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التعريف بالمجلة
تعنى المجلة بنشر البحوث والدراسات العلمية الأصيلة في مجال العلوم الأساسية والتطبيقية، باللغتين العربية والإنجليزية، كما 
تهتم بنشر جميع ما له علاقة بعرض الكتب ومراجعتها أو ترجمتها، وملخصات الرسائل العلمية، وتقارير المؤتمرات والندوات 

العلمية، وتصدر مرتين في السنة )مايو ـ نوفمبر(.

الرؤية
الريادة في نشر البحوث العلمية المحكمة، وتصنيف المجلة ضمن أشهر الدوريات العلمية العالمية.

الرسالة
نشر البحوث العلمية المحكمة في مجال العلوم الأساسية والتطبيقية وفق معايير عالمية متميزة.

أهداف المجلة

شروط قبول البحث
1(   الأصالة والابتكار وسلامة المنهج والاتجاه.

2(   الالتزام بالمناهج والأدوات والوسائل العلمية المتبعة في مجاله.
الدقة في التوثيق والمصادر والمراجع والتخريج.  )3

سلامة اللغة.  )4
أن يكون البحث غير منشور أو مقدم للنشر في أي مكان آخر.  )5

6(   أن يكون البحث المستل من الرسائل العلمية غير منشور أو مقدم للنشر، وأن يشير الباحث إلى أنه مستلٌ.

أن تكون المجلة مرجعًا علميًا للباحثين في العلوم الأساسية والتطبيقية.
تلبية حاجة الباحثين إلى نشر بحوثهم العلمية، وإبراز مجهوداتهم البحثية على المستويات المحلية والإقليمية والعالمية.

المشاركة في بناء مجتمع المعرفة بنشر البحوث الرصينة التي تؤدي إلى تنمية المجتمع.
تغطية أعمال المؤتمرات العلمية المحكمة.  
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شروط النشر

أولًا:   ضوابط النص المقدم للنشر
.)A4( صفحة من القطع العادي )ألا تزيد صفحاته عن )35  )1

أن يحتوي على عنوان البحث وملخصه باللغتين العربية والإنجليزية في صفحةٍ واحدةٍ، بحيث لا يزيد عن )250( كلمة   )2
للملخص، وأن يتضمن البحث كلمات مفتاحيةٍ دالةٍ على التخصص الدقيق للبحث باللغتين، بحيث لا يتجاوز عددها )6( 

كلمات، توضع بعد نهاية كل ملخص. 
أن يذكر اسم المؤلف وجهة عمله بعد عنوان البحث مباشرة باللغتين العربية والإنجليزية.   )3

أن تقدم البحوث العربية مطبوعة بخط )Simplified Arabic(، بحجم )14( للنصوص في المتن، وبالخط نفسه بحجم )12(   )4
للهوامش.

أن تقدم البحوث الإنجليزية مطبوعة بخط )Times New Roman( بحجم )12( للنصوص في المتن، وبالخط نفسه بحجم   )5
)9( للهوامش.

2.5 سم على  الحواشي  السطور، وتكون  ترك مسافة سطر واحد بين  الصفحة، مع  البحث على وجه واحد من  كتابة   )6
الجوانب الأربعة للصفحة، بما يعادل 1.00 إنش )بوصة(.

التزام الترتيب الموضوعي الآتي:   )7
       المقدمـــة: تكون دالة على موضوع البحث، والهدف منه، ومنسجمة مع ما يَرِدُ في البحث  من معلومات وأفكار وحقائق 

علمية، كما تشير باختصار إلى مشكلة البحث، وأهمية الدراسات السابقة. 
         العـرض: يتضمـن التفاصيـل الأساسـية لمنهجيـة البحـث، والأدوات والطـرق التـي تخـدم  الهدف، وترتب المعلومات حسـب 

أولويتها. 
        النتائج والمناقشة: يجب أن تكون واضحة موجزة، مع بيان دلالاتها دون تكرار. 

        الخاتمة: تتضمن تلخيصًا موجزًا للموضوع، وما توصل إليه الباحث من نتائج، مع ذكر التوصيات والمقترحات.
أن تدرج الرسوم البيانية والأشكال التوضيحية في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها والملاحظات التوضيحية   )8

أسفلها.
أن تدرج الجداول في النص، وترقم ترقيماً متسلسلًا، وتكتب أسماؤها أعلاها، وأما الملاحظات التوضيحية فتكتب أسفل   )9

الجدول.
ألا توضع الهوامش أسفل الصفحة إلا عند الضرورة فقط، ويشار إليها برقم أو نجمة، ويكون الخط فيها بحجم )12(   )10

للعربي و )9( للإنجليزي.
لا تنشر المجلة أدوات البحث والقياس، وتقوم بحذفها عند طباعة المجلة.  )11

والتاريخ  الاسم  ذكر  يعتمـد  نظام  وهـــو   ،)APA( نظام  النص  داخل  والمراجـــع  المصــادر  توثيق  منهج  في  يُراعى  أن   )12
)name/year( داخل المتن، ولا يقبل نظام ترقيم المراجع داخل النص مع وضع الحاشية أسفل الصفحة، وتوضع المصادر 
والمراجع داخل المتن بين قوسين حسب الأمثلة الآتية: يذكر اسم عائلة المؤلف متبوعا بفاصلة، فسنة النشر، مثلا: )مجاهد، 
1988م(. وفي حالة الاقتباس المباشر يضاف رقم الصفحة مباشرة بعد تاريخ النشـر مثلا: )خيري، 1985م، ص:33(. أما 
إذا كان للمصدر مؤلفان فيذكران مع اتباع الخطوات السابقة مثلا: )الفالح وعياش، 1424هـ(. وفي حالة وجود أكثر من 
مؤلفين فتذكر أسماء عوائلهم أول مرة، مثلا: )مجاهد والعودات والشيخ، 1408هـ(، وإذا تكرر الاقتباس من المصدر نفسه 
فيشار إلى اسم عائلة المؤلف الأول فقط، ويكتب بعده وآخرون مثل: )مجاهد وآخرون، 1408هــ(، على أن تكتب معلومات 

النشر كاملة في قائمة المصادر والمراجع.
تخرج الأحاديث والآثار على النحو الآتي:  )13

      )صحيح البخاري، ج:1، ص: 5، رقم الحديث 511(.
توضع قائمة المصادر والمراجع في نهاية البحث مرتبة ترتيباً هجائياً حسب اسم العائلة، ووفق نظام جمعية علم النفس   )14
الأمريكية )APA( الإصدار السادس، وبحجم )12( للعربي و)9( للإنجليزي، وترتب البيانات الببليوغرافية على النحو 

الآتي: 
        •     الاقتباس من كتاب لمؤلف واحد:

الخوجلي، أحمد. )2004م(. مبادئ فيزياء الجوامدمبادئ فيزياء الجوامد. الخرطوم، السودان: عزة للنشر والتوزيع.



        •     الاقتباس من كتاب لأكثر من مؤلف: 
الرياض،  للتعليم والتعلم.  التعليمية  للتعليم والتعلمالتقنية  التعليمية  التقنية  )1434هـ/2013م(.  نيوباي، تيموثي؛ ستيبتش، دونالد؛ راس، جيمس.   

المملكة العربية السعودية: دار جامعة الملك سعود للنشر.
        •     الاقتباس من دورية: 

النافع، عبداللطيف حمود. )1427هــ(. أثر قيادة السيارات خارج الطرق المعبدة في الغطاء النباتي بالمنتزهات البرية: 
دارسة في حماية البيئة، في وسط المملكة العربية السعودية. المجلة السعودية في علوم الحياةالمجلة السعودية في علوم الحياة، 14)1(، 72-53.

        •     الاقتباس من رسالة ماجستير أو دكتوراه: 
القاضي، إيمان عبدلله. )1429هـ(. النباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقيةالنباتات الطبيعية للبيئة الساحلية بين رأسي تنورة والملوح بالمنطقة الشرقية: 
دراسة في الجغرافيا النباتية وحماية البيئة. رسالة دكتواره غير منشورة، كلية الآداب للبنات، الدمام، المملكة العربية 

السعودية: جامعة الملك فيصل. 
        •     الاقتباس من الشبكة العنكبوتية (الإنترنت(:  

              - الاقتباس من كتاب: 
ــي  ــرِّف  الرقمـ ــي. المعـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــيتقييـ ــم العالـ ــات التعليـ ــي مؤسسـ ــم الأداء فـ ــي، م.ف. )2010م(. تقييـ ــي، م.ر. و المدنـ المزروعــــــــــــ
)DOI:10.xxxx/xxxx-xxxxxxxx-x(، أو برتوكـــول نقـــل النصـــوص التشـــعبي )...http://www(، أو الرقـــم المعيـــاري 

الدولـــي للكتاب  
                - الاقتباس من مقالة في دورية: 

المدني، م.ف. )2014(. مفهوم الحــوار في تقريب وجهات النظر. المجلة البريطانية لتكنولوجيا التعليمالمجلة البريطانية لتكنولوجيا التعليم، 11)6(، 
 )http://أو برتوكول نقل النصوص التشعبي )DOI:10.xxxx/xxxx-xxxxxxxx-x( 225-260. المعرِّف الرقمي
 )ISSN: 1467 - أو الرقم المعياري التسلسلي الدولي للمجلة ،onlinelibrary.wiley.com/journal/10.1111(

 .8535(
يلتزم الباحث بترجمة )أو رومنة( أسماء المصادر والمراجع العربية إلى اللغة الإنجليزية في قائمة المصادر والمراجع. 

وعلى سبيل المثال: 
الجبر، سليمان. )1991م(. تقويم طرق تدريس الجغرافيا ومدى اختلافها باختلاف خبرات المدرسين وجنسياتهم 
وتخصصاتهم في المرحلة المتوسطة بالمملكة العربية السعودية. مجلة جامعة الملك سعودمجلة جامعة الملك سعود-- العلوم التربوية العلوم التربوية، 3)1(، 

 .170-143
Al-Gabr, S. )1991(. The Evaluation of Geography Instruction and the Variety of its Teaching 
Concerning the Experience, Nationality, and the Field of Study in Intermediate Schools in Saudi 
Arabia )in Arabic(. Journal of King Saud University- Educational Sciences, 3)1(, 143-170.

16(  تستخدم الأرقام العربية الأصلية )0، 1، 2، 3، ...( في البحث.
تؤول جميع حقوق النشر للمجلة في حال إرسال البحث للتحكيم وقبوله للنشر.   )17

ثانيـاً: الأشياء المطلوب تسليمها 
نسخة إلكترونية من البحث بصيغتي )WORD( و )PDF(، وترسلان على البريد الإلكتروني الآتي:   )1

s.journal@nbu.edu.sa  &&  s.journal.nbu@gmail.com
السيرة الذاتية للباحث، متضمنة اسمه باللغتين العربية والإنجليزية، وعنوان البريد الإلكتروني الحالي، ورتبته العلمية.   )2

تعبئة النماذج الآتية:   )3
نموذج طلب نشر بحث في المجلة. أ   - 

نموذج تعهد بأن البحث غير منشور أو مقدم للنشر في مكان آخر. ب  - 

ثالثاً: تنبيهات عامة
أصول البحث التي تصل إلى المجلة لا تردّ سواء أَنُشِرَتْ أم لم تنشر.  )1

الآراء الواردة في البحوث المنشورة تعبر عن وجهة نظر أصحابها.   )2

)ISBN : 000-0- 00 - 000000-0(

)15
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المحتويات
الأبحاث العربية

 
تأثيـــر هرمـــون الميلاتونـــن المفـــرز ذاتيـــا تحـــت تأثيـــر الإضـــاءة المتناوبـــة والمكثفـــة 

علـــى أنســـجة الخصيـــة لـــدى ذكـــور الهامســـتر
  دخيل لله أحمد المالكي

الأبحاث الإنجليزية

الصمغ العربي )أشجار الاكاشيا(: دراسة مرجعية
نهـــى محمـــد الحســـن ســـاتي، فاطمـــة عبـــدلله محمـــد أحمـــــــد، عبدالحكيـــم بوادقجـــــــــي &  شـــرف الديـــن 

حســـن الطاهـــر

ـــل  ـــن باســـتخدام التحلي ـــدي والمركـــب الهجي ـــدوران التقلي ـــم لأداء عمـــود ال نمذجـــة وتصمي
العـــددي

إبراهيم المشيخي

تطبيـــق صـــور لاندســـات 8- والبيانـــات الطيفيـــة الجويـــة لأشـــعة جامـــا لرســـم 
الخرائـــط الصخريـــة لمنطقـــة جبـــل نقـــارة، وســـط الصحـــراء الشـــرقية، مصـــر

إسماعيل محمد عبد الغني

التقريـــب بطريقـــة نقطـــة الســـرج Saddlepoint لتركيبـــة خطيـــة مـــن متغيـــرات مربـــع 
توزيـــع كاي المســـتقلة

علياء المطيري



الأبحاث باللغة العربية
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تأثيـر هرمـون الميلاتونيـن المفـرز ذاتيـا تحـت تأثيـر الإضـاءة المتناوبـة 
والمكثفـة علـى أنسـجة الخصيـة لـدى ذكـور الهامسـتر

  دخيل الله أحمد المالكي*1

 )قدم للنشر في  1440/08/10هـ؛ وقبل للنشر في 1441/06/26هـ(

ــون  ــع هرم ــة، وتصني ــة المحيط ــن البيئ ــة م ــة المكثف ــرة الضوئي ــن للفت ــرض الكائ ــن تع ــة بي ــى العلاق ــرف عل ــم التع ــد ت ملخــص: لق
الميلاتونيــن مــن قِبــل الغــدة الصنوبريــة، وتأثيــر هــذه العلاقــة علــى الكفــاءة التناســلية لذكــور الحيــوان المخبــري )الهامســتر(، وذلــك 
مِــن خــلال دراســة نســيجية وقياســات كميــة لبعــض أعضــاء التناســل لحيوانــات الدراســة قبــل البلــوغ الجنســي، وكذلــك خــلال فترتيــن 
مــن الإضــاءة المتناوبــة، متعادلــة وطويلــة مكثفــة. وتبيــن أن التعريــض للفتــرات الضوئيــة الطويلــة المكثفــة لــه تأثيــر فــي زيــادة وزن 
الجســم، ولــه تأثيــر علــى الجهــاز التناســلي الذكــري وبنيتــه النســيجية وكذلــك اتســاع تجويــف الأنيببــات المنويــة وضخامــة فــي خلايــا 
ســيرتولي، بالإضافــة إلــى تبــدل شــكل الخلايــا الخلاليــة إلــى الشــكل المغزلــي، وزيــادة تجويــف القنــاة الناقلــة للنطــاف، وقلــة ســماكة 
ــاز  ــى وزن الجســم وحجــم الجه ــط عل ــر مثب ــة ذات تأثي ــرة المتعادل ــرات الإضــاءة القصي ــض لفت ــا كان التعري ــة. بينم ــة العضلي الطبق
التناســلي الذكــري، الــذي تمثــل بضمــور فــي الخصيــة ونقــص فــي الأبعــاد والــوزن إضافــة للتأثيــر المثبــط علــى البنيــة النســيجية. حيــث 
بــدا ذلــك واضحــاً لــدى أفــراد المجموعــة المعاملــة؛ فقــد ظهــر هنــاك تأثيــر واضــح علــى البنيــة النســيجية وتضيــق لتجويــف الأنيببــات 
والقنــاة البربخيــة، وكذلــك القنــاة الناقلــة للنطــاف، وتســبب أيضــاً فــي اختفــاء الخلايــا المنويــة أحاديــة الصيغــة الصبغيــة، وصغــر حجــم 

خلايــا ســيرتولي والخلايــا الخلاليــة وزيــادة ســماكة الطبقــة العضليــة.

كلمات مفتاحية: الميلاتونين، الإضاءة المكثفة، نسيج الخصية، ذكور الهامستر.

 للمراسلة:
أســـتاذ مســـاعد،  قســـم الأحيـــاء، كليـــة العلـــوم والآداب بقلـــوة، جامعـــة الباحـــة، الرمـــز البريـــدي 65335، 

ص.ب. 9555، قلـــوة، المملكـــة العربيـــة الســـعودية.

