Lipid Profile of Meat Parts of Cow
Slaughtered at Obinze Abattoir, Imo
State, Nigeria

ABSTRACT

Meat, a vital component of human nutrition, offers essential nutrients for balanced diets and growth.
However, it's cholesterol and fatty acid (FA) compositions impact cardiovascular health. This study
aimed to describe the cholesterol content and fatty acid profile in various cow meat parts. Samples
from torso, stomach, skin, intestine and lean meat were collected from an abattoir in Obinze, Imo
State, Nigeria. Analytical methods involved gas chromatography fitted with flame ionisation detector
(GC-FID) for fatty acid profile and Liebermann-Burchard method for cholesterol determination.
Cholesterol concentrations varied across the meat parts, with torso meat exhibiting the highest
(115+6.48 mg/kg) and stomach meat the lowest (67.76+£5.69 mg/kg). Saturated fatty acids (SFAS)
like stearic and palmitic acids were prominent. The monounsaturated fatty acid, oleic acid presented
various concentrations: skin (26.19+2.00 mg/kg), torso (24.33+5.50 mg/kg), lean meat (13.10+1.30
mg/kg), stomach (12.511+2.91 mg/kg) and intestine (4.02+0.86 mg/kg). Meat parts contained fatty
acids that are beneficial to human health not only in terms of essential fatty acids such as linoleic
and alpha-linolenic acids, but also the polyunsaturated fatty acids, arachidonic, eicosapentaenoic
and docosahexanoic acids. An understanding of these compositional variations provides valuable
insights for shaping dietary choices and reducing cardiovascular risks associated with elevated

cholesterol levels.
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1. INTRODUCTION

One of the healthiest and most nutrient-dense
natural foods that humans eat to meet daily
nutritional needs is meat. Meat easily helps in
maintaining a balanced diet, adequate
development and growth of humans. Meat is the
edible parts from domestic, farmed and wild
animals, such as goats, cows, sheep, and pigs
etc [1]. Meat is source of quality proteins,
different fats, minerals and vitamins [2] providing
needed nourishment [3]. The specific fatty acids
in meat determine its nutritional content and
suitability for inclusion in a diet [4], and the ratio
of these fatty acids is very important in nutrition
and health [5].

Dietary cholesterol comes from animal-based
foods [6,7]and the cholesterol content in beef can
vary depending on the cut and fat content.
Dietary cholesterol and other lipids circulate in
the bloodstream as lipoproteins. Lipoproteins
have varying range of shapes and sizes, and

each type is associated with different tasks. As
dietary cholesterol is absorbed in the small
intestine it is incorporated into chylomicrons, and
transported in the bloodstream [8]. The
chylomicrons, deliver cholesterol to the liver and
various tissues [9]. The liver is also involved in
de novo biosynthesis of cholesterol [10]. In the
presence of cholesterol, triglycerides and
proteins and between the liver and the
bloodstream, series of enzymatic reactions, low
density lipoprotein  (LDL) is synthesized
[11,12,13]. LDL-particles contain large proportion
of cholesterol and are transported throughout the
body. LDL-receptors on the surface of cells,
particularly in the liver, bind LDL-particles and
facilitate the uptake of cholesterol into the cells
[14,15]. Circulating LDL levels can be increased
in individuals who consume large amounts of
saturated fat and/or cholesterol [16]. However,
inefficient removal of LDL-particle from the
bloodstream by LDL-receptors can facilitate the
accumulation of cholesterol in the arterial walls,
leading to atherosclerosis and cardiovascular




disease [17]. Since the regulation of cholesterol
metabolism is complicated and influenced by
dietary (and others such as genetic, and lifestyle)
factors, dysregulation of these processes can
induce elevated LDL-cholesterol levels. Elevated
blood LDL-cholesterol level, is a significant risk
factor for heart disease. Studies have shown that
cow meat consumption is a common source of
nutrient in  Southern Nigeria [18,19,20].
Therefore, knowledge of dietary sources of
cholesterol and fatty acid elevating foods can be
used to manage cholesterol levels and reduce
cardiovascular risk. This research project seeks
to investigate levels of fatty acids and cholesterol
of different cow meat parts and thereby highlight
the possible health risks associated with the
consumption. It will also identify potential health
implications, raise awareness, and provide
evidence-based recommendations for public
health interventions. The outcomes  will
contribute to public health initiatives, informing
policies and interventions aimed at promoting
healthier dietary habits and reducing the risk of
cardiovascular diseases and obesity in the
region.

2. MATERIALS AND METHODS
2.1 Reagents

The major reagents used were hexane and
chloroform (Qualikem India), anhydrous sodium
sulphate (JHD India).

