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Editor in-Chief's Word

In the name of ALLAH, the Most Gracious,
the Most Merciful.

All praise is due to ALLAH, Lord of the
worlds, and prayers and peace be upon
the prophet Muhammad, and upon his
followers and his companions.

At the outset, we are delighted to
congratulate all members of the
editorial board of the journal and all the
teaching fraternity of the faculty of
science at Sirte University on the launch
of the first scientific journal of our
faculty. Moreover, we would like to
commend the efforts made by the Dean
of the faculty, which bore fruit in
establishing this scientific platform.
Furthermore, we hope that this journal
will be a scientific platform that musters
academics from inside and outside the
university in the field of basic sciences
and their applications to share and
exchange their experiences and
scientific research. The editorial board
of the journal will be keen to adhere to
the common quality standards for
scientific publications by following
certain rules for writing scientific
research, investigating honesty and
scientific accuracy. We ask ALLAH to
grant us success so that this journal
contributes to raising the university’s
classification and progress at both the
local and regional levels.

This journal will provide its services to
the academic community in the vital
sectors and will contribute effectively to
the process of building the society.

This journal aims to enrich the culture
of scientific research and encourages
academics to engage in scientific
research. We also aspire that this
journal puts its unique mark to
distinguish among other local and non-
local scientific journals. With ALLAH’s
help, we will strive to ensure that the
journal obtains the recognized quality
standards, whether at the local or
regional level.

My deep appreciation to the editorial
board, reviewers and researchers

who make our journal a vehicle for
their research works.

Peace, mercy and blessings of Allah are
upon you.

Prof. Dr. Abdalla Salem Radwan

Editor in chief




Editorial Manager’s Word
Dear Readers and Researchers,

In the name of ALLAH, the Most Gracious,
the Most Merciful.

All praise is due to ALLAH, Lord of the
worlds, and prayers and peace be upon
the prophet Muhammad, and upon his
followers and his companions.

First and Foremost, I would like to
congratulate my colleagues in the
editorial board, the faculty members
and all the administrative and technical
staff in the faculty of science on the
release of the second volume of the
SJFSSU. The SJFSSU publishes an
original scientific research that fulfils
the academic integrity requirements
and meets the common scientific
standards.

The SJFSSU aims to consolidate
scientific research and encourages
everyone in the academic community to
engage in the field of scientific research.
The SJFSSU editorial board is keen to
abide to the common quality standards
by adhering to the ethics of scientific
research and the investigation of
accuracy and scientific integrity.

Our ultimate goal, as SJFSSU editorial
board, is to become one of the well-
known journals in the world. With
Allah's help, we will strive to ensure
that the SJFSSU reaches the standards
that are recognized local, and regionally.

Soon after the publication of the first
Volume back in October 2021, the
SJFSSU was registered in the Arab
Impact Factor (AIF) database to obtain
AIF=0.32. Moreover, the journal is
indexed in the Crossref global platform
and has an international Digital Object
Identifier (DOI) for the whole journal
and for the individual papers.

Finally, I would like to reiterate my
gratitude and sincere thanks to all
people who were involved, directly or
indirectly, in the release of this issue.
My special thanks go to my colleagues in
the, editorial board, the peer reviewers
and researchers who chose to publish
their work in our journal. It is needless
to say that any human work is not free
of mistakes. This work is not exception
despite the hard work that has been
excreted in order to present it the best
way possible. Therefore, should you
have any comments /suggestions/
feedback, please feel free to contact us
via email.

Peace, mercy and blessings of Allah are
upon you.

Assoc.Prof. Haniyah A. S. Ben Hamdin
Editorial Manager

27-October-2022




About the Scientific Journal for the Faculty of Science-Sirte
Univer sity (SJIFSSU)

DOI: http://www.doi.org/10.37375/issn.2789-858X

The Scientific Journal for the Faculty of Science-Sirte University
(SIFSSU, henceforth) is a bi-annual peer-reviewed and open
accessed journal issued electronically by the faculty of science at
Sirte University. The SIFSSU ams to encourage research in the
scientific community and publish papers reporting original work
that are of high standards and contribute to the development of
knowledge in all fields of applied and pure (theoretical) science,
namely mathematics, statistics, physics, chemistry, zoology,
botany, microbiology, astronomy, computer science, information
technology, geology, environment science and oceanography.

The SIFSSU accepts all types of articles such as research articles,
review  articles, topical review, case study/case reports,
monograph, short communication, letters, conference/symposium
gpecial  issues, editorials research articles and methodology
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Any opinions or views expressed in this journal do not reflect the
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territory...etc.
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Policy and Publication Ethics of the Scientific Journal for
the Faculty of Science-Sirte Univer sty (SJIFSSU)

Publishing Cycle

The Scientific Journal of the faculty of science at Sirte University is
published electronically on a semi-annual basis during the months of
April and October.

Open Access Palicy

The Scientific Journal of the faculty of science at Sirte University is an
open-access journal that allows readers, authors and their institutions to
obtain the full text of the articles published in it for free.

Copyright License Terms

All articles published in the Scientific Journal of the faculty of science at
Sirte University are subject to the International Creative Commons
License (CC BY 4.0 Creative Common Licence) and the author(s) retain
copyright for the articles published by the journal with the guarantee of
the following:

1- Making the article available on the magazine’s website.

2- Granting any third party the right to use the article without any
restrictions provided that its contents and original authors are preserved
and the original source of publication is cited.

I ntellectual Property Rights Copyrights

The Scientific Journal of the faculty of science at Sirte University allows
authors to keep the copyright of their research without restrictions. The
author retains all rights upon publication without prejudice to the open
access policy of the journal, meaning:

1- Making the article available on the magazine’s website.

2- Granting any third party the right to use the article without any
restrictions provided that its contents and original authors are preserved
and the original source of publication is cited.




Plagiarism Palicy

2. To fulfil the academic integrity requirements, manuscripts
submitted to the SIFSSU must adhere to ethical standards and
refrain from plagiarism in any way. Thus all manuscripts submitted
to the SIFSSU must be initially screened by plagiarism checker
software.

If any plagiarism or scientific theft is detected before publication
then the SIFSSU will contact the author/s in regard to this matter. If
the editorial board of the SIFSSU is not satisfied with the
justifications presented by the author, then the following strict
actions will be taken against the author:

Such manuscript(s) will be immediately rejected.

The editorial board forever will not consider any request for
publication submitted by such author/s in the future.

An announcement will be placed in this regard in the journal
website and in the author’s institution.

4. If any plagiarism or scientific theft is detected after publication
then:

a. Immediately this article will be withdrawn from publication and
republished on the journal's website and in the next issue of the
journal with awatermark (RETRACTED).

. An appropriate announcement will be placed in this regard
through the journal website and in the author’s institution.

. d. An official letter to the author’s institution regarding taking
legal measures in this regard.

. We can also consider more strict actions against authors based on
seriousness of the incident.

Complaints and appeals

Anyone can submit his’her complaints/appeal to the Editor-in-Chief of
the journal by email.




Publication fees

Publication in the journal is completely free and there are no fees either
for submission, or for article processing APC, or for publication, or fees
for the number of papers, or fees for coloured figures.

General Rules;

1.

Any manuscript submitted to the SIFSSU must contain an original
work which has been neither previously published, nor it is under
consideration by another journal, conference, workshop or
symposium.

. The submitted manuscript must fulfil the common requirements of

the scientific research, including presenting the problem, reviewing
the relevant literature, analysing data, discussing results and draw the
conclusion and the recommendations.

. The SIFSSU accepts all types of articles such as research articles,

review articles, topical review, case study/case reports, monograph,
short communication, letters, conference/symposium special issues,
editorials, research articles and methodology articles.

. Anauthor is required to write his or her manuscript carefully

according to the basic and technical rules of the SIFSSU.

. The SJIFSSU only accepts manuscripts written in English language.

. The subject of the submitted manuscript must be in the specified

categories of the SIFSSU.

. All individuals involved in the publishing process: from authors,

editorial board, reviewers, must comply with standards of ethical
behaviour.

. All submitted manuscripts are subject to double-blind and peer-

review process that is the author will be unaware of the reviewer’s
identity, and also the reviewer is unaware of the author’s identity.

. The SIFSSU follows the Code of Conduct of the Committee on

Publication Ethics (COPE) and follows COPE Flowcharts for
resolving cases of suspected misconduct. The Journal is particularly
committed to the COPE Code of Conduct for Journal Publishers.
Journal editors follow COPE's Code of Conduct and best practice
guidelines for journal editors.




Author/s Rresponsibility:

. The author is alone responsible for the proofreading and spelling
check of his or her submitted manuscript.

. The SIFSSU editorial committee has the right to make any editorial
changes on the manuscript which is accepted for publication.

. The author/ authors are prohibited from publishing in the journal for a
period of three consecutive years if it appears that they have sent the
manuscript to another journal at the same time that it was sent to the
journal.

. The author is not entitled to withdraw the manuscript during the
evaluation process, unless the peer-review process exceeds SiX
months. Thus the author could withdraw the manuscript provided that
he informs the journal of his desire.

. An author is kindly requested to disclose any affiliations, including
financial, consultant or institutional associations that might lead to
bias or a conflict of interest.

. Any author is required to understand, complete and sign the
‘Authorship, Copyright Transfer, Conflicts of Interest and
Acknowledgments statement” which can be downloaded from the link:

https.//drive.google.com/file/d/1jvandNOS CFeqJzOw8L R6RWHOvX0iA29/vie

w?2usp=sharing

The signed form should be scanned and attached electronically along with
the submitted manuscript.

7. An author has to submit his or her manuscript electronically asaMS-
Word file through the journal website viathe link:
https://journal.su.edu.ly/index.php/ SIFSSU/information/authors
8. Without the need to contact the editorial committee with regard to
submitted manuscript, an author can easily track his or her submitted
manuscript electronically through the journal website viathe link:
https://journal.su.edu.ly/index.php/ SIFSSU/information/authors

Author’s Rights:
1. The Author retains the following rights:
I.  All proprietary rights, such as patent rights.
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Using all or part of the material published in his or her article in
further research of his or her own filling, provided that
permission is granted from the SIFSSU and an adequate
acknowledgment should be appropriately credited and
referenced for the SIFSSU.

Disclaimer

The author(s) of each article appearing in this Journal is/are solely
responsible for the views, ideas expressed and the accuracy of the data in
his or her manuscript. Thus the published papers do not reflect the
opinions or views of the SIFSSU or its members. Furthermore, the
designation and the presentation of materials do not reflect any opinion
whatsoever of the SIFSSU in terms of legal status of any country,
territory...etc.
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The editorial committee must ensure a fair double-blind peer-
review of the submitted manuscript.
The editorial committee will strive to make sure there are no

potential conflicts of interests between the author and the editorial
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. The editorial committee will ensure that all the information related
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The reviewers must ensure that all the information related to
submitted manuscripts is kept as confidential.

. Reviewer who is unable to review the submitted manuscript for any

reason should notify the editorial director to excuse himself or
herself from the review process.

. Reviewers must review the submitted manuscripts objectively

according to the journal’s evaluation forms and adhere to the
specified evaluation period of three months at max.




Review Process

1. If the submitted manuscript initially meets the specified
requirements of the SIFSSU and successfully passes the plagiarism
check, then directly it should go through the double blind and peer-
review process.

. The submitted manuscript is subject to double blind review by
specialized referees suggested by the editorial committee in an
undisclosed manner to evaluate the submitted manuscript.

. The editorial board of the journal informs the author of the opinions
of the referees and forwards its assessment report if the manuscript
needs any corrections.

. Any PhD-degree holder with a scientific degree (assistant professor
or higher) who would like to be a referee in the SIFSSU should
register and send his or her CV through the SIFSSU website.

An author is required to make any minor or major corrections that
are suggested by the referees within a stipulated date.

Publishing Process

1. Once the decision is made of accepting the manuscript for
publication at the SJFSSU, the author will be notified and
facilitated with an acceptance letter to confirm that his or her
manuscript is accepted for publication in the upcoming issue of the
SIFSSU.

Once the issue of the journal has been realised, a soft-copy of each
published paper will be sent to the author via his or her email
address.

Author quidéglinesfor preparing the manuscript

All submissions should strictly be prepared according to the following
typing guideline:

1. The submitted manuscript should be approximately up to a maximum
of 20 pages and a minimum of 5 pages (including tables, figures,
references list, appendixes and supplements).




2.

The submitted manuscript of types (review articles, topical review)
should be approximately up to 45 pages maximum (including tables,
figures, references list, appendixes and supplements).

Rulesfor the Paper Structure

3.

4,

The first page should contain the full title of the manuscript (the title
should be concise and informative), then the name(s) of the author(s).
Affiliation with contact information including the (The affiliation(s)
of the author(s), i.e. institution, (department), city, (state), country). A
clear indication and an active, official university email address of the
corresponding author.

. Thisis followed by the abstract except for review article types which

start with the introduction.

. The abstract length should be of (250) words at the maximum and

(150) words at the minimum.

. In the abstract of the submitted manuscript, the following main

points must be available: -

I. An introductory sentence related to the research topic to
attract readers.

li. Presentation of the research main point (purpose).

lii.  Description of the method used in the research.

Iv. Presentation of the achieved results.

v. A concluding sentence that includes a recommendation.

. The keywords should be 4 to 6, which can be used for indexing

PUrpOSES.

. In the introduction of the submitted manuscript, the following main

points must be available: -
I.  Introductory sentences related to the research topic to
attract readers.
An adequate background, then the relevant literature
review.
Clearly state the object of the research.
The limitation of the research.
The structure of the manuscript.

10. In the Materlal and methods section of the submitted manuscript, the

author should provide sufficient details to allow the work to be
XI




reproduced by an independent researcher. Methods that are already
published should be summarized and indicated by a reference. If
quoting directly from a previously published method, use quotation
marks and also cite the source. Any modifications to existing methods
should also be described.

11. Results should be clear and concise and presented separately from the
discussion.

12. The discussion should explore the significance of the results of the
work, not repeat them.

13.The main conclusions of the study may be presented in a short
Conclusions section, which may stand alone or form a subsection of
the Discussion section.

14.Collate acknowledgements in a separate section at the end of the
article before the reference list and do not, therefore, include them on
the title page, as a footnote to the title or otherwise. List contributions
that need acknowledging (e.g., acknowledgments of technical help;
acknowledgments of financial and material support, writing assistance
or proof reading the article, financial arrangement, specifying the
nature of the support).

15.Within the acknowledgments section, a conflict of interest statement
must be included for all manuscripts even if there are no conflicts of
interest.

16. 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), Eg. (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.

17.The author is asked to switch off the 'Track Changes' option

in Microsoft Office files as these will appear in the published
version.

Text Formatting Rules:

18.Use anormal, plain font (e.g., 10-point Times New Roman) for text.
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20.Use the equation editor or Math Type for equations.

21. Save your file in docx format (Word 2007 or higher).
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should be numbered between the brackets ().

Tables
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27. Tables should always be cited in text in consecutive numerical order.
For each table, please supply a table caption (title) explaining the
components of the table and an explanatory legend.

28. |dentify any previously published material by giving the original
source in the form of areference at the end of the table caption.
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Figures

30. High resolution is required in preparing the figures in the manuscript,

the file formats JPEG, PNG are preferred for the figures, images, etc.
31. If the figure, photo... etc. has been published elsewhere, then the
original source must be acknowledged and a written permission from
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the copyright holder must be obtained and submitted with the
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32. If photographs of people are used, then the photos must be obscured
by clouds or a written permission by the concerned person must be
obtained.

33. All figures are to be numbered using Arabic numerals.
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35. References to figures and tables should be made in a sequential order
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37. When preparing your figures, pay attention to the size figures to fit in
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38. Figures should have a short label.

Refer ences Style:
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Biochemical Study on the Kinetic Properties of the I nvertase Produced by
Saccharomyces Cerevisiae

Khaled S. Al salhent, Mafath A. Alhorer? and HalaM. Imrgja®

!Biochemistry Department, Medicine Faculty, Derna University, Derna, Libya.
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DOI: https://doi.org/10.37375/sifssu.v2i2.368 ABSTRACT

Invertases are enzymes that hydrolyze sucrose to  produce an equimolar
mixture of glucose and fructose, which is of interest for various industria
applications. The present study aimed to produce invertase by Saccharomyces
cerevisiae isolated from Baker’s yeast and grape samples using the standardize
technique. The enzyme activity was characterized with some parameters like pH,
temperature, metal ions, kinetic parameters and inhibitors (fructose, glucose and
copper (I1) sulfate). Spectrophotometric methods were used to study enzyme
kinetics and to determine the factors affecting enzyme activity. The optimum
activity was recorded at 55°C for both invertases. The optimum activity was at pH
6.0 for Baker’s yeast invertase and at pH 10 for grape invertase. From Lineweaver-
Burk Plot, Vmax Was found to be 24.39 + 2.44 nmol/min/mg protein and the Km
approximately 0.860 + 0.04 mM for Baker's yeast invertase but in case of grape
invertase, Vmax was 2325 + 3.14 nmol/min/mg protein and the Km
approximately1.243 + 0.07 mM. Enzyme activity wasincreased in the presence of
5mM Ca'?ions for Baker’s yeast, whereas showed the maximum activity at 5 mM
Mg ions in case of grape fruit invertase. Using sucrose as substrate, the Kca,
Kea/Km and Ks values were 0.28 + 0.02 min', 0.325 + 0.03 mM-! min't and 27.03
+ 5.24 ml/min/mg protein for Baker’s yeast invertase activity, whereas were 0.56
+ 0.008 mint, 0.045 + 0.003 mM-* mint and 24.39 + 7.11 ml/min/mg protein for
grape invertase values. In conclusion, the S cerevisiae isolated from grape fruits
was more potent for invertase production in comparable with that isolated from
Baker’s yeast.

ARTICLE INFO:

Received 30 June 2022.
Accepted 24 September 2022.
Published 27 October 2022.

Keywords: Invertase, Kinetic parameters,
Optimum factors, Inhibition parameters.

1 Introduction

Enzymes are proteins that produced by all living cells as
catalysts for specific chemical reactions. In enzymatic
reactions, the molecule at beginning is called substrates,
and then they convert into different molecules called
products. Almost al biological cells need enzymes to
increase the rate of chemical reactions in order to occur
at rates sufficient for life. Enzymes are very important
part in some food processes, such as making of cheese,

bread, wine and beer, for thousands of years (Dewdney,
1973). Invertase (EC 3.2.1.26) is one of the most widely
used enzymes in confectionery industry for preparation
of jams and candies (Klein et al., 1989). Invertase, also
known as -fructofuranosidase, catalyzes the conversion
of sucrose, a non-reducing disaccharide, to fructose and
glucose, which are reducing monosaccharides (Arise et
al., 2020). Inverted sugar syrup isthe result of combining
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glucose and fructose (Mobini-Dehkordi et al., 2008).
Invertasesare found in naturein variousisoformsthat are
distinguished by their subcellular locations. For example,
in yeast cells, it can be found in two forms: extracellular
or intracellular invertase, while in plants, there are three
isoforms that differ in biochemical properties and
subcellular locations (Acosta et al., 2000). Invert sugar is
a sugar composed of an equimolar mixture of fructose
and glucose that is sweeter and has less crystallinity than
sucrose (Goosen et al., 2007). Invertases are known to be
used inavariety of industrial food applications, including
the production of non-crystallizing creams, artificia
honey, lactic acid, ethanol, confectionary (food),
digestive aid tablets, powder milk for infants, and other
infant foods (Phadtare et al., 2004; Sikander, 2007).
Despite invertase wide range of applicationsin numerous
industries, commercially available invertase is quite
expensive, restricting the enzyme's usefulness.
Microorganisms are primarily used in the synthesis of
invertase, which requires very precise control of
production conditions and a high level of purification for
taste and health reasons, making the enzyme pricey
(Laluce, 1991). It occurs widely in microorganisms and
was first isolated in 1860 by Berthelot using acohol
precipitation (Neumann, & Lampen, 1967).

Saccharomyces cerevisiae is particularly interesting
microorganism, it synthesizes two invertase is
biosynthesized by yeast strains, Aureobasidium sp.
Rhodotorulaglutinis, Saccharomyces cerevisiae (Mona,
& Mohamed, 2009), Saccharomyces carlsbergenesis
(Shankar et al., 2010). Saccharomyces cerevisiae is the
organism of choice for invertase production because of
its characteristic high sucrose ferment ability. The aim of
this study was carried out to produce extracellular
invertase enzyme of Saccharomyces cerevisiae newly
isolated and partial purification from Baker’s yeast and
grape samples to determine the kinetic factors and
conditions that will maximize the activity of the enzyme
which will help boost its suitability for industria
prospects.

2 Materialsand Methods

Yeast, sucrose, glacial acetic acid, sodium acetate,
sodium potassium tartrate, sodium hydroxide, silver
nitrate, glucose, fructose, Bovine serum albumin (BSA),
Coomassie brilliant blue (G-250) and 3,5-dinitrobenzoic
Acid (DNS) were obtained from Sigma/Aldrich
Chemical Company Ltd, Poole, UK.

2.1 I solation of Microorganisms

In this study, Saccharomyces cerevisiae strains were
isolated from Baker's yeast and fruit samples such as
grape and used to produce invertase. Grape samples were
gathered from El-beida city's local market and utilized to
isolate invertase-producing yeast. Each cotton wool
plugged Erlenmeyer flask was filled with YPS agar
medium containing: (sucrose 30.0 g/l, peptone 5.0 g/,
and yeast extract 3.0 g/l). The flasks were sterilized in an
autoclave for 15 minutes at 15 Ibs pressure (121°C) and
then cooled to room temperature (Dworschock &
Wickerham, 1961). For 2-3 days, the Petri plates were
incubated at 30°C in an incubator (Model: MIR-153,
Sanyo Japan). Y PS agar dlants were used to transfer the
colonies. Cultural and physical traits were used to
identify the isolates (Barnett et al., 1979).

2.1.1 Isolation of Efficient I nvertase Producer

By inoculating a culture into sucrose broth, an efficient
invertase producer (Saccharomyces cerevisiae) was
isolated. The broth was tested for invertase activity after
three days of incubation by boiling it with Benedict's
reagent (green to brick red color indicates positive result)
(Arumugam et al., 2014).

2.1.2 Identification of Saccharomyces Cerevisiae
Gram’s Staining

Gram's staining was applied to aloopful broth cultureand
viewed microscopically under an oil immersion
microscope. Budding yeast cells that were Grams
positive were observed (Arumugam et al., 2014).

2.1.3 Lacto Phenol Cotton Blue Staining

Lacto phenol Cotton Blue Staining producer was used to
stain a loop of broth culture, which was observed under
high power objectives. The presence of budding yeast
cellswas observed (Arumugam et al., 2014).

2.1.4 Extracellular Invertase Production

The culture medium was centrifuged at 10000 rpm for 10
minutes at 4°C. The supernatant was used as crude
enzyme source for invertase assay.

2.2 Measurement of Invertase Activity

The activity of the enzyme was determined using sucrose
as substrate. A suitable amount (100ul) of the enzyme
solution was mixed with buffered (acetate buffer pH 6.0
for invertase from Baker’s yeast and sodium phosphate
buffer pH 10.0 for invertase from grape sample) 30 mM
agueous sucrose solution. The reaction was carried out at
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55°C for 30 min and the volume was made up to 3 ml by
adding distilled water. To stop the reaction, 3 ml of
dinitrosalicylic acid reagent (DNS) was added and the
mixture was heated for five minutes in a boiling water
bath. After cooling, the intensity of the color was read at
540 nmin UV -Vis spectrophotometers (Miller, 1959).

The invertase units in each sample were determined by
using the following formula:

Units of invertase activity in each assay

AABS/30.0min=Final volume
ax1.0cm

Tube =

Where, AABS = absorbance change
a=mill-molar absorptivity constant

Total units = Number of units / Final volume * Fina
volume / ml of dilute enzyme added * total ml of dilute
enzyme / ml of stock added * ml of stock fraction/ 1.
Protein concentration was estimated according to the
method described by Bradford depending on bovine
serum albumin (BSA) standard curve (Bradford, 1976).

The specific activity was determination by using
following equation:

U Enzyme activity %
mg " Protein concentration %

2.3 Protein Estimation

The protein concentration of enzyme solutions was
measured by Bradford method (Bradford ,1976).
Bradford reagent (5ml) was added to a test-tube
containing 0.1 ml of the diluted enzyme. A blank wasrun
parallel. The tubes were vortexed. The absorbance was
noted at 595 nm on a spectrophotometer. The bovine
serum abumin (BSA) standard curve was used to
calculate the amount of protein in each sample.

2.4 Effect of pH and Temperature on Invertase
Activity

The effect of pH on invertase activity was determined by
assaying the enzyme as mentioned before with the
difference that the activity was determined at different
pH ranging from 3-13 (50mM acetate and 50mM sodium
phosphate buffer) at 55°C as described earlier (Amin et
al., 2010). The optimal temperature for invertase activity
was determined by measuring the activity at various
temperatures (25-70°C), as described by Amin et al
(2010).

2.5 Effect of VariousMetal lonson I nvertase Activity

The crude invertase was mixed with 5 mM concentration
of various sdts such as CaCl,, CuCl,, MgCl,, SnCl,
NiCl, CuCl; and NaCl for 30min at 55°C pH 6 and 10
for invertase from Baker’s yeast and grape sample
respectively before adding the substrate and subsequently
invertase activity was determined (Shankar et al., 2010).

2.6 Determination of The Mode of Inhibition and
Inhibitor Constant (Ki)

For crudeinvertase of S. cerevisiae, the effect of different
chemical inhibitors on invertase activity was studied
individually. Before adding the substrate, the crude
invertase was mixed with 0.5, 1, 2, and 5mM
concentrations of different chemical inhibitors such as
fructose, CuSO,, and glucose for 30 minutes at 55°C, pH
6.0 and 10 for invertase from Baker's yeast and grape
sample, respectively (Aziz et al., 2011).

2.7 Deter mination of Kinetic Parameters for Crude
Invertase

The kinetic parameters (Michaelis-Menton constant) K,
and maximal velocity Vmx Of invertase activity of S.
cerevisae were determined individually  from
Lineweaver Burk plot optimal assay conditions, 55°C,
pH 6.0 and 10 for invertase from Baker’s yeast and grape
sample respectively at 30 min for sucrose concentrations
ranging from 0.25, 0.5, 1, 2, 5, 10 and 20 mM. The
evaluation of these graph yielded the kinetic parameters
for the invertase activity (Sivakumar et al., 2012).

2.8 Statistical Analysis

Results were expressed as means + standard division of
the mean (n = 6). Statistical significance was set at
P<0.05 by using a t-test. Microsoft Excel has calculated
kinetic parameters for invertase activity.

3 Resaults

3.1 Isolation and | dentification of Yeast Cultures

Different strains of Saccharomyces cerevisae were
isolated from Baker's yeast and grape fruit samples. On
the basis of morphology and sporulation, they were
identified using conventional yeast identification
procedures.

3.2 Effect of pH on S. cerevisiae I nvertase Activity

In the present study, the effect of pH for invertase activity
by S. cerevisiae of Baker’s yeast and grape fruit were

3
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assessed. The effect of pH on the activity of crude
invertase was determined in the pH range of 3.0-13.
Maximum invertase activity of was recorded at pH 6.0
and pH 10 for both extracellular invertases (S. cerevisiae)
were isolated from Baker’s yeast and grape fruit
respectively. The enzyme activity was decreased at pH
13 for both enzymes. The pH stability of enzyme was
measured by the standard assay method with sucrose. An
average of retaining activity was observed between pH
5.0 and 8.0 for Baker’s yeast invertase and between pH
8.0 and 11 for invertase from grape sample (Fig. 1 and

2).
6
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Figure (1). Effect of pH on invertase activity by S. cerevisiae
(grape fruit).
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Figure (2). Effect of pH on invertase activity by S cerevisiae
(Baker’s yeast).

3.3 Effect of Temperature on S. cerevisiae Invertase
Activity

In the study of effect of temperature on invertase, it was
observed that invertase was sensitive to temperature; the
higher the temperature, the higher the rate of reaction.
The increase in the rate of reaction is due to an increase
in the number of molecules that have sufficient energy to
enter into the transition state. From (Fig. 3), the reaction
rate of invertase for both, extracellular invertases
increased from 35°C to 55°C.

~ 8 -
T
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Q
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Figure (3). Effect of temperature on invertase activity by S.
cerevisiae (Baker’s yeast and grape fruit).

3.4 Effect of Various Metal ions on S. cerevisae
Invertase Activity

The effect of different metalsions (CaCl,, CuCl», MgCl,
SnCls, NiCl,, CuCl; and NaCl) on invertase activity for
both, extracellular invertases of S cerevisae was
examined by incubating various metal ions with extract
at 55°C for 30 minutes (Fig. 4 and 5). Maximum amount
of invertase activity of 2.69 £ 0.03 nmol/min/mg protein
was recorded in calcium chloride and minimum invertase
production of 0.34 + 0.005 nmol/min/mg protein was
recorded in tin (I1) chloride by S cerevisiae of Baker’s
yeast (Fig. 4). Among the tested metal ions, the
maximum amount of extracellular invertases for grape
fruit was recorded in magnesium chloride (1.25 + 0.02
nmol/min/mg protein), whereas the minimum amount of
invertase production was observed in sodium chloride
(0.09 = 0.001 nmol/min/mg protein) (Fig. 5).
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Figure (4). Effect of meta ions on invertase activity by S
cerevisiae from Baker’s yeast.

Open Access Articleis distributed under a CC BY 4.0 Licence.



SIFSSU Val. 2, No. 2 (2022) 1-11

Al salhen et. al.

_%1.5-
28

‘%E 1 -

o £

= C

T E 05

#g

S 0 r r r r T )

(O U U2
L O\"Q (?(I @Q(}J @(’ GJQ(J
Metal ions

Figure (5). Effect of metal ions on invertase activity by S
cerevisiae from grape sample.

3.5 Determination of Kinetic Parameters for S.
cerevisiae Invertase

The kinetic parameters of enzymatic reaction were
caculated by the Lineweaver-Burk linearization using
the MichaelissMenton kinetic model. The kinetic
parameters (Km and Vmax) were determined at 55°C and
pH 6 and 10 for both, extracellular invertases (S
cerevisiae) for concentrations ranging between 0.25to 5
mM of sucrose as substrate. The Ky, and Vmax Of S
cerevisiae for Baker’s yeast is 0.860 + 0.04 mM and
24.39 + 2.44 nmol/min/mg protein (Fig. 6). The K, and
Vmax Of S. cerevisiae for grape fruit is 1.243 = 0.07 mM
and 23.25 + 3.14 nmol/min/mg protein (Fig. 7). The
results of this study indicated that sucrose is a better
substrate of extracellular invertases (Baker’s yeast) than
extracellular invertases (grape fruit) with aKny, value 1.5-
fold higher (1.243 £ 0.07 mM) and the lower V ma (23.25
* 3.14 nmol/min/mg protein).

1V

. 0.2
nmol/min
/mg 0.15
protein y =0.0378x + 0.0433

R?=0.9745

1/[S] mM1

Figure (6). Determination of Km and Vmax of S cerevisiae of
Baker’s yeast invertase (Lineweaver Burk plot; 50 mM citrate
pH 6, 55°C, 30 min, substrate concentration ranging from 0.25-
5 mM; Mean and standard deviation were determined from
three replicates). The intercept on the y-axis corresponding to
1/Vmax = 0.0433, dlope corresponding to Km/V max = 0.0378.
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Figure (7). Determination of Ky and Vmx Of S
cerevisiae of grapefruit invertase (Lineweaver Burk plot;
50 mM sodium phosphate pH 10, 55°C, 30 min, substrate
concentration ranging from 0.25-5 mM; Mean and
standard deviation were determined from three
replicates). The intercept on the y-axis corresponding to
1/Vmx = 0.0461, dope corresponding to Km/Vmax =
0.0515.

3.6 Kinetics of Sucrose Hydrolysis by S. cerevisiae
Invertases

Extracellular invertases (S. cerevisiae) for Baker’s yeast
and grape fruit were assayed at 55°C in the reaction
mixtures (pH = 6.0 and 10, respectively) containing
different amounts of sucrose (0.25-5.0 mM). The data
were plotted according to the Lineweaver-Burk plot to
determine the values of kinetic constants (Vmax and K,
Kea, and Kea/Km, Fig. 6 and 7) as described previoudly.
A Lineweaver-Burk plot was applied to determine the
kinetic constants (Km and Vmx). The cataytic center
activity for both, extracellular invertases (S. cerevisiae)
(Kea) and specificity constant (Kca/Km) of sucrose was
determined (Tab. 1).

Table (1). The catalytic properties of invertase from S
cerevisiae.

Invertasestypes
Catalytic properties Baker’s yeast | Grapefruit
Kum 0.860+0.04 | 1.243+0.07
(mM)
Vmax _ 2439+244 | 2325+3.14
(nmol/min/mg protein
K cat
. 0.28 £ 0.02 0.56 + 0.008
(min%)
Kcat/Km
.325 + 0. .045 + 0.
(MM min‘) 0.325+0.03 | 0.045+0.003
KS (VmadKm) 27.03+524 | 2439+7.11
(ml/min/mg protein)
5

Open Access Articleis distributed under a CC BY 4.0 Licence.



SJFSSU Val. 2, No. 2 (2022) 1-11

Al salhen et. al.

The substrate efficiency (Ks=Vma/Km).

The turnover number (Keca) = Vmax/[E].

a Calculated estimating a molecular mass of 270 kDafor the
active enzyme.

The kinetic constants (Km & Vmax).
The specificity constant (K ca/Km).

