most dominant, showing the highest proportions in the kidney
(77.94%) and chuck (63.15%), with levels ranging from 30.64% to 77.94%.
Saturated fatty acids (SFA) were also abundant, ranging from 32.25% to 55.00%,
with palmitic and stearic acids being most prevalent, particularly in the large
intestines. Polyunsaturated fatty acids (PUFA) were less common (2.09%—
17.71%), being highest in the heart (17.71%) and lowest in the chuck (2.09%).
Nutritional quality assessments revealed that the kidney, liver, and heart cuts had
relatively favourable profiles, with the kidney showing a beneficial PUFA/SFA
ratio of 0.36 and a high health-promoting (HH) ratio of 0.70. The liver’s HH
index (0.60) and the heart’s Unsaturation Index (49.90) further supported their
healthier fat profiles, despite the overall nutritional ratios being below
recommended dietary guidelines. In contrast, rib, large intestine, and chuck cuts
exhibited higher indices of atherogenicity and thrombogenicity, suggesting
increased cardiovascular risk. Ntungamo meat cuts exhibited higher lipid and
fatty acid levels, while Kiboga cuts had higher cholesterol content, particularly in
brisket and kidney. Both districts were dominated by monounsaturated fatty acids
(MUFA), followed by saturated (SFA) and polyunsaturated (PUFA) fatty acids,
with no significant differences (p > 0.05). The PUFA/SFA ratios in both districts
(0.04-0.78) were generally below the recommended value of >0.4 for optimal
cardiovascular health, suggesting limited cardioprotective benefits despite
favourable fatty acid balances in organs like the kidney, liver, and heart.

XV



CHAPTER ONE

INTRODUCTION
1.0 Background
Ruminant meats, such as beef play a crucial role in human nutrition by offering
high-quality proteins and fats (Chikwanha et al., 2018; Laskowski et al., 2018).
These meats supply essential amino acids and are rich in B vitamins, dietary iron,
and zinc. The main constituents of ruminant meats are water, protein, fat,
minerals, and minimal carbohydrates. The fat content can vary based on the cut

of meat and how it is prepared (Laskowski et al., 2018; Soren and Biswas, 2019)

Different people prefer different organs/ parts of the ruminants’ meat, for
instance, muscles, liver, kidney, offal and brain. These parts differ in the lipid
composition (Biandolino et al., 2021; Abbas et al.,2009; Williams, 2007a) and
hence the fatty acid and cholesterol content and this influences health outcomes
significantly. Lipids can be defined as biomolecules whose solubility in water is
less than that in non-polar solvents. Lipids perform a variety of functions in living
system such as structural integrity, energy storage, digestion and communication
(Yao et al., 2020). Triglycerides, the main form of stored fat in animal tissues,
are composed of three fatty acids attached to a glycerol backbone and serve as

the major energy reserve in both animals and humans.

Fatty acids are long chain molecules that have a carboxyl and a methyl end. Fatty
acids are long-chain hydrocarbons with a carboxyl group (-COOH) at one end
and a methyl group (-CH3; ) at the other (Ren and Zhang, 2024; Kyselova et al.,
2022). They are essential components of lipids, including triglyceride, which play

crucial roles in energy storage and cell structure. Fatty acids can be classified into



three main types based on their chemical structure: saturated fatty acids (SFA),

monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA).

Saturated fatty acids have no double bonds between carbon atoms, making them
solid at room temperature, and are commonly found in animal fats.
Monounsaturated fatty acids contain one double bond, leading to a liquid state at
room temperature and are prevalent in olive oil and avocados.

O

/\/\/\/\/\/\/\)J\OH

Saturated Fatty acid: Palmitic acid (C16:0)

WVV\)LOH
Monounsaturated Fatty acid: Oleic acid (C18:1, n-9)

Figure 1.1: Representative structures of Saturated Fatty acid and

Monounsaturated Fatty acid

Polyunsaturated fatty acids, with two or more double bonds, remain liquid even
at lower temperatures and include essential omega-3 and omega-6 fatty acids
found in fish oils and plant seeds (Mensink, 2016; DiNicolantonio and O’Keefe,
2022; Chen and Liu, 2020d). The chemical structures of representative omega-3
and omega-6 fatty acids are shown in Figure 1.1, highlighting the positions of

the double bonds along the hydrocarbon chain that define their classification.



Omega-3: a-linolenic acid

/\/\/:W\/V\)J\OH

Omega-6: Linoleic acid

Figure 1.2: Chemical structures of representative omega-3 and omega-6 fatty

acids.

Cholesterol is a 27-carbon sterol present in all animal tissues, serving as a major
structural component of cellular membranes (Zhang et al., 2019). Elevated levels
of cholesterol in the blood can lead to disorders such as hypercholesterolemia,
hyperlipidemia, or hyperlipoproteinemia. Cholesterol can be present in the free
form or esterified at the hydroxyl group with fatty acids of various chain length
and saturation (Oliveira et al., 2012). The chemical structures of free and
esterified cholesterol are shown in Figure 1.2, illustrating the hydroxyl group in
free cholesterol and the ester linkage in cholesterol. Cholesterol is transported in
the blood via lipoproteins and is categorized as low-density lipoprotein (LDL)
and high-density lipoprotein (HDL). LDL cholesterol, often referred to as "bad"
cholesterol, can accumulate in the arteries, leading to atherosclerosis and
increased risk of heart disease (Wang et al., 2017), whereas HDL cholesterol
helps remove excess cholesterol from the bloodstream, reducing cardiovascular
risk. Das and Ingole (2023a) confirmed that maintaining higher levels of HDL

and lower levels of LDL is beneficial for heart health.



Free Cholesterol Esterified Cholesterol

Figure 1.3: Chemical structures of free and esterified cholesterol.

The ratio of fatty acids to cholesterol is an important indicator of the nutritional
quality of meat and its potential impact on human health. A higher fatty acid to
cholesterol ratio generally indicates a healthier profile, associated with reduced
risk of chronic diseases such as cardiovascular disease, obesity, diabetes, cancer,
arthritis, and asthma, while a lower ratio may increase susceptibility (Mei et al.,

2024)

Specifically, polyunsaturated fatty acids (PUFA) to saturated fatty acids (SFA)
ratios are often reported to assess healthfulness. For instance, a PUFA/SFA ratio
of 0.4 or higher is considered favourable for cardiovascular health, whereas lower
ratios are linked to higher disease risk (Krauss & Kris-Etherton, 2020). Similarly,
a fatty acid to cholesterol ratio of 2:1 or above in meat cuts is generally associated
with better lipid metabolism and reduced LDL cholesterol levels in consumers.
Monitoring these ratios across different beef cuts, including muscle, liver, kidney,
brisket, and heart, provides critical insight into the dietary implications of meat
consumption. For instance, saturated fatty acids (SFA) like palmitic acid (C16:0)
and stearic acid (C18:0) constitute about 12-15% of depot fat in beef. High
consumption of SFAs is linked to increased LDL cholesterol levels, which can

contribute to cardiovascular diseases (Feingold, 2000; Baum et al., 2012). In



contrast, monounsaturated fatty acids (MUFA), such as oleic acid (C18:1n9),
make up approximately 40% of depot fat in beef. MUFASs are associated with
reduced LDL cholesterol and a lower risk of coronary heart disease (CHD)
(Virtanen et al., 2014). Polyunsaturated fatty acids (PUFA), including linoleic
acid (C18:2n6) and alpha-linolenic acid (C18:3n3), are crucial for health. They
contribute to reducing inflammation and lowering the risk of chronic diseases
(Johnson, 2014; Dec et al., 2023). The ideal omega-6 to omega-3 ratio for optimal
health is between 6:1 and 10:1. A favorable ratio can improve cardiovascular
health and reduce the risk of conditions such as type-2 diabetes and cancer

(Harris, 2018; Djuricic and Calder, 2021).

The fatty acid profile of ruminant meat varies among different breeds and rearing
conditions. For example, pasture-fed cattle generally have a more favorable fatty
acid profile compared to grain-fed cattle (Davis et al., 2022; Krusinski et al.,
2022). Pasture-fed beef often has higher levels of omega-3 fatty acids and
conjugated linoleic acid (CLA). CLA is present in about 0.5-1% of total fatty
acids in pasture-fed beef and is associated with reduced cancer risk and improved

metabolic health (Jiang, 2011; Hall et al., 2016).

A specific example is the long-horned Ankole cattle from Uganda, which are
predominantly fed on natural pastures under traditional grazing systems. These
cattle are raised under traditional pastoral systems, grazing on diverse natural
pastures (Mulindwa et al., 2009). This results in meat with a higher proportion of
unsaturated fatty acids and lower fat content compared to meat from breeds like

Angus cattle, which are often fed concentrated grains in intensive farming



systems. Studies have shown that Ankole beef has a more balanced fatty acid

profile with increased levels of beneficial unsaturated fats (Solti et al., 2000) .

Modern agricultural practices, including intensive feedlot systems and the use of
growth hormones and antibiotics, significantly impact meat quality (Webb and
Erasmus, 2013). Intensive systems often result in meat with higher fat content,
particularly saturated fats, which are linked to increased health risks. For instance,
feedlot cattle can have fat content up to 30% in some cuts, compared to 10-15%
in pasture-fed cattle (Elswyk and McNeill, 2014). Conversely, pasture-based
systems, which involve grazing on natural forage, generally produce leaner meat
with a more favorable fatty acid profile (Daley et al., 2010a). These systems are

associated with lower fat content and higher levels of beneficial unsaturated fats.

Dietary trends vary significantly across regions, influenced by cultural practices,
economic conditions, and food availability. In many developing countries, meat
consumption has increased from around 10 kg per capita in the 1960s to
approximately 26 kg in 2000, with projections indicating a rise to 37 kg by 2030
(Font, 2023).This shift often leads to higher intake of saturated fats and
cholesterol, contributing to increased rates of chronic diseases such as

cardiovascular disease, diabetes, and obesity.

In developed countries, there is a growing awareness of the health risks associated
with high meat consumption (Henchion et al., 2014; Stubbs et al., 2018; Kuck
and Schnitkey, 2021). This has led to a trend towards consuming leaner meat cuts,
plant-based alternatives, and diets emphasizing fruits, vegetables, and whole
grains. For instance, the average per capita meat consumption in the United States

was about 120 kg in 2020, with significant emphasis on reducing red meat intake

6



and increasing consumption of poultry and fish (Gu et al., 2023; Vranken et al.,
2014). By contrast, in Uganda, meat consumption remains relatively low,
averaging around 6 kg per capita per year, which is far below the Food and
Agriculture Organization (FAO) and World Health Organization (WHO)
recommended level of approximately 50 kg per year (FAO, 2021; Daily Monitor,

2023).

To mitigate the health risks associated with dietary fats, various nutritional
guidelines have been established. Global health organizations, such as the World
Health Organization (WHO) and the American Heart Association (AHA), have
long advocated for the reduction of saturated fat intake to less than 10% of total
energy intake and increasing the consumption of unsaturated fatty acids to
mitigate cardiovascular risks (Teicholz, 2023; Sacks et al., 2017). Specifically,
dietary guidelines suggest that the ratio of polyunsaturated fatty acids to saturated
fatty acids (PUFA/SFA) should be no more than 0.4 to maximize health benefits.
The omega-6 to omega-3 ratio should ideally be between 6:1 and 10:1 to achieve
optimal health benefits (Krauss and Kris-Etherton, 2020). Maintaining these
ratios and following recommended guidelines can significantly reduce the risk of
chronic diseases. Incorporating lean cuts of meat, choosing unsaturated cooking
oils, and including a variety of plant-based fats can help achieve a balanced and

heart-healthy diet (Lichtenstein et al., 2021a).

Moreover, attention to specific indices like the hypocholesterolemic /
hypercholesterolemic (HH) ratio and health-promoting index (HPI) is vital for
ensuring that dietary fat profiles are conducive to lowering LDL cholesterol and

promoting cardiovascular health (Bodnéar et al., 2021; Chen and Liu, 2020).



Monitoring the unsaturation Index (Ul) and the levels of essential fatty acids like
EPA and DHA can further enhance dietary strategies aimed at reducing
inflammation and improving overall health (Smolinska et al., 2024; Murariu et
al., 2023a). Adhering to these comprehensive guidelines that emphasize reducing
saturated fat and increasing unsaturated fats, will support broader public health
goals by promoting more informed dietary choices and reducing the prevalence

of diet-related chronic diseases (Willett et al., 2006).

Fatty acids and cholesterol play a crucial role in global health discussions due to
their significant impact on cardiovascular diseases. Worldwide, there is a strong
emphasis on promoting dietary patterns that include healthy fats while reducing
harmful ones, reflecting a broad consensus on the need for improved dietary

guidelines(Reyes et al., 2021; Kris-Etherton and Krauss, 2020; Liu et al., 2017).

In Uganda, the National Plan for Nutrition and Dietetics 1l (NPD I1I) has been
central to addressing nutritional concerns related to fatty acids and cholesterol.
NPD I1I aimed to enhance nutritional standards by promoting healthier dietary
practices and improving the quality of local food systems (Fowler and
Rauschendorfer, 2019; Munro, 2012). By focusing on better agricultural practices
and incorporating nutritional education, NPD 11l aligned with global health
recommendations, ensuring that Uganda’s strategies effectively addressed both
local and international health issues. Building on this foundation, the National
Development Plan 1V (NDP 1V) further strengthens nutrition and health
objectives by emphasizing the integration of dietary quality, food security, and

non-communicable disease prevention into national development strategies.



NDP IV seeks to continue the progress of NPD I11 while expanding interventions
to include improved monitoring of dietary intakes, promotion of nutrient-rich
foods, and targeted public health campaigns aimed at reducing the prevalence of
diet-related chronic diseases. Together, these plans reflect Uganda’s evolving
commitment to enhancing nutrition, promoting healthy diets, and addressing fatty

acid and cholesterol-related health risks at both national and community levels.



1.2 Statement of the Problem

In Uganda, the middle class faces a growing health crisis characterized by non-
communicable diseases such as cardiovascular ailments, obesity, diabetes,
metabolic syndrome, cancer, arthritis, and asthma. These health issues are
intricately linked to the consumption of animal fat from different parts of
ruminants. Meat cuts sourced from muscles, liver, kidney, heart, and intestines
contribute to elevated cholesterol levels, insulin resistance, inflammation,
hormonal imbalances, and the development of atherosclerosis. Despite the clear
correlation between these health challenges and the consumption of ruminant fat,
there has been a notable lack of attention given to the specific composition of
fatty acids and cholesterol within these tissues in Uganda. This oversight is
particularly alarming given that the middle class, a vital contributor to Uganda's
GDP, bears a significant burden of these chronic illnesses. The continued
prevalence of these health issues not only jeopardizes the productivity and well-
being of the middle class but also places considerable strain on healthcare systems
and families. This study was aimed at analyzing the fatty acid and cholesterol
profiles of various body parts of long-horned Ankole cattle. By providing
consumers with thorough information about the nutritional makeup of these meat
cuts, it will empower them to make informed dietary choices, thereby enabling

them to safeguard themselves against the onset of chronic diseases.
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1.3 Objectives of the Study
1.3.1 General Objective
The general objective of the study was to assess the fatty acid composition and

cholesterol content in eight meat cuts from long-horned Ankole cattle.

1.3.2 Specific Objectives
The specific objectives of the study were:

(i) Todetermine the fatty acid composition in selected meat cuts (brisket, round,
chuck, rib, liver, kidney, heart, large intestines) from long-horned Ankole
cattle in Ntungamo and Kiboga districts of Uganda.

(ii) To determine the cholesterol content in the same meat samples from long-
horned Ankole cattle in Ntungamo and Kiboga districts of Uganda.

(iii) To determine the nutritional quality implications of the fatty acid profiles

and cholesterol levels based on established dietary guidelines.

1.4 Scope of Study

The study focused on evaluating the fatty acids and cholesterol content in various
muscle and organ meat cuts—namely brisket, chuck, round, rib, liver, heart,
kidney, and intestines—from long-horned Ankole cattle purchased from main
abattoirs in two sub-counties within each of Ntungamo and Kiboga districts in
Uganda. In Kiboga district, samples were collected from Bukomero and Lwamata
sub-counties, while in Ntungamo district, they were collected from Ntungamo

and Rubaare sub-counties. The study lasted from February 2023 to April 2024.

1.5 Significance of the Study
Beef meat is a significant source of essential nutrients, including vitamins,

proteins, carbohydrates, and minerals like zinc, iron, selenium, and phosphorus.
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It also contains cholesterol and a variety of fatty acids (Ruxton and Gordon, 2024;

Ahmad et al., 2018; Boateng et al., 2020).

The findings of this study will help consumers to compare quality of different
meat cuts and make choices based on lipid contents in them. This study will also
aid government and policy makers to develop safety regulations and dietary
guidelines concerning consumption of meat for each individual per day and also

data from this study muscle and organ meat of long- horned Ankole cattle.

This study will also help healthy institutions such as hospitals, clinics and
organizations like WHO to make reports about health risks associated with
consumption of beef and thus inform the public about the effect of fatty acid and
cholesterol content on human health. Fatty acid and cholesterol content has been
implicated for causing chronic diseases such cardiovascular diseases, diabetes,

arthritis, cancer ( Zeng et al., 2023).

1.6 Justification of the Study

Fatty acids and cholesterol in foods have become very significant to consumers
as they are becoming more aware of their relationships with the incidence of
diseases, such as obesity, diabetes, cancer, arthritis, asthma, and cardiovascular
and coronary heart disease. The United States Department of Health recommends
a reduction in the saturated fatty acids intake and an increase in polyunsaturated
fatty acids intake (Kris-Etherton et al., 2007; Mozaffarian et al., 2010). Meat
contains significant levels of fatty acids and cholesterol and thus the need for
profiling fatty acid composition and cholesterol content. This study profiled the
fatty acid and cholesterol content and helped enable consumers to be aware of

quality of meat of various body parts and select the meat cuts that are healthier

12



for human consumption. The results could guide consumers on choices of foods
especially as CVD is already a leading cause of mortality in the developing world
(World Health Organisation, 2003). According to WHO (2017), risk of premature
death from non-communicable diseases (NCDs) in Uganda stands at 22%, with
35% of the total deaths resulting from NCDs. Furthermore, the probability of
dying between ages 30 and 70 years from the 4 main NCDs which include
cardiovascular diseases, cancers, diabetes and chronic respiratory diseases is 21%

(Mumtaz et al., 2020; Riley and Cowan, 2014; Viegi et al., 2020).

The Uganda government is committed to promoting healthy lifestyles that
contribute to prevention or delay of occurrence of non-communicable diseases
and therefore producing a healthy and productive population that will effectively
contribute to socio-economic growth (NDPII). With information available about
the foods that the population consumes like meats, the communities will take
greater control of their health by promoting healthy practices and lifestyles. This
shift will be anchored on preventive over curative health service delivery
approaches. The preventive health system is considerably cheaper to run and

hence by far more sustainable (Uganda Vision 2040, 2007).
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CHAPTER TWO
LITERATURE REVIEW

2.1 Lipids

Lipids encompass a wide variety of compounds, including fatty acids and their
derivatives, as well as related biosynthetic and functional substances (Vyssotski
etal., 2017; Fahy et al., 2005; Asokapandian et al., 2021). This broad category of
natural molecules features fatty acids, waxes, sterols, fat-soluble vitamins (like
vitamins A, B, C, and D3), glycerides, terpenes, prostaglandins, and cholesterol
(Beare-Rogers et al., 2001). The structural configurations of these biomolecules
are presented in Figure 2.1, highlighting the distinct chemical features of fatty

acids, glycerides, sterols, and cholesterol.

O

/\/\/\/\/\/\/\)J\OH

Saturated Fatty acid: Palmitic acid (C16:0)

\/\/\/\/;/\/\/\)J\OH
Monounsaturated Fatty acid: Oleic acid (C18:1, n-9)

Figure 2.1 Structural configurations of saturated and monounsaturated fatty acids

Katoch (2011) explains that lipids are primarily non-polar organic molecules,
making them mostly insoluble in water but soluble in non-polar organic solvents
such as hexane, ether, chloroform, and benzene. Commonly referred to as fats
and oils, lipids differ in their physical state; oils are liquid at room temperature,

whereas fats are solid (Pike and O’Keefe, 2017; Hashimoto et al., 2018).

Lipids serve several critical functions in the body, including contributing to cell

membrane structure, protecting nerve cells, assisting in vitamin absorption, and
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supporting hormone production (such as estrogen, testosterone, and cortisol). The
molecular structures of these steroid hormones are shown in Figure 2.2,
demonstrating the characteristic four-ring steroid framework common to lipid-
derived hormones. Additionally, they play a role in energy storage and act as
fundamental components of cellular structure (Simons and Sampaio, 2011;

Ahmed and Ahmed, 2019; Muro et al., 2014).

HO:
¢
OH

Estrogen

Cortisol

Figure 2.2: Molecular structures of these steroid hormones

2.1.1 Classification of lipids

Fahy et al. (2011) categorize lipids into eight distinct groups: fatty acyls,
glycerolipids, glycerophospholipids, sphingolipids, saccharolipids (which arise
from the condensation of ketoacyl subunits), polyketides, sterol lipids, and prenol
lipids (which result from the condensation of isoprene units). In contrast,
Asokapandian et al. (2021) classify lipids into two primary categories: simple and
complex lipids. Simple lipids, such as triglycerides, sterol esters, and waxy esters,

yield at most two different types of entities upon hydrolysis. In comparison,
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complex lipids, like glycolipids and phospholipids, produce three or more distinct

products when hydrolyzed.

Additionally, Hashimoto et al. (2018) distinguish lipids based on their ability to
undergo saponification. Saponifiable lipids are divided into simple types (e.g.,
waxes and triglycerides) and complex types (e.g., phospholipids and
sphingolipids), while non-saponifiable lipids include substances such as steroids

and prostaglandins.

2.2 Fatty acids

A fatty acid is defined as a carboxylic acid with an aliphatic chain that may be
either saturated or unsaturated (Jiang et al., 2013). Fatty acids from plant, animal,
and microbial sources typically feature even numbers of carbon atoms arranged
in straight chains, with a carboxyl group at one end and cis double bonds located
in specific positions relative to this group (Dhull and Punia, 2020; Kannan et al.,

2021).

In animal tissues, common fatty acids range in chain length from 14 to 22
carbons, though they can extend from 2 to 36 carbons or more in some cases.
Conversely, higher plants usually have a more restricted range of chain lengths
(Selvaraj, 2017). Fatty acids are essential for health and can be obtained from
both internal synthesis and dietary sources (Kremmyda et al., 2011; Bessa et al.,
2015; Nagy and Tiuca, 2017). The biosynthesis of fatty acids occurs in all
organisms, with mammals primarily synthesizing them in adipose tissue,
mammary glands, and the liver through the action of a multi-enzyme complex

known as fatty acid synthetase (Czumaj and Sledzinski, 2020).
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2.2.1 Types of fatty acids

Fatty acids are classified in many ways by length, by saturation versus
unsaturation, by even versus odd carbon content and by linear versus branched,
the essential versus non-essential in both human and animals. Other categories
include oxygenated and cyclic fatty acids. (Lobb and Chow, 2007; Shah et al.,

2022)

2.2.1.1 Saturated fatty acids
Saturated fatty acids contain only carbon - carbon single bond in the hydrocarbon

chain (Astrup et al., 2020; Calder, 2015). Examples are illustrated below.

Table 2.1: Examples of saturated fatty acids

Systematic name  Trivial name Formula Abbreviation
Butanoic Butyric CH;(CH,),COOH 4:0
Pentanoic Valerie CH3(CH,);COOH 5:0
Hexanoic Caproic CH5(CH,),COOH 6:0
Heptanoic Enanthic CH3(CH,);COOH 7:0
Octanoic Caprylic CH5(CH,),COOH 8:0
Nananoic Pelargonic CH;(CH,),COOH 9:0
Decanoic Capric CH3(CH,)gCOOH 10:0
Undecanoic - CH;(CH,)oCOOH 11:0
Dodecanoic Lauric CH3(CH,);,COOH 12:0
Tridecanoic - CH;3(CH,);;COOH 13:0
Tetradecanoic Myristic CH3(CH,),COOH 14:0
Pentadecanoic - CH3(CH,),3CO0OH 15:0
Hexadecanpic Palmitic CH;3(CH,),CO0H 16:0
Heptadecanoic Margarin CH3(CH,),5COOH 17:0
Octadeconoic Stearic CH5(CH,),,COOH 18:0
Nonadecanoic - CH3(CH,),,COOH 19:0
Eicosanoic Arachidic CH;(CH,),gCOOH 20:0
Docosanoic Behenic CH;(CH,),,COOH 22:0
Tetracosanoic Lignoceric CH3(CH,),,CO0OH 24:0
Hexaeosanoic Cerotic CH;(CH,),,CO0H 26:0
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2.2.1.2 Unsaturated fatty acids
Unsaturated fatty acids contain one or more carbon - carbon double bonds
(Takashima et al., 2020; Moretti and Corino, 2008). The double bonds can either

be cis or trans isomers.

2.2.1.3 Monoenoic (Monounsaturated) fatty acids

These fatty acids are classified as unsaturated with a single double (Gunstone,
2018; Moretti and Corino, 2008; Vinet and Zhedanov, 2011). The most prevalent
monoenoic fatty acid in tissues is cis-9-octadecenoic acid, commonly referred to
as oleic acid. Additional examples of monoenoic fatty acids are listed in the

accompanying table (O’Connor et al., 2019).

Table 2.2: Examples of monounsaturated fatty acids

Common Name Lipid Number Structural Formula

Myristoleic Acid Cl4:1 CH;(CH,);CH = CH(CH,),COOH
Palmitoleic Acid Cl16:1 CH3(CH,)sCH = CH(CH,),COOH
Sapienic Acid Cl6:1 CH;(CH,),CH = CH(CH,),COOH
Oleic Acid c18:1 CH;(CH,),CH = CH(CH,),COOH
Elaidic Acid c18:1 CH;(CH,),CH = CH(CH,),COOH
Vaccenic Acid C18:1 CH;(CH;),CH = CH(CH,),COOH
Gadoleic Acid C20:1 CH3(CH,)oCH = CH(CH,)gCOOH
Eicosenoic Acid C20:1 CH3(CH,)gCH = CH(CH,),COOH
Erucic Acid C22:1 CH;(CH;),,CH = CH(CH,)3COOH
Nervonic Acid C24:1 CH;(CH;),3CH = CH(CH,)3gCOOH
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2.2.1.4 Polyunsaturated fatty acids

These contain two or more double bonds between carbon atoms (Michalak et al.,
2016). Here are two main categories of polyunsaturated fatty acids (PUFAS) that
are advantageous for human health: omega-3 and omega-6. These fatty acids are
predominantly found in fish oils and are also present in smaller quantities in
certain meats (Moretti and Corino, 2008; Calder, 2010; Scialabba, 2021).

Table 2.3: Examples of polyunsaturated fatty acids

Type Common Name Lipid Number  Structural Formula

Omega-3  Alpha-Linolenic Acid (ALA) C18:3 CH;(CH,CH = CH)3(CH,),CO0H
Omega-3  Eicosapentaenoic Acid (EPA)  C20:5 CH;(CH,CH = CH)5(CH,);CO0H
Omega-3  Docosahexaenoic Acid (DHA) C22:6 CH3(CH,CH = CH)4(CH,),CO0H
Omega-6  Linoleic Acid (LA) C18:2 CH;(CH,),(CH,CH = CH),(CH,)¢COOH
Omega-6  Gamma-Linolenic Acid (GLA) C18:3 CH;(CH,),(CH,CH = CH),(CH,)¢COOH

2.2.1.5 Essential fatty acids

Essential fatty acids (EFAs) are polyunsaturated fatty acids (PUFAS) that must
be obtained through the diet because the body cannot synthesize them, despite
their crucial role in maintaining health (Kaur et al., 2014; Das, 2006). These fatty
acids are termed “essential” due to their involvement in regulating various
physiological processes, including blood pressure, blood viscosity,

vasoconstriction, and immune and inflammatory responses.

EFAs are classified into two main categories: omega-3 and omega-6. Omega-6
fatty acids include linoleic acid, gamma-linolenic acid, dihomogamma-linolenic
acid, and arachidonic acid (C20:4). Conversely, omega-3 fatty acids encompass
alpha-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid (Maroon
etal., 2006; Kaur et al., 2014; Simopoulos, 2009; Das, 2006; Tallima and El Ridi,

2018).
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2.3 Factors affecting fatty acid composition.

