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I

Dear professional colleagues, researchers and fellow students: 

We are very pleased to introduce the first issue of Jouf Science and Engineering Journal (JUSEJ). JUSEJ
was established under the generous patronage and leadership of his esteem Prof. Ismail M. Al-Beshry, the Rector of jouf 

University, Aljouf, Sakaka, KSA. Its maturity is an outcome of the consistent support of high-performing authors, a 

supportive and professional dedicated reviewers, many vigorous and conscientious editorial boards and collective input 

from the editorial board members. Various researchers who are active in the above field have been enrolled for providing 

the necessary impetus for the new journal. We are quite hopeful and shall be grateful to the service that these eminent 

scientists shall provide to the growth of JUSEJ. We are certain that the renowned scientists and academicians both from

the industry and academic institutions all over the world will be enriched by sharing their research experiences through 

JUSEJ. We are happy to invite you to submit your valuable research works in URP journals. We strongly believe that our

journal will help to develop your own professional career. 

Thanks 

Editors 
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Focus and Scope 

With its vision to promote science and scientific knowledge to everybody, Jouf Science and

Engineering Journal (JUSEJ) is an international peer-reviewed journal owned by Jouf University

with a focused aim of promoting and publishing original high quality research papers dealing with 

basic and engineering science. JUSEJ publishes rigorous and original contributions in the Science

disciplines of  

Physics Engineering, All Fields Applied Biology 
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Biochemistry Computer Science Plant Biology 
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The papers published in Jouf Science and Engineering Journal (JUSEJ) should present novel

results and have either theoretical significance or practical utility or both. They may be presented 

in the form of full articles, short communications or state-of-the-art reviews. 

 All contributions will be rigorously reviewed to ensure both scientific quality and technical 

relevance. Revisions of manuscripts may thus be required. 

Manuscripts must be submitted in the English language and authors must ensure that the article 

has not been published or submitted for publication elsewhere in any format, and that there are no 

ethical concerns with the contents or data collection. The authors warrant that the information 

submitted is not redundant and respects general guidelines of ethics in publishing. All papers are 

evaluated by at least two international referees, who are known scholars in their fields. 

Objectives 

The main objective of JUSEJ is to provide an international forum for academics, researchers,

industry leaders, and policy makers to investigate and exchange novel ideas and disseminate 

knowledge and information covering the broad range of natural science and industrial activities. In 

addition, it aims to establish an effective channel of communication between policy makers, 

government agencies, academic and research institutions and persons concerned with basic 

science and its applications. It also aims to promote and coordinate developments in the fields of 

natural science, engineering science and other related fields. The international dimension is 

emphasized in order to overcome cultural and national barriers and to meet the needs of 

accelerating ecological and technological advances in all industries and the global society and 

economy. 

Open Access Policy 

This journal provides immediate open access to its content on the principle that making research 

freely available to the public supports a greater global exchange of knowledge. 

All published manuscripts will be available on the Journals website http://vrgs.ju.edu.sa/#. We 

strongly believe that our journal will help to develop your own professional career. You can 

communicate with us at any time, throughout the publishing process.  

EDITORIAL OFFICE & COMMUNICATION 

Jouf Science and Engineering Journal (JUSEJ)

Jouf University, Sakaka, 2014, Aljouf, Saudi Arabia

Email: ajbse@ju.edu.sa 

http://vrgs.ju.edu.sa/
mailto:AJBSE@ju.edu.sa
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GUIDE FOR AUTHOR 

TYPES OF CONTRIBUTIONS 

Original research papers and occasional reviews, 

short communications, letters, letters to the 

editor and news items. Please ensure that you 

indicate clearly the appropriate article type when 

making your submission.  

BEFORE YOU BEGIN 

Ethical guidelines 

Confidentiality 

All material submitted to Science Journal of 

Jouf University (SJJU), accordingly to Jouf

Science, Engineering Journal (JUSEJ) remains

confidential, and the Editor operates a peer 

review system in which the identity of the 

referees is protected. 

Duplicate publication 

Duplicate publication is the publication of the 

same paper or substantially similar papers in 

more than one journal. Authors must explain in 

the submission letter any prior publication of the 

same or a substantially similar paper, and should 

explain any circumstances that might lead the 

Editor or reviewers to believe that the paper may 

have been published elsewhere (for example, 

when the title of a submitted paper is the same as 

or similar to the title of a previously published 

article). 

If work that makes up more than 10% of the 

manuscript submitted to JUSEJ has been

published elsewhere, please provide a copy of 

the published article in order that the Editor can 

make a judgment on the amount of overlap 

without delay. If a member of the editorial board 

learns that work under consideration has 

previously been published in whole or in part, 

the Editor may return the paper without review, 

reject the paper, announce the duplication 

publicly in an editorial and/or contact the 

authors’ employers. 

Submission of manuscripts to more than one 

journal 

Authors may not send the same manuscript to 

more than one journal concurrently. If this 

occurs, the Editor may return the paper without 

review, reject the paper, contact the Editor of the 

other journal(s) in question and/or contact the 

authors’ employers. 

Plagiarism and scientific misconduct 

Plagiarism is the use of others’ published and 

unpublished ideas or words (or other intellectual 

property) without due reference or permission 

and/or their presentation as new and original 

points. Plagiarism is serious scientific 

misconduct and will be dealt with accordingly. 

All papers submitted to the journal is cheched 

with iThenticate   program for plagiarism. We 

define plagiarism as a case in which a paper 

reproduces another work with at least 15% 

similarity and without citation. 

If evidence of plagiarism is found before or after 

acceptance or after publication of the paper, the 

author will be offered a chance to defend his/her 

paper. If the arguments are found to be 

unsatisfactory, the manuscript will be retracted 

and authors found to have been guilty of 

plagiarism will no longer have papers accepted 

for publication by JUSEJ.

iThenticate compares submitted documents to 

extensive data repositories to create a 
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comprehensive Similarity Report, which 

highlights and provides links to any significant 

text matches, helping to ensure that you are 

submitting an original and well-attributed 

document.  

Data auditing 

The journal reserves the right to view original 

figures and data and may make periodic requests 

to see these. 

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 

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 including 

electronically in the same form, in English or in 

any other language, without the written consent 

of the copyright-holder. 

Changes in authorship 

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 before the accepted 

manuscript is published and must include: (a) 

the reason for the addition, removal, or 

rearrangement of the authors
,
 names 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 is 

suspended until authorship has been agreed. 

Copyright 

Upon acceptance of an article, authors will be 

asked to complete a 'Journal Publishing 

Agreement' An e-mail will be sent to the 

corresponding author confirming receipt of the 

manuscript together with a 'Journal Publishing 

Agreement'. 

Subscribers may reproduce tables of contents or 

prepare lists of articles, including abstracts for 

internal circulation within their institutions. 

Permission of the Publisher is required for resale 

or distribution outside the institution and for all 

other derivative works, including compilations 

and translations. 

If excerpts from other copyrighted works are 

included, the author(s) must obtain written 

permission from the copyright owners and credit 

the source(s) in the article.  