3.7 Determination of Inhibition constants (Ki) for S.
cerevisiae Invertases

In order to determine the Ki for S. cerevisiae invertases
inhibitors with a series of experiments were conducted
with different chemical inhibitors. The crude invertase
was mixed with 0.5, 1, 2 and 5 mM concentration of
different chemical inhibitors such asfructose, CuSO,4 and
glucose for 30 min at 55°C, pH 6.0 for invertase from
Baker’s yeast before adding the sucrose as substrate and
subsequently invertase activity was determined.
Lineweaver-Burk plots from this data were used to
determine the inhibitor constant (Ki). (Fig. 8 to 13) show
the effect of these inhibitors on extracellular invertase.
(Tab. 2) summarizes the Ki and mode of inhibition of
different inhibitors with invertase activity.

Table (2). Summary of inhibition constant (Ki) and mode of
inhibition of different inhibitors with Baker’s yeast
extracellular invertase

::ﬁft‘? Ki (mM) M ode of inhibition
Fructose 0.45+ 0.09 Competitive
CuSOq4 0.066 + 0.003 Uncompetitive
Glucose 0.014 + 0.001 Non-competitive

The values shown are the (Mean £ S.D), obtained from three
separate the crude invertase for Baker’s yeast.

It was found that al extracellular invertase inhibitors had
aKi vaues between 0.01 mM to 0.4 mM with the lowest
Ki value with glucose. The weakest extracellular
invertase inhibitors found was fructose. Lineweaver-
Burk plot analysis revealed that the inhibitors had
different modes of inhibition. Glucose was a non-
competitive inhibitor (Fig. 8 and 9), while CuSO4 was
uncompetitive inhibitors (Fig. 10 and 11). Fructose was
found to be a competitive inhibitor (Fig. 12 and 13).

Figure (8). Saturation kinetics plot for glucose inhibition with
sucrose as an invertase substrate in extracellular invertase for
Baker’s yeast.

Figure (9). Lineweaver-Burk plot for glucose inhibition (non-
competitive) with sucrose as an invertase substrate in
extracellular invertase for Baker’s yeast.

Figure (10). Saturation kinetics plot for CuSO4 inhibition with
sucrose as an invertase substrate in extracellular invertase for
Baker’s yeast.

Figure (11). Lineweaver-Burk plot for CuSOas inhibition
(uncompetitive) with sucrose as an invertase substrate in
extracellular invertase for Baker’s yeast.
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Figure(12). Saturation kinetics plot for fructose inhibition with
sucrose as an invertase substrate in extracellular invertase for
Baker’s yeast.

25 A0 mM Fructose

* 0.5mM fructose
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Figure (13). Lineweaver-Burk plot for fructose inhibition
(competitive) with sucrose as an invertase substrate in
extracellular invertase for Baker’s yeast.

4 Discussion

The identification of S cerevisae was carried out
(Barnett et al., 1979; Gustavo et al., 2022). Colonieswere
flat, smooth, moist, glistening, and creamy in color. They
appeared on Y PS agar plates after 24 h, rapidly grew and
fully matured within 3 days. Microscopic studies showed
that S cerevisiaeis one of the budding yeast. Cellsin the
sediment of Y PS broth were unicellular and globose. The
bud raised on different parts of the cell surface on a
narrow base as said to be multilateral (multipolar)
budding was typical. The spores formed by S. cerevisiae
were 1-4 spores per ascus. They were rounded and
slightly oval in shape. Screening of S. cerevisiae isolates
was carried out in shake flask by submerged fermentation
for invertase production. The effect of pH on the activity
of crudeinvertase was determined in the pH range of 3.0-
13. A change in pH affects the ionization of essential
active site amino acid residues that are involved in
substrate binding and catalysis. The ionization of these
residues may cause distortion of the active site cleft and
hence may indirectly affect enzyme activity. The effect
of pH isrelated to the growth and metabolic activities of
the organism (Bodade et al., 2010). This result was
supported by the finding of Shankar et al. (2014) who

showed that the maximum invertase activity was at pH
6.0 by Saccharomyces cerevisiae MK. Umaet al. (2010)
reported that the maximum invertase activity was found
at pH 6 by Aspergillusflavus. Patil et al. (2012) evaluated
the Aspergillus sp. invertase; it gave the good invertase
activity for pH 6. Yamamota et al. (1986) showed that
maximum invertase activity was recorded at pH 6.8 for
invertase from Brevibacterium divaircatum. Invertase
exhibits marked stability towards pH changes and
denaturants. Unlike other enzymes, invertase exhibits
relatively high activity over a broad range of pH (3.5-
5.5), with the optimum near pH of 4.5. (Essel & Osd,
2014). Invertases from Saccharomyces cerevisiae are
usually activein slightly acidic to neutral pH (3.0-7.0), to
close to neutral pH (6.5-7.0) (Belcarz et al., 2000).
However, optimum activity was highly active at pH 3.6
to 5.0 with optimum pH 4.5. Nguyen et al., (2000) found
that Aspergillus niger invertase was stable at pH range
from 5.0 to 6.5. However, Benattouche et al. (2016) was
noted that the invertase by Streptococcus sp. isolated
from the date increased in pH from pH 7.0 to pH 8.0.
Result also, showed that the invertase activity maxima
observed at pH 10 (Fig. 1) by S. cerevisiae (grape fruit).
Theseresultsarein linewith Lee & Strum, (1996) results
who reported that the maximum invertase increased
above pH 9.0 by akaline invertase isolated from carrot.
On the other hand, the pH of a soluble invertase present
in Semillon grape berry juice has been determined to be
acidic not alkaline (Nakanishi et al., 1991). Thus, further
basic research is still needed. For instance, it remains
unclear whether or not differences exist in gene
expression patterns and regulation of sugar metabolism
between grape species (Pan et al., 2009). The activity of
the invertase declined from 60°C to 70°C. This implies
that the enzyme was denatured which led to the loss of
activity of the invertase. Since enzymes, like invertase,
were proteins with tertiary structure, they can be
denatured when exposed to high temperatures. Denatured
proteins do not react as much as the newly extracted
proteins, thus resulting into a drastic drop of the rate of
reaction (Campbell & Farrell, 2012). The temperature
optimum was found 55°C in the present study (Fig. 3).
These results agree with the findings by L Hocine et al.
(2000) who reported that the 55°C gave good invertase
activity for invertase from Aspergillus Niger strain. On
the other hand, Shankar et al. (2014) reported that the
30°C gave good invertase activity for invertase by an S,
cerevisiae strain. In addition, Gine et al. (2010) found
that 37°C gave good invertase by Lactobacillus reuteri
CRL 100. Moreover, Benattouche et al. (2016) also
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reported that the maximum invertase activity was
recorded at 50°C for invertase by Sterptococcus sp. The
similar results, Amin et al. (2010) reported that a slight
increase in the activity of acid invertase was observed
with Ca?, Mn*? and Mg*? ions. Shankar et al. (2014)
showed that maximum invertase of 89.11% was recorded
at CaCl,. However, Nakanishi et al., (1991) reported that
effect of 0.01 M of KCI, NaCl, MgCl, and CaCl; on the
activity of both wine and grape juice invertases were
negligible. Voster & Botha (1998) reported similar
effects of Hg?*on the activity of sugarcane neutral
invertase. It was also reported that 0.005 M FeClz, CuCls,
ZnCl,, CdCl; and AlCl3 reduced the activity of invertase
approximately 80, 73, 32, 45 and 22% respectively
(Mahbubur-Rahman, 2004). (Dahot & Noomrio 1996)
reported increase in invertase activitiesin the presence of
MgCl; and CaCl; ions. They suggested that thiol groups
a the catalytic site are important for the invertase
activity. Metal ions play important rolesin the biological
function of many enzymes. The various modes of metal-
protein interaction include metal-, ligand-, and enzyme-
bridge complexes. Metals can serve as electron donors or
acceptors. Chang et al. (1994) reported that purified
enzyme had an optimal pH (5-6), temperature (50°C) and
a Kn value of 0.53 mM for catalyzing self-transfer
reaction from sucrose. Gine et al. (2010) reported that for
invertase in Lactobacillus reuteri (CRL 1100), the Kn,
(6.66 mM) and V max (0.028 pmol/min) values for sucrose
were obtained. Uma et al. (2010) reported the result for
invertase by Aspergillus flavus in Lineweaver-Burk plot
of the enzyme affinity for sucrose gave astraight line plot
from which the K, as 0.23 mg/ml and Vma was 15.8
U/mg. Ribeiro and Vitolo, (2005) stated the result for
conventional Lineweaver-Burk plot, the kinetic constants
for soluble invertase (Km = 18.3 mM and Vmax = 0.084
U/mgE) and insolubleinvertase (Km=29.1 mM and V max
=0.075 U/mgE) invertase were calculated. Almeidaet al.
(2005) investigated the kinetic parameters of enzymatic
reaction were calculated by the Lineweaver-Burk
linearization using the Michaelis-Menton kinetic model.
For the auto-immobilized enzyme it was obtained a Kn,
of 447 mM and Vs of 2,805 mmol/min. Uma et al.
(2012) aso stated the Michaelis-Menton kinetics for and
constants were determined from a Lineweaver-Burk plot.
The kinetic constant of invertase was Vma 28.57U/mg
and Km of 0.26 mg/ml. Whereas, Mona et al. (2009)
evaluated the invertase from Saccharomyces cerevisiae
NRRL Y-12632 in K, value of the pure enzyme was
found to be 60 mM while its Vmax was 35.5 min mg
protein as calculated by Hanes-Woolf plot. The rate of

sucrose hydrolysis, decreased by increasing substrate
concentration, which may be due to substrate inhibition.
However, Talekar et al. (2010) reported the kinetic
constants for soluble invertase (Km = 10.80 mM and V max
= 21.59 pmol/minutes) were calculated from nonlinear
regression. Whereas, Guimaraes et al. (2007) stated that
invertase from Aspergillus niveus had Kn value of 5.78
mM and V ma Of 28.46 U per mg of protein per min and
Chavez et al. (1997) investigated that invertase from
Candida utilis and Saccharomyces cerevisiae exhibited
Km values of 11 and 25 mM, respectively. In asummary,
a kinetic constant of invertase isolated from many
organisms is affected by many factors such as enzyme
sources, optimum pH, optimum temperature, thermal
stability and molecular mass. This means that the good
affinity of the extracellular invertases (Baker’s yeast) for
sucrose substrate. This was due to the lower accessibility
of the substrate to the active site of the invertase enzyme
(Bayramolu et al., 2003). Thekinetic parameters of both,
extracellular invertase shown in Table 1 shows the most
dramatic change, with about a 22.5% reduction in Kcat
for grape invertase. There was big change in the Kcat/K
of Baker’s yeast invertase. The Kcat/K, value of Baker’s
yeast invertase was about =~ 8-fold increase in the
catalytic process. The key advantages revealed here are
the low Ky, (0.860 £ 0.04 mM), the high Vmay, (23.25 £
3.14 nmol/min/mg protein) and the high Kcat/Kn, (0.28
mM-1 minY). This could be due to the ionized state of the
Baker’s yeast invertase whose charges have been
reserved and that the sucrose binds more strongly to the
active dite than transition state of the substrate
substantiating with the study of Myerset al., (1997). This
indicated that the Baker’s yeast had higher affinity
towards binding sucrose to the active site. The turnover
number (Kcx) and specificity constant (Kca/Km) values of
both enzymes (Tab. 1) showed that the activity of the
Baker’s yeast was better compared to grape invertase.
Furthermore, specificity constant Ks (27.03 ml/min/mg
protein) again confirmed that the Baker’s yeast invertase
was higher and more specific for sucrose as compared to
grape invertase Ks (24.39 mi/min/mg protein) (Tab. 1).
There are a few reports investigating the kinetic
parameters of S. cerevisiae invertases. Partially purified
invertases from S. cerevisiae Kca and Kca/Km for sucrose
substrate was 5.66 min* and 2.16 x 10" M-*Min? (Reddy
& Maley, 1996). Invertase production by Saccharomyces
cerevisiae on from the wild-culture had Kcx and Kea/Km
for sucrose equal to 122 min! and 19.51 M-*min? (UI-
Haq & Ali, 2005). In this study preliminary experiments
were performed with three well-documented inhibitors of
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extracellular invertase for Baker’s yeast. Lee and Sturm
(1996) support this finding who reported that invertase
enzyme of carrot root was inhibited by their reaction
products glucose and fructose. Fructose was a
competitive inhibitor of neutral (Ki, 13.4 mM) and
akaline (Ki 16.3 mM) invertase. In contrast, glucose
inhibited neutral (Ki, 28 mM) and akaline (Ki, 33 mM)
invertase noncompetitively. Fructose and glucose were
competitive and noncompetitive inhibitors, with Ki
valuesof 38 mM and 72 mM, respectively of rice alkaline
invertase (Lin et al., 1999). Fructose acts as acompetitive
inhibitor for the invertases, which implies that there is
tighter binding of fructose to the active site in these
enzymes (although the binding is still weaker than that of
glucose) (Wu & Birch, 2005). Theseresultsindicated that
the enzyme activity could be modulated by its end
products.

5 Conclusions

The current study established the presence of invertase
activity in S cerevisiae which was isolated from both
Baker’s yeast and grape samples using the standardize
techniques. Invertase isolated from S. cerevisiae was
found to have maximum activities at pH 6 and 10 and
maximum temperature of 50°C. The activity of the
enzyme was affected by the presence of metal ions in
various degrees. A comparison of a number of kinetic
parameters of Baker’s yeast and grape fruit invertase
showed marked differences. The inhibition of hydrolysis
of sucrose by invertase was characterized for three
different inhibitor compounds. Inhibition studies showed
that fructose, glucose and CuSO, inhibited invertase
competitively, non-competitively and un-competitively
respectively. Hence, S. cerevisiae may be recommended
as alocal source for the production of invertase enzyme,
thus reducing the cost of production significantly.

Acknowledgements

The authors express their gratitude to Department of
Chemistry, Faculty of Science, Omar Al-Mukhtar
University, El-beida, Libya for their cooperation in
carrying out this study.

Conflict of Interest: There are no financial, personal, or
professional conflicts of interest to declare.

References

Acosta N, Beldarrain Al, Rodriguez Y, Alonso Y (2000)
Characterization of recombinant invertase expressed
in methylotrophic yeasts. Biotechnology and Applied

Biochemistry. 32:179-178. DOI:
10.1042/ba20000064

Almeida AC, Araujo LC, Costa AM, Abreu CA, Lima GD,
Palha MD (2005) Sucrose hydrolysis catalyzed by
auto-immobilized invertase into intact cells of
Cladosporium cladosporioides. Electronic Journal of
Biotechnology. 1:717-725.

Amin F, Bhatti H, Asgher M (2010) Partial purification and
characterization of an acid invertase from saccharum
officinarum|. Pak. J. Bot. 42:2531-2540.

Arise RO, Olawoye DO, Acho MA, Olufemi O, Adewale AA,
Algolowo O, Nwonuma C (2020) Kinetic
characteristics of partialy purified invertase from
Citrullus lanatus Rind. Ceylon Journal of Science.
49:61-69. DOI:
http://doi.org/10.4038/cjs.v49i1.7706

Arumugam G, Mohamed A, Sadig, M, Nagalingam M,
Panneerselvam A (2014) Production of invertase
enzymes from Saccharomyces cerevisiae stran
isolated from sugarcane and grape juices. European
Journal of Experimental Biology. 4:29-32.

Aziz S, Jda F, Nawaz M, Niaz B, Shah FA, Memon M, Latif
F, Nadeem S, Rgjoka MI (2011) Hyperproduction
and thermal characterization of a novel invertase
from a double mutant derivative of Kluyveromyces
marxianus. Food Technol Biotechnol. 49:465- 473.

Barnett JA, Payne RW, Yarrow D (1979) A guideto identifying
and classifying yeasts, Cambridge University Press,
Cambridge. pp 25-78.

Bayramolu G, Akgol S, Bulut A, Denizli A, Yakup AM (2003)
Covalent immobilization of invertase onto a reactive
film composed of 2-hydroxyethyl methacrylate and
glycidyl methacrylate: properties and applicationin a
continuous flow system. Biochemical Engineering
Journal. 14:117-126. DOI:10.1016/S1369-
703X(02)00170-5

Belcarz A, Ginalska G, Lobarzewski J, Penel G (2002) The
novel non-glycosylated invertase from Candida utilis
(the properties and the conditions of production and
purification). Biochim. Biophys. Acta. 1594:40-53.
DOI: 10.1016/50167-4838(01)00279-5

Benattouche Z, Bachir Raho G, Bouhadi D, Sahnouni F (2016)
Characterization of partialy purified extracellular
thermostable invertase by Streptococcus sp Isolated
from the Date. Bull. Env. Pharmacol. Life Sci. 5:65-
72. DOI: 10.1016/0003-9969(79)90006-2

Bodade GR, Chandarahas N, Arfeen SA (2010) Optimization
of culture conditions for glucose oxidase production
by a Penicillium chrysogenum SRT 19 strain.
Engineering and Life Science.  10:35-39.
DOI:10.1002/el sc.200900030

Bradford, NM (1976) A rapid and sensitive method for
quantitation of microorganism qualities of protein
utilizing the principle of protein dye binding analysis.
Biochem. 72:248-254.

Open Access Articleis distributed under a CC BY 4.0 Licence.



SJFSSU Val. 2, No. 2 (2022) 1-11

Al salhen et. al.

Campbell M, Farrell S (2012) Biochemistry (7th Ed.) China,
ChinaTranglation & Printing Services Limited.

Chang YY, Yjuang RH, Su JC, Sung HY (1994) Partial
purification and characterization of invertase
isozymes from rice grains. Biochem. Mol. Biol. 33:
607-15.

Chavez FP, Rodriguez L, Diaz J, Delgado JM, Cremata JA
(1997) Purification and characterization of an
invertase from Candida utiliss Comparison with
natural and recombinant yeast invertases. J.
Biotechnol.  53:67-74. DOI: 10.1016/s0168-
1656(97)01663-5

Dahot MU, Noomrio MH (1996) Purification and some
properties of invertases from Achras sapota fruit. J.
Islamic. Acad. Sci. 2:31-36.

Dewdney PA (1973) Enzymes in food processing. Nutrition &
Food Science. 73:20-22.

Dworschack RG, Wickerham LJ (1961) Production of
extracellular and total invertase by Candida utilis,
Saccharomyces cerevisiae, and other yeasts. Appl.
Microbiol. 9:291-294. DOI: 10.1128/am.9.4.291-
294.1961

Essel K, Osal Y, (2014) Investigation of somekinetic properties
of commercial invertase from yeast. Nat. Prod.
Chem. Res. 2:6. DOI: 10.4172/2329-6836.1000152

Gine, S.C.; Madonado, M.C. and Vadez, F.G.D. (2010):
“Purification and characterization of invertase from
Lactobacillus reuteri CRL 11007, Curr Microbiol.,
40(3):181-184. DOI: 10.1007/s002849910036

Goosen C, Yuan, XL, Van Munster JM, Ram AF, Van der
Maarel MJ, Dijkhuizen L (2007) Molecular and
biochemical characterization of a novel intracellular
invertase  from  Aspergillus  niger with
transfructosylating activity. Eukaryot. Cell. 6:674-
681. DOI: 10.1128/EC.00361-06

Guimaraes LH, Terenzi HF, Lourdes MD, Jorge JA (2007)
Production and characterization of thermo stable
extracellular B-fructofuranosidase produced by
Aspergillus ochraceus with agro industrial residues
as carbon sources. J. Enz. Microbid . Technol. 42:52-
57. DOI 10.1016/j.enzmictec.2007.07.021

Mandujano GP, LorcaHC, Alves CD, Prado GO, Martins HR,
Novaes HR, Alves IC, Anderson F (2022)
Identification and selection of a new Saccharomyces
cerevisiae strain isolated from Brazilian ethanol
fermentation process for application in beer
production. Food Microbiology. 103:103-958.
doi.org/10.1016/j.fm.2021.103958

Klein RD, Poorman RA, Favreau MA, SheaMH, Hatzenbuhler
NT, Nulf S (1989) Cloning and sequence analysis of
the gene encoding invertase from the yeast
Schwanniomyces occidentalis. Curr. Genet. 16:145-
152. DOI: 10.1007/BF00391470

L’Hocine Z, Wang B, Jiang B, Xu S (2000) Purification and
partial characterization of fructosyltransferase and
invertase from Aspergillus niger AS0023. J.

Biotechnol. 81:73-84. DOI:
1656(00)00277-7

Laluce C (1991) Current aspects of fuel ethanol production in
Brazil. Critical Reviews in Biotechnology. 11:149-
161. doi.org/10.3109/07388559109040620

Lee H, Sturm A (1996) Purification and characterization of
neutral and alkaline invertase from carrot. Plant
physiol. 112:1513-1522. doi: 10.1104/pp.112.4.1513

Lin C, Lin H, Wang A, Yisung H (1999) Purification and
characterization of an alkaline invertase from shoots
of etiolated rice seedlings. New Phytol. 142: 427-434.

Mahbubur-Rahman SMM, Sen PK, Hasan MF, Mian MAS,
Habibur-Rehman M (2004) Purification and
characterization of invertase enzyme from sugarcane.
Pak. J Biol. Sci. 7:340-345. DOI:
10.3923/pjbs.2004.340.345

Miller GL (1959) Use of dinitrosalicylic reagent for
determination of reducing sugars. Ana. Chem. 3:
426-428. doi.org/10.1021/ac60147a030

Mobini-Dehkordi M, Nahvi |, Zarkesh-Esfahani, H, Ghaedi K,
Tavassoli R, Akada R (2008) Isolation of a novel
mutant strain of Saccharomyces cerevisiae by an
ethyl methane sulfonate-induced mutagenesis
approach as a high producer of bioethanol. Journal of
Bioscirnce and Bioengineerin. 105:403-408. DOI:
10.1263/jbb.105.403

Mona MR, Mohamed UN (2009) Production, purification and
characterization of extracellular invertase from
Saccharomyces cerevisiae NRRL Y-12632 by Solid-
State Fermentation of red carrot residue. Aust. J.
Basic. Appl. Sci. 3:1910-1919.

Myers DK, Lawlor DT, Attfield PV (1997) Influence of
invertase activity and glycerol synthesisand retention
on fermentation of media with a high sugar
concentration by Saccharomyces cerevisiae. Appl.
Environ. Microbiol. 63:145-150. doi:
10.1128/aem.63.1.145-150.1997

Nakanishi K, Wu W, Yokotsuka K (1991) Purification and
some properties of thermostable invertase from wine.
J. Ferment. Bioeng. 71:66-68.
doi.org/10.3136/fstr.12.131

Neumann NP, Lampen JO (1967) Purification and properties of
yeast invertase.  Biochemistry. 6:468-75. DOI:
10.1021/hi008542015

Nguyen QD, Rezessy-Szabo JM, Bhat MK, Hoschke A (2005)
Purification and some properties of -
fructofuranosidase  from  Aspergillus  niger
IMI1303386. Process Biochemistry. 40:2461-2466.
DOI:10.1016/j.prochio.2004.09.012

Pan QH, Cao P, Duan CQ (2009) Comparison of enzymes
involved in sugarmetabolism from Shang-24 (Vitis
quinguangularis) and Cabernet Sauvignon (Vinifera
vinifera) at veraison. Aust. J. Grape Wine Res. 15:9-
17.

10.1016/s0168-

10

Open Access Articleis distributed under a CC BY 4.0 Licence.



SJFSSU Val. 2, No. 2 (2022) 1-11

Al salhen et. al.

Patil M, Bhamre R, Patil U (2012) Invertase production from
Aspergillus sp. M1 isolated from Honeycomb. Int. J.
Appl. Biores. 15:1-5.

Phadtare SD, Britto V, Pundle A, Prabhune A, Sastry M (2004)
Invertase lipid biocomposite films. preparation,
characterization and enzymatic activity.
Biotechnology  Progress.  20:156-161. DOI:
10.1021/bp034236t

Reddy A, Maley F (1996) Studies on identifying the catalytic
role of Glu-204 in the active site of yeast invertase.
The journa of biological chemistry. 271: 13953-
13958. DOI: 10.1074/jbc.271.24.13953

Ribeiro RR, Vitolo M (2005) Anion exchange resin as support
for invertase immobilization. Journal of Basic and
Applied Pharmaceutical Sciences. 26:175-179.

Shankar S, Madhan R, Sathyavani R, Niket B (2010)
Production and partial purification of invertase using
Cympopogan caecius leaf powder as substrate. Indian
J. Microbiol. 50:318-324. doi: 10.1007/s12088-010-
0011-3

Shankar T, Thangamathi R, Sivakumar T (2014)
Characterization of invertase from Saccharomyces
cerevisae MTCC. African journal microbiology
research. 8:1385-1393.
DOI:10.5897/AIMR2014.6612

Sikander A (2007) Kinetics of invertase production in batch
culture. Pakistan Journal of Botany. 39:907- 912.

Sivakumar T, Shankar T, Vijayabaskar P, Ramasubramanian V
(2012) Optimization for keratinase enzyme
production using Bacillus thuringiensis TS2.
Academic Journal of Plant Sciences. 5:102-109. DOI:
10.5829/idosi .gjps.2012.5.3.6279

Tadekar S, Kate VGA, Samant N, Kumar C, Gadagkar S (2010)
Preparation and characterization of cross-linked
enzyme aggregates of Saccharomyces cerevisiae
invertase. Australian Journal of Basic and Applied
Sciences. 4:4760-4765.

Ul-Haqg I, Ali S (2005) Invertase production from a hyper
producing Saccharomyces cerevisiae strain isolated
from dates. Pak. J. Bot. 37:749-759.

Uma C, Gomathi D, Muthulakshmi C, Gopalakrishnan VK
(2010) Production, purification and characterization
of invertase by Aspergillus flavus using fruit peel
waste as substrate. Adv. Biol. Res. 4: 31-36.

UmacC, Gomathi D, Ravikumar G, Kaaiselvi M, Palaniswamy
M (2012) Production and properties of invertase from
a Cladosporium cladosporioides in SmF using
pomegranate peel waste as substrate. Asian Pacific
Journal of Tropical Biomedicine. 2: S605-S611.
doi.org/10.1016/S2221-1691(12)60282-2

Vorster DJ, Botha FC (1998) Partial purification and
characterization of sugarcane neutral invertase”,
Phytochemistry. 49:651-655.
doi.org/10.1016/S0031-9422(98)00204-0

Wu L, Birch R (2005) Characterization of the highly efficient
sucrose isomerase from pantoea dispersa UQ68J and

cloning of the sucrose isomerase gene. Applied and
environmental microbiology. 71:1581-1590. doi:
10.1128/AEM.71.3.1581-1590.2005

Yamamota K, Kitamoto Y, Ohata N, Isshiki S, Ichikawa Y
(1986) Purification and properties of invertase froma
glutamate-producing bacterium. J. Ferment. Tech.
64:285-292. DOI:10.5897/AIMR2014.6612N

11

Open Access Articleis distributed under a CC BY 4.0 Licence.



Scientific Journal for the Faculty of Science-Sirte University Vol. 2, No. 2 (2022) 12-18

¢ Scientific Journal for the Faculty of Science-Sirte University f:
\ Journal home page: http://journal.su.edu.ly/index.php/JSFSU/index | : @ £
S T DOI: 10.37375/issn.2789-858X N e

Statistical Study of Extract Keratin Protein from Waste Chicken Feather
Based on Response Surface M ethodology

Dala M. Ibrahim?, Hanan F. Emrayed?, Sumayyah M. Albarani?, and Bushra Alngji Abdalrazig*

!Chemistry Department, Science Faculty, Omar Al-Mukhtar University, Libya.

2Chemical Engineering Department, Engineering Faculty, Omar Al-Mukhtar University, Libya.

DOI: https://doi.org/10.37375/gfssu.v2i2.297

ABSTRACT

ARTICLE INFO:

Received 01 July 2022.
Accepted 12 September 2022.
Published 27 October 2022.

Keywords:

Chicken feather waste, reducing agent, keratin
protein, UV-Visanalysis, RSM:

The feathers contain a significant amount of keratin protein, which is used in
cosmetics, shampoos, hair trestment creams, and skin creams. Dissolving chicken
feathers with reducing agent and then separating the protein from chemicals are the
key steps involved. However, in order to enhance the amount of recovered keratin
as much as possible, the best conditions for extracting keratin from chicken feathers
arerequired. In this study, Response Surface Methodology (RSM) was used in order
to simulate and optimize the operating parameters for extracting keratin from waste
chicken feathers in order to increase the amount of keratin protein compared to
previous studies. Dissolving chicken feathers using sodium sulphide as a reducing
agent at various periods, temperatures, and concentrations is the first step in the
fundamental technique. After the feathers have been dissolved with areducing agent,
the fluid is treated with an ammonium sulfate solution to precipitate the protein. As
determined by abiuret test and UV-Vis analysis, the keratin protein had a maximum
wavelength of 290 nm. Finally, the statistical optimization of the extraction
conditions provided a better understanding of the reaction parameters. The optimum
yield of keratin was achieved at 3.7 hours at 30.07°C with 0.05 M sodium sulfide.

1 Introduction

Many countries had alarge poultry slaughterhouse sector Zouari, Haddar, Hmidet, Frikha, & Nasri, 2010;

that discarded about four million tones f chicken feathers

Gessesse, Hatti-Kaul, Gashe, & Mattiasson, 2003;

each year, and they took advantage of the circumstance
to conduct research and find ways to monetize the waste.
There is a growing interest in the creation of
environmentally  friendly, renewable-resource-based
materials. The current research is the first in Libya to
recycle chicken feather waste, and it focuses on
extracting natural keratin protein from chicken feathers
with the help of a reducing agent. Reducing substances
aid inlowering the stability of keratin fibersin their solid
state, which is present in feathers. In order to dissolve
keratin fibersinto protein solutions, these chemicals will
break down disulfide bonds, hydrogen bonds, and salt
linkages. Feathers make up over 90% of the keratin
protein in waste biomass, as previously stated (Fakhfakh-

Grazziotin, Pimentel, De Jong, & Brandelli, 2006;
Saucedo-Rivalcoba, Martinez-Hernandez, Martinez-
Barrera, Velasco-Santos, & Castafio, 2011).

A-keratins and b-keratins are the two most common types
of keratins (Barone, Schmidt, & Gregoire, 2006; Sharma
& Gupta, 2016). In mammals, a-keratins are found in
abundance, while b-keratins are found in abundance in
birds and reptiles. A-keratins may be found in mammals
hair, wool, horns, nails, claws, and hooves, while
b-keratins can be found in reptiles nails, scales, claws,
shells, feathers, beaks, and quills (Ng et a., 2012). The
reductants function quickly and without creating any
chemical changes or a reduction in protein yield. The
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solutions' by-products act like true proteins, not
hydrolysis  by-products. Sulfosalicylic acid and
ammonium sulfate, two common protein precipitants, are
employed to precipitate their solutions. Keratin is well-
known for its ability to stretch in a variety of directions
without breaking and for forming astrong, fibrous matrix
in tissues (Y amauchi & Yamauchi, 2002).

According to Leichner. (2019), chicken feather keratins
can be converted to natural protein that issolublein alkali
or acid and digestible by trypsin and pepsin. To achieve
this, the disulfide bonds in keratin were broken. Keratins
in feathers are made up of twisted, pleated sheetsthat are
then stabilized and toughened by disulfide bonds.The
strength of the keratin in chicken feathers can be reduced
by disrupting these disulfide connections, allowing the
keratin to become soluble and convert to natural protein
(Leichner et al., 2019).

In the case of Schrooyen et al, oxidizing chemicals like
bromine, permanganate, and hydrogen oxide break
disulfide bonds very sowly, slowing down the protein
extraction process. On the other hand, the reducing
agents operate swiftly and dissolve keratin only in
alkaline reactions (pH 10 to 13), but their activity is not
solely dueto alkali. Theresults of these processes behave
like real proteins, not hydrolysis byproducts. Schrooyen
et a explored the effect of adding varying amounts of
SDS on the rate of aggregation of polypeptide chains and
the rate of oxidation of cysteine residues during dialysis,
as have a few other researchers (Schrooyen, Dijkstra,
Oberthir, Bantjes, & Feijen, 2001). Yamauchi et al.
studied urea, 2-mercaptoethanol, (Kamarudin et al.,
2017)solution  (sodium dodecyl sulphate). They
discovered that using SDS as a surfactant sped up the
extraction process and boosted the yield. It also stahilized
the agueous protein solution following urea removal via
dialysis against 2-mercaptoethanol-containing water
(0.08 wt percent). The surfactant binds to keratin and is
eliminated by dialysis significantly more dowly than
other low-molecular-mass substances (Yamauchi &
Y amauchi, 2002).

Many countries had alarge poultry slaughterhouse sector
that disposed of approximately four million tonnes of
chicken feathers per year, and they took advantage of the
circumstance to conduct research and find ways to
monetize the waste. Currently, there isagrowing interest
in the production of environmentally friendly materials
derived from renewable resources.The current study is
the first in Libyato recycle chicken feather waste, and it
focuses on extracting natural keratin protein from
chicken feathers using areducing agent and methodically
optimizing extraction conditions. The present research
was undertaken to extract natural keratin protein from
chicken feathers by using different reducing agents. The
reducing agent helpsin decreasing the stability of keratin
fibersin the solid form found in feathers. These reagents
will break down disulfide bonds, hydrogen bonds, and
salt linkages of the keratin fibersin order to dissolvethem
into protein solution. In this study, keratin is extracted on

a lab scale using sodium sulfide as a reducing agent.
RSM is used to optimize the keratin extraction processto
determine the best parameters to increase the amount of
keratin.