DOI: 10.12816/0055069 

e-mail: daalmalki@bu.edu.sa

 )1(

jnbas.nbu.edu.sa

. JNBAS ©1658-7022.1441هـ /2020م(. نشر بواسطة جامعة  الحدود الشمالية. جميع الحقوق محفوظة(

المملكة العربية  السعودية
(NBU) جامعة الحدود الشمالية

  (JNBAS) مجلة الشمال للعلوم الأساسية والتطبيقية
طباعـــة ـ ردمد: 7022-1658 / الكتروني ـ ردمد: 1658-7014

www.nbu.edu.sa
http://jnbas.nbu.edu.sa

))55(( ــد  ــل ــج الم
))11(( ــدد  ــعـ الـ

مايـــو
20202020

شعبــان
14411441هـ

مجلـة الشمـالمجلـة الشمـال
للعلــــــوم

 الأساسية والتطبيقية

جامعة الحدود الشمالية
www.nbu.edu.sa & jnbas.nbu.edu.sa

دورية علمية محكمة

Journal of the North
for Basic and 

Applied Sciences

Peer-Reviewed Scientific Journal

Northern Border University
www.nbu.edu.sa & jnbas.nbu.edu.sa

طباعـــة ـ ردمـد: 1658-7022
إلكتروني ـ ردمد: 1658-7014

p- ISSN: 1658 - 7022
e- ISSN: 1658 - 7014

Volume )5(Volume )5(

Issue )1(Issue )1(

MayMay

20202020

shabanshaban

1441 H1441 H

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

  1
44

1
14

41
 ) )

11(
د 

عد
 ال

)
( 

دد
لع

( ا
55(

د 
جل

لم
- ا

ة 
يقي

طب
الت

 و
ية

اس
لأس

م ا
لو

لع
ل ل

ما
لش

ة ا
جل

م
( 

لد
مج

 ال
- 

ية
بيق

ط
الت

 و
ية

اس
لأس

م ا
لو

لع
ل ل

ما
لش

ة ا
جل

م
Jo

ur
na

l o
f t

he
 N

or
th

 fo
r 

B
as

ic
 a

nd
 A

pp
lie

d 
S

ci
en

ce
s 

Vo
lu

m
e 

(5
) I

ss
ue

 (1
)  

20
20

Jo
ur

na
l o

f t
he

 N
or

th
 fo

r 
B

as
ic

 a
nd

 A
pp

lie
d 

S
ci

en
ce

s 
Vo

lu
m

e 
(5

) I
ss

ue
 (1

)  
20

20

55)1()1(

)JNBAS(،مجلة الشمال للعلوم الأساسية والتطبيقية                   )1441هـ/2020م(، المجلد )5(، العدد )JNBAS(14 - 3 ،)1(،مجلة الشمال للعلوم الأساسية والتطبيقية،                 )1440هـ /2019م(. المجلد )4(، العدد )2(، 107-98



4

  دخيل الله احمد المالكي: تأثير هرمون الميلاتونين المفرز ذاتيا تحت تأثير الإضاءة المتناوبة والمكثفة على أنسجة الخصية لدى ذكور الهامستر

The effect of self-secreted melatonin hormone under alternating 
and intense light on testicular tissue in male hamsters

Daklallah Ahmed Almalki*1

 (Received 16/04/2019; Accepted 20/02/2020)

Abstract: This research study was undertaken to determine the relationship between exposure to the intense 
light of the environment near an organism and melatonin secretion of the pineal gland, as well as its effect on 
the reproductive efficiency of male hamsters. It was conducted through a histological and quantitative study 
of the sexual age )pre-puberty( of the hamsters during two periods of alternating long and intense lighting. 
The study showed that exposure to prolonged intense lighting periods had an effect on body weight, the male 
reproductive system, its tissue structure, the amplitude of the seminal bulb, large in Sertoli cells,  and that 
it changed the form of the interstitial cells to spindle shape, increased the cavity of the channel conveying 
the sperm, and thickness of the muscle layer. On the other hand, exposure to short lighting periods had 
an inhibitory effect on body weight and size of the male reproductive system, atrophy in the testes, lack 
of dimensions, weight loss, and an inhibitory effect on the structure of the tissue. It was clear that treated 
hamsters had an effect on the structure of the tissue, narrowing of the tubes and the epidermis, and the channel 
of the sperm. This caused the disappearance of sperm haploid cells, smaller sized Sertoli and interstitial cells, 
as well as an increase in the thickness of the muscle layer.

Keywords: Melatonin, Light, Testicular tissue, Male hamsters
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)JNBAS(،مجلة الشمال للعلوم الأساسية والتطبيقية                   )1441هـ/2020م(، المجلد )5(، العدد )1(، 14-3

ــة  ــتقبلات ضوئي ــون مس ــن أن تك ــي يمك ــة الت ــتقبلات الضوئي المس
 ،)Hattenhaver, 1986( خــارج شــبكية العيــن لــدى الفقاريــات
مــن خــلال توســط الغــدة الصنوبريــة كبنيــة مســاعدة وكأنهــا 
عيــن ثالثــة، أو مــن خــلال توســط مســتقبلات ضوئيــة جلديــة 
 )Smith, ــات ــر البالغــة مــن الزواحــف والبرمائي ــراد غي ــد الأف عن
.)1977 أو قــد يكــون هنــاك مســتقبلات ضوئيــة توجــد فــي شــبكية 
ــن  ــر جملتي ــل( عب ــر )المناس ــو المتأث ــوء للعض ــل الض ــن تنق العي
)Interme-  عصبيتيــن هرمونيتيــن، بــدون وجــود عنصــر وســيط

)diate organ وذلــك حســب النظــام الضوئــي العصبــي الهرمونــي 
ــدة  ــو الغ ــيط ه ــر وس ــلال عنص ــن خ ــى، أو م ــة الأول ــن المرتب م
ــة  ــه الضوئــي، مــن منطق ــة، التــي يصلهــا جــزء مــن التنبي النخامي
تحــت الســرير البصــري قادمــاً مــن الغــدة الصنوبريــة عبر المســلك 
 )Hypothalamus – Hypophyse النخامــي  الســريري  تحــت 
)System، وبالتالــي حســب النظــام الضوئــي العصبــي الهرمونــي 
)Cur-  مــن المرتبــة الثانيــة، كمــا هــو عنــد الطيــور والثدييــات

ــة هــي الجــزء المركــزي المتفاعــل  )tis, 1981. فالغــدة الصنوبري
ــة التــي تأتيهــا مــن شــبكية العيــن فتــرد عليهــا  مــع الفتــرة الضوئي
بفعــل هرمونــي، وذلــك مــن خــلال إفرازهــا لهرمــون الميلاتونيــن 
الفقاريــات جســم  فــي  الحيويــة  الإيقاعــات  علــى   المشــرف 

 )Goldman, 1983 ; Stetson & Watson-Whitmyre, 1986 ;
)Shaw & Goldman, 1995، ومــن الملاحــظ أن اســتئصال الغــدة 
الصنوبريــة عنــد الفقاريــات الدنيــا يــؤدي إلــى زوال تلــك التأثيــرات 
باســتثناء بعــض الأنــواع )Filadelfi & Castrilicci, 1996(، وهذا 
ــو  ــن ه ــو أن الميلاتوني ــئ وه ــاد الخاط ــى الاعتق ــابقاً إل ــاد س ــا ق م
 )Pévet, Balemans, Legerstee, هرمــون الغــدة الصنوبرية فقــط
)Vivien-Roels, 1980 &، إلا أنــه تبيــن فيمــا بعــد أن اســتئصالها 
والهامســتر  كالجــرذ  القــوارض،  الســلمون وعنــد  عنــد ســمك 
لا يلغــي وجــوده )Ozaki, & Lynch, 1976( ويصبــح تركيــزه 
ــزه  ــزداد تركي ــل )Russell, Charles, & Iain , 1972( ي ــدم أق بال
 )Kennaway, Matthews, Seamark, Phillipou, ــام ــد الأغن عن
ــى وجــود مصــادر أخــرى  ــا يوحــي إل )Schilthuis, 1977 & مم
ــه  ــي الأبحــاث وجــد أن ــع وإفــراز هــذا الهرمــون، ومــع تتال لتصني
)Alonso-Gómez, Valencia- ــن ــبكية العي ــي ش ــه ف ــم تصنيع  يت

)no, Alonso-Bedate, & Delgado, 2000 وفــي غــدة هــاردر 
الموجــودة داخــل حِجــاج العيــن عنــد الحيوانــات ذات الغشــاء 
 )Balemanas, Bray, Benthem, & Legerstee, الرامــش 
)1980، كمــا تبيــن أيضــاً أن لهــذا الهرمــون تأثيــراً مباشــراً علــى 
الغــدد التــي تصنعــه أولاً، كالغــدة الصنوبريــة والشــبكية والأمعــاء 

1. مقدمة

ــه  ــم أهميت ــة رغ ــن الدراس ــه م ــن حق ــون الميلاتوني ــطَ هرم ــم يعُ ل
ــوغ  ــاءة التناســلية وتأخيــر ســن البل ــى الكف ــرة فــي التأثيــر عل الكبي
عنــد جميــع الحيوانــات الراقيــة وعلــى الإنســان تحديــداً. فكثيــر مــن 
ــد الضــوء  ــن الحــي، ويعُ ــاة الكائ ــى حي ــر عل ــة تؤث ــل البيئي العوام
مــن أهمهــا لمِــا لــه مــن دور بالــغ فــي تنظيــم العديــد مــن الوظائــف 
 Pineal الحيويــة فــي الجســم، وأهمهــا إفــرازات الغــدة الصنوبريــة
 Gland، وتقــع هــذه الغــدة فــي ســقف البطيــن الثالــث علــى الوجــه 
ــي للإنســان(  ــوان أو الخلف ــوي للحي ــاغ )الوجــه العل ــري للدم الظه
الميلاتونيــــــن  )Melatonin( وهــو  تفُــــــرز هرمــون  والتــي 
الهرمــون الموجــود عنــد كل الكائنــات الحيــة البدائيــة والمتطــورة 
بتركيــب واحــد، وفــق نظــام واحــد فــي الإفــراز. حيــث يفُــرز فــي 
الليــل ويختفــي فــي النهــار، ويعتبــر مــن أكثــر المــواد فعاليــة فــي 
المحافظــة علــى صحــة جســم الإنســان مــن خــلال مقاومــة الجراثيــم 
والفيروســات، وتحســينه لنوعيــة النــوم ومقاومــة الأرق، والوقايــة 
مــن الســرطان، ويعتبــر الضــوء العامــل البيئــي المحــدد للإفــرازات 
ــر  ــي تؤث ــة والت ــة مــن الغــدة الصنوبري ــة اليومي ــة الدوري الهرموني
علــى ســلوك وتكاثــر الكائــن الحي بشــكل عــام، والحيــوان موضوع 
الدراســة )الهامســتر( بشــكل خــاص، لدراســة تحكم الفتــرة الضوئية 
بالتكاثــر )Pévet, 1988(، إلاَّ أن هنــاك عوامــل داخليــة وخارجيــة 
ــي  ــلاف الوراث ــل الاخت ــة، مث ــرة الضوئي ــر الفت ــع تأثي ــترك م تش
 ،)Dark, Zucker, & Wade, 1983( ضمــن ســلالة النــوع الواحــد
النــوع )Stetson & Whitmyre, 1986( وتغيــرات  واختــلاف 
 )Wood & Coolen, ــر ــم التكاث ــلال موس ــيولوجية خ ــة الفس الحال
)1997 وكذلــك العمــر، حيــث تنقــل الأم معلومــات الفتــرة الضوئيــة 
إلــى أجنتهــا )Shaw & Goldman, 1995(، أمــا بعــد الــولادة فــلا 
ــن مــن  ــة خــلال الأســبوعين الأولي ــرة الضوئي ــد بالفت ــر الموالي تتأث
  )Stetson & Whitmyre, العمــر، ولا حتــى بهرمــون الميلاتونيــن
)1986، فــي حيــن تبــدأ هــذه المواليــد بالتأثــر منــذ الأســبوع الثالــث 
 )Rollag, Dipinto, & Stetson, 1982 ; Idell & El- رمــن العمــ
)hag, 2015، ونجــد العديــد مــن العوامــل خارجيــة المنشــأ كنوعيــة 
وكميــة الغــذاء ومــاء الشــرب والتــي تشــترك مــع أثــر الفتــرة 
  )Ibuka & Fukumura,الضوئيــة علــى الجهــاز التناســلي للحيــوان
)1997 و )Idell, 2017(، كمــا أن للطبيعــة الفيزيائيــة للضــوء أثــراً 
  )Hut, Scheper, & Daan, فــي فســيولوجية الغــدة الصنوبريــة
)2000، وأن لضــوء القمــر تأثيــراً أيضــاً علــى حيــوان الهامســــتر 
تتنــوع  أنــه  حيــث   .)Brainard, Vaughan, & Reiter, 1986(
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ــاً  ــرز طبيعي ــن المف ــون الميلاتوني ــر هرم ــذه الدراســة حــول تأثي ه
مــن الغــدة الصنوبريــة وذلــك عنــد التأثيــر عليهــا مــن خــلال التحكــم 
ــي،  ــط الضوئ ــض( أو التثبي ــة )التحري ــاءة الخارجي ــرات الإض بفت
)Me� رعلــى أنســجة الجهــاز التناســلي الذكــري لحيــوان الهامســت
ــوغ  ــرة البل ــل فت )socricetus auratus Whaterhouse, 1839 قب
بهــدف الوقــوف علــى الكفــاءة التناســلية ومــدى التأثيــر الحاصــل.

2. مواد وطرق البحث:

الهامســتر  حيــوان  مــن  أفــراد  علــى  البحــث  إجــراء  تــم 
)Mesocricetus auratus Whaterhouse, 1839( الــذي 
ــذا  ــراد ه ــوب، إلا أن أف ــو الحب ــي ه ــذاؤه الرئيس ــأن غ ــز ب يتمي
الحيــوان هــي آكلــة كل شــيء )Omnivorous( حيــث تتغــذى 
علــى الخضــار والبــذور والفواكــه واللحــوم، وتحتــاج نســبياً 
لكميــات كبيــرة مــن ميــاه الشــرب )منــلا و علــي، 2001(، 
ويتميــز الهامســتر بســرعة تكاثــره إذ تلــد الإنــاث مــرة كل شــهر 
ــد مــن  ــوم، وعــدد الموالي ــراوح مــدة الحمــل مــن  16–22 ي وتت
4-15 فــرد، وتمتلــك الإنــاث مــن 4–16 حلمــة ثدييــة مــن أجــل 
الإرضــاع )Craficroma, 1986(، كمــا ويتصــف الهامســتر بأنــه 
حيــوان ليلــي النشــاط يعيــش فــي جحــور مــن عــدة غــرف ذات 
فوهــة واحــدة، ويبلــغ متوســط عمقهــا حوالــي متــر واحــد وتكــون 
ــراد  ــأ الأف ــة، تم ــاث مجتمع ــش الإن ــا تعي ــردة بينم ــور منف الذك
أكياســها الوجنيــة بالحبــوب مــن الحقــول وتنقلهــا إلــى أوكارهــا، 
ومــع ذلــك فــإن أضــرار هــذا الحيــوان لا تذكــر ولــه عــدة فوائــد 
تتمثــل فــي التهامــه الحشــرات وأنــواع الفئــران الصغيــرة كفــأر 

الحقــل )الأحمــدي والحســيني، 1987(.