Retained author rights 

As an author you (or your employer or 

institution) have the right to use your articles for 

a wide range of scholarly purposes. 

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 



JUSEJGUIDE FOR AUTHOR 

Jouf University Science and Engineering Journal (JUSEJ):     2018; 5(2):  i - vii  iii 

for publication. If the funding source(s) had no 

such involvement then this should be stated 

Subscription 

Articles are made available to subscribers as 

well as developing countries and patient groups 

Language (usage and editing services) 

Please write your text in good English 

(American or British usage is accepted, but not a 

mixture of these). If the English language is 

used, extra abstract in Arabic should be 

provided. 

 Submission 

To submit your paper, please send your 

manuscripts by e-mail to the Editor 

(AJBSE@ju.edu.sa). You must submit the 

manuscript in a single electronic file. The 

manuscript should be edited using Microsoft 

(MS) Word (2003 up to 2010, with .doc or .docx 

extension) 

Referees 

Please submit, with the manuscript, the names, 

addresses and e-mail addresses of three potential 

referees. Note that the Editor retains the only 

one who has the right to decide whether or not 

the suggested reviewers are used. 

PREPARATION 

Use of word processing software 

Manuscripts must be in an electronic format that 

meets the following specifications: 

 Do not submit a manuscript file as a PDF

file. Remove line numbering.

 The manuscript file—with tables and

figures placed at the end of the file, each on

a separate page—should be in Microsoft

Word (2003 up to 2010, with .doc or .docx

extension).

 Do not use the Microsoft Word “Styles and

Formatting” or “Track Changes” features in

the file.

 Tables should be in MS Word (.doc or

.docx), one table to a page using hard page

breaks.

 Figures (graphics of any kind) should be

placed at the end of the Word document as

images, one figure to a page using hard

page breaks.

 Equations may be created and inserted as

part of the text, or they may be submitted as

images embedded within the text.

ARTICLE STRUCTURE 

Manuscript Page setup 

 Margins: 25.4 mm (1 in.) top, 25.4 mm (1

in.) left; adjust the settings for bottom and

right margins so that the text area is not

more than 165.1 mm by 228.6 mm (6.5 in.

by 9 in.)

 Font (typeface): Times New Roman, no

smaller than 10 points.

 Numbering: Insert page numbers at upper

right of each page; insert name(s) of

author(s) at upper left of each page

 Text: Single-spaced.

 Paragraphs: Indent first line 12.7 mm (0.5

in.); do not use an extra line space between

paragraphs; do not indent first line after a

subhead.

Subheads: All subheads should be flush with the 

left margin, with one line space above. 

Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). 

FIRST-LEVEL SUBHEAD 

 (all capitals, boldface, on separate line)  

 Second-Level Subhead  

 (initial capitals, boldface, on separate line) 

 Third-Level Subhead  

 (initial capitals, italic, on separate line)  

mailto:AJBSE@ju.edu.sa
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 Fourth-Level Subhead (initial capitals, 

boldface, on same line as text, with extra letter 

space between the subhead and text)  

 Fifth-Level Subhead (initial capitals, italic, on 

same line as text, with extra letter space between  

 the subhead and text) 

• Bulleted and numbered lists: Indent first line

12.7 mm (0.5 in.); do not indent for text 

runovers. 

 Table Titles and Figure Captions: 

 TABLE 5 Effects of All Factors 

 (Insert title above the table; “Table” is all 

capitals; title is initial capitals; all types are 

boldfaced;  

 Extra space, but no punctuation after number; 

no punctuation at end of title.) 

 FIGURE 3 Example of results. 

 (Insert caption below the figure; “Figure” is all 

capitals; caption is sentence case; all type is 

boldface; extra space but no punctuation after 

number; period at end of caption.) 

Body of the manuscript 

Introduction 

State the objectives of the work and provide an 

adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Materials 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. 

Theory/calculation 

A Theory section should extend, not repeat, the 

background to the article already dealt with in 

the Introduction and lay the foundation for 

further work. In contrast, a Calculation section 

represents a practical development from a 

theoretical basis. 

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 may be 

presented in a short Conclusions section, which 

may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should 

be identified as A, B, etc. Formulae and 

equations in appendices should be given separate 

numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are 

often used in information-retrieval systems. 

Avoid 

abbreviations and formulae where possible. The 

title should be all capitals.  

• 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 
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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. 

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. 

Abbreviations 

Define abbreviations that are not standard in this 

field in a footnote to be placed on the first page 

of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at 

their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations 

throughout the article. 

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.). 

Nomenclature and units 

Follow internationally accepted rules and 

conventions: use the international system of 

units (SI). 

If other quantities are mentioned, give their 

equivalent in SI.  

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 



JUSEJGUIDE FOR AUTHOR 

Jouf University Science and Engineering Journal (JUSEJ):     2018; 5(2):  i - vii  vi 

the end of the article. Do not include footnotes in 

the Reference list. 

Table footnotes 

Indicate each footnote in a table with a 

superscript lowercase letter. 

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. 

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. 

Journal abbreviations source 

Journal names should be abbreviated according 

to the List of title word abbreviations 

http://www.sciencemag.org/site/feature/contribin

fo/prep/res/journal_abbrevs.xhtml 

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

http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
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• Full postal address

• Phone numbers

• Keywords

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 

(including the Web) 

• Color figures are clearly marked as being

intended for color reproduction 

AFTER ACCEPTANCE 

Proofs 

One set of page proofs (as PDF files) will be 

sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs 

will be sent by post). If there is any correction, 

please list your corrections quoting line number. 

If, for any reason, this is not possible, then mark 

the corrections and any other comments on a 

printout of your proof and return by fax, or scan 

the pages and e-mail, or by post. Please use this 

proof only for checking the typesetting, editing, 

completeness and correctness of the text, tables 

and figures. Significant changes to the article as 

accepted for publication will only be considered 

at this stage with permission from the Editor. 

We will do everything possible to get your 

article published quickly and accurately – please 

let us have all your corrections within 48 hours. 

It is important to ensure that all corrections are 

sent back to us in one communication: please 

check carefully before replying, as inclusion of 

any subsequent corrections cannot be 

guaranteed. Proofreading is solely your 

responsibility.  