2 Response Surface M ethodology

RSM is aset of statistical and mathematical approaches
used in the chemical field to investigate the impacts of a
variety of variables and how their interactions affect the
desired response (Kamarudin et al., 2017). Used central
composite design (CCD) to build the input parametersin
this study because it produces more precise prediction
findings than other methods. Figure (1) shows the
estimating procedure for this method

Figure (1). Response Surface Methodology (RSM) Flow
Chart.

An ANOVA is used to examine the relationship between
the factors and the responses. The significant factor is
represented by the "P-value" statistic in the analysis of
variance (ANOVA) table of the model and its terms,
which should be less than 0.05. The smaller the ‘P-
value," the more significant the result (Welu, Beyan,
Balakrishnan, & Admassu, 2020).
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3 Materialsand Methods.

3.1 Chemical Toolsand Materials of the
Experiment

The utilized glassware is conical flask, beakers 250ml -

Filter paper, burette, graduated cylinder, weightier, and

heater, while the materials that are used in the extraction
areshown in Table (1).

Table (1). The Experiment Materials

Chemicals Molecular Formula
Sodium sulphide Na2S

Ammonium sulphate (NH4)2s03

Sodium hydroxide NaOH

Copper sulphate CuSsoO4

Potassium hydroxide KOH

3.2 Feathersbeforetreatment

Feathers from poultry processing are collected and
steeped in ether for 24 hours. The major goal isto remove
stains, oil, and grease from the feathers before processing
them. After that, the feathers are cleaned in soapy water
and dried in the sun. After that, the dried feathers are
mixed and properly stored in a sealed plastic bag.

3.3 Chicken FeathersDissolving

According to RSM, the sodium sulfide solutions are
changed in arange of 0.5-1M, the temperature range is
30° to 80°C, and the heating and spinning timeis changed
in a range of 2-6 hours. Sodium sulfide solutions are
prepared in molarity in a1 liter conical flask. Weigh and
add 10 g of mixed chicken feathers to the sodium sulfide
solution. The solution is heated while the PH is kept at
about 10-13, and the solution is swirled continuously.
The solution isthen filtered and centrifuged for 5 minutes
a 10,000 rpm. To remove particles, the supernatant
liguid was carefully collected and filtered using filter
paper. In 0.5 L of deionized water, 20 g of ammonium
sulfate is dissolved. Stir the solution until al of the
ammonium sulfate particles have been dissolved. The
solution is subsequently filtered to remove any remaining
particles.

3.4 Precipitation of proteins

Thefeather filtrate solution had been collected and mixed
in a beaker previously. Ammonium sulfate solution is
added drop by drop. Feather filtrate and ammonium
sulfate solution are used ina 1:1 ratio. The solid particles
are carefully recovered after centrifuging the solution for
5 minutes at 20,000 rpm. The supernatant liquids are
collected.

3.5 Protan Purification

100 mL deionized water is added to the recovered solid
particles (washing). The solutionis centrifuged at 20,000
rpm for 5 minutes, and the solids are carefully collected.
The solid particles are then dissolved ina 100 mL sodium
hydroxide solution at a concentration of 2 M. All of the
liquids are carefully collected and kept after centrifuging
the solution at 20,000 rpm for 5 minutes, while the solids
are discarded. The precipitating, washing, and dissolving
steps are repeated three times each.

3.6 Biuret Test

A copper sulphate solution of 1% and a potassium
hydroxide solution of 1% are made. In a 1:1 ratio, 5 mL
of the collected solution is combined with potassium
hydroxide solution. To the mixed solution, three drops of
copper sulphate solution are added. Observed and
documented changes in the solution. The absorbance of
the solution is measured using UV-Vis.

3.7 RSM Procedure Process

The Design-Expert software version 7.0 was applied to
design the experiments based on the Central Composite
Design (CCD) and then study the influence of the
experimental parameters on the amount of produced
protein. (Table 2) shows the selected input parameters
and their levels that were used to identify the parameters
of the production of the keratin protein. In Table (2) (-1),
(0), and (+1) were chosen to indicate the lowest, central,
and highest level, respectively. Three experimental
parameters were investigated: design parameter A was
the Na2S, design parameter B was temperature, and
design parameter C wastime. Moreover, the responsesin
this study were the amount of keratin protein.

Table (2). Independent parameters considered in this study
and their levelsfor central composite design

Parameter -1 0 +1
Na2S(M) 0.5 0.75 1
Temperature (Co) 30 55 80
Time (hr) 2 4 6

Optimization was applied using the desirability profile
and its functions in the RSM. The input parameters with
high desirability were chosen as the final experimental
parameters for producing keratin protein. The target was
to maximize the amount of keratin protein and minimize
the experimental time, with the Na2S, and temperature
being set in a certain range for satisfactory results within
the upper and lower limits. The solution with high
desirability was preferred. Table (3) shows the target
value and the upper value for al the parameters.
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Table (3). Target value and limit for optimization of the
Experimental parameter

Experimental Target L ower Upper
parameter limit limit
Na2S(M) Inarange 0.5 1
Temperature(Co) Inarange 30 80
Time Minimize 2 6

4 Resultsand Discussion

41 Observation

In a sodium sulfide solution, chicken feathers totaly
dissolve. The biuret test confirms the presence of protein.
After the reagent is added, the solution turns purple,
which is only feasible if peptide bonds are present. The
purple color increases as the amount of peptide bonds
increases. Keratin had previousy been removed,
according to the results of a biuret test and a UV -visible
spectrophotometer. The biuret test, as shown in Figure
(2), showed the existence of protein, and the display of
the absorption spectra on the keratin solution revealed a
value of Amax at 290 nm, as shown in Figure (3).
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Figure (2). Biuret Test
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Figure (3). UV visible spectrum of extracted keratin

Absorbance is proportional to a solution's concentration.
As the absorbance rises, the protein concentration rises
as well. Because the solution is extremely alkaline, with
apH ranging from 10 to 13, the absorbance of feathersin
sodium sulfide reactive solution is maximum, and the
dissolving rate of feathers in sodium sulfide solution is
high. The ionic bond formed by electrostatic attraction
between the NHs+ group of di amino acids and the
COO group of dicarboxylic acids can be disrupted in the

alkaline state because the proton is removed from the
amino group. These ionic bonds must be disrupted first
for some reason in order to diminish the disulfide bonds
of the keratin and disintegrate the feathers. The sodium
sulfide solution is readily akaline, but it requires the
addition of sodium hydroxide to make it alkaline with a
pH of 10 to 13. Protons cannot be removed without an
alkaline state, resulting in theionic link being broken. As
a result, sodium hydroxide plays a critical role in the
dissolution of feathers.

4.2 Statistical Investigation of Extraction
Parametersof Keratin Using RSM

The Na2S, temperature, and time were changed based on
the central composite design (CCD). The responses in
this study were to the amount of keratin protein. The
arrangement of the central composite design, responses,
and their values from the experimental results of different
parameters. A total number of fifteen experimental were
executed and the responses are listed in Table (4).

Table (4). Central composite design arrangement, responses
and their values for experimental results of amount of Keratin
protein.

Independent factors Response
Run | A: B: C: Amount of
Na2S Temperature | Time | Keratin
(M) (C9 (hr) Protein
1 1 30 6 33
2 0.75 55 4 34
3 0.75 55 2 29
4 0.50 55 4 3.8
5 0.75 55 6 34
6 0.75 55 4 34
7 0.75 55 4 34
8 1 80 2 2.7
9 0.50 30 2 49
10 | 0.50 80 6 24
11 | 0.75 55 4 34
12 1 55 4 3.0
13 | 0.75 55 4 34
14 | 0.75 30 4 39
15 | 075 80 4 29
15
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Experimental results reflected that the amount of keratin
protein varied between (2.4-4.9) asseenin Table (4). The
analysis of variance (ANOVA) can be seen in Table )5)
which shows the independent variables, the Na2S, and
thetime that were significant (p < 0.05). Additionally, the
interaction impact of the Na2S, and the temperature were
significant as the p-value was equa to < 0.0001, while,
the temperature, the interaction impact of the Na2S, and
the time, and the interaction impact of the temperature,
and the time wereinsignificant asthe p-values were equal
t0 0.1499, 0.024 and 0.47, respectively.

Table (5). ANOVA table for Amount of Keratin Protein
response in surface quadratic model.

P-value
Mean |F
=olEE Square | value | Prob > | Remarks
F
Model 0.78 59.43 | <0.0001 | gignificant
0.20 15.31 | 0.0045 —
A-Na2s Significant
B- 0.033 | 254 | <0.1499 | Not
Temperature Significant
_ 0.22 16.67 | 0.0035 .
C-Time Significant
AB 0.70 53.48 | <0.0001 | g gnificant
AC 0.10 7.69 | 0.024 Not
Significant
0.0075 | 0.57 | 047 Not
BC Significant

The impact of the independent parameters on the
responses was illustrated graphically in terms of 3-D
surface plots and can be seen clearly below. These graphs
were drawn by fixing one independent parameter while
the other two parameters being used to determine the
response were left untouched. Figure (4) shows the
amount of keratin protein against AB. The graph shows
that any decrement in the Na2S would have some
negative effects on the response, while temperature
would have clear positive effects on the response.
However, the decrement of both parameters would have
clear negative effects on the response. That means the
effect of the interaction of both parametersis very high.

3.7

3.4

3.1

Protein

277
LRRAZR AT E
R
LKL L7
28 i

30.00

0.75 80.00

A: Na2S

Figure)4). 3 D surface plote for Influence of Na2S and
temperature in the amount of keratin protein

Figure (5) shows the amount of keratin protein against
AC, and the graph shows that any decrement in the Na2S
would have some positive effects on the response, while
the increment in the time showed significant positive
effects on the response. The decrement of Na2S and the
increment of time would have clear positive effects on
the response. That means the effect of the interaction of
both parametersislow.

C: Time

3.00 0.75

Figure (5). 3 D surface plote for Influence of Na2S and time
in the amount of keratin protein

Figure )6) shows the amount of keratin protein against
BC, and the graph shows that any decrement in the
temperature would have some positive effects on the
response, while the increment in the time showed
significant positive effects on the response. The
decrement of temperature and the increment of time
would have clear positive effects on the response. That
means the effect of the interaction of both parametersis
low.
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Figure (6). 3 D surface plot for Influence of time and
temperature in the amount of keratin protein.

4.3 Optimization of the Experimental
par ameter

RSM was used in this work to optimize the independent
parameters of producing keratin protein. The primary
benefit of utilizing the response surface methodology
(RSM) is that the amount of protein can be enhanced by
regulating the input parameters. The optimization
analysis was established by the desirability analysis in
Equation (1) (Welu et al., 2020). It was not necessary that
the desirability value should be 1.0 as the value was
completely dependent on how closely the lower and
upper limits were set relative to the actual optimum
values.

D= (d1xd2x ....an)l/n = (Hin=1di)1/n (1)

Where D was the overall desirability ranging from 0 to 1
and n was the number of responses. The extracted keratin
protein with parameters that had the highest desirability
was chosen as aideal experimental that has high amount
of protein. The optimum condition for all case studies
were achieved when the amount of protein was
maximized with the highest desirability value of 1. From
Figure 7, it can be clearly seen that RSM calculated the
amount of protein was at maximum when the parameters
of the experimental were as follows: NS2A was 0.5 M,
the temperature was 30 C°, and the time was 3.7 hr.

*~ ——————
050 2.00 ‘

0.75 1.00 30.00 80.00 3.00 6.00

Na2s = 0.50 Temprature = 30.07 Time = 3.71

T

24 4.9

Desirability = 1.000

Protein = 4.95872

Figure (7). Ramp function graph of desirability for
optimization solution for Amount of Keratin Protein

The bar graph and ramp function graph of Figure 7 show
the desirability values for output responses. The dot on
each ramp reflected the factor setting or response
prediction for that particular response characteristic. The
height of the dot shows how much desirable it was
compared to the baseline. A linear ramp function was
created between the low value and the goal or the high
value and the goal, as the weight for each parameter was
set equal to one.

5 Conclusions

The aim of this research was to locate a different source
of keratin protein. Chicken feathers are a hazard for the
environment since they contain crude protein and take a
long time to decompose. The chicken feathers were first
dissolved with reducing agents, and then protein was
precipitated out of the solution with ammonium sulfate
in this experiment. The presence of the protein was
initially validated by the biuret test, in which the reagent
turned purple in the presence of peptide bonds, while the
absence of keratin protein was proven by the value of
max. Finally, statistical adjustment of the extraction
conditions resulted in a better understanding of the
reaction parameters as well as a high keratin yield. The
extraction process of keratin can be scaled up from the
laboratory to the industrial level.
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Oxidation stress is a process that damages the cells of the body, and also leads to the
happen of many diseases such as cancer. This diseaseis known among all agesin every
part of the world. In cancer cells, increasing types of free radicas flaw the balance in
the cell and thus increasing free radicals target all types of molecules, including
proteins, lipids, and nucleic acids. If the body cannot produce enough antioxidants,
increasing free radicals damage the cells of the body. The defect in apoptosis also
prevents malignant cells from being damaged. This paper aims to study the effect and
activity of quercetin as an antioxidant and anticancer drug in vitro. The mechanism of
increasing free radical formation causing cell damage will be explained. This study also
presents a discussion about the mechanism of apoptosis pathwaysusingthe MTT scale
to measure the cell's ability to metabolic activity and whether the cells are till alive.
The most significant shiftswerefor (Raji, MOLT-4 and CT-26 equal t0 0.18 + 0.09, 2.1
+ 0.9, and 5.5 + 0.38, respectively. Apoptosis was detected using the BD Annexin V
FITC assay and apoptosis was measured at (P < 0.001). Also, in vivo, the positive

effects of different doses of quercetin on affected models are discussed.

1 Introduction

Under normal circumstances, a person's life continues
with health problems. Wrong practices such as smoking
and environmental pollutants lead to the production of
harmful things in the body caled free radicals
(Phaniendra et al., 2015). When these unstable free
radicals attack the body, the body produces antioxidants
to protect it. If the body cannot produce enough
antioxidants (Shi et al., 2019), free radicals damage the
cells of the body.

Atoms are stable by filling orbitals with electrons.
When the orbital is filled with electrons, the additional
number of electrons shift to the next path. If the electrons
ends, and at the same time the outer orbit of the atom is
not filled with the required number of electrons, then this
atom is attached to another atom to complete the outer
orbit of the atom's electrons. In this case, the atom with
an incomplete outer shell is known as free radica
(Phaniendraet al., 2015).

Free radicals are unstable atoms react quickly with
other materials (Phaniendra et a., 2015), (Widowati et
al., 2013) For example, when oxygen molecules split into
single atoms that do not have double electrons, they
become unstable free radicals intended to bind to other
molecules (Tavsanaand Kayalia, 2019), (Prieto-Bermejo
and Hernandez-Hernandez, 2017). If these steps continue
to occur, the process can be called oxidation stress
(Pham-Huy et a., 2008). The process of oxidation stress
damages the cells of the body, and aso leads to many
diseases, such as cancer. Free radicals target all types of
molecules, including proteins, fats, and nucleic acids.
When a person gets older, the body loses its ability to
fight the effects of freeradicals (Phaniendraet a., 2015),
(Pham-Huy et al., 2008). Thisleadsthe body to morefree
radicals and more oxidation stress (Widowati et al.,
2013), (Pham-Huy et a., 2008). The danger of "
oxidation stress' is that free oxygen atoms reach the
genetic material in DNA cells, affecting their structure
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and causing a mutation in the cell, which turns into
diseased cells or malignant cancer cells (Phaniendra et
a., 2015), (Prieto-Bermgio and Hernandez-Hernandez,
2017).

Free radicalswhich call reactive spices are produced in
the human body and are an internal source for the
metabolism process (Tavsana and Kayalia, 2019), but
there are many lifestyle factors that can accelerate the
production of these free radicals, such as exposure to
toxic chemicals, drugs, and pollutants. These factors are
called external sources. These free radicals caused by
accelerating agents are caled hyperreactive spices
(Prieto-Bermgjo and Hernandez-Hernandez, 2017). The
oxidation (pro- oxidation) reaction occurs when free
radicals interact with any molecule that collides with
them (Pham-Huy et a., 2008). This process disables free
radicals, but turns the other molecule into new free
radicals. Thisis how afree radical chain reaction starts,
damaging al of the moleculesit interacts with. When the
molecules are damaged, cells stop working and die
(Pham-Huy et al., 2008).

In cancer cells, oxidation stress occurs with theincrease
in oxidation processes (Phaniendra et al., 2015), (Pham-
Huy et a., 2008). Normal, uninfected cells contain
reactive types of oxygen that modulate cell function.
Whereas in cancer cells, these types are increasing, and
they facilitate imbalances in the cell (Pham-Huy et al.,
2008).

The free radical oxidation process can be controlled by
antioxidants (Shi et al., 2019), (Pham-Huy et al., 2008).
Antioxidants are chemicals that work against free
radicals. It also prevents free radical oxidation, and
donates electronsto free radicals to become stable (Shi et
al., 2019), (Pham-Huy et al., 2008). The benefit that
makes antioxidants unique is to donate an electron
without becoming free radicals. Different types of food
act as antioxidants, and the body also produces some
antioxidants, such as vitamins (Shi et al., 2019), (Pham-
Huy et a., 2008).

The main antioxidantsfound inside the cells of the body
are enzymes, the non-enzymatic component called
glutathione and various types of oxidase (Shi et al.,
2019). These antioxidants eliminate reactive oxygen
species (ROS). For example, (ROS) are eliminated by
"superoxide dismutases (SOD) (Tavsana and Kayalia,
2019), (Prieto-Bermgio and Hernandez-Hernandez,
2017), glutathione peroxidase (GPx), (Phaniendra et a.,
2015) peroxiredoxins  (PRDXs), glutaredoxins,
thioredoxins (TRXs), and catalases." Also, these
enzymes and catalases are found within mitochondria.
For example, enzymes convert the free-radical O, anion
into hydrogen peroxide and then discard it (Phaniendra et

al., 2015), (Prieto-Bermejo and Hernandez-Hernandez,
2017), (Pham-Huy et al., 2008).

Cells contain a number of components which are
mitochondria, endoplasmic reticulum and peroxisomes.
Each of these three components does its job. Within all
these organs there are different types of enzymes that
have oxidation activation (Pham-Huy et al.,
2008). These enzymes react with oxygen molecules to
produce radicals. In the body of an organism, during the
process of metabolism, anumber of reactivefreeradicals
are produced using various reactions (Tavsana and
Kayalia, 2019), such as the endogenous oxidation
reaction and non-enzymatic reactions. Thesefreeradicals
have one non-double electron, such as O
, RO, ROO, OH and ... etc. All of them are highly
efficient, and their half-life is 10+s, 10+ s, 107 s, 10 s
respectively (Phaniendra et al., 2015). For example, in
mitochondria, the radical of anions O;- and H.O.can be
formed by oxides enzymes under physiologica
conditions (Phaniendraet a., 2015), (Prieto-Bermejo and
Hernandez-Hernandez, 2017).

Oz+ Fe: — Fe= + Oz*' ...... (1)
Oz + Oz" + 2H20.—) HzOz + Oz ...... (2)

Cells are more susceptible to damage due to the
formation of new hydroxyl radicals resulting from the
reaction of anions O,- and H.,O, as equivaent. (3)
(Phaniendraet a., 2015).

Oz" + HzOz_) Oz +OH+ OH-........... (3)

While H,O. damaged by "catdase, glutathione
peroxidase and peroxiredoxins enzymes',
glyceraldehyde-3-phosphate enzyme cannot function as
intended, so it stops when H.O:is in high concentrations
(Phaniendraet al., 2015). Thisisbecauseit produces OH-
which damages DNA action. 8-Hydroxydeoxyguanosine
isthe product of many chemical reactions that take place
between the hydroxyl radica and the components of
DNA (Phaniendra et a., 2015). Due to the number of
changes that occur in the immune system, 8-
hydroxydeoxyguanosine is responsible for a number of
abnormalities that cause cancer. High levels of 8-
hydroxydeoxyguanosine is produced within
mitochondrial DNA (Prieto-Bermejo and Hernandez-
Hernandez, 2017), because increasing types of free
radicals are produced inside mitochondria whereas in
nucleic DNA, thelevelsarelow (Phaniendraet a., 2015),
(Shi et al., 2019), (Pham-Huy et al., 2008).

RNA is produced in the nucleus and secreted into the
cytoplasm to stay there. As the RNA is demolished and
then rebuilt, the DNA will be stable (Prieto-Bermejo and
Hernandez-Hernandez, 2017). There is a great deal of
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damage to RNA in the cytoplasm due to oxidation stress
that results in increasing free radicals. Damage from
oxidation stress to RNA is more than that from DNA.
(Phaniendra et d., 2015), (Prieto-Bermgo and
Hernandez-Hernandez, 2017). Thisdamageis dueto the
fact that the RNA is close to the mitochondria, which is
the right place for generating excess types of oxygen
(Phaniendraet al., 2015).

The human body is prepared to deal with cancer cells
(Nicholson, 2016). To create new cells, these cellsarein
a continuous state of reincarnation (Nicholson, 2016).
Every second, morethan ten million new cellsare created
by transcription, replacing others that have permanently
terminated their activity. Hence, the cellshave amutation
during transcription. Besides, cells are constantly
exposed to substances that destroy and damage DNA.
DNA isthe main component of the cell's genetic map and
is responsible for transcription (Prieto-Bermgio and
Hernandez-Hernéndez, 2017). This problem and damage
is caused by unstable free radicals during the metabolism
process. Cancer develops when there is an imbalance
between antioxidants and oxidants. Major damage to the
immune system, proteins and fats is caused by the
accumulation of free radicals that are caused by
metabolism (Pham-Huy et a., 2008).

The immune system damages the abnormal cells right
before the cells can multiply (Pham-Huy et al., 2008),
(Nicholson, 2016). It contains white cells that damage
these abnormal cells before they take any chance to
reproduce. Responsibility does not depend on the
immune system alone, but there is a specia program
within each cell that identifies any abnormality or
mutation that occurs during reproduction (Pham-Huy et
al., 2008), (Nicholson, 2016). Most of the time, the
protective mechanisms within the body are able to
prevent the happen of cancer (Pham-Huy et a., 2008).
However, the immune system sometimes loses its ability
to recognize and damage cancer cells, and these cells
begin to multiply uncontrollably. On the other hand,
when there is a large number of abnormal cells, the
immune system cannot do its job (Nicholson, 2016).

1.1 Mechanism of reaction toform (ROS): (Phaniendra
et a., 2015) (Tavsana and Kayalia, 2019), (Prieto-
Bermegjo and Hernandez-Hernandez, 2017).

There are a number of pathways used to transfer
electrons within mitochondria. Complex | and Complex
Il or 1l are the main paths (Phaniendra et al., 2015). As
aresult of thistransfer of electrons shown in Figure (1),
the rate of free radical production increases with the
increase in the rate of metabolic processes, as some of
theseradicalsturn into hydrogen peroxide which hashigh
toxicity dueto the activation of mitochondrial superoxide
dismutase (Phaniendra et al., 2015). In the absence of

catalase or glutathione, hydrogen peroxide remainsin the
cells and causes damage to the tissues of the organism
(Phaniendraet a., 2015).
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Figure (1): Production of (ROS) and their toxicity inside of
mitochondria.

One of the main and natural things that happen in the
tissues of the human body isthat the cells of the body are
in astate of constant renewal (Abcam, 2016). By dividing
cells, new cells are formed. For example, skin cells are
damaged over time and replaced with new cells. Also, the
fragmented small particles are eliminated by neighboring
cells. This ordered process is caled apoptosis
(Phaniendraet a., 2015), (Abcam, 2016), (Xiong, 2014),
(https://www.cancerquest.org/cancer-biol ogy/apoptosis,
2020). There are three important pathways that occur to
initiate the apoptotic process of cell death, the death
receptor pathway, the mitochondrial pathway, and the
"Perforin / Granzyme" pathway. In the first pathway,
death signals are sent inside the cell by a series of
proteins. These proteins perform a number of tasks, the
most important of which is caspase activation
(Phaniendra e a., 2015), (Xiong, 2014),
(https://www.cancerquest.org/cancer-biol ogy/apoptosis,
2020).

In the second pathway: the proteins of the Bcl-2 family
have various functions such as stimulating apoptosis and
at the same time acting as an anti-apoptotic, and the
proteins of the Bcl-2 family can tell which signal before
apoptosis occurs (Xiong, 2014). For example, BH3
proteins are part of the most important proteins in the
Bcl-2 family, and have a unique function that activates
the"Bax or Bak" proteins. The "Bax or Bak" proteins are
caled pro-apoptotic proteins
(https://www.cancerquest.org/cancer-biol ogy/apoptosis,
2020). Also, BH3 proteins prevent "Bax or Bak" proteins
from being anti-apoptotic proteins. As a result of the
permeability of the outer mitochondrial membrane
(Xiong, 2014), an apoptotic factor called Cytochrome ¢
is excreted from the mitochondrial membrane into the
cytosol. A number of compounds are produced, such as
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"apoptosome" and "Apaf-1", which activate a series of
caspases. These caspases are enzymes that damage
required cells as shown below (Xiong, 2014).

Apoplobic stirmik
- BCL-2BCL-xL
At ﬁ » Cytochroma ¢ BAXBAK
— .. * MoChondnon
WD g VD40 —_—
CARD
" Smac/Diablo /
dATPIAT Dl OmiHIra2
- % ARTSSoptd & H R At
i 7 spaso-3, T
'f L":‘S g m:- "-:’IS
% % | AP;IAP: _| T
.L H_II: Active caspase-3, 7
% L
F'mcasoaso.‘x Q@ 5 I_/' o "
% — ﬁ D Procaspase-2, 7

Figure (2). Activation of caspases by mitochondria pathway
(Xiong, 2014).

In the last pathway: the purpurin protein is produced by
lymphocytes. This protein can open small pores in the
plasma membrane (Xiong, 2014). Lymphocytes also
work to produce small molecules that can enable these
particles to enter these pores and secrete a number of
enzymes, such as Granzyme that complete the
implementation process and activate chains of caspases
(https://www.cancerquest.org/cancer-biol ogy/apoptosis,
2020). The implementation stage is one of the last stages
that cannot be stopped upon implementation. When the
orders are damaged, the cells are damaged by a number
of Caspases. Caspases damage desired cells. The
surrounding cells are swallowed, digested, and
permanently disposed of (Xiong, 2014).

Cells can decline and die in multiple ways. Most cells
in vertebrates die by the mitochondrial pathway. The
mitochondrial pathway begins with a wide range of
signals such as DNA damage, growth factor deprivation,
and more (https://www.cancerquest.org/cancer-
biology/apoptosis, 2020). The changes that transform a
normal cell into a malignant cell. It is simple. When
cancer cells proliferate, cell death (apoptosis) decreases
(https://www.cancerquest.org/cancer-biol ogy/apoptosis,
2020). In fact, cancer cellsinhibit the apoptotic response,
as it is the defect in apoptosis that prevents malignant
cells from being killed. Induction of apoptosis by
inhibition of cell proliferation was determined by
Widowati et al.. The defect in apoptosis can be treated
with quercetin using the caspase-3 activation mechanism
and regulation of a number of enzyme pathways (Xiong,
2014).

1.2 Quercetin

A healthy diet rich in antioxidants plays an important
roleinfighting free radical damage (Ramalalingamet al.,
2015), (Niu et a., 2011), (Mukherjee et a., 2019).
Polyphonics have been isolated from many types of
natural foods such as vegetables, fruits, nuts, peels, roots,
etc. These compounds are called flavonoids. They have
biological activities (Ramalalingam et al., 2015), (Niu et
al., 2011). For example, quercetin as shown below in
Figure 3 is one of the most abundant antioxidants in the
human diet and can be a drug that prevents and treats
different types of cancers (Niu et a., 2011), (Mukherjee
et a., 2019). It is part of the flavonoids that can use a
unigue mechanism. Quercetin is metabolized within the
gastrointestinal tract, and can be absorbed into the
membrane of the small intestine without using the
hydrolysis process (Mukherjee et al., 2019). Therefore,
the focus of a number of previous studies was on
extracting many natural substances that act as
antioxidants and anti-cancers. For example, the results of
the current studies conducted by Ramalalingam et al.
were for the extraction of chloroform from the leaves of
Aristolochia indica L, and quercetin was also extracted
for its antioxidant and anti-cancer properties by Guomin
et al. and Mukherjeeet al.

Figure (3). Chemical structure of Quercetin (Mukherjee et a.,
2019).

Quercetin has a total antioxidant capacity, TAC, which
inhibits the activity of excessive oxygen species caused
by the presence of diethylnitrosamine, whichisoneof the
components of cigarette smokethat causes hepatocel lular
carcinoma. Apoptosis has several pathways that
guercetin can activate such asthe pathway in MDA-MB-
231 cells through the diffusion of the calcium signal to
mitochondria. Also the activation of many caspases, the
activation of the intrinsic pathway in HepG2 cells, thus
"quercetin promotes translocation of Bax from cytosol
into mitochondria membrane leading to depolarization of
mitochondrial membrane” and the resulting response to
the control of some signalsas shown in Figure 4. Therest
of the other mechanics are available in the study of

Rather and Bhagat, 2020.
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Figure (4): Mechanism of Quercetin as therapeutic medicine
(Rather and Bhagat, 2020)

2. Methods
21 MTT Assay:

It is a test to measure cell viability and metabolic
activity. In the cytosol inside the cell, this assay depends
on the use of dimethylsulfoxide (DMSO) as a polar
aprotic solvent, and also depends on the nicotinamide
adenine dinucleotide phosphate (NADPH) that is "a
required  cofactor, used to donate electrons and a
hydrogens to reactions catalyzed by some enzymes'.
(Ali-Boucetta et a., 2021), (Hingorani et a., 2011),
(Hashemzael et al., 2017). Cells must be alive to convert
MTT, which is a yelow (3-[4,5-dimethylthiazol-2-yl]-
2,5 diphenyl tetrazolium bromide) to insoluble purple
formazan. DM SO solvent dissolves purple formazan (not
dissolved in water) and convert them into a colored
solution. Also, the MTT scale is used to check cell
sensitivity by toxic drug effects on cell lines (Hingorani
et al., 2011). Because of the light sensitivity, thistest is
performed in the dark. The absorbance of the colored
solution is determined using a spectrophotometer
(between 500 and 600 nm), (Hingorani et al., 2011). The
degree of light absorption depends on the accumulation
of formazan inside the cell and on the surface. When the
concentration of Formazan increases, the violet color
increases and the absorbance becomes less. This
indicates the survival of the cell (Hingorani et a., 2011),
(Jiao et al., 2015).

2.2 Measure cell viability Method (Ali-Boucetta et al.,
2021), (Hashemzael et al., 2017), (Jiao et al., 2015):

1. Use a dilution chain (10, 20, 40, 80 and 120 uM)) of
quercetin to test (MTT) and preparethe MTT solution.

2. All 9 cancer cell lines (shown in table 1) are classified
and treated with a set of concentrationsin triplicatein 96
plates and incubated overnight.

3. Dilute the MTT and add the chain (10, 20, 40, 80 and
120 uM) of quercetin

4. Cells were coated in 96 well plates at 37°C for 72
hours.

5. After incubation, the wells were suctioned and the dye
dissolved in DM SO

6. Absorption was measured at 570 nm.
7. Compared to untreated control cells.
8. The percentage of cell survival is calculated using this

formula

A of treated cells

% Cell viability =
‘ ’ szoam ©F untreated cells

_ s
- '} N 5
\ " ]
— “
Purple
Formazan

2.3TheBD Annexin V FITC Assay: (Hingorani et al.,
2011),=

In the healthy cell, membrane phosphatidylserine (PS)
is located on the inner plasma membrane, but when the
phosphatidylserine (PS) istransported from theinner side
of the plasma membrane to the surface, the plasma
membrane is completely lost, and it becomes an invalid
cell. Because of the electronic affliction, "Annexin V, a
Ca2+-dependent phospholipid-binding protein” can bind
to the cellular phosphatide membrane on the outer
surface of the cell's plasma membrane. The BD Annexin
V FITC Assay on the BD FACSVerse™ System used to
detect the location of membrane phosphatidylserine (PS),
which caused apoptosis.

2.4 Measuring apoptosis by tracking cels (Abcam,
2016), (Hingorani et al., 2011), (Jin et al., 2019).

There are two processes that work to determine the
difference between cells that have had early death and
those that have a late death are shown in figure 5-a.
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Figure (5-a): Diagram shows The healthy and apoptotic cells.
(Abcam, 2016), (Hingorani et al., 2011).

The process of staining with Annexin 'V is called early
apoptosis and the process of using propidium (PI) is
termed |ate apoptosis. Consider the following:

1- Viable cellswith healthy membranes cannot be stained
with theuse of Annexin V or penetrate the propidium dye
(PI) so that the expression used for the description will
be negative-negative (Foo et a., 2019), while in late
apoptosis the membranes of dead cells penetrate the Pl
and the expression Annexin V and Pl is positive —
positive (Hingorani et al., 2011).

2- In early apoptosis with intact membranes will be
Annexin V and Pl positive - negative While the death
stage apoptosis the expression used for description is
Annexin V and Pl positive as shown below in Figure 5
b (Hingorani et al., 2011).

2.5 Detection of Cell Apoptosis Method (Hingorani et
al., 2011):

1- The affected cells were implanted into 12-well plates
(2 x 105 cells/ well).

2- The cells were incubated (at 5% CO2 and 95% air) at
37°C.

3- DM SO was used to dissolve quercetin in the following
concentrations (10, 20, 40, 80 and 120 uM)

4- After the cellswere incubated for 48 hoursin the dark,
the cells were analyzed.