2.2 Study Location

The study area, Obinze, is a town in Owerri West
Local Government Area (LGA) in Imo State. It
shares boundaries with Ngor-Okpola LGA in the
south, Owerri Municipal Council in the east,
Mbaitolu LGA in the south and Ohaki/Egbema
LGA in the west. Its geographical coordinates are
latitude 5°25'0” North and longitude 6°58'0" East.
Obinze is a university town with population of
Owerri West Local Government estimated to be
99,265 (National Population Census, 2006). This
abattoir is patronized daily by this population and
people within the environs for purchase of meat
and meat products.

2.3 Sample Collection and Preparation

Samples used in the study were collected on
different days from an abattoir in Obinze, Imo
State, Nigeria. Total of 45 samples (15 samples
each) were collected in three batches at weekly
intervals for three weeks. Three samples of torso
meat (cow hump), stomach meat (tripe), intestine
meat, skin meat and lean meat of cow meat were

obtained at early hours of the morning. The meat
samples were packaged in 250ml sample bottles
that contained normal saline. The sample bottles
were put in a cooler containing ice packs and
transported to the laboratory for analysis.Each
collected sample was carefully washed with
distilled water, weighed and oven dried at 105 °C
to constant weight. Afterwards, 10 g of each
sample was homogenized using porcelain mortar
and pestle into fine powder for further analysis.

2.4 Preparation of Sample Solutions and
Standard Cholesterol Solutions

Cholesterol content was determined by the
method of Liebermann-Burchard [21].
Cholesterol standards of 2, 4 and 6 mg/ml were
prepared. Six standard volumetric flasks marked
as sl, s2, s3, s4, s5 and s6 were used. Standard
cholesterol solution of 0.4, 0.6, 0.8, 1.0 and 1.2
ml was added into five volumetric flasks
whereas, flask six was kept blank. Thereafter,
2ml Liebermann-Burchard reagent was added to
all six flasks and diluted with chloroform to a final
volume of 10 ml. The flasks were kept in dark for
15 min after covering with a black carbon paper.
Afterwards, the blank sample was used to zero
the spectrophotometer at 640 nm and the
absorbance of all standards were determined
using SP65 UV/Vis spectrophotometer and
standard graph was plotted.

2.5 Determination of cholesterol content
of Cow meat samples

The absorbance of 1ml of sample extract was
determined using SP65 UV/Vis
spectrophotometer after adding 1 ml oil sample,
2 ml Liebermann-Burchard reagent and 7 ml
chloroform. Afterwards, cholesterol concentration
of each sample was determined using a standard
curve prepared by plotting the absorbance
against mg/L cholesterol.

2.6 Determination of fatty acid profile

2.6.1 Fat extraction of meat samples

Fat extraction was carried out using Soxhlet
extraction method as described by AOAC, [22]. A
weighed portion (5g) of the homogenized sample
was mixed with 60g of anhydrous sodium
sulphate in mortar to absorb the moisture. The
homogenate was placed in a 500ml beaker and
extraction carried out with 300ml of n-hexane for
24  hours. Crude extract obtained was
evaporated using a rotary vacuum evaporator at
40 °C to dryness.



2.6.2 Fatty acid identification

Fatty acid analysis was done on gas
chromatograph fitted with FID detector. SP™-
2560 fused capillary column (100 m x 0.25 mm x
0.20 um) was employed. Helium was used as a
carrier gas at a flow rate of 0.8 ml/min. Both the
injector and the detector temperature were set at
250 °C. The oven temperature was programmed
as follows: 60 °C held for 1 min, ramped at 15
°C/min to 165 °C held for 1 min and finally
ramped at 2 °C/min to 225 °C held for 20 min.

Afterwards, the fatty acids were identified by
retention time comparison to standard containing
C4:0 — C24:0 saturated fatty acids (SFAs), C15:1
— C20:1 monounsaturated fatty acids (MUFAS),
and C18 - C22 polyunsaturated fatty acids
(PUFAs). This same standard was used for
calculation of response factors, which were in
turn used to calculate the levels of each fatty acid
identified in the sample.

2.6.3 Statistical analysis

IBM SPSS Statistics version 20 was used to
analyze the data collected. The data were
subjected to one-way analysis of variance
(ANOVA) at p < 0.05. Graphs were prepared
using GraphPad Prism 8.4. Results were
expressed as mean + standard deviation of
quadruple determination.

3. RESULTS

Fig. 1 present cholesterol concentration of torso
meat (115.2+6.48 mg/kg), lean meat (94.7+£2.27
mg/kg), skin meat (79.3 £ 6.30 mg/kg), intestine
meat (74.9 £ 2.33 mg/kg) and stomach meat
(67.76 *+ 5.69 mg/kg), showing significantly
elevated cholesterol in torso meat and lean meat
samples and stomach meat showing the least
concentration of cholesterol.