Offprint 

The corresponding author, at no cost, will be 

provided with a PDF file of the article via email 

(the PDF file is a watermarked version of the 

published article and includes a cover sheet with 

the journal cover image and a disclaimer 

outlining the terms and conditions of use). For 

an extra charge, paper offprints can be ordered 

via the offprint order form which is sent once the 

article is accepted for publication. Both 

corresponding and co-authors may order 

offprints at any time via e-mail 

(ajbse@ju.edu.sa) 

AUTHOR INQUIRIES 

For inquiries relating to the submission of 

articles (including electronic submission) please 

visit this journal's homepage. Contact details for 
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This study aims to investigate the effect of garlic on chronic consumption of reused palm oil-induced 

histopathological and immunohistochemical changes in hepatic and cardiac tissues of male rats. Twenty five 

male rats weighing about 150-180 g were divided equally into 5 groups and given treatment as follows: group 

1 (-ve control) no application, group 2 ( +ve control) received 250 mg/kg/day of garlic, group 3 ( +ve control) 

fed with fresh palm oil (FPO) at a dose of 15 g per day per rat, group 4 (treated group) administered 15 

g/day/rat of reused palm oil (RPO) and group 5(treated group) received 15 g/day/rat of RPO and 250 

mg/kg/day garlic. All doses were given orally by stomach tube for 8 weeks. Microscopic examination of RPO 

group showed damage to the liver tissue including steatosis, apoptosis, and necrosis in hepatocytes associated 

with chronic inflammatory cells infiltration in the portal triade compared with other groups. Histological 

sections of the heart showed fat degeneration, necrosis and cytoplasmic eosinophilia with infiltration of 

leukocytes in cardiomyocytes. Immunohistochemical results showed increased number of caspase-3 positive 

cells in liver and heart tissues of RPO group compared with other groups. However, these debilitating effects 

were ameliorated following garlic administration. If these results are to be extrapolated to humans, then the 

chronic consumption of reused palm oil diet should be seriously discouraged. 

Keywords: Garlic, Histopathological, Immunohistochemical changes, Reused palm oil. 

1. INTRODUCTION

Deep-frying of foods is considered everywhere in the world to be the most common and one of the 

oldest methods of food preparation. In this process, edible oils tend to be used repeatedly for frying to 

reduce the expenses. Several rounds of hearting at high temperature induce alterations in both physical 

and chemical properties of the oils. During heating, many oxygen derivatives and free radicals are 

produced, that impose a threat to bodily tissues, causing cancer, mutation, and atherosclerosis [1, 2].  

Palm oil is cooking oil, obtained from the fruit of the palm tree, Elaeis guineensis. Repeatedly 

heating denatures palm oil comparing to the nutritionally healthy fresh palm oil and generates free 

oxygen radicals that initiate apoptotic or necrotic cell death. Chronic consumption of repeatedly heated 
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palm oil is perceived to be associated with 

several ailments in the body that have been 

reported to result from increased generation of 

free radicals which are known to be very 

reactive, cytotoxic and destructive to tissues [3, 

4, 5, 6, and 7]. In addition, the very reactive free 

radical species that are generated have been 

implicated in aetiology of diseases such as fatty 

liver, hepatocellular damage, cardiovascular 

disorders, growth retardation, arthritis and 

anaemia [8, 9, 10]. 

Natural substances which are derived from 

plants such as flavonoids, have captured great 

interest in recent years due to their numerous 

pharmacological properties, such as antitumor 

and antioxidant activity [11]. In various 

cultures, garlic (Allium sativum) has been used 

as a favourite additive in food and other medical 

applications. It is known that garlic contains 

several bioactive compounds that retard the rate 

of oxidation by scavenging free radicals. 

Allicin, a thiosulphinate extract of garlic, has 

been believed to be a very strong antioxidant. 

Moreover, garlic has been reported to have 

antimicrobial, antiprotozoal antiplatelet, 

antimutagenic, and antihyperlipidemic 

properties [12, 13]. 

Consumption of reheated palm oil for a long 

time results in several complications, so 

research on natural antioxidants such as garlic 

which is cheap and potent in preventing these 

pathologies is desirable [14]. Therefore the aim 

of this study was to investigate the role of garlic 

in the attenuation of histopathological and 

immunohistochemical changes in rat tissues, 

such as liver and heart tissues, attributable to 

reused palm oil consumption.  

2. MATERIALS AND METHODS

  2.1 materials 

The fresh palm oil was purchased from 

Arma Food Industries Company, Tenth of 

Ramadan City, Egypt and directly used for 

animal feeding. Reused Palm oil was collected 

from the fast food joints and restaurants located 

in and around Mashtool EL-Sook, Sharkia , 

Egypt ( oil recycled for 8 to 10 times). The 

natural antioxidant (odorless garlic) bottle of 

500 mg was obtained from El-Ezabby 

pharmacy; Cairo, Egypt. Other chemicals were 

of analytical grade. 

  2.2  Methods 

The 25 male rats (Rattus  norvegicus ) of 90 

days old, weighing about 150-180 g, used in 

this study were purchased from the 

Experimental Animals Laboratory of College 

of Veterinary Medicine, Zagazig University, 

Zagazig, Egypt. Animals were kept to be 

acclimatized for two weeks before starting of 

the experimentation. All treatments with such 

animals were performed according to 

institutional and governmental guiding 

principles. Standard diet and water were given 

ad libitum. Animals were divided into 5 groups 

(n = 5 animals per group). No application was 

made to group 1 (-ve control), group 2 (+ve 

control) received 250 mg/kg/day of garlic, 

group 3 (+ve control) fed with fresh palm oil 

(FPO) at a dose of 15 g per day per rat, group 4 

(treated group) administered 15 g/day/rat of 

reused palm oil (RPO) [15] and group 5(treated 

group) received 15 g/day/rat of RPO and 250 

mg/kg/day garlic. All does were injected orally 

by stomach tube daily for 8 weeks. 

  2.3 Histopathological examination 

     At the end of the experimental duration 

after 8 weeks, rats were anaesthetised with 

ether; liver and heart samples were carefully 

dissected and fixed in 10% formalin, 

dehydrated through graded series of alcohol and 

embedded in paraffin. Sections (5μm) were cut 

and stained for histopathological examination 

using standard procedures for Hematoxylin and 

Eosin stain [16]. 

 2.4 Immunohistochemical staining and 

quantitation of Caspase-3 

Caspase-3 immunohistochemistry was 

performed using an anti-caspase-3 antibody for 

visualization of the caspase-3 expression. Thin 

sections of paraffin embedded livers and hearts 

were cut into 5 µm and mounted on positively 

charged slides for caspase-3 
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immunohistochemistry. Slides were 

deparaffinized, dehydrated then washed in 

phosphate buffer saline and covered with 

peroxide block staining (PBS) to block of 

endogenous staining and incubated for 10 

minutes at room temperature in humidity 

chamber. Monoclonal mouse caspase-3 

antibody, Lab vision, USA [17] was applied on 

the tissue sections then incubated horizontally 

in humidity chamber for an hour, at room 

temperature. After removal of excess buffer, the 

sections were incubated in preformed strept 

avidin peroxidase. DAB substrate- chromogen 

(3.3- Diaminobenzidine tetrahydrochloride) 

was applied on slides for 5-15 minutes until the 

desired brown color was obtained. Counter - 

staining was done by using Mayer's 

haematoxylin[18]. For evaluation and 

quantitation of apoptotic events: caspase-3 

positive apoptotic cells were counted manually 

in randomly chosen fields of the respective liver 

and heart sections. Hepatocytes and 

cardiomyocytes were considered positive for 

caspase-3 only when definite brown staining of 

the nucleus and/or cytoplasm was identified .In 

addition, the number of caspase-3 positive cells 

was determined in representative fields 

(corresponding to a total number of ∼1,000 

cells/rat). Labeling index (LI) of caspase-3 

immunohistochemistry was then calculated as 

follows: number of apoptotic cells/total number 

of cells ×100[19]. 