5 Ann in v+/Fl+

10

Annmexin V-/Pl+

10’

10’

107 ] .
- nexin V+/PI-
10% Annexin - -

Propidium lodide-A

107 107 10% 104 10%

Annexin VWV FITC-A

Fig (5-b). Using the BD Annexin V FITC assay on the BD
FACSVerse™ System to detect apoptosis (Hingorani et a.,
2011), (Foo et al., 2019).

3. Reaults

The MTT assay was performed to assess the viability
of al nine tumor cell lines illustrated in table 1 applied
for 24, 48 and 72 h. Using three doses of quercetin (10,
40 and 120 pM) for the treatment purpose illustrated in
Table 2 (Hashemzael et al., 2017). At the time of 24 h,
there was no inhibition at a concentration of 120 uL for
both PC3 and CHO cells, respectively, and at the same
time, the inhibition of all other cells was apparent in
Table 2. This means that the most significant shifts will
be for (Raji, MOLT-4 and CT-26 equal to 0.18 + 0.09,
21+ 0.9, and 5.5 £ 0.38, respectively, while the least
significant shifts are observed for PC3 and LNCaP equa
t0 31.5+ 3.7 and 30.7 + 2, respectively.

Table (1). Symbols used for cancer cell lines

Name of cancer cell lines Symboals of lines

Colon carcinomacells CT-26
Prostate adenocarcinoma cells LNCaP
Human prostate cells PC3
Pheochromocytoma PC12

Michigan Cancer Foundation-7, estrogen | MCF-7
receptor positive breast cancer cells

Acute lymphoblastic leukemia cells MOLT-4
Human myeloma cells U266B1
Human lymphoid cells Raji

Ovarian cancer cells CHO

The use of 120 uM of quercetin had an effect on the
rate of apoptosis of CT-26, LNCaP, MOLT-4 and Rgji
cell lines, and therefore the apoptosis of these lines was

significant compared to the control group (P < 0.001).

Pl
a
5]

i
Pl
H

L B4 19.6%
100 100 v - +
10° 10" 10" 10 10 10 10! 10* 10° 104
Annexin V-FITC Annexin V-FITC

Figure (6). Apoptotic rate determined by Annexin V/PI
staining in (A) CT-26, (B) LNCaP, (C) MOLT-4 and (D) Rgji
cell linesfollowing 48 h of treatment with quercetin at 120 pM.
Early apoptotic cells are Annexin V-positive and Pl-negative
(lower right quadrant). PI, propidium iodide (Hashemzael et al.,
2017).
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Figure 6 and 7 examinethe rate of apoptosisin4 cell lines
“CT-26, LNCaP, MOLT-4 and Raji, respectively” that
have high and low sensitivity to quercetin. In these cells,
guercetin initiated the apoptosis process in a dose-
dependent manner. The results of the MTT assay werein
agreement with the Annexin V/PI assay, asthe cell lines
showed extreme sensitivity to quercetin a high

While the effect of quercetin doses (10, 20, 40, 80 and
120 uM) was great on cell lines in vitro, these doses of
guercetin did not affect the in vivo. Therefore, different
concentrations of quercetin (50, 100 and 200 mg/kg)
were used on Mice bearing CT-26 and MCF-7 tumors.
The treatment was completed and the tumor size
decreased on days 18 and 20 as shown in Figure 8.

concentrations that led to apoptosis a (P < 0.001)
(Hashemzael et dl., 2017).

30 i M Control
M Quercetin
251 * oW
‘é- &
20 L T
2
-
)
g 15
£
g
& 10
5
0 T T T
MOLT-4 Raji CT-26 LNCaP
Cell lines

Figure (7). Induction of apoptosisin LNCaP, CT-26, MOLT-
4 and Rgji cell lines treated with quercetin, (Hashemzael et al.,
2017).

Table (2). Comparison of Hashemzael et al. data obtained from the MTT assay by using doses of quercetin applied to different cancer
cell linesfor 24, 48 and 72 hour.

Cdl line 24h 48h 72h
10 pyM 40 pM 120 pM 10 pM 40 pM 120 pM 10 pM 40 pM 120 pM
CT-26 94.2+4.4 75.1+4.2 49.7£5.9 87.4+54 70.3+4.1 42.1+3 65.5£1.5 35.9+£0.83 25+2.3
LNCaP 96.8+5.4 71722 45.1+5.0 91.5+6.3 66.6+5.7 38.5+£3.8 58.4+2.9 39+1.9 30.7£2
PC3 96.4+5.0 80.1+4.6 73.2+4.1 89.9+3.6 70.7+2.8 28.5+34 61.7+2.1 46.9+1.4 31.5+3.7
PC12 91.1+6.5 68.5£6.8 40.3+t4.4 94.4+5 62.5+4.6 30.7£3.8 50.4+3.6 40.8+1.8 22.1+1.1
MCF-7 94.8+6.1 77551 47.1+4.2 81.3+4.1 55.5+3.4 252+2.1 51.6+£3.2 35.7+25 19.1+1.4
MOLT-4 886+3.6 57.5+4.0 42.8+3 70.6+£2.8 43.1+1.9 21614 11.5+0.5 10+0.37 2.1+0.9
uU266B1 95.1+4.9 53.8+4.6 33.8+4.7 68.5+2.3 37.2+2 20.4+2.1 15.9+0.8 4.8+0.72 5.5+0.38
Raji 85.6+4.1 68.1+2.8 29.4+4.6 60.6+3.6 30.3+24 14.6+3.3 5.5+0.4 1.3+0.25 0.18+0.09
CHO 97.7+5.2 74.4+4.1 70.5+5.2 97.4+4.4 64.6+2.8 21.9+35 57.8£3.9 39.2+2.7 20.7£3.7
A 25007 —e— Dextrose 5% I

25007 —+— Dextrose 5%
—a— Dose 50 ma/kg
—a— Dose 100 mg/kg
—¢— Dose 200 mg/kg

—a— Dose 50 mg/kg B
—a— Dose 100 mg/kg

20001 _ye Dose 200 mglkg 2000+
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Figure (8). The relationship between tumor volume and days after tumor initiation. Whereas (A) CT26 and (B) MCF 7 cell
lines were treated with (50, 100 and 200 mg/kg) doses of quercetin for several days (Hashemzael et al., 2017). 25
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Discussions

The effect and activity of quercetin have been studied
as an anti-cancer drug (Niu et a., 2011), (Mukherjee et
a., 2019). In the vitro, different concentrations of
quercetin were applied to different cancer cells. After
hours of taking the quercetin doses, the inhibition effect
of some cancer cell lines was very high, as shown by the
IC50 vaues calculated in Table (2). The IC50 scale was
used to describe the relationship between a series of drug
dose concentrations and the response to the effectiveness
of these concentrations in inhibiting 50% of the activity
of cancer cell lines (it means inhibiting half of the total
response to get 50% of the effect), and it was found that
quercetin inhibited the activity of cancer cell lines.
(Hashemzael et al., 2017)

In Figure 6, the study also showed apoptosis of the
following: CT 26, LNCaP, MOLT 4 and Raji cell types
by used flow cytometry Annexin V/Pl and compared
with control group (Hashemzael et d., 2017). Also, in
the vivo, models of mice with positive breast cancer of
estrogen receptor "MCF 7" and CT 26 were treated with
different doses of the quercetin at concentrations of about
(50, 100, and 200 mg / kg) for several days. The results
from using quercetin showed in Figure (8) that the tumor
size for each of these mice became small after receiving
the required doses. (Hashemzael et d., 2017)

Both in vivo and in vitro, quercetin was al so successful
in suppressing the growth of human LM3 hepatocellular
carcinoma by collecting the LM3 cell line treated with
different doses of quercetin at different time intervals
resulting in apoptosis at P < 0.05. (Wu et al. 2019).
Treatment with 160 pM quercetin for 24 h suppressed the
viability of oral sgquamous cell carcinoma"OSCC" cells
by inducing cell cycle arrest on "OSCC" cell lines using
MTT assay, flow cytometry and blot analysis (p < 0.01),
"whereas treatment with low concentrations10—40 uM)
reduced cell viability slightly" (p < 0.05) compared to the
control. (Kim et a, 2020)

Conclusions

Most of the chemical trestments for cancer have
annoying side effects, so nature has been taken care of in
terms of eating vegetables, fruits and seeds because of
their benefits on the human body. The balance of food in
your diet isimportant when you are trying to eat healthy
food. Eating these healthy things would enhance the
body’s immunity and provide it with the necessary
antioxidants, which target the elimination of increasing
free radicals. In order to provide the best ways to treat
cancer and help cancer patients, a review was discussed
about the causes of cancer and quercetin extract and its
applications in vitro and in vivo rather than many
methods used in treatment such as chemotherapy. In

vitro, the inhibition effect of al cancer cell lineswasvery
high, as the study showed apoptosis by using Annexin
V/PI flow cytometer and comparing it with the control
group. The results of using quercetin showed that the
tumor size for each of these live models was small after
receiving the required doses.
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The objective of this study was to determine the spatia distribution of the PAH
(polycyclic aromatic hydrocarbons) concentrationsin asample of potatoes from

Bradford, this objective will be achieved by solvent extraction and analysis of
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potato samples using gas chromatography with mass spectrometry (GC-MS).
The potato samples were collected from four sites in the city of the Bradford-

middle north of the United Kingdom. The exact location of each sample was
recorded using a Global Podtioning System (GPS). In site 1 the average

Keywords: PAHs, Potato Vegetable, GC-MS

concentration of Benzo[b]fluoranthene was (9.82 ng/g). This compound had the

highest concentrationsleve of the 16 PAHsin all sites, whilethe average (1.023
ng/g) in site 2 of the compound with the low-value Pyrene. The total
concentration of 16 PAHs range was between 50.87 -78.31 ng/g.

1. Introduction

Polycyclic Aromatic Hydrocarbons (PAHS) have been of
increasing concern due to their ubiquitous presence in
urban air. Some of these compounds have toxic,
carcinogenic, and mutagenic properties (Abdd-Shafy
and Mansour, 2016)

As a category of widely known carcinogenic compounds
derived from incomplete combustion (IARC, 1983;
Harvey, 1991), because of the transportation, storage,
and use of crude oil and its products, petrogenic PAH
sources are ubiquitous in cities. Storage tank leaks and
the accumulation of tiny discharges of motor ail,
gasoline, and other transportation-related substances are
major sources of petrogenic PAHs (Abdel-Shafy and
Mansour, 2016). Among the most important
environmental pollutants are polycyclic aromatic
hydrocarbons compounds (Dong et d., 1999).

Because diet is thought to be the primary source of
human exposure to PAHs (Phillips, 1999), and
vegetables are a basic food, scientists are interested in
how much PAHs accumulate in vegetable production.
Many studies have been conducted to investigate the
uptake of PAHs by plants. (Wild et al., 1992; Voutsaand
Samara, 1998; Kipopoulou et al., 1999)

PAH contamination was discovered in a variety of
dietary categories, including vegetables. (Howard and
Fazio, 1980).

It seems that gas emissions from fossil fuel combustion
are the main way that PAHs accumulate in vegetables
nearby, and this affects the PAH levels and profiles in
those vegetables. (Kipopoulou et al., 1999)

The absorption of PAHSs by vegetabl es can occur through
the absorption of the leaves or roots, and their absorption
is directly related to the nature of the PAH compounds,
their physico-chemica characteristics and the
physiological conditions of the plant. (Wang et al., 2011)

The PAH content of foliage is mainly correlated to
ambient ar. The rdationship with soil PAH
concentrations is not strong due to the reatively weak
influence of root uptake mechanisms related to the low
degree of soil/plant separation resulting from the
lipophilic properties of PAH molecules. (Tutga et al.,
2011)

Direct contact between some |eaf crops and contaminated
soil can lead toincreased levelsof PAHs (Delschen et dl.,
1999). Vegetables usually reflect short-term changes in
air pollution, while the soil is subject to long-term
changes resulting from cumulative deposition (Jones,
1991).

Contaminants found in plants grown in cities usualy
come from previously contaminated soil or air pollution
(Sdumd et a., 2012; de Temmerman et al., 2015). It has
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been previously shown that the accumul ation of e ements
and genotoxic effectsdueto air pollution are absorbed by
theleafy vegetablesin the UCG. (Amato-Lourenco et al.,
2016a,b). To determine the spatia distribution of the
PAH concentrations in sample of potatoes from
Bradford, this objective will be achieved by solvent
extraction and anaysis of potato samples using gas
chromatography with mass spectrometry (GC-MS).

2. Materialsand Methods

a. Study Area

The potato samples were collected from an area in the
city of Bradford, West Y orkshire. The exact location for
each sample was recorded usng a Global Positioning
System (GPS), as shown in table (1).

Table 1: Coordinates of the potato sample locations from
Bradford.

Coordinates for samplesfrom Bradford

East North

413107 432166
414882 432141
416861 432127
417888 432137

b. Sampling and Sample Preparation

The sample preparation after being collected then
transported to the laboratory, potatoes were washed with
distilled water to remove surface dust and freeze-dried.
Cut 59 skin of potato mixed with equal amount of
anhydrous Na.SOs after that Soxhlet extraction 6h with
CHCI; then rotary evaporation to ~0.5 ml. The extraction
evaporation to dryness under N: stream then
redissolution in CHsCN the samples are now ready to
anaysis GC-MS (Kipopoulou and Manoli 1999).

c. GC-MSMethod

An Agilent technologies 7890A GC system with 5975¢
mass selective detector (MSD) was used to separate,
identify and determinethe concentrations of PAHsin soil
extracts. 1pul of each sample extract was injected into a
splitless injector at atemperature of 300°C. The samples
were separated with a HP5 capillary column (30 mm
x0.25 mm x film 0.25 pm film). The initial oven
temperature was at 40°C for 1 min, risng to 120°C at 25
°C/min, then to 160°C at 10°C/min, and finally to 300°C
at 5°C/min, this fina temperature was held for 15 min.
The interface temperature was kept a 280°C. Helium
was the carrier gas used a a constant flow rate of 1
mL/min. The 16 PAHSs standards were anaysed with a
Selected lon Monitoring (SIM) mode (Dong, 2012).

3. Reaults

By choosing the molecular masses of interest for each
molecule, contamination analysis can be avoided. In fact,
each PAH has a distinct mass that is well-known and
documented in the literature (Dong, 2012), and if the
retention duration is known, it is possible to choose
which masses should be detected. In this investigation,
the SCAN mode was used to analyze the 16 PAH
standard in order to determine theretention times of each
chemical of interest. The technique has been developed,
as shown in table (2) bel ow, with the specific masses and
retention times of each PAH.

Table (3) shows the average concentration individual 16
PAH and total PAH level. The average concentration of
Benzo[b]fluoranthene in site 1 was (9.82 ng/g). This
compound had the highest overall concentrationslevel of
thel6 PAHSs in al sites. while the average 1.023ng/g in
site 2 of the compound with thelow overall value Pyrene.
The 16 PAHs levels range between 50.87 -78.31ng/g in
potato samples were found to be more or less similar to
other regions. Bishnoi et al. (2006) found 16 EPA PAH
values in range of 59.78-128.47 ng/g in underground
vegetables collected from various places of Mumbai city,
India. Also, theresult of this study was less similar 48-94
ng/g in root vegetables in a Greek (Kipopoulou et al.
1999).

Table 2: SIM parameter of MS for PAH analysis

Abbreviation m/z Rt
[min]

NA 127,128, 129 4-7

ACY 151, 152, 153, 154, 165, 166,  7-12

167

ACE

FL

PH 176, 178, 179 12-15

AN

FLU 15-22

PY 101, 200, 202, 203 15-22

BaA 226, 228, 229 22-25

CH

BbF 125,252,253 25-33

BKF
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BaP
IP 138, 134,276,277,278,279  33-46
DA
BP

Table 3: Average Concentration individual 16 PAH and total
PAH level.

Sitel Site2 Site 3 Site 4
Abbreviation Average Average Average Average
Compound  [ng/g] [ng/g] [ng/g] [ng/gl
NA 9.581 4,956 1.762 2.874
ACY 6..428 2.835 1.910 2.293
ACE 1.05 1.290 2.110 2.495
FL 4.349 3.469 2.798 5.557
PH 7.599 7.680 2.738 6.147
AN 5.614 2.937 1.814 2.098
FLU 1.600 1.170 3.832 5.954
PY 1.490 1.023 3.632 5.185
BaA 3.505 6.618 7.400 1.411
CH 2.997 4.099 5.866 1.0578
BbF 9.820 1.187 6.629 1.528
BkF 6.391 8.313 2.702 1.294
BaP 5.117 7.549 3.852 1.738
IP 8.316 4.029 2.155 2.141
DA 8.806 3.237 2.991 2.136
BP 2.080 1.168 3.572 6.965
Total PAH 78.315 61.56 55.763 50.873

[ng/gl

4. Discussion

Table (4) presents a statistical comparison was made
using Analysis of variance of the differences between the
four study areasin order to assess whether these areasare
significantly different in their PAH concentrations. The
total concentration data for all PAHs combined, as well
as the data for each individua compound separately,
were anadysed using one-way ANOVA with the
individual sampled sites being the replicates within each
study area, to determine whether data from the four areas

There are significantly different. Results are presented in
Table (5). There are significantly different in individual
PAH concentrations. The result of thistest (F = 4.65, df
= 99, p = 0.01) that indicated a strongly significant
difference between the four areas

Table 4: Results from one-way Analysis of Variance
calculations, testing for differences between the four study
areas in Bradford, for individua PAH compounds and for the
combined total PAH concentrations. Number of degrees of
freedom are (2, 97) in all cases. Key to symbols: ns indicates

p>0.05, * indicates P<0.05, ** indicates P<0.01, *** indicates
p<0.001

PAH All gtes
F-value Probability = Significance
NA 17.8 0.0001  ***
ACY 15.9 0.0001  ***
ACE 29.8 0.0001  ***
FL 30.7 0.0001  ***
PH 16.4 0.0001  ***
AN 29.1 0.0001  ***
FLU 20.8 0.0001  ***
PY 43.8 0.0001 = ***
BaA 50.4 0.0001 = ***
CH 70.4 0.0001 ***
BbF 7.5 0.001 **
BkF 10.6 0.001  **
BaP 32 0.01 *
IP 154 0.0001 ***
DA 9.8 0.001  **
BP 10.2 0.001  **

The total PAH concentration in table (4) showed values
ranged between 50.87and 78.32 ng/g, al of which would
be diagnosed as low by Dong (2012).

The total PAH compounds which showed a relative
standard deviation (%RSD) greater than 10% were
presented in table (4), 10% being an arbitrary threshold
chosen to highlight that the compound has a
comparatively high amount of variability.

The Shapiro-Wilk test indicated that these samples were
no normdly distributed in Bradford. For tota PAH
compounds a Grubbs' test was carried out to check for
outliers. The Grubbs' test (G values which are less than
the critical value 1.481 and therefore there is no outlier
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for any compound. This means there were no other
outliers within these compounds.

Table5: Statigtica analysistablefor total concentration of
thel6 PAHs from dl sites

All Stes
Mean ng/g 62
Range ng/g 50.87-78.32
Standard deviation SD 12
Relative standar d deviation RSD (%) 19
Shapiro-Wilk test probability 0.364 ns
Grubbs test statistic (G) 0.898ns

5. Conclusions

To sum up above it is probably the large variability
between individual results within a study area, as noted
above, that lead to differences between means being able
to be shown to be statistically significant. While the data
had a one-way ANOVA result (F = 4.65, df =99, p =
0.01) that indicated a strongly significant difference
between the four areas.
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ABSTRACT
DOI: https://doi.org/10.37375/5fssu.v2i2.516

Two types of sabkhas are distinguished in the study of coastal area; the first type
was developed at the mouths of wadis where sea water enters the wadis through
high tides; these include; Omm El-Shawesh, Wadi Al-Ain sabkha and Wadi Rizk
sabkha. A generalized hydrodynamic model for the formation of this type of sabkha
was constructed. The second type of sabkha is stretching behind the dunes, and is
divided into alongitudinal strip from east to west where sdine crusts appear in some
parts and approach the groundwater level. These sabkhas are subjected to flooding
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during the winter and plant grows within this sabkha. Behind the shore sand
hummocks, sea water enters the sabkhas area by seepage and mix with groundwater,
and then rises upward to the surface through capillary action and evaporats. This
type of sabkha include; Alagilay, Omm Rukbah and Wadi Al-Sawani. The
generalized hydrodynamic model suggested for the formation of this kind of sabkha
was constructed too.

Keywords:

Intertidal and supratidal sabkhas
coagtal sand dune

mouth of wadis

Al-Dafna plateau

1 Introduction

Sabkhas are widespread geomorphological features in
the coastal landforms of the Mediterranean Sea of Libya
Wadis sabkhas always subjected to flash floods during
the rainy season in the main Wadis and/or recharge
from tidal flow. A tidal pool partidly filled with
seawater during high tide flood seasonaly and daily
thus intertidal and supratidal sabkhas are developed. A
marine sabkha is a near coasta sdt dominated by
marine-derived brines and processes;, a continental
sabkha is an inland sdt flat dominated by continental
brines and processes (Prudencio et al., 2007). According
to Kleo and Al-Otaibi (2011) there are three types of
geomorphic sabkhas which are as follows: 1) sabkhas
that are connected to the coastal inlets;, 2) sabkhas that
are connected to the tidal flats and 3) sabkhas that lie
behind the shore sand hummocks.

The study area is characterized by the presence of
many geomorphological coastal landforms and bays.
The coastline extends from the Wadi El-Shawash
estuary in the west to the Ramla well in the east a the

western border of the Arab Republic of Egypt. Sand
dunes, sabkhas and pockets are abundant in this area
(Al-Haram, 1997). Sabkha is an Arabic word for a salt-
flat area found mainly along hot and arid climate
typically formed on shoreline (coastal sabkhas) and
inland present within the sand dunes areas. Marine
sabkhas represent transitional environments between the
land and the sea. Marginal marine sabkhas that bordered
by tidal flats display a range of sedimentary features
according to the frequency of flood by sea water and the
providing of terrigenous material from nearby high
mountains. A marine sabkha is a near coasta st
dominated by marine-derived brines and processes;
whereas, a continental sabkha is an inland salt flat
dominated by continental brines and processes
(Prudéncio etal, 2007).

The area is subdivided into two geomorphic units;
the northern scarped terrain is marked by the presence
of many prominent scarps running in an ESE-WNW
direction while the southern part of Al Bardia area is

33

Corresponding author: E-mail: ahmed.mohammed@tu.edu.ly

SIFSSU 2022


mailto:ahmed.mohammed@tu.edu.ly
https://doi.org/10.37375/sjfssu.v2i2.516
http://journal.su.edu.ly/index.php/JSFSU/index
http://journal.su.edu.ly/index.php/JSFSU

SJFSSU Vol. 2, No. 2 (2022) 33-37

Mohammed €t. al.

flat, monotonous plain (El Deftar and Issawi, 1977;
Mazhar and Issawi, 1977; Sweedan and Issawi, 1977).

Coastal sabkha spreads within a boundary between
the coastline and the interior at different distances
depending on the topography of the surface. Sediments
of sabkha were observed close to the mouths of some
wadis at the northeast part of the studied area. It was
subjected to all changes affecting the coasta plain
because its development is closaly related to coastal
conditions (Ashour, M., 1993).

2 Techniques of Study

Two field trips were carried out on the coastal stretch of
the Al-Dafna plateau in the summer and winter times
(2017-2018) where sx dtes in the coastal area were
chosen for collecting samples from intertidal and
supratidal flat sediments developed at the mouths of
different wadis, wadi Omm El-Shawesh, Alagila, wadi
Al-Ain, Omm Rukbah, wadi Riszk and wadi Al Sawani.
Sankha features were described photgraphed, logged
and samples.

3 Study Area

The study area occupies the northeastern part of Libya;
where sabkhas are common in the coastal area of Al-
Dafna plateau which extends from the mouth of Wadi
Omm El-Shawash, in the west (east of Tobruk City), to
Bir Al Ramla Well in the eastern border of Libya with
Egypt for about 130 km long. The area lies between
Latitude 31° 45" to 32° 21" N and Longitude between
24° 00" to 25° 08" E (Fig. 1). The study area has a
Mediterranean climate where arid to semiarid conditions
are dominant. The average temperature is ranging from
25 to 40° C in summer months and from 10 to 20° C

during winter. The rainy season is limited and often
concentrated in few showers from October to March.
While December and January months are the wet.

The geomorphology of the Al-Dafna Plateau area
occupy the eastern-north part of Libya. It extends from
the Wadi Omm El-Shawesh, east of Tobruk City, to Bir
Al Ramla Wdll in the eastern border of Libya to Egypt
for about 130 km long. The total area included in this
study is estimated to 5638.3 km? with maximum height
of 223 m above the mean sea level. He further
mentioned that the sabkhas are dgnificantly spread
aong the coastal area, behind the sand dunes in Ras
Azaz, Omm Rukbah, Murs and Jazour. Sabkha is a
shallow coastal area of marginal seas, particularly those
in catchment areas of populated and industriaized
regions, are endangered by the increasing of substances
or heavy metals at arate faster than the environment can
accommodate (Saleh, 2013).

The supratidal and intertidal sabkha areas are flooded
with sea water seasonally and daily. The main recharge
to the sabkha area is from tidal flow and flash flood
from different wadis. A tidal pool partialy filled with
seawater during high tide flood always occurs.

4 Study Objective

The objective of this paper is to construct the
hydrodynamic model of sabkha formation.

°24 00 00E °24 50 00E

°24 40 00E °25 00 00E

%32 00 0O N
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Figure (1). Satellite image showing the location of the studied coastal sabkhasin Al-Dafna plateau.
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The sabkhas are significantly spread along the coastal
area behind the sand dunes. Supratidal and intertidal
sabkhas are developed in the wadis mouths in the
coastal area of Al-Dafna plateau where desiccation in
the tidal flat areas causes precipitation of gypsum and
halite.

Sabkhas are subjected to al changes affecting the
coastal plain because its development is closdly related
to coastal conditions. Sediments are composed of fine to
medium sand and muds with gypsum. They are
deposited by wind and water carried by the valleys to
the sea sabkha areas. Fine sediments can brought to
sabkhas through the tidal currents and sorm waves too.
Marshes and plants (ha ophytes) are well developed in
the study area where groundwater covers some sabkhas.
The water table rises in winter due to the tyranny of the
sea with the rising waves, in addition to the water of the
floods brought by wadis. While in summer, the high
temperatures and the high evaporation rate cause
lowering of water table. Depending on the topography
of the surface, coastal sabkha spread between the
coastline and the interior of the land. Sabkha sediments
were observed close to the mouths of some wadis at the
northeast part of the studied area.

The wadis draining the inland part of the
surrounding limestone terrain wash in this flat surface
fine-grained terrigenous materias admixed with the
amost stagnant sea water. Evaporation helps the
formation of sediments which consist of very fine
calcite sand and salt grains with various components of
clay. Gypsum and salt form athin cover on the sabkha
surface in dry season; and saline crugs in some parts

appear frequently.
5 Resultsand Discussion

The recognized sabkhas are subdivided into
intertidal and supratidal sabkhas. These sabkhas are
occurred either in mouth of wadis or behind the costal
sand dune. Each type has its characteristic textural and
mineralogical composition. The dunes cover very small
patches at the central part of the area with 2 mrise from
the surrounding surface. It is composed of quartz sands
mixed with carbonate particles.

Sabkhas developed in these areas are formed
under complex hydrochemica system includes sea
water seepage, groundwater percolation, and surface
drainage water. Wadis sabkhas always subjected to flash
floods during the rainy season in the main wadis and/or
recharge from tida flow, thus intertidal and supratidal
sabkhas are devel oped. Tida flats are desiccated and are
marked by mud cracks with the growth of gypsum and
halite crystals in muds according to Boggs (1987),

especially in arid and semiarid regions. In correlation
with the Trucial sabkha, gypsum and anhydrite are the
dominant evaporite minerals (Kinsman, 1969).
Although there is a common tendency to regard tidal
flats as primarily sites of diliciclastic deposition,
carbonate sediments, and evaporites accumulate on
many modern tidal flats. On the other hand, Kleo and
Al-Otaibi  (2011) distinguished three types of
geomorphic sabkhas these include, sabkhas that
connected to the coastd inlets, sabkhas connected to the
tidal flats and sabkhas lie behind the shore sand
hummocks.

The studied area of the sabkha is a flat and
shallow embayment filled with sea water during high
tides. Lands filled with water are formed throughout the
year as aresult of the decline and exposure to rain water
during the winter and spread the edges of some veneers
salt. Evaporation helps the formation of sediments
which consist of very fine calcite sand and salt grains
with various components of clay. Gypsum and salt form
athin cover on the sabkha surface in dry seasons.

Two types of sabkhas are digtinguished in the study
coastal area; the first type was developed at the mouths
of wadis where sea water enter the wadis through high
tides; these include Omm EI-Shawesh, Wadi Al Sawani
sabkha and Wadi Rizk sabkha (Fig. 2). A generalized
hydrodynamic model for the formation of this type of
sabkha is shown in (Fig. 3). The second type of sabkha
is stretching behind the dunes, and is divided into a
longitudinal strip from east to west. Saline crusts appear
in some parts and approach the groundwater level. In
meantime, these sabkhas may subject to flooding during
the winter and plant grow within this sabkha. Behind the
shore sand hummaocks, sea water enters the sabkhas area
by seepage and mix with groundwater, and then rises
upward to the surface through capillary action and
evaporats. Sometimes this sabkha subjects to flooding
of wadis through rainy season. This type of sabkha
include; Alagila, Omm Rukbah and Wadi Al-Ain (Fig.
4). The generalized hydrodynamic model suggested for
the formation of this kind of sabkha is demonstrated in
(Fig. 5). During the winter season rainfall results in the
increase of the flow of groundwater through wadis and
thus the level of water table is increased. This
mechanism is reversed through summer season, where
the increase of evaporation rate causes lowering of the
water table, this leads to evaporative concentration of
near surface water and displacive grow of the gypsum
and hdite crystals. The occurrence and abundance of
evaporite minerals are controlled by local environmental
factors such as topography of the sabkha, emergence or
submergence of tidal areas and contribution of meteoric
water as aresult of floods from the adjoining mountains.
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Furthermore, during the rise of groundwater part of the
old gypsum is dissolved and redeposited again at the
ground surface under arid climate. This is probably
modified by dissolving some of the lagoon gypsum
under the sabkha (Ali; 1981, Ali and West, 1983). In
addition, there is arole of active wind deflation which
eroded the surrounded high carbonate outcrops then
transported and deposited into the sabkha basin. The
carbonate mineras present in the sabkha deposits are
formed of calcite and dolomite that occur as sand and
mud material resulted from weathering products.

Figure (2). Firg type of sabkha formed at the Wadi mouths,
where sea water enter sabkha basin during the high tide. (A)
Omm El-Shawesh sabkha, (B) Al Sawani sabkha, (C) Wadi
Rizk sabkha.

Drain water Flooding
recharge during high tide
High tide

Figure (3). Hydrodynamic model of the first type of sabkha
formation

A

2017.08.30 08:07AM

Figure (4). Second type of sabkha formed behind sand dunes,
where sea water seepage and mix with groundwater. (A)
Alagila sabkha, (B) Omm Rukbah sabkha, (C) Wadi Al-Ain
sabkha
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Figure (5). Hydrodynamic model of the second type of sabkha
formation

6 Conclusion

Three mechanisms were suggested for the formation of
sabkha deposits in the coastal area of Al-Dafna Plateau:

1) Direct influx of the sea water during the high
tides into the low land with probability of
mixing with drainage surface water, later then
evaporated.

2) Seepage of seawater through the very
permeable sediments under the coastal dune
sediments which formed the groundwater
brines that upward raised by capillary
movement, then subjected to evaporation.

3) Downward flow of concentration brines
moving through the sediments enriched with
residual Mg™ and formation of dolomite
crystals.
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Gellan gumisamicrobial exopolysaccharide, water-soluble polymers secreted by
microorganisms during fermentation. The biopolymer gellan gum is a relatively
recent addition to the family of microbia polysaccharides that is gaining much
importance in food, pharmaceutical and chemical industries due to its novel
properties. The purpose of thiswork is to investigate the impact of physiological
fluids on both the physical and chemical properties of gellan gum, and to
understand therole of polymersgel in muco-adhesion and drug delivery to prolong
the residence time of the drug inside the body. Muco-adhesion measurements of
retention time were performed using bespoke retention apparatus to determine the
retention of labelled gellan gum dose. The physiological fluids used in this work
are artificial gastric juice, artificial saliva fluid, and artificial tears fluid. Results
of this work show that in general the viscosity of gellan increased with high
concentration and the gel formation is strong with artificial gastric juice (HCL)
and weak gel formation with artificial saliva and tears but the retention time is

longer with saliva and tears than with artificial gastric juice.

1 Introduction

Hydrocolloids or gumsis atype of polysaccharide which
iscommercialy availableand it isused in food industries
as stabilizers, crystallization inhibitors, thickening and
gelling agents and in some non-food industries it is used
as encapsulating agent. Due to the strong interlinked
connections in the molecules, polysaccharides have a
characteristic strength. In nature it is present in plant cell
wall as a component or exist as extracellular substance
e.g., Gellan gum. Gellan gum is a high molecular weight
compound with a negative charge on its molecule. It is
produced by microorganism named Sphingomonas
elodea as afermentation product. It can also be produced
commercidly on demand with a consistent quality
(Jansson et al., 1983).

Physical characteristics of gellan Gum
The gelatinization of gellan gum is dependent on

ambient temperature and cationic strength. The process
of gelatinization involvesthe formation of double helical
junctions which further form complexes with cations and
hydrated with water molecules by hydrogen bonds.