والوضع التصنيفي لهذا الحيوان هو الآتي:

 )Shiraishi, Otsuki, Tase, & Okuaki, 1998(وغــدة هــاردر
 )Merle, Delagrange, Renard, و )قاســم و بصــل، 1999( و
)Lesieur, Cuber, Roche, & Pellissier, 2000 ومــن ثــم تأثيــره 
 )Fly- يعلــى أعضــاء أخــرى فــي الجســم ومنهــا الجهــاز التكاثــر
)nn, Freeman, Zucker, & Prendergast, 2000، وبالرغــم 
مــن أن تصنيعــه وإفــرازه يتــم فــي مناطــق عــدة مــن الجســم إلا أن 
الدراســات تؤكــد أن الغــدة الصنوبريــة تحظــى بالــدور الأهــم، حيث 
تملــك هــذه الغــدة خلايــا حساســة للضــوء ذات طبيعــة إفرازيــة تفرز 
Pep- ،والثانيــة Indoleamines  مجموعتيــن مــن المــواد إحداهمــا
tides، ويتــم تصنيــع هرمــون الميلاتونيــن مــن المجموعــة الأولــى. 
وتــم التأكــد مــن أن تصنيعــه يتــم مــن المنطقــة العميقــة مــن الغــدة 
الصنوبريــة )Pévet et al., 1980(، حيــث يتــم تصنيعــه بشــكل 
ــرة  ــات كبي ــد كمي ــك تولي ــب ذل ــة الظــلام، ويتطل ــد بداي ــي وبع يوم
ــة الإســتقلابية  ــادة الفعالي ــك زي ــى ذل ــل عل ــات، والدلي مــن البروتين
)Ribelay- ــات ــل الإنزيم ــة، ونشــاط عم ــدة الصنوبري ــا الغ  لخلاي
)ga, Pévet, & Simonneaux, 1998، وقــد بينــت دراســات عــدة 
أن تعريــض الحيوانــات إلــى فتــرات ضوئيــة طويلــة، يســبب نمــواً 
)Pelís̆ek, Ko- ــري ــا التكاث ــي جهازه ــراً ف ــاطاً كبي ــاً ونش  واضح
)sar̆, & Vanĕc̆ek, 1994 و )عــدل، 2007 ؛ 2017(، وذلــك عنــد 
المقارنــة مــع تعريــض الحيوانــات لفتــرة ضوئيــة متعادلــة، وكمــا 
أظهــرت الدراســات أهميــة أثــر هرمــون الميلاتونيــن علــى أنســجة 
ــة النســيجية  ــدى الهامســتر مــن الناحي الجهــاز التناســلي الذكــري ل
  )Donham, Goodear, & Stetson, 1996 وقبــل البلــوغ الجنســي
ــر  ــة لتأثي ــات المرجعي ــلال الدراس ــن خ ــد م )Idell, 2017 ;. ونج
عامــل الضــوء علــى الإيقاعــات الحيويــة اليوميــة فــي الجســم وعلى 
ــة ولا  ــزال قليل ــا ت ــوغ، م ــد البل ــل وبع ــا قب ــة م ــي مرحل ــر ف التكاث
تعطينــا إجابــات عــن كثيــر مــن التســاؤلات، وبالتالــي تكمــن أهميــة 

Phylum: Chordataشعبة الحبليات

Class: Mammaliaصف الثدييات

Order: Rodentiaرتبة القوارض

Suborder: Simplicindentataتحت رتبة ذوات الأسنان البسيطة

Family: Cricetidae فصيلة القداديات )ذوات الكيس الوجني(

Sub–Family: Cricetinaeتحت فصيلة القداديات 

Genus: Mesocricetusجنس الهامستر

Species: Mesocricetus auratus Whaterhouse 1839نوع الهامستر الذهبي
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التجربـــة. ووزعـــت الحيوانـــات الذكـــور ذات العمـــر 
ــة  ــدء المعاملـ ــل بـ ــه وقبـ ــي حينـ ــغ فـ ــذي بلـ ــد والـ الموحـ
بحـــدود 5 أســـابيع والـــوزن المتقـــارب والتـــي هـــي دون 
ســـن البلـــوغ علـــى الأقفـــاص بمعـــدل 6 مكـــررات فـــي 
ـــي  ـــام التال ـــق النظ ـــة وف ـــدلات العمري ـــق المع ـــص وف كل قف
الـــوارد فـــي الجـــدول رقـــم 1. وفـــي نهايـــة التجربـــة تـــم 
ـــك مـــن أجـــل  ـــة التشـــريح وذل ـــل عملي ـــات قب ـــر الحيوان تخدي
أخـــذ الصفـــات التشـــريحية للخِصـــى، حيـــث تـــم وضـــع 
الأعضـــاء التناســـلية فـــي محلـــول بويـــن ومـــن ثـــم تـــم عمـــل 
مقاطـــع وتلوينهـــا بصبغتـــي الإيوزيـــن )1% فـــي المـــاء 
المقطـــر( وصبغـــة الهيماتوكســـيلين )10% فـــي الكحـــول 
ـــة  ـــي نهاي ـــة )Harris, 1900( وف ـــب طريق ـــق( حس المطل
التجربـــة تـــم التخلـــص مـــن جثـــث الحيوانـــات بطريقـــة 
ـــات. ـــذه الحيوان ـــن ه ـــم دف ـــن ث ـــي وم ـــس الح ـــة بالكل المعامل

ــة  ــة التجربـ ــي بدايـ ــوان فـ ــط وزن الحيـ ــي متوسـ ــادة فـ الزيـ
ـــة  ـــة التجرب ـــي نهاي ـــى 113.37 غـــرام ف مـــن 60.02 غـــرام إل
ــة  ــرة التجربـ ــلال فتـ ــوان خـ ــي وزن الحيـ ــادة فـ أي أن الزيـ
ــطي  ــكل وسـ ــرام بشـ ــدود 53.35 غـ ــت بحـ ــورة، كانـ المذكـ
ـــن  ـــع عشـــر م ـــى الأســـبوع الراب ـــذ الأســـبوع الخامـــس وحت من
عمـــر الحيـــوان. ونلاحـــظ أن هـــذه الزيـــادة العاليـــة مقارنـــة 
ـــت بالمتوســـط 30.02غـــرام  ـــي بلغ ـــاهد الت ـــة الش ـــع مجموع م
ـــات  ـــم  2 متوســـطات أوزان الحيوان ـــن الجـــدول رق ـــط، ويبي فق
المعاملـــة والمجموعـــة الضابطـــة المعرضتيـــن للإضـــاءة 
ــي  ــوغ الجنسـ ــل البلـ ــي قبـ ــى التتالـ ــة علـ ــة والمتعادلـ الطويلـ

وخـــلال فتـــرة التجربـــة.

التجربـــة مـــن  تـــم الحصـــول علـــى حيوانـــات  وقـــد 
ــم  ــر علـ ــي مختبـ ــت فـ ــات ربيـ ــن أمهـ ــة مـ ــد ناتجـ مواليـ
ـــة  ـــة العربي ـــوة )المملك ـــوم والآداب بقل ـــة العل ـــوان بكلي الحي
ـــن  ـــد مـــع أمهاتهـــا لحي ـــة هـــذه الموالي ـــم تربي الســـعودية(، وت
ـــدى حـــراري مناســـب بمتوســـط  ـــن م ـــة، وضم ـــدء التجرب ب
مـــن 20-24 درجـــة مئويـــة، وغـــذاء ومـــاء كافييـــن 
ــت  ــث قدمـ ــة، حيـ ــرة التجربـ ــة فتـ ــرة طيلـ ــورة حـ وبصـ
ـــوب  ـــم حب ـــزة تض ـــدة وجاه ـــه موح ـــة مجروش ـــة علفي خلط
ـــة  ـــر معدني ـــلاح وعناص ـــات – ام ـــعير – بقولي ـــح – ش )قم
وفيتامينـــات كمكمـــلات غذائيـــة(. وتـــم تجهيـــز قفـــص 
زجاجـــي عـــدد 2 صنعـــت خصيصـــاً لوضـــع الهامســـتر 
خـــلال فتـــرة البحـــث، كمـــا زود مـــكان التجربـــة بنظـــام 
ـــاً  ـــه آلي ـــم ب ـــم التحك ـــس يت ـــدل 400 لوك ـــف بمع إضـــاءة مكث
ــة فـــي كل أقفـــاص  ــة المطلوبـ ــاءة المتناوبـ لتأميـــن الإضـ

3. النتائج والمناقشة:

3. 1. الزيادة الوزنية خلال فترة التجربة 

تبيـــن لدينـــا مـــن خـــلال النتائـــج المتحصـــل عليهـــا لأوزان 
ـــرة  ـــلال فت ـــي خ ـــوغ الجنس ـــل البل ـــا قب ـــة م ـــات لمرحل الحيوان
التجربـــة، مـــع التعريـــض لإضـــاءة طويلـــة مكثفـــة )20 
ــي وزن  ــادة فـ ــدوث زيـ ــاك حـ ــلام(، كان هنـ ــوء - 4 ظـ ضـ
جســـم الحيـــوان خـــلال فتـــرة التجربـــة مـــن الأســـبوع الأول 
إلـــى الأســـبوع العاشـــر، والـــذي بلـــغ فيهـــا عمـــر الحيـــوان 
ــت  ــد تراوحـ ــبوع، فقـ ــر 14 أسـ ــة عمـ ــذه التجربـ ــة هـ بنهايـ

المعاملة المطبقة (الإضاءة(المجموعات
ساعة

شدة الإضاءة
لوكس

مدة التجربة
المكرراتيوم

20400606  ضوء - 4 ظلام حيوانات التجربة

 المجموعة الضابطة
12400606 ضوء - 12 ظلام(الشاهد(

جدول 1: البيانات التجريبية التي خضعت لها الحيوانات خلال فترة التجربة.
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3 .2.  أوزان وأبعاد الخِصى خلال فترة التجربة 

يلُاحــظ مــن المقارنــة مــع الشــاهد ازديــاد قيــم بعــدي الخصيــة 
ووزنهــا فــي المجموعــة المعاملــة مقارنــة مــع مجموعــة 
الشــاهد فــي المرحلــة الأولــى وكان الــوزن النســبي للخصيــة 
عنــد المجموعــة المعاملــة أقــل ممــا هــو عنــد الشــاهد ويعتقد أن 
الســبب هــو زيــادة وزن الجســم الكبيــرة التــي حدثت عنــد أفراد 
هــذه المجموعــة نســبة إلــى زيــادة وزن الخصــى وبالرغــم مــن 
زيــادة قيــم وزن الخصــى وطولهــا عنــد المجموعــة المعرضــة 
للإضــاءة الطويلــة عــن مجموعــة الشــاهد إلا أن هــذه الفــروق 
لــم تكــن ذات دلالــة معنويــة )P˃0.05( فــي حيــن كانــت قيــم 
زيــادة عــرض الخصيــة عنــد المقارنــة مــع مجموعــة الشــاهد 
إلــى أن  ذات دلالــة معنويــة  )P˂0.05(. وتمــت الإشــارة 
الأفــراد التــي عُرضــت للإضــاءة العاليــة قــد وصلــت لمرحلــة 
ــة  ــة المعرض ــن المجموع ــر م ــت أقص ــي بوق ــوغ الجنس البل
ــن  ــن الباحثي ــر م ــع كثي ــق م ــذا تواف ــة وه ــاءة المتعادل للإض
 )Champney, Allen, Zannelli, & Beausang, 2007;
Oates, 1996، وإن غيــاب ايقاعــات الميلاتونيــن هــو المفســر 
ــادة  ــه زي ــة يقابل ــاءة الطويل ــن الإض ــم ع ــج الناج ــذه النتائ له
ــي  ــادة ف ــذي يســبب زي ــة ال ــدة النخامي ــات الغ ــز هرمون تراكي
هرمــون التستســتيرون، وهنــا تكــون الخصيــة نشــطة فــي 
 )ÇEVİK, أداء وظيفتهــا وهــذا يتوافــق مــع مــا توصــل إليــه
)ASLAN, 2015 &، انظــر الجــدول رقــم 3 الــذي يبيــن 
القياســات الفيزيائيــة لأوزان الجســم والخصيــة وأبعادهــا فــي 

ــة. ــة التجرب نهاي

الوزنيــة  الزيــادة  أن   2 رقــم  الجــدول  فــي  الملاحــظ  ومــن 
وبشــكل  واضحــاً  بــدا  المعاملــة  المجموعــة  فــي  للحيوانــات 
مضطــرد ابتــداءً مــن الأســبوع الثانــي للتجربــة مقارنــة بالزيــادة 
الوزنيــة لــدى الحيوانــات فــي المجموعــة الضابطــة. كمــا نلاحــظ 
أن هنــاك ثبــات لــوزن الحيوانــات فــي المجموعــة الضابطــة 
التجربــة  مــن  والثامــن  والســابع  الســادس  الأســبوع  خــلال 
ــة  ــة المعامل ــي المجموع ــات ف ــة للحيوان ــادة واضح ــة بزي مقارن
لأســابيع نفســها المذكــورة، ويمكــن أن يعُــزى ثبــات الــوزن 
ــر الإضــاءة  ــى أث ــة الضابطــة إل ــي المجموع ــات ف ــدى الحيوان ل
ــام  ــة بنظ ــات مقارن ــذه الحيوان ــا ه ــت له ــي تعرض ــة الت المتعادل
ــة.  ــة المعامل ــي المجموع ــات ف ــدى الحيوان ــة ل ــاءة الطويل الإض
كمــا يمكننــا أن نلاحــظ مــن جــدول متوســطات أوزان الحيوانــات 
فــي الأســبوع الرابــع عشــر، أن الفــارق بيــن المجموعــة المُعاملــة 
إحصائيــة  دلالــة  وذو  معنويــاً  كان  الضابطــة  والمجموعــة 
ــة  ــرة الضوئي ــر الفت ــتمرار تأثي ــى اس ــك إل ــود ذل )P˂0.5(، ويع
ــة التــي امتــدت إلــى 9 أســابيع، وهــذا يتوافــق مــع نتائــج  الطويل
)Donchan, 2019(، والــذي يمكــن أن يعُلــل بــأن الفتــرة الضوئية 
الطويلــة تســبب غيــاب لإفــراز الميلاتونيــن مــن الغــدة الصنوبرية 
ــات  ــراز الهرمون ــه يســتمر إف ــي فإن ــة، وبالتال ــور الفتي ــد الذك عن
ــى أوضــح  ــة، وبمعن ــدة الدرقي ــم الغ ــة ومــن ث ــدة النخامي مــن الغ
أنــه لا يتــم تثبيــط إفــراز هرمــون النمــو ولا حتــى هرمــون الغــدة 
الدرقيــة )الثيروكســين( المؤثــر علــى الاســتقلاب العــام للجســم، 
  )Shaw & Goldman, 1995 وهــذا يتطابــق مــع مــا توصــل إليــه

.Vriend, Borer, & Thliveris, 1987(

عمر الحيوانأسبوع التجربة
أسبوع

المجموعة الضابطة (الشاهد(المجموعة المعاملة
M±SESDM±SESD

1560.02±5.1212.7659.31±4.26.76
2673.82±8.3319.8662.28±2.875.58
3775.92±8.7621.1467.62±2.916.67
4886.11±9.3123.3574.22±3.237.51
5991.35±10.3224.7776.11±4.219.62
61093.87±10.4225.2079.75±4.119.01
71196.2±10.1124.1882.54±4128.77
812102.33±9.1422.2383.88±3.159.22
913106.42±7.0217.7788.86±3.568.28
1014113.37±4.4412.1489.33±5.88.27

جدول 2 : متوسطات أوزان الحيوانات المعاملة المعرضة للإضاءة الطويلة والمجموعة الضابطة المعرضة للإضاءة المتعادلة.



