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Introduction 

Aims and Scope: 

The stardom Journal for Natural and Engineering sciences is a journal for the 

publication of peer reviewed, original research for all aspects of Natural Sciences 

and Engineering Sciences. 

This journal provides a forum for the discussion of Natural and Engineering sciences 

problems around the world and for the presentation of results. It is aimed only at the 

Natural and Engineering sciences. 

Research Areas Include, but are not exclusive to:  

• Biology and biomedical engineering 

• Environmental Sciences  

• Chemistry studies and Chemical Engineering 

• Physics studies 

• Material Studies  

• Mathematics 

• Computer Sciences and engineering  

• Civil Engineering  

• Area Engineering 

• Environmental Engineering  

• Telecommunications Engineering and networking  
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• Computer Engineering 

• Electrical Engineering 

• Agriculture Engineering   

• Human-machine systems 

• Space exploration 

• Renewable energy 

• Power systems and control 

• Artificial intelligence and its applications 

• Theoretical studies 

Papers submitted should address Stardom Natural and Engineering sciences issues 

using a range of techniques e.g. case studies, observational and theoretical analyses, 

the application of science, engineering and technology to questions of environmental 

concern or mathematical and computer modeling techniques with the aim of 

informing both the researcher and practitioner.  

Before you Begin 

Conflict of interest 

All authors are requested to disclose any actual or potential conflict of interest 

including any financial, personal or other relationships with other people or 

organizations within three years of beginning the submitted work that could 

inappropriately influence, or be perceived to influence, their work.  

Submission declaration and verification  

Submission of an article implies that the work described has not been published 

previously (except in the form of an abstract or as part of a published lecture or 

academic thesis or as an electronic preprint, that it is not under consideration for 

publication elsewhere, that its publication is approved by all authors and tacitly or 

explicitly by the responsible authorities where the work was carried out, and that, if 

accepted, it will not be published elsewhere in the same form, in English or in any 

other language, including electronically without the written consent of the copyright-

holder.  

Changes to authorship 
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This policy concerns the addition, deletion, or rearrangement of author names in the 

authorship of accepted manuscripts: 

Before the accepted manuscript is published in an online issue: Requests to add or 

remove an author, or to rearrange the author names, must be sent to the Journal 

Manager from the corresponding author of the accepted manuscript and must 

include: (a) the reason the name should be added or removed, or the author names 

rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that they 

agree with the addition, removal or rearrangement. In the case of addition or removal 

of authors, this includes confirmation from the author being added or removed. 

Requests that are not sent by the corresponding author will be forwarded by the 

Journal Manager to the corresponding author, who must follow the procedure as 

described above. Note that: (1) Journal Managers will inform the Journal Editors of 

any such requests and (2) publication of the accepted manuscript in an online issue 

is suspended until authorship has been agreed. 

After the accepted manuscript is published in an online issue: Any requests to add, 

delete, or rearrange author names in an article published in an online issue will 

follow the same policies as noted above and result in a corrigendum.. 

Role of the funding source 

You are requested to identify who provided financial support for the conduct of the 

research and/or preparation of the article and to briefly describe the role of the 

sponsor(s), if any, in study design; in the collection, analysis and interpretation of 

data; in the writing of the report; and in the decision to submit the article for 

publication. If the funding source(s) had no such involvement then this should be 

stated. 

Language  

Please write your text in good English (American or British usage is accepted, but 

not a mixture of these). Authors who feel their English language manuscript may 

require editing to eliminate possible grammatical or spelling errors and to conform 

to correct scientific English may wish to use the English Language Editing, as well 

as Arabic Language is accepted.  

Submission  

Submission to this journal proceeds totally online and you will be guided stepwise 

through the creation and uploading of your files. The system automatically converts 

source files to a single PDF file of the article, which is used in the peer-review 

process. Please note that even though manuscript source files are converted to PDF 

files at submission for the review process, these source files are needed for further 

processing after acceptance.  
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Referees  

Please submit, with the manuscript, the names and addresses of at least three 

potential referees. 

 

Preparation 

Use of word-processing software 

It is important that the file be saved in the native format of the word processor used. 

The text should be in single-column format. Keep the layout of the text as simple as 

possible. Most formatting codes will be removed and replaced on processing the 

article. In particular, do not use the word processor’s options to justify text or to 

hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. 

When preparing tables, if you are using a table grid, use only one grid for each 

individual table and not a grid for each row. If no grid is used, use tabs, not spaces, 

to align columns. The electronic text should be prepared in a way very similar to that 

of conventional manuscripts. 

 Note that source files of figures, tables and text graphics will be required whether 

or not you embed your figures in the text. 

To avoid unnecessary errors, you are strongly advised to use the 'spell-check' and 

'grammar-check' functions of your word processor. 

Please do not add line numbering to the text document. 

Article structure 

Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. Subsections should 

be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). Use this numbering also for internal cross-referencing: do not 

just refer to 'the text'. Any subsection may be given a brief heading. Each heading 

should appear on its own separate line. 

Introduction  

State the objectives of the work and provide an adequate background, avoiding a 

detailed literature survey or a summary of the results. 

Material and methods  

Provide sufficient detail to allow the work to be reproduced. Methods already 

published should be indicated by a reference: only relevant modifications should be 

described. 
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Results  

Results should be clear and concise. 

Discussion  

This should explore the significance of the results of the work, not repeat them. A 

combined Results and Discussion section is often appropriate. Avoid extensive 

citations and discussion of published literature. 

Conclusions  

The main conclusions of the study must be presented in a short Conclusions section, 

which may stand alone or form a subsection of a Discussion or Results and 

Discussion section. 

Essential title page information  

• Title. Concise and informative. Titles are often used in information-retrieval 

systems. Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Where the family name may be ambiguous (e.g., 

a double name), please indicate this clearly. Present the authors' affiliation addresses 

(where the actual work was done) below the names. Indicate all affiliations with a 

lower-case superscript letter immediately after the author's name and in front of the 

appropriate address. Provide the full postal address of each affiliation, including the 

country name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all 

stages of refereeing and publication, also post-publication. Ensure that phone 

numbers (with country and area code) are provided in addition to the e-mail 

address and the complete postal address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in 

the article was done, or was visiting at the time, a 'Present address' (or 'Permanent 

address') may be indicated as a footnote to that author's name. The address at which 

the author actually did the work must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such footnotes. 