Fig. 2 shows the saturated fatty acid (SFA)
content of torso, skin, stomach, intestine and
lean meats parts of cow meat. The saturated

fatty acids (SFAs) detected are lauric acid C12,
myristic acid C14, palmitic acid C16 and stearic
acid C16. The study recorded highest
concentrations of stearic acid (27.36+5.52 mg/kg
in skin meat and 22.00+2.03 mg/kg in torso
meat) and palmitic acid (18.76+4.36 mg/kg in
lean meat and 12.60+3.20 mg/kg in stomach
meat) compared to lauric and myristic acids.
Lauric acid was significantly elevated in lean
meat (5.65+1.38mg/kg) compared to torso,
stomach, skin and intestine which showed no
significant difference. Myristic acid content was
significantly elevated in lean meat (10.98+2.96
mg/kg) compared to stomach, and intestine
which also showed no significant difference,
however myristic acid was not detected in torso
and skin meats.

Fig. 3 presents Oleic acid (C18:1) a
monounsaturated fatty acid (MUFA) detected in
all the meat parts. The oleic acid concentrations
recorded for the meat parts include Skin
(26.19+2.00 mg/kg), torso (24.33+5.50 mg/kg),
lean meat (13.10+1.30 mg/kg), stomach
12.511+2.91 mg/kg) and intestine 4.02+0.86

mg/kg).

Fig. 4a and 4b presents omega-6 fatty acids in
each meat parts. Linoleic acid was prominent,
with highest concentrations recorded in stomach
meat (24.48t5.69 mg/kg) and lean meat
(16.70+1.32 mg/kg) and least in intestine meat
(4.80+1.22 mg/kg). Arachidonic acid
concentrations did not vary across the meat
parts, with the highest concentrations recorded in
skin meat (5.96+2.13 mg/kg) and lean meat
(5.61+0.92 mg/kg). Stomach meat recorded the
highest concentration of eisosadienoic acid
(4.09+0.91 mg/kg) and torso meat the lowest
(2.79+0.68 mg/kg), but was undetected in lean
meat. Higher levels of dihomo-y-linolenic acid
was recorded in lean meat (8.60+1.03 mg/kg)
compared to torso, stomach, skin and intestine
which showed no significant difference.
Tetracosapentaenoic acid concentration varied
across meat parts, with intestine exhibiting the
highest (7.76+0.46 mg/kg) and skin meat the
lowest (2.02+0.24 mg/kg).
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Fig. 1. Cholesterol distribution in Cow meat parts
Bars represent mean * standard deviation of triplicate determinations. Bars with different alphabets are
statistically significant (p<0.05)
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Fig. 2. Saturated Fatty Acids (lauric, myristic, palmitic and stearic acid) distributions in Cow
meat parts. Bars represent mean * standard deviation of triplicate determinations
Bars with different alphabets are statistically significant (p<0.05).ND = Not Detected

Fig. 5 presents a-linolenic acid with significantly
and high concentrations recorded in skin meat
(16.00+2.52 mg/kg), lean meat (15.09+3.14
mg/kg) and Torso meat (12.69+2.07 mg/kg) and
least amount in intestine meat (5.10+1.46
mg/kg). Eicosapentaenoic acid was undetected
in stomach and lean meat. The concentrations of
EPA recorded include; torso (4.98+1.37 mg/kg),

skin (1.85+0.22 mg/kg) and intestine (3.96+0.81
mg/kg). A higher level of docosahexanoic acid
was recorded in torso meat (14.44+4.30 mg/kg).
The concentrations of DHA in other meat parts
include; skin (7.78+1.28 mg/kg), stomach
(2.551£0.34 mg/kg), lean meat (6.47+1.11 mg/kg)
and intestine (4.66+0.83 mg/kg).
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Fig. 3. Monounsaturated fatty acid (MUFA) concentration distributions in meat parts.
Bars represent mean + standard deviation of triplicate determinations
Bars with identical alphabets are not statistically significant (p>0.05)
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Fig. 4a. Omega-6 fatty acids-linoleic acid concentration distribution in meat parts.
Bars represent mean * standard deviation of triplicate determinations. Bars with identical alphabets are not
statistically significant (p>0.05)
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Fig. 4b. Omega-6 fatty acids- Arachidonic, Eicosadienoic, Dihomo-y-linolenic and
Tetracosapentanoic acid concentration distribution in meat parts
Bars represent mean * standard deviation of triplicate determinations. Bars with identical alphabets are not
statistically significant (p>0.05).ND: Not Detected
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Fig. 5. Omega-3 fatty acids-Linolenic, EPA, and DHA acid distributions in meat parts
Bars represent mean * standard deviation of triplicate determinations. Bars with different alphabets are
statistically significant (p<0.05)

4. DISCUSSION

Cow meat or Beef is a veritable source of protein
and other essential nutrients, including
cholesterol and saturated and unsaturated fats
that can cause fatty deposits to build up in the
blood. However, this common animal protein is

also source of fats that can elevate the risk for
high  cholesterol, heart  disease, and
cardiovascular problems. In this study the
nutritional value of the meat parts, particularly the
cholesterol, fatty acid profile and lipid indices
were assessed.