9

)JNBAS(،مجلة الشمال للعلوم الأساسية والتطبيقية                   )1441هـ/2020م(، المجلد )5(، العدد )1(، 14-3

المعاملــة تبيــن أن هنــاك تقــارب فــي الأنيببــات المنويــة، خاصــة 
فــي المحيــط وكان متوســط القطـــــر يتــراوح بيــــن )0.28-0.26 
مــم(، كمــا لوحــظ زيــادة فــي عــدد خلايــا ســيرتولي، حيــث كانــت 
ــرة  ــظ أيضــاً كث ــة، ولوح ــات المنوي ــز الأنيبب ــو مرك ــة نح متقدم
ــزى  ــن أن يعُ ــاً، ويمك ــكلاً مغزلي ــا ش ــة واتخاذه ــا الخلالي الخلاي
ــون  ــز الهرم ــادة تركي ــى زي ــات أو إل ــر الأنيبب ــع قط ــك لتوس ذل
ــن  ــب )FSH( المؤثري ــه للجري ــون المنب ــن )LH( والهرم المُنوت
 )Shaw & ــيرتولي ــا س ــمية لخلاي ــية البلاس ــى ســطح الأغش عل
 )Goldman, 1995. ونذكــر أن هــذا النشــاط للخِصــى نجــم 
ــة  ــرة ضوئي ــرض لفت ــد التع ــر عن ــه النضــوج الجنســي المبك عن
طويلــة، كمــا لوحــظ هنــا امتــلاء الأنيببــات المنويــة بالحيوانــات 
المنويــة وترافــق ذلــك بزيــادة قطرهــا بشــكل واضــح وبلــغ 
تقــدم خلايــا ســيرتولي نحــو  )0.30 - 0.32 مــم(، ولوحــظ 
مركــز الأنيببــات المنويــة وزيــادة عددهــا مقارنــة مــع مجموعــة 
الشــاهد، انظــر الصــورة رقــم 1 )أ، ب، ج( للمجموعــة المعاملــة 
ــرة  ــى كبي ــون الخِص ــث تك ــاهد، حي ــة الش ــورة د لمجموع والص
 )Recio, Pévet, ونشــيطة تناســلياً، وتوافقــت هــذه النتائــج مــع
مــع  أيضــاً  توافقــت  كمــا   .& Masson-Pévet, 2008(
)Donchan, 2019( والــذي أشــار إلــى أن هرمــون الميلاتونيــن 
يتــم إفــرازه ليــلًا مــن الغــدة الصنوبريــة، ولاحَــظ أن الحيوانــات 
ــي  ــاعة ف ــة )LP> 12.5 س ــة طويل ــرة ضوئي ــي فت ــودة ف الموج
ــرة  ــات المعرضــة لفت ــى والحيوان ــة أعل ــت بخصوب ــوم( تمتع الي
ضوئيــة قصيــرة )SP ≦ 12.5 ســاعة فــي اليــوم( أظهــرت 
خصوبــة منخفضــة بشــكل ملحــوظ. ومــن طــرف آخــر تــم 
ــدى المجموعــة الضابطــة  ــة ل ــة النســيجية للخصي ملاحظــة البني

ويلاحــظ مــن الجــدول رقــم 3، أن هنــاك اختلافــاً بســيطاً فــي وزن 
الخصيــة بيــن الحيوانــات المعاملــة والحيوانــات فــي المجموعــة 
وأن طــول  مــغ،   14.68 الفــرق  هــذا  بلــغ  الضابطــة حيــث 
الخصيــة لــدى الحيوانــات المعاملــة بلــغ 19.6 مــم ويختلــف 
الحيوانــات  لــدى  الخصيــة  طــول  عــن  جــداً  طفيــف  بشــكل 
ــا  ــا فيم ــم، أم ــغ 19.55 م ــذي بل ــة وال ــة الضابط ــي المجموع ف
يخــص عــرض الخصيــة فقــد كان الاختــلاف واضحــاً نســبياً 
ــدا الاختــلاف  ــي. وب ــى التوال ــغ 13.86 مــم و12.41 مــم عل وبل
واضحــاً فــي وزن البربــخ بيــن المجموعــة المعاملــة والمجموعــة 
ــزى  ــغ 58.44 مــغ، ويمكــن أن يعُ الضابطــة )الشــاهد( حيــث بل
ارتفــاع وزن البربــخ لــدى المجموعــة المعاملــة إلــى زيــادة كميــة 
الســائل المنــوي والحيوانــات المنويــة نتيجــة تعــرض الحيوانــات 
المعاملــة للإضــاءة الطويلــة. وبلــغ متوســط الــوزن النســبي 
للخصيــة منســوباً إلــى 100 غ مــن وزن الجســم الحــي عنــد 
ــن  ــي حي ــغ/100 غ وزن حــي، ف ــة 1550 م ــات المعامل الحيوان
بلــغ الــوزن النســبي للخصيــة عنــد المجموعة الضابطــة 1849.6 
مــغ/100 غ وزن حــي، وهــذا الرقــم فــي المجموعــة الضابطــة، 
 )Limanowski, Otulakowski, & كان أعلــى ممــا ورد عــن

.Miśkowiak, 1991(

3 .3.  دراســة البنيــة النســيجية للجهــاز التناســلي الذكــري، 
ــا  ــاءة عليه ــرات الإض ــر فت وتأثي

3. 3. 1.  تأثير فترة الإضاءة على البنية النسيجية للخصية 

لــدى دراســة أثــر فتــرة الإضــاءة الطويلــة علــى الحيوانــات 

جدول 3: القياسات الفيزيائية لجسم الحيوان والخصية وأبعادها.   

المعيارم
المجموعة الضابطة (الشاهد(المجموعة المعاملة

M±SESDM±SESD
5.88.27±4.4412.1489.33±113.37وزن الجسم )غرام( في الأسبوع 114
53.12125.87±50.02124.021700±1714.68وزن الخصية )مغ(2
0.421.02±0.400.9519.55±19.60طول الخصية )مم(3
0.220.62±0.280.6612.41±13.86عرض الخصية )مم(4
13.2643.36±7.2116.66335.22±393.66وزن البربخ )مغ(5

وزن الخصية النسبي لكل 100 غ 6
41.88102.20±45.78110.761849.6±1550وزن حي 

وزن البربخ النسبي لكل 100 غ وزن 7
11.2225.89±25.019.88380.17±354حي
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علــى علاقتــه مــع هرمــون الميلاتونيــن بعــد البلــوغ الجنســي 
 .)Tenorio, Simões, Teixeira, & Teixeira, 2015(

3 3. 2.  تأثير الإضاءة على نسيج البربخ 

لوحــظ تشــابه فــي البنيــة النســيجية مــع أفــراد المجموعــة الشــاهد 
وبــدت القنــوات البربخيــة أكثــر اتســاعاً وأكثــر قربــاً مــن بعضهــا 
البعــض، وبــدت الخلايــا الظهاريــة الرئيســية ذات أهــداب أكثــر 
وأقــل ارتفاعــاً، ولــم يلُاحــظ تغيــر فــي الخلايــا القاعديــة ويعُتقــد 
أن الســبب يعــود إلــى نشــاط الهرمــون الذكــري التستســتيرون فــي 
ــوات  ــث اتســاع القن ــرات مــن حي ــا ولوحــظ تغي ــرة. كم هــذه الفت
البربخيــة واقترابهــا مــن بعضهــا البعــض ووجــود أعــداد كبيــرة 
مــن الحيوانــات المنويــة فــي منطقــة الــرأس والجســم مــن البربــخ، 
ــة ذات أهــداب واضحــة ويمكــن تفســير  ــا الظهاري ــدت الخلاي وب
ذلــك أن البربــخ يتأثــر بالهرمونــات التــي تفرزهــا الخصيــة، وأن 
زيــادة إفــراز الهرمونــات يرتبــط بزيــادة طــول الفتــرة الضوئيــة 

التــي تتعــرض لهــا الأفــراد. 
وبــدت الأنســجة فــي المقطــع العرضــي مؤلفــة مــن نســيج ضــام 
وأليــاف عضليــة ملســاء وبــدت القنــوات البربخية بأشــكال مختلفة 
ــة مــن نمطيــن خلوييــن رئيســية  ــة مكون ــة الظهاري وبــدت البطان
ــرة،  ــداد كبي ــة بأع ــات المنوي ــوي الحيوان ــة، وتح ــة وقاعدي مهدب
وهــذه البنيــة للبربــخ هــي البنيــة الســائدة والمعروفــة والمشــابهة 
 )Calvo, Bustos-Obregon, & للبنيــة عنــد الثدييــات الأخــرى

.Pastor, 1997(

3.3.3. تأثير الإضاءة على القناة الناقلة للنطاف 

ــة  ــة وطبق ــة عضلي ــة وطبق ــة مصلي ــف مــن طبق لوحــظ أنهــا تتأل
ــث أن  ــات حي ــد الثديي ــا عن ــاة وبنيته ــأن القن ــذا ش ــة، وه ظهاري
ــة  ــة عضلي ــة تليهــا طبق ــة الدموي ــة بالأوعي ــة غني ــة المصلي الطبق
ثخينــة ومــن ثــم نســيج ضــام غنــي بالأليــاف المرنــة، وهــي 
الفاصــل عــن الطبقــة الظهاريــة المنتهيــة بالأهــداب ولوحــظ 
يتوافــق  الناضجــة وهــذا  المنويــة  بالحيوانــات  القنــاة  امتــلاء 
مــع نتائــج )Limanowski et al., 1991(، ويلاحــظ فــي هــذه 
المرحلــة زيــادة طفيفــة فــي قطــر القنــاة الناقلــة وزيــادة طفيفــة فــي 
الطبقــة العضليــة عنــد التعريــض للإضــاءة المكثفــة. كمــا لوحــظ 
ــة  ــة بمجموع ــة للنطــاف مقارن ــاة الناقل ــف القن ــاع تجوي ــا اتس هن
الشــاهد، ولوحــظ قلــة انثنــاءات الطبقــة الظهاريــة وأصبحــت 

ــي  ــريحية ف ــع التش ــة المقاط ــن دراس ــن م ــث تبي ــاهد(، حي )الش
ــي  ــة، والت ــات المنوي ــري لأنيبب ــكل الدائ ــوح الش ــة وض الخصي
بلــغ قطرهــا )0.23 - 0.25 مــم(  تقريبــاً وهــي أقــل مــن القطــر 
لــدى المجموعــة المعاملــة، وكانــت متجــاورة فــي المحيــط، 
المركــز،  مــع الاقتــراب مــن  وتتباعــد عــن بعضهــا طــرداً 
وتحيــط بهــا الأنســجة الضامــة والشــعيرات الدمويــة والأعصــاب 
بشــكل غزيــر. ولوحــظ اســتناد الظهــارة المنويــة إضافــة للخلايــا 
ــاء  ــا الغش ــم تلاه ــام، ث ــيج ض ــة ونس ــة ليفي ــى طبق ــة عل العضلي
المنويــة  والمنســليات  ســرتولي  خلايــا  ولوحظــت  القاعــدي، 
بشــكلها المتمايــز كلمــا اتجهنــا نحــو تجويــف الأنيببــات المنويــة 
ــم  ــرة وث ــوى الكبي ــة ذات الن ــة الابتدائي ــا المنوي ــظ الخلاي ويلاح
تلتهــا الخلايــا المنويــة الثانويــة ذات النــوى الأصغــر وثــم لوحــظ 
عــدد كبيــر مــن المنويــات تلتهــا الحيوانــات المنويــة التــي تركزت 
فــي تجويــف الأنيببــات المركزيــة وقــدر عــدد الأنيببــات المنويــة 
فــي كلا المعاملتيــن بحوالــي 620 - 630 وظهــرت الخلايــا 
الخلاليــة بشــكل تجمعــات دائريــة بيــن الأنيببــات المنويــة ولوحــظ 
أن الخصيــة الأكبــر حجمــا كانــت الأكثــر إنتاجــاً للحيوانــات 
ــة  ــر المعامل ــات غي ــي الحيوان ــاطا ف ــر نش ــدت أكث ــة وب المنوي
 )Frungieri, انظــر الصــورة رقــم 1 )د(، وهــذا يتوافــق مــع
ــث شــرحوا مفصــلاً عــن  )Calandra, & Rossi, 2017، حي
تأثيــر الميلاتونيــن فــي أنســجة الخصيــة، حيــث يؤثــر هرمــون 
الميلاتونيــن علــى الكفــاءة التناســلية مــن خــلال تأثيــره علــى 
الغــدة النخاميــة، كمــا يعمــل الميلاتونيــن كمحــرض لنمــو 
وانتشــار خلايــا ســيرتولي، واســتقلاب الطاقــة وعمليــات 
الأكســدة، وبالتالــي يعمــل علــى تنظيــم تكويــن الحيوانــات 
المنويــة. وبذلــك يكــون الميلاتونيــن عامــل رئيســي فــي تنظيــم 
فســيولوجيا التناســل )تكويــن الحيوانــات المنويــة(، ويمــارس 
الميلاتونيــن تأثيــرات ايجابيــة فــي عمليــات الأكســدة وتكويــن 
خلايــا ســيرتولي. كمــا لوحــظ أيضــاً أن عــدد الأنيببــات المنوية 
التــي لا تحــوي حيوانــات منويــة ومغلقــة بخلايــا ظهاريــة 
ــد  ــزاً وعــدداً، ويعتق ــر تماي ــة أكث ــا الخلالي ــل والخلاي ــت أق كان
أن هــذا يعــود إلــى فــارق العمــر وخاصــة أن الخلايــا الخلاليــة 
تصبــح منتجــة للتستســتيرون مــع قــرب مرحلــة النضــج 
الجنســي، وهــذا لــه تأثيــر كبيــر علــى الحيوانــات ذات العمــر 
القصيــر مثــل الهامســتر. ويلاحــظ اســتمرار تطــور الخِصــى 
وزيــادة نشــاطها حتــى الأســبوع 29 مــن العمــر بعدهــا يصبــح 
تأثيــر الأيــام المتعادلــة ضوئيــاً مثبــط لنموهــا، وهــذا يعتقــد أنــه 
يعــود لعــدم تزايــد هرمــون البرولاكتيــن الــذي تؤكــد الأبحــاث 
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)Othman, Edrees, El- التستســتيرون، وهــو متوافــق مع نتائــج
فيمــا   ،Missiry, Ali, Aboel-Nour, & Dabdoub, 2014(
يخــص حقــن الميلاتونيــن بمعــدل )10 مغ/كــغ مــن وزن الجســم 
الحــي، بالتزامــن مــع حقــن مــادة بيزوفينــول BPA بمعــدل )50 
مع/كــغ مــن وزن الجســم الحــي( لمــدة 3 و 6 أســابيع، فقــد لوحــظ 
ــي  ــة، وبالتال ــة الأولي ــات المنوي ــي أعــداد الحيوان ــرة ف ــادة كبي زي
فــإن الميلاتونيــن هــو عامــل دوائــي واعــد لمنــع الســمية التناســلية 

ــي. ــاد البيئ ــد الإجه ــن BPA بع ــة م المحتمل

ــذا  ــة، وه ــة العضلي ــماكة الطبق ــت س ــولاً وقل ــر ط ــداب أكث الأه
ــى  ــم يقتصــر عل ــة ل ــرة الإضــاءة الطويل ــر فت ــى أن تأثي ــدل عل ي
الخصيــة والبربــخ بــل تعــداه ليؤثــر علــى القنــاة الناقلــة للنطــاف 
أيضــا، وربمــا يعــود الســبب إلــى زيــادة تركيــز الهرمــون 
المُطلــق للموجهــة الغُدديــة التناســلية )GnRH( المفــرز مــن 
منطقــة تحــت المهــاد، وهــي المؤثــرة علــى إفــراز الغــدة النخاميــة 
 ،)FSH( ــب ــه للجري ــون المنب ــن )LH( والهرم ــون المُنوت للهرم
وهــي بدورهــا المنبهــة للخِصــى وحضهــا علــى إفــراز هرمــون 

)أ(                        

)ج(                        

)ب(                        

)د(                        

صــورة 1: )أ، ب، ج( البنيــة النســيجية للخصيــة لــدى الحيوانــات المعاملــة )X400(. )د( البنيــة النســيجية للخصيــة لــدى 
.)X400( الحيوانــات فــي العينــة الضابطــة
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Table 5 and 6 show the accuracy of the saddlepoint 
method compared with other approximation 
methods. 

6. CONCLUSION 

In this study, we have proposed the survival function 
of one of the very complicated models, the linear 
combination of i.i.d. Chi-square distributions using 
the saddlepoint approximation of Lugannani and 
Rice formula (1980) and proved the accuracy and 
performance of this method and showed that it can 
replace the exact value compared to the survival 
function for normal approximation.   
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Table 3 displays the saddlepoint approximation 
F̂s(x)  of different values of  in the right tail for 
the linear combination of Lc = 2X1 + 3.5X2 when 

To show the performance of our study, we will use 
different values of degree of freedom, that is"Chi(1)"  
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Table 4 presents the survival saddlepoint 
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of the saddlepoint approximation F̂s(x) is closer to its 
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Table 1 shows the saddlepoint approximation 
survival function CDF, F̂s(x)  of different values 
of  (x) in the left tail for the linear combination of 
Lc = 2X1 + 3.5X2  when Χ1~Chi(2), Χ2~Chi(3). 
This table shows how the result of the saddlepoint 

Table 2. presents the saddlepoint approximation 
survival function, F(x) of different values of  in 
the center for the linear combination Χ1~Chi(2), 
Χ2~Chi(3). This table proves how the result of the 

approximation F̂s(x) is very close to its corresponding 
normal FN(x) approximation .The exact survival 
function is calculated by generating  random variable 
from the i.i.d. Chi-square distribution using R 
program. 

saddlepoint approximation F̂s(x) is very close 
to its corresponding normal approximation
F̂N(x) and we find improvement in the 
computations.
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Table 1: A survival saddlepoint approximation of the left tail of the linear combination of: 

Χ1~Chi(2), Χ2~Chi(3)

Table 2: A survival saddlepoint approximation of the center of the linear combination of: 

Χ1~Chi(2), Χ2~Chi(3)

78

Exact Fe(x)

Exact Fe(x)



Alya Al Mutairi : A Saddlepoint Approximation of the Survival Functions of a Linear Combination of i.i.d. Chi-square Random Variables 

8 
 

= 2(2) + 3.5(3) 

= 14.5                                                                 (25) 

The variance of linear combination is given by:  

var	(𝐿𝐿Q) = 𝐶𝐶'+var(Χ') + 𝐶𝐶++var(Χ+) 

= 4(4) + 12.25(6) 

= 89.5                                                                  (26) 

then if 𝑥𝑥 = 10 we get: 
10 − 14.5
√89.5

= −0.4756 

from the normal CDF table we get the survival function as 

p(Χ ≤ −0.4756) = 0.3192  then 1 − p(Χ ≤ 𝑥𝑥) = 0.6808, which gives the normal 

survival function𝐹𝐹R(𝑥𝑥) at  𝑥𝑥 = 10 

Table 1 shows the saddlepoint approximation survival function CDF, 𝐹𝐹9P(𝑥𝑥) of different 

values of 𝑥𝑥 in the left tail for the linear combination of 𝐿𝐿Q = 2X' + 3.5X+when	

Χ'~Chi(2)	and	Χ+~Chi(3). This table shows how the result of the saddlepoint 

approximation 𝐹𝐹9P(𝑥𝑥) is very close to its corresponding normal approximation 𝐹𝐹R(𝑥𝑥).   