Various studies (Bednarova et al., 2013., Alabiso et al., 2020; Samkova et al.,
2012; Samkova et al., 2012), explain the following factors which affect fatty acid
composition in beef: muscle type, animal category (type of breed), sex, age of
the animal, diet, slaughter season, genetic factors (genetic variability), live

weight, degree of fattening.

2.3.1 Muscle type

Muscle fat content and fatty acid profiles can differ significantly across various
types of tissues, including intramuscular, intermuscular, abdominal, and
subcutaneous fat. The muscle fiber type is a key factor in lipid metabolism and
meat quality, influencing attributes such as marbling, flavor, and nutritional value
(Zhao et al., 2019; Smet et al., 2004; Mansbridge and Blake, 1997; Sexten et al.,

2012).

2.3.2 Sex

Sex is a significant factor influencing variations in beef muscle and fat
distribution within the carcass. It affects several meat quality attributes, including
muscle chemical composition, fat deposition, and levels of protein and ash
content. Zhang et al. (2010) reported that these differences arise because sex
hormones, such as testosterone and estrogen, drive divergent growth patterns and
metabolic processes.

2.3.3 Animal category (Breed type)

Breed type significantly influences fatty acid composition due to variations in fat
deposition patterns (Demirel et al., 2006). Dairy breeds, for instance, often

accumulate a greater proportion of their total fat as intramuscular fat, even though
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they generally have leaner carcasses compared to traditional beef breeds (Alabiso

et al., 2020b; Choi et al., 2000).

2.3.4 Diet

The final composition of beef is significantly influenced by the diet, particularly
concerning lipid components that affect consumer health. Various feeding
systems can modify the levels of functional lipids, including saturated and trans
fatty acids, in beef (Ponnampalam et al., 2002; Nogoy et al., 2022; Ogura et al.,
2010; Zhang et al., 2007). This variation results from how different feeds impact
the animal’s lipid metabolism and fat deposition. For example, grain-based diets
often lead to higher levels of saturated and trans fats in the meat, whereas forage-
based diets can increase the concentration of beneficial omega-3 fatty acids and
other health-promoting lipids (Whetsell and Rayburn, 2022; Decsi and Kennedy,

2011)

2.3.5 Slaughter age

Kumar (2018) reported that slaughter age is a critical factor in determining meat
quality, noting that meat from younger animals is generally more valued than that
from older ones. Research shows that slaughter age influences various meat
quality traits, including the fatty acid profile. This impact is primarily due to the
correlation between slaughter age and muscle fiber size, as well as overall muscle

volume (Al-Suwaiegh and Al-Shathri, 2014; Li et al., 2020).

2.3.6 Degree of fattening
De Smet et al.(2004b) observed that the level of fatness has a significant effect
on the fatty acid composition of meat. As fat content increases, the concentrations

of saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA) tend to
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rise more rapidly than those of polyunsaturated fatty acids (PUFA).
Consequently, the proportion of PUFA relative to SFA decreases, which in turn
reduces the polyunsaturated-to-saturated fatty acid (P/S) ratio (Carrilho et al.,

2009; Ayuso et al., 2020; Smet et al., 2004).

2.3.7 Genetic variability

Genetic variability includes differences observed between species, breeds, or
lines, as well as variations arising from crossbreeding and among individuals
within a breed (Smet et al., 2004).The deposition of fat is significantly influenced
by genetic factors, owing to the phenotypic and genetic correlations between
overall carcass fatness and intramuscular fat content (Saxena et al., 2017; Feitosa

etal., 2017).

2.4 Effect of fatty acids on human health

The connection between dietary fat intake and health outcomes, including
cardiovascular disease and cancer mortality, has been extensively studied. Wang
and Hu (2017) reported that saturated fatty acids (SFA), which are predominantly
found in animal fats, are consistently linked to adverse health effects, particularly

concerning cardiovascular disease.

High consumption of SFA has been found to elevate levels of low-density
lipoprotein cholesterol, a known risk factor for coronary heart disease (Perna and
Hewlings, 2023; Siri-Tarino et al., 2010; Sanders, 2013) . Conversely, Coniglio
et al. (2023) indicated that polyunsaturated fatty acids (PUFA), commonly
present in vegetable oils, offer beneficial effects by serving as biological
mediators in various physiological processes. However, not all fats impact health

in the same way; while SFA is associated with negative health outcomes, certain
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PUFAs have been observed to provide protective benefits. Consequently, dietary
guidelines recommend reducing saturated fat intake, particularly from red and

processed meats, to lower the risk of chronic diseases.

The increase in dietary fat consumption over the past century, especially from
animal sources, parallels the rise in cardiovascular diseases such as coronary heart
disease and arteriosclerosis, as observed by Lee et al. (2022). This trend
underscores the critical role of dietary fat composition in health outcomes. To
mitigate the risk of cardiovascular diseases, which are significant causes of
mortality in Western societies, it is essential to reduce intake of saturated fats,
especially from animal sources (Tarino et al., 2015). The U.S. dietary guidelines
strongly recommend adopting dietary patterns low in red and processed meats to
alleviate the burden of chronic diseases linked to excessive saturated fat
consumption (Van Horn et al., 2016; Lichtenstein et al., 2021b; Tapsell et al.,

2016).

2.5 Studies on Fatty Acid Profiles in Beef

Significant progress has been made in understanding the fatty acid profile of beef,
influenced by factors such as age at slaughter, dietary composition, live weight,
breed type, degree of fattening, sex, and genetic predispositions (Muchenje et al.,
2009a; Nfor et al., 2014; Daley et al., 2010b; Fiorentini et al., 2015; Gill et al.,

2008; Hwang and Joo, 2017).

Alfaia et al. (2006) conducted a study to investigate the impact of breed on fatty
acid composition, focusing on crossbred and purebred bullocks reared in a semi-
extensive system in Alentejana, Portugal. Their findings indicated significant

differences in fat characteristics between the two breeds. In a review, De Smet et
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al. (2004b) examined the effects of fatness and genetic factors on fatty acid
composition, reporting that both factors significantly influence fatty acid profiles.
Additionally, Vera et al. (2009a) explored fat, cholesterol, and fatty acid contents
in eight beef cuts from un-supplemented, suckling, 7-8 month-old male and
female Hereford, Aberdeen Angus, and crossbred calves reared on permanent
pastures in Chile. Their study revealed that all meat cuts had lower values than

typically reported, with significant differences among them.

Noviandi et al. (2012) found that fatty acid composition in the adipose tissue of
beef steers varied significantly between those finished on pasture and those
finished in feedlots, with pasture-finished steers showing higher concentrations

of stearic acid, trans-fatty acids, and polyunsaturated fatty acids (PUFAS).

Despite these advances, there remains a gap in research on the fatty acid
composition of various beef cuts, including liver, heart, kidney, brisket, round,
lungs, and chuck. Therefore, this research aims to address this gap by

investigating the fatty acid profiles across different tissues in cattle meat.

2.6 Cholesterol

Cholesterol (Figure 2.1) is a type of sterol, which is classified as a steroid lipid,
and is present in the tissues and blood plasma of vertebrates (Kumar et al., 2018;
Ramachandra Rao and Fliesler, 2021). Chemically isolated cholesterol appears
as a yellowish crystalline solid. Its structure is distinguished by a fused four-ring
hydrocarbon framework known as the steroid nucleus, and it includes a
hydrocarbon tail consisting of an eight-carbon (Alamgir, 2018; Craig et al.,
2018). The molecular formula of cholesterol is C; ; Hy ¢ O, and its molecular

structure is illustrated below:
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Figure 2.1: The structure of cholesterol (Lin et al., 2015)

Cholesterol is a vital component of cell membranes, contributing to their stability.
It has been reported that cholesterol serves as a precursor for the synthesis of
vitamin D and various hormones, including cortisol, cortisone, and aldosterone
from the adrenal glands, as well as sex hormones like progesterone, estrogen, and
(Rezen et al., 2011; Craig and Malik, 2019; Orth and Bellosta, 2012).
Additionally, it plays a crucial role in brain synapses and supports the immune

system.

Blood cholesterol primarily comes from two sources: dietary cholesterol and
endogenous cholesterol. Alphonse and Jones (2016) indicated that dietary
cholesterol, found in animal tissues, is abundant in foods such as egg yolks,
shrimp, beef, pork, poultry, butter, and cheese. Endogenous cholesterol is
synthesized within the body, mainly in the liver, intestines, and reproductive

organs (Cortes et al., 2014; Lecerf and De Lorgeril, 2011)

Kapourchali et al. (2016) confirmed that while plants contain only small amounts
of cholesterol, they produce larger quantities of phytosterols. These phytosterols
are chemically similar to cholesterol and can compete with it for absorption in

the digestive tract (Li et al., 2022).
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2.6.1 Effect of cholesterol on human health

An isolated cholesterol molecule is insoluble in water, and as a result, it dissolves
in blood only at very low concentrations (Huff and Jialal, 2018; Vourakis et al.,
2021). Over time, high levels of cholesterol can lead to plaque buildup inside
blood vessels, a condition known as atherosclerosis. This buildup significantly
increases the risk of various cardiovascular conditions, such as coronary artery
disease (CAD), which can lead to heart attacks, angina, and high blood pressure

(Poznyak et al., 2022; Shao et al., 2020; Poznyak et al., 2022).

It has been reported that foods high in cholesterol are often also high in saturated
fatty acids, which can further increase the risk of cardiovascular disease due to
their impact on lipid levels (Shao et al., 2020b; Soliman, 2018). High levels of
saturated fatty acids are undesirable because they can elevate low-density
lipoprotein (LDL) cholesterol, affecting the LDL to high-density lipoprotein

(HDL) ratio—a marker for cardiovascular disease (Perna and Hewlings, 2023)

Elevated LDL levels transport cholesterol to peripheral tissues, where it can
deposit in the arterial lumen, leading to plaque formation and narrowing of blood
vessels, which are characteristic of atherosclerosis. Conversely, HDL is
responsible for reverse cholesterol transport, carrying cholesterol from peripheral
tissues back to the liver for bile synthesis and cholesterol disposal (Wang et al.,

2017b; Ikonen, 2006).

2.6.2 Studies on cholesterol in various body parts of cattle
Numerous researchers have conducted various studies on cholesterol in beef,
focusing on specific muscles and other factors affecting lipid composition in meat

(Hwang and Joo, 2017; Violeta et al., 2020; Cifuni et al., 2004). Bragagnolo and
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Rodriguez-Amaya (2003b) performed simultaneous analyses of total lipids,
cholesterol, and fatty acids in raw and grilled beef longissimus dorsi, trimmed of
external fat, using three cattle breeds from Brazil: Nelore, Canchim, and Beefalo.
Their study confirmed that cholesterol concentrations in the longissimus dorsi
were higher in cooked meat (67-70 mg/100 g) compared to raw samples (40-43

mg/100 g).

In another study, Abonyi et al. (2020) observed that cholesterol levels varied
significantly across different body parts of cattle, goats, and pigs from the Nsukka
Municipal Abattoir in Nigeria. They found out that while cholesterol levels in the
liver, kidney, and intestine of goats were significantly higher (p < 0.05) compared
to pigs and cattle, cholesterol concentrations were notably higher (p < 0.05) in
the muscle and skin of pigs compared to goats and cattle. Overall, lipid profiles

were similar between goats and cattle but differed for pigs.

Additionally, Ejike and Emmanuel (2009) investigated cholesterol
concentrations in various parts of bovine meat sold in Nsukka, Nigeria. They
observed that among ten meat cuts (rib muscle, lungs, large intestine, small
intestine, collar, liver, kidney, and heart), the liver had the highest cholesterol
concentration (6.5 = 0.15 mg/g), while the large intestine had the lowest (1.0 £

0.01 mg/g).

Despite these efforts, the research scope has been limited, primarily focusing on
specific muscles and factors. Further studies are needed to explore cholesterol
levels across a broader range of body parts, especially those commonly

consumed. Such comprehensive research could provide deeper insights into the
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nutritional composition of beef and its implications for human health, facilitating

more informed dietary recommendations.

2.7 Nutritional quality implications of the fatty acid profiles and cholesterol
based on established dietary guidelines

Dietary fats, primarily consisting of fatty acids and cholesterol, have been
extensively studied for their dual roles in disease prevention and treatment (Chen
and Liu, 2020a). Fatty acids occur naturally as mixtures of saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids
(PUFA) (Orsavova et al., 2015; Chen and Liu, 2020b). Cholesterol, categorized
into high-density lipoprotein (HDL) and low-density lipoprotein (LDL), plays
different roles in health, with HDL generally being protective and LDL being
associated with increased disease risk (Patel and Kashfi, 2022; Yadav and Prasad,

2021; Eren, 2012).

Recent studies have reported various indices used to assess the nutritional and
health implications associated with dietary fats beyond conventional measures
such as total SFA, MUFA, PUFA, and their ratios (Murariu et al., 2023; Samara
et al., 2024; Dal Bosco et al., 2022a; Busova et al., 2023; Ferrara et al., 2024,
Luczynska et al., 2024). These indices provide a detailed evaluation of fatty acid
profiles and include several key metrics: the PUFA/SFA ratio, index of
atherogenicity (1A), index of thrombogenicity (IT), hypocholesterolemic /

hypercholesterolemic (HH) ratio, health-promoting index (HPI), and the

unsaturation index (Ul).

The PUFA/SFA Ratio, which compares polyunsaturated fatty acids to saturated

fatty acids, is crucial for assessing dietary quality. Recommendations indicate that
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a higher PUFA/SFA ratio is beneficial for health, with an optimal ratio of at least
0.4 suggested to lower LDL cholesterol levels and improve cardiovascular
outcomes (Dassanayake et al., 2024; Wu et al., 2020). The index of
atherogenicity (1A) evaluates the risk of atherosclerosis by comparing SFAs to
unsaturated fatty acids, with lower IA values indicating a reduced risk of plaque
buildup in the arteries. Dietary guidelines recommend an 1A value below 1.0 to

support cardiovascular health (Fernandes and Gandin, 2015).

Similarly, the index of thrombogenicity (IT) assesses the risk of blood clot
formation by comparing pro-thrombogenic SFAs with anti-thrombogenic
unsaturated fats. It is recommended to maintain an IT value below 0.5 to
minimize the risk of thrombosis and related cardiovascular conditions. The
hypocholesterolemic/hypercholesterolemic (HH) Ratio compares fats that lower
cholesterol with those that raise it, with a higher HH ratio being favorable.
Guidelines suggest a ratio of at least 2.0 for effective cholesterol management

and cardiovascular health.

The health-promoting index (HPI) measures the proportion of unsaturated fatty
acids relative to atherogenic SFAs, with higher HPI values being preferred.
Recommendations advocate for an HPI value above 1.0 to indicate a diet
supportive of cardiovascular (Chen and Liu, 2020b) (Ratusz et al., 2018). The
unsaturation Index (Ul), which reflects the degree of unsaturation in fatty acids,
also provides valuable insights. Higher Ul values, ideally above 1.5, are
recommended for optimal health due to their indication of a favorable balance of

unsaturated fatty acids (Weijers, 2015; Dal Bosco et al., 2022b)
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2.8 Lipid extraction methods

To extract lipids for analysis, tissues are processed using either chemical or
mechanical methods (Mubarak et al., 2015a). Chemical methods include the
Folch and Bligh and Dyer techniques, Soxhlet extraction, supercritical fluid
extraction, and accelerated solvent extraction, each using different solvents or
conditions to isolate lipids. Mechanical methods involve oil expellers,
microwave-assisted extraction, and ultrasonic-assisted extraction, which
physically or thermally disrupt the tissue to release lipids. The choice of method
depends on the sample type and desired purity of the lipids (Gorgich et al., 2020

; Mubarak et al., 2015).

Other methods of lipid extraction include: Matyash method of lipid extraction
(Mubarak et al., 2015b). Enzyme assisted extraction, osmotic pressure method
(Mubarak et al., 2015b). Blood serum lipids can be extracted by the following
methods; detergent extraction, silica extraction, extraction with hexane and

hexane — isopropanol (Shahidi and Wanasundara, 2002; Ferraz et al., 2004).

2.9 Analytical method for fatty acid analysis

Commonly employed analytical techniques for studying fatty acids and lipidomes
include gas chromatography (GC), mass spectrometry (MS), and nuclear
magnetic resonance (NMR) (Jurowski et al., 2017; Jurowski et al., 2017; Correia
et al., 2020). Each of these methods offers distinct advantages and limitations,
and they are often used in combination to enhance analytical outcomes. For
instance, GC, while effective, requires additional sample preparation to enhance
the volatility of the compounds being analyzed. High-performance liquid

chromatography (HPLC) is less frequently used for fatty acid quantification due
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to the lack of chromophores or fluorescent groups in these compounds. Though
HPLC can achieve satisfactory separation and precision compared to standard
GC, it generally exhibits lower sensitivity (Amores and Virto, 2019; Zhang et al.,

2015).

2.10 Method of preparing fatty and methyl esters, fame (derivatization)

Derivation involves converting fatty acids into fatty acid methyl esters (FAMES)
to facilitate their analysis. Fatty acids in their free form present analytical
challenges due to their high polarity, which can lead to issues such as hydrogen
bonding and poor absorption. Researchers have reported that analyzing
underivatized fatty acids with polar columns often results in suboptimal peak
shapes and extended retention times (Trivedi et al., 2022; Ng, 2002). To enhance
peak shape and separation, derivatization is commonly employed, which

contributes to more consistent and reproducible results.

Acidic catalysts, including sulphuric acid, acetyl chloride, and hydrochloric acid,
are frequently used for this process (Fisk et al., 2014) Some studies have also
reported the use of boron trifluoride for derivatization (David and Sandra, 2002 ;
Hewavitharana et al., 2020). Additionally, base catalysts such as metal
hydroxides and alkoxides like sodium hydroxide, potassium hydroxide, or
sodium methoxide in methanol are employed to form methyl esters (Pradhan et

al., 2014)

2.11 Cholesterol extraction methods
For many years, dietary cholesterol has been associated with elevated blood
cholesterol levels, which can increase the risk of cardiovascular disease (CVD)

(Soliman, 2018). This association has particularly raised concerns about meat
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products, especially red meat. The focus on dietary cholesterol's impact on heart
disease, coupled with mandatory nutritional labeling requirements in the United
States, has underscored the need for precise and efficient methods to determine
cholesterol levels (Warmate and Onarinde, 2023; Dinh et al., 2011; Viegas et al.,

2012).

Cholesterol extraction is typically achieved through a saponification process, as
described in various studies. During this process, the meat sample is treated with
potassium hydroxide dissolved in methanol or ethanol. The mixture is then
incubated for a specified period to ensure complete saponification of the lipids.
Following saponification, cholesterol is extracted using n-hexane or another
suitable organic solvent. This step is critical for isolating cholesterol from the
saponified material, allowing for accurate analysis , (AOAC official method

976.26, AOAC official method 994.10; Dinh et al., 2008).

2.12 Analytical methods for cholesterol analysis

In a review article by (Li et al., 2010), analytical methods of cholesterol
quantification include; Modified Abell- Kendall method, Fluorometric enzymatic
essay, Electrospray ionization tandem mass spectrometry, Matrix assisted laser
description ionization time of flight, Matrix assisted laser desorption/ionization-
ion-mobility mass spectrometry, Description electrospray ionization mass
spectrometry, Direct analysis real time mass spectrometry, Matrix assisted laser
desorption/ionization mass spectrometry imaging, Description electron spray

ionization mass spectrometry imaging.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area

Meat samples from long-horned Ankole cattle were purposively collected from
Ntungamo Sub-County (Lat: -0.87, Long: 30.28) and Rubaare Sub-County (Lat:
-0.82, Long: 30.22) in Ntungamo District, and Bukomero Sub-County (Lat: 0.51,
Long: 31.25) and Lwamata Sub-County (Lat: 0.50, Long: 31.31) in Kiboga

District, located in western and central Uganda respectively.

The Ankole cattle breed, common in Uganda, was studied in Ntungamo District
and Kiboga District due to their significant cattle farming activities and high beef
consumption rates. Ntungamo is noted for its extensive cattle farming and high
beef consumption, while Kiboga is recognized for its growing beef industry and
agricultural development. Within these districts, Ntungamo sub-county, Rubaare
sub-county, Bukomero sub-county, and Lwamata sub-county were specifically
chosen for their high levels of development and substantial beef consumption,
providing a comprehensive overview of meat quality and farming practices in

these representative areas.
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Location map, District Information for sub — counties
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Figure 3.1: Location map, District Information for sub — counties

3.2 Materials

3.2.1 Sampling

A total of 32 meat samples were collected purposively from local abattoirs in
Ntungamo, Rubaare, Bukomero, and Lwamata, with 8 samples from each sub-
county. These samples included liver, kidney, heart, large intestines, round, rib,
brisket, and chuck from mature long-horned Ankole cattle, selected based on their

muscle type and breed.

3.2.2 Reagents and chemicals
Distilled water, NaOH pellets (95% assay), and KOH (85% assay) were used all
of analytical grade. Organic solvents included acetone (AR, 99.5% assay),

absolute ethanol (AR, 99.9% assay), methanol (AR, 99.8% assay), chloroform
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(AR, 99.5% assay), and hexane (AR, 95% assay). All reagents were purchased

from Labx Chemical Suppliers Uganda limited.

External Standards: Cholesterol Standard, > 99% (HPLC) (Sigma-Aldrich,
USA), was used for cholesterol analysis while an external standard FAME
mixture solution, (Nu-Chek-Prep, Elysian, Minnesota, USA) was used for fatty

acid analysis.

3.3 Methods

3.3.1 Sample collection and treatment

Muscle meat cuts from 4 different muscles (brisket, chuck, rib and round), four
different organ meat cuts (liver, kidney, heart, and large intestines) of long-
horned Ankole cattle were collected, washed in water to remove blood and chilled
for about 24 hours at 0°C. They were then be frozen using liquid nitrogen, stored
a freezer at -200C, transported to the chemistry laboratory at Kyambogo

University, and stored at -20°C until analysis.

3.3.2 Sample preparation and analysis

3.3.2.1 Extraction of lipids

The lipid extraction was carried out by a chemical method described by
Gerhardtova et al. (2024), which is briefly explained here below:

The tissue was homogenized with chloroform/methanol (2/1) to a final volume
20 times the volume of tissue sample (1g in 20 mL of solvent mixture). After
dispersion, the whole mixture was agitated for 15-20 min in an orbital shaker at
room temperature. The homogenate was filtered (funnel with folded filter paper)
to recover the liquid phase. The solvent was washed with 0.2 volume (4 mL) of
0.9% sodium chloride solution. After vortexing for some seconds, the mixture
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was centrifuged at low speed (2000 rpm) to separate the two phases. After
centrifugation and siphoning of the upper phase, the lower chloroform phase
containing lipids was evaporated under a nitrogen stream to obtain a residue of
constant mass. Total lipids were measured gravimetrically, in triplicate, by

weighing the fatty residue obtained after solvent evaporation.

3.3.2.2 Preparation of fatty acid methyl esters (FAMES) standards

For fatty acid analysis, a comprehensive standard mixture of fatty acid methyl
esters (FAMEs) was prepared, including a diverse array of saturated,
monounsaturated, and polyunsaturated fatty acids. This mixture, consisting of 18
different fatty acids, was purchased from Sigma-Aldrich, Germany, and used to
prepare a stock solution with a concentration of 50 mg/mL. A series of standards
were prepared and used to generate a calibration curve for quantification of fatty
acid compositions according to a method described by Igbakin et al.(2010) with

a few modifications.

The inclusion of this broad range of fatty acids ensured a thorough representation
of the typical fatty acid profiles found in Ankole cattle. The identification and
quantification of fatty acids in the samples were achieved by comparing the
retention times of the sample FAME peaks with those of the standard mixture and

through mass spectrometry analysis, providing accurate and detailed results.

3.3.2.3 Preparation of fatty acid methyl esters (FAMES)
Fatty acid methyl esters (FAME) were prepared by base-catalyzed methanolysis
as described by Ostermann et al. (2014) with slight modifications. In this method

2 mL of methanolic potassium hydroxide were added to the dried lipid extract.
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The reaction vial was placed in a water bath maintained at 50 °C for 30 min with

shaking every 10 minutes.

The reaction vial was then removed and cooled down to room temperature.
Afterwards, 2 mL ultra-pure water and 4mL heptane were added to the reaction
vial, mixed, and the resulting mixture was transferred to a centrifuge tube. The
mixture was vortexed for 1 min and centrifuged at 2000 rpm for 15 min at room
temperature. After this, the mixture was transferred to a new vial containing
sodium sulphate and centrifuged again. Finally, the supernatant was collected and
analyzed by GC. The concentration of the FAMEs was adjusted by addition of

hexane to obtain a suitable chromatographic response.

3.3.2.4 Gas chromatography FAME analysis

The fatty acid methyl esters (FAMES) analysis was conducted using a method
adapted from (Masa et al., 2011) . The analysis utilized gas chromatography/mass
spectrometry (GC/MS) with an Agilent Technologies system. Specifically, an
Agilent GC-5975T gas chromatograph, equipped with an Agilent 7683-B auto
sampler and an MS-5975 mass selective detector, was employed. Prior to GC/MS

analysis, the pooled extract was concentrated to 1 mL.

A1 pL aliquot of this concentrated extract was then injected into an Agilent J&W
HP-88 capillary column (30 m x 0.25 mm i.d., 0.25 pm film thickness), which
contains 88% cyanopropyl arylpolysiloxane as the stationary phase. The GC
conditions were as follows: the injector and detector temperatures were set to
240°C and 260°C, respectively. The initial column temperature was held at 140°C

for 2 minutes, then increased to 230°C at a rate of 4°C/min, and maintained at
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230°C for 5 minutes. The split ratio was 1:50, and nitrogen was used as the carrier

gas with a flow rate of 0.8 mL/min.

For the mass spectrometry analysis, the instrument was operated in electron
impact (EI) mode at 70 eV. The ion source temperature was set to 230°C, the
quadrupole temperature to 150°C, and the translating line temperature to 260°C.
The mass scan range was 50 to 550 m/z, with an emission voltage of 1035 V.
FAME peak identification was achieved by comparing their mass spectra and
retention times (Rt) with those of known standards. For quantification, an
external standard mixture of FAMEs was used. Calibration curves for each
FAME were generated by preparing a series of standard solutions with known
concentrations. These standards were analyzed under the same GC/MS
conditions, and their peak areas were plotted against their concentrations to create

calibration curves.

Quantification of FAMEs in the sample was achieved by comparing the peak
areas of the sample FAMEs to the corresponding calibration curves. This allows
for the determination of the concentration of each FAME in the sample based on

its peak area relative to the standard mixture.

3.3.2.5 Preparation of cholesterol

Each sample (2g) was saponified according to a modified version of the method
described by Stewart et al. (1992), with 4 mL of 50% potassium hydroxide and 6
mL of 95% ethanol absolute heated for complete solubilization at 40 °C, and then
heated for 10 min at 60°C. After this, 5 mL of water was added and the sample
cooled. The non-saponifiable fraction was extracted three times using 10 mL of

hexane. Aliquots of hexane extracts (3 mL) were dried under a nitrogen flow.
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After saponification, samples were analyzed by high-performance liquid

chromatography (HPLC).

3.3.2.6 Preparation of cholesterol standard

The cholesterol standard (Sigma and Polyscience, U.S.A. ® C8667), was used
for calibration. Stock solutions were prepared by dissolving the standard in
methanol. Calibration standards were created at the following cholesterol
concentrations: 2000 mg/L, 1000 mg/L, 500 mg/L, and 100 mg/L as modified
method of (Mazalli et al., 2006). These standards were injected into an HPLC
system with a mobile phase of acetonitrile and isopropanol (70:30, v/v) at a flow
rate of 1 mL/min. Chromatograms were recorded using a UV detector at 210 nm.
A calibration curve was established by plotting concentration against peak area.
Sample cholesterol concentrations were determined by comparing their peak
areas to the calibration curve, with periodic quality control and recalibration

performed as needed.

3.3.2.6 HPL.C Cholesterol analysis

The extract was dissolved in 3 mL of an acetonitrile-isopropanol solution (70:30,
v/v), and 1 mL of this solution was injected into the HPLC system (Bragagnolo
and Rodriguez-Amaya, 2001). The mobile phase consisted of acetonitrile and
isopropanol in a 70:30 (v/v) ratio, with a flow rate of 1 mL/min. The

chromatograms were processed at a wavelength of 210 nm.