Statistical analysis: The data obtained were 

subjected to statistical analysis. All values were 

given as mean ± standard error (MSE) of 

measurement. To determine the differences 

among all groups, one-way analysis of variance 

(ANOVA) and post hoc LSD analysis were 

performed using the SPSS/PC computer 

program (version 16). Statistical significance 

was determined at p < 0.05. 

3. RESULTS AND DISCUSSION

  3.1 Histopathological Results 

Examination of H & E sections of group ‘1’ 

(control), group ‘2’ fed with 250 mg/kg of 

garlic for 8 weeks and group ‘3’ fed with 15 g 

per day per rat of FPO for 8 weeks showed a 

normal liver architecture. Sections of group ‘4’ 

that fed with 15 g per day per rat of RPO for 8 

weeks showed microvesicular steatosis, 

inflammatory cells and hepatocellular 

apoptosis. Similar histopathological changes 

have been previously reported in rats treated 

with reheated palm oil [20, 21, and 22]. 

Apoptotic features such as nuclear 

fragmentation and eosinophilic apoptic bodies 

were seen [23].While sections of group‘2’ that 

fed with15 g per day per rat of RPO and 250 

mg/kg of garlic for 8 weeks showed a slightly 

improvement in liver tissue was in the form of 

less degenerative changes compared with group 

‘4’ (Figure 1). 

Histological examination of cardiac tissue 

sections of group‘1’ (control), showed normal 

cardiomyocytes with large, oval nuclei 

centrally located in the cardiac muscle fibers. 

Similar patterns have been found in animals of 

group‘2’ and group ‘3’. Animals of group ‘4’ 

that treated with 15 g per day per rat of RPO for 

8 weeks showed sever necrosis and fat 

degeneration in the cardiomyocytes. This is in 

agreement with observations recorded by 

Leong et al. 2008[24] that prolonged 

consumption of repeatedly heated palm oil 

causes necrosis in cardiac tissue of male rats. 

While animals in group ‘5’ treated with RPO 

and garlic for 8 weeks showed slightly 

improvement in the cardiomyocyte muscle 

fibers (Figure 2). It is worth of mentioning that 

all the above mentioned histopathological 

changes may be attributed to RPO toxicity by 

generation of free radicals and toxicant brought 

about by oxidation that occurred in palm oil. 

Lipid peroxidation refers to the oxidative 

degradation of lipids whereby free radicals 

attack electrons from lipids in the cell 

membrane, thus causing cell damage [25]. 

Moreover, the ameliorative role of garlic on 

pathological changes may be due to its 

antioxidants that may have helped mop up the 

free radicals generated by reused palm oil [26] 

.These antioxidants protect cells and 

biomacromolecules against the harmful effects 
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of free radicals and prevent oxidative 

degradation [27]. 

Fig 1: (a) Photomicrograph of group1: control (400× H & E), liver with normal cords of hepatocytes (arrows) and central 

vein (CV). (b) Photomicrograph of group 2: garlic (400× H & E), normal sinusoids (arrows) and central vein (CV). (c) 

Photomicrograph of group3: FPO (100× H & E), central vein (CV) and normal portal triade (PT). (d) Photomicrograph of 

group4: RPO (400× H & E), microvesicular  steatosis within hepatocytese (arrows), eosinophilic apoptotic bodies(arrow 

heads) and nuclear fragmentation (thick arrow). (e) Photomicrograph of group4, RPO (400× H & E), intense mixed character 

inflammatory cell infiltration (arrows), hemorrhage (thick arrow) and apoptosis (arrow head), (f) Photomicrograph of group5: 

RPO and garlic (400× H & E), slightly improvement in the liver architecture. 

3.2. Immunohistochemical results 

Apoptotic feature was confirmed by 

caspase-3 immunohistochemistry. The 

detection of caspase-3 is a valuable tool in 

histological labeling of dying cells [28]. 

Representative images of caspase-3 

immunohistochemistry of liver sections are 

presented in figure 3. The present results 

showed that no significant increase in caspase-

3 immunolabled hepatocytes was noted in 

control groups (group ‘1’, group‘2’   and group 

‘3’) and caspase-3 LI was 3±2.1, 5.1±2.2 and 

5±2.0 respectively. The caspase-3 LI was 

significantly (p value<0.05) increase in RPO-

treated rats (group‘4’) comparing with all other 

groups. The mean value of caspase-3 was 

15.4±1.7. While, co-administration of garlic 

with RPO to animals of group ‘5’ induced 

significant (p value<0.05) decrease in caspase-

3 LI which was 12.5±1.9 comparing with that 
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of group ‘4’ (Figure 5). Similar findings were 

previously reported by Leong et al. 2015[29] 

that the ingestion of reheated cooking oils such 

as palm oil may lead to cell necrosis and 

apoptosis.    

Fig. 2: (a) Photomicrograph of longitudinal cardiac section of group1: control (400× H & E), normal cardiac muscle fibers 

(arrow) and nucleus (N).(b) Photomicrograph of longitudinal cardiac section of group2:garlic(400× H & E),connective tissue 

endomysium (arrows). (c) Photomicrograph of longitudinal cardiac section of group3:FPO(400× H & E),branching of cardiac 

muscle (M).(d) Photomicrograph of transverse cardiac section of group 4:RPO (400× H & E), sever necrosis  of cardiac muscles 

(arrows ) and fat degeneration( arrow heads ).(e) Photomicrograph of longitudinal cardiac section of group4:RPO(400× H & E), 

cytoplasmic eosinophilia with infiltration of leukocytes(arrows). (f) Photomicrograph of transverse cardiac section of group5: RPO 

and garlic (400× H & E), slight improvement in cardiac tissue with rupture of some muscle fibers (arrow).

Examination of cardiac tissue sections 

from rats of control groups: group ‘1’, group ‘2’ 

and group ‘3’ showed rare caspase-3 

immunoreactive cardiomyocytes. On the other 

hand, sections of treated rats, group‘4’and group 

‘5’ showed increased caspase-3 positive 

cardiomyocytes (Figure 4). Caspase-3 LI of 

control groups was 2.1±0.70, 2.6±0.73 and 
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3.1±0.71 respectively. There was significant (p 

value<0.05) increase in caspase-3 LI of group‘4’ 

comparing with control groups and the mean 

value was 8.4±0.69. On the other hand 

significant decrease in number of apoptotic 

cardiomyoctes was identified in RPO and garlic 

– treated animals (group 5) and the mean value

of caspase-3 LI was 7.9±0.70 (Figure 5). This 

decrease in apoptotic cardiomyoctes may be due 

to blocking or delaying apoptosis induced by 

garlic consumption [30, 31, 32].Recent reports 

indicated that heating edible oils to high 

temperature induced apoptosis of mitochondrial 

and death receptor pathways leading to cell 

death. DNA found in mitochondria is the 

primary site of free radical damage. Extensive 

DNA damage in mitochondria contributed to the 

free radicals. Therefore, mitochondria cannot 

perform well, thereby causing cell death [33, 

34].   