The gelatinization of gellan gum in agueous environment
is a two-step process. In step one double helices of
random coil chains are formed leading to aggregation of
pairs of double helices, this is adso called Coil-helix
transition. In step two it makes electrostatic interaction
with co-existing cations in the solutions and this is
affected by varying the pH of the solution.

Chemical Characteristics of gellan Gum

Themolecular structure of it consists of atetrasaccharide
repeating unit made of glucose, glucouronic acid and
rhamnose residue in a ratio of 2:1:1. In the negative
charged molecule two acyl substituent; glyceryl at O (2)
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and an acetyl at O (6) are present on the 3 linked glucose
molecule (Fig. 1). The gellan gum can deacetylate by
alkali treatment.

Figure (1). The structure of Gellan Gum (Matricardi et al.
2009)

Gellan gum has been characterized into the three groups
on the following basis: Polysaccharide content, the
percentage of O-acetyl substitution on the molecule, and
the protein content (including the nucleic residues and
other organic nitrogen sources).

Acyl content has a profound impact in the physical
characteristics of gel. Gels with high acyl content are
very soft, elastic and not brittle whereas gels with low
acyl content are firm, brittle and are inelastic. Both forms
of acyl gels (high content which is the native form and
the synthetics low content form) have similar linear
structure having a tetra saccharide unit repeat. The tetra
saccharide contains three different molecules which are
glucose, rhamnose and glucouronic acid with a molar
ratio of 2:1:1. Glucose residues in the molecule have an
acetyl group and L-glyceryl groups on it (Jansson et al.

1983). The molecular formula of gellan gum can vary as
it depends on the glucouronic acid neutralization with
various salts. The anionic nature of the gum is dueto the
presence of the carboxylate groupsin molecular structure
which givesit the ability to undergo gelatinization in the
presence of monovaent or divalent cations. The gum
form complexes with them by electrostatic interactions.
It has been reported by Sanderson and Clark (1983) that
the gum has greater affinity for the divalent cations.

Physiological Fluids

The weight of water in the human body isin the range of
45-75%. The percentage of it varieswith age and gender.
The adipose tissue of the human body holds up to 10%
water whereas the |ean tissues contain approximately 70
to 75 percent of water. The total body water is with
varying percentage in intracellular fluid and extracellular
fluid. Transcellular fluid like cerebrospinal fluid,
humours of eye, digestive secretions and the renal tubular
fluid secretions contain 1-2% of body water.

Gastric Juice

Several factor like hormonal (by gastric hormones),
neural and intestinal factors affect the secretion of gastric
acid from the stomach. Food intake and the deficient
level of glucose in the brain result in the reflex secretion
of gastric juice. The reflex system has optic, gustatory
and olfactory afferent nerves which are responsible for
partial conditions reflex and the impulse then flows
through an efferent vagus nerve. When the HCI secretion
ison the peak the pH of the stomach dropsto ca. 0.8. The

food being swallowed buffers the pH and increases it up
to 1.8 to 4. This is the optimum pH for the enzymatic
action of pepsin and gastric lipase. The low pH provides
a bactericidal effect and it also denatures dietary protein
making it easier to be degraded of protein enzymes.

Saliva

The human saliva is a complex mixture of different
fluids; it is secreted by a set of major and minor salivary
glands. There are three mgjor salivary glands which are
parotid, sublingual and submandibular glands. All these
glands are under the control of autonomic nervous
system. A human has salivary secretion of 1.5 litresin a
day. It has dightly akaine pH which is 7.4. Some
organic and inorganic substances which are suspended in
water make the saliva. It has glycoprotein Mucin along
with some enzymatic proteins like lipase and salivary
amylase. Some other compounds like lactoferrins,
cystatin  histatins, immunoglobulins and some
thiocyanate ions are aso present (Humphrey and
Williamson, 2011).

Tear Fluid

A smooth ocular surface is responsible for the good
visual activity. This property is provided to eye by Tear
fluid or TF which covers the whole ocular surface and
protectsit. It servesasabarrier, lubricant, nutrient and an
anti-microbial protectant. It improves the optica
properties of eye and the maintenance of a normal Tear
fluid is thus important for a smooth ocular surface.

Tear fluid lipids and proteins give high surface pressure
and thus help in the stability of it. The average value of
TF surface tension was found to be 70 mN/m (Glasgow
et al., 2010). Tan and his fellows reported in 1993 that
during sleep all major protein and water secretion is
inhibited but Immunoglobulin A isthe exception and it’s
secreted during the sleep. Nat, K*, Cl-, HCO* and low
levels of Mg*? and Ca'? are the principal electrolytesin
the basal tear fluid. The TF is usualy isotonic in nature
with serum but it has got a higher concentration of K+
ions comparing to it (Gilbard, 1994).

In this paper the effect of the physiologica fluids
discussed above on the gellan gum will be discussed.
Muco-adhesion of gel on the living tissue will be
discussed in the context of bio-responsiveness in drug
delivery systems.

Muco-adhesion

Muco-adhesion phenomenon is defined as a process in
which two molecules, one of whichishiological in nature
interact with another with an interfacial force for an
extended period of time. It's also defined asthe ability of
biological material or a synthetic material to stick on a
tissue for a longer period of time. The tissue on which
mucoadhesive adhere are actually mucous membrane.
There are two steps which are involved in the muco-
adhesion phenomenon. In thefirst step acontact between
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the mucous membrane and the mucoadhesive polymer is
established. This can be achieved by either good wetting
of mucoadhesive surface or by promoting swelling of
mucoadhesive substance. Once a good contact is
established between them, the second step startsin which
mucoadhesive penetrates the tissue surface or an
interpenetration of mucoadhesive chains with the
mucosal ones occurs the two surfaces are then stabilized
by low energy chemical bonds (Duchene et al., 1988).

Muco-adhesion was used as a nove strategy for the
improvement of therapeutic effect of various drugsin the
early 1980s. Some water-soluble polymers have bio-
adhesive properties i.e., they adhere to the mucous
membrane on hydration. This property of bio-adhesive
polymers was employed for designing mucoadhesive
drug delivery systems. These polymers on the basis of
this property can target the desired drug to the target
tissue and keep it there for alonger period of time. The
idea of using Mucoadhesive in drug delivery system was
the result of need to localize drugs at target site for an
extended period of time to optimize the action of
delivered drug (Nagai and Machida, 1985).

The absorption of drug is constrained by the residence
time of it at the target site e.g., in ocular drug delivery
system a residence time of two minutes is available for
the absorption of drug right after the ingtillation of it in
the eye. But most of the drug washes away due to the
solution drainage and rendering it unavailable for the
absorption. This created the need development of drug
delivery system which will keep the target at the target
site for an extended period of time. Innovative
formulations were developed with the use of gellan gum
for the drug delivery to the target sites. The presence of
gellan gum ensures the bioavailability of the drug for
effective absorption by the tissue by adhering it to
mucosal linings. From the research it has been observed
that this gum is a very effective carrier and some
atractive formulations were formulated that make the
delivery of drug to the target tissues very specific
(Kamath and Park, 1994). Following arethe featuresthat
made the basis for the gellan gum drug delivery system:

. The delivery of the drug to the pharmacological
specified sites can be controlled by using this gum.

. Another remarkable feature of it is that it
increases the permeability of the cell membrane and thus
helpsin the effective drug uptake by the cell membranes.

. It stabilizes the drug product which is supposed
to be delivered in the body.

. The solubility of the dug product is also
increased in the body fluids (e.g., intestinal fluid) due to
the presence of gellan gum.

. The drug metabolism is also reduced by its use
thusit prevents the elimination of drug from the body.

Mao et al. (2000) explained the most remarkable feature
of gellan which is its swelling ability which can be
triggered by altering the environment surrounding to the
delivery system (Fig. 2). The environmental factors that
have an effect on the efficiency of the gel are pH,
temperature or ionic strength. These factors can either
swell or shrink the delivery system if changed from their
normal values. The gellan gum is a pH sensitive
compound and the functioning of the drug delivery
having gellan gum can be monitored or optimized by
changing the ambient pH. The most effective pH for it is
alkaline. At alkaline pH the gel swells and releases the
drug content inside it whereas at low pH the delivery
system is collapsed. This property of gellan gum makes
it an ideal candidate to be used in oral drugs in which it
is rendered ineffective on its passage to the stomach
where the pH is too low. When it reaches the upper
intestine with high pH, the drug is released here to
perform its function (Huang, 2004)
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Figure (2). Schematic presentation of effects influencing
Muco-adhesion. (Bernkop-Schniirch & Steininger 2000)

2 Materialsand Methods

Gellan gum polysaccharide (Kelcogel) was from CP
Kelco (Leatherhead, UK). Six well plates and dialysis
tube supplied from Sigma-Aldrich (Poole UK). All other
chemicals which were used in this study were supplied
by the chemicals store, University of Huddersfield.

Gellan Gum Solutions

Three different concentrations of gellan gum solutions
were prepared (0.5, 1.0 and 1.5 % (w/v) by lowly adding
aweighed amount of gellan gum to hot deionised water
(80°C) with continuous stirring until fully dissolved and
then left a room temperature to cool before it was
transferred into a 100 ml volumetric flask.

Gadtric Juice (artificial)

Artificial gastric fluid was prepared from concentrated
hydrochloric acid (HCI) mixed with deionised water in
1000 ml volumetric flask to produce a0.1M solution and
was adjusted to pH 1.2 using concentrated NaOH or HCI.

Artificial Saliva Fluid

The preparation of artificial saliva was developed by
(Parker et a., 1999) and prepared in g/l by using 0.34 g
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KH2PO,, 0.43 g NaPHO4, 1.5 g KHCO;3, 0.58 g NaCl,
0.14 g MgCl,, 0.22 g CaCl and 0.03 g Citric Acid
dissolved together in a 1-liter deionised water and then
the pH of solution was adjusted to 6.7 using concentrated
of NaOH or HCI.

Artificial TearsFluid

The preparation of artificia tear fluid was adopted from
atear fluid analysis (Stjernschantz and Astin, 1993) and
made using 6.8 g NaCl, 2.2 g NaHCO, 0.084 g CaCl, 1.4
gKClin11 of deionised water.

M ethylene Blue Stock Solution

The stock solution was prepared by dissolving 0.1 mg/ml
of Methylene blue crystals (methylthioninium chloride)
in 100 ml volumetric flask with deionised water and then
seven different amounts from the stock weretaken (0.5,1,
2,4,6,8 and 10 m) respectively to prepare different
concentration from the stock as standards for plotting
standardization curve. AUV-V is spectrophotometer in
scanning mode was used to identify the peak maxima (A
max) for Methylene blue which was measured at 658nm.
This wavelength was used to measuring the absorbance
of the standards.

Preparation of Methylene Blue Labelled Gel for
Retention Time M easurement

Labelled gel was prepared by dissolving the gellan
powder and Methylene blue crystal in deionised water
(hot water 80°C) while stirring until completely
dissolved. Four different concentrations from Methylene
blue were prepared (0.01, 0.025, 0.05 and 0.1 mg/ml) to
find out the suitable concentration for the experiment
which was 0.1 mg/ml. The three different concentrations
from gellan gel were prepared by the same way that
mention above (0.5, 1.0 and 1.5 g %) after finish
preparation the gel leaved at room temperature for 24
hours before measure the retention time.

Retention Time M easur ement

Measurements of retention time were performed using
bespoke retention apparatus shown in Fig. 3 (Batchelor
et al., 2002). The apparatus used to determine the
retention of labelled gellan gum dose on dialysis tube as
atissue. A Perspex® mounting block was manufactured
with dimensions 100 mm length by 60 mm width and 15
mm deep. A groove was cut into this block in a central
position; the dimensions of the groove were 100 mm long
by 12 mm wide and 5 mm deep. The mounting block was
permanently attached to a clamp that was able to rotate
through approximately 120°. The clamp was attached to
a stand and placed within a temperature and humidity-
controlled environment, an adapted Gallenkamp
industrial  humidity cabinet (model BR185H). This
apparatus alowed the temperature and

Figure (3). Apparatus used to determine the retention of avivo
tissue in presence three different type of artificia
physiological fluids (Gastric juice HCI, saliva and tears).

humidity to be controlled and maintained via the water
bath. The cabinet had sealed glove access to enable
procedures to be performed during the experiment. The
washing medium delivered to the tissue was supplied via
a peristaltic pump (Watson Marlow model 202). The
flow was split into three channels to provide an even
distribution of the media over the entire tissue section.
labelled gellan gum on dialysis tube as a tissue instead
The Methylene blue labelled gellan gel (0.5, 1.0 and 1.5
%) were prepared and kept in room temperature for 24
hours before measuring retention. The retention timewas
examined for each concentration of the gel with the three
fluids.

A 60 mm by 12 mm longitudinal section of dialysistube
(used asamodel for epithelial tissue) was cut and placed
into the groove cut on the stand and fixed with super glue.
Then 1 ml of the gel sample was taken by syringe and put
on the dialysistube and the artificial fluid was allowed to
flow over the gel controlled by an automatic pump at a
rate of 4 ml per minute. The eluted physiological fluid
was collected at time intervals up to 60 minutes and the
absorbance was then measured at 658nm.

Calculation of Retention Time

The retention time can be calculated by using the
equation from the calibration curve of Methylene blue
standards.

Y =197.42 x -0.0146, where Y is the absorbance value

Concentrations of the Methylene blue were calculated in
different period of time, concentration versus absorbance
was plotted on the curve.

3 Reaults

By using UV spectrophotometer, it can be ableto identify
the suitable wavelength for Methylene blue solution. The
UV spectrophotometer alows a user to identify
electronic transitions within the various regions of the
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electromagnetic spectrum. UV can be measured by a
spectrophotometer most readily when it is in the 400 to
700 nanometre (nm) region to quantify and determinethe
features of colour perception. The wavelength which will
be used to measuring the absorbance for standardsis (658
nm). Table 1 shows the absorbance for all concentration
of standards which were taken at 658 nm for plotting a
calibration curve.

The calibration curve of Methylene blue for seven
different standards which give good linearity and the
coefficient of determination (R?) = 0.98 which is close to
one (Fig. 4). The equation obtained from the curveisused
to calculate the retention time.

Table (1). shows the absorbance for all concentration of

standards
Concentration Absorbance

mg/mi (658nm)
0.0005 0.102
0.001 0.205
0.002 0.407
0.004 0.764
0.006 1.090
0.008 1.393
0.01 2.141

Calculation of Retention Time

1- Labelled Gel with Artificial Gastric Juice (HCL)

Absorbance Vs Concentration

2.5
y=197.42x-0.0146

R2=09817 *

Absorbance [658 nm)]

0 T T 1
0.005 0.01 0.015

Concentration {mg/ml)

Figure (4). Cdlibration curve of Methylene blue standards

Calculation and comparing between the retention time of
Methylene blue in three different concentrations of gel:

1- 0.5 % w/v labelled gdl:

Absorbance (658nm) = 0.329, Amount of all volume
collected = 204 ml

Y=197.42X - 0.0146

X =0.329 + 0.0146/197.42 = 0.0017 mg/ml

Dilution factor= 0.0017 x 204 = 0.35 mg/ml

Retention concentration = 1 - 0.35 = 0.65 mg/ml (65%)
2- 1.0 % w/v labelled gel:

Absorbance (658nm) = 0.374 Amount of all volume
collected = 244 ml

Y=0.374, X =0.374 + 0.0146/197.42 = 0.002 mg/ml
Dilution factor = 0.002 x 244= 0.49 mg/ml

Retention concentration = 1 - 0.49 = 0.51 mg/ml (51%)
3- 1.5 % w/v labelled gel:

Absorbance (658nm) = 0.421 Amount of al volume
collected = 244ml

Y=0.421,

X =0.421 + 0.0146/197.42 = 0.0022

Dilution factor = 0.0022 x 244= 0.54 mg/ml

Retention concentration = 1 - 0.54 = 0.46 mg/ml (46%)
2- Labelled Gl with Artificial Saliva

Calculation and comparing between Retention and
Removed amount of Methylene blue in different
concentration of gel with saliva

1- 1.0 % w/v labelled gel:

For all volume (124ml) = 0.141+0.0146/197.42= 0.0008
Amount

Dilution factor= 0.0008x124 = 01 mg/ ml
Remaining concentration = 1- 0.1 = 0.9 mg/ ml (90%)

2- 1.5% w/v labelled gel:

Amount for al volume (184ml) = 0.192+0.0146/197.42=
0.001

Dilution factor = 0.001x184 = 018 mg/ ml
Remaining concentration = 1- 0.18 = 0.82 mg/ ml (82%)

3- Labelled gel with artificial tear

Cdculation and comparing between Retention of
Methylene blue in different concentration of gel
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1- 0.5 % wi/v labelled gel:

Amount for all volume (124ml) = 0.186+0.0146/197.42=
0.001

Dilution factor= 0.001x124 = 0.124 mg/ ml
Remaining concentration = 1- 0.124 = 0.88 mg/ ml (88%)

2- 1.0 % w/v labelled gel:

Amount for all volume (124ml) = 0.171+0.0146/197.42=
0.0009.

Dilution factor= 0.0009x124 = 0.112 mg/ ml
Remaining concentration = 1- 0.112 = 0.89

mg/ ml (89%)
3- 1.5% wi/v labelled gel:

Amount for all volume (184ml) = 0.232+0.0146/197.42=
0.0012

Dilution factor= 0.0012x184 = 0.221 mg/ ml
Remaining concentration = 1- 0.221 = 0.78 mg/ ml (78%)

Figure (5). Concentrations of gellan gel forming with artificial
gastric juice (HCL) in three different concentrations (a: 0.5, b:
1.0andc: 1.5%)

Retention Vs Time

1200 W 05
1000 4
= Ny 1
2800 |/ T

g e 1.5
'S 600 -

o
2
=400 -
o

200 -

0 . .
0 50 100
time {min)

Figure (6). Comparing between retention amount of
Methylene blue in different concentrations of labelled gel

0.06 -
0.05 -
0.04 -
0.03 -
0.02 -
0.01 -

Concentration (mg/ml)

Concentration Vs Time

0 T 1
0 20 40

Time {minutes)

@

0.05

Concentration {mg/ml)

0.04 -

0.03

0.02

0.01

Concentration Vs Time

0 T T 1
0 20 40 60

Time (minutes)

(b)

Figure (7). Concentration of Methylene blue in various
concentrations of labelled gel (a: 1.0 and b: 1.5 %)
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4  Discussion

Figs. 5, 7, and 9 show the concentrations of Methylene
blue which removed from the gel throughout 60 minutes
intervals time by flowing physiological fluids over the
gel. The results which can be obtained from the graphs
show that the adhesion of Methylene blue stain with
artificial saliva and tear better than with artificial gastric
juice (HCL).

Figs 6, 8, and 10, illustrates the retention time of
Methylene blue with three types of physiological fluids
that mentions above in three different concentrations
(0.5 %, 1%, 1.5 %) w/v. The graphs show that the
retention time increases with low concentrations of
labelled gel and decreases with high concentrationsin
three types of fluids.

Retention Vs Time
120 ~‘
o 100 By o
&
[ 80 m
.g 60 —&—Retention
E %(1.0g)
2 40 - Retention
20 - % (1.5g)
0 T 1
0 20 40
Time {minutes)

Figure (8). comparing between retention amounts of
Methylene blue in different concentrations of labelled gel

5 Conclusion

Gellan gum is a bacterial polysaccharide, discovered
through the screening of thousands of bacteria and
prepared commercially by aerobic submerged
fermentation from Sphingomonas elodea. The
rheological behaviours like viscosity and oscillation
effected by temperature, concentration, shear rate and
stress.

The polymer as secreted by the microorganism contains
approximately 1.5 acyl substituent per tetra saccharide
repeating unit. The strength of gellan gum gels increases
with the cations mono and divalent (Ca’, k*, H* and Mg*)
which present in physiological fluids such as gastric
juice, salivaand tear fluid. Muco-adhesive polymers can
be used as means of improving drug delivery through
different routes like gastrointestinal and ocular.

Figure (9). shows concentrations of gellan gel forming with
artificial tear in three different concentrations (a:0.5, b:1.0, and
c:1.5 %)

Retention Vs Time (Tears flouid )
120
100 4
< -
ESO 1 —o—Retention %
E60 - (0.5g) ]
2 Retention %
&40 - (1.0g8)
Retention %
20 - (1.5g)
0 T 1
0 20 40
Time (minutes)

Figure (10). shows comparing between retention amounts of
Methylene blue in different concentrations of labelled gel
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This study has been conducted on three types of reservoir rocks for core andysis
of samples denoted by R-1, R-2 and R-3 of Ghani ail field from three reservoir
include Farrud, Fachaand Mabruk formations respectively. Thisanaysisincludes
determination of physical characterigtics e. g. porosity (@), permeability (k),
formation factor (FF) and resistivity index (RI). The purpose of this study is to
how core petrophysical data might be most investigating effectively applied to the
petrophysical prediction of petrophysical properties from core samples andysis.
For Farrud reservoir of R-1 shows that the relation between degree of saturation
(Sw) and relative oil permeability(Kr) equal the relative permesbility of
water(Knw) at which the intersection point between the two curves ; wheress, the
flow with the samerate. FF and Rl are vary with @ and the Rl isafunction of S,,,.
The gas-oil relative permeability have been expressed graphically. Whereas, the
intersection point between the two curves (Kro) equd the (Krg), a which both oil
and gas are flow with the same rate. A similar results were obtained from Facha
reservoir, R-2. The petrophysical properties of core samples for R-3 of Mabruk
Formation have been performed including®, k, and S,,,. The comparison between
the three reservoirs by correlation between the average values such as 9, k, grain
density and RI; shows that the average of Mabruk reservair k greater than the other
two reservoirs, while the other properties seem to be close together.

1 Introduction

The analysis of petrophysical data seeks to describe the
formation under study by quantifying certain of its
properties such as porosity, permeability, fluid saturation
and mineralogy. The natural ordering of geological
systems arisng from the controlling influences of
sedimentary environment, other rock-forming processes
and rock mechanics imparts an ordering to the
petrophysical properties of interest. Recognition of the
inherent ordering, usually manifest as structure in the
petrophysical data available for analysis, assists both in
the identification of the petrophysical interpretation
model to be applied, and in the characterization of the

variation present in the formation to facilitate the
quantification of geologically distinctive genetic unitsin
terms of their petrophysical properties.

A definition of petrophysical rock types might be 'classes
of rock characterized by differences in physica
properties. The properties of interest could be the basic
formation properties that we seek to measure in
petrophysical  analyses, viz. density, resistivity,
hydrogen, index, acoustic travel time or they might bethe
formation parameters of porosity, permeability,
capillarity, saturation etc. that we infer from out
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measurements of the basic properties. The fundamental
controlling phenomena for nearly al of these properties
are the quantity, shape, sze and connectivity of the pore
system (i.e. the pore geometry of therock). Together with
the mineralogy and texture of the rock fabric, both of
which, jointly and severally, control the pore geometry,
these are the fundamental subjects of importance in
petrophysical investigations (Steve Cannon., 2016).

Figure 1 illustrated the integrated petrophysical
evaluation data. On the other hand, logs do not measure
porosity, permeability or water saturation; they make
measurements of various parameters and relationships
between the rock and the fluids to allow computer
programs to process and interpret the results The
petrophysicist role is to validate and organize the input
data and to understand and calibrate the results.

Figure (1). Theintegrated petrophysical evaluation data
(Steve Cannon., 2016)

2 Coresand Logs

The two primary sources of reservoir information
acquired during drilling of a well are cores and logs.
Coring can be an expensive and time-consuming process
that is usually reserved for potential reservoir sections.
When the top reservair is reached, signaled by a rapid
increasein drilling rate and the presence of hydrocarbon
shows, drilling ishalted and the drill string recovered and
the bit replaced with a core barre. Core barrds are
usually made up of 30 ft lengths of pipe with a special
coring head and retrieval mechanism, the catcher.

There are in fact an inner and an outer barrel that can
rotate independently; theinner barrel istherepository for
the core as it is being cut. Upon retrieval at the surface,
the core is stabilized and sent to shore for analysis; on
occasion, some samples are evaluated at thewell site, but
this is becoming less and less common (Steve Cannon.,
2016).

3 Study Objectives

This study is mainly aimed to take some initial steps
towards this goal by how core petrophysical data might
be most investigating effectively applied to the
petrophysical prediction of petrophysical properties from
core samples analysis. Also, to integrate petrophysical
data of core samplesto qualify and quantify reservairsin
order to assess the production potentia of Farrud, Facha
and Mabruk reservoirs in Ghani oilfield. The objectives
include:

1. Interpretation of porosity, permeability and
saturation data

2. Comparison of the petrophysical core data of
investigated formations with each other’s.

3. Integration of all the available data to evaluate
the wells performance.

4 Materialsand Methods

4.1. Sample Preparation

Full diameter cores from different sections of Farrud,
Facha and Mabruk reservoirs in the Ghani field (Figure
2), were supplied for use in this specia core analysis
study. From each formation, a full diameter core piece
was taken for conventional core analysis determinations,
and three one and hdf inch diameter plug samples were
drilled for core analysis tests using tap water as the hit
lubricant. These samples are briefly described with
respect to depth and lithology. The rock types of these
formations can be characterized as carbonate rocks
represented by limestone and dolomitic.

Figure (2). Location map of Ghani and other oilfields (Arabian
Gulf Petroleum Company., 2018)

The size and form of samples used in laboratory vary
from drilling cuttings, loose sands and coarse pieces of
consolidated rocks up to samples of regular geometrical
shape. Themost commonly core samples used formisthe
cylinder. The cylindrical samples or as known as core
plugsare cut from the full diameter cores, about 10 cmin
diameter sampled (Figure 3).
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Figure (3). Full diameter core (left) and core plugs (right) cut
for laboratory measurements

The plug and full diameter samplesweretrimmed toright
cylinder cleaned in hot refluxing xylene and methanal to
remove residua hydrocarbons and salts and dried in an
oven at 60°C.

4.2. Water-Oil Relative Per meability

Following gas-oil relative permesbility tests four
samples were scheduled to undergo water-oil relative
permeability testing. Water-oil relative permeability
were performed using smulated formation brine as a
displacing phase. Incremental volumes of water and ail
produced were recorded as a function of time.

4.3. Factor of Formation Resigtivity and Resistivity
I ndex

Eight core plug samples, labeled 1A through 8A were
scheduled to undergo el ectrical resistivity tests. Theclean
dry samples were evacuated and pressure saturated with
simulated formation brine.

4.4, Gas-Oil Relative Per meability

Eight core plug samples were scheduled for gas-oil
relative permeability tests. The clean dry samples were
evacuated and pressure saturated with smulated
formation brine.

5 Literature Review

Several authors have been studied the petrophysical
using cores, logs, well test, publications, and production
data.

5.1. Overview

(Paul & Gaffney., 2003) therole of core samples for the
investigation of reservoir petrophysical characterizations
and correlation between the static and dynamic reservoir
models.

The integrated analysis petrophysical well core data is
required for the study essentialy focused on reservoir

properties e g. lithology, depositional environments,
shale volume porosity (®), permeability (K), fluid
saturation, net pay thickness, among others from well
logs and cores, which are variables that determine
reservoir quality. The relationships between these
parameters showed linear trends (Ulas et al., 2012).

An engineer or geologist or geophysicist can interpret the
log readings to reach certain conclusions about the
formation. Fresh water, oil and gas are poor conductors
of electricity, sothey arehigh resigtivity. By contrast, the
formation waters are salty enough that they conduct
dectricity with ease. The formation waters generdly
have low resigtivity because of high sdlinity.
Hydrocarbon saturation and formation porosity are the
two key parameters determined from core that are used
in the evaluation of a subsurface reservoir as a potential
hydrocarbon producer (Ahammod et ., 2014).

Presented study which performed on the core samplesto
determineand eval uate the petrophysical properties of oil
field. The evaluated properties include porosity,
permesbility, fluid saturation, net/gross thickness and
mobility which are all inferred from geophysical wire-
line logs. He concluded that these reservoir parameters
are significant to evaluate reservoir performance and
satisfactory for hydrocarbon production (Amigun &
Odole., 2003).

was studied the Gir Formation at Ghani and Ed Dib
Fields, Eastern Libya of Eocene (Ypresian) age
comprises which a 500-1000m sequence of carbonates
and evaporites deposited. He demonstrated that 70% of
dolomites previoudy considered to be reservoir have
little or no mobility and thus no reservoir potentia, and
permitted refined and morerdiable calculations of oil in-
place and producible reserves (Henry Williams., 2014).

Found that the analyses of well log data evaluate the
hydrocarbon potential of reservoirs and quantitative
interpretation determined parameters useful to compute
the volume of identified oil and gas within the reservoir
aswell as estimate reservoir properties required for ease
of developing and producing the field (Osinowo et al.,
2018).

6 Results and Discussion
6.1. Core Analysis Techniques

The present study shows the experimental results of core
andysis carried out on samples fromthree wellsare R-1,
R-2 and R-3 of Ghani oil fidd from three reservoir
formations include Farrud, Facha and Mabruk formation
respectively. Thisanalysisincludes:

1. Determination of physical characteristics e. g.
porosity, permeability.

2. Formation factor and resistivity index measurements.

48

Open Access Articleis ditributed under aCC BY 4.0 Licence.



SJFSSU Vol. 2, No. 2 (2022) 46-61

Abou El Lell . al.

6.2. Core Analysis of Well No. R-1
6.2.1. Farrud Reservoir

6.21.1. Measurements of Water-Oil Rdative
Permeability

These measurements of water-oil relative permeability
with connate water were carried out on four samplesfrom
Farrud Formation with numbers 3V, 5V, 9V and 13V.

6.2.1.2. Relative Per meability I nvestigations

All the tests previousy mentioned were conducted in
two-fluid systems, one of which was aways gas. From
these data we can concluded which are shown in Figure
4 through Figure 11 that relative permesbility was
substantially independent of fluid viscosity but was some
function of pore-size distribution, pressure and fluid
saturations.

Thefluids used in obtaining these datawere water and air
in the core sample tests, where water isthe wetting fluid.
The curve labeled K\ denotes the relative permeability
to water, while that labeled K,, denotes the relative
permesbility to oil.

The trends which are presented in these figures The Ky
curve is typical of the trend of relative permeability
curves for the wetting phase in a porous system
regardiess of whether that phase is water. The relative
permeability to the wetting phase shows a rapid decline
in value for a smal decreases in an origina high
saturation of that particular phase. The reative
permeability for the wetting phase normally approaches
zero or vanishes at saturations of the wetting phase
greater than zero. Likewise, the K, curveistypical of the
relative permeability to anon-wetting phase, whether that
phaseisgas, ail, or water.

From relation between degree of saturation and relative
permeability, we can noted that the intersection point
between the two curves, the relative permeability of ail
(Kro) equal the relative permeability of water(Kn), at
which both oil and water areflow with the samerate. This
does not mean that the amount of flow of both two fluids
are equal, because of their different viscosities, hencethe
water will flow in great amount comparing with ail. This
point isvariesfrom sampleto another dueto the different
porosities and permeability.

On the other hand, water-ail relative permeahility have
been presented in Tables 1 through 4 (Appendix A); and
expressed graphically for the different samples as shown
in Figure 4 through Figure 7.
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Bilogarthmical crossplots of k,, /k, , k.o/k,, ratiosand
total saturation in water (%PV), areillustrated in Figure
8 through Figure 11.
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6.2.1.3. Formation Resigtivity Factor and Resistivity
Index

There are some petrophysical characterization parameter
such as formation resistivity factor, permeability,
porosity, grain density, water saturation and resistivity
index have been estimated for core samples are presented
in Table 5 (Appendix A).

Resigtivity and formation factor vary with porosity in
somewhat the manner described by the previoudy.
Rardly do natura formations have such uniform pore
geometry. It ismore common to express formation factor
as.

FF =a@™™
(1]

Where a and m are unique rock properties.

By plotting F factor against porosity on alog-log plot for
anumber of similar rock types, it ispossible to obtain the
dopeof theline, m, or the cementation factor (Figure 12).
The value of m varies for different rock types as a
function of degree of cementation, ranging from < 1.6 for
poorly cemented rocks to > 3.5 for very well cemented
rocks; the default_vaue of mis usually 1.8-2.2 (Figure
13). Thetortuosity factor, areflects the complexity of the
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connected poresandisusually set to 1.0. The principle of
estimation and experimental determination. Plotting the
results of each measurement determines a slope m that
relates FF to porosity, known as the exponent of
cementation.

35
L 30 | Formation factor versusfporosity — |
L Brine salinity = 90 g/liter
5 25 ’ﬁw?mﬁrﬁmw‘;*** *****
Q
< 20 1885
s 15 =~ 91.470
5]
g 10
5 s

0

1 10 100

Porosity, @ (%)

Figure (12). Correlation diagram between FF and porosity @

Oil and gas are not eectrical conductors. Their presence
in an eement of reservoir or in a core sample will reduce
the mean cross sectional area of the flow path for an
electric current and increase the length of the flow path,
thusincreasing the resistivity.

Resigtivity index is defined as the ratio of rock at any
condition of gas, oil and water saturation to itsresistivity
when completely saturated with water:

1
swn

RI=2=g-n = or

R,
[2]

1000

Resistiv iﬁex vs water
saturation

100 N

Brine salinity

10

R = 0.96 oh

1
1 or 1010 3@

Water saturation, Sw

Resistivity index, RI

Figure (13). Correlation diagram between Sy and RI

Thus, the resistivity index is a function of water
saturation. It isalso afunction of the pore geometry. The
presence of cation exchangeable clays (smectites, or
mixed layer clays), cause apparently low resistivity index
values to be observed.

6.3. Core Analyssof Well No. R-2
6.3.1. Facha Reservoir

The core samples analysis of well R-2 of Fachareservoir
include water saturation and permesability.