Cholesterol was identified by comparing the retention times of the sample with
those of a cholesterol standard. Quantification was performed using external
standardization with a calibration curve. Cholesterol standards at various

concentrations were prepared and analyzed to generate this calibration curve. The
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response factors from the calibration curve were used to quantify cholesterol in
the samples. This approach ensured precise and accurate measurement of

cholesterol concentrations.

3.3.3 Determining the nutritional quality implications of the fatty acid
profiles and cholesterol based on established dietary guidelines.

Evaluating health risks associated with dietary fats involved analyzing fatty acid
profiles and cholesterol levels through various nutritional indices (Products et al.,
2016; Aranceta and Pérez-Rodrigo, 2012). These indices helped align dietary
intake with health guidelines and provided insights into cardiovascular and other
health risks. The calculations were based on formulars reported by Chen and Liu,

(2020b) and Al-Amiri et al., (2020).

Polyunsaturated Fatty Acid/Saturated Fatty Acid (PUFA/SFA) ratio: This ratio
compared the amount of polyunsaturated fatty acids (PUFAS) to saturated fatty
acids (SFAs). A higher ratio, typically suggested to be at least 0.4, was associated
with a favorable impact on cholesterol levels, particularly in lowering LDL
cholesterol (Dassanayake et al., 2024; Wu et al., 2020). The formula used was:

Y PUFA
Y SFA

PUFA/SFA =

Index of atherogenicity (IA): This index evaluated the risk of atherosclerosis by
comparing SFAs to unsaturated fatty acids. A lower IA value, ideally below 1.0,
indicated a reduced risk of plaque buildup in the arteries (Fernandes and
Gandin, 2015). The formula was:

[C12:0 + (4 X C14:0) + C16:0
Y UFA
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Index of Thrombogenicity (IT): This index assessed the risk of blood clot
formation by comparing pro-thrombogenic SFAs with anti-thrombogenic
unsaturated fats. Lower IT values, generally recommended to be below 0.5,

were linked to a decreased risk of thrombosis. The formula used was:

(C14:0 4+ C16:0 + C18:0)

B [(O.SXZMUFA)+(0.5x2n—6PUFA)+3xZn—SPUFA)+(E:2)]

IT

Hypocholesterolemic / hypercholesterolemic (HH) Ratio: This ratio compared
fats that lower cholesterol with those that raise it. A higher HH ratio,
recommended to be at least 2.0, was indicative of better cholesterol
management. The formula was:

Cis —C18:1 + ), PUFA

HH =
(C12:0 + C14:0 + C16: 0)

Health-promoting Index (HPI): This index measured the proportion of
unsaturated fatty acids relative to atherogenic SFAs. Higher HPI values, ideally
above 1.0, suggested a diet more supportive of cardiovascular health (Chen and
Liu, 2020b; Ratusz et al., 2018). The formula used was:

_ Y UFA
T C12:0+ 4 xC14:0 + C16:0

HPI

Unsaturation Index (Ul): This index assessed the degree of unsaturation in fatty
acids. Higher Ul values, recommended to be at least 1.5, reflected a greater
proportion of beneficial unsaturated fats (Weijers, 2015; Dal Bosco et al.,

2022b). The formula was:

Ul =1 X (% monoenoics) + 2 X (% dienoics) + 3 X (% trienoics) +

4 X (% tetraenoics) + 5 X (% pentaenoics) + 6 X (% hexaenoics)
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These nutritional indices and their formulas provided a comprehensive
framework for assessing the impact of fatty acids and cholesterol profiles on

health.

3.4 Statistical analysis

Students’ t-test and one-way ANOVA was performed using SPSS. All analyses
were performed in triplicate (Singer et al., 2007; Beam et al., 2000) and reported
as means + standard error of the mean (s.e). One-way ANOVA was used to
compare the levels of fatty acid and cholesterol yield of muscle meat (chuck, rib,
round, brisket) and organ meat (liver, kidney, heart, large intestines). Students’ t-
test was employed to assess the statistical significance of the difference between
the means of cholesterol content and fatty acid profiles in the districts
of Kiboga and Ntungamo. Differences between means were considered
significant at p < 0.05 otherwise they were insignificant (Smucker et al., 2007;

White et al., 2022).
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Lipid content
The data presented in Table 4.1 shows the mean lipid content of various meat cuts
sourced from Kiboga District, specifically from Bukomero and Lwamata sub-

counties.

4.1.1 Lipid content for Kiboga meat cuts.

In both Bukomero and Lwamata sub-counties of Kiboga District, the liver had
the highest lipid content, with means of 2.38 + 0.36% in Bukomero and 3.08 +
0.91% in Lwamata, while the chuck cut had the lowest lipid content, showing
0.42 = 0.20% in Bukomero and 0.51 + 0.09% in Lwamata (Table 4.1).
Intermediate lipid levels were observed in various cuts, with rib meat and heart
presenting higher levels compared to brisket and round cuts, though still
significantly lower than organ meats. The statistical analysis indicated significant

differences in the mean lipid content among various meat cuts (p < 0.05).

Table 4.2 further indicates that there were no significant differences in the mean
lipid content of meat cuts between Bukomero and Lwamata sub-counties in
Kiboga District (Student’s t-test; P > 0.05). Specifically, the proportion of lipids
in meat cuts of Bukomero was similar to that of Lwamata. These results
demonstrate that the lipid content across various meat cuts did not vary
significantly between the two sub-counties. A comparison of the mean lipid
content analyzed in eight meat cuts from both sub-counties is shown in Figure

4.1. All organ meat had high proportion of lipids.
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Table 4.1: Mean lipid content (%) for meat cuts from Bukomero and

Lwamata sub - counties in Kiboga district

Lipid content (%) for meat cuts in Kiboga sub - counties

Tissue Bukomero Lwamata
Brisket 0.61 + 0.05% 0.81 +0.38%
Chuck 0.42 +0.20% 0.51 + 0.0922
Rib 1.22 +0.03%° 1.01 +0.140°
Round 0.67 + 0.02% 0.78 + 0.100?
Liver 2.38 +0.36° 3.08 + 0.905°
Kidney 2.23 +£0.31% 2.09 + 0.340°¢
Heart 1.39 + 0.04° 1.29 + 0.158"
Large intestines 1.92 +0.13¢d 1.73 +£0.04°
P — value (ANOVA) 0.00 0.00

Data are derived from the analysis of lipid content of different meat cuts. Values
within columns with different superscript letters are significantly different (p <

0.05). The values presented are means of three replicates + standard errors.
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Table 4.2: Comparison of mean lipid content (%) of Bukomero with

Lwamata sub-counties meat cuts

Lipid content (%) for meat cuts in Kiboga sub - counties

Meat cut Bukomero Lwamata t P—value df
Brisket 0.61+0.05 0.81+0.38 -0.9 0.42 2
Chuck 0.42+0.20 0.51 +0.09 -0.93 0.40 2
Rib 1.22 +£0.03 1.01+0.14 1.43 0.23 2
Round 0.67 £0.02 0.78+0.10 -1.09 0.34 2
Liver 2.38+0.36 3.08+0.91 -0.32 0.77 2
Kidney 2.23+0.31 2.09+0.34 0.38 0.72 2
Heart 1.39 £ 0.04 1.29+0.16 0.61 0.57 2
Large intestines 1.92 £0.13 1.73+£0.04 1.54 0.20 2

Data are derived from the comparison of different meat cuts in Bukomero sub —
county with Lwamata sub - county. The values presented are means from three
replicates + standard errors. Degrees of freedom (df), t-values (t), and p-values

(p) are shown for the student’s t-test.
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Mean lipid content for meat sampled from Bukomero and
Lwamata sub-counties in Kiboga district.
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Figure 4.1: Mean lipid content (%) for various meat cuts sampled from Bukomero

and Lwamata sub - counties.

4.1.2 Lipid content for Ntungamo meat cuts

In both Ntungamo and Rubaare sub-counties, the analysis (Table 4.3) indicated
significant differences in lipid content across various meat cuts (p < 0.05,). Organ
meats consistently had higher fat content compared to muscle meats. Specifically,
liver had the highest lipid content, with values of 3.55 + 0.46% in Ntungamo and
3.00 £ 0.22% in Rubaare. In contrast, the chuck cut had the lowest fat content,
particularly in Ntungamo at 0.69 * 0.04%. Intermediate levels of lipid content
were observed in cuts such as the rib and round, with Rubaare generally showing

higher levels than Ntungamo.

Table 4.4 further indicates that there were no significant differences in the mean
lipid content of meat cuts between Ntungamo and Rubaare sub-counties in
Ntungamo District (Student’s t-test; P > 0.05). Specifically, the lipid content of

meat cuts from Ntungamo was similar to that of meat cuts from Rubaare. These
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results demonstrate that the lipid content across various meat cuts did not vary
significantly between the two sub-counties. A comparison of the mean lipid
content analyzed in eight meat cuts from both sub-counties is shown in Figure

4.2.

Table 4.3: Mean Lipid content (%) of Ntungamo and Rubaare sub — county

meat cuts

Lipid content (%) for meat cuts in Ntungamo sub — counties

Type of meat cut

Ntungamo sub - county  Rubaare sub - county

Brisket 1.07 £0.072 1.22 £0.212
Chuck 0.69 + 0.04% 1.28£0.122
Rib 0.87£0.172 1.65+0.182
Round 1.04 £ 0.042 1.63+0.312
Liver 3.55 + 0.46° 3.00 £ 0.22°
Kidney 1.21+£1.21° 2.23+£0.352
Heart 1.57 +0.25¢ 1.96 + 0.41°
Large intestines 1.70 + 0.86° 2.18 +0.30°
P — value (ANOVA) 0.02 0.01

Data are derived from the analysis of different meat cuts in Ntungamo and
Rubaare sub — counties of Ntungamo district. Values within columns with
different superscript letters are significantly different (p < 0.05). The values

presented are means of three replicates + standard errors.
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Table 4.4: Comparison of mean lipid content of Ntungamo with Rubaare sub

— county in Ntungamo district.

Lipid content (%) for meat cuts in Ntungamo sub - counties

Meat cut Ntungamo Rubaare t p df
Brisket 1.07+0.07 1.2240.21 0.67 0.54 2
Chuck 0.69+0.04 1.28+0.12 4.70 0.00 2
Rib 0.87+0.17 2.50+£0.18 3.15 0.03 2
Round 1.04+0.04 1.65+0.31 0.53 0.03 2
Liver 3.55+0.46 3.00+0.22 -1.06  0.35 2
Kidney 1.21+1.21 2.23+0.35 3.38 0.62 2
Heart 1.57+0.25 1.96+0.41 0.82 0.46 2
Large intestines 1.70+0.86 2.18+0.30 0.34 0.75 2

Data are derived from the comparison of lipid content in different meat cuts. The

values presented are means from three replicates + standard errors. Degrees of

freedom (df), t-values (t), and p-values (p) are shown for the student’s t-test.
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Mean Lipid content for meat sampled from Ntungamo and
Rubaare sub — counties in Ntungamo district
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Figure 4.2: Mean Lipid content (%) of Ntungamo and Rubaare sub — county meat

cuts

4.1.3 Comparison of total lipid content between Kiboga district and
Ntungamo district

The findings presented in Table 4.5 indicate that, overall, there were no
statistically significant differences in the mean lipid content of meat cuts between
Ntungamo and Kiboga districts (Student’s t-test; P > 0.05). This suggests that, in

general, the lipid composition of meat from both districts is comparable.

However, a closer examination of individual meat cuts shows that Ntungamo
district had slightly higher lipid levels in several cuts, including brisket, chuck,
and round, although these differences were not statistically significant. Organ
meats such as liver consistently exhibited higher lipid content than muscle meats
across both districts, reflecting the known metabolic role of these organs in lipid

storage and metabolism. For instance, liver tissue had mean lipid contents of
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3.27% in Ntungamo and 2.73% in Kiboga, which were higher than values

observed in muscle cuts such as rib (Ntungamo 1.26%, Kiboga 1.12%).

The comparison of mean lipid content across the eight meat cuts from both

districts is illustrated in Figure 4.3. These results indicate that while district-level

differences in lipid content are minimal, tissue type is a major determinant of lipid

concentration, with organ meats storing more lipids than muscle cuts.

Table 4.5: Comparison of mean lipid content (%) of Kiboga district and

Ntungamo district meat cuts

Lipid content (%) for meat cuts in each district

Meat cut Ntungamo Kiboga t p df
Brisket 1.38 0.78 260 003 5
Chuck 1.14 0.47 387 003 5
Rib 1.26 1.12 037 0.71 5
Round 1.42 0.72 1.84 0.10 5
Liver 3.27 2.73 1.02 0.33 5
Kidney 1.63 2.26 1.73 011 5
Heart 1.57 1.34 1.15 0.29 5
Large intestines 2.09 1.83 042 068 5

Data are derived from the comparison of lipid content in different meat cuts. The

values presented are averages for each district. Degrees of freedom (df), t-values

(), and p-values (p) are shown for the student’s t-test.
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Comparison of mean lipid content of Kiboga district with that
of Ntungamo district
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Figure 4.3: Comparison of mean lipid content (%) of Kiboga district and

Ntungamo district meat cuts

The study (Tables 4.1, 4.3 and 4.5), indicated that organ meats, including heart,
liver, and kidney, had the highest proportion of total lipids in all the sub — counties
in each district. The highest lipid content is attributed to their physiological roles
in lipid metabolism and storage, particularly in the liver (Zaefarian et al., 2019;
Descalzo and Sancho., 2008). Both the heart and liver are rich in adipose tissue,
the primary site for de novo lipid synthesis (Jayathilakan et al., 2012; Dodson et

al., 2010).

Conversely, the low lipid content in chuck tissue and other muscle meats can be
linked to its muscular nature, as muscles generally contain less fat compared to
other body tissues (Aubrey et al., 2014). This is due to lipids being primarily
stored in adipose tissue for energy and insulation, rather than in muscle tissues.
Additionally, muscle function requires lipids, which may lead to lower lipid
content in muscle tissues (Shimizugawa et al., 2002). The lipid content in muscle

tissues is also influenced by the animal's diet; a diet low in fats but high in
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carbohydrates or proteins can result in lower lipid levels in the muscles (Hausman

et al., 2008; Mourot and Hermier, 2001).

High lipid content in organ meats, such as the heart, liver, and kidneys, compared
to muscle meats, contributes to elevated cholesterol levels, which poses a
potential risk by increasing the likelihood of developing cardiovascular diseases

(Beriain et al., 2018; Smet et al., 2018).

In the sub-counties of both districts, the differences in lipid content among the
eight meat cuts were statistically significant (P < 0.05), aligning with the findings
of Restrepo-Molina et al. (2022), who observed significant differences among
seven meat cuts of beef from Antioquia, Colombia. Their study, however,
reported higher fat content compared to the current study. Galvez et al. (2019)
also noted varying fat levels in different meat cuts of female calves, which
supports the trends observed in Kiboga and Ntungamo districts. The variations in
lipid content among the meat parts could be attributed to factors such as muscle

type, and anatomical location (Bianchi et al., 2006).

The current study indicated lower lipid content in meat cuts, with Kiboga district
showing an average of approximately 1.53 + 0.32% (Table 4.1 and Figure 4.1)
and Ntungamo district showing approximately 1.78 + 0.31% (Table 4.3 and
Figure 4.2), compared to higher values reported in previous studies. Vera et al.
(2009) reported lipid content ranging from 0.68% to 4.23% in various meat cuts
of calves reared on permanent pastures, which is slightly higher than the 0.73%

to 3.55% range observed in the current study.

Similarly, Bragagnolo and Rodriguez-Amaya (2003) reported higher lipid

content, ranging from 2.1% to 2.6%, in longissimus dorsi muscles from different
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cattle breeds. The lower lipid content in the current study’s meat cuts may be due
to grass-based feeding practices, which generally lead to leaner carcasses with
less intramuscular fat, and breed types, which influence intramuscular fat content

(Liu etal., 2022; Nogoy et al., 2022; Mordenti et al., 2019)

The lack of significant differences (student’s t — test, p > 0.05) in lipid content
between sub — counties and districts may be because of similar dietary habits and
environmental factors influencing cattle. Additionally, genetic and breed
similarities among the livestock commonly raised in both regions could also

contribute to this result (Vsetickova et al., 2020; Warner et al., 2010).

4.2 Cholesterol content
The data presented below shows the mean cholesterol content across various meat
cuts sourced from Bukomero sub — county and Lwamata sub — county in Kiboga

district, Ntungamo sub — county and Rubaare sub- county in Ntungamo district.

4.2.1 Cholesterol content for Kiboga district

The study results, presented in Table 4.6, indicated significant differences in
cholesterol content among various meat cuts within each sub-county (P < 0.05).
Organ meats, including liver, kidney, and large intestines, generally had higher

cholesterol levels compared to muscle meats.

Specifically, the liver had the highest cholesterol content, with values of 206.57
+ 2.88 mg/100g in Bukomero and 177.18 + 3.28 mg/100g in Lwamata. The
kidney also showed higher cholesterol levels, especially in Lwamata
(176.14+£12.06 mg/100g). Intermediate levels were found in the heart and large

intestines, with the heart showing 49.79 £+ 3.57 mg/100g in Bukomero and 83.46
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+ 1.70 mg/100g in Lwamata, and large intestines having 59.91 + 4.15 mg/100g

in Bukomero and 70.35 * 3.14 mg/100g in Lwamata.

Muscle meats, including brisket, chuck, rib, and round, had lower cholesterol
levels. Notably, rib and round cuts consistently showed the lowest cholesterol
content. In Bukomero, the rib had a cholesterol level of 24.75 + 1.17 mg/100g,
and in Lwamata, it was slightly lower at 24.17 + 0.00 mg/100g. Similarly, the
round cut had low cholesterol levels with 27.62 + 0.25 mg/100g in Bukomero and

33.13 £0.13 mg/100g in Lwamata.

Table 4.7 further reveals that there were no significant differences in the mean
cholesterol content of rib, liver, and large intestines between the two sub-counties
(Student’s t-test, p > 0.05). However, significant differences were observed in

brisket, round, heart, chuck, and kidney (Student’s t-test, p < 0.05).

Conclusively, organ meats had the highest cholesterol levels across both sub-
counties, while muscle meats had lower levels. Detailed comparisons of mean

cholesterol contents for each meat cut are illustrated in Figure 4.4.
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Table 4.6: Mean cholesterol content (mg/100g) for meat cuts sampled from

Bukomero and Lwamata sub-counties in Kiboga district

Cholesterol content (mg/100g) for meat cuts Kiboga sub — counties

Meat cut Bukomero Lwamata
Brisket 4413 +1.73° 37.16 £ 0.712
Chuck 29.95 + 0.50? 42.19 £ 0.892
Rib 2475+ 1.17° 24.17 £ 0.00?
Round 27.62 + 0.25? 33.13+0.13?
Liver 206.57 + 2.88° 177.18 + 3.28"
Kidney 156.16 + 0.70° 176.14 + 12.06"
Heart 49.79 + 3.57*° 83.46 + 1.70°
Large intestines 59.91 + 4.15°¢ 70.35 + 3.14°¢

P -value (ANOVA) 0.00 0.00

Data are derived from the analysis of cholesterol content in different meat cuts in
Bukomero and Lwamata sub — counties in Kiboga district. Values within columns
with different superscript letters are significantly different (p < 0.05). The values

presented are means of three replicates + standard errors.

Table 4.7: Comparison of the cholesterol content (mg/100g) of Bukomero

sub — county with Lwamata sub — county meat cut

Cholesterol content (mg/100g) for meat cuts Kiboga sub — counties

Meat cut Bukomero Lwamata t p df
Brisket 4413 +1.73 37.16 £0.71 3.73 002 2
Chuck 29.95 + 0.50 42,19 +0.89 -11.95 0.00 2
Rib 24.75 +1.17 24.17 £ 0.00 0.49 065 2
Round 27.62 +0.25 33.13+0.13 -1959 0.00 2
Liver 206.57 £ 2.88 177.18 +3.28  -6.27 007 2
Kidney 156.16 £ 0.70 176.14 £ 12.06 -6.27 000 2
Heart 49.79 + 3.57b 83.46 £ 1.70 -8.51 000 2
Large intestines 59.91 + 4.15 70.35+3.14 -2 0.11 2

Data are derived from the comparison of cholesterol content in different meat

cuts of Kiboga sub - counties. The values presented are means from three
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replicates + standard errors. Degrees of freedom (df), t-values (t), and p-values

(p) are shown for the student’s t-test.

Mean cholesterol content for various tissues sampled from
Bukomero and Lwamata sub-counties in Kiboga district
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Figure 4.4: Mean cholesterol content (mg/100g) for various tissues sampled from

Bukomero and Lwamata sub-counties in Kiboga district

4.2.2 Cholesterol content for Ntungamo district

The findings of this study revealed that the difference in the cholesterol content
among eight meat cuts was statistically significant (P < 0.05) for both Ntungamo
sub — county and Rubaare sub — county (Table 4.8). Organ meat which included
liver, kidney, heart and large intestines had significantly higher cholesterol
content. The liver tissue had the highest cholesterol content of 187.21 + 2.92
mg/100g for Ntungamo sub - county and 155.95 + 1.37 mg/100g for Rubaare sub
— county. Muscle meat which included chuck, brisket, round and ribs had lower
cholesterol content for both sub — counties (Figure 4.5). Furthermore, the
findings indicated that the brisket and round emerge as the options with the lowest

cholesterol content. In Ntungamo sub — county, the round tissue had the lowest
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cholesterol content of 27.59 + 1.16 mg/100g, while in Rubaare sub-county, it
increased to 50.66 + 0.81 mg/100g. Similarly, the brisket in Rubaare had the
lowest cholesterol levels, with values of 24.24 + 1.94 mg/100g and it increased

slightly to 31.84 £+ 1.18 mg/100g in Ntungamo sub-county, respectively.

Furthermore, the study's findings (Table 4.9) revealed that most meat cuts from
the two sub-counties in Ntungamo District exhibited no significant differences in
cholesterol content (Student’s t-test, p > 0.05). However, significant differences
were observed in the cholesterol content of brisket, rib, and heart between the two
sub-counties (Student’s t-test, p < 0.05). Detailed comparison of mean cholesterol
contents for each meat cut are illustrated in Figure 4.5.

Table 4.8: Cholesterol content (mg/100g) of meat cuts from Rubaare and

Ntungamo sub — county in Ntungamo district

Cholesterol content (mg/100g) for meat cuts Ntungamo sub — counties

Meat cut Ntungamo Rubaare
Brisket 31.84 +1.184° 24.58 + 1.94%
Chuck 36.55 + 4.4482 26.41 + 1.122
Rib 28.5 +1.89° 24.76 + 0.55
Round 27.59 + 1.16° 50.66 + 0.81°
Liver 187.21 + 2.92¢ 155.95 + 1.37¢
Kidney 129.75 + 1.16° 113.4 + 6.62°
Heart 56.14 + 2.92° 53.44 + 2.67°
Large intestines 73.54 + 2.45° 59.07 + 1.31°
P — Value (ANOVA) 0.00 0.00
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Data are derived from the analysis of cholesterol content in different meat cuts in

Ntungamo and Rubaare sub — counties in Ntungamo district. Values within

columns with different superscript letters are significantly different (p < 0.05).

The values presented are means of three replicates + standard errors.

Table 4.9: Comparison in the cholesterol content (mg/100g) of Ntungamo

with that of Rubaare sub — county meat cuts

Tissue Ntungamo Rubaare t—value p-value df
Brisket 31.84+1.18 2424+194  -3.35 0.03 2
Chuck 36.55+4.44 2641+1.12 -221 0.09 2
Round 28.50 +1.89 24.76 £ 055  -1.56 0.19 2
Rib 27.59 +£1.16 50.66 £0.89  16.23 0.00 2
Liver 187.21 £ 2.92 113.4+6.62 -1.7 0.17 2
Liver 129.75 £ 1.16 155.95+1.37 -9.69 0.00 2
Heart 56.14 + 2.29 5344 +2.67 -0.96 0.39 2
Large 73.54 +£2.45 59.07+131 5.2 0.01 2
intestines

Data are derived from the comparison of cholesterol content in different meat

cuts of Ntungamo sub - counties. The values presented are means from three

replicates + standard errors. Degrees of freedom (df), t-values (t), and p-values

(p) are shown for the student’s t-test.
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Figure 4.5: Cholesterol content of meat cuts from Rubaare and Ntungamo sub —

county in Ntungamo district

4.2.3 Comparison in the mean cholesterol content of Kiboga and Ntungamo
district meat cuts.

The results of the study (Table 4.10) indicated that most meat cuts between
Ntungamo and Kiboga districts had no significant differences in mean cholesterol
content (Student’s t-test, p > 0.05). However, significant differences were
observed in the brisket and kidney tissues (p < 0.05). For brisket, cholesterol
levels in Ntungamo district were significantly lower at 28.04 mg/100g compared
to 40.64 mg/100g in Kiboga district (t = -4.75, p < 0.05). Conversely, kidney
tissue exhibited significantly higher cholesterol levels in Kiboga district (166.67

mg@/100g) than in Ntungamo district (121.57 mg/100g) (Figure 4.1).

For other meat cuts, including chuck, rib, round, liver, heart, and large intestines,
there were no significant differences between the districts. Specifically, the rib
tissue had the lowest mean cholesterol content, with 26.15 mg/100g in Ntungamo

and 24.46 mg/100g in Kiboga. The liver tissue had the highest cholesterol content
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in both districts, averaging 191.36 mg/100g in Kiboga and 172.06 mg/100g in

Ntungamo. Kidney tissue also had high mean cholesterol content, with Kiboga

showing 166.67 mg/100g and Ntungamo 121.57 mg/100g

Overall, while the mean cholesterol content in most meat cuts was similar

between the two districts, significant differences were found in specific cuts such

as brisket and kidney. Muscle tissues consistently had the lowest cholesterol

levels in both districts. The cholesterol levels of meat cuts in Ntungamo were

slightly lower than in Kiboga district (Figure 4.2).

Table 4.10: Comparison in the mean cholesterol content (mg/100g) of

various tissues between Kiboga district and Ntungamo district.

Meat cut Ntungamo Kiboga t p df
Brisket 28.04 40.64 -4.75 0.00 5
Chuck 31.48 36.07 -1.11 0.29 5
Rib 26.15 24.46 1.35 0.20 5
Round 39.51 30.37 1.76 0.11 5
Liver 172.06 191.36 -1.69 0.12 5
Kidney 121.57 166.67 -6.01 0.00 5
Heart 55.09 66.63 -1.47 0.17 5
Large intestines 66.31 65.13 0.25 0.81 5

Data are derived from the comparison of cholesterol content in different meat

cuts of Ntungamo with Kiboga district. The values presented are averages for

each district. Degrees of freedom (df), t-values (t), and p-values (p) are shown for

the student’s t-test.
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Comparison in the mean cholesterol content of various tissues
between Kiboga district and Ntungamo district.
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Figure 4.6: Comparison in the mean cholesterol content (mg/100g) of various

tissues between Kiboga district and Ntungamo district

Organ meats, including the liver, kidneys, and large intestines, exhibited the
highest cholesterol content levels across all sub-counties in each district. The
higher cholesterol levels in these organs may be attributed to their crucial roles
in metabolism and synthesis processes. The liver, for instance, is central to
synthesizing and storing cholesterol, producing bile, and regulating lipid levels
in the body (Chiang and Li, 2009; Alamri, 2018; Luo et al., 2020). The kidneys
require cholesterol for maintaining cell membranes and for their role in filtering
blood and managing waste products (Florens et al., 2016). The large intestines
also contain high levels of cholesterol due to their involvement in nutrient
absorption and the presence of various cells that need cholesterol for structural
integrity and function (Kruit et al., 2006; Silva et al., 2018). These findings align
with previous research by Abonyi et al. (2020b), which reported significantly
higher cholesterol levels in organ meats like the kidneys, large intestines, and

liver compared to muscle meat cuts.
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In contrast, muscle meat cuts generally have lower cholesterol levels because they
are leaner and contain less fat. Muscle meat primarily consists of protein and
water, with relatively little fat (Listrat et al., 2016a; Listrat et al., 2016b; Williams,
2007). Consequently, high cholesterol levels in organ meats can pose health risks
by increasing blood cholesterol and contributing to cardiovascular diseases. To
reduce these risks, it may be advisable to limit intake of organ meats and focus
on consuming lean muscle cuts (Das and Ingole, 2023; Upadhyay, 2023; Smet

and Vossen, 2016).