Cholesterol concentrations in the cow meat parts
were recorded in the following order torso meat
(115.2+6.48 mg/kg)> lean meat (94.7+2.27
mg/kg)> skin meat (79.3 = 6.30 mg/kg) >
intestine meat (74.9 £+ 2.33 mg/kg) > stomach
meat (67.76 £ 5.69 mg/kg). These results are
above the total cholesterol values reported in
selected tropical cow meat parts in Ogun state,
Nigeria [23]. Also, the cholesterol content in this
study are higher than those reported in muscle
and edible offal of slaughtered pigs, goats and
cattle at Nsukka Municipal abattoir [24].

Ruminant meat is characterized by high amount
of saturated fatty acid (SFA) due to the ruminal
bio-hydrogenation phenomenon [25] and it is
possible to vary the FA composition by varying
diet and the rearing system [26,27,28]. In this
study the method of rearing of the cow which
meats were studied was by open grazing or free
ranging. The recommended dietary intake of
saturated fatty acids (SFAS) is noted to be below
10% of the total caloric intake. Excess saturated
fat can cause cholesterol to build up within. The
saturated fatty acids (SFAs) recorded in the cow
meat parts studied in reducing order of
magnitude include, lauric < myristic < stearic <
palmitic in increasing order of magnitude. In the
present study lean meat (5.65+1.38mg/kg)
presented the highest amount of lauric acid while
the amount in torso, skin, stomach and intestine
which ranged from 2.31+0.61 to 3.00+£0.69 mg/kg
showed no significant difference. High levels of
SFAs (myristic, palmitic and stearic) have been
reported in a study on the proximate composition
and fatty acid profile of beef from three cattle
breeds in Ethiopia [29]. Lauric acid (LA; C12:0) a
medium-chain saturated FA is implicated in
having the largest cholesterol-raising potential
among fatty acids. Lauric acid raises low-density
lipoprotein-cholesterol  (LDL-Cholesterol) and
high-density lipoprotein-cholesterol (HDL-
Cholesterol) [30]. However, the low levels of
lauric acid in this study indicate no risk factor and
support the grass feeding methods adopted by
cattle breeders in Nigeria. Furthermore, studies
have shown that excessive haemolysis of lauric
acid induced Ca?*-dependent premature RBC
death can lead to anaemia, at which any naked
haemoglobin circulation may undergoes auto-
oxidation or oxidation by other agents,
precipitating inflammatory conditions [31,32].

Myristic acids was recorded in lean meat>
intestine meat > stomach meat of the cows
studied. The significantly elevated level of
myristic acid in lean meat (10.98+2.96 mg/kg)
than recorded in stomach and intestine in this

study is a call for concern. Lauric and myristic
fatty acids are implicated in bad cholesterol
elevations in blood and are strongly associated
with early heart attack [33]. It is therefore
suggested that limiting dietary myristic acid may
be beneficial for those affected by elevated levels
of atherogenic triglycerides in blood [34]. The
result of this study which show no recorded
presence of myristic acid in torso and skin meat
of cow and very low content in stomach meat
and intestine meat of cow is a veritable
information for individuals with elevated levels of
serum atherogenic triglycerides to embrace,
while limiting the consumption of lean meat that
presented the highest concentration of myristic
acid. Studies show that moderate myristic acid
consumption can improve long-chain omega-3
fatty acids concentrations in serum
phospholipids, and also induce and improve
cardiovascular health status of humans [35].

Palmitic acid levels of lean meat (18.76 +4.36
mg/kg) and stomach meat (12.60 £3.20 mg/kg)
were significantly higher compared to torso, skin
and intestine meats. Palmitic acid makes up
about 25% of the total fatty acids found in
membrane phospholipids and triacylglycerols of
adipose cells [36]. The high level of palmitic acid
recorded in lean meat and stomach meat is of
serious health concern because these meat parts
are very much consumed in Nigeria. Most
Nigerians currently prefer the entries of cow meat
with the notion that they are of low fat content.
However, the result of this study shows the
contrary. The health risk of palmitic acid stems
from its capacity to raise LDL-cholesterol due to
its slow conversion to monounsaturated fatty acid
[37]. Stearic acid (18:0) levels in Skin meat
(27.36+5.52 mg/kg) and Torso (22.00+2.03
mg/kg) were significantly higher compared to
stomach and lean meats. It is reported that
stearic acid (18:0) scarcely increases LDL-
cholesterol levels, because after its absorption, it
is rapidly converted to the monounsaturated oleic
acid (18:1) [37]. This implies that stearic acid
express neutral effect on blood total and LDL-
cholesterol levels as it is converted into oleic acid
(18:1) in the organism without affecting the blood
cholesterol levels [38]. However, SFA (lauric,
myristic and palmitic) with cholesterol-increasing
properties are indicators of coronary heart
disease (CHD) risks [39].