Abstract  

A concise and factual abstract is required. The abstract should state briefly the 

purpose of the research, the principal results and major conclusions. An abstract is 

often presented separately from the article, so it must be able to stand alone. For this 

reason, References should be avoided, but if essential, then cite the author(s) and 

year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 

essential they must be defined at their first mention in the abstract itself. Not more 

250 words. 
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Graphical abstract  

A Graphical abstract is optional and should summarize the contents of the article in 

a concise, pictorial form designed to capture the attention of a wide readership 

online. Authors must provide images that clearly represent the work described in the 

article. Graphical abstracts should be submitted as a separate file in the online 

submission system. Image size: Please provide an image with a minimum of 531 × 

1328 pixels (h × w) or proportionally more. The image should be readable at a size 

of 5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, 

EPS, PDF or MS Office files. 

Highlights  

High lights are mandatory for this journal. They consist of a short collection of bullet 

points that convey the core findings of the article and should be submitted in a 

separate file in the online submission system. Please use 'Highlights' in the file name 

and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet 

point).  

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using American 

spelling and avoiding general and plural terms and multiple concepts (avoid, for 

example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 

established in the field may be eligible. These keywords will be used for indexing 

purposes. 

Acknowledgements  

Collate acknowledgements in a separate section at the end of the article before the 

references and do not, therefore, include them on the title page, as a footnote to the 

title or otherwise. List here those individuals who provided help during the research 

(e.g., providing language help, writing assistance or proof reading the article, etc.). 

Math formulae 

Present simple formulae in the line of normal text where possible and use the solidus 

(/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, 

variables are to be presented in italics. Powers of e are often more conveniently 

denoted by exp. Number consecutively any equations that have to be displayed 

separately from the text (if referred to explicitly in the text). 

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the 

article, using superscript Arabic numbers. Many word processors build footnotes 

into the text, and this feature may be used. Should this not be the case, indicate the 

position of footnotes in the text and present the footnotes themselves separately at 
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the end of the article. Do not include footnotes in the Referencelist.  

Table footnotes  

Indicate each footnote in a table with a superscript lowercase letter. 

 

Artwork 

Electronic artwork  

General points  

• Make sure you use uniform lettering and sizing of your original artwork.  

• Save text in illustrations as 'graphics' or enclose the font.  

• Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.  

• Number the illustrations according to their sequence in the text.  

• Use a logical naming convention for your artwork files.  

• Provide captions to illustrations separately.  

• Produce images near to the desired size of the printed version.  

• Submit each figure as a separate file. 

Formats  

Regardless of the application used, when your electronic artwork is finalized, please 

'save as' or convert the images to one of the following formats (note the resolution 

requirements for line drawings, halftones, and line/halftone combinations given 

below):  

EPS: Vector drawings. Embed the font or save the text as 'graphics'.  

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 

dpi.  

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 

500 dpi is required. 

If your electronic artwork is created in a Microsoft Office application (Word, 

PowerPoint, Excel) then please supply 'as is'. 

Please do not:  

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the 

resolution is too low;  

• Supply files that are too low in resolution;  

• Submit graphics that are disproportionately large for the content. 

Color artwork  
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Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS 

Office files) and with the correct resolution. If, together with your accepted. 

Please note: Because of technical complications which can arise by converting color 

figures to 'gray scale' (for the printed version should you not opt for color in print) 

please submit in addition usable black and white versions of all the color 

illustrations. 

Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached 

to the figure. A caption should comprise a brief title (not on the figure itself) and a 

description of the illustration. Keep text in the illustrations themselves to a minimum 

but explain all symbols and abbreviations used. 

Tables  

Number tables consecutively in accordance with their appearance in the text. Place 

footnotes to tables below the table body and indicate them with superscript 

lowercase letters. Avoid vertical rules. Be sparing in the use of tables and ensure that 

the data presented in tables do not duplicate results described elsewhere in the article. 

References 

Citation in text  

Please ensure that every reference cited in the text is also present in the reference list 

(and vice versa). Any references cited in the abstract must be given in full. 

Unpublished results and personal communications are not recommended in the 

reference list, but may be mentioned in the text. If these references are included in 

the reference list they should follow the standard reference style of the journal and 

should include a substitution of the publication date with either 'Unpublished results' 

or 'Personal communication'. Citation of a reference as 'in press' implies that the item 

has been accepted for publication. 

Web references 

As a minimum, the full URL should be given and the date when the reference was 

last accessed. Any further information, if known (DOI, author names, dates, 

reference to a source publication, etc.), should also be given. Web references can be 

listed separately (e.g., after the reference list) under a different heading if desired, or 

can be included in the reference list. 

References in a special issue  

Please ensure that the words 'this issue' are added to any references in the list (and 

any citations in the text) to other articles in the same Special Issue. 
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Reference style 

Text: Indicate references by number(s) in square brackets in line with the text. The 

actual authors can be referred to, but the reference number(s) must always be given.  

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different 

result ....' 

List: Number the references (numbers in square brackets) in the list in the order in 

which they appear in the text. 

Examples:  

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific 

article, J. Sci. Commun. 163 (2010) 51–59. 

Reference to a book: 

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New 

York, 2000. 

Reference to a chapter in an edited book: 

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, 

in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing 

Inc., New York, 2009, pp. 281–304. 

Submission checklist 

The following list will be useful during the final checking of an article prior to 

sending it to the journal for review. Please consult this Guide for Authors for further 

details of any item.  