The observed differences in cholesterol content among various meat cuts (p <
0.05) might be due to the anatomical location of different body parts (Burgos et
al., 2010; Macedo et al., 2008). Factors such as the development rate and
structural characteristics of these parts could influence cholesterol synthesis rates

(Werdi Pratiwi et al., 2006).

Therefore consuming excessive liver and kidney, which are high in lipids, can
raise cholesterol levels and increase the risk of cardiovascular diseases, obesity
other health issues thus need to make regulate their consumption and rather

choose leaner cuts (Vargas and Larrain, 2017).

Previous studies have also noted significant differences in cholesterol content
among different meat cuts. Oliveira et al. (2015) reported significant variations
in cholesterol levels between loin (L. thoracis) and rump (B. femoris) tissues in
Nellore young bulls in Brazil. Similarly, Abonyi et al. (2020) found higher
cholesterol levels in the kidneys and liver compared to other cuts in pigs, cattle,
and goats slaughtered in Nigeria. The cholesterol content reported in the current

study for various meat cuts in Ntungamo and Kiboga districts was lower than in
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many earlier studies. Silva et al. (2022) reported higher cholesterol values in
muscle tissues of Nelore, Canchim, and Beefalo breeds in Brazil, ranging from
43.3 mg/100g to 53.3 mg/100g, compared to the current study's range of 22.02
mg/100g to 36.55 mg/100g. The present study found cholesterol content in the
chuck and round cuts to be approximately 33.03 mg/100g and 25.02 mg/100g,
respectively, with liver cholesterol averaging around 168.21 mg/100g in Mbarara
district and 171.58 mg/100g in Ntungamo district. Ejike and Emmanuel (2009)
reported even higher cholesterol levels, ranging from 190 mg/100g to 650
mg/100g, in various bovine meat parts, including rib muscle, lungs, large
intestine, small intestine, color, liver, kidney, and heart, which is higher than the
range of 22.02 mg/100g to 187.89 mg/100g observed in the current study.
However, the cholesterol levels were within the upper side of values reported by
Igbakin et al. (2010). They reported 141.94 + 2.12 mg/100g, 95.37 + 1.59 for the

liver and kidney respectively.

4.3 Fatty acids
The data presents the fatty acid content across various meat cuts sourced from
Bukomero sub — county and Lwamata sub — county in Ntungamo district and

Ntungamo and Rubaare sub- county in Ntungamo district.

4.3.1 Fatty acid composition of meat cuts from Bukomero and Lwamata sub
— counties in Kiboga district

The proportions of fatty acids predominantly consisted of high levels of
monounsaturated fatty acids (MUFA), followed by saturated fatty acids (SFA),
and then polyunsaturated fatty acids (PUFA) (Table 4.11 and 4.12). In

Bukomero, SFA ranged from 32.25% to 47.94%, while in Lwamata, it ranged
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from 33.25% to 44.58%. MUFA ranged from 47% to 60.67% in Bukomero and
from 30.64% to 64.78% in Lwamata. PUFA ranged from 3.47% to 26.37% in
Bukomero and from 3.25% to 13.90% in Lwamata. The high levels of MUFA
were attributed to substantial amounts of oleic acid and elaidic acid present in all
meat samples from both Bukomero and Lwamata. SFA were predominantly
composed of stearic acid and palmitic acid, while PUFA were primarily

represented by Linolelaidic.

The fatty acid compositions differed significantly between various meat cuts
within each district (p < 0.05). However, there were no statistically significant
differences between the sub-counties (student’s t — test, p > 0.05). This indicates
that the fatty acid compositions of meats in Bukomero were similar to those in
Lwamata. For a detailed comparative analysis, Figure 4.7 was used, it showed

only slight differences that were not statistically significant.
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Table 4.11: Fatty acid composition (% of total fatty acids) in fat from meat cuts in Bukomero sub-county

Fatty acid composition (%) of different meat cuts

Fatty acids Brisket Chuck Rib Round Liver Kidney Heart Large Intestines  p —value
SFA <0.001
Myristic (C14:0) 2.02+£0.162 1.43+£0.10° 2.22 +0.10% 2.67+0.21° 0.76 + 0.00% 0.36 £ 0.022 0.35+0.03? 1.32 +0.09% <0.001
Palmitic (C16:0) 11.99+0.17° 17.48 £1.07° 22.77 £0.25¢ 22.88 +0.27¢ 16.94 £0.07°  20.02+0.17¢  13.39 +0.33? 19.21 +1.06" <0.001
Margaric (17:0) 1.22 £0.05° 1.00 £0.012 0.89 £ 0.042 0.93+0.03? 2.24 +£0.01¢ 1.28 +0.04% 1.26 +0.01% 1.43 £0.08° <0.001
Stearic (C18:0) 21.32+0.16° 14.62+1.24® 1253 +0.34 10.88 £0.182 28.00 +0.10¢ 19.09 £0.19°  18.59 + 0.44 19.39 £ 1.81°¢ <0.001
Total SFA (%) 36.55 +0.37 3453+1.34 38.41+0.43 37.37+£0.29 47.94£0.18 41.75+0.24 33.59£0.45 41.35+2.04 <0.001
MUFA

Myristoleic (14:1n 5) 0.23 £0.02%¢ 0.54 £0.07° 0.36 +0.01 0.36 £ 0.03° 0.16 £ 0.022 0.00 + 0.00% 0.38 £0.022 0.00 + 0.00% <0.001
Palmitoleic (16:1n7) 2.69 +0.06° 2.71 +0.16° 2.76 +0.06° 4.39 +0.19¢ 1.24 +0.012 1.30 £ 0.062 1.91 +0.02° 2.69 £0.19¢ <0.001
Heptadecenoic (15:1n5) 0.22 £0.08? 0.91 +£0.03¢ 0.41 +0.02%¢ 0.49 £ 0.04¢ 0.44 +0.02¢ 0.61 £0.07¢ 0.56 +0.08¢ 0.00 £ 0.002 <0.001
Elaidic (22:1n9) 29.94 +£0.14° 2543 +£3.46%° 2698 +0.72" 24.44 +0.01%¢ 2221 +0.07% 20.72+0.34® 19.90+0.27% 19.23 £0.11° <0.001
Oleic (18:1n9) 1756 +0.14*  31.17 +0.58° 27.61 +0.26° 29.82 £0.11° 16.65 + 0.142 17.25+0.112  17.29 +0.262 27.45 +2.10° <0.001
Erucic (22:1n9) 2.32+0.88° 0.00 +0.00? 0.60 + 0.03%® 0.57 +£0.00% 7.10 £ 0.07« 16.28 £ 0.34¢ 8.95 +0.27¢ 6.44 £0.11° <0.001
Total MUFA (%) 52.96 £0.23 61.76 £ 3.52 58.72 £0.92 60.67 £0.34 47.90+£0.18 56.16 = 0.62 48.99 + 0.66 56.81 +2.18 <0.001
PUFA

Linolelaidic (18:2n6) 10.87 £0.01°  4.13+0.81° 2.99 £0.252 2.28 £0.10° 8.40 £ 0.07° 16.42 £0.07¢  23.33+0.51¢ 8.29 +0.75° <0.001
Alpha-Linolenic (18:3n3) 0.26 +£0.01° 0.24 +0.01° 0.00 = 0.00? 0.49 +0.02¢ 0.62 = 0.00° 0.38 + 0.04¢ 0.24 +0.03 0.00 £0.002 <0.001
Gamma-Linolenic (18:3n6) 1.67 £0.01° 0.35+0.022 0.48 £0.10? 0.38 £0.032 2.34£0.012 2.58 +£0.02¢% 2.80£0.07° 0.99 +0.01° <0.001
Total PUFA (%) 12.80 + 0.04 4.72+0.84 3.47+0.28 3.15+0.11 11.36 + 0.08 19.38+0.13 26.37 £0.60 9.28 £0.77 <0.001

Data are derived from the analysis of fatty acids in different meat cuts in Bukomero sub - county. Values within rows with different superscript
letters are significantly different (p < 0.05). The values presented are means of three replicates + standard errors. S.F.A — saturated fatty acid,
MUFA — Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid
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Table 4.12: Fatty acid composition (% of total fatty acids) in fat from meat cuts in Lwamata sub-county.

Fatty acid composition (%) of different meat cuts

Fatty Acid Brisket Chuck Rib Round Liver Kidney Heart Large p — value
Intestines
Myristic (14:0) 2.12 +0.719 0.71 £0.032 1.79 +0.10% 1.54 +0.19% 0.55 £ 0.002 0.29 £ 0.03? 1.33 £ 0.10% 1.30 +£0.07° <0.001
Palmitic (16:0) 18.77 £ 0.16" 15.63 £0.312 21.02 +0.05% 19.06 + 0.61¢ 15.91 £ 0.442 20.43 £ 0.11% 16.53 + 0.94% 21.19+0.249  <0.001
Margaric (17:0) 1.05+0.192 2.01 +0.00¢ 1.79 £ 0.03% 1.04 + 0.06° 3.41 +£0.05¢ 1.30 + 0.06% 3.15+0.17¢ 1.43+0.06®  <0.001
Stearic (18:0) 10.31 £0.332 17.38 £0.93° 12.30 £0.162 11.20 £ 0.892 2471 £0.13° 18.51 +£0.14° 20.49 +1.10° 20.36+£0.23"  <0.001
Total SFA (%) 32.25+0.86 35.73+1.27 37.90£0.30 33.84£0.90 44,58 +£0.58 40.53 £ 0.40 4150 £1.41 4428 +0.40  <0.001
MUFA
Myristoleic (14:1n5) 0.22 +0.02° 0.51 +0.05¢ 0.35+0.01° 0.31£0.03° 0.25 +0.03° 0.00 + 0.032 0.28 £ 0.02° 0.00 + 0.00? <0.001
Palmitoleic (16:1n7) 3.14 £0.292 1.71 +£0.02° 3.016 £ 0.362 3.29 £ 0.59? 1.48 £0.21°¢ 1.50 £ 0.31° 1.76 £0.57° 1.57 £0.01° <0.001
Heptadecenoic (15:1n5) 0.25+0.11%® 0.65 + 0.03« 0.52 £0.00b*  0.38 +0.06" 0.32 £0.04° 0.49 £0.01b  0.70 +0.08¢ 0.00 + 0.00? <0.001
Elaidic (22:1t9) 33.94 £ 0.14°¢ 2477 £3.09%  27.15+0.25 2542+045%  21.38+1.97% 18.44 £1.472 18.16 £1.29? 20.80 £0.64% < 0.001
Oleic (18:1n9) 26.84 £ 0.08° 31.85+0.43¢ 27.73 £0.34° 29.33+0.73« 19.49 £ 0.942 18.46 £ 0.532 23.69 £0.202 27.19+0.23% <0.001
Erucic (22:1n9) 0.39 £0.032 0.00 £ 0.002 1.25+0.032 0.57 £0.452 4.22 +0.09° 9.45 + 0.65° 1.76 £0.718 3.85+0.24° <0.001
Total MUFA (%) 64.78 £0.30 59.57 £ 3.59 60.02 £ 0.44 59.70 £1.45 47.84+1.09 30.64 £1.01 46.39 +1.88 33.41+0.88 <0.001
PUFA
Linolelaidic (18:2n6) 2.70 £ 0.422 422 +£2.382 3.23+0.572 7.08 £1.74® 8.47 +0.24® 16.88 + 0.48° 1159 +2.16 516+0.07%® <0.001
Alpha-Linolenic (18:3n3)  0.27 £ 0.01¢ 0.22 +£0.01b¢ 0.00 £ 0.00? 0.48 +£0.02¢ 0.72+0.01° 0.13+£0.04° 0.19 +0.02%¢ 0.00 +0.00? <0.001
Gamma-Linolenic 0.41 £0.002 0.34 £0.022 1.11 +0.022 1.01 £0.162 3.32 £0.02¢ 3.33+£0.15¢ 212 £0.412 1.00 £ 0.012 <0.001
(18:3n6)
Total PUFA (%) 3.38+£0.43 478 £2.40 4.34 £0.59 8.57+181 1251 +£0.27 20.34 £ 0.67 13.90 £ 2.57 6.16 + 0.07 <0.001
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Data are derived from the analysis of fatty acids in different meat cuts in Lwamata
sub — county. Values within rows with different superscript letters are
significantly different (p < 0.05). The values presented are means of three
replicates + standard errors. S.F.A - saturated fatty acid, MUFA -

Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid.

Table 4.13: Comparison of SFA, MUFA and PUFA of various tissues from

Lwamata sub — county with those from Bukomero sub — county

Total fatty acid composition (%) for Kiboga sub — counties

Meat cut Fatty acid Bukomero Lwamata t p Df

Brisket SFA 36.55 32.25 017 087 2

MUFA 52.96 64.78 -0.25 081 2

PUFA 12.8 3.38 092 041 2

Chuck SFA 34.53 35.73 -0.05 096 2

MUFA 61.76 59.57 0.03 098 2

PUFA 4.72 4.78 -0.45 067 2

Rib SFA 38.41 37.9 005 096 2

MUFA 58.72 60.02 -0.03 098 2

PUFA 3.47 4.34 022 084 2

Round SFA 37.37 33.84 017 087 2

MUFA 60.67 59.7 002 099 2

PUFA 3.15 8.57 -082 046 2

Liver SFA 47.94 44.58 01 093 2

MUFA 47.9 47.84 0.02 098 2

PUFA 11.36 12.51 -0.12 091 2

Kidney SFA 41.75 40.53 001 099 2

MUFA 56.16 30.64 024 081 2

PUFA 19.38 20.34 -0.04 097 2

Heart SFA 33.59 41.5 -0.3 097 2

MUFA 48.99 46.39 008 094 2

PUFA 26.37 13.9 064 051 2

Large SFA 41.35 44.28 -0.1 093 2

Intestines

MUFA 56.81 33.41 0.06 0.95

PUFA 9.28 6.16 034 075 2

Data are derived from the comparison of fatty acid composition in different meat
cuts in Kiboga sub - counties. The values presented are averages of total lipids in

each sub — county. Degrees of freedom (df), t-values (t), and p-values (p) are
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shown for the student’s t-test. S.F.A — saturated fatty acid, MUFA -

Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid
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Figure 4.7: Comparison of SFA, MUFA and PUFA of various tissues from

Lwamata sub — county with those from Bukomero sub — county

4.3.2 Fatty acid composition (%) of meat cuts from Ntungamo and Rubaare
sub — counties in Ntungamo district

The proportions of various fatty acids varied significantly for most meat cuts in
the two Ntungamo and Rubaare sub — county of Ntungamo district (Table 4.14
and 4.15), (p <0.05),

The fatty acid profiles predominantly consisted of high levels of monounsaturated
fatty acids (MUFA), followed by saturated fatty acids (SFA), and then
polyunsaturated fatty acids (PUFA). In Ntungamo, the mean SFA ranged from
32.79% to 48.78%, while in Rubaare, it ranged from 34.83% to 55.00%. MUFA
ranged from 40.47% to 63.15% in Ntungamo and from 29.54% to 64.07% in
Rubaare. PUFA ranged from 3.00% to 11.91% in Ntungamo and from 2.09% to

17.71% in Rubaare. The high levels of MUFA were attributed to substantial
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amounts of oleic acid and elaidic acid present in all meat samples from both
Ntungamo and Rubaare. SFA were predominantly composed of stearic acid and

palmitic acid, while PUFA were primarily represented by Linolelaidic.

The fatty acid compositions differed significantly between various meat cuts
within each district (p < 0.05). However, there were no statistically significant
differences between the sub-counties (student’s t — test, p > 0.05). This indicates
that the fatty acid compositions of meats in Ntungamo were similar to those in
Rubaare. For a detailed comparative analysis, Figure 4.8 was used, it showed

only slight differences that were not statistically significant.
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Table 4.14: Fatty acid composition (% total fatty acid) of meat cuts from Rubaare sub — county

Fatty acid composition (%) of different meat cuts

Fatty Acid Brisket Chuck Rib Round Liver Kidney Heart Large P —value
Intestines
SFA
Myristic (14:0) 3.28£0.11% 1.63 +£0.70% 451 +£0.43¢ 3.84 £0.47° 0.60 £0.122 0.36 £0.01° 0.37 £0.09? 2.46 £0.582 0.00
Palmitic (16:0) 21.02 £ 0.442 17.64+0.572 2577 +£0.93% 19.14 +8.07° 10.30 +5.22¢  14.87 £0.13* 17.24+0.34*  21.60+1.042  0.00
Margaric (17:0) 2.33£0.022 1.06 +£0.342 0.97 £0.35° 1.79£0.932 1.83 £1.202 1.15 £ 0.06a* 1.08 £0.312 1.46 + 0.66a 0.15
Stearic (18:0) 14.78 £ 0.24% 12.46 £1.02%  11.16 £0.76% 18.07 + 4.24%® 29.89 £4.04°  16.69 +£0.24® 23.35+051° 23.26+0.44* 0.84
Total SFA (%) 4141+171 32.79+2.10 4241+182 4284+3.74 42.62 £5.02 33.07+0.43 42.04 +0.64 48.78 +1.90 0.72
MUFA
Myristoleic (14:1n5) 0.26 + 0.04%® 0.58 +0.10° 0.32+£0.02®  0.47 +£0.16° 0.33 £0.05% 0.00 £ 0.00? 0.41 +£0.05° 0.28 +0.03® 0.00
Palmitoleic (16:1n7) 1.48 +1.30 0.22 +0.06 2.23+2.05 1.21+1.08 0.41+0.04 0.92+0.35 0.69 = 0.06 0.56 = 0.04 0.00
Heptadecenoic (15:1n5) 0.17 £ 0.00% 0.19 +0.01% 0.12+£0.01>  0.23+0.04° 0.00 = 0.00? 0.00 £ 0.00? 0.00 £ 0.00? 0.15 +0.01b¢ 0.00
Elaidic (18:1t9) 35.87 £1.14° 36.18 £051°  33.02+0.76° 35.01+247° 2463 £3.300  16.72+0.37° 23.71+0.34° 2220+0.79°  0.00
Erucic (22:1n9) 0.00 £ 0.002 0.00 £ 0.002 0.58 £0.03? 0.00 = 0.00? 1510 £1.55¢  11.49 +0.60° 0.00 £ 0.00? 4.47 £0.55P 0.00
Oleic (18:1n9) 16.73 £ 0.62° 2598 +£1.45°  18.81+227° 17.22 +3.96" 0.00 £ 0.00a 25.90 +0.20° 2291+0.75°  19.21+2.64°>  0.00
Total MUFA (%) 5451+1.71 63.15+2.10 55.08+1.82 54.14+3.74 40.47 £5.02 77.94+0.43 47.72 £0.64 47.87£1.90
PUFA
Linolelaidic (18:2n6) 2.84£0.212 3.23+0.322 1.91+£0.192 2.12 £0.502 6.95 + 0.95 10.23 £0.21°¢ 9.07 £0.76° 3.69 +1.35%® 0.00
Alpha-Linolenic (18:3n3) 0.68 +0.09%® 0.57 £0.07® 0.26 £0.03%  0.17 £0.042 2.07 £0.25¢ 1.18 £+ 0.36" 1.18 £ 0.11% 0.41 +0.08® 0.00
Gamma-Linolenic (18:3n6)  0.55 + 0.00b® 0.31+£0.03% 054 +0.03*¢ (.71 +0.19% 0.86 +0.12¢ 0.50 + 0.02bcd 0.00 £ 0.00? 0.24 +0.07® 0.00
Total PUFA (%) 407021 411+0.32 2.71+£0.19 3.00£0.50 9.88 £0.95 11.91+£0.36 10.25+£0.76 434+1.35

Data are derived from the analysis of fatty acids in different meat cuts in Ntungamo sub — county. Values within rows with different superscript
letters are significantly different (p < 0.05). The values presented are means of three replicates + standard errors. S.F.A — saturated fatty acid,
MUFA — Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid.
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Table 4.15: Fatty acid composition (% total fatty acid) of meat cuts from Rubaare sub — county

Muscles and organ tissues

Fatty Acid Brisket Chuck Rib Round Liver Kidney Heart Large P — value
Intestines

SFA

Myristic (14:0) 3.45+0.28¢ 1.78 + 0.25% 2.35 +0.49¢ 2.38 £0.10¢ 1.25 +0.07%¢ 0.33+£0.05? 0.56 + 0.06% 3.32+0.33¢% <0.001

Palmitic (16:0) 23.36+£0.20°  20.00+1.45%® 2279+1.07%  21.87+0.88%  22.34+0.27% 2236+0.82®  1853+0.29%  22.48+0.70® 0.323

Margaric (17:0) 2.26 +0.12bd 157+0.13%  2.09+0.05%«  1.83+0.08%¢ 2.71 +0.00¢ 1.39 +0.002 2.60 +0.00¢ 242 +0.01cd 0.017

Stearic (18:0) 1440+£0.35% 1048 +526° 17.95+051%° 1751+1.06a* 28.27+0.81° 2544+379*  2940+0.51° 27.78+1.77°  <0.001

Total SFA (%) 43.47 £1.26 34.83+6.22 4418 +1.12 4359 +£1.22 54.07 +1.27 49.52 + 4.66 51.09 + 0.56 55.00+2.29

MUFA

Myristoleic (14:1n5) 0.31+0.022 0.73+0.13? 0.41+0.142 0.88 + 0.60? 0.17 +£0.00? 0.00 +0.00? 0.76 £ 0.442 0.29 £0.022 <0.001

Palmitoleic (16:1n7) 0.16 £0.00? 3.10 £ 0.00° 2.79 £0.15% 2,57 £0.07¢ 1.78 £0.03° 1.61 +0.05° 2.15+0.06° 0.44 +0.032 <0.001

Heptadecenoic (15:1n5) 0.15+0.01° 0.19 +0.01%¢ 0.15+0.01° 0.22 +£0.02¢ 0.00 +0.00? 0.00 +0.00? 0.00 +0.00? 0.14 £0.01° <0.001

Elaidic (18:1t9) 37.76 052  3581+4.25¢ 2949+0.23%d 30.79+1.25°0 2584+0.31%°  1984+295%  2204+0.78% 21.74+156%  <0.001

Oleic (22:1n9) 16.16 +1.12°  24.24 +0.63° 19.52 +1.84° 15.75 + 3.44P 0.00 +0.00? 2.75%0.11° 2.52 +0.042 18.59 +2.97° <0.001

Erucic (18:1n9) 0.00 +0.00? 0.00 +0.00? 0.58 +£0.02° 0.00 +0.00? 6.74 £0.31° 14.63 + 2.95¢ 4.07 £0.78%® 0.53+0.032 <0.001

Total MUFA (%) 5458 +1.35 64.07 +5.18 52.94 +1.58 50.21 +6.00 34.33+0.34 38.83+3.21 29.54+0.091 41.73 £3.26

PUFA

Linolelaidic (18:2n6) 3.13+0.16% 1.26 +1.26° 3.42+0.28% 4.15 +0.85%® 7.80 £0.78%® 8.83 +3.36% 15.78 + 0.66° 1.61+0.11%® <0.001

Alpha-Linolenic (18:3n3) 0.84 £ 0.02b¢ 0.53 £ 0.00% 0.18 £0.01° 1.42 +0.13« 2.29£0.07¢ 2.29 +0.32° 1.61+0.07% 0.37 £ 0.042 <0.001

Gamma-Linolenic (18:3n6) 0.51+0.00%¢  0.30 +0.032¢ 0.22 +0.01% 0.68 + 0.15¢ 0.81 +0.02¢ 0.54 +0.02¢ 0.32+£0.00%¢  0.30+0.03%  <0.001

Total PUFA (%) 4.48 £0.18 2.09+1.29 3.82+0.30 6.25+1.01 10.90 +0.85 11.66 +3.55 17.71+0.73 2.28+0.16

Data are derived from the analysis of fatty acids in different meat cuts in Rubaare sub — county. Values within rows with different superscript

letters are significantly different (p < 0.05). The values presented are means of three replicates + standard errors. S.F.A — saturated fatty acid,
MUFA — Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid.
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Table 4.16: Comparison of SFA, MUFA and PUFA of various tissues from

of Ntungamo with those from Rubaare sub — county

Total fatty acid composition (%) for Kiboga sub — counties

Meat Cut Fatty Bukomero Lwamata t-value p-value
Acid

Brisket SFA 41.41 43.47 -0.17 0.87
MUFA 54.51 54.58 -0.25 0.81
PUFA 4.07 4.48 0.92 0.41
Chuck SFA 32.79 34.83 -0.05 0.96
MUFA 63.15 64.07 0.03 0.98
PUFA 4.11 2.09 -0.45 0.67
Rib SFA 42.41 4418 0.05 0.96
MUFA 55.08 52.94 -0.03 0.98
PUFA 2.71 3.82 -0.22 0.84
Round SFA 42.84 43.59 0.17 0.87
MUFA 54.14 50.21 0.02 0.99
PUFA 3 6.25 -0.82 0.46
Liver SFA 42.62 54.07 0.1 0.93
MUFA 40.47 34.33 0.02 0.98
PUFA 9.88 10.9 -0.12 0.91
Kidney SFA 33.07 49.52 0.01 0.99
MUFA 77.94 38.83 0.24 0.81
PUFA 11.91 11.66 -0.04 0.97
Heart SFA 42.04 51.09 -0.3 0.97
MUFA 47.72 29.54 0.08 0.94
PUFA 10.25 17.71 0.64 0.51
Large Intestines SFA 48.78 55 -0.1 0.93
MUFA 47.87 41.73 0.06 0.95
PUFA 4.34 2.28 0.34 0.75

Data are derived from the comparison of fatty acid composition in different meat
cuts of Ntungamo sub - counties. The values presented are averages of total lipids
in each sub — county. Degrees of freedom (df), t-values (t), and p-values (p) are
shown for the student’s t-test. S.F.A — saturated fatty acid, MUFA -

Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid
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Figure 4.8: Comparison of SFA, MUFA and PUFA of various tissues from

Lwamata sub — county with those from Bukomero sub — county

4.3.3 Comparison of the SFA, MUFA and PUFA of meat cuts from Kiboga
district with those from Ntungamo district.

The fatty acid composition in each of the two districts predominantly consisted
of monounsaturated fatty acids (MUFA), followed by saturated fatty acids (SFA)
and then polyunsaturated fatty acids (PUFA) (Table 4.17). MUFA was largely
represented by high proportions of oleic acid and elaidic acid. SFA was mainly
composed of elevated levels of palmitic acid and stearic acid. While there was
slight variation between the districts, these differences were not statistically
significant (Student’s t-test, p > 0.05) for the majority of fatty acids (Figure 4.9).
Further analysis indicated that the fatty acid proportions were slightly lower in

the Kiboga district compared to the Ntungamo district.
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Table 4.17: Comparison in the SFA, MUFA and PUFA of various tissues

from Kiboga district with those from Ntungamo district.

Total fatty acid composition (%) for Ntungamo and Kiboga district

Meat cut Fatty acid Ntungamo Kiboga t p
Brisket SFA 42.44 34.40 0.05 0.96
MUFA 54.545 58.87 0.00 1.00
PUFA 4.275 8.09 -0.12  0.91
Chuck SFA 33.81 3513 -0.11 091
MUFA 63.61 60.67 -0.02 0.99
PUFA 3.1 4.75 -0.58 0.57
Rib SFA 43.295 38.16 032 0.75
MUFA 54.01 59.37 0.05 0.96
PUFA 3.265 3.91 -0.27  0.80
Round SFA 43.215 35.61 0.46  0.65
MUFA 52.175 60.19 0.08 0.93
PUFA 4.625 5.86 -0.34 0.74
Liver SFA 48.345 46.26 0.1 0.92
MUFA 37.4 47.87 0.16 0.87
PUFA 10.39 1194  -0.27 0.80
Kidney SFA 41.295 41.14 0.03 0.98
MUFA 58.385 43.40 048 0.64
PUFA 11.785 19.86 -0.73  0.48
Heart SFA 46.565 37.55 0.44  0.67
MUFA 38.63 47.69 045 0.66
PUFA 13.98 20.14 -045 0.66
Large intestines SFA 51.89 42.82 0.44  0.66
MUFA 44.8 45.11 0.15 0.89
PUFA 3.31 7.72 -0.98 0.35

Data are derived from the comparison of fatty acid composition in different meat
cuts of Kiboga and Ntungamo districts. The values presented are averages of total
lipids in each sub — county. Degrees of freedom (df), t-values (t), and p-values
(p) are shown for the student’s t-test. S.F.A — saturated fatty acid, MUFA —

Monounsaturated fatty acid, PUFA — Polyunsaturated fatty acid
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Figure 4.9: Comparison in the SFA, MUFA and PUFA of various tissues from

Kiboga district with those from Ntungamo district.