The monounsaturated fatty acid (MUFA), Oleic
acid (C18:1) presented the highest values of
26.19+2.00 and 24.33+5.50 mg/kg in Skin and
Torso meat respectively and the intestine meat
showing the least amount (4.02+0.86 mg/kg).



Oleic acid reduces the level of LDL-cholesterol
and increases the level of HDL-Cholesterol [40].
Oleic acid is reported to regulate fatty acid and
cholesterol biosynthesis by up-regulating AMP-
activated protein kinase(AMPK), which readily
phosphorylates and therefore inactivates acetyl-
CoA carboxylase and 3-hydroxy-3-methyl-
glutaryl CoA reductase two important enzymes of
cholesterol  biosynthesis. Activated AMPK
stimulates the oxidation of fatty acids thereby
reducing biosynthesis of cholesterol and
triglycerides in hepatocytes and also prevent the
development of fatty liver [41,42]. The presence
of Oleic acid is associated with slow progression
of heart diseases and promotes antioxidant
activity [43]. However, individual responses to
dietary fats can vary, and other dietary and
lifestyle factors may as well determine overall
cardiovascular health.

Linoleic and a-linolenic acids were the
predominant PUFAs recorded in this study. The
Stomach meat (24.66£5.79 mg/kg) and Torso
meat (21.66x4.54 mg/kg) and Lean meat
(16.70£1.32 mg/kg) presented the highest
amount of linoleic acid. Whereas, Skin meat
(16.00£2.52 mg/kg), Lean meat (15.09+3.14
mg/kg) and Torso meat (12.69+2.07 mg/kg)
presented the highest amount of a-linolenic acid.
These results indicate the varying distribution of
concentrations of linoleic and a-linolenic in cow
meat samples. Linoleic acid (LA) a primary
omega-6 PUFA is vital in maintaining the fluidity
and integrity of cell membranes, for proper
cellular function and signal transduction. The
result of the present study shows that the meat
samples can adequately provide linoleic acid a
precursor PUFA needed for the synthesis of
other omega-6 fatty acids, which include
arachidonic acid (AA), and eicosanoids, which
are important signaling molecules involved in
inflammation, blood clotting, and immune
response [44].Appreciable amounts of
arachidonic acid (AA) 3.63+0.95 - 5.96+2.13 in
Stomach meat and Skin meat respectively,
andeicosadienoic acid (C20:20) 4.09+0.91 -
2.80£0.68mg/kg in Torso to stomach meat
respectively. Similarly, alpha-Linolenic Acid
(ALA) a primary omega-3 PUFA essential for
human health and can be converted systemically
to  eicosapentaenoic acid (EPA) and
docosahexanoic acid (DHA). Appreciable
amounts of omega-3 fatty acids—
eicosapentaenoic acid (EPA); Torso
(4.98+1.37mg/kg) and intestine
(3.96+£0.81mg/kg) (Fig. 5) and docosahexanoic
acid (DHA); Torso (14.44+4.38mg/kg), Skin
(7.78+£1.28mg/kg) and lean meat

10

(6.47+£1.12mg/kg) (Fig. 5), were also recorded in
this study. The recording of these essential
PUFA in the meat samples studied is
encouraging because these fatty acids have anti-
inflammatory properties and are capable of
improving cardiovascular health and brain
function of consumers. Omega-3 fatty acids and
ALA can contribute in lowering blood pressure,
reduce triglyceride levels, and improve blood
vessel function. Docosahexanoic acid (DHA) is
essential for proper development of the nervous
system in infants and may promote cognitive
function in adults [45].

Furthermore, a closer look of the PUFA results of
this study show a total LA (omega-6 fatty acids)
concentration at 80.28 mg/kg that was
significantly higher than 59.34 mg/kg for ALA
(omega-3 fatty acids). It is important to note that
while omega-6 fatty acids are essential,
excessive intake relative to omega-3s could
result to pro-inflammatory effects that have the
potential to cause chronic health conditions. At
high concentration omega-6 fatty acids,
especially linolenic can be converted into
arachidonic acid, a building block for molecules
known to promote inflammation, blood clotting,
and the constriction of blood vessels [46].

Also, high omega-6 intake is associated to
elevated risk of inflammatory diseases, which
include cardiovascular disease, diabetes, and
inflammatory disorders. Furthermore, Lower
levels for eicosadienoic, arachidonic,
docosahexaenoic (DHA), dihomo-y-linolenic,
eicosapentaenoic and tetracosapentaenoic were
observed in this study [47].