Fig 3: Photomicrographs of liver sections stained with caspase-3 (a) group1: control (400× caspase-3 immunostain),rare 

caspase-3 immunopositive hepatocytes (arrow). (b) group 2: garlic(400× caspase-3 immunostain),rare caspase-3 

immunopositive hepatocytes(arrow). (c) group3:FPO(400× H & E), rare caspase-3 immunopositive 

hepatocytes(arrows) .(d),(e),(f) group4: RPO (400× caspase-3 immunostain). (d) large focal area of positive cytoplasmic stain 

for caspase-3 (arrows) associated with fatty degeneration in hepatocytes. (e) Equivocal increased number of caspase-3  

immunopositive perivascular  hepatocytes (arrows). (f) group 5:RPO and garlic (400× caspase-3 immunostain), few number 

of caspase-3 immunopositive hepatocytes could be observed. 
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Fig. 4: (a) Photomicrograph of longitudinal cardiac section of group1: control (400× caspase-3 immunostain). (b)

Photomicrograph of longitudinal cardiac section of group2: garlic (400× caspase-3 immunostain). (c)Photomicrograph of 

transverse cardiac section of group3: FPO (400× caspase-3 immunostain).(d) Photomicrograph of transverse cardiac section 

of group 4: RPO (400× caspase-3 immunostain).(e) Photomicrograph of longitudinal cardiac section of group 5: RPO and 

garlic (400× caspase-3 immunostain.

Fig.5:  Labeling Indices (LI) of Caspase-3 Immunostaining in Liver and Heart of Male Rats after 8 Weeks. Values are 

Mean ± S.E. of 5 rats. p value <0.05    a, b, c  different superscript letters within the same column show significant differences 

among the groups.
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4. CONCLUSION
The present work has revealed that reused

palm oil (RPO) consumption is hazardous to 

health. This is consequent upon the 

observations that it induced histopathological 

and immunohistochemical alterations such as 

necrosis and apoptosis in hepatic and cardiac 

tissue sections obtained from treated male rats. 

However, administration of garlic as a natural 

antioxidant, to RPO-treated animals for 8 

weeks ameliorated these pathological changes. 

If these results are to be applicable to humans, 

then the chronic consumption of reused palm 

oil diet should be seriously discouraged.  
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1. INTRODUCTION

The quality of various machined parts in 

many industries rely on the finished properties of 

such components. Among which is the surface 

roughness. Conventional machining operations 

such as cutting and machining produce huge 

surface irregularities. A surface treatment process 

is often required to smooth out these surfaces and 

deliver desirable parts’ quality. Such quality can 

have beneficial effects on the components such as 

increasing wear resistance, increasing the load-

carrying capacity, and increasing life and fatigue 

endurance. Burnishing is a cold-work process 

that is used to improve the surface properties of 

machined parts. The concept behind burnishing is 

based on plastically deforming irregularities in 

the surface of the components causing the 

material to flow from peaks to valleys and hence 

enhance the overall surface roughness. Previous 

studies showed that burnishing can improve 

surface finish, increase hardness and compressive 

residual stresses [1,2]. Upon process completion, 

elastic recovery occurs beneath the hardened 

layer due to dislocation movement. Also, strain 

hardening and compressive stresses occur at the 

burnished surfaces. 

There is a great interest in burnishing of 

various metallic parts. The effect of roller 

burnishing of Al6061-T6 by choosing the Group 

Method of Data Handling to identify the most 

affecting process parameters was investigated by 

[3]. The authors showed that the process 

parameters include burnishing speed, burnishing 

depth of penetration and number of passes. The 

effects of these parameters on surface roughness, 

microhardness, and compressive stresses were 

studied. Another study [4] reported the effect of 

lubrication during the process of burnishing 

Al6061 alloys. The impact of burnishing process 

parameters on fatigue life of Al6061 alloys was 

also investigated [5]; it was found that the 

burnishing feed and the burnishing force were the 

most important process parameters affecting the 

fatigue life of such alloys. The effect of process 

parameters in addition to burnishing tool 

geometry was discussed in other studies [6–8], 

these studies indicated that burnishing Al6061 

alloys can be improved by controlling the 

burnishing speed, the burnishing force and 

utilizing a small diameter burnishing ball. 

Furthermore, the effect of burnishing 

process parameters on surface characteristics and 

microstructure employing Taguchi statistical 

analysis for different engineering alloys 

including Al6061 was reported by [9]. 

Burnishing effects involving constant burnishing 

force and a ball burnishing tool for Al6061 was 

also studied [10,11]; these effects on surface 

integrity were studied using response surface 

methodology (RSM). The authors reported that 

the optimum burnishing process parameters were 

a burnishing feed of 0.14 mm/rev, burnishing 

force of 116.8 N and two passes. Another study 

[12] used RSM along with desirability function 

approach to investigate burnishing Al7178 alloys. 

According to the authors, the most significant 

factors were burnishing force and number of 

passes. Recently, a study about ultrasonically 

assisted ball burnishing of Al6061-T6 [13] 

investigated a different burnishing process to 

reduce the surface roughness of such alloys.  

The burnishing process was also extensively 

studied for other alloys, these include 

investigating burnishing aluminum alloy EN 

AW-6082 [14], burnishing Al-Bn composites 

[15], burnishing high strength D16T aluminum 

alloys [16], burnishing Al 2024-T3 alloys 

[17,18], and burnishing aluminum 1050 alloys 

[19].  

Most literature available investigated the 

effects of burnishing process parameters on 

surface roughness and mechanical properties 

such as microhardness and fatigue properties. 

The change in the dimensions of the burnished 

workpiece is not considered in many studies. As 

the parts are burnished, the dimensions can 

change and affect part quality and tolerance. 

Thus, this research work aims to investigate the 
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effects of four burnishing process parameters 

(burnishing feed, burnishing force, burnishing 

speed, and number of passes) on the final surface 

properties as well as a change in dimensions 

(diameter) of workpieces made from Al6061 

alloys. 

2. EXPERIMENTAL PROCEDURE

The experimental procedure followed in this 

project is divided into several steps. First, an 

experimental design considering all process 

parameters and corresponding levels were used. 

Next, samples were fabricated according to the 

experimental design specified. After that, the 

responses (surface roughness and change in 

diameter) were measured. These responses were 

used in the experimental design to assess the 

procedure statistically, identify significant 

process parameters, generate surfaces as well as 

contour plots for all process parameters. 