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details:  

• E-mail address 

• Full postal address  

• Phone numbers  

All necessary files have been uploaded, and contain:  

• Keywords  

• All figure captions  
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• All tables (including title, description, footnotes)  

Further considerations  

• Manuscript has been 'spell-checked' and 'grammar-checked'  

• References are in the correct format for this journal  

• All references mentioned in the Reference list are cited in the text, and vice versa  

• Permission has been obtained for use of copyrighted material from other sources  
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Abstract  

This study aimed to evaluate the cholesterol content in various dairy products 

commonly consumed by the general population, as well as fats and oils used in 

cooking and food preparation. The samples were collected from local markets and 

farmers in the Aden and Abyan Governorates. To analyze the samples, a highly 

sensitive high-performance liquid chromatography (HPLC) instrument was utilized. 

The findings of this study indicated that the highest cholesterol levels were observed 

in samples of animal ghee and hydrogenated vegetable ghee. Additionally, dairy 

products derived from full-fat animal milk displayed higher cholesterol content. 

Specifically, Bint ghee had the highest cholesterol percentage (495.0 mg/100g), 

followed by local ghee (b) (481.5 mg/100g), Qamaria ghee (453.48 mg/100g), 

Amazon ghee (411.83 mg/100g), Jabli ghee (368.14 mg/100g), and local ghee (a) 

(304 mg/100g). Butter samples had a cholesterol concentration of 245 mg/100g, 

while sheep cheese contained 84.3 mg/100g. Areej ghee recorded 51.9 mg/100g, and 

bovine cheese had 49.3 mg/100g. The cholesterol percentage in Saudi cheddar 

cheese reached 42.0 mg/100g. On the other hand, cream, margarine, sesame oil, and 

Shifa oil samples had cholesterol concentrations below the detection limits, 

indicating minimal or no cholesterol content. 

 

Keywords: Cholesterol, Dairy products, Fats and oils, High-performance liquid 

chromatography 

 

1. Introduction 

Cholesterol, a lipid-like compound, plays a crucial role in various physiological 

processes within the human body [1,2]. It is present in cell membranes, the brain, 

nervous tissues, and the myelin sheath. Cholesterol is also found in substantial 

amounts in the liver, bile salts, and the skin, where exposure to sunlight converts it 

into vitamin D. Moreover, the adrenal gland utilizes cholesterol for synthesizing 

steroid hormones like cortisol, estrogen, and progesterone. The liver produces 

cholesterol by utilizing fats, carbohydrates, and proteins [1]. Additionally, dietary 

sources, such as meats, milk, and eggs, contribute to excess cholesterol in the body 

[3-7]. Conversely, vegetables and plant-based products do not contain cholesterol. 

The average American daily diet typically contains 400-500 mg of cholesterol, the 

highest intake worldwide, although the American Heart Association recommends 

intake of no more than 300 mg per day [3]. Research suggests a link between 

saturated fats, cholesterol, and various diseases including diabetes, breast cancer, 

pancreatic cancer, colon cancer, and atherosclerosis. Atherosclerosis occurs due to 
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the buildup of fatty protein compounds in blood vessels, leading to restricted blood 

flow, thereby increasing the risk of heart attacks. Factors like lack of exercise, 

smoking, obesity, and aging further compound the risk of heart disease. Clinically, 

high cholesterol levels are defined as total cholesterol levels in plasma exceeding 

200 mg [8-10]. In the diet, saturated fats can trigger cholesterol production in the 

liver. Thus, adopting a diet low in cholesterol and saturated fats can help lower blood 

cholesterol levels. The American Institute for Cancer Research recommends 

increasing fiber and starch intake through the consumption of vegetables, fruits, and 

grains, along with moderate portions of low-fat, low-cholesterol foods such as fish, 

poultry, and lean meats. It is also advised to limit the consumption of cholesterol-

rich foods, including eggs, nuts, fried potatoes, red meats, and full-fat dairy products 

[1]. This study aimed to estimate the cholesterol content in specific dairy products, 

fats, and local and imported oils. The objective was to verify the cholesterol levels 

in these products, which are considered significant dietary sources of cholesterol and 

fats, and to compare them with studies conducted in several countries, utilizing 

High-Performance Liquid Chromatography (HPLC) as the analytical method. 

 

2. Materials and Research Methods 

A Japanese-made high-performance liquid chromatography (HPLC) instrument, 

specifically the JASCO Co-2065 Plus model, was utilized in this experiment. The 

instrument comprised a Quaternary Gradient Pump (JASCO PU-2089 Plus) and an 

Intelligent UV/Vis Detector (JASCO UV-2070 Plus) capable of operating in the 

visible and ultraviolet ray range (UV-VIS). These instrument components were 

connected to a computer that housed the necessary programs for the analysis. 

For the separation process, a C8 column (Mediterranea HPLC, Mediterranea C8 

5µm, 15cm x 0.46cm) was employed, which contained Octyl Silyl (OS) (-Si–CH2)7-

CH3) packing material. This column was accommodated in an Intelligent Column 

Oven (JASCO LC-Net II/ADC). 

 

2-1 Collection of samples 

Samples were obtained from various sources including the local market and farmers 

involved in livestock breeding in the Aden and Abyan governorates. The collection 

of samples was carried out in a random manner to ensure representative sampling. 

These samples were carefully placed in sterilized plastic bags and glass containers 

to maintain their integrity. Afterward, they were transported to the laboratory for 

further analysis. 
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In the laboratory, each individual sample was prepared by undergoing a mixing 

process, and in some cases, heating was applied to facilitate the homogenization of 

their components. This step was crucial in order to obtain a representative sample 

that was blended and homogeneous. Sufficient volume of each sample was taken 

into consideration to ensure accurate analysis, while also allowing for the possibility 

of repeating certain analyses. 

Following the preparation process, the samples were transferred to clean glass 

containers and stored in a refrigerator to maintain their stability and prevent any 

degradation prior to analysis. 