5. CONCLUSION

A diet high in saturated fat can lead to high LDL
cholesterol levels and further lead to plaque
build-up in the walls of arteries. This restricts
blood flow and can lead to a heart attack or
stroke. This study recorded the highest
cholesterol concentration in torso meat and lean
meat as well as saturated fatty acid such as
palmitic, lauric and myristic acid lean meat of
cow at significantly elevated level compared to
other meat parts. Although, the meat parts
contain beneficial unsaturated fatty acids which
can contribute consistently to our diets, not only
in terms of essential fatty acids such as linoleic
acid and alpha-linolenic acid but also oleic acid,
arachidonic acid, eicosapentaenoic acid and
docosahexanoic acid. Understanding the
variations in lipid contents of the meat parts
provides valuable insights for managing dietary



choices and reducing cardiovascular risks

associated with elevated cholesterol levels.

This study focused on the concentration of
cholesterol and fatty acid composition of the

meat parts as a valuable information for
managing cholesterol associated with
cardiovascular risk through dietary choices.

However, limitations include the focus on a
specific geographical location and the need for
broader studies to generalize findings, also fatty
acid based nutritional indices/ratios were not
covered in the study.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. European  Commission REG (EC)
No0835/2004. 2002 Regulation, EUOJ

L139/55; 2004.

2. Pareira PM, Vicente AF. Meat nutritional
composition and nutritive role in the human
diet. Meat Science. 2013;93(3):586 — 592.
https://doi.org/10.1016/j.meatsci.2012.09.0
18

3. Vannice G, Rasmussen H. (2014). Position

of the academy of nutrition and dietetics:
dietary fatty acids for healthy adults.
Journal of the Academy of Nutrition and
Dietetics, 114(1), 136-153.
https://doi.org/.10.106/j.jand.2013.11.001

4, Dinh TT, To KV, Schiling MW. Fatty acid
composition of meats animals as flavour
precursors. Meat and Muscle Biology.
2021;5(1) 34, 1-16.
https://doi.org/10.22175/mmb.12251

5. Cabrera MC, Saadoun A. An overview of
the nutritional value of beef and lamb meat
from South America. Meat science.
2014;98(3):435-444.
Available:https://doi.org/10.1016/j.meatsci.
2014.06.

6. Ujowundu CO, lhekweazu KL, Alisi CS,
Ujowundu FN, Igwe CU. Procarcinogens:
Polycyclic Aromatic Hydrocarbons and
Heavy Metal Content in Some Locally

Processed Foods in South Eastern
Nigeria. Current Journal of Applied
Science and Technology. 2014;4(1):249-
260.
Available:https://doi.org/10.9734/BJAST/20
14/4668

11

10.

11.

12.

13.

14.

15.

16.

Ojiako OA, Ujowundu CO, Alisi CS, Igwe
CU, Ogbuji CA. South Eastern Nigerian
Seafood Diets Have Desirable Effects on
Biochemical Indices of Experimental
Rabbits. Pakistan Journal of Nutrition, ©
Asian Network for Scientific Information;
2018.17:421-426. ISSN 1680-5194
Available:https://dx.doi.org/10.3923/pjn.20
18.421.426

Hussain MM. Intestinal lipid absorption and
lipoprotein formation. Current opinion in
lipidology. 2014;25(3):200-206.
Available:https://doi.org/10.1097/MOL.000
0000000000084

Davidson MH. Apolipoprotein
measurements: is more widespread use
clinically indicated? Clinical Chemistry.
1998;44(2):227-231.

Brown AJ, Sharpe LJ. Chapter 11 -
Cholesterol Synthesis, Editor(s): Neale D.
Ridgway, Roger S. McLeod, Biochemistry
of Lipids, Lipoproteins and Membranes
(Sixth Edition), Elsevier. 2016:327-358.
ISBN 9780444634382,
Available:https://doi.org/10.1016/B978-0-
444-63438-2.00011-0.

Gugliucci A. "Triglyceride-Rich Lipoprotein
Metabolism: Key Regulators of Their Flux."
Journal of Clinical Medicine.
2023;12(13):4399.
Available:https://doi.org/10.3390/jcm12134
399

Packard CJ, Shepherd J. Metabolism of
apolipoproteins B-100 and B-48 in
hyperlipidemic patients. Metabolism. 1986;
35(5):434-439.

Brown MS, Goldstein JL. A receptor-
mediated  pathway for  cholesterol
homeostasis. Science. 1986;232(4746),
34-47.

Feingold KR. Introduction to Lipids and
Lipoproteins. In Feingold K. R., Anawalt B,
Blackman MR, et al., editors. Endotext.
MDText.com, Inc; 2021.

Goldstein  JL, Brown MS. Familial
hypercholesterolemia: Identification of a
defect in the regulation of 3-hydroxy-3-
methylglutaryl coenzyme A reductase
activity associated with overproduction of
cholesterol. Proceedings of the National
Academy of Sciences. 1973;70(10), 2804-
2808.