6.3.1.1. Water Saturation and Porosity

Also, from the results of experimental work on a core
samples of Facha Formation of water saturation, height
above freewater level and porosity, exhibit that thewater
saturation as a function of height above free water level
and porosity are presented in Table 1 (Appendix B) and
Figure 14.
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Figure (14). Water saturation as a function of height above
free water level and porosity

6.3.1.2. Por osity—Per meability Correlations

Both porosity and permeability play an important rolein
reservoir description because the former describes
reservoir storage capability, while the later describes the
ahility of therock formation to transmit fluids. However,
cross plots of thesereservoir variables show that porosity
sddom has a datidica correlation to permeability
significant enough to devel op predictive models.

Since permeability depends on the interconnection
between pore spacethereisnot theory, or in fact, aunique
relationship between the porosity of a rock and its
permeability. For unconsolidated rock, it's possible to
establish relationships between porosity and either some
measure of apparent pore diameter and permeability.
However, these have very limited application.

In some cases, there is sometimes a reasonable
relationship between the porosity of a rock and its
permesbility, athough for a given porosity, permeability
can vary widely. Figure 15 shows porosity—permeability
correlation obtained from core analysis.

The correlation of Figure 15 consists of different
reservoir samples from core analysis. It is obviously that
increase of permeability with an increasein porosity, the
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correlation shows the wide spread, lack of closerelation
between porosity and permeability.

The core porosity values were plotted against to permeability
values as shown in Figure 15, and both regression equation and
correlation coefficient (r) were computed for set pints. The
computed regression equation of y = 0.0567x + 24.421 was
used to fit a regression line to the points for Facha reservair.
The correlation coefficient r of 0.7356 shows strong linear
relationship between the two variablesin thisreservoir by linear
fitting.

45

40 S

35
=4

30 .

25 =3

20

15
10

Porosity, %

0.0567x + 24.421

[&)]
=<
1

1 10 100 1000
Per meability to air, K, md

Figure (15). Relationship between poraosity and permeability

On the other hand, Figure 16 shows the relationship
between porosity and formation resitivity factor (FF) on
abilogarithmical plot. While Figure 17 givestherelation
between brine saturation and resistivity index (RI), both
of themillustrate alinear regression coefficient.
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Figure (16). Relationship between porosity and formation
resigtivity factor (FF)
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Figure (17). Relationship between brine saturation and
resgtivity index (RI)

6.3.1.3. Gas-Oil Relative Permeability

On the hand, the same eight core samples have been
investigated for gas-oil relative permeability. The gas-
oil relative permesbility have been expressed graphically
for the different samples as shown in Figure 18 through
Figure 25, also, given in Tables 2 to 9 (Appendix B).

From relation between degree of saturation and relative
permeability, we can noted that the intersection point
between the two curves the relative permeability of ail
(Kro) egual the rdative permeability of gas(Kg), a which
both oil and gas are flow with the same rate. This does
not mean that the amount of flow of both two fluids are
equal, because of their different viscosities, hencethe gas
will flow in great amount comparing with cil. This point
is varies from sample to another due to the different
porosities and permeability.
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Figure (18) Relative permeability to oil and gasfor sample 1C
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Figure (19) Relative permeability to oil and gas for sample 2C
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Figure (22) Relative permeability to oil and gasfor sample 5C
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Figure (23) Relative permeability to oil and gas for sample 6C
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Figure (24) Relative permesability to oil and gasfor sample 7C
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Figure (25) Relative permeability to oil and gas for sample 8C

6.4. CORE ANALYSISOF WELL NO. R-3
6.4.1. MABRUK RESERVOIR

The petrophysical properties of twelve core samplesfrom
well No. R-3 of Mabruk Formation have been performed
on include porosity, permeability and brine saturation as
depicted in Table 1 (Appendix C).
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The correlation of Figure 26 consists of different
reservoir samples from core analysis. It is obvioudy that
the increase of permeability is slightly with an increase
in porosity, the correlation shows the wide spread, lack
of close relation between porosity and permeability.
However, Figure 26 depicts the relationship between
porosity and permeability with a simplelinear regression
of weak correlation coefficient 0.1971.
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Figure (26). Correlation between porosity and permesability of
investigated samples

Figure 27 gives a correlation between the average values
of some petrophysical properties such as porosity,
permeability, grain density and formation resistivity
factor of investigated reservoirs of Farrud, Facha and
Mabruk. It is obvioudy that the average of Mabruk
reservoir permeability greater than the other two
reservoirs, while the other properties seem to be close to
each other’s.
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Figure (27). Correlation between the petrophysical properties
of investigated reservoirs

7 Conclusions

From the previous study that have been carried out on
three different reservoir rocks for Farrud, Facha and
Mabruk to estimate the petrophysical properties of
formation bearing hydrocarbons through different
analysesinclude porosity (@), permeability (k), formation

factor (FF) and resigtivity index (RI) we can concluded
the following:

The laboratory investigations of relative permeability of
Farrud reservoir for well R-1 show that the relation
between degree of saturation (S,) and reative
permesbility gives an intersection point between the two
curves, the relative permeability of oil (Kro) equa the
relative permeability of gas(Krw), a which both oil and
gas are flow with the samerate.

Bilogarthmical crossplots of k,, /k, , k.,/k,,, ratios and
total saturation in water, illustrated variabletrends, thisis
attributed to the different properties of studied samples.

The core samples analysis of well R-2 of Facha reservoir
includesS,,,, and k. Therelation between S,, is afunction
permesbility. Also, the results of water saturation, @and
k are obviousy show that S, is a function of
permesbility.

The relationship between porosity and formation
resistivity factor (FF) on a bilogarithmica plot and the
relation between brine saturation and resistivity index
(RI), both of them gives alinear regression coefficient.

From relation between degree of saturation and relative
permeability, we can noted that the intersection point
between the two curves the relative permesbility of ail
(Kro) egual the rdative permeability of gas(Kg), a which
both dil and gasare flow with the samerate. This point is
varies from sample to ancther due to the different
porosities and permeability.

For well No. R-3 of Mabruk Formation study performed
on @, k, and S,,,, the results revealed that the correlation
of different reservoir samples from core anaysis show
that the increase of kisdlightly with an increasein @.

The comparative study between the three reservoir rocks
has been carried out by correlation between the average
values of some petrophysical properties such as @, k,
grain density and formation resistivity factor of
investigated formations of Farrud, Facha and Mabruk.
Whereas, the average of Mabruk reservoir k greater than
the other two reservoirs, while the other properties seem
to be close together.

8 Recommendations

In the light of the previous study we can recommend the
following:

1. It is important to study the petrophysical
properties of formation bearing hydrocarbonsto
evaluate this formation and enable us to
estimate the hydrocarbon reserves.

2. Petrophysical parameters must be study to

determine reservoirs performance.
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3. To perform a correlation between the different
formation to eval uate these parameters.

4. Comparing between laboratory investigations
of petrophysical properties and resultsthat have
been obtained by different well logs.
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Appendices
Appendix A
Table (1) Relative permesbility water/oil measurements
Sample No.: 3V
Permeability to air Ka=172 md Porosity g = 38%
Permegbility to liquid KL = 155 md Connate water Sow = 22.8%
Permeability to oil Ko =51.3 md Qil in place (%PV) S =77.2%
Permeability to water Kw = 31.4 md and with residua oil Residua saturation (% PV) Sio=34.3
Qil recovery (% PV) Ro = 42.9%
Total saturation in water (%PV) kw 4o Rel. perm. to water (Fraction) k., Rel. perm. to ail
ko (Fraction) k.,
22.8 0 0 0.331
27.0 0.105 0.013 0.124
29.6 0.240 0.021 0.090
32.1 0.470 0.031 0.066
35.7 1.01 0.042 0.042
39.1 2.05 0.055 0.021
44.0 4.60 0.076 0.017
47.3 8.10 0.090 0.011
51.2 15.0 0.112 0.0075
55.3 20.6 0.135 0.0066
79.0 260 0.270 0.0008
Table (2) Rdative permeability water/oil measurements
Sample No.: 5V
Permeability to air Ka=54.2 md Porosity g = 38.3%
Permeability to liquid KL = 46.2 md Connate water Sow = 25.6%
Permeability to oil Ko =24.6 md Qil in place (%PV) S = 74.4%
Permeability to water Kw = 22.9 md and with residual Residua saturation (% PV) S =8.6
ail Qil recovery (% PV) Ro = 65.8%
Total saturation inwater (%PV) | kv (4i0 | Rel. perm. to water (Fraction) k., Rel. perm. to oil (Fraction) k..,
25.6 0 0 0.532
29.9 0.016 0.006 0.375
324 0.055 0.016 0.290
37.9 0.26 0.033 0.127
44.6 1.01 0.062 0.061
58.6 3.05 0.154 0.059
77.9 15.0 0.330 0.022
85.5 35.0 0.423 0.012
88.8 70.5 0.462 0.0066
914 317 0.495 0.0016
Table (3) Rdative permeability water/oil measurements
Sample No.: 9V
Permeability to air Ka=29.2 md Porosity g = 26.9%
Permeability to liquid KL = 24.2 md Connate water Saw = 20.6%
Permeability to oil Ko =10.4 md Qil in place (%PV) So = 79.4%
Permesbility to water Kw = 5.6 md and with residua oil Residud saturation (% PV) S =34.0

Qil recovery (% PV) Ro = 45.4%

Total saturation in water (%PV) ’l‘(_w ratio | Rel. perm. to water (Fraction) k., Rel. perm. to ail (Fraction) k.,
20.6 0 0 0.430
28.0 1.0 0.032 0.032
29.9 14 0.036 0.026
34.9 2.2 0.050 0.023
43.0 5.2 0.090 0.017
50.0 131 0.128 0.0097
55.1 26.1 0.159 0.0061
62.2 70.0 0.208 0.0030
66.0 315 0.231 0.0008
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Table (4) Reative permeability water/oil measurements

Sample No.: 13V

Permesability to air Ka=24.2 md
Permesability to liquid KL =21.2 md
Permesability to oil Ko =6.9 md

Permeability to water Kw = 5.6 md and with residua oil

Porosity g = 32.0%
Connate water Sew = 32.2%
Oil in place (%PV) S = 67.8%
Residua saturation (% PV) S =27.3
Qil recovery (% PV) Ro = 40.5%

Total saturation in water (%PV) ’;_w ratio | Rel. perm. to water (Fraction) k., Rel. perm. to oil (Fraction) k..,
2.2 0 0 0.325
35.1 1.0 0.015 0.015
36.4 2.05 0.021 0.010
39.2 5.20 0.033 0.0063
41.1 8.90 0.045 0.0051
44.8 13.50 0.067 0.0049
50.8 25.0 0.102 0.0041
59.1 48.0 0.160 0.0033
67.8 100.0 0.221 0.0022
72.7 210.0 0.264 0.0013
Table (5) Petrophysical characterization parameter of core samples
Sample | Depth, Grain Permeabilityto | Porosity, Formation Water Resistivity
No. ft. density, air, K, md % resigtivity saturation index, RI
gr/cm? factor, FF Sw
3V 5947 2.83 119 38.5 8.0 100 1
98.1 1.05
83.6 141
64.4 2.63
374 8.33
16.4 50.00
10.0 333.23
5V 5954 2.84 32.9 38.5 6 100 1
99.5 1.01
99.2 1.05
98.0 112
96.5 1.23
36.1 11.11
9.0 333.23
WY 5955 2.75 21 26.1 14 100 1
98.9 1.02
98.0 1.05
96.8 1.09
81.7 1.54
52.7 4.00
26.0 20.00
9V 9560 2.74 15.3 27.0 12 100 1
99.2 1.03
97.7 1.08
90.1 1.30
68.6 2.70
53.0 4.55
32.5 12.50
13v 5982 2.70 11.6 32.0 11 100 1
99.0 1.04
98.1 1.09
96.8 1.27
62.6 3.03
40.8 7.69
24.5 25.00
1V 5993 2.74 04 17.2 21 100 1
98.8 1.01
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98.2 112

97.7 1.18

97.4 1.23

95.0 1.35

69.0 2.56
X 277 30.22 29.88 12.0

X = Vaues average

FACHA FORMATION

Appendix B

Table (1) Water saturation, height above free water level and permegbility of Facha reservoir

Water saturation Sw (%VP) Height above free water, feet

Height above free water, feet
Selected Permeability toair, md | 20 | 25 | 30 | 40 | 60 | 100 | 150 200

Water saturation Sw (%VP)

15 90.6 | 78.3 | 70.8 | 59.7 | 46.8 | 40.0 | 36.2 34.0
20 814 | 714|644 | 537 | 41.3| 352 | 31.5 29.4
30 69.3 | 60.6 | 54.3 | 45.2 | 36.0 | 30.3 | 26.7 24.8
40 645 | 56.2 | 50.2 | 41.1 | 33.7 | 27.8 | 24.2 22.3
50 604 | 523 | 46.4 | 38.0 | 31.7 | 26.2 | 22.6 20.7
70 559|480 | 423 | 353 | 298| 246 | 21.1 19.2
100 513|436 | 383 | 328 | 27.9 | 23.2 | 19.6 17.8
200 458 38.7 | 343 | 299 | 25.6 | 21.2 | 18.2 16.4

Table (2) Gas-ail relative permeability

Sample identification: 1C
Sample depth: 5,772 feet
Permeability to air: 47 md

Porosity: 26.3 %
Initial water saturation: 12.8 %
Effective permeability to air: 39 md

Gas saturation % Gas-oil rdative Relative permeability to gas*, Relative permeability to ail*,
(%PV) permeability ratio fraction fraction

0.0 0.000 0.000 1.000

5.9 0.032 0.021 0.652

8.6 0.073 0.035 0.481
10.6 0.136 0.052 0.381
11.3 0.162 0.060 0.370
14.3 0.303 0.089 0.293
16.6 0.500 0.112 0.223
18.5 0.739 0.141 0.190
21.5 1.360 0.188 0.138
23.9 2.220 0.228 0.103
26.1 3.520 0.291 0.083
29.0 6.440 0.365 0.057
317 11.20 0.458 0.041
35.7 24.40 0.564 0.023
39.8 62.40 0.674 0.011

* Relaive to the effective permeability to oil at initial water saturation

Table (3) Gas-ail relative permeability

Sampleidentification: 2C Porosity: 25.6 %
Sample depth: 5,775 feet Initial water saturation: 8.0 %
Permeability to air: 27 md Effective permeability to air: 20 md
Gas saturation % Gas-ail rdlative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction
0.0 0.000 0.000 1.000
8.8 0.034 0.018 0.533
10.5 0.051 0.023 0.452
13.2 0.097 0.035 0.358
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15.0 0.146 0.047 0.322
21.0 0.435 0.087 0.199
271 1.270 0.156 0.123
29.9 2.160 0.190 0.088
319 3.130 0.243 0.078
34.9 5.240 0.318 0.061
39.0 10.90 0.411 0.038
43.7 26.40 0.536 0.020
47.8 61.20 0.683 0.011

* Relative to the effective permesability to oil at initial water saturation

Table (4) Gas-ail relative permeability

Sampleidentification: 3C Porosity: 28.4 %

Sample depth: 5,789 feet Initial water saturation: 18.10 %

Permegbility to air: 68 md Effective permeability to air: 52 md

Gas saturation % Gas-ail relative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction

0.0 0.000 0.000 1.000
5.7 0.066 0.031 0.468
8.7 0.156 0.057 0.368
10.7 0.251 0.075 0.297
12.3 0.374 0.092 0.245
14.2 0.576 0.116 0.201
18.7 1.540 0.189 0.123
20.9 2.450 0.228 0.093
23.0 3.770 0.280 0.074
26.7 6.530 0.349 0.054
29.2 13.00 0.432 0.033
33.3 30.50 0.529 0.017
36.2 57.80 0.626 0.011

* Relative to the effective permeability to ail at initial water saturation

Table (5) Gas-ail relative permeability

Sample identification: 4C Porosity: 26.7 %

Sample depth: 5,792 feet Initial water saturation: 12.8 %

Permeability to air: 38 md Effective permeability to air: 33 md

Gas saturation % Gas-ail relative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction

0.0 0.000 0.000 1.000
5.1 0.095 0.044 0.456
7.5 0.176 0.068 0.388
8.6 0.227 0.079 0.350
10.9 0.377 0.100 0.265
12.0 0.474 0.110 0.232
135 0.687 0.129 0.191
17.4 1.510 0.194 0.129
19.9 2.460 0.239 0.097
22.7 4.190 0.299 0.072
26.0 7.660 0.372 0.049
30.1 15.80 0.454 0.029
37.3 74.80 0.642 0.0086

* Relaive to the effective permeability to oil at initial water saturation

Table (6) Gas-ail relative permeability

Sampleidentification: 5C
Sample depth: 5,805 feet
Permeability to air: 26 md

Porosity: 29.5 %
Initial water saturation: 13.0 %
Effective permeability to air: 18 md

Gas saturation % Gas-ail rlative Relative permesability to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction
0.0 0.000 0.000 1.000
4.6 0.052 0.029 0.560
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9.3 0.176 0.067 0.380
115 0.283 0.085 0.302
13.5 0.430 0.107 0.250
15.0 0.586 0.127 0.217
18.2 1.160 0.175 0.152
20.3 1.850 0.211 0.114
22.2 2.760 0.261 0.094
25.0 5.100 0.324 0.063
274 8.170 0.397 0.049
30.9 18.70 0.481 0.031
35.5 38.30 0.576 0.015
39.2 91.00 0.681 0.0075

* Relative to the effective permesability to oil at initial water saturation

Table (7)Gas-ail relative permeability

Sample identification: 6C
Sample depth: 5,831 feet
Permegbility to air: 115 md

Porosity: 35.2 %
Initial water saturation: 11.6 %
Effective permeability to air: 85 md

Gas saturation % Gas-ail relative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction
0.0 0.000 0.000 1.000
3.7 0.048 0.027 0.560
5.7 0.105 0.046 0.436
7.6 0.216 0.069 0.320
11.6 0.580 0.111 0.192
135 0.919 0.142 0.154
15.8 1.530 0.180 0.117
17.8 2.460 0.215 0.087
19.7 3.750 0.266 0.071
22.3 6.610 0.329 0.050
26.2 15.70 0.408 0.026
29.3 34.30 0.482 0.014

* Relative to the effective permeability to ail at initial water saturation

Table (8) Gas-ail relative permeability

Sampleidentification: 7C Porosity: 29.5 %

Sample depth: 5,849 feet Initial water saturation: 17.0 %

Permeability to air: 56 md Effective permeability to air: 44 md

Gas saturation % Gas-ail relative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction

0.0 0.000 0.000 1.000
4.0 0.038 0.018 0.479
6.6 0.084 0.029 0.342
8.8 0.150 0.044 0.296
10.8 0.217 0.058 0.266
14.0 0.406 0.077 0.189
16.4 0.649 0.095 0.147
19.6 1.220 0.130 0.107
23.6 2.740 0.199 0.073
27.1 5.240 0.256 0.049
30.4 10.40 0.328 0.031
341 21.50 0.417 0.019
37.7 45.60 0.525 0.012

* Relaive to the effective permeability to oil at initial water saturation
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Table (9) Gas-ail relative permeability

Sample identification: 8C Porosity: 37.3 %
Sample depth: 5,857 feet Initial water saturation:19.2%
Permesability to air: 249 md Effective permeability to air: 211 md
Gas saturation % Gas-ail relative Relative permesbility to gas*, Rel ative permeability to oil*,
(%PV) permesability ratio fraction fraction
0.0 0.000 0.000 1.000
5.8 0.018 0.008 0.451
7.9 0.031 0.011 0.357
9.5 0.047 0.014 0.301
12.0 0.091 0.022 0.238
14.6 0.166 0.033 0.200
16.8 0.254 0.043 0.171
22.3 0.752 0.075 0.099
25.3 1.23 0.098 0.074
30.5 4.470 0.162 0.036
33.1 7.650 0.206 0.027
38.1 21.10 0.258 0.012
40.6 36.90 0.318 0.0086
425 55.80 0.355 0.0064

* Relaive to the effective permesability to oil at initial water saturation

Appendix C

Table (1) Petrophysical properties of Mabruk Formation

Perm. To air, Water saturation Sw (%Vp) versus Pressure (psig)
Sample Depth, md Porosity, Pressure (psig)
No. ft. % 1 2 4 8 15 35 40
Brine saturation Sw (%Vr)
3s 6118 67.95 34.65 100 | 100 | 4750 | 33.12 | 1750 | 1430 | 14.12
6S 6121 134.30 37.45 100 | 100 | 66.25 | 35.63 | 20.00 | 17.14 | 16.75
7S 6124 44.64 33.62 100 | 100 100 | 51.25| 34.06 | 25.00 | 24.00
8S 6125 73.17 30.27 100 | 100 | 75.00 | 43.75 | 26.25 | 1857 | 17.00
14S 6131 23.61 32.06 100 | 100 100 | 71.38 | 41.58 | 15.46 | 12.24
18S 6135 165.67 37.10 100 | 100 | 65.91 | 36.33 | 17.75 | 7.61 6.64
32S 6151 42.23 25.57 100 | 100 | 93.75 | 50.63 | 31.25 | 25.00 | 23.75
33s 6153 119.18 30.92 100 | 90.45 | 59.96 | 38.31 | 26.58 | 21.45 | 21.48
36S 6155 55.84 26.43 100 | 100 100 | 54.38 | 40.31 | 28.86 | 27.50
38S 6157 229.53 31.09 100 | 100 | 36.17 | 18.71 | 14.69 | 12.24 | 11.79
39S 6160 77.96 21.85 100 | 90.00 | 55.00 | 31.25 | 15.00 | 7.90 7.60
40S 6162 17.80 22.65 100 | 100 100 | 75.63 | 44.10 | 33.30 | 33.30
X 87.66 30.31

X = Vauesaverage
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Thisresearch included extractions of the active compounds from Quercus
fruit, the identification of active compounds extract by using the capillary
gas chromatography technique CGC and with high-performance liquid
chromatography technology HPLC. The active dose of the agueous
extract (250 mg/kg) was studied in animals after induced arteriosclerosis
with cholesterol (500mg/kg) dissolved in coconut ail for two weeks. The
effect of the extracts ail, poly phenadls, and a 7, 37.5, and 10 mg/kg
respectively were studied also. The results showed a significant (P<0.05)
increase in catalase activity and the level of high density lipoprotein-
cholesterol (HDL-C), However, there was a significant (P<0.05) decrease
in the high plasma kallikrein, caspase-3, cholesteral, triglycerides, and
low-density lipoprotein cholesterol LDL-C ininduced atherosclerosisrats
treated with al extracts compared with affected control with the active
extracts (oil, paly phenals) during the first and second week. The tissue
aorta examination in the group of animals trested with the active extracts
(agueous, aily, flavonoid) after two weeks of the treatment showed that
large parts of the tissues of the aorta were healed closeto the norma state
compared to the group of animals induced with atherosclerosis untreated
whose tissues contained on thickenings and foam cells.

1 Introduction

The idea of a great healing power exists in medicinal
plants for serious diseases that affect living organisms
(humans and animals) (Tungmunnithum et al., 2018).

The Quercus is acorn oak Dicotyle donae from type
Quercus aegilops tree was used to treat cough and
hoarseness, Quercus leaves were also used to treat
stomach pain and heart disease (Bahmani et al., 2015).

Useto dilate blood vessels, and dermatitis and as an anti-
fungal and anti-inflammatory). Quercus |eaves and fruits
were used to treat stomach diseases and hemorrhoids
(Tab., 2020). They are used to treat ulcers that affect
diabetes, treat high blood fats, and as an anti-cancer by
inhibiting cancer-causing chromosomes, especially inthe
treatment of colon cancer (Chokpaisarn., 2020; Amedi.,
et al 2020).
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Atherosclerosis, which is one of the cardiovascular
diseases (CVD), Atherosclerosis leads to the formation
of active macrophages capable of producing enzymes
that break down protein and break down collagen, which
add strength. It has an adequate fibrous cover, making the
cover brittle, weak, and more proneto rupture (Soehnlein
et al., 2021). Recent studies indicate a relationship
between arteriosclerosis and lipids on the one hand, and
inflammation on the other, according to the hypothesis of
lipid oxidation, LDL-C cholesterol found in thelining of
blood vessels increases absorption by macrophages
(Libby, 2021 & Que et al., 2018). The research aims to
study the positive effects of Quercus in preventing
atherosclerosis by reducing some enzymes and lipidsand
improving damage to the aortic tissue.

2 Materialsand Methods

Quercus was the local oak found in the city of Dohuk /
Iraq was used taken and dry and grain in a Blender
machine, distilled water was added, mixed for thee ectric
motor in an ice bath, then filtered. The fatty acids and
volatile oils were isolated from the Quercus plant by
using (100) g of the plant's powder in petroleum ether
(60-80 °C) for one day, then placed in the Soxhlet
extractor until the color of the solvent became clear
(Sayyar et al.,2013 ) The fatty acids of the oil isolated
from the plant were diagnosed using capillary gas
chromatography. Flavonoids were obtained from the
remaining tissues (bagasse) were taken and dried to get
rid of petroleum ether and then placed in the Soxhl et with
absolute ethanol 90% until it became clear. The solvent
became transparent (Kato et al., 2010). Flavonoids were
identified using HPLC.

3 Animal experiments
3.1. Experimental design:

Forty-five (45) adult male Albino rats (4) months old,
with weights ranging about (250)g were used.
Atherosclerosis was induced using cholesterol dissolved
in coconut oil at a concentration of (500 mg/kg) (Ram et
al..2014) were dosed orally for 15 days, then animas
were divided into(9) groups each group including (5
rats.

Three groups were used to determine the active dose of
agueous extract. Then six groups were used to study the
extracts 1% was healthy +ve control 2" unhealthy -ve 3-6
groups were orally treated with active extractstable 1.

Table (1): effect of doses from Quercus on rate induced
atherosclerosis.

Dose (mg/ kg) Quercusextracts

250 agueous extr act
7 Qil
375 Flavonoids

Then the tissue samples (aorta) were taken in the
experimental end and placed in a neutral physiol ogical
saline solution a a concentration of (0.9%) (Kassim.,
2012).

3.2. Biochemical analysisin plasma

= Determination activity of Plasma Kallikrein PK
in blood plasma.

The activity of the enzyme in blood plasma was
estimated using chromogen by monitoring the change in
absorbance at wavelength in (405) nm (Ito&
Statland.,1981).
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= Estimation of the activity of enzyme caspase-3in
blood plasma (CasP-3)

The activity of enzyme caspase-3 in was estimated
(ELI1SA) kit from Nanjing Duly Biotech of China (Rica
&Mally., 2012).

= Determination of Plasma Catalase Activity
(CAT)

The activity of the catdase enzyme in plasma was
estimated by the followed method (Hadwan & Abed.,
2016) using hydrogen peroxide as a substrate.

= Determination of lipid profilein plasma

Lipid profile in blood was estimated using a ready-made
anaysiskit.

T-Cho.,, T.G French company (Biolabo), by the
enzymatic method ( Burtis et al.,2012). HDL-C was
measured by the enzymatic method using a ready-made
assay kit (Kostner, 1976). LDL-C in the blood plasma
was calculated according to the equation (Friedewald et
al., 2000):

LDL-C = Total Cholesterol — (HDL-C + T.G/5)

= Statistical analyss

The values of biochemical variables were anayzed using
the statistical program SPSS 25, to find the standard
statistical methods for determining the mean and
standard deviation of the mean (SD). Duncun test was
used to compare the results between more than two
groups.

3.3 Results and Discussion

Active compounds were diagnosed using different
techniques. The fatty acids were diagnosed using CGC
technology, depending on the time of their purity in the
separation rod, whichin turn dependson thelength of the

hydrocarbon chain of fatty acid and the degree of
saturation of fatty acid as shown in the figurel and the
table 2 The oil extract of the Quercus plant contains
saturated and unsaturated fatty acids, which are essentia
acidsfor building e cosanoids and have important effects
on anti-inflammatory and maintaining blood pressure.
The composition of fatty acids and their physical and
chemical propertiesof Quercus il arevery similar to the
fatty acids found in Olive adil in terms of flavor, as
Quercus oil is enhanced with unsaturated fatty acids by
(70 _90%), so the unsaturated fatty acids play an
important roleto protect against heart disease and reduce
blood fat as well as modify the metabolism and reduce
sugar and urea in blood (AL-Rousan et al., 2013;
Schulze.,, 2021).
Table (2): Fatty acids and their percentage in Quercus ail.

Fatty acid Ratio
Palmatic 7.8
Oleic 41.8
Linoleic 424
Linolenic 7.6
Stearic 2.7
Elaidic 14
Heptadeanaoic 0.9
Eicosenoic 2.4
Behenic 32
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Figure (1). CGC chromatogram of fatty acids extracted from Quercus fruit oil

The phenols and flavonoids were also identified by the standard compounds as shown in Table 3 and
HPLC technique by comparing the retention time of Figure 3.

Table (3): Retention time for standard substances and extract polyphenol

Peaks Diagnosis of Theretention timefor standard Theretention timefor
peaks substances polyphenal extract

1 Gallic 13.7 13.7
2 Rutin 151 15

3 Kaemferol 18.6 20.2
4 Quercetin 20.20 22

5 Epigenen 23.4 234
6 Catechin 24.3 24.13
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Figure. (2). HPLC chromatogram of flavonoids separated from Quercus

To study the effect of extracts of Quercus on the
activity of the PK enzyme, The agueous extract at a
concentration of 250 mg/kg of body weight, which
reduced the activity of the PK and cagp-3 enzyme in
induced atherosclerosis rats, the active doses of the
extracts (ail, flavonoid) were calculated based on the
active dose of the agueous extract and therelationship
between the effective dose of the extract and weight of
extracts practicaly obtained. The doses for three
extractswere (7, 37.5) mg/kg body weight for 2 weeks.
Negative for infection through biochemical
examinations and histological sections. Theresultsare
shown in Table (4) indicate an increase (P < 0.05) in
the activity of PK enzyme in animals with induced
atherosclerosis compared with the control group

during treatment periods and for two weeks. High

blood fats are also associated with thrombosis and
inflammation and apoptosis (Larsen et al., 2000).
Dosing animas with extracts (agueous, oily, poly
phenols) led to a significant increase (P < 0.05) for all
extracts after 15 days of treatment. The decrease
occurred from the first week with flavonoid and
agueous extract. The reason is attributed to the
effective role of flavonoid compounds, as antioxidants
in the night from oxidative stress to the active oxygen
classes ROS that attack biomolecules, so the decrease
of freeradicalsisrelated to a decrease in PK enzyme,
as its chemical structure helps to endow hydrogen
atom in hydroxyl group OH: (Zhang et al., 2020) Also,
unsaturated oils reduce the activity of the PK and
caspa-3 enzyme by decreasing apoptosis (Elrasoul et
al.., 2021)
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Table (4): Effect of Quercus extracts on parameters plasma of mae rats

Groups

Control

induced atherosclerosis

induced ather oscler osistAqueous
crude extract (250 mg/kg body
weight

induced ather oscler osist ail
extract

(7mg/kg body weigh)

TimeO

1 week

2 week

TimeO

1 week

2 week

TimeO

1 week

PK(UIL)

30.84+ 0.597
35.38+1.305
a
35.3+1.83
a
37.83+1.753
b
38.59+1.35
a
36.3+0.87
b
36.65+1.42
b
38.53+1.35
a
36.3+0.876

b

Casp-(U/ml)3

42.7 £1.494
47.6+1.1
a
48.99+2.0
b

49.311+2.19

47.66 +0.64
a

42.34 +1.56

47.08 +£0.832

ab

CAT(KUIL)

9.915+ 0.89
7.256+0.75
a
7.64+1.187
b
6.4+0.345
Cc
6.56+0.352
a
7.17+0.602
a
8.27+0.65
b
6.49+0.427
a
6.83+0.526

a

Choal.

mmol/L

2.438 +0.246

4.22 +0.66

a

7.256+0.819

b

9.232+1.127

Cc

9.015 +0.737

a

6.895+1.162

b

4.95+0.781

C

8.65 +0.62

a

5.958 +0.76

b

T.9
mmol/L
1.288+ 0.203
1.96+£0.25
a
2.4166%0.66
b
3.833+1.169
c
4.04+0.811
a
2.65+0.207
b
1.966+0.25
c
3.27+1.01
a
1.74+0.438

b

HDL-c

mmol/L

2.131+ 0.06

1.91+0.3077

a

0.9+0.11

b

0.69+0.164

Cc

0.953+0.065

ca

1.22+0.032

b

1.24+0.05

C

0.72+0.164

a

1.24+0.05

b

LDL-c

mmol/L

2.04+0.26

4.7+0.0.7

a

6.03+0.809

b

7.93+1.1

Cc

7.49+0.72

a

513+1.19

b

3.61+0.86

C

7.27 £0.62

a

4.71+0.76

b
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2 week 30.63£1.42 43.8+1.6
b b
induced ather oscler osist poly TimeO 37.68+1.54 48.73 £2.07
phenol extract (37.5mg/kg body
weight) a a
1 week 37.26+1.89 47.6x1.1
b a
2 week 34.166+0.983 45.86+1.21
c b

* The values in the above table refer to the average Mean Sandard + Deviation

8.61+0.65 6.31+0.748 1.401+0.13 1.28+0.2 4.39+0.78

b C b c c

6.66+0.387 8.546 +0.733 3.76+1.16 0.69+0.213 = 7.08 +0.68

a a a a a
7.25+0.75 6.31+0.76 2.221+1.22 1.105+0.273 4.76x0.8
ab b b b b
7.95+1.29 4,7883+0.66 @ 1.266+0.0708 1.818+0.602 3.36 +0.61
b c b c c

Different horizontal lowercase lettersindicate a significant difference at the level of probability

Theresultsin Table (4) show a significant decrease P< 0.05 in the activity of
catalase enzyme in the blood plasma of animals used in atherosclerosis,
especially during thelast week, compared with thehealthy control group. The
reason for thisis dueto the antioxidant properties of the enzyme catalase. The
formation of peroxy nitrite radica as a result of increased oxidative stress
leads to inhibition of the activity of the CAT enzyme in atherosclerosis
activity (Nandi et al., 2019). Whereas, the treatment of animas with plant
extracts led to a significant increase in the activity of catalase enzyme in
blood plasma, especially in the last week of treatment for animal's used with
arteriosclerosis, due to the properties of these extracts anti-oxidation and
resistance to free radicals by inhibiting the enzymes producing them such as

Xanthine oxide enzyme, Reductase and NADPH - oxidase (Pedro et al.,
2019).