2-2 Types of samples under study 

1  .Saudi Cheddar cheese, Five Star creamAssorted Dairy Product Samples:   

packaged in the UAE, Yemeni vegetable margarine obtained from Dhamran 

Aden, traditional cow's milk cheese, traditional sheep's-supermarket in Mansoura 

-milk cheese obtained from Sheikh Othman market in Aden, light yogurt from Al

Hana, fresh light yogurt traditionally made-made yogurt from Al-ana, YemeniH  

Hisn area in Abyan-from cow's milk, and cow's milk butter obtained from Al  

Governorate.  

2  .Areej ghee made in Oman, Amazon ghee packaged inGhee and Oil Samples:  

locally made in YemenMalaysia, Qamaria ghee, Bint ghee, Jabali ghee, all   ,

obtained from Dhamran supermarket in Aden governorate. Locally made ghee (a)  

and (b) made from traditional cow's milk butter at home, sesame oil pressed at the 

Aden, cooking oil (Shifa) made in Oman, obtained-Wali press in Sheikh Othman 

Hisn area in Abyan-from Al.  

2-3 Preparation of the original cholesterol solution 

The primary cholesterol solution was initially prepared by dissolving 0.1 g of pure 

cholesterol in an adequate amount of methanol in a 100 ml volumetric flask. The 

solution was then further diluted with methanol to reach the marked level, resulting 

in an initial stock solution of 1,000 ppm [11]. 

2-4 Preparation standard solutions from the original cholesterol solution 

To create standard solutions with varying concentrations (10, 20, 30, 40, 50 ppm), 

the original cholesterol standard solution (1000 ppm) was used. These standard 

solutions served as reference samples, with 20 µL of each solution individually 

injected into the HPLC. 

 

2-5 Calibration curve 

To generate a linear calibration curve, standard solutions were prepared and injected 

into an HPLC/UV instrument using a mobile phase consisting of acetonitrile, 
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methanol, and 2-propanol in a ratio of 1:3:7. The injections were done sequentially 

at a flow rate of 1.6 ml/min and at room temperature. A C8 column was used, and 

the absorbance was measured at a wavelength of 205 nm. The concentrations of the 

standard solutions were plotted on the x-axis, while the corresponding response 

values (peak area) were plotted on the y-axis. The slope and intercept of the 

calibration curve were determined based on the calculated values, which can be 

found in Table 1 and Figure 1. The response measurements were repeated three times 

(n=3), and a strong linear correlation was observed with a correlation coefficient 

(R2) of 0.9986. The linear equation derived from the data is y = 5886.33x + 2771.9 

[11]. 

Table 1: Linear functions of the standard curve for cholesterol. 

NO. Parameter Value 

1 Slope a 5886.3 

2 Intersection b 2771.9 

3 Correlation coefficient R2 0.9986 

4 Standard deviation (SD) 4027.556 

5 Repetitive readings of N. 5 

6 Level of significance p Less than 0.0001 

7 The minimum detectable limit 

LOD* 

0.226 mg/100g 

8 The quantitative limit of 

detection LOQᶲ 
0.684 mg/100g 

*It is the lowest detectable concentration of the analyte that can be measured with acceptable 

statistical accuracy. 

ᶲThe minimum detectable concentration for the analyte can be estimated using appropriate 

standard materials. 
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Figure 1: Cholesterol calibration curve. 

 
Table 2: Average peak areas for different concentrations of standard solutions of cholesterol. 

N

O. 

Conce

ntratio

n 

(ppm) 

Peak area 

(micro volts/s) 

n=3 

Wavelengt

h (λ) 

Flow rate 

 (mL/min) 

Retention 

time (min) 

Mobil Phase 

1 10 64680  

 

205 nm 

 

 

1.6 

 

 

3.8 

 

 

(Acetonitrile, 

Methanol, 

2-Propanol) (1:3:7) 

2 20 118486 

3 30 178375 

4 40 234057 

5 50 301211 

 

2-6 Preparation of Saponification Solution 

To create the saponification solution, a precise amount of 5.6 g of potassium 

hydroxide (KOH) was weighed and transferred to a standard 200 ml flask. Methanol 

was then added to the flask until it reached the mark, resulting in an alcoholic 

potassium hydroxide solution with a concentration of 0.5 M, as described in 

references [12,13]. 

2-7 Preparation of the Moving Phase 

The mobile phase utilized in this study consisted of a mixture of acetonitrile, 

methanol, and 2-propanol in a ratio of 7:3:1. To prepare the mobile phase, 350 ml of 

acetonitrile, 150 ml of methanol, and 50 ml of 2-propanol were measured using a 

calibrated standard flask and combined in a 1000 ml bottle. Prior to using the mobile 

phase in the HPLC instrument, the bottle containing the mixture was subjected to 15 

minutes of ultrasonic cleaning to eliminate any trapped gases [14]. 

 

2-8 Estimation of Cholesterol in the Studied Samples 

1. To extract cholesterol from the dairy product samples, the direct saponification 

method was employed. Accurate weights of 0.2 g of butter, 0.6 g of cheeses, and 1 

g of cream and yogurt were separately transferred to spiral-capped Teflon-coated 

test tubes. Saponification was carried out by adding 2 ml of 0.5 M methanolic 

potassium hydroxide solution to each tube, which was then placed in a hot water 

bath at 80°C. The tube contents were stirred every 5 minutes during a 15-minute 

saponification period. The unsaponified portion was then extracted by adding 5 ml 

of hexane and 2 ml of distilled water. After vigorous shaking for 10 minutes, the 
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mixture was centrifuged at 1400 revolutions per minute for 5 minutes. This 

extraction process with hexane was repeated three times using 5 ml each time. The 

resulting hexane extracts were combined in a 50 ml round-bottomed glass flask with 

a cover. The total extract was evaporated to dryness at 70°C using a rotary 

evaporator. The remaining extract was dissolved in 2 ml of methanol, and 20 µL of 

the solution was directly injected into the HPLC instrument. This injection process 

was repeated three times, and cholesterol quantification was performed using a 

calibration curve of standard cholesterol solutions. These analyses were conducted 

at the Higher Institute for Drug Standards and Quality in Khormaksar, Aden 

Governorate [12,13]. 