Walford GA. Lipoprotein Metabolism and
the Treatment of Lipid Disorders. In: Larry
Jameson J, de Groot LJ, de Krester DM,
Guidice LC, Grossman AB, Melmed S,
Potts  JT, Gordon  CW, editors.
Endocrinology: Adult and pediatric. 7th ed.



17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Elsevier; Amsterdam, The Netherlands:
2016.

Goldstein JL, Hobbs HH, Brown MS.
Familial hypercholesterolemia. In The
Metabolic and Molecular Bases of
Inherited Disease (8th ed). McGraw-Hill.
2001;2:2863-2913

Adekunmi AO, AyindeJO AO. Ajala. An
Assessment of animal protein consumption
patterns among rural dwellers in Osun
State, Nigeria. Ife Journal of Agriculture.
2017;29(1):84-94

Adesope A, Oguntoye O, Fatoki O *,
Odediran F, Bello G.Comparative analysis
of household consumption of beef and
chevon in ibadan metropolis, Oyo State,
NigeriaTanzaniaJournal of  Agricultural
Sciences. 2021;20(2):194-201.

Petrikova I, Bhattacharjee R, Fraser PD.
The 'Nigerian Diet' and Its evolution:
review of the existing literature and
household survey data. Foods (Basel,
Switzerland). 2023;12(3):443.
https://doi.org/10.3390/foods12030443
Attarde D, Pawar J, Chaudhari B, Pal S.
Estimation of sterols content in edible olil
and ghee samples. Int. J. Pharm. Sci. Rev.
Res. 2010;5:135-137.

AOAC: Official Methods of Analysis of the
Association of Official Analytical Chemists,
15th edn., Association of Official Analytical
Chemists, Washington. 1990:1228.

Madu AN, Yakubu FO. Estimation of total
cholesterol in selected tropical cow meat
parts in Ogun State Nigeria. International

Journal of Scientific Research in
Chemistry. 2018;(3):141-48.
Abonyi FO, Ogbu 1J, &Unigwe CR.

Comparative study of lipid profile of pigs,
goats, and cattle slaughtered att Nsukka
Municipal abattoir, Enugu State, Nigeria.
Nigerian Journal of Animal Production.
2018;45(1):167-171.

Ben Abdelmalek Y, Smeti S, Essi |,
Yagoubi Y, Tibaoui S, Atti N. The effect of
Rosemary (Rosmarinus officinalis L.)
distillation residues and linseed supply on

fatty acid profile, meat colour, lipid
oxidation and sensorial and hygienic
quality of cull Barbarine ewes’ meat.

Journal of Animal Physiology and Animal
Nutrition.2020;00:1-11.

van Harten S, Kilminster T, Scanlon T,
Milton J, Oldham C, Greeff J, Almeida AM.
Fatty acid composition of the ovine
longissimus dorsi muscle: effect of feed
restriction in three breeds of different

12

27.

28.

29.

30.

31.

32.

33.

34.

35.

origin. Journal of the Science of Food and
Agriculture. 2016;96:1777-1782.

Margetin M, Oravcova M, Margetinoval,
Kubinec R. Fatty acids in intramuscular fat
of lle de France lambs in two different
production systems. Archives Animal
Breeding, 2018;61:395—-403.

Belhaj K, Mansouri F, Sindic M, Taaifi Y,
Boukharta M, Serghini-Caid H, Elamrani A.
Effect of the concentratebased finishing on
the proximate composition, organoleptic
quality and fatty acids profile of the Beni-
Guil sheep meat. E3S Web Conferences.
2020;04001.

Dagne, T., Mummed, Y. Y., Kurtu, M. Y.,
Leta, M. U., O’'Quinn, T. G. &Vipham, J. L.
(2021). Proximate Composition and Fatty
Acid Profile of Beef from Arsi, Borana and
Harar Cattle Breeds in Oromia National
Regional State, Ethiopia. Open Journal of
Animal Sciences, 11, 139-156.
Available:https://doi.org/10.4236/0jas.2021
112011

Mensink RP, Zock PL, Kester AD, Katan
MB. Effects of dietary fatty acids and
carbohydrates on the ratio of serum total to
HDL cholesterol and on serum lipids and
apolipoproteins: A meta-analysis of 60
controlled trials. Am. J. Clin. Nutr. 2003;
77(5):1146-1155.
Available:https://doi.org/10.1093/ajcn/77.5.
1146

Dhaliwal G, Cornett PA,Tierney LM. Jr
Hemolyticanemia.Am. Fam. Physician,
2004:69(11), 2599-2606.

Alfhili MA, Aljuraiban GS. Lauric Acid, a
Dietary saturated medium-chain fatty
Acid, Elicits Calcium-Dependent Eryptosis.
Cells, 2021;10(12):3388.
Available:https://doi.org/10.3390/cells1012
3388

Pecina M, Ivankovi¢ A. Candidate genes
and fatty acids in beef meat, a review,
Italian Journal of Animal Science. 2021,
20(1):1716-1729.