The exact survival function is calculated by generating 10. random variable from the 

i.i.d. Chi-square distribution using R program.  
 

 

Table 1: A survival saddlepoint approximation of the left tail of the linear combination 

of: 𝛸𝛸'~Chi(2),𝛸𝛸+~Chi(3) 

𝒙𝒙 Exact 𝐹𝐹6(𝑥𝑥)  𝑭𝑭è𝒔𝒔(𝒙𝒙) 𝑭𝑭𝑵𝑵(𝒙𝒙) 

1 0.9889	 0.9963189064 0.9222 

2 0.9987 0.981977231 0.9066 

3 0.9501 0.9567949485 0.8869 

4 0.9435 0.9216503651 0.8643 

 

Table 2. presents the saddlepoint approximation survival function, 𝐹𝐹9(𝑥𝑥) of different 

values of x in the center for the linear combination Χ'~Chi(2) and Χ+~Chi(3). This 
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and we will find ɸ(𝜔𝜔>) from the normal distribution table as: 

ɸ(−0.5392091566) = 0.2981 
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In this study, we will also consider the normal approximation that is given by 
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then the mean of linear combination is given by: 

Ε(𝐿𝐿Q) = 𝐶𝐶'Ε(Χ') + 𝐶𝐶+Ε(Χ+) 
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The saddlepoint commutation required derivation of first, second and third derivatives 

are given respectively as 
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+ D?#

@'5+?#ABC
                                 (13) 

This leads to the second derivative: 
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+>?,
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#

@'5+?#ABC#                                (14) 

Then the third derivative is 
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"
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"
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where the saddlepoint equation is based on the first derivative of  
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By solving the saddlepoint equation, we derive the unique saddlepoint solution and 

hence we can get the saddlepoints CDF and PDF. 

5. SADDLEPOINT APPROXIMATION WITH APPLICATIONS TO THE 

LINEAR COMBINATION OF I.I.D. CHI-SQUARE RANDOM VARIABLES 

In this section we will discuss deriving the survival function of the linear combination 

of i.i.d. Chi-square distribution without conditions for the degree of freedom based on 

the MGF.   

As an application to the linear combination of Chi-square distribution, we consider as 

an example: 
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from the saddlepoint Equation (16) we get  

                                                            Κ&
E-(�̂�𝑠) = 𝑥𝑥                                                    (17) 

from Equation (13) we get                             K
'5KHI

+ '-.M
'5NHI

= 10 

this leads to the quadratic equation   −280�̂�𝑠+ + 40�̂�𝑠 + 4.5 = 0 
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then  

�̂�𝑠 < min( '
+G,

, '
+G#

)=( '
K
, '
N
)                                        (18) 

then we get the saddlepoint   �̂�𝑠 = −0.07408249134 

then the cumulant generating                      Κ9((�̂�𝑠) = −0.8861981707 
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and                                                               Κ′′E-(�̂�𝑠) = 41.39344154 

to find the saddlepoint approximation 𝐹𝐹9(𝑥𝑥) of the cumulative distribution function for 

the linear combination of Chi-square distribution,  we calculate 𝜔𝜔> as:  

𝜔𝜔> = sgn(�̂�𝑠)|2}�̂�𝑠𝑥𝑥 − Κ9((�̂�𝑠)~ 

𝜔𝜔> = −H2[(−0.7408249134) − (−0.8861981707)] 

𝜔𝜔> = −0.5392091566                                                  (19) 

and we will find ɸ(𝜔𝜔>) from the normal distribution table as: 

ɸ(−0.5392091566) = 0.2981 

where ∅(𝜔𝜔>) is obtained by 

∅(𝜔𝜔>) = Ä
1

√2𝜋𝜋
É 𝑒𝑒5'

+(O) )#
 

= 0.3449651814                                          (20) 

also,                                                   

𝑢𝑢5 = �̂�𝑠|Κ′&E-(�̂�𝑠) 

𝑢𝑢5 = (−0.07408249134)o√41.39344154p                           (21) 

so we get                                     𝑢𝑢5 = −0.4766299701 

then, from equation (4) we get the saddlepoint approximation CDF at 𝑥𝑥 = 10 as 

𝐹𝐹9(10) = (0.2981) + (0.3449651814) Ä
1

−0.5392091566 −
1

−0.4766299701É 

𝐹𝐹9(10) = 0.3820975405                                           (22) 

and hence the survival function using saddlepoint approximation is  

𝐹𝐹9P(10) = 1 − 0.3820975405 

                                        																			= 0.6179024595                                             (23) 

In this study, we will also consider the normal approximation that is given by 

𝑥𝑥 − Ε(𝐿𝐿Q)

Hvar(𝐿𝐿Q)
																																																															(24) 

the calculation required to find the mean and variance for the linear combination of 

Chi-square distribution as  

𝜇𝜇'	 = 𝑘𝑘	 ⟹		 𝜇𝜇' = 2            ,          𝜇𝜇+	 = 𝑡𝑡	 ⟹		 𝜇𝜇+ = 3 

𝜎𝜎'
+ = 2𝑘𝑘		 ⟹		𝜎𝜎'

+ = 4          ,        𝜎𝜎+
+ = 2𝑡𝑡		 ⟹		𝜎𝜎+

+ = 6 

then the mean of linear combination is given by: 

Ε(𝐿𝐿Q) = 𝐶𝐶'Ε(Χ') + 𝐶𝐶+Ε(Χ+) 
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The saddlepoint commutation required derivation of first, second and third derivatives 

are given respectively as 

                                                  Κ′9(oS9p =
>?,

@'5+?,ABC
+ D?#

@'5+?#ABC
                                 (13) 

This leads to the second derivative: 

                                               		Κ′′9(@ABC =
+>?,

#

@'5+?,ABC# +
+D?#

#

@'5+?#ABC#                                (14) 

Then the third derivative is 

                                                Κ′′′E-o𝑆𝑆4p =
F,G,

"

('5+G,HI)" +
FJG#

"

('5+G#HI)"                               (15) 

where the saddlepoint equation is based on the first derivative of  

                                                 Κ&
E-o𝑆𝑆4p =

>?,
@'5+?,ABC

+ D?#
@'5+?#ABC

= 𝑥𝑥                           (16) 
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3. MODIFIED NEW SURVIVAL FUNCTION USING A SADDLEPOINT 

APPROXIMATION OF LINEAR COMBINATIONS OF RANDOM 

VARIABLE 

The purpose of this section is to derive the survival function based on the saddlepoint 

approximation of linear combinations of Chi-square distribution. This distribution is 

interested in quality and reliability engineering problems. Chi-square distribution is a 

special case of gamma (∝, 𝐵𝐵)  when ∝= 𝑘𝑘 2⁄   and 𝛽𝛽 = 2, where 𝑘𝑘 is a positive integer. 

This distribution has a single parameter 𝑘𝑘, called the degrees of freedom. Its density 

function is given as: 

𝑓𝑓(𝑥𝑥; 𝑘𝑘) = V
'

+$ #⁄ 3(, +⁄ )
𝑥𝑥, +5'⁄ 6&' #⁄

																							
									0									𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒							

	,					𝑥𝑥 > 0	                (6) 

 

where 𝛤𝛤(𝑘𝑘 2⁄ ) denotes the gamma function  

 
Figure 1:  Chi-square distribution for different value of degree of freedom 𝒌𝒌. 

The cumulative distribution function is given as  

                                       𝐹𝐹(𝑥𝑥; 𝑘𝑘) = 7(, +⁄ ," +)⁄
3(, +⁄ )

= 𝑃𝑃(𝑘𝑘 2⁄ , 𝑥𝑥 2)⁄                                    (7)  

where 𝛾𝛾(𝑘𝑘 2⁄ , 𝑥𝑥 2)⁄  is the lower incomplete gamma function and 𝑃𝑃(𝑘𝑘 2⁄ , 𝑥𝑥 2)⁄  is the 

regularized gamma function. 
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1.  INTRODUCTION 

Several statistical models require computations 
of the probability density function (PDF) and the 
cumulative distribution function (CDF) by some 
complicated distribution which yields intractable 
solutions. Saddlepoint approximations can simpli-
fy some of these problems (see for example Booth, 
Butler, Huzurbazar, & Wood (1995), Al Mutairi & 
Low (2016) and Paige & Abdurasul (2018)). These 
models of approximation save time, effort and cost;  
moreover, their accuracy is much higher than other 
methods of approximations as it will be seen below.
The use of  Saddlepoint approximations for esti-
mating survival function is presented in the context 
of a parametric survival analysis. This approach of 
approximations has been widely used because of its 
great advantages and ability to solve several statis-
tical problems. This method was first introduced in 
statistics by Daniels (1954) and (1987) respective-
ly for approximating the PDF while the CDF was 
presented later by Lugannani and Rice (1980) (for 
continual saddlepoint approximation and its appli-
cations, see Skovgaard (1987). Unfortunately, due 
to its difficulty, this method was ignored, and ref-
erences to this method were rare. Recently, a few 
studies have facilitated this method for researchers 
(see for example Butler (2007)). The use of this 
method to solve many of the statistical problems 
has begun to increase because its accuracy is much 

higher than the current approximations methods as 
well as that it does not require complex statistical 
theories or intractable mathematical computations.  
The difficulty sometimes arises in calculating the 
roots (saddlepoint) which is the unique solution of 
the saddlepoint equation. The presentation through-
out this paper concerns approximating the surviv-
al function based on a saddlepoint approximation 
for the linear combination of Chi-square distribu-
tion which is still unknown and needs extremely 
intractable computations to obtain. In section 2, 
the saddlepoint fundamentals are briefly reviewed 
and section 3 addresses the survival function of the 
linear combination of Chi-square distributions in 
statistics. The numerical examples and applications 
are presented in section 4. 

2. ESTIMATING THE SURVIVAL FUNCTION 
USING A SADDLEPOINT APPROXIMATION      

The derivation of the survival function is 
introduced in the context of a parametric survival 
analysis. The survival function is used to describe 
the probability that the random variable, let’s say 
𝑥 takes on a value greater than a number 𝑥 (Evans, 
Hastings, & Peacock (2000). 
Let 𝑥 be a continuous random variable with 
cumulative distribution function 𝐹(𝑥) on the 
interval,(0,∞),then the survival function or 
reliability function is presented as

3 
 

Let 𝑋𝑋 be a continuous random variable with cumulative distribution function 𝐹𝐹(𝑥𝑥) on 

the interval (0,∞), then the survival function or reliability function is presented as 

𝑆𝑆(𝑥𝑥) = 𝑃𝑃(𝑋𝑋 > 𝑥𝑥) = ∫ 𝑓𝑓!
" (𝑡𝑡)	𝑑𝑑𝑡𝑡 = 1 − 𝐹𝐹(𝑥𝑥)                                 (1) 

For continuous random variable 𝑋𝑋 with cumulant generating function CGF, k and 

unknown density 𝑓𝑓 the saddlepoint approximation to 𝑓𝑓(𝑥𝑥) is defined as  

𝑓𝑓4(𝑥𝑥) = [2𝜋𝜋𝑘𝑘′′(𝑠𝑠5)]−1
2				𝑒𝑒𝑘𝑘(𝑠𝑠$)−𝑠𝑠$𝑥𝑥                                      (2) 

Where �̂�𝑠 = �̂�𝑠(𝑥𝑥) is known as the saddlepoint and it is the unique solution to the 

saddlepoint equation  

𝑘𝑘&(�̂�𝑠) = 𝑥𝑥	                                                             (3) 

while the cumulative distribution function 𝐹𝐹9(𝑥𝑥) in Equation (1) can be estimated using 

saddlepoint approximation as 

𝑃𝑃(𝑋𝑋 ≤ 𝑥𝑥) = ;
Ф	(𝑤𝑤>) + 	∅	(𝑤𝑤>) A'

()
− '

*)
B 							𝑖𝑖𝑓𝑓			𝑥𝑥	 ≠ 	𝜇𝜇

'
+
+	 ,!!!(-)

.√+0		,!!(-)
"
#
																									𝑖𝑖𝑓𝑓			𝑥𝑥	 = 	𝜇𝜇	

                          (4) 

Since 𝑤𝑤> = 𝑠𝑠𝑠𝑠𝑠𝑠(�̂�𝑠)H2[(�̂�𝑠𝑥𝑥 − 𝑘𝑘(�̂�𝑠)]									𝑎𝑎𝑠𝑠𝑑𝑑								𝑢𝑢5 = �̂�𝑠H𝑘𝑘&&(�̂�𝑠) 

when Ф and ∅	 are denoted as the cumulative and the density for normal distribution.  

Recently, the saddlepoint approximation technique has been used as a great solution 

when the exact CDF or the PDF are still unknown or the exact functions are already 

known but are very difficult to apply. In statistical science, there are distributions of 

some random variables that are extremely complicated and cannot be applied, such as 

the linear combinations of a random variable and its extensions; so, this implies that its 

survival function is still also unknown or very difficult to obtain. Here we will solve 

this problem using a saddlepoint approximation and show the accuracy and 

performance of this method compared with other methods of approximation, such as 

normal approximation.  

Suppose 𝑋𝑋', 𝑋𝑋+, … , 𝑋𝑋2  are i.i.d. random variable in the form  

𝐿𝐿2(𝑋𝑋) = 	𝑋𝑋' + 𝑋𝑋+ +⋯+	𝑋𝑋2                                        (5) 

If  𝑠𝑠 is a constant,  this leads to the linear combination of the random variable 𝑋𝑋 which,  

in most cases, is quite difficult to obtain. In this paper, we will consider one of the very 

complicated models for linear combinations of random variables, such as linear 

combination of Chi-square distribution.  
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من  خطية  لتركيبة   Saddlepoint السرج  نقطة  بطريقة  التقريب 
متغيرات مربع توزيع كاي المستقلة

علياء المطيري

)قدم للنشر في  1440/07/29هـ؛ وقبل للنشر في 1441/06/26هـ(

ملخــص: فــي هــذه الدراســة قمنــا بإثبــات أن طريقــة التقريــب Saddlepoint لحســاب دالــة البقــاء لبعــض الإحصائيــات المعقــدة،  مثــل التركيبــة 
الخطيــة لمجموعــة مــن متغيــرات مربــع كاي المســتقلة، باســتخدام صيغــة لوقانــي ورايــس، بنــاءً علــى دالــة التوليــد المتراكمــة. عــاوة علــى ذلــك، 

تــم عــرض أمثلــة عدديــة لإثبــات دقــة هــذه الطريقــة مقارنــة بالطــرق الأخــرى للتقريــب، مثــل التقريــب بطريقــة التوزيــع الطبيعــي.

كلمات مفتاحية: تقريب السرج، الدالة المولدة للعزوم، دالة البقاء، دالة التوليد التراكمية.

موضوع التصنيف الرياضي: أولي  62 ف15.  ثانوي 65.
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A Saddlepoint Approximation of the Survival Functions of a Linear 
Combination of i.i.d. Chi-square Random Variables 
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Abstract: In this study, we improve a saddlepoint approximation technique for the computation of survival function for some 
complicated statistics; such as, the linear combination of i.i.d. Chi-square random variable. The survival function is approximated 
using Lugannani and Rice formula based on the cumulant generating function. Moreover, a numerical example is provided to 
prove the accuracy of this method compared with other methods of approximations, such as normal approximation.

Keywords: Saddlepoint approximations; moment generating function; survival functions; cumulant generating function.

Mathematics Subject Classification: Primary 62F15 · Secondary 65

70

1658-7022© JNBAS. (1441 H/2020). Published by Northern Border University (NBU). All Rights Reserved.