2.1. Experimental Design 

As mentioned earlier, the process parameters 

include the Burnishing Speed (V), the Burnishing 

Feed (S), the Burnishing Force (F) and the 

Number of Passes (N). Studying the effects of 

these process parameters without compromising 

the integrity of the results can be achieved by 

implementing an experimental design. Response 

Surface Methodology (RSM) considering Central 

Composite Design (CCD) was selected for this 

purpose. RSM-CCD has many advantages among 

which are: it allows reasonable data points 

distribution, it will enable investigating model 

adequacy, it can provide an estimation of error, it 

offers reasonable variance prediction, it requires 

few runs, and it does not require too many levels 

of the variables being considered [20]. Minitab18 

® was used for all statistical analyses in this 

project. The RSM-CCD design thus allowed 

studying the four process parameters with 31 runs 

in a full factorial design with 16 cube points, 

seven center points and eight axial points. Each 

process parameter had five levels (L1 – L5) as 

shown in Table 1. All experimental design and 

corresponding results were analyzed with a 

confidence level of 95%, i.e., α = 0.05. 

Table 1: Burnishing process parameters. 

Parameter L1 L2 L3 L4 L5 

Burnishing 

Speed, V(rpm) 

165 300 550 1100 2000 

Burnishing 

Feed, S 

(mm/rev) 

0.07 0.12 0.19 0.27 0.47 

Burnishing 

Force, F (Kgf) 

5 10 15 20 25 

No. of Passes,N 1 2 3 4 5 

Coded levels -2 -1 0 1 2 

2.2. Sample preparation and Burnishing 

Aluminum alloy 6061 rods of 50 mm 

diameter where used in this work. The weight 

percent of elements in Al6061 are shown in Table 

2. Before burnishing, the samples were prepared

as follows. First, 15 mm apart groves were 

machined into the rods. These grooves had a 

depth of cut of 0.25 mm. This step was achieved 

using a conventional lathe machine rotating at 

1100 rpm and a feed rate of 0.12 mm/rev. These 

grooves were the location where burnishing 

would be performed in each experimental 

procedure. 

Table 2: Chemical composition of Al6061. 

Element Si Mg Cu Fe Mn Ti Zn Al 

Wt. % 0.75 0.9 0.5 0.5 0.15 0.05 0.03 Rest 

The burnishing tool was a ball 

burnishing tool fabricated in the lab. The 

device was used to apply the burnishing force 

via a burnishing ball. The burnishing ball 

(HG13, 12 mm in diameter, high strength 

steel) was mounted on one end of the 

burnishing tool. The force was applied by a 

spring mechanism. The spring mechanism 

was controlled by a dial gauge and a rotating 

lever. The burnishing tool was then attached 

to the lathe machine in a position 

perpendicular to the rotation of the chuck of 
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the lathe machine. Each run was set up 

according to the experimental design, and 

burnishing was performed.  

The experimental responses measured in 

this experimental work are the change in 

diameter of the workpiece and the surface 

roughness of the workpiece. The surface 

roughness Ra was measured after the 

burnishing process via a surface roughness 

tester (Taylor Hopson) and the change in 

diameter was measured by a Vernier digital 

caliper (Helios Digi-MET). 

2.3. Statistical Analysis 

All 31 experiments according to the 

RSM-CCD stated above were conducted in 

random order. After each sample burnishing, 

the surface roughness and change in diameter 

were measured as described above. Upon 

collecting all experimental data, the surface 

roughness and change in diameter were used 

again in Minitab18® to analyze the design 

statistically, generate surface and contour 

plots for the various parameter and all 

interactions.  

3. RESULTS

The statistical results obtained from the 

software included the analysis of variance 

(ANOVA) of all process parameters and their 

corresponding interactions for the two 

measured responses. It also generated the 

regression equation for both responses. The 

responses of the experiment and the 

corresponding surface are based on the four 

process parameters. That is surface 

roughness or diameter change = f(V, S, F, N). 

Where V is the burnishing speed, S is the 

burnishing feed, F is the burnishing force, 

and N is the number of passes. The second 

order polynomial equation to represent the 

response surface is given by: 

𝑓(𝑥) = 𝑏0 +∑𝑏0𝑥𝑖 + ∑𝑏𝑖𝑖𝑥𝑖𝑖 + ∑𝑏𝑖𝑗𝑥𝑖𝑗
Where xi is an input parameter (V, S, F, 

or N), b0 is the average of the responses, bii 

and bij are the regression coefficients. For the 

four process parameters being considered, 

the response surface equation above can be 

expressed as: 

𝑦 = 𝑏0 + 𝑏1(𝑉) + 𝑏2(𝑆) + 𝑏3(𝐹) + 𝑏4(𝑁)

+ 𝑏12(𝑉 ∙ 𝑆) + 𝑏13(𝑉 ∙ 𝐹)

+ 𝑏14(𝑉 ∙ 𝑁) + 𝑏23(𝑆 ∙ 𝐹)

+ 𝑏24(𝑆 ∙ 𝑁) + 𝑏34(𝐹 ∙ 𝑁)

+ 𝑏11𝑉
2 + 𝑏22𝑆

2 + 𝑏33𝐹
2

+ 𝑏44𝑁
2

These regression coefficients are 

estimated from the statistical software by 

evaluating the RSM design. 

3.1. Change in Diameter 

The corresponding change in diameter 

(∆d) in mm regression equation is given as: 

∆𝑑 = 179 − 37.5𝑉 − 25.3𝑆 + 60𝐹 +

24.9𝑁 + 0.3𝑉2 + 16.7𝑆2 − 0.1𝐹2 +

14.4𝑁2 − 20𝑉 ∙ 𝑆 − 10.3𝑉 ∙ 𝐹 − 11.7𝑉 ∙

𝑁 − 50.8𝑆 ∙ 𝐹 − 81.2𝑆 ∙ 𝑁 + 61.6𝐹 ∙ 𝑁  

The adequacy of the model was verified 

by performing the analysis of variance for all 

process parameters, their levels, and 

interactions. The ANOVA results for the 

change in diameter are given in Table A.1. 

The singificence of the regression 

coefficients are given in Table A.1, it can be 

concluded that all process parameters (V, S, 

F, and N) are statistically significant (p-

values < 0.05). In addition, the following 

interactions were found statistically 

significant: S*N (F-value = 80.64), followed 

by F*N (F-value = 46.39), followed by S*F 

(F-value = 31.62), and lastly V*S (F-value = 

4.89). The most significant interaction was 

between the burnishing feed and the number 
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of passes, while the least significant was 

between the burnishing speed and the 

burnishing feed. On the other hand, the 

squared terms V2, and F2 were found 

statistically insignificant (p-value > 0.05).  

As for the regression coefficients, the 

significance of these coefficients corresponds 

to the significance of each of the terms in the 

ANOVA table. In other words, any 

parameter, parameter interaction, or squared 

term that was found significant; had a 

significant regression equation coefficient as 

well.  Thus, the model is adequate and 

statistically valid for estimating the effects of 

the burnishing process parameters on the 

change of the diameter of the workpiece.  

The response surfaces and contour plots 

for the process parameters are constructed 

from the software by analyzing the regression 

equation stated above. It should be noted that 

each surface response or contour plot is 

created by evaluating the response (change in 

diameter) corresponding to the two process 

parameters being considered (x- and y-axes) 

while maintaining the other two process 

parameters at their center values. 