Generally, proportions of all fatty acids varied significantly for meat cuts within
the same geographical region (Table 4.11, 4.12, 4.14 and 4.15), there was a
significant different in the proportions of fatty acids among meats (p < 0.05) in
each of the sub — counties Bukomero, Lwamata, Ntungamo and Rubaare,
primarily stem from their distinct biological functions and tissue characteristics
(Webb and O’Neill, 2008). These findings concur with the findings of Turk and
Smith. (2009) who observed a significant difference in fatty content in round,
sirloin, loin, rib, chuck, brisket, plate and flank of beef. The findings indicated
that the fatty acid composition across the meat cuts between the sub-counties and
districts showed insignificant differences in saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA)
content (Student’s t-test, p > 0.05). This lack of significant difference can be

attributed to the relatively uniform feeding practices, genetic homogeneity of the

75


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/loins

Ankole cattle, and similar environmental conditions within the districts. (Budge

et al., 2002; Kogyigit et al., 2023, Smet et al., 2004, Mwangi et al., 2019).

Proportions of fatty acids consisted of mostly MUFA followed by SFA and the
PUFA. MUFA levels were due to high levels of oleic acid and elaidic that
dominated most meat samples, probably because of conversion of some saturated
fatty acids to MUFA by the enzyme by the enzyme stearoyl Co-A desaturase
(Piccinin et al., 2019; Noto et al., 2013; Kamal et al., 2018; Wood et al., 2008).
The high levels of oleic and elaidic acids in the some cuts could be due to
differences in their anatomical location, dietary influences, and specific fat

metabolism (Smith, 2024a).

In the analyzed tissues, stearic acid and palmitic acids were the most abundant
SFA, with concentrations reaching up to 28.27 + 0.81% in the liver and 29.40
0.51% in the heart, reflecting its significant roles in energy storage and membrane
stability (Javadi et al., 2004). Palmitic acid was notably higher in muscle tissues,
such as the brisket and rib, with concentrations of up to 23.36 + 0.20% and 22.79
+ 1.07%, respectively, highlighting its importance as an energy source and in
fatty acid synthesis (Fatima et al., 2019). This finding is supported by the finding
of Kogyigit et al. (2023); Jang et al. (2017); Boni et al. (2010) who found out that
stearic acid and palmitic acid were present in high quantity among the meat cuts.
This because palmitic acid and stearic are naturally synthesized by animals then
become part of the fat composition in the animal's tissues, including the meat

(Smith, 2024a; Martins et al., 2018).

In both regions, the large intestines consistently showed the highest SFA content,

with stearic acid being the predominant fatty acid. This indicates that large
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intestines are rich in saturated fats, which are mainly composed of stearic acid.
This could be due to biohydrogenation in the rumen by microbes which converts
unsaturated fatty acids to saturated fatty acids (Dewanckele et al., 2020; Baldin

etal., 2022).

The Heart exhibited the highest polyunsaturated fat (PUFA) content (26.37%),
particularly due to linolelaidic and gamma-linolenic acids, highlighting its

beneficial fat profile.

4.4 Nutritional quality implications of fatty acid profiles and cholesterol
based on established dietary guidelines

The data were used to assess the nutritional quality implications associated with
fatty acids and cholesterol profiles using nutritional indices such as the
PUFA/SFA ratio, the Index of atherogenicity (I1A), the Index of thrombogenicity
(IT), the Hypocholesterolemic / Hypercholesterolemic ratio (HH), the health-
promoting index (HPI), and the Unsaturation Index (Ul) of fats in different

tissues.

4.4.1 Nutritional indices for meat cuts from Ntungamo sub — county

The findings (Table 4.18) showed that PUFA/SFA ratio was highest in kidney
(0.36) and lowest in rib (0.06), suggesting kidney had a more favorable fat
balance. The Index of Atherogenicity (IA) was highest in rib (0.82) and lowest in
brisket (0.71), indicating higher cardiovascular risk for rib. The Index of

thrombogenicity (IT) was highest in large intestines

(0.83), suggesting a greater risk of thrombosis. The HH Ratio was highest in
kidney (0.70), indicating better cholesterol profile potential. The health-

promoting index (HPI) was highest in liver (0.60), reflecting a better-unsaturated
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fat profile. The

Unsaturation index (UI) was highest in heart (49.90), showing it

had the greatest degree of unsaturation. For a detailed analysis, the nutritional

indices are compared using figure 4.10.

Table 4.18: Nutritional indices for meat cuts from Ntungamo sub — county

Meat cuts and their nutritional indices

Fatty acid Brisket Chuck Rib Round Liver Kidney Heart Large
index Intestines
PUFA/SFA 0.10 013 006 007 023 036 024 0.09

1A 0.71 0.73 0.82 0.74 0.76 0.74 0.75 0.83

IT 0.65 080 080 082 079 078 0.78 0.83

HH 0.50 0.62 0.53 0.53 0.48 0.70 0.65 0.50

HPI 0.55 0.58 0.50 0.53 0.60 0.57 0.58 0.50

ul 26.20 28.63 2197 2197 2011 210 49.90 27.82
PUFA/SFA: Polyunsaturated fatty acid/Saturated fatty acid; IA: Index of

atherogenicity;

IT: Index of thrombogenicity; HH: Hypocholesterolemic

/hypercholesterolemic. HPI: Health-promoting Index;

Ul: Unsaturation index.
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Figure 4.10: Nutritional indices for meat cuts from Ntungamo sub — county
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4.4.2 Nutritional indices for meat cuts from Rubaare sub — county

The results (Table 4.19) showed that the PUFA/SFA ratio was highest in the heart
(0.35) and lowest in intestines (0.04), indicating a better fat balance in the heart
compared to other tissues. The index of atherogenicity (I1A) was highest in the
chuck (0.95), suggesting an increased cardiovascular risk, while the index of
thrombogenicity (IT) was elevated in large intestines (2.17), reflecting a higher
risk of clot formation. The hypercholesterolemic-hyperlipidemic (HH) index was
lowest in the liver (0.21), implying a lower impact on cholesterol levels. The
Unsaturation index (Ul) was highest in the heart (42.46), highlighting a
potentially greater overall health risk. For a detailed analysis, the nutritional
indices are compared using figure 4.11

Table 4.19: Nutritional indices for meat cuts from Rubaare sub — county

Meat cuts and their nutritional indices

Fatty acid Brisket Chuck Rib  Round Liver Kidney Heart Large
index intestines
PUFA/SFA 0.10 006 009 014 0.20 0.24 0.35 0.04
1A 0.80 095 082 093 0.72 0.75 0.62 0.87
IT 1.09 1.23 1.12 1.20 0.47 0.71 1.74 2.17
HH 0.50 082 054 053 021 0.30 0.42 0.39
HPI 0.50 072 049 048 0.38 0.49 0.51 0.35
ul 26.43 3278 3054 3312 24.04 29.97 4246 24.25

PUFA/SFA: Polyunsaturated fatty acid/saturated Fatty Acid; IA: Index of
atherogenicity; IT: Index of thrombogenicity; HH: Hypocholesterolemic/
hypercholesterolemic;

HPI: Health-promoting index; Ul: Unsaturation Index.
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Meat cuts and their nutritional indices
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Figure 4.11: Nutritional indices for meat cuts from Rubaare sub — county

4.4.3 Nutritional indices for meat cuts from Bukomero sub — county

The findings (Table 4.20) showed that the PUFA/SFA ratio was highest in the
heart (0.78) and lowest in the rib (0.09), indicating a less favorable balance of
polyunsaturated to saturated fats compared to other tissues. The index of
atherogenicity (IA) was highest in the rib (1.70), suggesting a greater risk of heart
disease, whereas the heart had the lowest 1A (0.96). The Index of
Thrombogenicity (IT) was highest in the liver (1.50), signaling increased
thrombosis risk. Both the hypercholesterolemic-hyperlipidemic index (HH) and
hypercholesterolemic Potential Index (HPI) were very high in large intestines
(3.01), reflecting the highest cholesterol risk. The Unsaturation index (Ul) was
also highest in the heart (101.73), indicating a high overall health risk. For a

detailed analysis, the nutritional indices are compared using figure 4.12.
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Table 4.20: Nutritional indices for meat cuts from Bukomero sub — county:

Meat cuts and their nutritional indices

Fatty acid Brisket Chuck Rib  Round Liver Kidney Heart Large
index intestines
PUFA/SFA 0.35 014 009 008 024 046 0.78 0.21

1A 1.08 1.29 1.7 1.64 1.63 1.32 0.96 1.2

IT 1.02 0.95 1.14 1.06 1.5 1.05 0.87 0.63

HH 1.86 1.98 1.66 1.75 1.3 191 2.33 3.01
HPI 1.86 1.98 1.66 1.75 1.3 191 2.33 3.01

ul 78.56 712 65.66 66.97 70.62 9492 101.73 75.37
PUFA/SFA: Polyunsaturated fatty acid/Saturated fatty acid; IA: Index of

atherogenicity; IT: Index of thrombogenicity; HH: Hypocholesterolemic/

hypercholesterolemic.

HPI: Health-promoting index; Ul: Unsaturation Index.
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Figure 4.12: Nutritional indices for meat cuts from Bukomero sub — county
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4.4.4 Nutritional indices for meat cuts from Lwamata sub — county

The results (Table 4.21) indicated that the PUFA/SFA ratio was highest in kidney
(0.50) and lowest in brisket (0.10), indicating a more favorable balance of
polyunsaturated to saturated fats in the kidney. The Index of atherogenicity (1A)
peaked in large intestines (2.69), suggesting the highest cardiovascular risk, while
the lowest 1A was found in brisket (0.35). The Index of thrombogenicity (IT) was
elevated in intestines (2.10), pointing to increased clot risk, with the lowest IT in
round (0.80). Both the hypercholesterolemic-hyperlipidemic index (HH) and
Hypercholesterolemic potential index (HPI) were highest in brisket and lowest in
intestines, reflecting higher cholesterol risks in brisket. The Unsaturation index
(UI) was highest in round (76.84), highlighting a potential overall health risk,
while intestines had the lowest Ul (45.73). For a detailed analysis, the nutritional
indices are compared using figure 4.13

Table 4. 21: Nutritional indices for meat cuts from Lwamata sub — county

Meat cuts and their nutritional indices

Fatty acid Brisket Chuck Rib  Round Liver Kidney Heart Large
intestines
PUFA/SFA 0.10 0.13 011 025 0.28 0.50 0.33 0.14
1A 0.35 125 047 1.30 1.48 1.97 1.46 2.69
IT 0.85 093 103 0.80 1.26 1.50 1.21 2.10
HH 3.16 191 183 214 147 1.30 1.57 0.92
HPI 3.16 191 183 214 147 1.30 1.57 0.92
ul 7154 69.13 68.70 76.84 7286 7132 74.19 45.73

PUFA/SFA: Polyunsaturated fatty acid/saturated fatty acid; 1A: Index of
atherogenicity; IT: Index of thrombogenicity; HH: Hypocholesterolemic/
hypercholesterolemic.

HPI: Health-promoting index; Ul: Unsaturation Index.
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Figure 4.13: Nutritional indices for meat cuts from Lwamata sub — county

The nutritional indices of various organs in long-horned Ankole cattle showed
notable differences that significantly impact cardiovascular health. Among these
organs, the kidney, liver, and heart exhibited more favorable nutritional indices
compared to the rib, large intestines, and chuck. Specifically, the kidney, liver,
and heart demonstrated higher PUFA/SFA, HH, and HPI ratios, suggesting a
beneficial balance of fats associated with lower LDL cholesterol levels and
reduced cardiovascular risk (Goluch et al., 2023; Wood and Enser, 2017). In
contrast, the rib, large intestines, and chuck showed higher health risks due to
elevated Index of Atherogenicity (IA) and Index of thrombogenicity (IT),
indicating an increased risk of blood clot formation and thrombosis. Barrea et al.
(2023) noted that foods with high atherogenic and thrombogenic potential could

stimulate platelet aggregation, raising concerns about cardiovascular health.

The nutritional ratios observed in this study varied notably from those reported
in earlier research. For example, the PUFA/SFA ratio ranged from 0.04 to 0.78,

generally exceeding the narrower ranges documented in previous studies (Chen
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and Liu, 2020c; Barrea et al., 2023). The Index of atherogenicity (I1A) ranged
from 0.35 to 1.70, often surpassing earlier values, while the
hypercholesterolemic-hyperlipidemic index (HH) ranged from 0.21 to 3.01,
showing a broader range and lower average than previously reported. The
Unsaturation index (Ul) also displayed a wider range (24.04 to 101.73),
indicating a higher degree of unsaturation in some samples. Despite this
variability, the PUFA/SFA ratios were lower than the recommended threshold of

0.4 for a healthy cardiovascular status (Ospina et al., 2011; Wood et al., 2004)

Overall, while the kidney, liver, and heart demonstrated beneficial nutritional
profiles, they still contained significant amounts of palmitic, myristic, and stearic
acids, which can be detrimental. Attia et al. (2015) highlighted that myristic and
palmitic acids are highly atherogenic, and stearic acid is known to be
thrombogenic. Conversely, the rib, large intestines, and chuck presented higher
health risks due to less favorable indices related to atherosclerosis and
thrombosis. The 2005 US Dietary Guidelines recommend moderating red and
processed meat intake due to concerns over saturated fat's effects on LDL
cholesterol (Flock and Kris-Etherton, 2011). However, the relationship between
meat consumption and chronic diseases like coronary heart disease, stroke, and
type 2 diabetes remains complex and debated, with conflicting results in the
literature (Shi et al., 2023). Further research is needed to clarify the impact of
meat consumption on health and to develop more precise dietary

recommendations (Zeraatkar et al., 2019; Bechthold et al., 2019).
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The study indicated that organ meats including liver, kidney, heart, and large
intestines—consistently contained the highest lipid and cholesterol levels across
all sub-counties in Ntungamo (Ntungamo and Rubaare) and Kiboga (Bukomero
and Lwamata) districts. In Kiboga, liver had the highest lipid content (2.38 +
0.36% in Bukomero and 3.08 £ 0.91% in Lwamata) and the highest cholesterol
(206.57 £ 2.88 mg/100 g in Bukomero and 177.18 + 3.28 mg/100 g in Lwamata),

while chuck, rib, and round cuts had the lowest values.

In Ntungamo, liver again contained the highest lipids (3.55 * 0.46% in Ntungamo
sub-county and 3.00 £ 0.22% in Rubaare) and cholesterol (187.21 + 2.92 mg/100
g in Ntungamo sub-county and 155.95 + 1.37 mg/100 g in Rubaare), with muscle
cuts such as chuck, brisket, rib, and round showing consistently lower levels.
Across districts, most meat cuts showed no significant differences in lipid content
(P > 0.05), although Ntungamo generally had slightly higher lipids, while
cholesterol differed significantly in specific cuts such as brisket and kidney. The
high lipid and cholesterol levels in organ meats suggest potential health risks,
including hypercholesterolemia, atherosclerosis, and cardiovascular diseases, if

consumed frequently without balance.

Analysis of fatty acids revealed that monounsaturated fatty acids (MUFA) were
dominant across all meat cuts, particularly in organ meats such as kidney
(77.94%) and chuck (63.15%), providing potential benefits for cardiovascular

health. Saturated fatty acids (SFA) were also significant (32.25-55.00%0), with
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palmitic and stearic acids being the most prevalent, while polyunsaturated fatty
acids (PUFA) were lower, peaking in the heart (17.71%). Despite the presence
of beneficial MUFASs, the substantial SFA content raises concerns regarding
increased risks of obesity, coronary heart disease, and other lifestyle-related
disorders. Overall, MUFA levels were moderate across districts, PUFA/SFA
ratios were low (0.04-0.05), and there were no significant differences between
Ntungamo and Kiboga, indicating that tissue type rather than district largely

determines fatty acid profiles.

Nutritional indices highlighted that certain cuts offered more favourable health
profiles. The kidney exhibited a beneficial PUFA/SFA ratio (0.36) and health-
promoting index (HH = 0.70), while the liver and heart also had relatively
healthier fatty acid compositions. Conversely, rib, large intestines, and chuck had
elevated atherogenicity (IA) and thrombogenicity (IT) indices, indicating higher

risks of cardiovascular diseases.

These findings underscore the need for balanced consumption: while organ meats
provide beneficial MUFASs, their high SFA and cholesterol content necessitates
moderation, especially for individuals with heart disease or hyperlipidemia. Lean
muscle cuts, such as rib and round, are better suited for cardiovascular health-
conscious diets, providing lower lipid and cholesterol intake while still
contributing essential fatty acids. Overall, meats from Ntungamo and Kiboga
offer moderate health benefits, but careful selection and portion control are

critical to minimize potential dietary-related health risks.
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5.2 Recommendations

There is a need to compare the fatty acid and cholesterol profiles of long-horned
Ankole cattle with those of other cattle breeds to understand their unique
nutritional characteristics. This comparative analysis could reveal distinctive
features or advantages of Ankole cattle, contributing to a better understanding of

their potential role in promoting health through dietary choices.

Consumers should be encouraged to select meat cuts with lower levels of total
lipids and cholesterol, such as brisket and round cuts, to support better heart

health and manage cholesterol levels effectively.

Dietary interventions should aim to modify the fatty acid composition of Ankole
cattle to enhance their nutritional profile. Controlled feeding trials with various
supplements or forage types can help identify the best strategies for increasing

beneficial fatty acids while reducing undesirable ones.

Breeding programs should be implemented to select for desirable fatty acid
profiles in Ankole cattle. Utilizing genomic selection and targeted breeding
strategies focused on traits such as desaturase activity and lipid deposition can
improve the nutritional quality of Ankole beef, aligning it with consumer

preferences for healthier meat options.

Furthermore, identifying lower lipid profiles in meat cuts suggests potential
health benefits for cardiovascular and metabolic health. Additional research is
needed to explore these effects and develop effective dietary strategies.

Collaboration among researchers, policymakers, and healthcare professionals is
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essential to apply these findings and promote healthier diets while reducing

disease risk.

88



REFERENCES

Abbas, K. A., Mohamed, A., and Jamilah, B. (2009). Fatty acids in fish and beef
and their nutritional values: A review. In Journal of Food, Agriculture and
Environment (\Vol. 7, Issues 34, pp. 37-42).

Abonyi, F. O., Ogbu, I. J., and Unigwe, C. R. (2020a). Comparative study of lipid
profile of pigs, goats and cattle slaughtered at Nsukka Municipal Abattoir,
Enugu State, Nigeria Fat contents of meat largely determine. Nigerian
Journal of Animal Production, 45(1).

Abonyi, F. O., Ogbu, I. J., and Unigwe, C. R. (2020b). Comparative study of lipid
profile of pigs, goats and cattle slaughtered at Nsukka Municipal Abattoir,
Enugu State, Nigeria Fat contents of meat largely determine. Nigerian
Journal of Animal Production, 45(1), 164-171-164 — 171.

Ahmad, R. S., Imran, A., and Hussain, M. B. (2018). Nutritional Composition of
Meat. In Meat Science and Nutrition (Vol. 2, Issue 11, p. 2023).

Ahmed, S., and Ahmed, O. (2019). Biochemistry, Lipids.

Al-Amiri, H. A., Ahmed, N., and Al-Sharrah, T. (2020). Fatty acid profiles,
cholesterol composition, and nutritional quality indices of 37 commonly
consumed local foods in Kuwait in relation to cardiovascular health.
MedRxiv Preprint, November, 1-28.

Al-Suwaiegh, S. B., and Al-Shathri, A. A. (2014). Effect of slaughter age on the
fatty acid composition of intramuscular and subcutaneous fat in lamb carcass
of Awassi breed. Indian Journal of Animal Research, 48(2), 162-170.

Alabiso, M., Maniaci, G., Giosue, C., Gaglio, R., Francesca, N., Di Grigoli, A.,
Portolano, B., and Bonanno, A. (2020a). Effect of muscle type and animal

category on fatty acid composition of bresaola made from meat of Cinisara

89



cattle: preliminary investigation. CYTA - Journal of Food, 18(1), 734-741.

Alabiso, M., Maniaci, G., Giosue, C., Gaglio, R., Francesca, N., Di Grigoli, A.,
Portolano, B., and Bonanno, A. (2020b). Effect of muscle type and animal
category on fatty acid composition of bresaola made from meat of Cinisara
cattle: preliminary investigation. CYTA - Journal of Food, 18(1), 734-741.

Alamgir, A. N. M. (2018). Secondary metabolites: Secondary metabolic products
consisting of C and H; C, H, and O; N, S, and P elements; and O/N
heterocycles. In Progress in Drug Research (Vol. 74, pp. 165-309).

Alamri, Z. Z. (2018). The role of liver in metabolism: an updated review with
physiological emphasis. International Journal of Basic and Clinical
Pharmacology, 7(11), 2271.

Alfaia, C. M. M., Ribeiro, V. S. S., Lourenco, M. R. A., Quaresma, M. A. G.,
Martins, S. I. V., Portugal, A. P. V., Fontes, C. M. G. A., Bessa, R. J. B,,
Castro, M. L. F.,and Prates, J. A. M. (2006). Fatty acid composition,
conjugated linoleic acid isomers and cholesterol in beef from crossbred
bullocks intensively produced and from Alentejana purebred bullocks reared
according to Carnalentejana-PDO specifications. Meat Science, 72(3), 425—
436.

Ali, S. A. M., Mahmood, I., and Khalid, Q. (1978). An Improved Method For
The Extraction Of Cholesterol And Phospholipids From The Bovine Spinal
Cord. Preparative Biochemistry, 8(2-3), 113-118.

Alphonse, P. A. S., and Jones, P. J. H. (2016). Revisiting Human Cholesterol
Synthesis and Absorption: The Reciprocity Paradigm and its Key
Regulators. In Lipids (Vol. 51, Issue 5, pp. 519-536).

Amores, G., and Virto, M. (2019). Total and free fatty acids analysis in milk and

90



dairy fat. In Separations (Vol. 6, Issue 1, p. 14).

Aranceta, J., and Pérez-Rodrigo, C. (2012). Recommended dietary reference
intakes, nutritional goals and dietary guidelines for fat and fatty acids: A
systematic review. In British Journal of Nutrition (\VVol. 107, Issue Suppl. 2,
pp. S8-S22).

Asokapandian, S., Sreelakshmi, S., and Rajamanickam, G. (2021). Lipids and
Oils: An Overview. In Food Biopolymers: Structural, Functional and
Nutraceutical Properties (pp. 389-411).

Astrup, A., Magkos, F., Bier, D. M., Brenna, J. T., De Oliveira Otto, M. C., Hill,
J. 0., King, J. C., Mente, A., Ordovas, J. M., Volek, J. S., Yusuf, S., and
Krauss, R. M. (2020). Saturated Fats and Health: A Reassessment and
Proposal for Food-Based Recommendations: JACC State-of-the-Art
Review. In Journal of the American College of Cardiology (Vol. 76, Issue
7, pp. 844-857).

Attia, Y. A., Al-Harthi, M. A., Korish, M. A., and Shiboob, M. M. (2015). Fatty
acid and cholesterol profiles and hypocholesterolemic, atherogenic, and
thrombogenic indices of table eggs in the retail market. Lipids in Health and
Disease, 14(1).

Ayuso, D., Gonzdlez, A., Pefia, F., Hernandez-Garcia, F. 1., and Izquierdo, M.
(2020). Effect of fattening period length on intramuscular and subcutaneous
fatty acid profiles in Iberian pigs finished in the Montanera sustainable
system. Sustainability (Switzerland), 12(19), 7937.

Baldin, M., Adeniji, Y. A., Souza, J. G., Green, M. H., and Harvatine, K. J.
(2022). In vivo kinetics of oleic, linoleic, and a-linolenic acid

biohydrogenation in the rumen of dairy cows. Journal of Dairy Science,

91



105(9), 7373-7385.

Barrea, L., Vetrani, C., Verde, L., Frias-Toral, E., Ceriani, F., Cernea, S.,
Docimo, A., Graziadio, C., Tripathy, D., Savastano, S., Colao, A., and
Muscogiuri, G. (2023). Comprehensive Approach to Medical Nutrition
Therapy in Patients with Type 2 Diabetes Mellitus: From Diet to Bioactive
Compounds. In Antioxidants (Vol. 12, Issue 4).

Baum, S. J., Kris-Etherton, P. M., Willett, W. C., Lichtenstein, A. H., Rudel, L.
L., Maki, K. C., Whelan, J., Ramsden, C. E., and Block, R. C. (2012). Fatty
acids in cardiovascular health and disease: A comprehensive update. Journal
of Clinical Lipidology, 6(3), 216-234.

Beam, T. M., Jenkins, T. C., Moate, P. J., Kohn, R. A., and Palmquist, D. L.
(2000). Effects of amount and source of fat on the rates of lipolysis and
biohydrogenation of fatty acids in ruminal contents. Journal of Dairy
Science, 83(11), 2564-2573.

Beare-Rogers, J., Dieffenbacher, A., and Holm, J. V. (2001). Lexicon of lipid
nutrition. Pure and Applied Chemistry, 73(4), 685-744.

Bechthold, A., Boeing, H., Schwedhelm, C., Hoffmann, G., Knippel, S., Igbal,
K., De Henauw, S., Michels, N., Devleesschauwer, B., Schlesinger, S.,and
Schwingshackl, L. (2019). Food groups and risk of coronary heart disease,
stroke and heart failure: A systematic review and dose-response meta-
analysis of prospective studies. In Critical Reviews in Food Science and
Nutrition (Vol. 59, Issue 7, pp. 1071-1090).

Bednarova, A., Mocék, J., Gossler, W., Velik, M., Kaufmann, J., and Staruch, L.
(2013). Effect of animal age and gender on fatty acid and elemental

composition in Austrian beef applicable for authentication purposes.

92



Chemical Papers, 67(3), 274-283.

Beriain, M. J., Gémez, 1., Ibafiez, F. C., Sarries, M. V.,and Ordofiez, A. I. (2018).
Improvement of the Functional and Healthy Properties of Meat Products. In
Food Quality: Balancing Health and Disease: Volume 13 (pp. 1-74).

Bessa, R. J. B., Alves, S. P., and Santos-Silva, J. (2015). Constraints and
potentials for the nutritional modulation of the fatty acid composition of
ruminant meat. In European Journal of Lipid Science and Technology (Vol.
117, Issue 9, pp. 1325-1344).

Bianchi, M., Petracci, M., and Cavani, C. (2006). Effects of dietary inclusion of
dehydrated lucerne and whole linseed on rabbit meat quality. World Rabbit
Science, 14(4), 247-257.

Biandolino, F., Parlapiano, I., Denti, G., Di Nardo, V., and Prato, E. (2021).
Effect of different cooking methods on lipid content and fatty acid profiles
of mytilus galloprovincialis. Foods, 10(2), 1-17.

Boateng, E. F., Nasiru, M. M., and Agyemang, M. (2020). Meat: Valuable
Animal-Derived Nutritional Food. A Review. Asian Food Science Journal,
2, 9-19.

Bodnér, Egerszegi, ., Kuchtik, J., Penksza, K., Péti, P., and Pajor, F. (2021).
Effect of grazing on composition, fatty acid profile and nutritional indices
of the goat milk and cheese. Journal of Animal and Feed Sciences, 30(4),
320-328.

Boni, 1., Nurul, H., and Noryati, I. (2010). Comparison of meat quality
characteristics between young and spent quails. International Food
Research Journal, 17(3), 661-666.

Bragagnolo, N., and Rodriguez-Amaya, D. B. (2001). Total lipid, cholesterol, and

93



fatty acids of farmed freshwater prawn (Macrobranchium rosenbergii) and
wild marine shrimp (Penaeus brasiliensis, Penaeus schimitti, Xiphopenaeus
kroyeri). Journal of Food Composition and Analysis, 14(4), 359-369.