*   Corresponding Author:

Associate Professor, Department of Mathematics, Faculty of Science, Taibah University, 
Medina, P.O. Box 41239, Postal code 41521, Kingdom of Saudi Arabia..

e-mail: amutairi@taibahu.edu.sa 
DOI: 10.12816/0055071

jnbas.nbu.edu.sa

))55(( ــد  ــل ــج الم
))11(( ــدد  ــعـ الـ

مايـــو
20202020

رمضـان
14411441هـ

مجلـة الشمـالمجلـة الشمـال
للعلــــــوم

 الأساسية والتطبيقية

جامعة الحدود الشمالية
www.nbu.edu.sa & jnbas.nbu.edu.sa

دورية علمية محكمة

Journal of the North
for Basic and 

Applied Sciences

Peer-Reviewed Scientific Journal

Northern Border University
www.nbu.edu.sa & jnbas.nbu.edu.sa

طباعـــة ـ ردمـد: 1658-7022
إلكتروني ـ ردمد: 1658-7014

p- ISSN: 1658 - 7022
e- ISSN: 1658 - 7014

Volume )5(Volume )5(

Issue )1(Issue )1(

MayMay

20202020

RamadanRamadan

1441 H1441 H

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

هـ
 

هـ
 1

44
1

14
41

 ) )
11(

د 
عد

 ال
)

( 
دد

لع
( ا

55(
د 

جل
لم

- ا
ة 

يقي
طب

الت
 و

ية
اس

لأس
م ا

لو
لع

ل ل
ما

لش
ة ا

جل
م

( 
جلد

لم
- ا

ة 
يقي

طب
الت

 و
ية

اس
لأس

م ا
لو

لع
ل ل

ما
لش

ة ا
جل

م
Jo

ur
na

l o
f t

he
 N

or
th

 fo
r 

B
as

ic
 a

nd
 A

pp
lie

d 
S

ci
en

ce
s 

Vo
lu

m
e 

(5
) I

ss
ue

 (1
)  

20
20

Jo
ur

na
l o

f t
he

 N
or

th
 fo

r 
B

as
ic

 a
nd

 A
pp

lie
d 

S
ci

en
ce

s 
Vo

lu
m

e 
(5

) I
ss

ue
 (1

)  
20

20

55)1()1(

KINGDOM OF SAUDI ARABIA
Northern Border University (NBU)

Journal of the North for Basic and Applied Sciences 
(JNBAS)

p- ISSN: 1658 - 7022 / e- ISSN: 1658 - 7014

www.nbu.edu.sa
http://jnbas.nbu.edu.sa

Journal of the North for Basic and Applied Sciences (JNBAS), (2020/1441 H), Vol. (5), Issue (1), 70-81



Abdel Ghani: The Application of Landsat-8 Imagery and Airborne Gamma-Ray Spectrometric Data for Lithological Mapping .....

69

Pour, B.A., Hashim, M., & van Genderen, J. (2013). De-
tection of hydro-thermal alteration zones in a tropical 
region using satellite remote sensing data: Bau gold 
field, Sarawak, Malaysia. Ore Geol. Rev. 54, 181–196.

R.S.I.  (2003). ENVI user’s guide. Colorado, US: Research 
System, Inc. 

Ragab, A.I. (1987). The Pan-African basement of the north-
ern segment of the Eastern Desert of Egypt:A crustal 
evolution model and its implications on tectonos-
tratigraphy and granite types. M.E.R.C.  Ain Shams 
Univ., Earth Sci. 1, 1-18.

Rajendran, S., Nasir, S., Kusky, T. M., Ghulam ,A., Gabr, S., 
& El-Ghali, M. A. K. (2013). Detection of hydrother-
mal mineralized zonesassociated with listwaenites in 
Central Oman Using ASTER data.  Ore Geology Re-
views,53 , 470–488.

Rowan, L.C., Hook, S.J., Abrams, M.J., & Mars, J.C. (2003). 
Mapping hydrothermally altered rocks at Cuprite, Ne-
vada, using the advanced space borne thermal emis-
sion and reflection radiometer (ASTER), a new satel-
lite-imaging system. Econ. Geol., 98(5), 1019–1027.

Rowan, L.C., Mars, J.C., & Simpson, C.J. (2005).  Litholog-
ic mapping of the  Mordor N.T, Australia ultramafic 
complex by using the Advanced  Space borne Thermal 
Emission and Reflection Radiometer (ASTER).  Re-
mote Sens. Environ, 99, 105– 126.  

Sabins, F.F. (1987). Remote Sensing Principles and Inter-
pretation, 2nd Ed. New York: Freeman.

Sabins, F.F. (1999). Remote sensing for mineral exploration. 
Ore Geology Reviews, 14, 157-183.

Stern, R.J. (1994). Arc assembly and continental collision 
in the Neoproterozoic East African Orogen: implica-
tions for the consolidation of Gondwanaland. Annual 
Review of Earth and Planetary Sciences, 22, 319-351.

Stern, R.J. (2002). Crustal evolution in the East African 
Orogen: A neodymium isotopic perspective. Journal 
of African Earth Sciences, 34, 109-117.

Stern, R.J. (2008). Neoproterozoic crustal growth: The solid 
Earth system during a critical episode of Earth history. 
Gondwana Research, 14, 33-50.

Stern, R.J.  & Gottfried, D. (1986). Petrogenesis of late Pre-
cambrian (575–600 Ma) bimodal  suite in northeast 
Africa. Contrib. Mineral. Petrol, 92, 492–501.  

Stern, R.J.  & Hedge, C.E. (1985). Geochronologic and iso-
topic constraints on late Precambrian crustal evolu-
tion in the Eastern Desert of Egypt. Am. J. Sci., 285, 
97–127.

Stern, R.J. & Johnson, P.R. (2010). Continental lithosphere 
of the Arabian Plate: a geologic, petrologic, and geo-
physical synthesis. Earth-Science Reviews, 101, 29-
67.

Sultan, Y., El-Shafei, M., & Arnous, M. (2017). Tecton-
ic evolution of Kid metamorphic complex and the 
recognition of Najd fault system in South East Si-
nai, Egypt. International Journal of Earth Sciences, 
106(8), 2817-2820.

Sweha, R.N.A. (2014). Integrated geophysical and remote 
sensing studies to detect mineralization zones at Ga-
bal Dara area, Eastern Desert, Egypt. Unpublished 
M.Sc. Thesis, Faculty of Science, Zagazig, Egypt:  
Zagazig University.

Velosky, J.C., Stern, R.J., & Johnson, P.R. (2003). Geolog-
ical control of massive sulfide mineralization in the 
Neoproterozoic Wadi Bidah shear zone, Southwestern 
Saudi Arabia from orbital remote sensing and field 
studies. Precambrian Res., 235–247.

Vincent, R.K. (1997). Fundamentals of Geological and En-
vironmental Remote Sensing:  Upper Saddle River. 
NJ: Prentice-Hall, Inc. 

Xu, Y., Lin, Q., Shao, Y., & Wang, L. (2004). Extraction 
mechanism of alteration zones using ASTER imag-
ery. IEEE International Proceedings on Geoscience 
and Remote Sensing Symposium. IGARSS’04. IEEE, 
4174–4175.



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

68

ment rocks in the Eastern and  South-Eastern deserts 
of Egypt, scale 1: 1,000,000 Ann. Geol. Surv. Egypt, 
2, 1 -  11.  

El Shazly E.M, Dixon T.H, Engel A.E.J, Abdel-Meguid 
A.A, & Stern R.J. (1980). Late Precambrian crustal 
evolution of Afro-Arabia from oceanic arc to craton. 
Egypt J. Geol, 24(1– 2), 101– 121.

Elbalakssy, S.S., Ali, M.A., & Elhusseiny, M.O. (2012). 
Mineralogy and radioactivity of  the acidic Dokhan 
Volcanics of Gabal Nuqara, Central Eastern Desert. 
Egypt.  Nuclear Sciences Scientific Journal, 1, 43-56. 

El-Bialy, M.Z. & Hassen, I.S. (2012). The late Ediacaran 
(580–590 Ma) onset of anorogenic alkaline magma-
tism in the Arabian–Nubian Shield: Katherina A-type 
rhyolites of Gabal Ma’ain, Sinai, Egypt. Precambrian 
Res., 216–219.

El-Bialy, M.Z. & Streck, M.J. (2009). Late Neoproterozoic 
alkaline magmatismin the Arabian–Nubian Shield: the 
postcollisional A-type granite of Sahara–Umm Adawi 
pluton, Sinai, Egypt. Arab. J. Geosci., 2, 151–17 4.

El-Gaby, S., Khudeir, A. A., & El-Taky, M. (1989). The 
Dokhan Volcanics at Wadi Queh area, Central Eastern 
Desert, Egypt. 1st Inter. Conf. Geochem., Alexandria 
Univ., Egypt, 42-62.

El-Mansi, M.M., Dardier, A.M., & Abdel Warith, A. (2003). 
Geology and uranium distribution in Gabal Nuqa-
ra Dokhan volcanics, Central Eastern desert, Egypt. 
Egypt. J. Geol., 47(2), 619-632.

El-Rakaiby, M. (1993). Igneous rock-type discrimination 
from ratioed Landsat Thematic Mapper images of 
Southern Sinai, Egypt. The Egyptian Journal of Re-
mote Sensing and Space Sciences, 1, 41-54.

El-Sadek, M.A. & Mousa, M.I. (2010). Integration of space 
images and airborne radiometric data for discrimina-
tion of radioactive mineralizations at Wadi Araba area, 
North Eastern Desert, Egypt. The Egyptian Journal of 
Remote Sensing and Space Sciences, 13, 11- 19.

El-Said, M. (2014). The application of thermal remote sens-
ing imagery for studying uranium mineralization: A 
new exploratory approach for developing the radioac-
tive potentiality at El-Missikat and El-Eridiya district, 
Central Eastern Desert, Egypt. Unpublished Ph.D. 
Dissertation, Faculty of Science, Damietta, Egypt: 
Damietta University.

Eyal, M., Litvinovsky, B., Jahn, B.M., Zanvilevich, A., & 
Katzir, Y. (2010). Origin and evolution of post-colli-
sional magmatism: Coeval Neoproterozoic calc-alka-
line and alkaline suites of the Sinai Peninsula. Chem. 
Geol. 269, 153–179.

Farahat, E.S. & Azer, M.K. (2011). Post-collisional mag-

matism in the northern Arabian–Nubian Shield: the 
geotectonic evolution of the alkaline suite at Gebel 
Tarbush area. south Sinai, Egypt. Chem. Erde, 71, 
247–266.

Green, A.A., Berman, M., Switzer, P., & Craig, M.D. (1988). 
A transformation for ordering  multispectral data in 
terms of image quality with implications for noise re-
moval.  IEEE Trans. Geos. Remote Sens, 26(1), 65-74.  

Gupta, R.P. (2003). Remote Sensing Geology, 2nd Ed.  Ber-
lin: Heidelberg, Springer.

Hargrove, U.S., Stern, R.J., Kimura, J.-I., Manton, W.I., 
& Johnson, P.R. (2006). How juvenile is the Arabi-
an-Nubian Shield?  Evidence from Nd isotopes and 
pre-Neoproterozoic inherited zircon in the Bi’rUmq 
suture zone, Saudi Arabia. Earth and Planetary Sci-
ence Letters 252, 308-326.

Heikal, M.A., Higazy, M.H., & El Rahmany, M.M. (1980). 
Ignimbritic rhyolite in the Wassif area, Eastern Desert, 
Egypt. Instit. Appl. Geol. Jeddah Bull., 3, 107–114.  

Jensen, J.R. (1986). Introductory Digital Image Processing: 
A Remote Sensing  Perspective. Englewood Cliffs, 
NJ: Prentice-Hall.  

Jensen, J.R. (2005). Introductory Digital Image Process-
ing. University of Minnesota: Prentice Hall. ISBN: 
0131453610, 9780131453616.

Johnson, P.R., Andresen, A., Collins, A.S., Fowler, A.R., 
Fritz, H., Ghebreab, W., Kusky, T., & Stern, R.J. 
(2011). Late Cryogenian Ediacaran history of the Ara-
bian-Nubian Shield: a review of depositional, pluton-
ic, structural, and tectonic events in the closing stages 
of the northern East African Orogen. J. Afr. Earth Sci. 
61, 167–232.

Lillesand, T., Kiefer, R., & Chipman, J. (2000). Remote 
sensing and image analysis. New York: John Wiley 
and Sons.

Loughlin, W.P. (1991). Principal component analysis for al-
teration mapping. Photogrammetric Engineering and 
Remote Sensing 57, 1163-1169.

Nigm, A.A. & Khameis, A.A. (2008). Utilizing the airborne 
gamma-ray spectrometric data in mapping the con-
tact zone between the Precambrian and Phanerozoic 
rocks at North Gabal El-Shallul area, Central Eastern 
Desert, Egypt. NRIAG J. Geophys, Special Issue, 143-
167.

Pour, B.A., Hashim, M., & Marghany, M. (2013). Explo-
ration of gold mineralization in a tropical region us-
ing earth observing-1 (EO1) and JERS-1 SAR data: 
a case study from Bau gold field, Sarawak, Malay-
sia. Arab. J. Geosci. DOI: http://dx.doi.org/10.1007/
S12517-013-0969-3.



Abdel Ghani: The Application of Landsat-8 Imagery and Airborne Gamma-Ray Spectrometric Data for Lithological Mapping .....

67

REFERENCES

Abdeen, M.M.,& Greiling, R.O. (2005). A Quantitative 
structural study of latepan-African compressional 
deformation in the central Eastern Desert (Egypt) 
during Gondwana assembly. Gondwana Research 8, 
457-471.

Abdeen, M.M., Thurmond, A.K., Abdelsalam, M., & Stern, 
R.J. (2001). Application of ASTER band-ratio imag-
es for geological mapping in arid regions; The Neo-
proterozoic Allaqi Suture, Egypt. Geol. Soc. Am., 33. 
1.289

Abdel Rahman, A.M. (1996). Pan-African volcanism: pe-
trology and geochemistry of the  Dokhan volcanic 
suite in the northern Nubian Shield. Geol. Mag. 133, 
17–31.  

Abdelsalam, M.G., Stern, R.J., & Berhane, W.G. (2000). 
Mapping gossans in arid regions with Landsat TM 
and SIR-C images: The Beddaho Alteration Zone in 
northern Eritrea. J. Afr. Earth Sci. 30, 903–916.

Abrams, M.J., Brown, D., Lepley, L., & Sadowski, R. 
(1983). Remote sensing of porphyry copper deposits 
in Southern Arizona. Econ. Geol. 78, 591–604.

Abu-Alam, T.S., Santosh, M., Brown, M., & Stüwe, K. 
(2013). Gondwana collision. Mineralogy and Petrol-
ogy, 107, 1-4.

Acharya, T., & Mallik, S.B. (2012). Analysis of lineament 
swarms in a Precambrian metamorphic rocks in India. 
J Earth Syst. Sci. 121(2):453–462.

Aero-Service. (1984). Final operational report of airborne 
magnetic/ radiation survey in the Eastern Desert, 
Egypt, for the Egyptian General Petroleum Cooper-
ation. Aero Service, Houston, Texas, April, 1984, 6.

Akaad, M.K., & Noweir, A.M. (1980). Geology and Litho-
stratigraphy of the Arabian Desert  Orogenic belt of 
Egypt between lat.  25° 35’ and 26° 30’ N. Inst. App. 
Geol.  Bull., King Abdul Aziz Univ., Jeddah, 3(4), 127-
136.  

Ali, K.A., Stern, R.J., Manton, W.I., Kimura, J.I., White-
house, M.J., Mukherjee, S.K., Johnson, P.R., & Grif-
fin, W.R. (2010). Geochemical, U-Pb zircon, and Nd 
isotope investigations of the Neoproterozoic Ghawjah 
metavolcanic rocks, northwestern Saudi Arabia. Lith-
os, 120, 379-392.

Ali, M.A. (1995). Geology and distribution of radioactivi-
ty in some rock units around Gabal El-Nuqara area, 
Central Eastern Desert, Egypt. Unpublished M. Sc. 
Thesis, Faculty of Science, Cairo: Cairo University.

Amer, R., Kusky, T., & Ghulam, A. (2010). Lithological 

mapping in the Central Eastern Desert of Egypt using 
ASTER data. J. Afr. Earth Sci. 56, 75–82.

Arnous, M. & Sultan, Y. (2014). Geospatial technology and 
structural analysis for geological mapping and tecton-
ic evolution of Feiran–Solaf metamorphic complex, 
South Sinai, Egypt. Arab J.  Geosci., 7:3023–3049

Badr, Y.S. (2017). Application of remote sensing technique 
in geologic mapping of hydrothermal alteration zones 
and possible radioactive potentialities at Ras Barud 
- Um Tagher area, North Eastern Desert, Egypt. Un-
published Ph.D. Dissertation, Faculty of Science, Me-
noufiya University, Egypt, 164 p.     