DOI: 10.1080/1828051X.2021.1991240
Fernandez ML. The positive association of
plasma myristic Acid and apolipoprotein
Clll  Concentrations. The Journal of
Nutrition. 2020;150(10):2613-2614,
Available:https://doi.org/10.1093/jn/nxaa22
8.

Verruck S, Balthazar CF, Rocha RS, Silva
R, Esmerino EA, Pimentel T C, Freitas
MQ, Silva MC, da Cruz AG, Prudencio
ES. Dairy foods and positive impact on the



36.

37.

38.

39.

40.

41.

consumer's health. Advances in food and
nutrition research.2019;89:95-164.
Available:https://doi.org/10.1016/bs.afnr.20
19.03.002

Zhuang P, Lu Y, Shou Q, Mao L, He L,
Wang J, Chen J, Zhang ,Jiao J. Differential
Anti-Adipogenic Effects of
Eicosapentaenoic and Docosahexanoic
acids in Obesity. Mol. Nutr. Food Res.
2019;63(14):€1801135.
Available:https://doi.org/10.1002/mnfr.2018
01135

Brody T. 6 - LIPIDS, Editor(s): TOM
BRODY, Nutritional Biochemistry (Second
Edition), Academic Press, p San Diego,
1999:311-378.ISBN 9780121348366,
Available:https://doi.org/10.1016/B978-
012134836-6/50009-3.

Ladiera MM, Santarosa LC, Chizzotti M,
Ramos EM, Machado Neto OR, Oliveira
DM, Carvalho JRR, Lopes LS, Ribeiro JS.
Fatty acid profile, color and lipid oxidation
of meat from young bulls fed ground
soybean or rumen protected fat with or
without  monensin. Meat  Sciences,
2014;96: 597-605.
Available:https://doi.org/10.1016/j.meatsci.
2013.04.062

Davis H, Magistrali A, Butler G,
&Stergiadis S. NutritionalBenefits from
Fatty Acids in Organicand Grass-Fed Beef.
Foods, 2022;11,646.
Available:https://doi.org/10.3390/foods110
50646

Igenbayev A, Okuskhanova E, Rebezov Y,
Kassymov S, NurymkhanG, Tazeddinova
D, Mironova |, Rebeznov M. Fatty acid
composition in female turkey muscles in
Kazakhstan. Journal of World Poultry
Research. 2019;9(2):78-81.

Cheng S, Liang S, Liu Q, Deng Z, Zhang
Y, Du J, Zhang Y, Li S, Cheng B, Ling C.
Diosgenin prevents high-fat diet-induced
rat non-alcoholic fatty liver disease through
the AMPK and LXR  signalling

42.

43.

44,

45.

46.

47.

pathways. Int. J. Mol. Med. 2018;41:1089-
1095.

Zhang K, Shi Y, Huang C, Huang C, Xu P,
Zhou C, Liu P, Hu R, Zhuang Y, Li G, Hu
G, Guo X. Activation of AMP-activated
protein kinase signaling pathway
ameliorates steatosis in laying hen
hepatocytes. Poultry science. 2021:100(3):
100805.
Available:https://doi.org/10.1016/j.psj.2020.
10.059

Hur SJ, Park GB, Joo ST. Effect of fatty
acid on meat qualities. Journal of the
Korean Society of International Agriculture.
2005;17:53-59.

Simopoulos AP. An increase in the
Omega-6/0Omega-3 fatty acid ratio
increases the risk for obesity. Nutrients,
2016;8(3):128.

DOI: 10.3390/nu8030128

Mozaffarian D, Rimm EB. Fish intake,
contaminants, and human health:
evaluating the risks and the benefits.
JAMA. 2006 296(15):1885-1899.

DOI: 10.1001/jama.296.15.1885

Mason W. Freeman, Geoffrey A. Walford,
Chapter 41 - Lipoprotein Metabolism and
the Treatment of Lipid Disorders, Editor(s):
J. Larry Jameson, Leslie J De Groot, David
M. de Kretser, Linda C. Giudice, Ashley B.
Grossman, ShlomoMelmed, John T. Potts,
Gordon C. Weir, Endocrinology: Adult and

Pediatric (Seventh Edition), W.B.
Saunders. 2016:715-736.e7. ISBN
9780323189071,

Available:https://doi.org/10.1016/B978-0-
323-18907-1.00041-X.

Zhou X, Mo Z, Li Y. et al. Oleic acid
reduces steroidogenesis by changing the
lipid type stored in lipid droplets of ovarian
granulosa cells. JAnimal Sci
Biotechnol.2022;13:27
Available:https://doi.org/10.1186/s40104-
021-00660-5

13


https://doi.org/10.1016/j.psj.2020.10.059
https://doi.org/10.1016/j.psj.2020.10.059