The treatment of animals with cholesterol at a concentration of 500
mg/kg of body weight led to their infection with atherosclerosis with a
significant P < 0.05 increase in chol, T.G LDL-C in the blood plasma during
the treatment period (15) days (Ram et al.,2014; Kang et al., 2019) as shown
in Table (4). In the treatment of animals with extracts of Quercus ( water,
flavonoids, oil) there was a significant decrease (P<0.05) for cholesterol in
animals treated with extracts for 15 days compared with animals used with
arteriosclerosis and the decrease occurred from the first week the reason for
this decrease is that the extracts act as inhibitors of LDL receptors as they
work On the inhibition of the enzyme HMG-COA responsible for the
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formation of cholesterol and thusreducethelevel of excesscholesterol tobile
acids and then to the intestinal tract and thus excreted by the seed and
activation lipoprotein lipase enzyme (Yokoyama., et al., 2022 ;Wen
etal.,2022), Also, results shown in table (4) indicate a sgnificant decreasein
the concentration of HDL-C P< 0.05 in animals used with arteriosclerosis
compared with healthy animal sfrom the beginning of thetreatment until after
two weeks of treatment. Thetransfer of cholesterol ester and cholesterol ester
transfer protein from HDL particlesto VLDL particles and thus HDL bodies
becomerich in small triglycerides and thuslead to their destruction insdethe
body and the loss of Apo A protein with urine, which is an important
component for building HDL particles with alow number of HDL particles
(Pikto — Pictkiewicz et al., 2005; Casula et al., 2021), when animals were
treated with Quercus extracts, a significant P< 0.05 rise occurred in the level
of HDL in animas induced with arteriosclerosis during two weeks of
treatment if the increase was observed from the first week as shown in the
table (4) asfatty acids work in extract Qily, dils have ahigh level of HDL-C
(Mazidi., 2022). Also, flavonoids work in the extract. Vegetarians raise the
level of HDL-C by increasing the activity of the lecithin cholesterol acyl
transferase enzyme LCAT (Rograni & Baluchngadomojard., 2010; Ahn et
al., 2020)

Histological examination in animals used for arteriosclerosis with
cholesterol at a concentration of (500 mg/kg) dissolved in il for 15 days,

compared with normal tissues, showsin figure (3) the presence of histological

changes in the aorta compared with the control group through the presence
of thickenings in three layers of the aorta with the existence of many Foam
cells in cholesterol-containing macrophages with coagulation of smooth
muscle fibers and cholesterol deposition inthe artery. -1 (IL-1) in foam cells
with artery stenosis due to inflammation and cholesterol accumulation. The
reason for these histological changesis due to ametabolic disorder in lipids,
oxidative stress, secretion of LDL-C cholesterol, and accumulation in the
form of fat droplets with cell stimulation. foamy in the cytoplasm as shown
in the figure (Poznyak et al., 2021).

The treatment of animals suffering from cholesterol-induced
atherosclerosis with extracts of natural products of Quercus (aqueous,
polyphenal, oily) during two weeks of treatment daily led to the healing of
large parts of the aortic tissues, which are close to the normal state compared
to animals affected by atherosclerosis, and the reason for these changes
Histological in the ability of extractsto repair and restore damaged tissues by
improving the mechanical properties of tissues of aorta while strengthening
the cross-links of collagen by increasing activity of the endogenous lysyl
oxidase-1 enzyme and lysyl oxidase-2, which work to enhance the tensile
balance and elasticity of internal tissues (through catabolic processes). And
building by enhancing bonds between the collagen (responsible for tissue
tension) and el astin (responsible for elasticity) with the formation of covalent
cross-links and their natural remodeling in fibroblasts, endothdial cells, and
vascular smooth muscle cdlls (Sawada et al, 2022). Freeradical formation on
tissues (Martinez-Gonzalez et al., 2019) as shown in the figure (3).
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Figure (3). photomicrographs of aorta sections (a)
Histological section of the aorta of a contral rat showing

the normal histological features of aortic layers (<),
endothelial cells («), cells, and smooth muscle fibers
(<), with the presence of some foamy cells («).
Hematoxylin (b) - Histological section of the aorta of a
cholesterol-treated rat shows thickening of the aortic
layers (<), spherification of endothelial cells («),
thickening of smooth muscle fibers («), and the
presence of many foamy cells (cholesterol-containing
macrophages) («). Hematoxylin(c) Histological section
of the aorta of a rat treated with Q agueous extract
showing the normal histological features of aortic layers
(<), endothelial cells («), smooth muscle cells and
fibers («), with a slight presence of foamy cells («).(d)
- Histological section of the aorta of a rat treated with
alcoholic extract A showing the norma histological
features of aortic layers (<), endothelial cells (<), cells
and smooth muscle fibers («), with a very slight
presence of foamy cells («).(e) - Histological section of
the aorta of arat treated with fatty extract F showing the
normal histological features of aortic layers (<),
endothelial cells («), cells and smooth muscle fibers
(«), with a slight presence of foamy cells («).all

tssiue4dHematoxylin and Eosin Tincture, 400X

Conclusions

The extractions of the active compounds from Quercus

fruit decrease in the high plasma kallikrein, caspase-3,
cholesteral, triglycerides, and low-density lipoprotein
cholesterol LDL-C in induced atherosclerosis rats
treated with all extracts compared with affected control
with the active extracts (oil, poly phenols) during the
first and second week. The tissue aorta examination in
the group of animals treated with the active extracts
(agueous, aily, flavonoid) after two weeks of the
treatment showed that large in rats induced
atherosclerosis
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The study was carried out at biotechnology research center laboratories for the
purpose of Micropropagation of Paulownia elongata tree by using plant tissue
culture technique for the purpose of identifying the best plant Micropropagation
conditions. The plants were sterilized superficially by immersing them in the
Clorox solution, then the sterilized plantswere cultured in M S media suppl emented
with several concentrations of (BA and Kinetin) for the purpose of obtaining the
best vegetative growths. Obtained plants were also cultured in MS media
supplemented with different concentrations of (IBA and NAA) for the purpose of
obtaining the best root growth. Finally plants were moved for the adaptation stage.
The results indicated that single-nods cultured in (MS) media supplemented with
a concentration of 2 and 2.5 mg / L of (BA) growth regulator resulted in good
vegetative growth represented in the number of leaves, while the best treatment of
branches growth was using 2 mg / L concentration of the Kinetin (K) growth
regulator but For the length of the plant, the treatment of the control achieved the
best results. For the root site, the results showed that the culture media (MS) plus
0.2mg/ L of the growth regulator (NAA) resulted in the best root growth. Asfor
the adaptation, the results showed that 85% of the plants could be adapted to the
sterile environment of soil with 1: 1 size/ volume before transferring them to the
greenhouse.
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1 Introduction

Paulownia, a hardwood tree, which belongs to the family
Paulowniaceae (Scrophulariaceag), is characterized by a
fast-growing and short-rotation plant with large leaves
arranged in opposite pairs on the stem. Thetreeis ableto
grow under several weather conditions and in different
types of soil even poor ones. Paulownia tree is a large,
fast- vertical growing tree that is considered to be not
evergreen tree. Nowadays, Paulownia species are
considered the most important forestry crops in the
world. There are nine species of Paulownia but the most

important of them include P. kawakamii,P. australis, P.
catalpifolia, P. elongata, P. fargesii, P. fortunei, P.
albiphloea, and P. tomentosa( A fahmy and H gendy ,
2018) .In fact paulownia elongate is considered one of
the most important trees producing wood, especialy in
the last ten years, whereas the global demand on thistree
is clearly increased in the globa market due to the high
quality of wood obtained from paulownia elongate tree .
Furthermore, the most famous one is Paulownia
tomentosa originated from China which is a very fast
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growing specie (Oprea, 2007). The length of this treeis
12-15m with large leaves shaped as a heart with the
length of 15-40cm. The flower appears at the beginning
of the spring with length of 10-30 cm (Atanas
Chunchukov and SvetlaY a, 2015). Paulownia wood is
good for making paper pulp (Latibari et al., 2012). The
paper produced from Paulownia trees is of high quality,
comparable to Eucalyptus (Feria et al.,2013). Due to
these qualities, Paulownia species are among the most
important forestry cropsin theworld. The Paulowniatree
iswidely used for reclamation of wooded areas, furniture
industry, wooden parts of the aircraft (Zhu , 1986) and
musical instruments industry (Ayan et al., 2003). The
tree cultivated in Europe for the purpose of decoration
and woodwork (Kaymakci et al, 2013). Moreover thetree
has been used to improve the properties of soils
contaminated with condensate (Miladinova et al., 2014)
.On the other hand the tree has the potential to grow in
severa different types of soil and adapt to different types
of climate also it has the ability to grow in the tropical
climate and regions which have low rainfall rates of 20
inches per year and high temperatures of up to 40C°
(Md.Atiqur et al., 2013).However Paulownia tree
adapted easily to environmenta different condition. In
the first season after culture of the seedling it reaches of
5-6 meters long when suitable conditions are available
(Md.Atiquret al., 2013; El-Showk,2003). The trees grow
to marketable size in 5-8 years, much faster than other
tree species. The plantation does not need re-planting
after harvest as new trees grow from the stumps.
Paulownia wood is very light, with densities around
0.300 g/cm3 (Akyildiz and Kol, 2010; Kiaei, 2012) .In
the age of 3-5 years, the length of the tree may be 15-20
meters, and the urine can be used as feed for the farm
animals because it has a good nutritional vaue that
corresponds to wheat straw and afalfa, and can be used
in the production of compost (Lyons, 1993) or as source
of the organic matter in soil (Wang and Shogren, 1992),
as well as polyuia and phosphorus, are rich in nitrogen
and can be used as fertilizer for soil (Md.Atiqur et al.,
2013). Polonia wood of finest wood, which is
characterized by a bright color and has the ability to dry
quickly, it has cracks, cracks and does not distort quickly(
Atanas Chunchukov and SvetlaY a, 2015).

Using of traditional methods for propagation of
Paulowniatree requires large areas and large numbers of
workers (Crisanand Petrus, 2016). However, it is very
difficult to reproduce Paulownia by traditional methods.
However, increasing demand on Paulownia in the market
has pushed researchers to found appropriate method of

propagation, whereas using plant tissue culture technique
is one of the most important methods used in the
propagation of Paulownia tree, which will be studied in
this research. Obtaining to large quantities of plantsin a
short period is one of the most important challenges
facing the scientific researchers. Use of plant
biotechnology such as tissue culture technique astool for
propagation of plants normally provides some
advantages such as obtaining plants that are genetically
identical with the mother plant, large numbersin a short
period of time and cultivation of plants in sterile
condition.

In genera the most commonly used culture media in
plant Micropropagation side is Murashige and Skoog
media ( MS), which usually depend on addition of micro
and macro elements to culture media supplemented with
growth regulators .However ( MS, DKW, N6 and QL)
culture medias are used for Micropropagation of
Paulownia tree, with different concentrations of growth
regulators (BA and IBA) which, added to the dietary
medium (Chunchukov and Y ancheva, 2014) , whereas
single nodes, leaves or roots are usually used in the
Micropropagation (Ozaslan et al., 2005). In fact there are
attempts to adapt Paulownia tree in Libya in order to
spread theidea of planting the tree within the country due
to economic benefits of Paulownia tree which may
contribute the national economy situation. The aim of
this study was obtaining a suitable method to propagate
Paulownia tree and obtain large quantities in order to
obtain a successful procedure for culture Paulowniatree.

Furthermore Paulownia tree has the potential to grow in
sandy and clay soils and grows under different climatic
conditions such as high temperatures with low rainfall
(Md.Atiqur et al., 2013). The process of settling the tree
in Libya and obtaining success cultivation inside the
country through use of plant tissue culture technology is
considered as an important task.

2 Materialsand Methods

This experiment was carried out at Plant Tissue culture
Laboratory of the Libyan center for biotechnology
research, Tripoli, Libyain order to investigate the impact
of the plant regulators BA( Benz ail adenine) , Kin (
Kinetin) , NAA( Naphtalin acetic acid) and IBA ( Indol
butyric acid )on Micropropagation of paulownia
elongata tree using Murashige and Skoog culture media.
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Sour ces of plants

Plant samples and single-nods of Paulownia tree were
collected from the Paulownia plants growing in Qasr ben
Ghasheer area (Abu Aisha project) while the experiment
started by using single-nod parts of Paulownia tree to
establish tissue culture free of contamination.

Culture media

Preparation of free contamination media

The first stage of the experiment was conducted for the
purpose of obtaining a primary media free of
contamination to obtain sufficient number of plants for
the next stages of the stud whereas the Murashige and
Skoog (MS) was prepared with 3% sucrose and 0.7%
agar at pH of 5.7 to 5.8 . While about 200 ml of prepared
MS were placed in special jars. Plant samples were
sterilized by sodium hypochlorite with a concentration of
2.5% .Use of MS media supplemented with different
plant regulators.

The second stage started with preparation of MS media
supplemented with plant regulator for obtaining the best-
cultured media to be used in Micropropagation of
Paulowniatree. A nutrition media (M S) was prepared by
using MS media supplemented with benzyl adenine
growth regulator (BA) and the Kin growth regulator at
concentrations of 0.5, 1, 1.5, 2 and 2.5 mg / L for both
growth regulators.

Rooting stage:

Rooting stage was conducted through preparation of
culture media (MS) was prepared with haf the
concentration of salts with addition of growth regulators
(IBA and NAA) at concentrations of (0.1, 0.2, 0.5 mg /
L) for NAA growth regulator and (0.1,0.2, 0.5 and 1 mg
/ L) for the growth regulator IBA in order to induce the
cultured plants to produce roots.

Adaptation stage:

Adaptation stage was started with transferee the obtained
plants from tissue culture conditionsto natural conditions
by taking the plants out of the jars and washing the roots
to remove the residues of the culture media then
transferee the plantsinto pots with sterile environment of
soil with a1: 1 or 1: 2 size / volume. The pots were
covered with a plastic cover with a limited number of
holes to maintain humidity. The number of holes in the
plastic cover was gradually increased to reduce the
moisture before removing the cover completely so that

the plants were adapted to the outside. When the plants
reached the appropriate size, they were transferred to the
greenhouse with keeping observation time to time to
monitor the plants growth.

Experimental design

The experiment was designed using full random design
RCD and the results were analyzed by ANOVA system.
Weas used at level 0.05 and the means were compared
using Duncan test.

3 Reaults

The results of the first stage of this experiment showed
that after 60 days of cultivation the growth rate of the
single nods of paulownia plants which were cultured in
(MS) media free of growth regulators was 70%. A
sufficient number of developing plants were obtained
free of pathogens (Fig. 1) then obtained plants were
transferred to MS media supplemented with different
plant regulators.

Figure (1) plantsin MS media free of Contamination

Number of leaves:

In the second phase of the experiment, obtained plants
were cultured in MS media supplemented with different
concentrations of plant regulators which are (BA) and
Kin at concentrationsof 0.5, 1,1.5,2and 2.5mg/ L. The
results in terms of number of leaves parameter (Fig2)
showed that a significant differences among the used
treatments were found in case of number of leaves
parameter , while the treatment of 2 mg BA was the best
treatment compared with other used treatments followed
by 2.5 mg BA and finally treatment of 2mg Kin whereas,
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the 2mg BA , 2.5BA and 2mg Kin treatments recorded
average of number of leaves of 19, 18.4 and 18.4,
respectively .Our results were in complete agreement
with those Donia et al., (2014) who found that use of
modified MS media supplemented with PAB growth
regulator produced vigorous and well-developed plants
from paulowniatree which proved that use of plant tissue
culture technology was very successful for
Micropropagation of paulowniatree.
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Figure (2) effect of plant regulator (BA, Kin) on plant

4 Discussion

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

Plant height:

The results (Figure3) showed that in order to determine
the best concentration of the growth regulator for plant
growth and plant height parameters the results of this
study showed that the performance of BA growth
regulator in most of its coefficients was better than Kin
growth regulator .The results proved that treatments of 1,
15, 2 mg / BA and treatment of 2 mg/l Kin were
significantly higher than other used treatments which
explain that use of BA and Kin at concentration of 2 mg/|
is successful for Micropropagation of paulownia tree
.The result of this study proved that use of BA plant
regulator is the best choice for paulownia In vitro
Micropropagation. Our results agreed with Atanas and
Svetla, (2015) who reported that application of the
propagation medium with MS salts and addition of BAP

(0.5mg/ ) and IBA (0.01 mg I-1I) and cultivation in big
vessels resulted in high proliferation and induced the
development of uniform plants as a prerequisite for
effective rooting and quality material production.
Successful in vitro rooting was achieved when plants
were cultivated on MS medium with IBA (0.1 mg/ I).
High average efficiency of adaptation (96%) was
obtained.
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Figure (3) effect of plant regulator BA, Kin on plant height

Number of branches

In terms of number of branches parameter, the results
showed that the treatment of 2mg/l Kin gave the highest
average number of branches Fig (4). The concentration 2
mg / | of Kin reach the value of 2.65 branches which was
the best treatment among the othersin case of number of
brunches factor. Although the treatment of 2mg/l gave
the best results but BA treatments gave acceptable results
specialy treatment of 1mg/l BA which explain that BA
growth regulator was able to induce the obtained plants
for better growth. Theresults proved that (BA) isthe best
choice for Micropropagation of Paulownia tree .Our
results were in complete agreement with Osvaldo and
Jose. (2006) and Lobna, (2008) who found that the
vegetative total increased with addition of (BA) at
concentration of 2mg/ L.

According to our results the treatments of 2mg BA,
2.5mg BA and 2 mg Kin were significantly different
among the other treatments even control treatment in case
of number of leaves factor whereas, the treatments 2mg
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BA gavethe highest number of leavesfollowed by 2.5mg
BA and 2mg Kin treatments.

The treatments of 1, 1.5 and 2 mg BA gave the best
results compared with other treatments in case of plant
height parameter but in number of branches factor
treatment of 2mg Kin was significantly higher than the
others followed by 1 and 2mg BA treatments, In genera
plant growth regulator BA and Kin have positive effect
on paulownia elongate plant specially treatments of 2mg
BA and 2mg Kin . Our results clearly proved that use of
plant growth regulators

BA and Kin at concentrations 2mg/l were successful for
in vitro Micropropagation of paulownia through use of
plant tissue culture technology
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Figure (4) effect of plan growth regulators on number of
brunches of paulownia elongata.

Number of roots:

The results of root induction stage in case of number of
root parameter fig (5) the results showed that all NAA
(0.1, 0.2 and 0,5mg/l ) treatments were significantly
higher than the other used treatments except treatment of
0.5mg/I IBA ,whilethe NAA growth regulator treatments
reached average of 3.2, 3.9 and 3.4 respectively whereas
the treatment of 0.5mg/l IBA reached average of 3.5
number of leaves. Our results proved that addition of
NAA hormone was successfully induced the paulownia
plants to produce roots which extremely needed for
successful micro propagation of paulownia tree
.Moreover control treatment (MS ) gave acceptable
average of number of roots this treatment seems to be

successful but not compared with NAA treatments which
mean that the plants were able to produce roots in MS
media without addition of hormones even in low
numbers. Our results were agreed with Atanas and
Svetla,(2015) who reported that application of the
propagation medium with MS salts

and addition of BAP (0.5 mg/ ) and IBA (0.01 mg I-11)
and cultivation in big vessels resulted in high
proliferation and induced the development of uniform
plants as a prerequisite for effective rooting. Our results
were agreed with Fahmy and Gendy, (2018) who
reported that the rooting percentage was highly improved
by addition of NAA to the medium without significant
differences among different concentrations since all
concentrations gave 100% rooting percentage.
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o =
7 (€ I |
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CONCENTRATION OF PLANT GROWTH

Figure (5) effect of plant regulator (NAA, BA) on humber
of roots

Root length:

Interms of root length Fig (6), the results showed that the
best results were achieved in the control treatment (MS)
free of growth regulators with an average value of 2.8 cm
.Our results proved that (MS) free of growth regulators
treatment seems to be the most effective dietary media
followed by the treatment of IBA 0.2 mg / L which
recorded 2.6 cm and finally treatment of 0.1 mg/l NAA
which reached 2.6 cm. Our results were in agreement
with those Al-Tinawi et al., (2009) who reported that the
effect of growth regulators (IBA and NAA) is not
dissimilar in promoting root lengths and this is almost
consistent with the results obtained. . In the same line
Zayova et al., (2014) reported that the highest rooting
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percentage (100%) and the maximum number of roots
per plant were recorded on a % MS medium
supplemented with 0.5 m/ | IBA.
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Figure (6) effect of plant regulator on average of roots
length of paulownia elongate plant

Acclimatization stage:

The results of adaptation stage (Fig8) showed that 85%
of the plants were able to reach the state of complete
adaptation stage in the sterile environment of soil with
peat mossin average of (1: 2, 1: 1 size/ volume). After 6
weeks of adaptation some adapted plants were not ableto
resist and grow well due to that the number of their roots
was not enough for growing normally.However the rest
of adapted plants continued growing well and have good
resistance to natural conditions .In general our result in
this stage proved that adaptation of paulownia plants
which obtained through plant tissue culture technology
was successful. This was in the seam line with what has
been found by Ozaslanetal (2005). Our obtained results
were agreed also with Atanas and Svetla, (2015) who
reported that Ex Vitro adaptation of the rooted plantswas
performed in a growth chamber with a gradual decrease
of the atmospheric humidity and the average survival rate
96% was achieved. Our results were in same lineas
Crisan and Petrus. (2016) who found an excellent
adaptation for propagated rooted plants.

with IBA and NAA

Figure (8) adaptation of plants paulownia elongate

5 Conclusions

Recently paulownia tree considered as one of the most
important treesin commercial side dueto its high quality
wood. Thereby aobtaining large numbers of this tree is
extremely needed, whereas plant tissue technology isone
the propagation methods helps to obtain an sufficient
numbers of this tree. The result of proved that
Micropropagation of  paulownia tree was redly
successful and large numbers of this tree might be
obtained. However, the results reported that use of MS
media supplemented with BA and Kin growth regulator
at concentration of 2mg/l was clearly successful for
Micropropagation of paulownia tree even without use
of rooting hormones such as IBA and NAA. The results
showed that present of an acceptable ability of obtained
plants to adaptation conditions.

Conflict of interest: The authors declare that there are
no conflicts of interest.
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During the harvest season (2019-2020), local variety of barley seeds (Hordeum
vulgare L.) were collected from three different locations, Almerj, Gerdina, and Sultan;
situated in the eastern part of Libya. The present experiment was performed to
identify, and compare natural mycoflora associated with barley seeds among these
locations, also to evaluate sodium hypochlorite’s application, as seed disinfectants
againgt fungal contaminators. Barley seeds were surface disinfected with a 4% sodium
hypochlorite for two minutes or washed only with deionized water (control) before
plating on potato dextrose agar (PDA) medium. The following parameters were
recorded and calculated: seed survival (G %), fungal frequency (F), isolation
frequency (IF) and funga redative abundance (RD). Four fungal species were
identified as Aspergillus niger van Tiegh, A. flavus Link (ascomycetes), Rhizopus
stolonifera (Ehrenb. :Fr.)) Vuill (zygomycetes), and Bipolaris australienss
(Bugnicourt) (ascomycetes). The most predominant recovered species was A. niger
followed by B. australiensis, R stolonifera, and A. flavus, (18.5%), (9.67%) (2.84%),
(4.65%), respectively. Results aso showed Sultan had the highest seed germination,
followed by Almerj and Gerdina, 64.5 %, 44.5%, and 20.5 %, respectively. Moreover,
seed’s pretreatment with sodium hypochlorite and seed’s origin had no significant
effect on frequency and relative abundance of fungi.

1 Introduction

mycotoxins which are produced by filamentous fungi.
In astudy conducted on stored barley grainsin Spain,

Barley (Hordeum vulgare L.) has been a central and
staple commodity crop in Libya. Barley usages include
its grinded flour for making Bazine, a famous traditional
Libyan cuisines, and bread. Furthermore, barley grains
and hay are used extensively for feeding livestock, and
malting. Libya’s production of barley was significantly
low compared with other neighboring countries’ yields,
260 thousand tons in 2005, therefore, the country relies
completely on importing barley seeds from foreign
market (Elbeydi et al., 2007).

Barley seed quality and nutritional reduction can be

Aspergillus niger was reported to produce a list of
toxins, for example, aflatoxin B1 (AFB1), B2 (AFB2),
and ochratoxin A (OTA)( Mateo et al., 2011). Aflatoxin
is considered the most studied funga toxin that affect
human health and livestock alike. Prolonged human
consumptions of aflatoxin result in adverse implications
on human wellbeing including liver damage and
digestion difficulty (Sarma et al., 2017& Williams et
al., 2004 ). Therefore, the current study aimed to isolate
and identify natural barley seed mycoflora in three
different locations, and whether or not presoaking seeds

substantially deteriorated by the presence of with  sodium hypochlorite can reduce fungal
contamination.
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2 Materialsand Methods

2.1 Sitedescription:

Three locations were selected to conduct the present
study namely, Almerj, Gerdina, and Sultan, which were
chosen based on their high yield per hectare.

2.2 Sampling:

Barley seeds were collected after the harvesting season

(2019-2020), transported in plastic bags, and kept at
laboratory temperature. From each site, we randomly
collected 1.0 kg of seeds. Of 1.0 kg, four-hundred seeds
were randomly chosen and divided equally into two
groups (i.e, each group had 200 seeds) for further
analysis. The first seed group rinsed thrice with only
deionized water (untreated), while the second group was
disinfected externally with 4% sodium hypochlorite
for a period of two minutes(treated). Seeds were dried
out with paper towe prior to placing them on an
artificial growth medium. Each seed treatment had ten
plates, therefore, the total number of plates was 60
plates. The total number of barley seeds was 600 seeds.
Following the rules of International Seed Testing
Association(ISTA) on seed health, ten barley seeds were
picked with derilized forceps and transferred to
sterilized Petri dish (90 mm,16 mm, Bibby Sterilin Ltd,
UK) equidistantly containing potato dextrose agar
(PDA) medium (Oxoid Ltd, UK), amended with
amoxicillin (0.5 g/ L) to diminate bacterial growth .
The plates were incubated for one week at 25°C with 12
hours photoperiod cycle, and screened for their fungal
compositions.

Seed germination percentage, fungal frequency, and
relative abundance of fungi were cdculated by the
following formulas described by Marasas (1988):

Germination percentage

Numebr of seeds germinated

(G%) = x 100

Total number ofseeds

Fungal frequency

Number of seeds containing a particular fungi
(F%) = x 100
Total number of seeds

Relative abundance

Total number of a fungus on seed
(RF%) = g x 100

Total number of colonies of all fungi

2.4 Fungal identification:

A sterilized needle was used to aobtain fungal fragment
from Petri dish. Fungal tissues were placed on clean
microscopic dlide (90 mm,16 mm, Bibby Sterilin Ltd,
UK) and stained with the commonly used lactophenol
cotton blue stain. Fungal spores were photographed with
a fixed camera attached to a compound microscope at
200 x magnification (Olympus microscope camera,

Japan).

Fungal key identification texts such as(Dugan, 2006,
Navi et a., 1999, & Robinson, 2011)were consulted for
aiding in accurate identification.

2.3 Statigtical analysis.

Complete randomized block design (CRBD) was used
in the experiment. The investigated parameters were
normally distributed with Shapiro-Wilk test. Differences
in means and standard deviations were calculated with
two-factoridl ANOVA (P values <0.05). Means were
compared using Fisher’s protected LSD test. Data
andyses were performed using R statistical software (R
Core Team, 2019). Graphics illustrated here were done
with ggplot — a package in R (Wickham, 2016).

3 Reaults

3.1 Barley seeds fungal compositions:

In this study, we identified four fungal species based on
colony color, and conidial shape on growth medium.
The species were Aspergillus niger (Fig.2.1), A. Flavus
(Fig.2.2), Biboplaris australiends (Fig.1.3), and
Rhizophus stolonifera  (Fig.2.4). A. niger was
morphologically identified based on the presence of
black colony color, and microscopic characters such as
conidia and conidiophore (fig.2.1).

3.2 Effect of seed treatment and locations on seed
germination (G%):

Sultan had the highest seed germination in comparison
with Almerj and Gerdina. Moreover, seed germination
was significantly higher in Almerj than in Gerdina (P<
0.05) asillustrated in Fig 1. Treated seeds with sodium
hypochlorite had no effect on seed germination (P =
0.7781).

3.3 Effect of seed treatment and locations on fungal
frequency (F%), and relative abundance (RD%):

In contrary to the seed germination, both treatment and
location had no significant impact on F, and RD (Fig.3,
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4.). It has been noted that A. niger was the predominant Moreover, R. stolonifera was higher in sterilized seeds
recovered species in the ungerilized treatment, but the than unsterilized seeds (Fig.-3,4.).
species was not dominant in derilized treatment.

Fig.1. Effect of location and seed treatment on barley seed germination. Barley seeds were
collected from three locations, Almerj, Gerdina, and Sultan. Seed treatments were barley seeds
disinfected with 4 % NaClO, whereas untreated seeds were only rinsed with deionized water. Bars
with the same or without letters are not statitically different according to a F-protected LSD

(P=0.000002)

Fig.2.1 a) 4 mger colony on PDA, b) microscopic photo of Asmger Scale bar=200xC: Fig.2.3 DMicroscopic photo of &
conidia, CP: conidiophore. australicnsis morphology.

Fig.2.2 3) A fawscolony on PDA, b) microscopic photo of 4 Aaws. Scale bar=200x C:  Fig-2.4 Microscopic photo of K
conidia, Ph: phialides, S: stipe, V: vesicle. stolomifera morphology.
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Fig. 3. Effect of location and seed treatment on rel ative abundance (RD). Barley seeds were collected from three
locations, Almerj, Gerding, and Sultan. Seed treatments were barley seeds disinfected with 4 % NaClO, whereas
untreated seeds were only rinsed with deionized water. Bars with the same or without | etters are not stetistically
different according to aF-protected LSD (P= 0.637).
Fig. 4. Effect of location and seed treatment on fungal frequency (F%). Barley
seeds were collected from three locations, Almerj, Gerdina, and Sultan. Seed
treatments were barley seeds disinfected with 4 % NaClO, whereas untreated
seeds were only rinsed with deionized water. Bars with the same or without
letters are not statigtically different according to a F-protected LSD (P=
0.637)
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4 Discussion

The current experiment was carried out to determine
mycoflora compositions of barley seeds collected from
three locations in the eastern part of Libya. The present
study revealed that local barley seeds are contaminated
with A. niger, A. flavus, R. stolonifera, and B.
audtraliensis. Secondary fungal metabolite secreted by
species of Aspergillus can lead to aflatoxicosis
syndrome on human health (Sarma et da., 2017&
Williams et al., 2004 ).Toxins produced by these fungi
varies according to the surrounding environment and
the isolate type that secrets them (Blumentha, 2004).
Further studies are needed to identify the fungal toxins
types being produced under the Libyan conditions, and
to measure toxin’s quantity for food safety
consumptions.

Our findings were in line with Abubakr findings, in
which A. niger, A. flavus were successfully isolated
from barley seeds in the western part of Libya
(Maryam, 2017). In Tunisia, Aspergillus was the most
prevalent recovered species from barley seeds (Jedidi et
al, 2018). Similarly, our finding matched Elham, and
Modhi (2015) who stated that both A. niger, and A.
flavus are the prevalent isolated species on external
barley seeds in different areas of Saudi Arabia
Likewise, Hashem (1990) reported the presence of A.
niger, A. flavus and B. australiensis on barley seedsin
Saudi Arabia. Likewise the fungal species isolated in
this study, A. niger, A. flavus, Bipolaris and Rhizopus
stolonifera have been recovered from Triticum
aestivum seeds (wheat) (Adhikari et al., 2016).
Moreover, all isolated funga species, except B.
australiensis, reported in this study were also found on
barley grains in Pakistan (Fakhrunnisa, and Ghaffar,
2006). In contrast to our finding, Ramadan et a (2013)
isolated and identified different fungal genera on
barley seeds, and these fungi were Alternaria,
Aureobasidium, Cladosporium, Drechslera, Penicillium
, Rhizoctonia and Stemphylium. We speculate that this
discrepancy in results could be due to cultivar’s type,
agronomic practices or meteorological conditions.

In reference to seed germination, seeds collected from
Sultan surprisingly exhibited the highest germination
rate compared with the other locations, Almerj and
Gerdina.

Disinfecting seeds with sodium hypochlorite, in the
present study, had no effect on fungal frequency or

fungal relative abundance compared with ungerilized
seeds, irrespective of the place where seeds had been
collected. Our results were contradictory to Abduhu et
a., 2018 who found presoaked okra seeds
(Abemoschus esculentus L.) with sodium hypochlorite
decreased the incidence of fungi, yet increased okra
seed germination.