 

2. The analysis of ghee and oil samples was performed using two different methods. 

In the first method, local ghee, fragrant ghee, sesame oil, and palm oil underwent 

direct saponification followed by cholesterol extraction from the unsaponifiable 

portion using hexane solvent. This extraction process was conducted following the 

same steps mentioned earlier for the dairy samples. Subsequently, 20 µL of the 

extract was taken after drying and dissolving it in 2 ml of methanol, which was then 

injected into an HPLC device. The injection process was repeated three times for 

consistency [11]. 

In the second method, samples of local ghee, Qamaria ghee, pent ghee, mountain 

ghee, and Amazon ghee were prepared by weighing 0.250 g of ghee and dissolving 

it in 5 ml of acetone. The solution was then transferred to a 50 ml volumetric flask 

and completed to volume with methanol. To ensure complete dissolution and 

removal of gases, the flask was subjected to ultrasonic waves for 10 minutes. A 

portion of the solution was then centrifuged at 1500 revolutions per minute for 10 

minutes. Subsequently, 20 µL of the solution was injected into the HPLC instrument 

three times to obtain consistent readings [11]. 

 

 

2-9 Statistical analysis 

The Origin 7.5 program, a powerful statistical analysis tool, was employed to 

perform rigorous data analysis in this study. To investigate the variations in the data, 

one-way ANOVA analysis was conducted, which is a robust statistical method 

commonly utilized in research to determine whether there are significant differences 

between groups. In this study, a significance level of P < 0.05 was adopted, implying 

that any observed differences between the means had to be statistically significant at 

this threshold to be considered meaningful. 
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To further ascertain the presence of statistically significant differences between the 

means, the least significant difference (LSD) was calculated. The LSD method is an 

effective post hoc test that enables researchers to compare pairs of means within the 

groups and determine if there are any statistically significant disparities. This 

approach provides a comprehensive understanding of the data by assessing the 

magnitude and significance of differences between multiple sets of mean values. 

By employing the Origin 7.5 program for statistical analysis and conducting one-

way ANOVA with a significance level of P < 0.05, coupled with the calculation of 

the LSD, this study ensures a rigorous examination of the data, allowing for precise 

conclusions to be drawn. The implementation of these statistical techniques 

contributes to the credibility and reliability of the research findings, enabling a 

comprehensive evaluation of the results obtained [15]. 

 

3- Results and Discussion 

The chromatographic analysis results of the samples under study are presented in 

Figures 2-15. These results aim to differentiate between the various types of samples. 

In particular, the first variety corresponds to dairy products samples, which are 

classified based on their manufacturing origin and the type of fat added to the 

product. This includes products with animal fat such as local production butter, cow 

cheese, sheep cheese, as well as foreign production cheddar cheese. Additionally, 

there are products with vegetable fat, such as foreign production cream and national 

production margarine. Furthermore, there are national production products with 

animal fat, like local light yogurt, and others with vegetable fat, such as Hana light 

yogurt and Hana yogurt (Table 3). 

 

Moving on to the second variety (Table 4), it pertains to ghee and oil samples. These  

samples are categorized according to their country of origin and the type of ghee  .

The classification is as follows: locally produced cow ghee with animal fat, namely  

local ghee A and local ghee B. Moreover, there is locally produced refined vegetable 

ghee, including Qamaria, Bint, and Jabali. Additionally, there is commercially 

produced refined vegetable ghee, including Arij ghee and Amazon ghee. Lastly  ,

origin-le oils, such as locally produced sesame oil and foreignthere are vegetab  

cooking oil.  

 

To remove fats and release cholesterol from the samples, the direct saponification  

nprocess was employed as an initial step. This process has proven to be successful i  
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recovering and extracting cholesterol using appropriate solvents, thus preventing 

any loss of cholesterol [16] .  

  
Figure 2: Chromatogram of butter sample 

(cow)                   
Figure 3: Chromatogram of sheep cheese 

sample 
 

 

  
Figure 4: Chromatogram of bovine cheese 

sample                      
Figure 5: Chromatogram of cheddar cheese 

sample 
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Figure 6: Chromatogram of natural light yogurt 

sample                         
Figure 7: Chromatogram of commercial Al- 

Hana light yogurt sample 

 

 

  
Figure 8: Chromatogram of Al-Hana 

yogurt sample           
Figure 9: Chromatogram of local ghee (a) 

sample 
 

 

 
 

Figure 10: Chromatogram of local ghee (b) 

sample     
Figure 11: Chromatogram of Bint ghee sample 
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Figure 12: Chromatogram of Qamaria ghee 

sample 
        Figure 13: Chromatogram of Jabali ghee 

sample 
 

  
Figure 14: Chromatogram of Amazon ghee 

sample 
      Figure 15: Chromatogram of Arij ghee 

sample 
 

3-1 Dairy products samples 

Based on the results presented in Table 3 and Figure 16, it is evident that there is an 

inverse relationship between the cholesterol content and the type of fat (animal or 

vegetable) present in the dairy products under investigation. The samples belonging 

to the first category, which includes butter and cheeses (cow, sheep, and cheddar) 

with high animal fat content, as well as one domestic production sample with animal 

fat (local breed), exhibited the highest levels of cholesterol content (31.45 mg/100g 

- 245 of the product). Conversely, the commercial samples with removed animal fat 

and added vegetable fat (Hana light yogurt and Hana yogurt) showcased the lowest 

cholesterol content, aligning with the aforementioned inverse relationship. Cream 

and margarine samples had cholesterol levels below the detection limit of the device. 

 

In our study, we observed that the highest concentration of cholesterol in the butter  

19]-sample (245 mg/100g) exceeded values reported in previous studies [13,17  ,

which ranged from 228.1 mg/100g to 235.6 mg/100g. However, our results were in  

line with the cholesterol content recorded in [20, 21] (240 mg/100g, 244 mg/100g)  .
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Moreover, our findings were lower than values reported as 270.0 mg/100g, 286.4  

24]. We also noticed that the-mg/100g, and 307.0 mg/100g in other studies [22 

tter sample closely matched the findings in [14], wherecholesterol content in our bu  

the cholesterol content in butter was determined to be 253.5 mg/100g using the same 

method (HPLC). The study also indicated a cholesterol content of 84.6 mg/100g in 

cheese, which aligns with our observation of sheep milk cheese (84.243 mg/100g) .