Basta, E.Z., Kotb, H., & Awadalla, M.F. (1980). Petrochem-
ical and geochemical  characteristics of the Dokhan 
Formation at the type locality, Jabal Dokhan,  Eastern 
Desert, Egypt. In: Coaray, EG., Tahoun, S.A. (Eds.), 
Evolution and  Mineralization of the Arabian-Nubian 
Shield. Inst. Appl. Geol. Jeddah Bull. 3,   121-140.  

Boyle, R.W. (1982).  Geochemical prospecting for thorium 
and uranium deposits. Geological Survey Canada: El-
sevier Scientific Publishing Company.

Collins, A.S. & Pisarevsky, S.A. (2005). Amalgamating 
eastern Gondwana: The evolution of the Circum-Indi-
an Orogens. Earth Science Reviews 71, 229-270.

Conoco Coral and EGPC. (1987). Geological map of Egypt, 
scale 1: 500,000 

Cox, G.M., Lewisa, C.J., Collins, A.S., Halverson, G.P., 
Jourdan, F., Foden, J., Nettle, D., & Kattan, F. (2011). 
Ediacaran terrane accretion within the Arabian-Nu-
bian Shield. Gondwana Research, 21 (2-3), 341-352. 
Special Issue: Western Gondwana.

Crosta, A.P., Filho, C.R.S., Azevedo, F., & Brodie, C. 
(2003). Targeting key alteration minerals in epither-
mal deposits in Patagonia, Argentina, using ASTER 
imagery and principal component analysis. Int. J. Re-
mote. Sens., 24, 4233 –4240.

Dawoud, M., Abdel Ghani, I.M., Elsaid, M, & Badr, Y.S. 
(2017). The integration of ASTER imagery and air-
borne gamma-ray spectrometry in lithological dis-
crimination of Ras Barud - Um Tagher area, north 
Eastern Desert, Egypt. International Journal of Inno-
vative Science, Engineering & Technology, 4(9), 9-23.

Drury, S.A. (2001). Image interpretation in geology. Lon-
don: Blackwell Science.

Duval, J.S. (1983). Composite color images of aerial gam-
ma-ray spectrometric data. Geophysics, 48, 722-735.

EGSMA. (1992). Geologic map of Al Qusayr Quadrangle, 
Egypt (scale 1:250000).  Egyptian Geological Survey 
and Mining Authority, Cairo, Egypt. 

El Ramly, M.F. (1972). A new geological map for the base-



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

66

Volcanic rocks. The Dokhan Volcanics are discrimi-
nated into two members: intermediate Volcanics and 
felsicones, with three lithological varieties. The lower 
intermediate Dokhan Volcanicsare mainly represented 
by andesites, dacites and quartz-dacites, besides their 
equivalent tuffs (crystal lithic to lithic crystal tuffs),  
are conformably overlain by the upper felsic volcanics. 
The felsic subunit may be classified, according to the 
Landsat imagery processing results, into two varieties. 
The first one is characterized by its relicts of tuffaceous 
structures which are scattered and cap the intermediate 
varieties, mostly south of Wadi El-Barud; whereas,  the 
other one is characterized by flow structure and located 
north around Wadi El-Barud.
The airborne radiometric data participate in the litho-
logical mapping of the exposed rock units. All the ra-
dioelement images can well discriminate the metavol-
canics and the older granitoids as well as the younger 
gabbros (relatively lower radioactivity) from the other 
rock units (relatively higher radioactivity). K % image 
well discriminates the older granitoids and the metavol-
canics from the other rock units (younger granites, the 
felsic variety of Dokhan Volcanics and most of the Pha-
nerozoic sedimentary rocks) that exhibit relatively high 
to moderate K-content. eU (ppm) image has the ability 

to discriminate the sedimentary rocks of G. Mohammed 
Rabbah relative to the other radioelement images as it 
has a relatively high uranium content with low thorium- 
and potassium-contents. Also, the airborne gamma-ray 
spectrometric maps provide promising uranium poten-
tiality at: 1) G. Mohammed Rabbah (Phanerozoicrocks) 
south of the study area which may be attributed to the 
presence of intercalated phosphatic layers with sand-
stone and shales or capping them, 2)the younger granites 
along Wadi El-Barud and 3) and three sites in the felsic 
member of Dokhan Volcanics.
The integrated methods used in this study include Land-
sat-8 image and airborne radioelement processing fol-
lowed by field investigations and detailed petrographic 
study that resulted in a geological map (figure 16) with 
an accuracy 88.43 % with a kappa coefficient value of 
0.825.
The used integrated methods showed compatibility of 
the results for the rock units discrimination and their ra-
dioactive potentiality through locating the anomalous ra-
dioactive zones. This reflects the need of using multiple ways 
and methods to obtain confirmatory data and qualified results. 
Contribution of the remote sensing techniques with detailed 
geological and petrographical studies for the regions of the 
Egyptian Dokhan Volcanics is recommended.

Figure 16:The Constructed geological map of G. Nuqara area, CED, Egypt.
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The upper felsic member is represented by rhyodac-
ites, rhyolites and their related tuffs. They show porphy-
ritic, micrographic and spherulitic textures (Figure 15A). 
The main mineral components of these rocks are k-feld-
spars (mostly sanidine with minor orthoclase), quartz, 
plagioclase (An5- An15), biotite and opaques. Common 
accessories are apatite, zircon and titanite (Figure 15B). 
The rhyolites are characterized by the common presence 
of spherulitic textures (Figure 15C). Some of these rocks 

5. CONCLUSIONS

The spectral analysis of Landsat data at G. Nuqara 
area revealed results that prove the great capability 
of remote sensing techniques in lithological discrim-
ination. The false colour composites (B7, B5, B3 in 
RGB) enhanced visualization of the lithological units 
in the study area. The Principal Component Analysis 
(PCA) highlighted the subtle spectral differences be-
tween different rock units within the study area. Band 

are crushed especially along fault planes and near the 
younger granites contacts where titanite mineralis are 
predominant, especially around the opaques. In addition, 
along with fractured felsic volcanics, especially near the 
contacts with younger granites, radioactive minerals, such 
as uranophane is recorded (Figure 15D). The felsic tuffs 
show different sizes of crystal and lithic fragments rang-
ing from lapilli to agglomerate. Some of these tuffs show 
banding and rarely show flow textures.

ratios 4/2, 5/6 and 6/7 are effective in delineating the 
hydrothermal alteration zones in the study area. Mini-
mum noise fraction (MNF) transformation is also very 
successful in lithological discrimination in the study 
area through combining the MNFs whose highest 
eigenvalue percentages (1, 2 and 3 in RGB) as false 
colour composite images. The younger granites are 
well discriminated and appear as belts at the west of 
the Dokhan Volcanics. Landsat-8 processed data clear-
ly mapped the different types of the exposed Dokhan 
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Figure 15: Photomicrographs showing the petrographic characteristics of felsic Dokhan Volcanics and their re-
lated tuffs A) Quartz (QZ) and plagioclase (PL) phenocrysts in Porphyritic rhyodacite, C.N.,  B) Apatite (AP) and 
zircon (ZR) in rhyodacite, P.L., C)  Spherulitic texture in rhyolite, C.N. and  D) Titanite (Ti) and Uranophane (U) 
in fractured porphyritic rhyolite, C.N.



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

The petrographic characteristics of the Dokhan 
Volcanics are discussed as in the following:
The lower Dokhan Volcanics member (intermedi-
ate) are mainly represented by andesites, dacites 
and quartz-dacites besides their equivalent tuffs. 
They show ophitic, sub-ophitic, porphyritic and 

sometimes show flow textures Figures 14A, B & 
C. The main mineral components of these rocks 
are plagioclase (An20- An35), pyroxene, hornblende, 
opaque and rare biotite and quartz. Their tuffs are 
crystal lithic to lithic crystal tuffs that sometimes 
show significant flow textures Figures 14D, E & F). 
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Figure 14: Photomicrographs showing the Petrographic characteristics of intermediate Dokhan volca-
nics and their related tuffsA) Sub-ophitic texture in porphyritic andesite, C.N., B) Plagioclase phenocrysts 
(PL) forming porphyritic texture in dacite, C.N., C) Plagioclase (PL) and quartz phenocrysts (QZ) in 
quartz-dacite, C.N., D) Quartz crystals (QZ) and dacitic lithic fragments (DC) in crystal lithic tuffs, C.N., 
E&F)Flow texture in lithiccrystal tuffs of intermediate composition where the lithic fragments are of an-
desitic (AND)  and dacitic (DC) composition besides quarts crystals (QZ), P.L and C.N.
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along Wadi El-Barud, in addition to G. Moham-
med Rabbah which caps the metavolcanics. All the 
Dokhan Volcanic masses as well as the surrounding 
rock units are dissected by felsic and mafic dyke 
swarms extending for several kilometers in NE-SW 

and NW-SE trends. The felsic dykes resist weath-
ering more than the surrounding rocks and conse-
quently appear as ridges and spines (Figure 13F). 
On the other hand, the mafic dykes are less resistant 
to weathering forming negative relief features.

Figure 13: Field characteristics of Dokhan volcanics of G. Nuqara area, CED, EgyptA) G. Nuqara 
Dokhan Volcanics with its high relief, sharp peaks and steep slopes, B) Sharp intrusive contact between 
younger granites (YGR) and intermediate lower Dokhan volcanics (LDV), C) Offshoot of younger gran-
ites (YGR) cutting through the intermediate Dokhan volcanics (LDV) which capped with thePhanerozoic 
sediments (PHS), D) Felsic upper Dokhan volcanics (UDV) upon the intermediate lower Dokhan volca-
nics (LDV), E)   Phanerozoic sediments (PHS) capping the intermediate Dokhan volcanics (LDV) and F) 
Quartz-feldspar porphyry dykes (QFPD) resist weathering more than the surrounding older granitoids 
(OGR) and consequently appear as ridges and spines.
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4. FIELDWORK AND PETROGRAPHIC VERI-
FICATION

Based on fieldwork investigations, spatial distribu-
tion and contact relationships, the main rock units 
of the study area are represented by metavolcanics, 
older granitoids, Dokhan Volcanics, younger gab-
bros, younger granites as well as Phanerozoic sed-
imentary rocks. 
The metavolcanic association represents the oldest 
rock unit in the study area. It consists of a deformed 
succession of mafic to intermediate volcanic rocks 
and volcaniclastics (metabasalts, meta-andesites 
and their metapyroclastics) that have been region-
ally metamorphosed into green-schist facies. This 
metavolcanics are intruded by the older granitoids, 
the younger gabbros and younger granites.
The older granitoids are the dominant rock unit at 
the G. Nuqara area. They intrude the metavolcanics, 
carrying them as roof pendants, and contain sever-
al xenoliths of them. The younger gabbros and the 
younger granites intrude the older granitoids, where 
the intrusive bodies send offshoots into the skirting 
older granitoids. The syn-tectonic older granitoids 
are mainly represented by tonalite to quartz-diorite 
and granodiorite. This granite suite is coarse- to me-
dium-grained, light gray in colour and encloses few 
mafic enclaves. Spatially, it is sheared and foliated. 
The Dokhan volcanics (the main target of this 
study) are represented by G. Nuqara, which rep-
resents a conspicuous rock unit west of Safaga City 
covering an area about 68 km2. They are character-
ized by their high relief with sharp peaks and steep 
slopes (Figure 13A) as well as conspicuous colum-
nar jointing. The Dokhan Volcanics are intruded 
westward by younger granites where the shared 
contact is sharp and intrusive (Figure 13B). Along 
with their contacts, the younger granites send sev-
eral offshoots of different thickness into them (Fig-
ure 13C) and host xenoliths of different shapes and 
sizes. On the other hand, the Dokhan Volcanics are 
unconformably overlain eastward by Phanerozoic 
sedimentary rocks. The studied Dokhan Volcanics 
can be subdivided into two subunits: the interme-
diate Volcanics and the felsicone. The intermediate 
subunit covers an area about 51.7 km2 and is char-

acterized by light to dark grey colours, while the 
felsic one covers an area about 16.3 km2 with faint 
to reddish pink colours. The intermediate Dokhan 
volcanics are conformably overlain by the felsic 
volcanics (figure 13D). The felsic subunit can be 
classified, according to the Landsat imagery pro-
cessing results, into two varieties. The first one is 
characterized by its relicts of tuffaceous structure 
which are scattered and cap the intermediate vari-
eties, mostly south of  Wadi El-Barud; whereas, the 
other one is characterized by flow structure and lo-
cated north around Wadi El-Barud. Compared with 
the felsic Dokhan Volcanics, the intermediate ones 
are: 1) highly weathered particularly along the east-
ern periphery along the Red Sea coast, 2) possess 
several vesicles, especially near contacts, which 
sometimes are filled with carbonates, chlorite and 
quartz forming amygdales of different shapes and 
sizes, and 3) show  conspicuous porphyritic tex-
tures. The pyroclastics of both subunits contain 
fragments varying in size from ash to lapilli and 
sometimes to bombs or huge rock fragments. Tuffs 
sometimes show kinked lamination; some of these 
laminae become brick red because of staining from 
iron oxy-hydroxides. Both Dokhan Volcanic sub-
units enclose xenoliths of different shapes and sizes 
from meta volcanics, especially near the southern 
contacts. It is worth to mention that the felsic vari-
eties enclose xenoliths that are commonly of andes-
itic composition, suggesting that the felsic Dokhan 
volcanics are younger than the intermediate ones.
The younger gabbros intrude the older granitoids 
and carry several roof pendants of them. They are 
of limited distribution forming low terrains and are 
mainly represented by hornblende gabbros.
The younger granites occur as elongated belts bor-
dering the Dokhan Volcanics from the south, west 
and north. They intrude all the previously men-
tioned rock units. This granitic belt is affected by 
a dextral fault running nearly E-W along Wadi Um 
Taghir. They are mainly represented by monzogran-
ites and alkali-feldspar granites. All the earlier men-
tioned rock units are capped with the Phanerozoic 
sedimentary rocks, especially the Dokhan volca-
nics (Figure 13E) along the Red Sea coast as well 
as sporadic masses capping the younger granites 
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Figure 12: Bar diagrams showing the minimum, maximum and averages of eU, eTh, K%, 
eU/eTh and eTh/eU in the different rocks of G. Nuqara area, CED, Egypt.



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

60

Table 1 : eU, eTh, K%, eU/eTh and eTh/eU of the different rocksat the G. Nuqara area, CED, Egypt

Rock type eU 
(ppm) 

eTh 
(ppm) 

K % eU/eTh eTh/eU 

Phanerozoic Sedimentary rocks Minimum 3.65 12.15 1.59 0.15 0.26 

Maximum 65.07 124.48 31.16 3.79 6.84 

Average 33.8 47.46 15.64 0.92 1.59 

Younger Granites Minimum 9.12 29.47 8.67 0.17 0.42 

Maximum 82.04 130.32 36.24 2.36 5.90 

Average 28.26 66.12 26.39 0.43 2.60 

Younger Gabbros Minimum 5.66 12.16 5.50 0.18 1.63 

Maximum 21.78 49.88 15.54 0.61 5.52 

Average 11.89 30.59 11.01 0.39 2.85 

D
ok

ha
n 

V
ol

ca
ni

cs
 

Rhyolites and related tuffs Minimum 13.90 36.60 11.14 0.20 1.24 

Maximum 59.29 95.47 32.39 0.80 4.93 

Average 29.74 69.89 23.79 0.43 2.48 

Rhyodacites and related tuffs Minimum 10.94 37.64 10.35 0.25 1.20 

Maximum 65.68 129.88 30.34 0.83 3.97 

Average 30.41 71.46 21.40 0.43 2.46 

Andesites, Dacites and 
related tuffs 

Minimum 11.19 33.95 11.40 0.20 1.14 

Maximum 62.12 123.07 33.32 0.87 5.05 

Average 28.78 65.50 21.64 0.44 2.37 

Older Granitoids Minimum 1.96 19.84 6.27 0.07 1.45 

Maximum 64.56 180.77 32.05 0.69 14.74 

Average 17.40 48.73 17.15 0.36 3.03 

Metavolcanics Minimum 1.17 12.35 3.52 0.07 0.77 

Maximum 39.89 100.39 36.00 1.30 14.16 

Average 14.64 33.31 12.42 0.45 2.69 
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3.2.2. Quantitative interpretation of the air-
borne gamma-ray spectrometric data.

The average equivalent uranium (eU) and 
equivalent thorium (eTh) abundances in felsic 
intrusive and extrusive rocks, such as granites 
and rhyolites, are 4.5 and 15.7ppm, respective-
ly (Boyle, 1982). 
The minimum, maximum and average of the 
eU (ppm), eTh (ppm) and K% as well as the 
ratios eU/eTh and eTh/eU of each rock unit 
cropped out in the study area are shown in Ta-
ble 1 and Figure 12. It is clear that the average 
contents of the radio element distribution of 
all rock types are mostly within normal range. 