 The surface plots and contour plots for 

the change in diameter considering all 

process parameter combinations are shown in 

Fig. 1 and 2 respectively. Each plot 

represents the levels of change in diameter in 

μm corresponding to the various levels of 

each process parameter being evaluated. 

These figures show clearly the minimum and 

maximum changes in diameter 

corresponding to each process parameter 

interaction. 

Fig. 1: RSM plots for the change in diameter. 

Fig. 2: Change in diameter contour plots. 

A B 

C D 

E F 

F E 

A B 

C D 
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From these figures, it can be concluded 

that the minimum change in diameter due to 

burnishing considering the four process 

parameters (V, S, F, and N) can be obtained 

by either of the following combinations:  

o Very high burnishing feed (0.47

rev/mm) and very high speed (2000 rpm) as 

shown in Fig. 1A and 2A.  

o Very low burnishing feed (0.07

rev/mm) and very low burnishing force (5 

Kgf) as shown in Fig. 1B and 2B.  

o Very low burnishing feed (0.07

rev/mm) and very high or very low number 

of passes (5 or 1 pass) as shown in Fig. 1D 

and 2D.  

o Very high number of passes (5

passes) and very low burnishing force (5 Kgf) 

as shown in Fig. 1E and 2E. 

On the other hand, the maximum change 

in diameter had some interesting results. The 

maximum overall change in diameter was 

observed for the very high number of passes 

(5 passes) and the very high burnishing force 

(25 Kgf) as shown in Fig. 1E and 2E. The 

change in diameter for this parameter 

combination was about 600 μm. The other 

process parameter combinations produced 

maximum changes in diameter of about 400 

to 500 μm. 

The variation of the change in diameter 

showed some interesting results as well. The 

variation of change in diameter for the 

burnishing speed and the burnishing feed was 

the lowest, about 200 μm (Fig. 1A and 2A). 

All other interactions had a maximum change 

in diameter of more than 450 μm. This result 

might be an indication that these two process 

parameters are more tolerant than the 

burnishing force and the number of passes. In 

other words, any combination involving the 

burnishing force or the number of passes is 

expected to have significant effects on the 

change in diameter. This significance is 

evident since the interaction of the burnishing 

force, and the number of passes produced the 

maximum change in diameter (600 μm).  

3.2. Surface Roughness 

The corresponding surface roughness 

(Ra) in (μm) regression equation is obtained 

from the RSM analysis as: 

𝑅𝑎 = 0.09 − 0.09𝑉 − 0.07𝑆 −

0.05𝐹 + 0.04𝑁 + 0.08𝑉2 + 0.05𝑆2 +

0.03𝐹2 + 0.05𝑁2 − 0.2𝑉 ∙ 𝑆 + 0.07𝑉 ∙

𝐹 + 0.02𝑉 ∙ 𝑁 − 0.1𝑆 ∙ 𝐹 − 0.1𝑆 ∙ 𝑁 +

0.05𝐹 ∙ 𝑁  

The adequacy of the model was verified 

by performing the analysis of variance for all 

process parameters, their levels, and 

interactions. The ANOVA results for the 

surface roughness are given in Table A.3. 

The regression coefficients are given in Table 

A.4.  

From these tables, it can be concluded 

that all process parameters are statistically 

significant except for N (p-value = 0.06). As 

for the square terms, all terms are statistically 

significant except for F2 (p-value = 0.06). 

Also, all interactions were found statistically 

significant except for the interaction V*N (p-

value = 0.474). The most significant 

interactions were V*S (F-value = 62.93), 

followed by S*N (F-value = 28.63), and 

lastly S*F (F-value = 22.07). The lack of fit 

was also statistically significant (p-value = 

0.042). 

As for the regression coefficients, the 

significance of these coefficients corresponds 

to the importance of each of the terms in the 

ANOVA table. In other words, any 

parameter, parameter interaction, or squared 
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term that was found significant; had a 

significant regression equation coefficient as 

well. Hence, the model is adequate and 

statistically valid for estimating the effects of 

the burnishing process parameters on the 

surface roughness.  

The surface and contour plots for the 

surface roughness are shown in Fig. 3 and 4 

respectively. Each plot represents the change 

in surface roughness in μm corresponding to 

the various levels of each process parameter 

being evaluated. These figures show clearly 

the minimum and maximum changes in the 

surface roughness corresponding to each 

interaction. It should be noted that each plot 

is constructed by evaluating the surface 

roughness corresponding to the two process 

parameters being considered (x and y-axes) 

while maintaining the other two process 

parameters at their center values. 

Fig. 3: RSM plots for the surface roughness 

Fig. 4: Contour plots for the surface roughness. 

Achieving the minimum surface 

roughness for Al6061 alloys by burnishing 

can be obtained by utilizing either of the 

following combinations: 

o Very high burnishing speed (2000

rpm) and very high burnishing feed (0.47 

mm/rev) as shown in Fig. 3A and 4A. 

o Very low burnishing speed (165 rpm)

and very low burnishing feed (0.07 rev/mm) 

as also shown in Fig. 3A and 4A. 

o Very low burnishing force (5 Kgf) and

very low burnishing feed (0.07 mm/rev) as 

illustrated in Fig. 3B and 4B. 

o Very low burnishing feed (0.07

rev/mm) and very low number of passes (1 

pass) as shown in Fig. 3D and 4D.  

The range of variation of surface 

roughness due to the various process 

parameters was interesting as well. The range 

of variation in surface roughness was the 

lowest for the number of passes and the 
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C D 
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burnishing speed interaction as well as the 

number of passes and the burnishing force 

interaction varying up to 0.6 and 0.75 μm 

respectively. This outcome is an indication 

that the number of passes does not affect the 

surface roughness as much as the other 

process parameters. Moreover, the range of 

variation in surface roughness was maximum 

for the burnishing force and burnishing feed 

interaction, ranging up to 1.5 μm. The 

increase in the surface roughness makes 

sense because these two process parameters 

were the most significant parameters 

individually or as an interaction.  

4. DISCUSSION

The effects of various levels of process 

parameters involved in the process of 

burnishing metallic workpieces made from 

Al6061 were outlined in the previous 

sections. The CCD-RSM implemented 

allowed the authors to conduct the least 

amount of experiments while maintaining the 

integrity of the process and encompassing all 

levels of the process parameters in question. 

The model implemented was found to be 

adequate and statistically valid for the 

purposes outlined.  