However, the cholesterol content in our study for cow's milk cheese and cheddar  

cheese samples differed. The cholesterol content in the sheep milk cheese sample 

97.9 mg/100g). In contrast, the-corresponded to the findings of a study [25] (78.8 

cholesterol content in the butter sample ranged from 227.3 mg/100g to 307.0  

mg/100g, which matched our study's measurement (245 mg/100g). Furthermore ,

114 mg/100g) and was-our cheese samples' cholesterol content agreed with [20] (17  

143.3–76.6 mg/100g), while slightly different from [13] (61.9-close to [26] (52.3  

mg/100g). Notably, the cholesterol content in our sheep milk cheese (84.24  

mg/100g) aligned with previous studies [13,20,26] .  

 

The observed cholesterol levels in our cow's milk cheese (49.13 mg/100g) and 

cheddar cheese (41.96 mg/100g) were consistent with [20], albeit slightly lower than  

]13,26  .[In study 27, which aimed to determine the cholesterol content in various  

types of cheese, the values noted for blue cheese (50.38 mg/100g), natural cheese 

)50.38  mg/100g  ,(and hard cheese (58.36 mg/100g) were comparable to the findings  

in cow's milk cheese and cheddar cheese. However, they were lower than the 

milk cheese (84.243 mg/100g) in our recent study cholesterol content in sheep's .

Additionally, the cholesterol content in goat milk cheese and sheep milk cheese in 

]27  [were 58.61 mg/100g and 65.06 mg/100g, respectively, which were lower than  

our current study's results. In our study, the cholesterol content in cheddar cheese 

)41.96  mg/100g  (was lower than the values reported for English cheddar cheese in  

]13)  [101.2  mg/100g  (and in both studies [17,19] (107 mg/100g and 102.41  

mg/100g, respectively .(  

 

Comparing the cholesterol content (mg/100g) in the samples of natural light yogurt 

)6.29  mg/100g  ,(Hana-Hana injections (4.52 mg/100g), and commercial Al-Al  

yogurt (3.8 mg/100g) with [27] (8.17 mg/100g), we observe that our values are  

somewhat similar. The cholesterol content recorded in our study for natural light 

Hana yogurt-yogurt with animal fat was higher than that in the injections and Al  

with vegetable fat and no animal fat. This explains the lower cholesterol content in 

stent with the cholesterol content in skimmed dairythese samples, which is consi .
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fat animal yogurt-Furthermore, [14,20] reported higher cholesterol content in full 

)12.46  mg/100g, 33.6 mg/100g, and 12.2 mg/100g, respectively  (compared to our 

Hana yogurt made from-study's findings, which is expected for light yogurt and Al  

animal fat. However, study 15, which employed the HPLC method to determine the  

cholesterol content in yogurt, reported a cholesterol level of 12.7 mg/100g, slightly  

higher than our recorded value. Moreover, the cholesterol content reported for  

7.87 mg/100g) in [28] closely aligns with our findings. The–yogurt samples (7.33  

mg/100g, while cholesterol content in the sample of natural light yogurt was 6.29  

Hana light yogurt recorded levels of 4.53 mg/100g and 3.8 mg/100g-yogurt and Al ,

respectively .  

 

The variation in cholesterol content between previous studies and our study may be 

attributed to various factors, including differences in milk fat content, sample  

variations, extraction methods, and the cholesterol determination or estimation 

methods employed. 
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Table 3: Cholesterol concentration in selected dairy product samples in mg/100g 

 

Origin of 

samples 

Type of fat 

added to 

the product 

Sample 

Name 

Peak 

area 

mean 

Average 

concentration 

(mg/100g) 

 Standard 

Deviation 

(SD) 

Relative 

Standard 

Deviation 

(RSD) 

 

L
o
ca

l 
sa

m
p
le

s 
m

ad
e 

in
 a

 

tr
ad

it
io

n
al

 m
an

n
er

. 

 

 

product 

animal fat 

Butter 1444494 245a  3.357 1.37 

Sheep 

cheese 

1490516 Eighty-four 

point two four 

billion 

 1.226 1.455 

Bovine 

cheese 

870409 49.12c  1.189 2.42 

Cheddar 

cheese 

743768 42nd  1.497 3.57 

 LSD= 3.078. 

  

E
x
te

rn
al

 s
am

p
le

s 

 Local light 

yogurt 

187921 6.3e,g  0.046 0.734 

Animal fat Hana light 

yogurt 

136062 4.5f,e,g  0.091 2.03 

Hana 

yogurt 

115044 3.81g  0.140   3.66 

  LSD = 0.159 

 

Vegetable 

fat 

Cream 

(Five Star) 

N.D     

Margarine 

(Momtaz) 

N.D     

 

3-2 Samples of ghee and oil 

The analysis of clarified butter and oil samples, as presented in Table 4 and Figure 

17, yielded interesting findings. The sample of clarified butter labeled "Bint" 

displayed the highest cholesterol content (495.04 mg/100g) after undergoing 

dissolution in methanol without direct saponification and subsequent extraction with 

hexane. Conversely, the vegetable ghee "Areej" exhibited the lowest cholesterol 

level (51.96 mg/100g).  

Regarding sesame oil and palm oil samples, which underwent the same treatment as 

Areej and local clarified butter (ghee b) (saponification followed by extraction of the 

unsaponified portion with hexane), their cholesterol content fell below the detection 

limit of the device (N.D). This observation aligns with existing scientific literature 

[29], which identifies cholesterol as an animal sterol.  
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The remaining samples, including local clarified butters (ghee a) made from cow's 

milk fat, Qamiria fats, Bint, Jabali (locally made), and Amazon (imported), are 

primarily composed of vegetable oil, mostly palm oil. These products are commonly 

referred to as vegetable ghee or hydrogenated ghee. The labels attached to them state 

that they are "cholesterol-free".  