Bragagnolo, N., and Rodriguez-Amaya, D. B. (2003a). New data on the total
lipid, cholesterol and fatty acid composition of raw and grilled beef
longissimus dorsi. Archivos Latinoamericanos de Nutricion, 53(3), 312-
319.

Bragagnolo, N., and Rodriguez-Amaya, D. B. (2003b). New data on the total
lipid, cholesterol and fatty acid composition of raw and grilled beef
longissimus dorsi. Archivos Latinoamericanos de Nutricion, 53(3), 312-
319.

Budge, S. M., Iverson, S. J., Bowen, W. D.,and Ackman, R. G. (2002). Among-
and within-species variability in fatty acid signatures of marine fish and
invertebrates on the Scotian Shelf, Georges Bank, and southern Gulf of St.
Lawrence. Canadian Journal of Fisheries and Aquatic Sciences, 59(5), 886—
898.

Burgos, C., Moreno, C., Carrodeguas, J. A., Barcelona, J. A., Tarrafeta, L., and
Lépez-Buesa, P. (2010). The influence of diet, sex, IGF2 and RYR1
genotypes and anatomical location on pork loin composition. Journal of
Food Composition and Analysis, 23(4), 307-313.

Busova, M., Koufimska, L., Dolezal, M., Ilko, V., Revenco, D., Zare, M.,
Matousek, J., Ferrocino, 1., Franciosa, 1., Smejkal, P., Pteslicka, M., and
Prokesova, M. (2023). Fatty Acid Profile, Atherogenic and Thrombogenic
Indices, and Meat Quality as the Effect of Feed Additive in African Catfish

Clarias gariepinus (Burchell, 1822). Applied Sciences (Switzerland), 13(18),

94



10058.

Calder, P. C. (2010). Polyunsaturated fatty acids, inflammation, and
inflammatory diseases. In The psychoneuroimmunology of chronic disease:
Exploring the links between inflammation, stress, and illness. (pp. 77-109).

Calder, P. C. (2015). Fatty acids. In Nutritional Supplements in Sport, Exercise
and Health: An A-Z Guide (pp. 114-116). CRC Press.
https://doi.org/10.1039/9781782626350-00001

Carrilho, M. C., Lépez, M., and Campo, M. M. (2009). Effect of the fattening
diet on the development of the fatty acid profile in rabbits from weaning.
Meat Science, 83(1), 88-95.

Chen, J., and Liu, H. (2020a). Nutritional indices for assessing fatty acids: A
mini-review. In International Journal of Molecular Sciences (Vol. 21, Issue
16, pp. 1-24).

Chen, J., and Liu, H. (2020b). Nutritional indices for assessing fatty acids: A
mini-review. In International Journal of Molecular Sciences (Vol. 21, Issue
16, pp. 1-24).

Chen, J., and Liu, H. (2020c). Nutritional indices for assessing fatty acids: A
mini-review. In International Journal of Molecular Sciences (Vol. 21, Issue
16, pp. 1-24).

Chen, J., and Liu, H. (2020d). Nutritional indices for assessing fatty acids: A
mini-review. In International Journal of Molecular Sciences (Vol. 21, Issue
16, pp. 1-24).

Chiang, J. Y. L.,and Li, T. (2009). Regulation of bile acid and cholesterol
metabolism by PPARs.

Chikwanha, O. C., Vahmani, P., Muchenje, V., Dugan, M. E. R., and Mapiye, C.

95



(2018). Nutritional enhancement of sheep meat fatty acid profile for human
health and wellbeing. Food Research International, 104, 25-38.

Choi, N. J., Enser, M., Wood, J. D., and Scollan, N. D. (2000). Effect of breed on
the deposition in beef muscle and adipose tissue of dietary n-3
polyunsaturated fatty acids. Animal Science, 71(3), 509-519.

Cifuni, G. F., Napolitano, F., Riviezzi, A. M., Braghieri, A.,and Girolami, A.
(2004). Fatty acid profile, cholesterol content and tenderness of meat from
Podolian young bulls. Meat Science, 67(2), 289-297.

Coniglio, S., Shumskaya, M., and Vassiliou, E. (2023). Unsaturated Fatty Acids
and Their Immunomodulatory Properties. In Biology (Vol. 12, Issue 2).
Cortes, V. A., Busso, D., Maiz, A., Arteaga, A., Nervi, F., and Rigotti, A. (2014).
Physiological and pathological implications of cholesterol. In Frontiers in

Bioscience - Landmark (Vol. 19, Issue 3, pp. 416-428).

Craig, M., and Malik, A. (2019). Biochemistry, Cholesterol.

Craig, M., Yarrarapu, S., and Dimri, M. (2018). Biochemistry, cholesterol.

Czumaj, A., and Sledzinski, T. (2020). Biological role of unsaturated fatty acid
desaturases in health and disease. In Nutrients (\VVol. 12, Issue 2).

Da Silva, J. A. R., Rodrigues, L. S., Lourenco-Junior, J. De B., Alfaia, C. M.,
Costa, M. M., De Castro, V. C. G., Bezerra, A. S., De Almeida, A. M., and
Prates, J. M. (2022). Total Lipids, Fatty Acid Composition, Total
Cholesterol and Lipid-Soluble Antioxidant Vitamins in the longissimus
lumborum Muscle of Water Buffalo (Bubalus bubalis) from Different
Production Systems of the Brazilian Eastern Amazon. Animals, 12(5), 595.

Dal Bosco, A., Cartoni Mancinelli, A., Vaudo, G., Cavallo, M., Castellini, C., and

Mattioli, S. (2022a). Indexing of Fatty Acids in Poultry Meat for Its

96



Characterization in Healthy Human Nutrition: A Comprehensive
Application of the Scientific Literature and New Proposals. Nutrients,
14(15), 3110.

Dal Bosco, A., Cartoni Mancinelli, A., Vaudo, G., Cavallo, M., Castellini, C., and
Mattioli, S. (2022b). Indexing of Fatty Acids in Poultry Meat for Its
Characterization in Healthy Human Nutrition: A Comprehensive
Application of the Scientific Literature and New Proposals. Nutrients,
14(15).

Daley, C. A., Abbott, A., Doyle, P. S., Nader, G. A,, and Larson, S. (2010a). A
review of fatty acid profiles and antioxidant content in grass-fed and grain-
fed beef. In Nutrition Journal (Vol. 9, Issue 1, pp. 1-12).

Daley, C. A., Abbott, A., Doyle, P. S., Nader, G. A., and Larson, S. (2010b). A
review of fatty acid profiles and antioxidant content in grass-fed and grain-
fed beef. In Nutrition Journal (Vol. 9, Issue 1, pp. 1-12).

Das, P., & Ingole, N. (2023a). Lipoproteins and Their Effects on the
Cardiovascular System. Cureus, 15(11).

Das, P., and Ingole, N. (2023b). Lipoproteins and Their Effects on the
Cardiovascular System. Cureus, 15(11).

Das, U. N. (2006). Essential fatty acids: Biochemistry, physiology and pathology.
In Biotechnology Journal (Vol. 1, Issue 4, pp. 420-439).

Dassanayake, R., Somasiri, S., Mahanama, K., and Premakumara, S. (2024).
Fatty Acid and Sterol Profiles of Commonly Available Street Foods in Sri
Lanka: Comparison to Other Countries in the Asian Region. Journal of Food
Processing and Preservation, 2024(1), 7350661.

David, F., and Sandra, P. (2002). Improving the Analysis of Fatty Acid Methyl

97



Esters Using Retention Time Locked Methods and Retention Time
Databases Lipid changes in dry-cured ham View project micro-GC View
project.

Davis, H., Magistrali, A., Butler, G., and Stergiadis, S. (2022). Nutritional
Benefits from Fatty Acids in Organic and Grass-Fed Beef. In Foods (Vol.
11, Issue 5, p. 646).

de Oliveira, E. A., Sampaio, A. A. M., Henrigue, W., Pivaro, T. M., Rosa, B. L.,
and Fernandes, A. R. M. (2015). Composicdo quimica e lipidica de
diferentes cortes carneos in natura ou assados de tourinhos alimentados com
fontes de 6leo. Acta Scientiarum - Animal Sciences, 37(2), 187-194.

De Smet, S., Demeyer, D., and Van Hecke, T. (2018). Chronic diseases
associated with meat consumption: epidemiology and mechanisms. In
Chemical hazards in foods of animal origin (pp. 341-366).

De Smet, S., Raes, K., and Demeyer, D. (2004a). Meat fatty acid composition as
affected by fatness and genetic factors: A review. Animal Research, 53(2),
81-98.

De Smet, S., Raes, K., and Demeyer, D. (2004b). Meat fatty acid composition as
affected by fatness and genetic factors: A review. In Animal Research (Vol.
53, Issue 2, pp. 81-98).

De Smet, S., Raes, K., and Demeyer, D. (2004c). Meat fatty acid composition as
affected by fatness and genetic factors: A review. In Animal Research (Vol.
53, Issue 2, pp. 81-98).

De Smet, S., Raes, K., and Demeyer, D. (2004d). Meat fatty acid composition as
affected by fatness and genetic factors: A review. In Animal Research (Vol.

53, Issue 2, pp. 81-98).

98



De Smet, S., and Vossen, E. (2016). Meat: The balance between nutrition and
health. A review. Meat Science, 120, 145-156.

Dec, K., Alsaqgati, M., Morgan, J., Deshpande, S., Wood, J., Hall, J., and
Harwood, A. J. (2023). A high ratio of linoleic acid (n-6 PUFA) to alpha-
linolenic acid (n-3 PUFA) adversely affects early stage of human neuronal
differentiation and electrophysiological activity of glutamatergic neurons in
vitro. Frontiers in Cell and Developmental Biology, 11, 1166808.

Decsi, T., and Kennedy, K. (2011). Sex-specific differences in essential fatty acid
metabolism. American Journal of Clinical Nutrition, 94(6), S1914-S1919.

Demirel, G., Ozpinar, H., Nazli, B., and Keser, O. (2006). Fatty acids of lamb
meat from two breeds fed different forage: Concentrate ratio. Meat Science,
72(2), 229-235.

Descalzo, A. M., and Sancho, A. M. (2008). A review of natural antioxidants and
their effects on oxidative status, odor and quality of fresh beef produced in
Argentina. Meat Science, 79(3), 423-436.

Dewanckele, L., Toral, P. G., Vlaeminck, B., and Fievez, V. (2020). Invited
review: Role of rumen biohydrogenation intermediates and rumen microbes
in diet-induced milk fat depression: An update. In Journal of Dairy Science
(Vol. 103, Issue 9, pp. 7655-7681).

Dhull, S. B., and Punia, S. (2020). Sources : Plants, Animals and Microbial.
Essential Fatty Acids, 19-56.

Dinh, T. T. N., Blanton, J. R., Brooks, J. C., Miller, M. F., and Thompson, L. D.
(2008). A simplified method for cholesterol determination in meat and meat
products. Journal of Food Composition and Analysis, 21(4), 306-314.

Dinh, T. T. N., Thompson, L. D., Galyean, M. L., Brooks, J. C., Patterson, K. Y.,

99



and Boylan, L. M. (2011). Cholesterol content and methods for cholesterol
determination in meat and poultry. In Comprehensive Reviews in Food
Science and Food Safety (Vol. 10, Issue 5, pp. 269-289).

DiNicolantonio, J. J., and O’Keefe, J. H. (2022). Monounsaturated Fat vs
Saturated Fat: Effects on Cardio-Metabolic Health and Obesity. Missouri
Medicine, 119(1), 69-73.

Djuricic, 1., and Calder, P. C. (2021). Beneficial outcomes of omega-6 and
omega-3 polyunsaturated fatty acids on human health: An update for 2021.
In Nutrients (Vol. 13, Issue 7).

Dodson, M. V., Hausman, G. J., Guan, L., Du, M., Rasmussen, T. P., Poulos, S.
P., Mir, P., Bergen, W. G., Fernyhough, M. E., McFarland, D. C., Rhoads,
R. P., Soret, B., Reecy, J. M., Velleman, S. G., and Jiang, Z. (2010). Lipid
metabolism, adipocyte depot physiology and utilization of meat animals as
experimental models for metabolic research. International Journal of
Biological Sciences, 6(7), 691-699.

Ejike, C. E. C. C., and Emmanuel, T. N. (2009a). Cholesterol concentration in
different parts of bovine meat sold in Nsukka, Nigeria: Implications for
cardiovascular disease risk. African Journal of Biochemistry Research, 3(4),
95-097.

Ejike, C. E. C. C., and Emmanuel, T. N. (2009b). Cholesterol concentration in
different parts of bovine meat sold in Nsukka, Nigeria: Implications for
cardiovascular disease risk. African Journal of Biochemistry Research, 3(4),
95-097.

Eren, E. (2012). High Density Lipoprotein and it’s Dysfunction. The Open

Biochemistry Journal, 6(1), 78-93.

100



Fahy, E., Cotter, D., Sud, M., and Subramaniam, S. (2011). Lipid classification,
structures and tools. Biochimica et Biophysica Acta - Molecular and Cell
Biology of Lipids, 1811(11), 637-647.

Fahy, E., Subramaniam, S., Brown, H. A,, Glass, C. K., Merrill, A. H., Murphy,
R. C., Raetz, C. R. H., Russell, D. W., Seyama, Y., Shaw, W., Shimizu, T.,
Spener, F., Van Meer, G., VanNieuwenhze, M. S., White, S. H., Witztum,
J. L., and Dennis, E. A. (2005). A comprehensive classification system for
lipids. Journal of Lipid Research, 46(5), 839-861.

Fatima, S., Hu, X., Gong, R. H., Huang, C., Chen, M., Wong, H. L. X., Bian, Z.,
and Kwan, H. Y. (2019). Palmitic acid is an intracellular signaling molecule
involved in disease development. In Cellular and Molecular Life Sciences
(Vol. 76, Issue 13, pp. 2547-2557).

Feingold, K. R. (2000). The Effect of Diet on Cardiovascular Disease and Lipid
and Lipoprotein Levels.

Feitosa, F. L. B., Olivieri, B. F., Aboujaoude, C., Pereira, A. S. C., De Lemos, M.
V. A, Chiaia, H. L. J., Berton, M. P., Peripolli, E., Ferrinho, A. M., Mueller,
L. F., Mazalli, M. R., De Albuquerque, L. G., De Oliveira, H. N., Tonhati,
H., Espigolan, R., Tonussi, R. L., De Oliveira Silva, R. M., Gordo, D. G. M.,
Magalhaes, A. F. B., ... Baldi, F. (2017). Genetic correlation estimates
between beef fatty acid profile with meat and carcass traits in Nellore cattle
finished in feedlot. Journal of Applied Genetics, 58(1), 123-132.

Fernandes, A. P., and Gandin, V. (2015). Selenium compounds as therapeutic
agents in cancer. Biochimica et Biophysica Acta - General Subjects,
1850(8), 1642-1660.

Ferrara, D., Cescon, M., Giacoppo, G., Costa, V., Purcaro, G., Spadafora, N. D.,

101



Cordero, C., Pasti, L., Cavazzini, A.,and Beccaria, M. (2024). Composition
and nutritional values of fatty acids in marine organisms by one-step
microwave-assisted extraction/derivatization and comprehensive two-
dimensional gas chromatography -flame ionization detector. Journal of
Chromatography B: Analytical Technologies in the Biomedical and Life
Sciences, 1236, 124074.

Ferraz, T. P. L., Filza, M. C., Dos Santos, M. L. A., Pontes De Carvalho, L., and
Soares, N. M. (2004). Comparison of six methods for the extraction of lipids
from serum in terms of effectiveness and protein preservation. Journal of
Biochemical and Biophysical Methods, 58(3), 187-193.

Fiorentini, G., Lage, J. F., Carvalho, I. P. C., Messana, J. D., Canesin, R. C., Reis,
R. A.,and Berchielli, T. T. (2015). Lipid sources with different fatty acid
profile alters the fatty acid profile and quality of beef from confined nellore
steers. Asian-Australasian Journal of Animal Sciences, 28(7), 976-986.

Fisk, H. L., West, A. L., Childs, C. E., Burdge, G. C., and Calder, P. C. (2014).
The use of gas chromatography to analyze compositional changes of fatty
acids in rat liver tissue during pregnancy. Journal of Visualized Experiments,
85.

Flock, M. R., and Kris-Etherton, P. M. (2011). Dietary guidelines for americans
2010: Implications for cardiovascular disease. Current Atherosclerosis
Reports, 13(6), 499-507.

Florens, N., Calzada, C., Lyasko, E., Juillard, L., and Soulage, C. O. (2016).
Modified lipids and lipoproteins in chronic kidney disease: A new class of
uremic toxins. In Toxins (Vol. 8, Issue 12).

Folch, J., Lees, M., and Sloane Stanley, G. H. (1957). A simple method for the

102



isolation and purification of total lipides from animal tissues. The Journal of
Biological Chemistry, 226(1), 497-509.

Font-i-Furnols, M. (2023). Meat Consumption, Sustainability and Alternatives:
An Overview of Motives and Barriers. In Foods (Vol. 12, Issue 11).

Fowler, M., and Rauschendorfer, J. (2019). Agro-industrialisation in Uganda.

Galvez, F., Maggiolino, A., Dominguez, R., Pateiro, M., Gil, S., De Palo, P.,
Carballo, J., Franco, D., and Lorenzo, J. M. (2019). Nutritional and meat
quality characteristics of seven primal cuts from 9-month-old female veal
calves: a preliminary study. Journal of the Science of Food and Agriculture,
99(6), 2947—2956.

Gill, R. K., Vanoverbeke, D. L., Depenbusch, B., Drouillard, J. S., and
Dicostanzo, A. (2008). Impact of beef cattle diets containing corn or
sorghum distillers grains on beef color, fatty acid profiles, and sensory
attributes. Journal of Animal Science, 86(4), 923-935.

Goluch, Z., Rybarczyk, A., Potawska, E., and Haraf, G. (2023). Fatty Acid Profile
and Lipid Quality Indexes of the Meat and Backfat from Porkers
Supplemented with EM Bokashi Probiotic. Animals, 13(20).

Gorgich, M., Mata, T. M., Martins, A. A., Branco-Vieira, M., and Caetano, N. S.
(2020). Comparison of different lipid extraction procedures applied to three
microalgal species. Energy Reports, 6, 477-482.

Gu, X., Drouin-Chartier, J. P., Sacks, F. M., Hu, F. B., Rosner, B., and Willett,
W. C. (2023). Red meat intake and risk of type 2 diabetes in a prospective
cohort study of United States females and males. American Journal of
Clinical Nutrition, 118(6), 1153-1163.

Gunstone, F. D. (2018). Fatty Acids and Lipids Structure. In Lipid Technologies

103



and Applications (pp. 1-17).

Hadley, K. B., Ryan, A. S., Nelson, E. B., and Salem, N. (2009). An assessment
of dietary docosahexaenoic acid requirements for brain accretion and
turnover during early childhood. World Review of Nutrition and Dietetics,
99, 97-104.

Hall, N., Schonfeldt, H. C., and Pretorius, B. (2016). Fatty acids in beef from
grain- and grass-fed cattle: The unique South African scenario. South
African Journal of Clinical Nutrition, 29(2), 55-62.

Harris, W. S. (2018). The Omega-6:0mega-3 ratio: A critical appraisal and
possible successor. In Prostaglandins Leukotrienes and Essential Fatty
Acids (Vol. 132, pp. 34-40).

Hashimoto, M., and Hossain, S. (2018). Fatty Acids: From Membrane Ingredients
to Signaling Molecules.

Hausman, G. J., Poulos, S. P., Pringle, T. D., and Azain, M. J. (2008). The
influence of thiazolidinediones on adipogenesis in vitro and in vivo:
potential modifiers of intramuscular adipose tissue deposition in meat
animals. In Journal of animal science (Vol. 86, Issue 14 Suppl).

Henchion, M., McCarthy, M., Resconi, V. C., and Troy, D. (2014). Meat
consumption: Trends and quality matters. Meat Science, 98(3), 561-568.

Hewavitharana, G. G., Perera, D. N., Navaratne, S. B., & Wickramasinghe, I.
(2020). Extraction methods of fat from food samples and preparation of fatty
acid methyl esters for gas chromatography: A review. In Arabian Journal of
Chemistry (Vol. 13, Issue 8, pp. 6865-6875).

Huff, T., and Jialal, 1. (2018). Physiology, Cholesterol.

Hwang, Y. H.,and Joo, S. T. (2017). Fatty acid profiles, meat quality, and sensory

104



palatability of grain-fed and grass-fed beef from Hanwoo, American, and
Australian crossbred cattle. Korean Journal for Food Science of Animal
Resources, 37(2), 153-161.

Igbakin, A., Asaolu, M., Adanlawo, 1., and Adeniran, A. (2010).

Ikonen, E. (2006). Mechanisms for cellular cholesterol transport: Defects and
human disease. In Physiological Reviews (Vol. 86, Issue 4, pp. 1237-1261).

Jang, H. L., Park, S. Y., Lee, J. H., Hwang, M. J., Choi, Y., Kim, S. N., Kim, J.
H., Hwang, J., Seo, D., and Nam, J. S. (2017). Comparison of fat content
and fatty acid composition in different parts of Korean beef and pork.
Journal of the Korean Society of Food Science and Nutrition, 46(6), 703—
712.

Javadi, M., Everts, H., Hovenier, R., Kocsis, S., Lankhorst, Lemmens, A. G.,
Schonewille, J. T., Terpstra, A. H. M.,and Beynen, A. C. (2004). The effect
of six different C18 fatty acids on body fat and energy metabolism in mice.
British Journal of Nutrition, 92(3), 391-399.

Jayathilakan, K., Sultana, K., Radhakrishna, K., and Bawa, A. S. (2012).
Utilization of byproducts and waste materials from meat, poultry and fish
processing industries: A review. In Journal of Food Science and Technology
(Vol. 49, Issue 3, pp. 278-293).

Jiang, T. (2011). Palatability control points for grass-fed beef: revealing the key
compounds contributing to beef flavor or off-flavor.

Jiang, W., Sunkara, L. T., Zeng, X., Deng, Z., Myers, S. M., and Zhang, G.
(2013). Differential regulation of human cathelicidin LL-37 by free fatty
acids and their analogs. Peptides, 50, 129-138.

Johnson, M. (2014). Omega-3, Omega-6 and Omega-9 Fatty Acids: Implications

105



for Cardiovascular and Other Diseases. Journal of Glycomics and
Lipidomics, 04(04).

Jurowski, K., Kochan, K., Walczak, J., Baranska, M., Piekoszewski, W., and
Buszewski, B. (2017). Analytical Techniques in Lipidomics: State of the
Art. In Critical Reviews in Analytical Chemistry (Vol. 47, Issue 5, pp. 418-
437).

Kamal, S., Saleem, A., Rehman, S., Bibi, 1., and Igbal, H. M. N. (2018). Protein
engineering: Regulatory perspectives of stearoyl CoA desaturase. In
International Journal of Biological Macromolecules (Vol. 114, pp. 692—
699).

Kannan, N., Rao, A. S., and Nair, A. (2021). Microbial production of omega-3
fatty acids: an overview. In Journal of Applied Microbiology (Vol. 131,
Issue 5, pp. 2114-2130).

Kapourchali, F. R., Surendiran, G., Goulet, A., and Moghadasian, M. H. (2016).
The Role of Dietary Cholesterol in Lipoprotein Metabolism and Related
Metabolic Abnormalities: A Mini-review. Critical Reviews in Food Science
and Nutrition, 56(14), 2408-2415.

Katoch, R. (2011). Estimation of Lipids. In Analytical Techniques in
Biochemistry and Molecular Biology (pp. 77-91).

Kaur, N., Chugh, V., and Gupta, A. K. (2014). Essential fatty acids as functional
components of foods- a review. In Journal of Food Science and Technology
(Vol. 51, Issue 10, pp. 2289-2303).

Kogyigit, R., Yanar, M., Ozdemir, V. F., Aydin, R., and Diler, A. (2023). Effects
of Slaughter Weight and Muscle Types on Carcass and Meat Quality

Characteristics of Holstein Friesian Bulls. Journal of the Hellenic

106



Veterinary Medical Society, 74(4), 6663—-6670.

Krauss, R. M., and Kris-Etherton, P. M. (2020). Public health guidelines should
recommend reducing saturated fat consumption as much as possible: No.
American Journal of Clinical Nutrition, 112(1), 19-24.

Kremmyda, L. S., Tvrzicka, E., Stankova, B., and Zak, A. (2011). Fatty acids as
biocompounds: Their role in human metabolism, health and disease - a
review. part 2: Fatty acid physiological roles and applications in human
health and disease. Biomedical
Papers, 155(3), 195-218.

Kris-Etherton, P. M., Innis, S., Ammerican Dietetic Assocition, & Dietitians of
Canada. (2007). Position of the American Dietetic Association and
Dietitians of Canada: dietary fatty acids. Journal of the American Dietetic
Association, 107(9), 1599-1611.

Kris-Etherton, P. M., and Krauss, R. M. (2020). Public health guidelines should
recommend reducing saturated fat consumption as much as possible: YES.
American Journal of Clinical Nutrition, 112(1), 13-18.

Kruit, J. K., Groen, A. K., van Berkel, T. J., and Kuipers, F. (2006). Emerging
roles of the intestine in control of cholesterol metabolism. In World Journal
of Gastroenterology (Vol. 12, Issue 40, pp. 6429-6439).

Krusinski, L., Sergin, S., Jambunathan, V., Rowntree, J. E., & Fenton, J. I. (2022).
Attention to the Details: How Variations in U.S. Grass-Fed Cattle-Feed
Supplementation and Finishing Date Influence Human Health. In Frontiers
in Sustainable Food Systems (Vol. 6, p. 851494). Frontiers Media S.A.

Kuck, G., and Schnitkey, G. (2021). An Overview of Meat Consumption in the

United States. Farmdoc Daily, 11(76), 1-2.

107



Kumar, V., Sinha, A. K., Romano, N., Allen, K. M., Bowman, B. A., Thompson,
K. R., and Tidwell, J. H. (2018). Metabolism and Nutritive Role of
Cholesterol in the Growth, Gonadal Development, and Reproduction of
Crustaceans. In Reviews in Fisheries Science and Aquaculture (Vol. 26,
Issue 2, pp. 254-273).

Kyselova, L., Vitova, M., and Rezanka, T. (2022). Very long chain fatty acids. In
Progress in Lipid Research (Vol. 87, p. 101180).

Laskowski, W., Gorska-Warsewicz, H., and Kulykovets, O. (2018). Meat, meat
products and seafood as sources of energy and nutrients in the average polish
diet. Nutrients, 10(10), 1412.

Lecerf, J. M., and De Lorgeril, M. (2011). Dietary cholesterol: From physiology
to cardiovascular risk. In British Journal of Nutrition (Vol. 106, Issue 1, pp.
6-14).

Lee, J. H., Duster, M., Roberts, T., and Devinsky, O. (2022). United States
Dietary Trends Since 1800: Lack of Association Between Saturated Fatty
Acid Consumption and Non-communicable Diseases. In Frontiers in
Nutrition (Vol. 8).

Li, J., Yang, C., Peng, H., Yin, H., Wang, Y., Hu, Y., Yu, C., Jiang, X., Du, H.,
Li, Q., and Liu, Y. (2020). Effects of slaughter age on muscle characteristics
and meat quality traits of Da- Heng meat type birds. Animals, 10(1).

Li, L. H., Dutkiewicz, E. P., Huang, Y. C., Zhou, H. B., and Hsu, C. C. (2019).
Analytical methods for cholesterol quantification. In Journal of Food and
Drug Analysis (Vol. 27, Issue 2, pp. 375-386).

Li, X,, Xin, Y., Mo, Y., Marozik, P., He, T., and Guo, H. (2022). The

Bioavailability and Biological Activities of Phytosterols as Modulators of

108



Cholesterol Metabolism. In Molecules (Vol. 27, Issue 2).

Lichtenstein, A. H., Appel, L. J., Vadiveloo, M., Hu, F. B., Kris-Etherton, P. M.,
Rebholz, C. M., Sacks, F. M., Thorndike, A. N., Van Horn, L., and Wylie-
Rosett, J. (2021a). 2021 Dietary Guidance to Improve Cardiovascular
Health: A Scientific Statement from the American Heart Association.
Circulation, 144(23), E472-EA487.