5 Conclusions

The present study confirmed the presence of four
fungal species Aspergillus niger, A. flavus, Rhizopus
stolonifera, and Bipolaris australiensis that were
isolated externally from barley grains. The results
support previous studies’ findings documenting the
presence of these fungi on barley seeds. Seed
germination was statistically higher in Sultan compared
with the other locations. Barley seeds disinfected with
sodium hypochlorite did not affect fungal frequency or
funga relative abundance compared with non-
disinfected seeds. For better identification and
accuracy, future research should apply molecular
approaches to determine barley seed biomes.
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This paper aims to generate materices of rotations in Minkowski using the Lie
Derivative. The calculus on manifolds in Lorentzian spaces are used to generate
matrices of rotation in three-dimensional Lorentz-Minkowski space which includes
one axis in timelike and the other two are spacelike axes. The findings showed that
the manifolds and their calculus dramatically increased the use of Lie derivative in
many branches of mathematics and physics, The findings also revealed that
matrices ( of rotation) leave one line ( axis) fixed and these matrices of rotation are
used widely in differential geometry in physics. Furthermore, the findings
demonstrated that any surfaces of revolution inside this space must be invariant
under one of these matrices. The main result of this paper is a new procedure of
creating rotational matrices explicitly using the Lie derivative and deriving it into a
linear system of ordinary differential equaion. Solving this system leads to matrices

of rotation that leaves one axis fixed in Minkowski space.

1 Introduction

Manifolds and their applications combine many critica
areas of mathematics; they generaize concepts such as
curves, surfaces, and ideas from linear algebra and
topology.

In differential geometry, Lie (1842, 1899) evd uates the
change of a tensor field (including scalar functions,
vector fields, and one-forms) along the flow defined by
another vector fidd. This change is invariant
coordination. Therefore, the Lie derivative is defined by
any differentiable manifolds. The Lie derivative is the
early beginning of calculus on manifolds.

On the other hand, the rotationa surfaces in Euclidean
space have been studied for along time. Many examples
of curves on these surfaces have been discovered. These
surfaces are caled rotating a plane curve on an axis (
called the axis of rotation). This rotation is done using a
matrix of rotation, which is caled a one-parameter
group of isometry and orthogonal meatrix SO(3) (For

more information, see Pressley’s differential geometry
textbook written by Pressly, 2010).

However, in the last three decades, the vision of
geometry has been developed to other spaces including
the time axis. While in Euclidean space al axis are
spacelike vectors (+,+,+), in (Minkowski) space thereis
a one-time axis (+,+,-). This different sign changes dl
theorems of inner and outer products of vectors to
another fidd (See Hdl, 2004; Hilgert and Neeb, 2011,
Lopez, 2014; Saad, 2016).

Minkowski's space is more complicated compared to
Euclidean's. We can distinguish other types of matrices
of rotation which are later called spacetime, and null
rotation.

Thus, there are three types of one-parameter groups of
isometries. By considering the rigid motion of ambient
space that keeps a line fixed, we will solve these types
of rotation to generate these different types explicitly.
Firstly, similar to each axis of rotation, there is a matrix
of rotation that |eaves a (type) of axis fixed.
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Furthermore, we use the definition of Lie derivetive
and Killing (1847-1923). Killing fidds ae the
infinitesimal generator of isometries; that is, flows
generated by Killing fields are continuous isometries of
the manifold and matrices of rotation generate in three-
dimensiona Minkowskian spaces.

This work is located between differentia geometry and
physics. This paper aso tries to show explicitly the
relationship between differentia geometry and Lorentz
groups, i.e. Lorentzian Manifolds.

Rotation in E3 preserves al distance. As a consequence,
they preserve dl inner products. Also, the map transfers
the orthonormal basis to another orthonormal basis with
a linear transformation of finite dimensiona vector
space. Rotation can be represented by a matrix once a
basisis chosen.

In 3D Euclidean space, restricting the attention to the
proper rotation, we find that the set of al 3 x 3 matrices
satisfies the orthogonal -unit matrix which is known by
S0(3).

The group of SO(3) isagroup with an identity element
of unit matrix I and the matrix multiplication as the
group operétion, then SO(3) defines a rotation group of
E3.

Any matrix R € SO(3) has been taken into account an
eigenvector with an eigenvalue of 1. It gives the axis of
rotation.

In this paper, as previously mentioned, we go forward to
another space which isthe 3D Minkowski space. While
the three dimensional in Euclidean space are al positive
definite in the self-inner product, in Minkowski space
there is a one-time axis giving the possibility of minus
singe of sdf-inner product. Therefore, not al axis of
rotation is the same, and then we go through all
possibility of the axis of rotation upon the Minkowski
Space criteria

Accordingly, using the Lie derivative of
diffeomorephisom functions gives a system of ODE.
Therefore, three different types of matrices simulate the
matrix R € SO(3), but now for Minkowski spaces i.e.
R € 50(2,1). (two spacelike and one timelike vectors).
Matrices of rotations generate in Minkowski space
which is the beginning of the geometry of surfaces in
Minkowski space.

In sections two and three, we define the isometry in
Lorentz groups, rotation, and the transformation of
Lorentz groups.

Section four includes the main definition of calculus on
the manifold which describes the Lie derivative, its
properties, and the generators of rotation in Lorentz
space seeking to Killing vector fields.

Finally, section five, presenting the main results of this
paper, covers in detal al the computation parts of

generating rotationa matrices in three-dimensional
Minkowskian spaces using systems of ordinary
differentia equations.

2 Thelsometry

In this section, we review the isometry in E3 and
consider that for E3 (three dimensiond Minkowskian
space). An isometry is defined as a function that
preserves the matric (Carrol,1997; Torres, 2012).

2.1 Introduction

Definition: A diffeomorphism  between  two
Riemannian manifold ¢: (M,g) — (N,h) is an isometry
if @*h = g which meansfor every point x, d, .

Linear map isometry is between T,M and TN that
leaves aline (length) fixed .

A particular conseguence of this definition isthat:

Definition: f:(M,g) - (M,g) is a diffeomorphism
from a manifold onto itself, with the property that is for
dl peManddlV,W € T,M

8 (BV. f W) = g, (V, W) €
Then fisan isometry of (M, g).
2.2 Isometry Group

The isometry group of the Riemannian manifold (M, g)
is the set of diffeomorphism of M that is g-isometric,
e.g. the Lorentz group.

2.3 Rotation

Rotation in three dimensiona Euclidean space
E3 presarves dl distance .i.e they are isometries. A
rotation can be represented by a matrix . All rotationa
matrices are specia orthogonal matrices ,which in
detR=1andRT =R™! .

In this section we define the rotation as well as mention
standard rotations in three dimensional Euclidean space
E3 (For more detail, see Hall,2004; Hilgert & Neeb, 201;
Lopez, 2014).

3 Thelorentzgroupsand Transformation

In this section, we define the Lorentz group, Lorentz
transformation and types of Lorentz transformation in
three dimensional Lorentz Minkowski space E3 .

- TheLorentz Group

Lorentz group is the group of isometries of Lorentz
Minkowski space which preserve the origin.
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- TheLorentz Transformation

The Lorentz transformation for any position (point) in Lorentz
Minkowski space is defined by

S=AS whereg=ATgA )

Where AT is the transposed matrix to the matrix A and

10 0
g=0 1 0 ®)
00 -1

isthe Lorentz Minkowski metric .

4 LieDerivative

Let v be a vector fidld on a smooth manifold M and ¢,
isalocal flow generated for each t € R. The map ¢,
is diffeomorephssm of M and so it induces the
movement functions such as push-forward and pull
back.

Definition: The Lie derivative of the function f with
respect to v is defined by:

. if- d 4
Lof = lim (*) = £ i flec @

Lemma: sincep; = f o ¢,, then

L ¢i fle=o ®) = S f($e(D))le=0 =
L (1p(®)leo =v(@).f VpEM ©)

Where the tangent vector to y, a pis X(p) concludes
that L, f = vf.

Although, if U,V be two vector fields on M. The Lie
derivative of IV with respect to U is given by:

T V-V _a
LUV_P_I}(])( t )_dtd)tvlt:o ©)

Where ¢,is generated by U.

On the other hand, the Lie derivativeisalinear
operator which satisfies Lebntizidentity and always
linearly dependents.

In this paper, however, the following special cases are
needed to achieve the main goal.

Liederivative of the Lorentzian metric

Definition : Let g;;be the metric of Minkowski
spacetime defined above (3), wefind

ngij = Yab» cVe+ gaCVC,b + Yeb Vc,a (7)

The first term of (7) seems to be normal derivative of a
constant ( the metric), so the equation (7) becomes

ngi]' = gaCVCFb +gcb Vc:a (8)
If we rotate or boost to save isometric of this change, we
always have:

Lygij=0 ©)

The Lie derivative of the metric plays a key role in the
theory of Killing fields (For a review, see Carall,
1997.p120), which are generators of continuous
isometries. A vector field is a Killing field if the Lie
derivative of the metric with respect to this field
vanishes. |.e the vector v in (8) is so called Killing
vector fields.

Furthermore, on solution (8) to be equal zero and
according to Saad , in three dimensiona Minkowskian
space, the generators of matrices of rotations under this
Space are given by :

da a . .
xa ~ Yo is called generator of rotation , and

a a d d
xoo+to- and yo+ t; arecalled generator of
boost .
However, for the null (lightlike) generator we can use

a a ,d . o _

(t=y5+ x(a + E)' This suggestion is found in
(Hall,2004; Saad,2016).
As aresult, we use only rotation, one boost and the null
generator for the null case. In the following section we
solve the above generators as a system of ordinary

differentia egquations to create matrices of rotation
explicitly.

5 Results

The main conclusion of this paper is that matrices of
rotation generate explicitly. Now we divide the
discussion into three cases of study, i.e. rotation , boost
and null case.

5.1  Spatia Rotation

It is important to begin with the most obvious analogue
of rotation. The infinitesimal generator of this caseis

xd/dy—yd/dx (10)
Therefore the Killing vector field becomes:
V=(-y x O)T (1)

This defines the 3 x 3 matrix in Minkowsks spacetime
corresponding to the generator in (10), which is in
(x, v, t) coordination by
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0 -1 0
Le=[1 0o o (12)
0 0 0

This matrix L, is the matrix corresponding to

infinitesimal generator about t-axis.

Now we have one parameter group of homomorphism
Y, = Ly P, 50, P (x) = et x. Asx isavector in E3.

Our job now is to solve the system of ordinary
differential equation of the form of :

l»bs = Lk lps-
-1 -1 0
Then,tofind eigenvalueslet (1 -2 0(=0
0 0o -1
therefore = A, =0,1,=i,A; =—i
Cdlculating the matrix exponentia gives:
cos(f) —sin(f) O
X(6) = |sin(@) cos(8) 0O (13)
0 0 1

This means any point (0,0, t) is fixed. Also the axis of
rotation is t-axis. Additionaly, the orbit of any point of
a spacelike curve with t-constant in this case is acircle
centered with the origin.

5.2  Boost in direction of spacelike axis.

In this section the one parameter group of
transformation which fixes each point in space-like is
sought. Let Y- axisistheaxis of rotation, and use

x0/0t+td/ox (14
Therefore the Killing vector field becomes:
V=( 0 )T (15

This defines the 3 x 3 matrix in Minkowksi spacetime
which is similar to the generator in (14), which is in
(x,y, t) coordination by

00 1
Le=0 0 0 (16)
100

With the same cal culation and discussion above, the
matrix exponentia gives:

cosh(#) 0 sinh(8)
X(0) = 0 1 0 (17)
sinh(6) 0 cosh(8)

In this case the orbit of any point has fixed y-coordinate,
discussion of the orbit is hyperbola-timelike. (lift for
future work).

5.3 Null (lightlike) rotation in Minkowski
spacetime.

Finally, we consider the situation where the axis of
rotationisanull line. It islocated in yt- planei.e.(y=t)
as given above before this section, so the generator of
this caseis:

(t—y)d/0x+ x(0/0y + d/dt) (18)
Therefore the Killing vector field becomes :
V=(t—-y x x)T (19)
This defines the 3 x 3 matrix in Minkowksi spacetime
corresponding to the generator in (10), which is in
(x,y,t) coordination by
0 -1 1
Ly={1 0 0 (20)
1 0 0

Same procedure, as before, of solving system of ODE.

Let
-1 -1 1
1 -1 0]|=0,
1 0o -4

thisgives 4, , ; = 0 "multiple eigenvalues "

At this time, with mansion to Perko, the genera solution

to the linear systemis given by

Nkgk

k!

X(0) = e [1+1v9+~.+ (1)

Where N=L—S is an nXxn marix is sad to be
nilpotent of order k if N"'+0and Nx=0,k<n ,
S =diag(l) ,L is a marix cdled Lorentz
transformation .

0 0 0 0 -1 1
S=10 0 Of,N=[1 0 O},
0 0 0 1 0 0
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0 0 O
N2=|0 -1 1| ,N3=0 (22)
0 -1 1
X(6) = e [1 +NO+1 N292] (23)
1 0 O 0 -6 06 L 0 0 0
=10 1 0|+]16 0 O +; 0 —-6% 62
0 0 1 6 0 O 0 —-6?% 02

Therefore, the one parameter subgroups of rotation
matricesis

1
|
{

This one parameter group fixes liney =t in yt —
plane

Therefore, the axis of rotation is given byl = (0,1,1).
And the orbit seems to be a parabolatime, but the
discussion onis out of our scope at the moment.

In summary, the aforementioned three cases of matrices
of rotation are called in physics as one parameter groups
of isometry that leaves line fixed. These are the main
results of this paper.

6 Conclusions

This research shows that the Lie derivative and Killing
vector field are used explicitly to generate three
rotational matrices ( space, boost, and null). The main
findings reved ed that computational generators find the
matrices of rotation assuming the axis of rotation is
dependent on a vector field space, time, or null.

Further studies are in need to examine the geometry of
surfaces in Minkowskian spaces. All geometrica
aspects of curvatures, Gaussian maps, and mean
curvatures are in parale with these matrices.
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The majority of astrocytes are responsible for the expression and release of
S100B, a 21-kDa calcium-binding protein of the EFhand type (helix E-loop-helix
Received 30 August 2022 F). It is mostly present in the neurological system and, depending on
concentration, has different (beneficia, detrimental) effects on neurons, astrocytes,
and microglia. an effect on the survival and development of both glia and neuronal
cells. Patients with Down Syndrome and Alzheimer's Disease (AD) have brains
that are overexpressed with the S100 protein Down Syndrome (DS). Increased
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S100B concentrations are linked to brain trauma and ischemia, most likely due to

Keywords:
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cytokines,

RAGE.

astrocyte destruction. As S100B appears to influence multiple neuropathol ogical
mechanismsin (AD) , apivotal role for S100B as a significant contributor to (AD)
pathol ogy has emerged.

Studies of S100B overexpression, S100B localization, multiple relationships
between S100B and increase amyloid precursor protein, the interaction between
S100B and dystrophic neuritis plagues, and change in aneurdfibrillary tangle in
Alzheimer's disease focus on providing evidence for the involvement of S100B in
Alzheimer's disease pathology and neurond loss. The significance of S100B in
head trauma and degenerative brain disease is the centrd subject of this review.
Overexpressing s100B, which also causes more astrogliosis and microgliosis,
speeds up the pathogenesis of Alzheimer's disease. Numerous clinical problems
have been associated with an increase in S100B, a neurotropic signaling protein.

1 Introduction

The AD isachronic, progressive loss of basal forebrain
cholinergic neurons, and irreversible neurodegenerative
disease with clinical characteristics of memory loss,
dementia and impairment in memory, visuospatia
skills, complex cognition, language, emotion and
personality. Prominent neuropathologic features of AD
are senile plagues, neurdfibrillary lesions, synaptic and
neuronal loss, and gliosis, destroys the higher structures
of the brain. The formation of amyloid plaques and

neurofibrillary lesions are thought to contribute to the
neurodegeneration in the brain of Alzheimer’s disease
sufferers play an important role in the inflammatory
response in the central nervous system (CNS) and in
AD pathogenesis. cognitive dysfunction concomitant
with the accumulation of senile plagues (SP) is consist
of Beta-amyloid (AP) plaques (extracellular AP
deposition) and neurcfibrillary  tangles  (NFT,
intracellular deposits of hyper-phosphorylated tau
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protein) have been identified as two classical
pathological hallmarks of AD. Accordingly, numerous
studies have focused on A generation and deposition as
well as on NFT formation as the triggering factors for
AD occurrence. Gliosis is also seen in AD: activated
astrocytes and microglia are characterigtically found in
abundance near neurons and plaques, and this can be
seen even in a case described by Alzheimer in1911.This
suggests that inflammation maybe involved in AD,
because glia cells mediate the innate immune
response in the central nervous system. When activated,
astrocytes  and microglia  produce  severa
proinflammatory signal molecules, including cytokines,
growth factors, complement molecules, and adhesion
molecules. Of particular interest in AD are the cytokines
S100B, which is mainly produced by astrocytes, and
interleukinl(lL-1), which is mainly produced by
activated microglia

Role of Astrocytes in Alzheimer’s Disease:

Histo-pathological features of AD include large
extracdlular senile plaques (SPs) composed of the
amyloid-B (AP) plagues and neurofibrillary tangles,
which (Wyss-Coray and Rogers, 2012) areintra cellular
inclusions of hyperphosphorylated tau protein in
selective regions of the brain (Xiao et al, 2014) (Wyss-
Coray and Rogers, 2012) B -amyloid is a peptide of 42
amino acid residues produced by the sdective
photolytic cleavage of traname brane amyloid precursor
proteins (APP) by B and y-secretases. AP can directly
induce (Sidoryk-Wegrzynowicz et al 2011) neuronal
cytotoxicity, but the relevance of such toxicity to the
disease is controversial[1]. Morphological
characterization of GFAP-positive astroglial cells
performed on AD mouse mode at different ages
showed an age-dependent reduction in GFAP
expression. These authors suggested that in an AD
transgenic, reactive hypertrophic astrocytes surround the
neuritic plaques whereas astroglial cells in other brain
regions undergo atrophy, which may account for early
changes in synaptic plagticity and cognitive impairments
inherent to AD. In the AD human tissue ,prominent
astrogliosis occurs in the cells surrounding amyloid
plaques, and these activated astrocytes accumul ate large
amounts of Ab42, which are derived from neurona
debris and associated with plaques (Andrea et al, 2004)
. Moreover, astrocytes from patients with dementia
show significantly decreased complexity compared to
the healthy brain (Sidoryk-Wegrzynowicz et al 2011). It

is widely recognized that age is the most important risk
factor for AD and that the innate immune system plays a
role in the development of neurodegeneration. Very
little information is available on how aging affects the
innate immune system. However, there are clear
indications that the development of AD is due to age-
related changes that modulate innate immunity. It is
interesting that AP and other proteins found in the senile
plagues of AD patients are potent activators of the
innate immune response because chronic stimulation of
the innate immune system may lead to alterations of
astrocytes. When the brain is injured, astrocytes are
believed to react by putting down glial scar tissue as
part of the healing process. Recently, it has been shown
that astrocytes themselves actively contribute to the
inflammatory response (Sidoryk-Wegrzynowicz and
Aschner 2014). It has been shown that the
neurotransmitter gutamate is  released in
neuroinflammatory conditions and to some degree under
normal circumstances, which on the long term is proved
to be toxic to neurons. The neuroprotective action of
astrocytes has aso been attributed to their capacity to
take up the neurotransmitter glutamate, convert it to
glutamine, and recycle it to neurons (Vesce et al, 2007).

Neuroinflammation and immune system crosstalk in
Alzheimer disease:

Neuroinflammation is the mechanism of CNS
inflammation that occurs in response to trauma,
infections, and/ or neurodegenerative diseases. In
neuroinflammation, cellular and molecular immune
components such as speciadised macrophages
(microglia), cytokines,chemokines complement, tumor
necrosis factor (TNF) (Allen et al, 1999) recruited from
the peripheral system following disruption of the blood-
brain barrier. Alterationsin the permeability of the BBB
and chemotaxis may permit the recruitment and passage
of periphed cdls into the brain parenchyma
Determining the detailed mechanism of this process is
an active area of research. Investigators are exploring
the processes involved in both the passage of
inflammation into, and the effect of cytokines on, the
central nervous system (CNS) (Fung, et al 2012). This
in turn leads to the activation of the glial cells, such as
microglia and  astrocytes. The  effect  of
neuroinflammation is considered neuroprotective when
the inflammatory activity is for a shorter period of time
whereas chronic neuroinflammation is associated with
harmful consequences for the CNS. (Allen et al, 1999)
(Boulanger et al, 2001). In the brain, inflammation is
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mediated largely by glia cells, the support cells of the
nervous system. Glial cells include astrocytes, which
support neuronal metabolism, oligodendrocytes which
produce myelin insulation for nerve cdls (alowing
more efficient conduction of nerve impulses), and
microglia, which serve as a kind of immune system.
Glid cdl activation is a key feature of brain
inflammation. When activated, microglia produce
inflammatory mediators that activate more cdlls to
produce additional inflammatory mediators. These
mediators can thus create positive feedback loops,
thereby amplifying inflammation. Brain inflammation,
including increased microglia and astrocyte (Joseph et
al, 2005) activation, generally increases as part of the
aging process and brain inflammation is a key feature of
neurodegenerative diseases, including AD. The immune
system comprises a complex interrelated network of
cellular, molecular, and chemica mediators that
function to protect the body against environmental
stress factors. These stressors can be as diverse as
microorganisms (viral, bacterial, fungal agents),
physical damage (burns, lacerations), or environmental
toxins (snake venoms, nonessential metals, chemicals).
To combat al these stressors, the first line of defenseis
innate or natural immunity. The inflammatory
component of this response is important in recruiting
cells of the immune system to the compromised area,
and cytokines and chemokines mediate this function.
Cytokines orchestrate a specific response that is
appropriate based on the type of foreign antigen that has
penetrated the tissue, and chemokines are important in
allowing cdls of the immune system to reach the area
under attack (Campbell, 2004), some endogenous factor
are response by inhibition proinflammatory gene
expression via negative feedback inhibition (Nadeau
and Rivest, 2003) however, over activation of innate
immunity can lead to neurodegenerative disorders
which is accompaniedby enhanced expression level of
S100B and S100B receptor ,RAGE in neural and
inflammatory and cytokines and chemokines e.g TNF
,IL-1,S100B. have been implicated as etiological factors
in avariety of neurological disease states including AD
(Huell et al, 1995).

Relationship between S100, Interleukin 1,
and Alzheimer Disease:

S100B in Alzheimer Disease:

S-100B proteins, named for their solubility in a 100%
saturated solution of ammonium sulphate a neutral pH
(Sindic et al, 1982). It is belong to a group of closely

related, small, acidic, water-soluble, Ca+ -binding
proteins (Mata et al, 1990) (Zimmer et al, 1995). A
great body of evidence suggests that S-100 could be
viewed as a multifunctional subfamily of Ca2+-binding
proteins of the EF-hand type. A large number of diverse
functions is attributed to S-100 proteins, ranging from
cacium-buffering  through  intracdlular  (eg,
modulation of enzyme activities, energy metabolism,
motility, and secretion cdl proliferation and
differentiation, cytoskeletal assembly and disassembly)
and nuclear (e.g., transcription and apoptosis) functions
to extracdlular activities (eg., secretion, neurite
extension, cacium homeostasis and chemotaxis)
(Donato 1999). S100B, one of the originally described
S100 proteins, is abundantly expressed by central and
peripheral nervous system glia, and to a much lesser
extent, by some populations of neurons (Ichikawa et al,
1997) (Yang et al, 1995) S100B is detected in varying
abundance in a limited number of brain cells including
astrocytes, maturing  oligodendrocytes, neurona
progenitor cells, pituicytes, ependymocytes, and certain
neural populations. Although the mgjority of astrocytic
S100B localizes within the cytoplasm, 5%-7% is
membrane bound. S100B is dso expressed by non-
neural cells, including melanocytes, chondrocytes, and
adipocyte (Donato 1999). increased S100B levels are
also found in the cerebral spina fluid of A.D patients
(Peskind et al, 2001) Astrocytic S100B is considered to
be the mgjor factor contributing to the formation of
dystrophic  neurites, which are pathologically
transformed neurites concentrated around amyloid
plagues (Mrak et al, 2005) (Cairns et al, 1992) AD
neuropathological halmarks include brain deposition of
amyloid-B (AP) peptide as senile plaques, accumulation
of abnormal tau protein filaments as intracelular
neurofibrillary tangles, extensive neuronal degeneration
and loss, profound synaptic loss, and B-amyloid plague
associated astrocytosis and microgliosis (Zhang and
Song 2013) (Selkoe, 2001) S100B release is driven by
the developmental stage of the astrocytes (Van Eldik
and Zimmer, 1987) and metabolic stress (oxygen,
serum, or glucose deprivation) (Gerlach et al,
2006) S100B can also be released in response to
externd gimuli such as glutamate (Ciccarelli et al,
1999) serotonin (Whitaker-Azmitiaet al, 1990) ,the pro-
inflammatory cytokines TNF-alpha (Edwards and
Robinson, 2006) and IL-1beta (de-Souza et al, 2009),
beta-amyloid peptides (Pefia et al, 1995) ,1-methyl- 4-
phenyl 1,2,3, and 6 tetrahydropyridine (MPTP) (luvone
et al, 2007), forskolin, lysophosphatidic acid (Pinto et
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al, 2000) .Local synaptic responses with local
overexpression of the AP precursor protein and local
astrocyte activation with over expression of S100B
might then be responsible in part for the progression of
pathology across brain regions in Alzheimer’s disease.

Interleukin-1:

Interleukin-1 was first described in 1972 as a
lymphocyte activating factor (Gery and Waksman 1972)
and later was shown to exert a variety of effects
including induction of inflammation, body temperature
increase, proliferation of T and B cdlls, induction of
acute phase proteins and prostaglandins and regulation
of hematopoesis. Its activities are not restricted to the
immune system. Interleukin-1 is also involved in the
regulation of blood calcium levels, stimulation of
proliferation of various cdls, regulation of blood
pressure or modulation of deep. However, IL-1
represents one of the most important mediators of the
inflammatory response that induces a cascade of
proinflammatory effector molecules (Sharma 2011).
Interleukin-1 (IL-1) has been implicated in a number of
neurodegenerative conditions and is generally believed
to have neurotoxic actions, although the mechanisms of
these effects are unclear (Zilka 2006). There are two
molecular forms (ILla and IL- IB), that is secreted by
microglia and astrocytes. IL- 1 produced by activated
microglia may trigger production of other cytokines,
such asIL-6, TNF-a by astrocytes and other cells.

Furthermore, IL-1 induces astrocytes and neurons to
produce more B-amyloid which leads to deposition of
amyloid fibrils (Zilka 2006). Through various pathways,
IL- 1 causes neuronal death, which activates more
micrglia, which in tum releases more IL-1 in a sdf-
sustaining and sdf-amplifying fashion. Interleukin-6
(IL-6) is a multifunctional cytokine that stimulates the
acute-phase reaction, which enhances the innate
immune system and protects against tissue damage. 1L-6
is synthetised by microglia, astrocytes, neuronal and
endothdia cells. In certain condition, IL-6 may have
inflammatory or immunosuppressive effects (Klegeris
and McGeer 2005) IL-6 seems to act as a secondary
process amplifying the inflammatory response
initiatedby IL- IB (Lee et al, 1993). Elevated levels of
IL-6 mRNA were demonstrated in the entorhinal cortex
and the superior tempora gyrus of AD patients (Y.-W.
GE and LAHIRI 2002) IL-1 is markedly
overexpressed by activated microglia in Alzheimer’s
disease (Shaftel et al, 2008) and, like activated

astrocytes, these activated microglia show characteristic
patterns of association with different stages of A
neuritic plagues. and enhances production and
processing of (B-amyloid precursor protein (B-APP). A
major inducer of astrocyte activation and S100B
expression is the immunomodulatory cytokine I1L-1
(Giulian et al, 1988) (Sheng et al, 1996). Activated
Microglia overexpressing IL-1, like activated astrocytes
overexpressing S100B, are frequently found in the early
nonfibrillar amyloid deposits of Alzheimer’s disease
(Griffin et al, 1995) (Mackenzie et d, 1995). These
proposed pathogenic mechanisms elevated levels of the
inflammatory cytokine IL-1 drive S100B and B-APP
overexpression and dystrophic neurite formation in
Alzheimer’s disease. interact with other cellular and
molecular factors to form a cytokine cycle of molecular
cascades with feedback amplification of glia activation
and with progressive neuronal injury (Griffin and Mrak
2002) (Mrak and Griffin 2000). In moreover to the
previousy mentioned, S100B-mediated effects on free
calcium levds and on dystrophic neurite formation
within neuritic A plagues, there are other conseguences
of cytokine cycle activation. IL-1 expresson (Mrak
2001). Astrocytic S100B, in turn, i) increases
intracdlular free calcium concentrations, ii) promotes
growth of neurona processes that, coincidentaly,
necessitate further neuronal expression offf-APR
favoring release of neurotoxic B-amyloid; and iii)
induces astrocytic nitric oxide synthase activity with
release of potentially neurotoxic nitric oxide The
resultant neurona cdl dysfunction and death, together
with B-amyloid activation of the classical complement
pathway microglial IL-1 overexpression i) promotes
astrocyte activation and upregulates astrocytic
expression of S100B, ApoE, al-antichymotrypsin and
the complement protein C3; ii) simulates neuronal
synthesis and processing ofp-APP; and iii) has autocrine
effects to activate microglia and to further promote IL-1
expression (Hu and Van Eldik 1999).

Ragein Alzheimer disease:

Non-enzymatic glycosylation theory of aging’ proposed
that the AGE-mediated crosdinking of long-lived
proteins contributes to the age-related decline in the
function of cells and tissues in norma aging (Monnier
and Cerami, 1981), AGEsand S100B are also abundant
in the nervous system, therefore their interaction with
RAGE appears to be implicated not only to the
pathology of amyloid-type disorders, but with other
neurodegenerative disorders such as Huntington’s
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dissase (HD) Parkinson’s disease (PD) and
amyotrophiclateral sclerosis (ALS) (Ma and Nicholson
2004). RAGE expression, apat from neurons,
microglial cells astrocytes in the healthy human brain
(Brett et al, 1993). The involvement of AGES in brain
aging and — in an accelerated fashion — in AD was first
proposed in the mid-1990s (Takeda et al, 2014) The
stability of proteins that congitute the long-lived
intracellular (neurofibrillary tangles and Hirano Bodies)
and extracellularn protein deposits (senile plagues)
suggests that they would be idea substrates for
glycation, a process that occurs over along time, even at
normal levels of glucose, ultimately resulting in the
formation of AGEs. establishing a link between the
expresson of RAGE and the pathophysiological
changes in AD, showed that extracellular deposition of
AP and its interaction with the brain vasculature or
directly with neurons and microglia, lead to
neuronaldysfunction. The latter dysfunction was
mediated by RAGE in a dose dependent manner and
moreover, binding of AR to RAGE generated oxidative
stress, activation of NF-kB and induced expression of
macrophage-colony  stimulating  factor  (M-CSF)
(Onyango et al, 2005). AGE harmless post-trand ational
protein modification; various pathophysiological effects
have been found at the cellular and molecular level. One
of the proposed mechanisms of AGE-induced damage
are reactive oxygen species (ROS), particularly
superoxide and hydrogen peroxide released by AGEs
(Guglielmotto et al, 2010). The activation of microglial
RAGE by many of its ligands, including AGEs andAp,
resultsin the release of proinflammatory mediators such
as free radicas and cytokines (Guglielmotto et al,
2005). Additionaly, in astrocytes of AD brain, epitopes
of AB, AGEs and RAGE were found to co-localize,
suggesting a potential participation in the pathogenesis
of the disease (Sasaki et al, 2001), microglia had
increased expression levels of IL-1 and TNF-a,
suggesting an inverse correlation between cytokine
production and AR clearance. These data indicate that,
athough early microglial recruitment promotes
Apclearance and is neuroprotective in AD, as the
disease progresses, proinflammatory cytokines are
produced in response to APdeposition (with RAGE as
the A B-binding receptor), which then downregulate
genes involved in A [ clearance and promote AP
accumulation. Microglia may thus contribute to plague
formation, accumulation of AGES on plaques over time,
more intense crossinking, inflammation and chronic
neurodegeneration. As S100 proteins and especialy

S100B are abundantly expressed in the nervous system,
Huttunen and his coworkers initially suggested that
RAGE, already known to interact with AP, can also
mediate neurotoxicity due to elevated levels of S100B,
shedding new light on studies of the molecular
pathophysiology of AD (Sindic et al, 1982). S100B
stimulated NF-kB transcriptional activity in microgliain
a manner that was drictly dependent on RAGE,
therefore pointing to additiona RAGE-mediated effects
on microglia activation withimpact in AD and other
neurodegenerative disorders (Adami et al, 2004).

Conclusion and per spective:

In order for the human nervous system to operate
normally, astrocytes are essential. They also play a
crucid role in neurodegenerative illnesses and
coordinate many of the first and ongoing astrocyte
responses to injury. Certain neurological illnesses
primarily involve astroglial cells, Astrocytes control
synaptic transmission and plasticity, safeguard neurons
from harmful substances, and provide metabolic support
for neurons to guarantee their proper operaion. By
providing growth factors and cytokines chemokines and
IL-lo. adtrocytes are involved in al types of
neurodegenerative processes, and display prominent
remoddling in the AD; early dystrophic changes in
astroglia can represent an important step in initiation
and progression of Alzheimer’s disease. Targeting of
astroglia may provide a new principle for treatment of
AD at the early stages of the disease.
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