To analyze these five samples, a distinct approach was employed, involving the 

dissolution of 0.250g of each sample in an appropriate amount of acetone. The 

volume was then completed with methanol up to the mark in a 50 ml volumetric 

flask, as described in [11]. Subsequent analysis using HPLC-UV revealed the 

following cholesterol content in these samples: 304 mg/100g, 453.5 mg/100g, 

495.04 mg/100g, 368.1 mg/100g, and 411.8 mg/100g respectively.  

Comparing the cholesterol content in local clarified butter (a) (304 mg/100g) and 

local clarified butter (b) (481.5 mg/100g), we note that sample (a) has a higher 

cholesterol content despite both being local clarified butter. This disparity can be 

attributed to the different treatment methods employed. Saponification, a process 

that releases cholesterol from fatty acids bound to it in esters, as well as from 

cholesterol bound to lipoproteins, significantly contributes to the overall cholesterol 

content. The subsequent extraction with hexane, an effective solvent for cholesterol 

extraction, further aids in capturing the released cholesterol. On the other hand, local 

clarified butter sample (a) only contains free cholesterol since it did not undergo 

saponification. Consequently, the cholesterol content is limited to free cholesterol, 

resulting in a lower level compared to sample (b).  

 

This interpretation is corroborated by the striking similarity in cholesterol content 

between basil ghee (306.5 mg/100g), Pharma ghee (304.1 mg/100g), and Almarai 

ghee (307.6 mg/100g) as reported in [11]. Moreover, the cholesterol content in 

sample (b) (304 mg/100g) treated in the same manner is lower than that in sample 

(a), which underwent saponification and hexane extraction, indicating the 

effectiveness of these processes in enhancing cholesterol extraction.  

The cholesterol content in local clarified butter (a) falls within the range reported in 

[30] (303 mg/100g to 328 mg/100g), slightly surpasses that in [31] (301 mg/100g), 

and significantly exceeds the value reported in [32] (256 mg/100g).  

Interestingly, the cholesterol content in samples of hydrogenated vegetable ghee 

(Qamaria, Bint, Jabali, and Amazon) exceeds that in local clarified butter (ghee a), 

despite undergoing the same treatment. This disparity contradicts the "cholesterol-

free" claim on the commercial packaging labels and the assertions made in 

promotional TV advertisements for these products, as they are supposed to be 
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cholesterol-free due to their plant origin. Furthermore, the cholesterol content in 

these studied hydrogenated vegetable ghee samples surpasses the highest observed 

levels in Mazola ghee (302.8 mg/100g) and Halwani ghee (226.6 mg/100g) [11].  

The variation in cholesterol content observed in previous studies compared to our 

current study may be attributed to sample discrepancies or lack of standardization, 

ineffective extraction methods employed, differences in fat content in milk, lack of 

specificity in the estimation methods utilized, and seasonal variations. Additionally, 

the density of the fat emulsion, and consequently the cholesterol content, may differ, 

with high-density fat emulsion showing greater cholesterol amounts compared to 

low-density fat emulsion. 

 

Table 4: Concentration of cholesterol in samples of ghee and oil in mg/100g 

 

Sample 

origin 

Type of ghee Sample 

Name 

 Peak area 

mean 

Cholesterol 

concentration 

(mg/100g) 

Standard 

deviation 

(SD) 

Relative 

standard 

deviation 

(RSD) 

 

Local 

 

Cow ghee 

Local ghee 

a 

92630 304 11.464 3.77 

Local ghee 

b 

569543 481.5 21.505 4.46 

 

 

Local 

 

Vegetable ghee 

Commercially 

hydrogenated 

Qamaria 

ghee 

136243 453.50 11.11 2.45 

Bint ghee 148475 495.0 15.74 3.17 

Jabali ghee 111223 368.14 4.277 1.159 

Imported Vegetable ghee 

Commercially 

hydrogenated 

Arij ghee 63957 51.96 2.365 4.55 

Amazon  

ghee 

123984 411.83 1.632 0.395 

Local Vegetable oil Sesame oil N.D    

Imported Vegetable oil Cooking oil 

(Shifa) 

N.D    

LSD = 14.843 



 

 26 |  

 

  

Figure 16: Cholesterol content graphically in 

samples of dairy products (mg/100g) 

  Figure 17: Cholesterol content graphically in 

ghee samples (mg/100g)                

 

Figure 18: Comparison of cholesterol content in samples of dairy products and ghee (mg/100g)  

 

3-3 Comparison of results of samples of dairy derivatives, fats, and oils 

In the comparison of cholesterol content in samples of dairy products, ghee, and oil 

(as presented in Table 5), it is observed that ghee samples exhibit the highest average 

Dairy products

245

84.33

49 42

6.2 4.6 3.8 N.D N.D

Bovine butter Sheep cheese
Bovine cheese Cheddar cheese
Natural light yoghurt Hana  light yoghurt
 Hana yoghurt Creame
Margarine

Ghee and oil

495481.5453.48
411.83368.14

304

51.96
N.D N.D

Bint ghee Local ghee b

Qamaria ghee Amazon ghee

Jabali ghee Local ghee a

Arij ghee Sesame oil

Alshefa cooking oil

0

100

200

300

400

500

Samples

495 481.5
453.5

411.8
368.14

304
245

84.33
51.96

49
42

6.2
4.6

3.8
3.1

N.D
N.D

N.D
N.D

Bint ghee Local ghee b Qamaria ghee
Amazon ghee Jabali ghee Local ghee a
Butter Sheep cheese Arij ghee
Bovine cheese Cheddar cheese Natural Hana  light yoghurt
Hana  light yoghurt Hana yoghurt Maraie low-fat
Creame Margarine Sesame oil
Alshefa cooking oil
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cholesterol content at 285.10 mg/100g. On the other hand, dairy product samples 

show the lowest cholesterol content at 48.32 mg/100g. Previous studies attribute this 

difference to the animal fat content (suet) present in most animal ghee samples and 

dairy products, which is higher compared to pure vegetable ghee and dairy products. 