Lichtenstein, A. H., Appel, L. J., Vadiveloo, M., Hu, F. B., Kris-Etherton, P. M.,
Rebholz, C. M., Sacks, F. M., Thorndike, A. N., Van Horn, L., and Wylie-
Rosett, J. (2021b). 2021 Dietary Guidance to Improve Cardiovascular
Health: A Scientific Statement from the American Heart Association.
Circulation, 144(23), E472-EA487.

Listrat, A., Lebret, B., Louveau, ., Astruc, T., Bonnet, M., Lefaucheur, L.,
Picard, B., and Bugeon, J. (2016a). How muscle structure and composition
influence meat and flesh quality. In Scientific World Journal (Vol. 2016).

Listrat, A., Lebret, B., Louveau, ., Astruc, T., Bonnet, M., Lefaucheur, L.,
Picard, B., and Bugeon, J. (2016b). How muscle structure and composition
influence meat and flesh quality. In Scientific World Journal (Vol. 2016,
Issue 1, p. 3182746).

Liu, A. G,, Ford, N. A,, Hu, F. B., Zelman, K. M., Mozaffarian, D., and Kris-
Etherton, P. M. (2017). A healthy approach to dietary fats: Understanding
the science and taking action to reduce consumer confusion. In Nutrition
Journal (Vol. 16, Issue 1).

Liu, J., Ellies-Oury, M. P., Pannier, L., Gruffat, D., Durand, D., Noel, F., Sepchat,
B., Legrand, I, Prache, S.,and Hocquette, J. F. (2022). Carcass

Characteristics and Beef Quality of Young Grass-Fed Angus x Salers

109



Bovines. Foods, 11(16), 2493.

Lobb, K. and Chow, C. K. (2007). Fatty Acid Classification and Nomenclature.

Luczynska, J., Luczynski, M. J., Nowosad, J., and Kucharczyk, D. (2024).
Assessing human risks and benefits associated with mercury contamination
versus fatty acids and lipid quality indices in Anguilla anguilla L., Perca
fluviatilis L. and Rutilus rutilus L. from the Olsztyn Lake District, Poland.
Annals of Animal Science, 0(0).

Luo, J., Yang, H., and Song, B. L. (2020). Mechanisms and regulation of
cholesterol homeostasis. In Nature Reviews Molecular Cell Biology (Vol.
21, Issue 4, pp. 225-245).

Macedo, L., Prado, I., Prado, J., Rotta, P., and Prado, R. (2008). Chemical
composition and fatty acids profile of five carcass cuts of crossbred heifers
finished in feedlot.

Mansbridge, R. J., and Blake, J. S. (1997). Nutritional factors affecting the fatty
acid composition of bovine milk. British Journal of Nutrition, 78(1), S37—
S47.

Maroon, J. C., and Bost, J. W. (2006). ®-3 Fatty acids (fish oil) as an anti-
inflammatory: An alternative to nonsteroidal anti-inflammatory drugs for
discogenic pain. Surgical Neurology, 65(4), 326-331.

Martins, T. da S., Lemos, M. V. A. De, Mueller, L. F., Baldi, F., Amorim, T. R.
De, Ferrinho, A. M., Mufioz, J. A., Fuzikawa, I. H. De S., Moura, G. V. De,
Gemelli, J. L., and Pereira, A. S. C. (2018). Fat Deposition, Fatty Acid
Composition, and Its Relationship with Meat Quality and Human Health. In
Meat Science and Nutrition.

Masa, J., Ogwok, P., Muyonga, J. H., Kwetegyeka, J., Makokha, V., and Ocen,

110



D. (2011). Fatty acid composition of muscle, liver, and adipose tissue of
freshwater fish from lake Victoria, Uganda. Journal of Aquatic Food
Product Technology, 20(1), 64-72.

Mazalli, M. R., Sawaya, A. C. H. F., Eberlin, M. N., and Bragagnolo, N. (2006).
HPLC method for quantification and characterization of cholesterol and its
oxidation products in eggs. Lipids, 41(6), 615-622.

Mei, J., Qian, M., Hou, Y., Liang, M., Chen, Y., Wang, C., and Zhang, J. (2024).
Association of saturated fatty acids with cancer risk: a systematic review and
meta-analysis. In Lipids in Health and Disease (Vol. 23, Issue 1).

Mensink, R. P. (2016). Effects of saturated fatty acids on serum lipids and
lipoproteins: a systematic review and regression analysis. World Health
Organization, 1-63.

Michalak, A., Mosinska, P., and Fichna, J. (2016). Polyunsaturated fatty acids
and their derivatives: Therapeutic value for inflammatory, functional
gastrointestinal disorders, and colorectal cancer. In Frontiers in
Pharmacology (Vol. 7, Issue Dec).

Mordenti, A. L., Brogna, N., Canestrari, G., Bonfante, E., Eusebi, S., Mammi, L.
M. E., Giaretta, E., and Formigoni, A. (2019). Effects of breed and different
lipid dietary supplements on beef quality. Animal Science Journal, 90(5),
619-627.

Moretti, V. M., and Corino, C. (2008). Omega-3 and trans fatty acids. In L. M.
L. Nollet and F. Toldra (Eds.), Handbook of Processed Meats and Poultry
Analysis (pp. 233-271).

Mourot, J., and Hermier, D. (2001). Lipids in monogastric animal meat. In

Reproduction Nutrition Development (Vol. 41, Issue 2, pp. 109-118).

111



Mozaffarian, D., Micha, R., and Wallace, S. (2010). Effects on coronary heart
disease of increasing polyunsaturated fat in place of saturated fat: A
systematic review and meta-analysis of randomized controlled trials. PLoS
Medicine, 7(3).

Mubarak, M., Shaija, A., and Suchithra, T. V. (2015a). A review on the extraction
of lipid from microalgae for biodiesel production. In Algal Research (Vol.
7, pp. 117-123).

Mubarak, M., Shaija, A., and Suchithra, T. V. (2015b). A review on the extraction
of lipid from microalgae for biodiesel production. In Algal Research (Vol.
7, pp. 117-123).

Muchenje, V., Hugo, A., Dzama, K., Chimonyo, M., Strydom, P. E., and Raats,
J. G. (2009). Cholesterol levels and fatty acid profiles of beef from three
cattle breeds raised on natural pasture. Journal of Food Composition and
Analysis, 22(4), 354-358.

Mulindwa, H., Galukande, E., Wurzinge, M., Okeyo Mwai, A., and Sélkner, J.
(2009). Modelling of long term pasture production and estimation of
carrying capacity of Ankole pastoral production system in South Western
Uganda. Livestock Research for Rural
Development, 21(9).

Mumtaz, F., Zubair, M., Khan, F., and Niaz, K. (2020). Analysis of plants lipids.
In Recent Advances in Natural Products Analysis (pp. 677-705).

Munro, L. (2024.). Integrating the Sustainable Development Goals into National
Development Plans and Strategies: Evidence, Good Planning Practices and
Practical Steps Output

Murariu, O. C., Murariu, F., Frunza, G., Ciobanu, M. M., and Boisteanu, P. C.

112



(2023a). Fatty Acid Indices and the Nutritional Properties of Karakul Sheep
Meat. Nutrients, 15(4),

Murariu, O. C., Murariu, F., Frunza, G., Ciobanu, M. M., and Boisteanu, P. C.
(2023Db). Fatty Acid Indices and the Nutritional Properties of Karakul Sheep
Meat. Nutrients, 15(4),

Muro, E., Atilla-Gokcumen, G. E., and Eggert, U. S. (2014). Lipids in cell
biology: how can we understand them better? Molecular biology of the
cell, 25(12), 1819-1823.

Mwangi, F. W., Charmley, E., Gardiner, C. P., Malau-Aduli, B. S., Kinobe, R.
T., and Malau-Aduli, A. E. O. (2019). Diet and genetics influence beef cattle
performance and meat quality characteristics. In Foods (Vol. 8, Issue 12).

Nagy, K., and Tiuca, 1.-D. (2017). Importance of Fatty Acids in Physiopathology
of Human Body.

Nfor, B. M., Corazzin, M., Fonteh, F. A., Sepulcri, A., Aziwo, N. T., and
Piasentier, E. (2014). Fatty acid profile of zebu beef cattle from the Central
African sub-region. South African Journal of Animal Science, 44(2), 148—
154.

Ng, L. K. (2002). Analysis by gas chromatography/mass spectrometry of fatty
acids and esters in alcoholic beverages and tobaccos. Analytica Chimica
Acta, 465(1-2), 309-318.

Nogoy, K. M. C,, Sun, B., Shin, S., Lee, Y., Li, X. Z,, Choi, S. H., and Park, S.
(2022a). Fatty Acid Composition of Grain- And Grass-Fed Beef and Their
Nutritional Value and Health Implication. Food Science of Animal
Resources, 42(1), 18-33.

Nogoy, K. M. C., Sun, B., Shin, S,, Lee, Y., Li, X. Z., Choi, S. H., and Park, S.

113



(2022Db). Fatty Acid Composition of Grain- And Grass-Fed Beef and Their
Nutritional Value and Health Implication. In Food Science of Animal
Resources (Vol. 42, Issue 1, pp. 18-33).

Noto, A., Raffa, S., De Vitis, C., Roscilli, G., Malpicci, D., Coluccia, P., Di
Napoli, A., Ricci, A., Giovagnoli, M. R., Aurisicchio, L., Torrisi, M. R.,
Ciliberto, G., and Mancini, R. (2013). Stearoyl-CoA desaturase-1 is a key
factor for lung cancer-initiating cells. Cell Death and Disease, 4(12).

Noviandi, C. T., Ward, R. E., ZoBell, D. R,, Stott, R. D., Waldron, B. L., Peel,
M. D., and Eun, J. S. (2012). Fatty acid composition in adipose tissue of
pasture- and feedlot-finished beef steersl. Professional Animal Scientist,
28(2), 184-193.

O’Connor, S., and Rudkowska, 1. (2019). Dietary Fatty Acids and the Metabolic
Syndrome: A Personalized Nutrition Approach. In Advances in Food and
Nutrition Research (Vol. 87, pp. 43-146).

Ogura, T., Takada, H., Okuno, M., Kitade, H., Matsuura, T., Kwon, M., Arita, S.,
Hamazaki, K., Itomura, M., and Hamazaki, T. (2010). Fatty acid
composition of plasma, erythrocytes and adipose: Their correlations and
effects of age and sex. Lipids, 45(2), 137-144.

Oliveira, C. P., Maranhdo, R. C., Bertato, M. P., Wajchenberg, B. L., and Lerario,
A. C. (2012). Removal from the plasma of the free and esterified forms of
cholesterol and transfer of lipids to HDL in type 2 diabetes mellitus patients.
Lipids in Health and Disease, 11(1), 1-8.

Orsavova, J., Misurcova, L., Vavra Ambrozova, J., Vicha, R., and Mlcek, J.
(2015). Fatty acids composition of vegetable oils and its contribution to

dietary energy intake and dependence of cardiovascular mortality on dietary

114



intake of fatty acids. International Journal of Molecular Sciences, 16(6),
12871-12890.

Orth, M., and Bellosta, S. (2012). Cholesterol: Its regulation and role in central
nervous system disorders. In Cholesterol (Vol. 2012).

Ospina-E, J. C., Sierra-C, A., Ochoa, O., Pérez-Alvarez, J. A., and Fernandez-
Lopez, J. (2012). Substitution of saturated fat in processed meat products: A
review. In Critical Reviews in Food Science and Nutrition (Vol. 52, Issue 2,
pp. 113-122).

Ostermann, A. ., Muller, M., Willenberg, 1., and Schebb, N. H. (2014).
Determining the fatty acid composition in plasma and tissues as fatty acid
methyl esters using gas chromatography - a comparison of different
derivatization and extraction procedures. Prostaglandins Leukotrienes and
Essential Fatty Acids, 91(6), 235-241.

Patel, K. K., and Kashfi, K. (2022). Lipoproteins and cancer: The role of HDL-
C, LDL-C, and cholesterol-lowering drugs. In Biochemical Pharmacology
(Vol. 196, p. 114654).

Perna, M., and Hewlings, S. (2023). Saturated Fatty Acid Chain Length and Risk
of Cardiovascular Disease: A Systematic Review. In Nutrients (Vol. 15,
Issue 1).

Piccinin, E., Cariello, M., De Santis, S., Ducheix, S., Sabba, C., Ntambi, J. M.,
and Moschetta, A. (2019). Role of oleic acid in the gut-liver axis: From diet
to the regulation of its synthesis via Stearoyl-CoA desaturase 1 (SCD1). In
Nutrients (Vol. 11, Issue 10).

Pike, O. A., and O’Keefe, S. (2017). Fat Characterization (pp. 407-429).

Ponnampalam, E. N., Sinclair, A. J., Hosking, B. J., and Egan, A. R. (2002).

115



Effects of dietary lipid type on muscle fatty acid composition, carcass
leanness, and meat toughness in lambs. Journal of Animal Science, 80(3),
628-636.

Poznyak, A. V., Sadykhov, N. K., Kartuesov, A. G., Borisov, E. E., Melnichenko,
A. A., Grechko, A. V., and Orekhov, A. N. (2022). Hypertension as a risk
factor for atherosclerosis: Cardiovascular risk assessment. In Frontiers in
Cardiovascular Medicine (Vol. 9).

Pradhan, S., Shen, J., Emami, S., Naik, S. N., and Reaney, M. J. T. (2014). Fatty
acid methyl esters production with glycerol metal alkoxide catalyst.
European Journal of Lipid Science and Technology, 116(11), 1590-1597.

Products, E. P. on D., Nutrition, U., ... and-E., and 2010, U. (2016). Scientific
Opinion on Dietary Reference Values for fats, including saturated fatty
acids, polyunsaturated fatty acids, monounsaturated fatty acids, trans fatty
acids, and cholesterol. EFSA Journal, 8(3),

1461.

Ramachandra Rao, S., and Fliesler, S. J. (2021). Cholesterol homeostasis in the
vertebrate retina: biology and pathobiology. In Journal of lipid research
(Vol. 62, p. 100057).

Ratusz, K., Symoniuk, E., Wroniak, M., and Rudzinska, M. (2018). Bioactive
compounds, nutritional quality and oxidative stability of cold-pressed
camelina (Camelina sativa L.) oils. Applied Sciences (Switzerland), 8(12).

Ren, Y., and Zhang, Z. (2024). Utilization of the mixture of ethylene tar and
different petrochemical by-products as collectors for coal flotation.

Restrepo-Molina, D., Lépez-Vargas, J., Berdugo-Gutiérrez, J., Cabrera-Torres,

K., and Alzate-Amariles, V. (2022). Determination of some quality

116



characteristics of new primary cuts of the forequarter of Colombian bovine
carcasses. DYNA (Colombia), 89(220), 90-98.

Reyes, L. I, Constantinides, S. V., Bhandari, S., Frongillo, E. A,
Schreinemachers, P., Wertheim-Heck, S., Walls, H., Holdsworth, M., Laar,
A., Nguyen, T., Turner, C., Wellard, K., and Blake, C. E. (2021). Actions in
global nutrition initiatives to promote sustainable healthy diets. In Global
Food Security (Vol. 31, p. 100585). Elsevier.

Rezen, T., Rozman, D., Pascussi, J. M., and Monostory, K. (2011). Interplay
between cholesterol and drug metabolism. In Biochimica et Biophysica Acta
- Proteins and Proteomics (Vol. 1814, Issue 1, pp. 146-160).

Riley, L., and Cowan, M. (2014). Noncommunicable Diseases (NCD) Country
Profiles.

Ruxton, C. H. S., and Gordon, S. (2024). Animal board invited review: The
contribution of red meat to adult nutrition and health beyond protein. In
Animal (Vol. 18, Issue 3).

Sacks, F. M., Lichtenstein, A. H., Wu, J. H. Y., Appel, L. J., Creager, M. A., Kris-
Etherton, P. M., Miller, M., Rimm, E. B., Rudel, L. L., Robinson, J. G.,
Stone, N. J., and Van Horn, L. V. (2017). Dietary fats and cardiovascular
disease: A presidential advisory from the American Heart Association. In
Circulation (Vol. 136, Issue 3, pp. e1-€23).

Samara, A., Alexandraki, M., Meleti, E., Manouras, A., and Malissiova, E.
(2024). The Physicochemical Characterization, Fatty Acid Profile, and
Nutritional Indices of the Greek Traditional Cheese “Tsalafouti.” Dietetics,
3(1), 63-74.

Samkova, E., Spiéka, J., Pesek, M., Pelikanova, T., and Hanus, O. (2012). Animal

117



factors affecting fatty acid composition of cow milk fat: A review. In South
African Journal of Animal Science (Vol. 42, Issue 2, pp. 83-100).

Sanders, T. A. B. (2013). Reappraisal of SFA and cardiovascular risk.
Proceedings of the Nutrition Society, 72(4), 390-398.

Saxena, S. N., Rathore, S. S., Diwakar, Y., Kakani, R. K., Kant, K., Dubey, P.
N., Solanki, R. K., Sharma, L. K., Agarwal, D., and John, S. (2017). Genetic
diversity in fatty acid composition and antioxidant capacity of Nigella sativa
L. genotypes. LWT, 78, 198-207.

Scialabba, N. E. H. (2021). Livestock food and human nutrition. In Managing
Healthy Livestock Production and Consumption (pp. 29-44).

Selvaraj, J. (2017). Fatty Acids and Their Analogues as Anticancer Agents.

Sexten, A. K., Krehbiel, C. R., Dillwith, J. W., Madden, R. D., McMurphy, C. P.,
Lalman, D. L., and Mateescu, R. G. (2012). Effect of muscle type, sire breed,
and time of weaning on fatty acid composition of finishing steers. Journal
of Animal Science, 90(2), 616-625.

Shah, A. M., Yang, W., Mohamed, H., Zhang, Y., and Song, Y. (2022). Microbes:
A Hidden Treasure of Polyunsaturated Fatty Acids. In Frontiers in Nutrition
(Vol. 9, p. 827837).

Shahidi, F., and Wanasundara, P. (2002). Extraction and Analysis of Lipids (pp.
152-187).

Shao, C., Wang, J., Tian, J., and Tang, Y. Da. (2020a). Coronary Artery Disease:
From Mechanism to Clinical Practice. In Advances in Experimental
Medicine and Biology (Vol. 1177, pp. 1-36).

Shao, C., Wang, J., Tian, J., and Tang, Y. Da. (2020b). Coronary Artery Disease:

From Mechanism to Clinical Practice. In Advances in Experimental

118



Medicine and Biology (Vol. 1177, pp. 1-36).

Shi, W., Huang, X., Schooling, C. M., and Zhao, J. V. (2023). Red meat
consumption, cardiovascular diseases, and diabetes: a systematic review and
meta-analysis. European Heart Journal, 44(28), 2626—2635.

Shimizugawa, T., Ono, M., Shimamura, M., Yoshida, K., Ando, Y., Koishi, R.,
Ueda, K., Inaba, T., Minekura, H., Kohama, T., and Furukawa, H. (2002).
ANGPTLS3 decreases very low density lipoprotein triglyceride clearance by
inhibition of lipoprotein lipase. Journal of Biological Chemistry, 277(37),
33742-33748.

Silva Afonso, M., Marcondes Machado, R., Ferrari Lavrador, M. S., Rocha
Quintao, E. C., Moore, K. J., and Lottenberg, A. M. (2018). Molecular
pathways underlying cholesterol homeostasis. In Nutrients (Vol. 10, Issue
6, p. 760).

Silva Barbosa Correia, B., Susana Torrinhas, R., Yutaka Ohashi, W., and Tasic,
L. (2020). Analytical Tools for Lipid Assessment in Biological Assays.
Simons, K., and Sampaio, J. L. (2011). Membrane organization and lipid rafts. In

Cold Spring Harbor Perspectives in Biology (Vol. 3, Issue 10, pp. 1-17).

Singer, J. M., Pedroso-de-Lima, A. C., Tanaka, N. I., and Gonzéalez-Lépez, V. A.
(2007). To triplicate or not to triplicate? Chemometrics and Intelligent
Laboratory Systems, 86(1), 82—85.

Siri-Tarino, P. W., Chiu, S., Bergeron, N., and Krauss, R. M. (2015). Saturated
Fats Versus Polyunsaturated Fats Versus Carbohydrates for Cardiovascular
Disease Prevention and Treatment. In Annual Review of Nutrition (Vol. 35,
Issue 1, pp. 517-543).

Siri-Tarino, P. W., Sun, Q., Hu, F. B., and Krauss, R. M. (2010). Saturated fatty

119



acids and risk of coronary heart disease: Modulation by replacement
nutrients. In Current Atherosclerosis Reports (Vol. 12, Issue 6, pp. 384—
390).

Smith, S. B. (2024a). Oleic acid concentration in bovine adipose tissues: impact
on human health, sensory attributes, and genetic regulation. In Frontiers in
Animal Science (Vol. 5).

Smith, S. B. (2024b). Oleic acid concentration in bovine adipose tissues: impact
on human health, sensory attributes, and genetic regulation. In Frontiers in
Animal Science (Vol. 5).

Smolinska, K., Szopa, A., Sobczynski, J., Serefko, A., and Dobrowolski, P.
(2024). Nutritional Quality Implications: Exploring the Impact of a Fatty
Acid-Rich Diet on Central Nervous System Development. In Nutrients (Vol.
16, Issue 7, p. 1093).

Smucker, M. D., Allan, J., and Carterette, B. (2007). A comparison of statistical
significance tests for information retrieval evaluation. International
Conference on Information and Knowledge Management, Proceedings,
623-632.

Soliman, G. A. (2018a). Dietary cholesterol and the lack of evidence in
cardiovascular disease. In Nutrients (\Vol. 10, Issue 6).

Soliman, G. A. (2018b). Dietary cholesterol and the lack of evidence in
cardiovascular disease. In Nutrients (\Vol. 10, Issue 6).

Solti, L., Crichton, E. G., Loskutoff, N. M., and Cseh, S. (2000). Economic and
ecological importance of indigenous livestock and the application of assisted
reproduction to their preservation. Theriogenology, 53(1), 149-162.

Soren, N. M., and Biswas, A. K. (2019). Methods for nutritional quality analysis

120



of meat. In Meat Quality Analysis: Advanced Evaluation Methods,
Techniques, and Technologies (pp. 21-36).

Stewart, G., Gosselin, C., and Pandian, S. (1992). Selected ion monitoring of tert-
butyldimethylsilyl cholesterol ethers for determination of total cholesterol
content in foods. Food Chemistry, 44(5), 377-380.

Stubbs, J. J., Scott, S. E.,and Duarte, C. (2018). Responding to food, environment
and health challenges by changing meat consumption behaviours in
consumers. Nutrition Bulletin, 43(2), 125-134.

Takashima, S., Toyoshi, K., Yamamoto, T., and Shimozawa, N. (2020).
Positional determination of the carbon—carbon double bonds in unsaturated
fatty acids mediated by solvent plasmatization using LC-MS. Scientific
Reports, 10(1).

Tallima, H., and EI Ridi, R. (2018). Arachidonic acid: Physiological roles and
potential health benefits — A review. In Journal of Advanced Research (Vol.
11, pp. 33-41).

Tapsell, L. C., Neale, E. P., Satija, A., and Hu, F. B. (2016). Foods, nutrients, and
dietary patterns: Interconnections and implications for dietary guidelines. In
Advances in Nutrition (Vol. 7, Issue 3, pp. 445-454).

Teicholz, N. (2023). A short history of saturated fat: The making and unmaking
of a scientific consensus. In Current Opinion in Endocrinology, Diabetes
and Obesity (Vol. 30, Issue 1, pp. 65-71).

Trivedi, N., Erickson, H. E., Bala, V., Chhonker, Y. S., and Murry, D. J. (2022).
A Concise Review of Liquid Chromatography-Mass Spectrometry-Based
Quantification Methods for Short Chain Fatty Acids as Endogenous

Biomarkers. In International Journal of Molecular Sciences (Vol. 23, Issue

121



21).

Turk, S. N., and Smith, S. B. (2009). Carcass fatty acid mapping. Meat Science,
81(4), 658—663.

Uganda Vision 2040 (2007).

Upadhyay, R. K. (2023). High Cholesterol Disorders, Myocardial Infarction and
Its Therapeutics. World Journal of Cardiovascular Diseases, 13(08), 433—
469.

Van Elswyk, M. E., and McNeill, S. H. (2014). Impact of grass/forage feeding
versus grain finishing on beef nutrients and sensory quality: The U.S.
experience. In Meat Science (Vol. 96, Issue 1, pp. 535-540).

Van Horn, L., Carson, J. A. S., Appel, L. J., Burke, L. E., Economos, C.,
Karmally, W., Lancaster, K., Lichtenstein, A. H., Johnson, R. K., Thomas,
R. J, Vos, M., Wylie-Rosett, J., and Kris-Etherton, P. (2016).
Recommended Dietary Pattern to Achieve Adherence to the American Heart
Association/American College of Cardiology (AHA/ACC) Guidelines: A
Scientific Statement from the American Heart Association. Circulation,
134(22), €505-€529.

Vargas-Bello-Pérez, E., and Larrain, R. E. (2017). Impacts of fat fromruminants’
meat on cardiovascular health and possible strategies to alter its lipid
composition. Journal of the Science of Food and Agriculture, 97(7), 1969—
1978.

Vera, R. R., English, P., Vargas, K., and Briones, I. (2009). Lipid profile of
commercial beef cuts from grazing, suckling calves. Grasas y Aceites, 60(5),
482-489.

Viegas, I., Manuel, J., Santos, L., Barreto, A., & Fontes, M. A. (2012). Meat

122



Safety : A Brief Review on Concerns Common to Science and Consumers.
International Journal of Society of Agriculture and Food, 19(2), 275-288.

Viegi, G., Maio, S., Fasola, S., and Baldacci, S. (2020). Global Burden of Chronic
Respiratory Diseases. Journal of Aerosol Medicine and Pulmonary Drug
Delivery, 33(4), 171-177.

Vinet, L., and Zhedanov, A. (2011). A “missing” family of classical orthogonal
polynomials. Journal of Physics A: Mathematical and Theoretical, 44(8),
1-63.

Violeta, R., Artiras, S., Rata, S., Saulius, B., and Virginija, J. (2020).
Relationships between fat and cholesterol contents and fatty acid
composition in different meat-producing animal species. Acta Veterinaria,
70(3), 374-385.

Virtanen, J. K., Mursu, J., Tuomainen, T. P., and Voutilainen, S. (2014). Dietary
fatty acids and risk of coronary heart disease in men the kuopio ischemic
heart disease risk factor study. Arteriosclerosis, Thrombosis, and Vascular
Biology, 34(12), 2679-2687.

Vourakis, M., Mayer, G., and Rousseau, G. (2021). The role of gut microbiota on
cholesterol metabolism in atherosclerosis. In International Journal of
Molecular Sciences (Vol. 22, Issue 15).

Vranken, L., Avermaete, T., Petalios, D., and Mathijs, E. (2014). Curbing global
meat consumption: Emerging evidence of a second nutrition transition.
Environmental Science and Policy, 39, 95-106.

Vsetickova, L., Suchy, P., and Strakov4, E. (2020). Factors Influencing the Lipid
Content and Fatty Acids Composition of Freshwater Fish: A Review. Asian

Journal of Fisheries and Aquatic Research, 5(4), 1-10.

123



Vyssotski, M., Lagutin, K., Bloor, S., Mackenzie, A., Scott, D., Broadhurst, M.,
Day, L., and Samuelsson, L. (2017). Lipid profile of New Zealand sheep
milk. Food New Zealand, 17(1), 32-33.

Wang, D. D., and Hu, F. B. (2017). Dietary Fat and Risk of Cardiovascular
Disease: Recent Controversies and Advances. In Annual Review of Nutrition
(Vol. 37, pp. 423-446).

Wang, H. H., Garruti, G., Liu, M., Portincasa, P., and Wang, D. Q. H. (2017a).
Cholesterol and lipoprotein metabolism and atherosclerosis: Recent
advances in reverse cholesterol transport. Annals of Hepatology, 16, s27—
s42.

Wang, H. H., Garruti, G., Liu, M., Portincasa, P., and Wang, D. Q. H. (2017b).
Cholesterol and lipoprotein metabolism and atherosclerosis: Recent
advances in reverse cholesterol transport. Annals of Hepatology, 16(1), s27—
s42.