Since it is desirable to obtain the 

minimum surface roughness while 

maintaining dimensions (change in diameter 

in this case) due to burnishing, comparing the 

response surfaces and contour plots for both 

responses is needed. There seem to be two 

combinations of interactions that produced 

the lowest surface roughness and lowest 

change in diameter at the same time. The first 

combination is very high burnishing speed 

(2000 rpm) and very high burnishing feed 

(0.47 mm/rev). The second combination is 

the very low number of passes (one pass) and 

very low burnishing feed (0.07 mm/rev). On 

the other hand, there seem to be two 

combinations of interactions that produced a 

high change in diameter as well as a high 

surface roughness at the same time. The first 

combination is very high burnishing feed 

(0.47 mm/rev) and very low burnishing speed 

(165 rpm). The second is very high 

burnishing feed (0.47 mm/rev) and very low 

number of passes (one pass). It should be 

noted that the other process parameters are 

kept at their corresponding center values for 

all the combinations of interactions 

highlighted above. 

From the previous discussion, it seems 

that the burnishing speed, the burnishing 

feed, and the number of passes are the most 

critical factors for burnishing Al6061 alloys 

when it comes to improving surface quality 

while maintaining the changes in diameter. It 

appears that utilizing a high burnishing speed 

with a high burnishing feed (keeping 

burnishing force and number of passes at the 

center values) promotes fast plastic 

deformation in the material that causes the 

minimum formation of peaks on the surface 

and thus leading to a smoother surface on 

average without compromising the 

dimensions of the workpiece.  

On the other hand, combing a low 

burnishing feed with just one pass seem to 

allow the material just enough time to deform 

plastically and slowly recover afterward 

leading to a general reduction in surface 

roughness and maintaining part dimensions. 

The statistical results show that any other 

combinations of process parameters lead to 

either more considerable plastic deformation 

and/or surface modifications, thus, causing 

undesirable burnishing results. 



18 Jouf University Science and Engineering Journal 2018; 5(2): 10-20 

5. CONCLUSION

Burnishing process parameters for 

Al6061 were investigated in this project. The 

effect of these parameters on the surface 

roughness and diameter change was 

analyzed. The experiment was designed 

utilizing RSM-CCD to assess the various 

levels of all involved parameters while 

reducing the number of runs required for 

obtaining significant results. Burnishing 

Al6061 alloys to enhance surface roughness 

while maintaining dimensions can be 

achieved by carefully choosing the 

burnishing process parameters. Such 

criterion can be achieved by increasing both 

burnishing speed and feed while maintaining 

other parameters at intermediate levels, or by 

decreasing both the number of passes and 

burnishing feed while keeping the other two 

settings at intermediate levels. 
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Appendix A: Statistical Analysis Tables 

Table A.1: ANOVA for the change in diameter. 

Source DF Adj. SS Adj. MS F-Value P-Value 

Model 14 384160 27440 20.95 0.000 

Linear 4 150453 37613 28.72 0.000 

V 1 33750 33750 25.77 0.000 

S 1 15403 15403 11.76 0.003 

F 1 86400 86400 65.96 0.000 

N 1 14900 14900 11.38 0.004 

Square 4 15576 3894 2.97 0.052 

V2 1 2 2 0.00 0.966 

S2 1 7983 7983 6.09 0.025 

F2 1 0 0 0.00 0.990 

N2 1 5943 5943 4.54 0.049 

2-Way 

Interaction 
6 218131 36355 27.75 0.000 

V*S 1 6400 6400 4.89 0.042 

V*F 1 1722 1722 1.31 0.268 

V*N 1 2209 2209 1.69 0.212 

S*F 1 41412 41412 31.62 0.000 

S*N 1 105625 105625 80.64 0.000 

F*N 1 60762 60762 46.39 0.000 

Error 16 20958 1310 

Lack-of-Fit 10 16866 1687 2.47 0.140 

Pure Error 6 4092 682 

Total 30 405117 

Table A.2: Regression Coefficients for the change in 

diameter. 
Term Coef. SE Coef. T-Value P-Value VIF 

Constantt 179.0 13.7 13.09 0.000 

V -37.50 7.39 -5.08 0.000 1.00 

S -25.33 7.39 -3.43 0.003 1.00 

F 60.00 7.39 8.12 0.000 1.00 

N 24.92 7.39 3.37 0.004 1.00 

V2 0.29 6.77 0.04 0.966 1.03 

S2 -16.71 6.77 -2.47 0.025 1.03 

F2 -0.08 6.77 -0.01 0.990 1.03 

N2 14.42 6.77 2.13 0.049 1.03 

V*S -20.00 9.05 -2.21 0.042 1.00 

V*F -10.37 9.05 -1.15 0.268 1.00 

V*N -11.75 9.05 -1.30 0.212 1.00 

S*F -50.88 9.05 -5.62 0.000 1.00 

S*N -81.25 9.05 -8.98 0.000 1.00 

F*N 61.63 9.05 6.81 0.000 1.00 

Table A.3: ANOVA for the surface roughness. 

Source DF Adj. SS Adj. MS F-Value P-Value 

Model 14 1.82999 0.130714 15.00 0.000 

Linear 4 0.39948 0.099871 11.46 0.000 

V 1 0.19189 0.191888 22.02 0.000 

S 1 0.11957 0.119568 13.72 0.002 

F 1 0.05245 0.052453 6.02 0.026 

N 1 0.03557 0.035574 4.08 0.060 

Square 4 0.31326 0.078316 8.99 0.001 

V2 1 0.21056 0.210558 24.17 0.000 

S2 1 0.08434 0.084344 9.68 0.007 

F2 1 0.03565 0.035652 4.09 0.060 

N2 1 0.06366 0.063665 7.31 0.016 

2-Way 

Interaction 

6 1.11725 0.186208 21.37 0.000 

V*S 1 0.54834 0.548340 62.93 0.000 

V*F 1 0.07812 0.078120 8.97 0.009 

V*N 1 0.00469 0.004692 0.54 0.474 

S*F 1 0.19228 0.192282 22.07 0.000 

S*N 1 0.24950 0.249500 28.63 0.000 

F*N 1 0.04431 0.044310 5.09 0.038 

Error 16 0.13941 0.008713 

Lack-of-

Fit

10 0.12258 0.012258 4.37 0.042 

Pure 

Error

6 0.01684 0.002806 

Total 30 1.96940 

Table A.4: Regression Coefficients for the surface 

roughness. 
Term Coef. SE Coef. T-Value P-Value VIF 

Constant 0.0964 0.0353 2.73 0.015 

V -0.0894 0.0191 -4.69 0.000 1.00 

S 0.0706 0.0191 3.70 0.002 1.00 

F -0.0468 0.0191 -2.45 0.026 1.00 

N 0.0385 0.0191 2.02 0.060 1.00 

V2 0.0858 0.0175 4.92 0.000 1.03 

S2 0.0543 0.0175 3.11 0.007 1.03 

F2 0.0353 0.0175 2.02 0.060 1.03 

N2 0.0472 0.0175 2.70 0.016 1.03 

V*S -0.1851 0.0233 -7.93 0.000 1.00 

V*F 0.0699 0.0233 2.99 0.009 1.00 

V*N 0.0171 0.0233 0.73 0.474 1.00 

S*F -0.1096 0.0233 -4.70 0.000 1.00 

S*N -0.1249 0.0233 -5.35 0.000 1.00 

F*N 0.0526 0.0233 2.26 0.038 1.00 
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