It is worth noting that there is a direct relationship between the percentage of animal 

fat and the percentage of cholesterol. In response to the association between 

consumption of full-fat dairy products and cardiovascular diseases and 

arteriosclerosis, various food industries have adopted measures recommended by the 

World Health Organization (WHO). These measures include using dairy products 

made from skimmed animal milk, low-fat animal milk, and sometimes incorporating 

vegetable fat into the products. 

These adjustments aim to reduce the cholesterol content in the final product, aligning 

with the WHO's recommendations and addressing potential health concerns 

associated with the consumption of high-fat dairy products. 

 

Table 5: Comparison of the average range of cholesterol content in samples of 

dairy products and ghee mg/100g 

 

Category 

 

 Samples 

(No.) 

Cholesterol concentration (mg/100g) 

Mean Range 

Dairy Products 9 48.32 N.D - 245 

Ghee and Oil 9 285.10 N.D - 495.0 

Table 6 and Figure 18 present the cholesterol content in all the studied samples, 

including dairy products and ghee. The samples of clarified butter exhibited the 

highest concentration of cholesterol, with values of 495.0 mg/100g, followed by 

local ghee (b) at 481.5 mg/100g, Qamaria ghee at 453.48 mg/100g, Amazon ghee at 

411.83 mg/100g, Jabli ghee at 368.14 mg/100g, and local ghee (a) at 304 mg/100g.  

Among the dairy products made from whole animal full-fat milk, the sample of 

butter displayed a cholesterol content of 245 mg/100g, while sheep milk cheese had 

a content of 84.3 mg/100g. Arij ghee had a cholesterol content of 51.96 mg/100g, 

while cow milk cheese had 49.3 mg/100g. Saudi cheddar cheese followed with a 

value of 42.0 mg/100g.  

Samples of cream, margarine, cooking oil (Shifa), and sesame oil were below the 

detection limits for cholesterol content. Additionally, the samples of raw natural 
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light yogurt contained 6.2 mg/100g, while the commercial Hana light yogurt had 4.6 

mg/100g, and the commercial Hana yogurt had 3.8 mg/100g of cholesterol. 

Table 6: Comparison of cholesterol content in samples of dairy products and 

ghee in ppm and mg/100g units 
 

3-4 Comparison between studied local and imported vegetable ghee samples 

Upon comparing local and imported samples, it was observed that local vegetable 

ghee exhibited higher levels of cholesterol in comparison to imported vegetable 

ghee. The cholesterol content in local vegetable ghee ranged from 368.14 to 495.0 

mg/100g, whereas the cholesterol content in imported vegetable ghee samples varied 

from 51.96 mg/100g to 411.83 mg/100g. These findings suggest that locally 

Quality Type of Fat Sample Name Cholesterol 

Concentration (ppm) 

Cholesterol 

Concentration (mg/100g) 

 

D
ai

ry
 P

ro
d
u

ct
s 

 

 

Whole Animal  

Fat-Full  

Cow   butter 2450 245.0 

Sheep cheese 843.3 84.33 

Bovine cheese 490 49.0 

Cheddar cheese 420 42.0 

LSD 5.825 3.078 

Whole Animal  

Fat-Full  

Natural yogurt 62.9 6.29 

Defatted with 

Added Vegetable 

Fat 

Hana light 

yogurt 

46 4.6 

Hana  yogurt  38 3.8 

LSD 0.789 0.159 

Defatted with 

Added Vegetable 

Fat 

Cream N.D N.D 

Margarine N.D N.D 

Whole Animal  

Fat-Full  

Local ghee (a) 3040 304 

Local ghee (b) 4815.0 481.50 

LSD 5.356 31.634 

 

G
h

ee
 a

n
d

 O
il

 

National Industry  

Processed  

Vegetable Ghee 

Bint ghee 4950 495.0 

Qamaria  ghee  4535.0 453.50 

Jabali  ghee  4118.3 411.83 

LSD 0.420 18.072 

Foreign Industry  

Processed  

Vegetable Ghee 

Amazon ghee 3681.4 368.14 

Arij ghee 519.6 51.96 

LSD 0.591 3.531 

Local Oil Sesame oil N.D N.D 

Foreign Oil Shifa Cooking  

Oil 

N.D N.D 
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produced vegetable ghee might have been adulterated with animal fat, as indicated 

by the results presented in Figure 19 and Table 6. Surprisingly, both local and 

imported vegetable ghee samples contained cholesterol, despite the product label 

claiming to be cholesterol-free and derived from hydrogenated palm oil. This 

discrepancy can be attributed to the lack of regulatory oversight and monitoring by 

relevant authorities, both for local and imported food products. 

 

Figure 19: Cholesterol content in samples of vegetable ghee, animal ghee, local and 

external oils in mg/100g graphically. 

 

4- Conclusion 

In conclusion, the findings of this study highlight significant disparities in the 

cholesterol content among the analyzed samples. There was a noticeable elevation 

in cholesterol concentration in samples derived from animal sources in comparison 

to those obtained from plant sources. Moreover, the results displayed variations in 

cholesterol content when compared to similar studies conducted in different 

countries, utilizing standardized analytical techniques such as high-performance 

liquid chromatography. These dissimilarities may be attributed to various factors, 

including divergent origins of dairy and fat derivatives in both animal and plant 

forms, discrepancies in cattle breeds or plant species used for the extraction of ghee 

and oil, disparities in dietary practices, processing and extraction methods, and the 

influence of physicochemical and environmental factors. Overall, these findings 

emphasize the complex nature of cholesterol content in food products and the need 

for further investigation to comprehend the underlying mechanisms influencing 

these variations. 

 

External produced
vegetable ghee

Local produced
vegetable ghee

Local ghee

411.83

495.04 481.5

51.96

453.53

304

368.14
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