Warmate, D., and Onarinde, B. A. (2023). Food safety incidents in the red meat
industry: A review of foodborne disease outbreaks linked to the
consumption of red meat and its products, 1991 to 2021. In International
Journal of Food Microbiology (Vol. 398, p. 110240).

Warner, R. D., Greenwood, P. L., Pethick, D. W., and Ferguson, D. M. (2010).
Genetic and environmental effects on meat quality. In Meat Science (Vol.
86, Issue 1, pp. 171-183).

Webb, E. C.,and Erasmus, L. J. (2013). The effect of production system and
management practices on the quality of meat products from ruminant
livestock. South African Journal of Animal Science, 43(3), 415-423.

https://doi.org/10.4314/sajas.v43i3.12

124



Webb, E. C., and O’Neill, H. A. (2008). The animal fat paradox and meat quality.
In Meat Science (Vol. 80, Issue 1, pp. 28-36).

Weijers, R. N. (2015). Unsaturation index and type 2 diabetes: Unknown,
unloved. World Journal of Meta-Analysis, 3(2), 89.

Werdi Pratiwi, N. M., Murray, P. J., Taylor, D. G., and Zhang, D. (2006).
Comparison of breed, slaughter weight and castration on fatty acid profiles
in the longissimus thoracic muscle from male Boer and Australian feral
goats. Small Ruminant Research, 64(1-2), 94-100.

Whetsell, M.,and Rayburn, E. (2022). Variation in Fatty Acids Concentration in
Grasses, Legumes, and Forbs in the Allegheny Plateau. Agronomy, 12(7).

White, N. M., Balasubramaniam, T., Nayak, R., & Barnett, A. G. (2022). An
observational analysis of the trope “A p-value of < 0.05 was considered
statistically significant” and other cut-and-paste statistical methods. PL0S
ONE, 17(3 March), e0264360.

WHO (2017). Noncommunicable Diseases Progress

Willett, W. C., Koplan, J. P., Nugent, R., Dusenbury, C., Puska, P.,and Gaziano,
T. A. (2006). Chapter 44. Prevention of Chronic Disease by Means of Diet
and Lifestyle Changes. In Disease Control Priorities in Developing
Countries (2nd Edition) (pp. 833-850).

Williams, P. (2007a). Nutritional composition of red meat. Nutrition and
Dietetics, 64(Suppl. 4).

Williams, P. (2007b). Nutritional composition of red meat. Nutrition and
Dietetics, 64(SUPPL. 4).

Wood, J. D., and Enser, M. (2017). Manipulating the Fatty Acid Composition of

Meat to Improve Nutritional Value and Meat Quality. In New Aspects of

125



Meat Quality: From Genes to Ethics (pp. 501-535).

Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R, Sheard, P. R., Richardson, R.
I., Hughes, S. 1., and Whittington, F. M. (2008). Fat deposition, fatty acid
composition and meat quality: A review. In Meat Science (Vol. 78, Issue 4,
pp. 343-358).

Wood, J. D., Richardson, R. I., Nute, G. R., Fisher, A. V., Campo, M. M.,
Kasapidou, E., Sheard, P. R., and Enser, M. (2004). Effects of fatty acids on
meat quality: A review. Meat Science, 66(1), 21-32.

World Health Organisation. (2003). The World Health Report 2003 shaping the
future.

Wu, H., Xu, L., and Ballantyne, C. M. (2020). Dietary and pharmacological fatty
acids and cardiovascular health. In Journal of Clinical Endocrinology and
Metabolism (Vol. 105, Issue 4, pp. 1030-1045).

Yadav, B., and Prasad, N. (2021). Role of high-density lipoprotein cholesterol in
health and diseases. In Indian Journal of Rheumatology (\Vol. 16, Issue 2,
pp. 187-193).

Yao, Y., Ding, L., and Huang, X. (2020). Diverse Functions of Lipids and Lipid
Metabolism in Development. In Small Methods (Vol. 4, Issue 7, p.
1900564).

Zaefarian, F., Abdollahi, M. R., Cowieson, A., and Ravindran, V. (2019). Avian
liver: The forgotten organ. Animals, 9(2), 63.

Zeng, W., Jin, Q., & Wang, X. (2023). Reassessing the Effects of Dietary Fat on
Cardiovascular Disease in China: A Review of the Last Three Decades. In
Nutrients (Vol. 15, Issue 19).

Zeraatkar, D., Han, M. A., Guyatt, G. H., Vernooij, R. W. M., El Dib, R., Cheung,

126



K., Milio, K., Zworth, M., Bartoszko, J. J., Valli, C., Rabassa, M., Lee, Y.,
Zajac, J., Prokop-Dorner, A., Lo, C., Bala, M. M., Alonso-Coello, P., Hanna,
S. E., and Johnston, B. C. (2019). Red and processed meat consumption and
risk for all-cause mortality and cardiometabolic outcomes a systematic
review and meta-analysis of cohort studies. Annals of Internal Medicine,
171(10), 703-710.

Zhang, H., Wang, Z., and Liu, O. (2015). Development and validation of a GC-
FID method for quantitative analysis of oleic acid and related fatty acids.
Journal of Pharmaceutical Analysis, 5(4), 223-230.

Zhang, S., Knight, T. J., Stalder, K. J., Goodwin, R. N., Lonergan, S. M., and
Beitz, D. C. (2007). Effects of breed, sex, and halothane genotype on fatty
acid composition of pork longissimus muscle. Journal of Animal Science,
85(3), 583-591.

Zhang, T., Yuan, D., Xie, J., Lei, Y., Li, J,, Fang, G., Tian, L., Liu, J., Cui, Y.,
Zhang, M., Xiao, Y., Xu, Y., Zhang, J., Zhu, M., Zhan, S., and Li, S. (2019).
Evolution of the Cholesterol Biosynthesis Pathway in Animals. Molecular
Biology and Evolution, 36(11), 2548-2556.

Zhang, Y. Y., Zan, L. Sen, Wang, H. B., Xin, Y. P., Adoligbe, C. M., and Ujan,
J. A. (2010). Effect of sex on meat quality characteristics of Qinchuan cattle.
African Journal of Biotechnology, 9(28), 4504-45009.

Zhao, L., Huang, Y., and Du, M. (2019). Farm animals for studying muscle
development and metabolism: Dual purposes for animal production and

human health. Animal Frontiers, 9(3), 21-27.

127



APPENDICES

Appendix 1: Total Lipid content in Rubaare sub — county

Meat cut Replicate | Sample | Wt. of empty Wt. of Wt of Percentage
Wt (9) vial (9) vial+lipid (g) lipid(g)
Brisket A 1.0095 | 16.0144 16.0307 0.0163 1.6147
Brisket B 1.0702 | 17.3286 17.3408 0.0122 1.1400
Brisket C 1.0618 | 16.1304 16.1399 0.0095 0.8947
Chuck A 1.0955 | 15.9927 16.0041 0.0114 1.0406
Chuck B 1.1027 | 16.4522 16.4677 0.0155 1.4056
Chuck C 1.0692 | 12.8884 12.8964 0.008 1.4056
Rib A 1.0828 | 17.0121 17.0186 0.0065 0.5999
Rib B 1.0738 | 12.4481 12.4796 0.0315 2.9310
Rib C 1.0003 | 16.7969 16.8111 0.0142 1.4193
Round A 1.0022 | 17.6494 17.6729 0.0235 2.3456
Round B 1.0902 | 16.3929 16.4081 0.0152 1.3969
Round C 1.058 16.4891 16.5012 0.0121 1.1475
Liver A 1.0018 | 10.9834 11.0093 0.0259 2.5853
Liver B 1.0983 | 13.225 13.2588 0.0338 3.0775
Liver C 1.0608 | 10.8137 10.849 0.0353 3.3277
Kidney A 1.0374 | 11.1294 11.1562 0.0268 2.5834
Kidney B 1.0456 | 16.3113 16.3273 0.016 1.5302
Kidney C 1.0454 | 16.1448 16.1716 0.0268 2.5636
Heart A 1.0415 | 16.4219 16.4345 0.0126 1.2098
Heart B 1.0837 | 15.8849 15.9131 0.0282 2.6022
Heart C 1.032 16.1484 16.1696 0.0212 2.0543
Offals A 1.0968 | 13.5795 13.5997 0.0202 1.8437
Offals B 1.1107 | 12.7126 12.7437 0.0312 2.7968
Offals C 1.055 16.2812 16.3012 0.0200 1.8993

128




Lipid content for Ntungamo sub — county

Tissue Replic | Sample Wt. of empty | Wt. of Wt of Percen
ates Wt (g) vial (g) vial+lipid (g) | lipid(g) | tage

Brisket A 1.0778 15.6038 15.618 0.0142 | 1.3175
Brisket B 1.0105 16.3022 16.3194 0.0172 | 0.7021
Brisket C 1.0646 17.5274 17.5443 0.0169 | 1.1875
Chuck A 1.0573 16.8578 16.8753 0.0175 | 0.6952
Chuck B 1.0102 16.5366 16.5428 0.0062 | 0.6287
Chuck C 1.0438 16.377 16.3847 0.0077 | 0.7397
Rib A 1.098 16.1766 16.1842 0.0076 | 0.6922
Rib B 1.0477 16.2784 16.2857 0.0073 | 0.6968
Rib C 1.061 17.4437 17.4565 0.0128 | 1.2064
Round A 1.0513 15.9681 15.9689 0.0008 | 1.0761
Round B 1.0522 16.429 16.4395 0.0105 | 0.9979
Round C 1.0519 16.5545 16.5814 0.0269 | 1.0573
Liver A 1.0834 15.7223 15.754 0.0317 | 2.926
Liver B 1.0713 16.6031 16.6378 0.0347 | 3.2391
Liver C 1.0302 15.0414 15.0876 0.0462 | 4.4846
Kidney A 1.0781 16.454 16.4643 0.0103 | 0.9554
Kidney B 1.0322 16.445 16.456 0.011 | 1.3657
Kidney C 1.0726 16.1431 16.1549 0.0118 | 1.3001
Heart A 1.0251 16.9677 16.9806 0.0129 | 1.2584
Heart B 1.0105 15.7305 15.7446 0.0141 | 1.3953
Heart C 1.0271 16.0067 16.0278 0.0211 | 2.0543
Large A 1.0761 16.1006 16.11 0.0094 | 0.8735
intestines

Large B 1.1013 16.6433 16.6947 0.0514 | 3.7672
intestines

Large C 1.1412 15.7733 15.7785 0.0052 | 0.4557
intestines
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Lipid content in Bukomero sub — county

Tissue Vial+

Replicate | Sample wt (g) | Vial wt (g) | Sample wt (g) | Wt of Lipid | Percentage
Brisket | A 1.0325 15.7919 15.7992 0.0073 0.7070
Brisket | B 1.0168 17.2829 17.2882 0.0053 0.5212
Brisket | C 1.0247 16.5374 16.5437 0.0063 0.6148
Chuck | A 1.0040 16.3987 16.4026 0.0039 0.3884
Chuck | B 1.0713 16.0665 16.0714 0.0049 0.4574
Chuck | C 1.0377 16.2326 16.2370 0.0044 0.4240
Rib A 1.0433 16.3436 16.3558 0.0122 1.1694
Rib B 1.0439 16.4055 16.4187 0.0132 1.2645
Rib C 1.0436 16.3746 16.3873 0.0127 1.2169
Round | A 1.0940 15.6357 15.6426 0.0069 0.6307
Round | B 1.0586 16.4269 16.4344 0.0075 0.7085
Round | C 1.0763 16.0313 16.0385 0.0072 0.6690
Liver | A 1.0824 16.5566 16.5891 0.0325 3.0026
Liver | B 1.0843 15.6923 15.7114 0.0191 1.7615
Liver |C 1.0834 16.1245 16.1503 0.0258 2.3815
Kidney | A 1.0393 15.9475 15.9762 0.0287 2.7615
Kidney | B 1.0191 16.5863 16.6036 0.0173 1.6976
Kidney | C 1.0292 16.2669 16.2899 0.0230 2.2347
Heart | A 1.0989 16.3965 16.4111 0.0146 1.3286
Heart | B 1.0377 17.3522 17.3673 0.0151 1.4551
Heart | C 1.0683 16.8744 16.8892 0.0149 1.3901
Offals | A 1.0758 17.1397 17.1628 0.0231 2.1472
Offals | B 1.0670 15.8657 15.8838 0.0181 1.6963
Offals | C 1.0714 16.5027 16.5233 0.0206 1.9227

130




Appendix 2: Cholesterol concentrations determined by HPLC

Cholesterol content for Rubaare sub — county

Sample code Area Average Area | Wtingm | Conc in mg/L | Final Vol. in litre | Final Conc in mg/Kg | Conc in g/100g | conc. mg /100g
Brisket 241512 0.003
240562 239979.3333 | 2.0405 155.6460624 | 0.003 228.8352 0.022884 22.8835
237864 0.003
0.003
Brisket 220822 0.003
251467 230057 2.0405 148.1205916 | 0.003 217.771 0.021777 21.7771
217882 0.003
0.003
Brisket 287057 0.003
286024 286474.3333 | 2.0405 190.9096195 | 0.003 280.6806 0.028068 28.0681
286342 0.003
0.003
Chuck 252295 0.003
259832 257445.3333 | 2.0366 168.8929339 | 0.003 248.7866 0.024879 24.8787
260209 0.003
0.003
Chuck 288718 0.003
293390 290689.6667 | 2.0366 194.1066869 | 0.003 285.9276 0.028593 28.5928
289961 0.003
0.003
Chuck 269052 0.003
264385 265241 2.0366 174.8054608 | 0.003 257.496 0.02575 25.7496
262286 0.003
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0.003
Rib 258161 0.003
256538 256775 2.0229 168.3845279 | 0.003 249.7175 0.024972 24.9718
255626 0.003
0.003
Rib 244886 0.003
244672 245534 2.0229 159.8589306 | 0.003 237.0739 0.023707 23.7074
247044 0.003
0.003
Rib 261330 0.003
261164 262397 2.0229 172.6484642 | 0.003 256.041 0.025604 25.6041
264697 0.003
0.003
Round 479820 0.003
480616 483095 2.0726 340.0341297 | 0.003 492.1849 0.049218 49.2185
488849 0.003
0.003
Round 503612 0.003
511215 508799.3333 | 2.0726 359.5292631 | 0.003 520.4033 0.05204 52.0403
511571 0.003
0.003
Round 491799 0.003
505956 496865 2.0726 350.4778157 | 0.003 507.3017 0.05073 50.7302
492840 0.003
0.003
Liver 924290 0.003
921499 922823.6667 | 2.0088 673.5408924 | 0.003 1005.885 0.100589 100.5885
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922682 0.003
0.003
Liver 1116767 0.003
1118594 1118280.333 | 2.0088 821.7825812 | 0.003 1227.274 0.122727 122.7274
1119480 0.003
0.003
Liver 1063602 0.003
1066963 1066594.667 | 2.0088 782.5822273 | 0.003 1168.731 0.116873 116.8731
1069219 0.003
0.003
Kidney 1458820 0.003
1461588 1460810 2.064 1081.569966 | 0.003 1572.049 0.157205 157.2049
1462022 0.003
0.003
Kidney 1426664 0.003
1422074 1424506.667 | 2.064 1054.036152 | 0.003 1532.029 0.153203 153.2029
1424782 0.003
0.003
Kidney 1462453 0.003
1461901 1462924.333 | 2.064 1083.173556 | 0.003 1574.38 0.157438 157.4380
1464419 0.003
0.003
Heart 523485 0.003
504531 515800.6667 | 2.0962 364.8393376 | 0.003 522.1439 0.052214 52.2144
519386 0.003
0.003
Heart 572385 0.003
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575136 574252.3333 | 2.0962 409.1712805 | 0.003 585.59 0.058559 58.5590

575236 0.003

0.003

Heart 493891 0.003
491718 491218.3333 | 2.0962 346.1951713 | 0.003 495.4611 0.049546 49.5461

488046 0.003

0.003

Large intestines | 580705 0.003
569719 573282.3333 | 2.0407 408.435596 | 0.003 600.4346 0.060043 60.0435

569423 0.003

0.003

Large intestines | 541848 0.003
539524 541318 2.0407 384.1926432 | 0.003 564.7954 0.05648 56.4795

542582 0.003

0.003
Large intestines | 578390 579131.5 2.0407 412.871824 | 0.003 606.9562 0.060696 60.6956

579873 0.003

578910 0.003
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Cholesterol content for Ntungamo sub — county

Sample code Area Average Area | Wtingm | Conc in mg/L | Final Vol. in litre | Final Conc in mg/Kg | Conc in g/100g | conc. mg /100g
293495 0.003
Brisket 294010 | 294323.6667 | 2.0012 196.8628492 | 0.003 295.1172 0.029512 29.5117
295466 0.003
0.003
328606 0.003
Brisket 326616 | 328229 2.0012 222.5779295 | 0.003 333.6667 0.033367 33.3667
329465 0.003
0.003
323134 0.003
Brisket 322750 | 321911 2.0012 217.7861206 | 0.003 326.4833 0.032648 32.6483
319849 0.003
0.003
317260 0.003
Chuck 315041 | 316161 2.0199 213.4251043 | 0.003 316.9837 0.031698 31.6984
316182
324825
Chuck 323146 | 323500 2.0199 218.991278 | 0.003 325.2507 0.032525 32.5251
322529
448515
Chuck 435965 | 438131 2.0199 305.9317406 | 0.003 454.3766 0.045438 45.4377
429913
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320748
Rib 318456 | 318158.6667 | 2.0441 214.9402098 | 0.003 315.4545 0.031545 31.5455
315272 0.003
0.003
262460 0.003
Rib 257568 | 259747.6667 | 2.0441 170.6391101 | 0.003 250.4365 0.025044 25.0437
259215 0.003
0.003
273995 0.003
Rib 266405 | 268738.3333 | 2.0438 177.4579699 | 0.003 260.4824 0.026048 26.0482
265815 0.003
0.003
301664 0.003
Round 303019 | 303095.6667 | 2.0438 203.515864 | 0.003 298.7316 0.029873 29.8732
304604 0.003
0.003
275234 0.003
Round 275962 | 275971 2.0438 182.9434964 | 0.003 268.5343 0.026853 26.8534
276717 0.003
0.003
1319018 0.003
Liver 1292874 | 1295375.333 | 2.0535 956.0980913 | 0.003 1396.783 0.139678 139.6783
1274234 0.003
0.003
1087492 0.003
Liver 1076252 | 1083806.667 | 2.0535 795.6364556 | 0.003 1162.362 0.116236 116.2362
1087676 0.003
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0.003
1233763 0.003
Liver 1233710 | 1238121.333 | 2.0535 | 912.6745039 | 0.003 1333.345 0.133334 133.3345
1246891 0.003
0.003
1735962 0.003
Kidney 1759002 | 1743673.667 | 2.0983 | 1296.104412 | 0.003 1853.078 0.185308 185.3078
1735967 0.003
0.003
1819852 0.003
Kidney 1811249 | 1814108.333 | 2.0983 | 1349.524712 | 0.003 1929.454 0.192945 192.9454
1811224 0.003
0.003
1727009 0.003
Kidney 1725086 | 1725987 2.0983 | 1282.690178 | 0.003 1833.899 0.18339 183.3899
1725866 0.003
0.003
547323 0.003
Heart 535825 | 543296 2.0554 | 385.6928328 | 0.003 562.9457 0.056295 56.2946
546740 0.003
0.003
Heart 520626 0.003
532098 | 528396.3333 | 2.0554 | 374.3923651 | 0.003 546.4518 0.054645 54.6452
532465 0.003
0.003
551719 0.003
Heart 556810 | 553921.3333 | 2.0554 | 393.7514853 | 0.003 574.7078 0.057471 57.4708
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553235 0.003
0.003
727575 0.003
Large instestines 728252 | 727109.3333 | 2.0149 525.1037795 | 0.003 781.831 0.078183 78.1831
725501 0.003
0.003
676535 0.003
Large intestines 677918 | 677573.3333 | 2.0149 487.5338137 | 0.003 725.8928 0.072589 72.5893
678267 0.003
0.003
656191 0.003
Large intestines 648167 | 653333 2.0149 469.149033 | 0.003 698.5196 0.069852 69.8520
655641 0.003
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Appendix 3: Calibration curves for cholesterol and standard mixture for FA

Conc in mg/L Area
2000 2009820
1000 1035389

500 527702
100 110582

Standard Calibration Curve
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Appendix 4: Standard mixture for fatty acid analysis

Single Injection

Agilent

Data 2023-09-08 11-52-06+@B-00-
Sequence 051 Project UNBS 8890 GC
Name: Name:
Sample name: | STD Operator: SYSTEM
Instrument: UNBS 8890 GC Injection 2023-09-08
date: 11:56:04+03:00
Inj. volume: 1.000 Location: 102
Acg. method: FAME2.amx Type: Sample
Processing *GC_LC Area Sample 0.00
method: amount:
Percent_DefaultMethod.pmx
FID1B
50001
4500
40004
35001
30001
<°- 2500
20004
1500
bl B R R EE ISR P PR bR s
500 i’ F—i ‘u_: aﬁﬁ'gSgg«iw#mdfﬂc\i«qu&cﬁaﬁdnﬁdwsd&mo'-—'c\iw\'mn—'
N R R A S A i A8k e ees—
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 8 90 95 100 105 110 115 120 125 130
Time [min]
Signal:  FID1B
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C4 7.37 0.54 3097 | 556 | 2.49
C6 10.87 0.71 3939 | 6.16 | 3.17
cs 15.37 0.76 4488 | 639 | 361
C10 20.82 1.08 4794 | 6.68 |3.86
Cl1 23.64 0.83 2443 | 339 | 1.97

26.42 1.10 50.19 | 7.21 | 4.04
C13 29.12 0.93 2512 | 3.69 | 2.02
Cl4 31.74 0.79 50.69 | 7.84 | 4.08
(C14:1[cis-9)) 33.22 0.62 2450 | 3.66 | 1.97

34.25 0.71 2591 | 407 | 2.09
(C15:1 [cis-10]) 35.67 0.71 2541 | 3.85 | 204
C16 36.67 0.77 80.62 | 13.09 | 6.49
(C16:1[cis-9] 37.72 0.84 2565 | 3.78 | 2.06
C17:0 39.12 0.91 2713 | 3.88 | 218
(C17:1 [cis-10]) 40.32 0.87 26.11 | 3.26 | 2.10
C18:0 42.06 0.74 5351 | 6.39 | 431
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RT [min] | Width | Area | Height | (%)
4279 | 041 25.53 2.90 2.05
(C18:1 [trans-9]) 43.18 | 0.96 53.94 579 | 434
(C18:2 [trans-9,12]) 4452 | 091 25.07 | 2.63 | 2.02
(C18:2 [Cis-9,12]) 4554 | 0.70 25.16 252 | 2.03
C20:0 47.31 0.94 | 2353 215 | 1.89
(C18:3 [cis-6,9,12]) 48.69 0.64 | 2215 | 204 | 1.78
(C18:3 [cis-9,12,15]) 49.36 0.83 | 5453 542 | 4.39
(C20:1 [cis-11]) 50.53 0.98 | 27.23 252 | 219
53.23 0.44 | 23.80 216 | 1.92
C21:0 53.51 081 | 28.84 252 | 2.32
C22:0 55.13 0.97 | 24.00 192 | 1.93
(C22:1 [cis-13]) 56.74 145| 4636 | 222 | 373
(C20:4 [cis-5,8,11,14]) 58.00 117 | 5510 | 471 | 443
(C20:3 [cis-8,11,14]) 59.14 120 2731 | 228 | 220
C23:0 60.50 1.09| 2211 158 | 1.78
61.96 0.65| 25.06 2.00 | 2.02
(C22:2 [cis-13,16]) 62.62 0.77 | 27.47 233 | 221
Methyl cis
5,8,11,14,17eicosapentaenoate o745 103 5508 439 | 48
(C24:1 [cis-15]) 68.47 0.95| 2719 | 216 | 2.19
Methyl docosahexaenoate
(cis4.7.10.13,16,19) 71.31 1.11| 20.70 142 | 1.67
Sum | 1242.57
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Appendix 5: HPLC Sample Chromatograms

i LabSolutions FOOD AND DRUGS LAB
ANALYSIS REPORT

<Sample Information>

Sample Name : CholesterolINTM 11A-1

Sample ID :

Data Filename : CholesterolNTM 11A-1_29072023 017 .lcd
Method Filename : Cholesterol Method.lcm

Batch Filename  : Cholesterol-1.Ich

Vial # 119 Sample Type : Unknown
Injection Volume  : 20 uL
Date Acquired . 29/07/23 21:20:06 Acquired by : System Administrator
Date Processed  : 29/07/23 21:30:08 Processed by : System Administrator
<Chromatogram>
mAU
4 E PDA Multi 1 207nm dnm
@
2
30 I3 ||I|
2
| ¢ |
] il
0l o
il lel U
/
0 —U \h___ﬁN
V
0.0 I I I 2,|5 I I I I 5“0 ‘ ‘ I I 7.5 I I I
min
<Peak Table>

Peak Table
PDA Chl 207nm

Peak# | Name | Ret. Time | Area [ Cone. [ Unit
1 | Cholesterol | 5.832] 362571 0.000]| mg/L
Total | | 362571 ] |
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SHIMADZL) DGAL
i LabSolutions FOOD AND DRUGS LAB
ANALYSIS REPORT

<Sample Information>

Sample Name : CholesterolNTM 11B-2

Sample ID :

Data Filename : CholesterolINTM 11B-2 29072023 050.lcd
Method Filename : Cholesterol Method.lcm

Batch Filename : Cholesterol-1.Icb

Vial # 1 1-17 Sample Type : Unknown
Injection VYolume : 20 uL
Date Acquired : 30/07/23 03:10:18 Acquired by : System Administrator
Date Processed : 30/07/23 03:20:21 Processed by : System Administrator
<Chromatogram>
mAU
304 Q PDA Multi 1 207nm,4nm
w
] ﬂE'
i
1 3
20- | E |
_ | | | ||
10- |FII ‘ | | | || |
] W B

T T T T T T T T T T T T T T T T T T |

0.0 25 5.0 75
min

<Peak Table>
Peak Table
PDA Chl 207nm
Peak# | Name [ Ret. Time | Area [ Cone. [ Umt
T[Cholesterol I 5.623] 294580 0.000 [ mg/L
Total | | 294589 |
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DGAL

ii LabSolutions FOOD AND DRUGS LAB
ANALYSIS REPORT

<Sample Information>

Sample Name : Cholesterol KBO 38B-2

Sample ID :
Data Filename : Cholesterol KBO 38B-2 03082023 036.lcd

Method Filename : Cholesterol Method.lcm
Batch Filename  : Cholesterol-2.1cb

20
|

Vial # :1-105 Sample Type - Unknown
Injection Volume : 20 uL
Date Acquired : 04/08/23 02:19:58 Acquired by : System Administrator
Date Processed : 04/08/23 02:30:01 Processed by : System Administrator
<Chromatogram>
mAL
504 5 PDA Multi 1 207nm, 4nm
f I
=
40 | |2
| 3
30 | F

0.0 25 5.0

<Peak Table>

Peak Table
PDA Chl 207nm
Peak# | Name [ Ret. Time | Area [ Conc. [ Unit
T[Cholesterol I 5.167] 795744 0.000 [ mg/L
Total | I 795244 I
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SHIMADZU
DGAL

si LabSolutions FOOD AND DRUGS LAB
ANALYSIS REPORT

<Sample Information>

Sample Name : Cholesterol KBO 38B-2

Sample ID :
Data Filename : Cholesterol KBO 38B-2_03082023_036.lcd

Method Filename : Cholesterol Method.lcm
Batch Filename  : Cholesterol-2.Icb

Vial # :1-105 Sample Type : Unknown
Injection Volume : 20 uL
Date Acquired : 04/08/23 02:19:58 Acqguired by : System Administrator
Date Processed : 04/08/23 02:30:01 Processed by : System Administrator
<Chromatogram>
mAU
50 [ PDA Multi 1 207nm,4nm
e
| 5
40| | k3
| 3
30 | TS
20| | |
| ! |
10 ( | |

CF__,__JJ lw"f\,\x,__

0.0 2.5 5.0 7.5

<Peak Table>

Peak Table
PDA Chl 207nm
Peak# | Name [ Ret. Time | Area [ Conc. | Unit
T[Cholesterol I 5.167] 795344 0.000 | mg/L
Total | | 795244] |
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