The meta volcanics and the lower intermedi-
ate member of the Dokhan Volcanics show 
relative high values of eU, eTh and K due to 
their location adjacent to the younger granites 
and the common presence of younger granites 
offshoots into them confirming uranium redis-
tribution. Regarding the eU/eTh values, all the 
rock units have averages of about 0.5 except 
that of the Phanerozoic sedimentary rocks (G. 
Mohammed Rabbah) which has an average of 
more than 1.5.  This may be attributed to the 
presence of Phosphatic bands intercalated with 
Nubian Sandstone and Dakhla Formation. This 
was also confirmed with the eTh/eU averages 
of the studied rock units.
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Figure 11C: Potassium composite image 
(K, K/eTh and K /eU in RGB) of the G. 
Nuqara area, CED, Egypt.

Figure 11D: Thorium composite image 
(eTh, eTh/K and eTh/eU in RGB) of the G. 
Nuqara area, CED, Egypt.
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Ternary maps are composite images which provide 
a simultaneous display of up to three parameters on 
one image and facilitate the correlation and delin-
eation of areas based on subtle differences in the 
numerical values. In this case, the additive primary 
colours, red, green and blue (RGB) are used. The 
intensity of each colour depends on the concentra-
tion of the radio element. Black colour represents 
the low concentrations of all three elements while 
white colour reflects the high ones. These compos-
ite ternary maps are developed by the USGS (Du-
val, 1983).
Figure  11A  shows the composite colour image 
of K%, eTh and eU in RGB, respectively. Blue co-
lour represents high concentrations of eU and poor 
eTh + K%, green colour represents high eTh and 
poor eU+ K%; finally, red colour represents high 
K% and poor eU+eTh. It is clear that G. Moham-
med Rabbah (Phanerozoic sedimentary rocks) has 

high concentrations of eU-content in addition to 
small spots in younger granites and felsic Dokhan 
Volcanics. This interpretation is confirmed by the 
uranium ternary composite image (eU, eU/eTh 
and eU/K in RGB) shown in Figure 11B. 
The potassium composite image (Figure11C) 
shows that the highest K-concentration (white 
colour) is only associated with the younger gran-
ites, felsic Dokhan Volcanics (rhyolites and their 
related tuffs) whereas the Phanerozoic sedimen-
tary rocks show the lowest K-concentrations in 
the study area. The thorium composite image 
(Figure11D) emphasizes the relative distribution 
of thorium and highlights areas of thorium enrich-
ment. The highest eTh concentrations (white and 
red colours) are only associated with the younger 
granites and felsic Dokhan Volcanics. However, 
the Phanerozoic sedimentary rocks have the low-
est eTh contents.
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Figure 11A: Radioelements composite im-
age (K, eTh and eU in RGB) of the G. Nuqa-
ra area, CED, Egypt.

Figure 11B: Uranium composite image 
(eU, eU/eTh and eU/K in RGB) of the G. 
Nuqara area, CED, Egypt.
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Figure 10A: Airborne radiometric con-
tour map of uranium (eU in ppm) in the G. 
Nuqara area, CED, Egypt.

Figure 10B: Airborne radiometric con-
tour map of thorium (eTh in ppm) in the G. 
Nuqara area, CED, Egypt.

Figure 10C: Airborne radiometric con-
tour map of potassium(K %) in the G. 
Nuqara area, CED, Egypt.
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3.2. Airborne Gamma-Ray Spectrometry

The airborne gamma-ray spectrometric data of 
the study area were processed and treated quali-
tatively and quantitatively. The qualitative inter-
pretations resulted in three radioelement maps as 
well as four ternary maps; whereas, the quantita-
tive ones were used to clarify the radioelements 
contents of each rock unit.  

3.2.1. Qualitative interpretation of the air-
borne gamma-ray spectrometric data.

Radioelements filled coloured contour maps 
comprising (eU in ppm), (eTh in ppm) and (K 
in %) are shown in Figs. 10 A, B and C. The 
concentration of eU (ppm), eTh (ppm) and K% 

may be classified into three levels.  The younger 
granites, the Phanerozoic sedimentary rocks and 
the upper member felsic Dokhan Volcanics com-
prising rhyolites and related tuffs have the high-
est levels of eU, eTh, and K(31 to 52 ppm, 67 to 
95 ppm and 25 to 32%, respectively).The older 
granitoids and the intermediate Dokhan Volca-
nics have intermediate levels of eU, eTh and K 
(15 to 30 ppm, 35 to 66 ppm and 13 to 24%, 
respectively) whereas the metavolcanics and the 
younger gabbros exhibit the lowest levels of eU, 
eTh and K% (5 to 14 ppm, 15 to 34 ppm and 5 
– 12%, respectively).The Phanerozoic sedimen-
tary rocks of G. Mohammed Rabbah are well 
discriminated as they have high eU levels and 
low levels of both eTh  and K contents at the 
same time.
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Figure 9: OH-bearing and carbonate miner-
als (micas and clays) (B6/B7) of G. Nuqara 
area, CED, Egypt (blue zone is the expected 
threshold anomalies at 95% confidence).
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(1) Metavolcanics; (2) Older granitoids; (3) Lower 
intermediate Dokhan volcanics; (4) Upper felsic rhyodacite 
Dokhan volcanics; (5) Younger gabbros; (6) Younger granites 
and Rhyolites (D.V.); (7) Phanerozoic Rocks (Cretaceous) 
and (8) Phanerozoic Rocks (Tertiary & Quaternary)

(1) Metavolcanics; (2) Older granitoids; (3) Lower 
intermediate Dokhan volcanics; (4) Upper felsic 
rhyodacite Dokhan volcanics; (5) Upper felsic 
rhyolite Dokhan volcanics; (6) Younger granites 
and (7) Phanerozoic Rocks

Figure 5: MNF colour composite of MNF1, 
MNF2, MNF3 in RGB of the G. Nuqara area, 
CED, Egypt.

Figure 6: Colour ratio composite of (B4/
B2), (B5/B6), (B6/B7) in RGB of the G. 
Nuqara area, CED, Egypt.

Figure7: Limonite minerals (Fe3+) (B4/B2) of 
the G. Nuqara area, CED, Egypt (red zone is 
the expected threshold anomalies at 95% con-
fidence).

Figure8: Ferromagnesian minerals (Fe2+) 
(B5/B6) of the G. Nuqara area, CED, Egypt 
(green zone is the expected threshold anom-
alies at 95% confidence).
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3.1.3. Minimum Noise Fraction (MNF)

This method developed by Green, Berman, Swit-
zer, & Craig (1988), is a principal component-like 
orthogonalization rotation that results in components 
ordered in increasing rank of random noise rather 
than decreasing rank of variance. So, the MNF trans-
form is used to determine the inherent dimensionality 
of image data, to segregate and equalize the noise in 
the data, and to reduce the computational require-
ments for subsequent processing (R.S.I., 2003). In 
the multispectral image preprocessing stage, MNF 
and inverse MNF transformations were used for re-
ducing noise in reflectance bands by avoiding Eigen 
images having eigen vector loadings less than unity, 
then recalculating surface reflectance data without 
noise. The first three Eigen images usually contain 
more than 98% of total eigen values and the colour 
composite of MNF1, MNF2 and MNF3 in RGB re-
spectively provide a colourful image with least noise 
and highest variance (Figure 5).Regarding  this 
image, two varieties of the Dokhan Volcanics are 
distinguished: 1) the lower member is composed 
of andesites, dacites, quartz-dacites and their relat-
ed tuffs (dark purple colour), 2) the upper member 
including rhyodacite to rhyolite and related tuffs 
(purple colour). It was noticed that the third upper 
member of the Dokhan Volcanics (rhyolites and their 
equivalent related tuffs) could not be distinguished 
from the younger granites (reddish-orange colour) 
but they could be discriminated from the older gran-
itoids (mottled yellowish brown colour). The me-
tavolcanics appeared with mottled greenish blue 
colour whereas the younger gabbros exhibited with 
the mottled bluish green colour as their close simi-
larity in mineral composition. The Phanerozoic sed-
imentary rocks are distinguished into two varieties; 
1) upper Cretaceous (at G. Mohammed Rabbah and 
small outcrops capping the younger granites around 
Wadi El-Barud) with magenta colour and 2) Tertiary 
sedimentary rocks scattered along the eastern side of 
the area along the Red Sea coast (bright pink colour).

3.1.4. Band ratios

Band rationing is a data transformation technique 

used to enhance spectral differences between the im-
age bands along with reducing topographic illumina-
tion effects (R.S.I., 2003).  Dividing one spectral band 
by another produces an image that provides relative 
band intensities. Band ratios were widely applied in 
geological and alteration mineral mapping (Abrams 
et al., 1983; Sabins, 1987; El-Rakaiby, 1993; Ab-
delsalam et al., 2000; Abdeen et al., 2001; Rowan, 
Hook, Abrams, & Mars, 2003; Velosky, Stern, & 
Johnson, 2003; Xu, Lin, Shao, & Wang, 2004; and 
Badr, 2017). Band ratios of (B4/B2), (B5/B6) and 
(B6/B7) and their colour combination in RGB are 
created for the delineation of hydrothermal alteration 
zones (Figure 6). This composite image well distin-
guishes the younger granites (yellowish red and pink 
colours) from the older granitoids (brown mottled 
with magenta colour). In addition, the three variet-
ies of the Dokhan Volcanics are well distinguished: 
1) the lower member composed of andesites, dacites, 
quartz-dacites and their equivalent related tuffs (aqua 
marine and yellowish green colours), 2) the upper 
member including rhyodacite to rhyolite and their 
equivalent related tuffs (mixture of blue and magenta 
colours) and 3) the upper member are of rhyolites and 
their equivalent related tuffs (reddish brown colour).
Band ratio B4/B2 enhanced iron oxides have absorp-
tion in Band 2 and show significant reflectance in 
Band 4). The threshold anomalies of this band ratio 
at 95% confidence (Figure 7) is exactly traced to the 
boundaries of both younger granites and Phanerozoic 
sedimentary rocks besides the younger granitic off-
shoots and felsic dykes cutting the other rocks, espe-
cially the older granitoids (northwestern part of the 
area) and the lower intermediate Dokhan Volcanics. 
 Band ratio B5/B6 enhances ferromagnesian minerals 
and the threshold anomalies of this band ratio at 95% 
confidence (Figure 8) exactly trace the boundaries 
of the lower member Dokhan Volcanics and isolate 
them from the upper one and the other rock units in 
the study area. 
Band ratio B6/B7 enhances carbonates and OH-bear-
ing minerals and the threshold anomalies of this band 
ratio at 95% confidence (Figure 9) roughly trace both 
the lower member Dokhan Volcanics and the Pha-
nerozoic sedimentary rocks (especially G. Moham-
med Rabbah) together.
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3.1.2. Principal Component Analysis (PCA)

Principal component transformation is a multivariate 
statistical technique for simplifying a dataset by reduc-
ing multidimensional datasets to lower dimensions for 
analysis and for removing the redundancy of informa-
tion that exists between the different bands to extract 
the pertinent information from them (Loughlin, 1991). 
Therefore, PCA displays the maximum contrast from 
several spectral bands with just three primary display co-
lours, (Vincent, 1997). PCA is recommended as a good 
method in geological mapping (Crosta, Filho, Azevedo, 
& Brodie, 2003; Amer, Kusky, & Ghulam, 2010; Pour, 
Hashim, & van Genderen, 2013; Pour, Hashim, & Mar-
ghany, 2013; Rajendran, Nasir, Kusky, Ghulam, Gabr, & 
El-Ghali, 2013; Dawoud, Abdel Ghani, Elsaid, & Badr, 
2017). PCA has been applied to the Landsat-8 scene and 

by checking the results of the eigenvalues of PC images, 
it was found that PC1, PC2, and PC3 contain total vari-
ance in the data. PC1 concentrate features common to all 
input bands (usually topography) often display import-
ant structural information. PC2 is orthogonal to PC1 in n 
directional space and highlights the spectral differences 
between visible and infrared spectral bands. PC3 includes 
the third most variability and is orthogonal to the other 
two PCs. The resulting PCA bands colour composite (fig-
ure 4) delineates the metavolcanics and younger gabbros 
(greenish blue colour), the lower member (intermediate) 
of Dokhan Volcanics (yellowish green), the most upper 
member (rhyolites) of Dokhan Volcanics (dark blue co-
lour) and Phanerozoic sedimentary rocks (both bright red 
and dark red colours) whereas the older granitoids and 
the younger granites can not be distinguished from each 
other (purple mottled with red colour).
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(1) Metavolcanics and Younger gabbros; (2) 
Older granitoids and younger granites; (3) Lower 
intermediate Dokhan volcanics; (4) Upper 
felsic Dokhan volcanics; (5) Phanerozoic Rocks 
(Cretaceous) and (6) Phanerozoic Rocks (Tertiary 
& Quaternary)

(1) Metavolcanics and Younger gabbros; (2) 
Older granitoids and younger granites; (3) 
Lower intermediate Dokhan volcanics; (4) 
Upper felsic Dokhan volcanics; (5) Phanerozoic 
Rocks

Figure 3: False colour composite Land-
sat-8 bands 7, 5, 3 in RGB of the G. Nuqara 
area, CED, Egypt.

Figure 4: PCA colour composite of PC1, 
PC2 and PC3 in RGB of the G. Nuqara 
area, CED, Egypt.
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The integration between the multispectral remote sens-
ing data and the airborne gamma-ray spectrometry has 
been intensively used in lithological mapping to detect 
the potential radioactive zones in the Eastern Desert of 
Egypt (Nigm and Khameis, 2008; El-Sadek and Mou-
sa, 2010; Sweha, 2014; Badr, 2017).
The present study aims to integrate and construct 
a detailed geological map of the G. Nuqara Dokhan 
Volcanics, and clarify the alteration zones and their 
potentiality for radioactivity. This is done by using 
Landsat-8 image processing and airborne Gamma-ray 
spectrometric data with fieldwork followed by labora-
tory work.

2. MATERIALS AND METHODS

A single Landsat-8 (LC81740422014188LGN00) L1T 
(terrain corrected) scene (path174/ row 42), nearly 
cloud-free, covering the study area acquired on July 
7, 2014, was obtained from USGS Earth Explorer site 
(http://earthexplorer.usgs.gov/). Landsat-8 data were 
collected by two-sensors, the Operational Land Imager 
(OLI) and the Thermal Infra-Red Sensor (TIRS). Re-
spectively, these two instruments collect image data 
for nine shortwave and two longwave thermal bands. 
The pixel size of these bands was 15 meters for pan-
chromatic, 30 meters for multispectral and 100 meters 
for thermal. The Landsat-8 image was radiometrically 
calibrated, atmospherically corrected using the Fast 
Line of Sight Atmospheric Analysis of Spectral Hy-
percube (FLAASH) and subset to fit the study area. In 
this study, only multispectral data (VNIR and SWIR) 
bands were used. The map projection was Universal 
Transverse Mercator (UTM) and the datum was WGS 
84. Multispectral image enhancements comprising co-
lour band combinations, principal component analysis, 
minimum noise fraction and band ratios were done. 
Alteration types resulting from band ratios were also 
investigated.  ENVI software (version 5.3) was used in 
preprocessing and processing the scene.
The airborne gamma-ray spectrometric data of the 
study area was acquired in 1984. The survey was car-
ried out along parallel flight lines oriented in a NE-SW 
direction at one km spacing, while the tie lines were 
flown in a NW-SE direction at 10 km intervals at a 
nominal flight altitude of 120m terrain clearance (Ae-

ro-Service, 1984). All the aero-spectrometric data (TC, 
K, eU, and eTh values) were multiplied by 10. The data 
were processed and resulted in three radio elemental 
maps of eU, eTh and K besides four ternary maps used 
to clarify both lithological mapping and radioelements 
potentiality. These spectrometric data were also treated 
qualitatively and quantitatively to stand on the radio-
active anomalies in the study area. The airborne gam-
ma-ray spectrometric data were processed using Geo-
soft Oasis Montaj software (version 8.4).
Digital elevation model and georeferenced data (geo-
logic and topographic maps) were also used to extract 
the drainage system and topographic characteristics of 
the study area respectively. Statistical treatments for 
band ratios and radioelements data were done. The fi-
nal products of the processed data were produced by 
Arc GIS software (version 10.5).
Fieldwork was carried out in several parts of the G. 
Nuqara Dokhan volcanics and its nearby areas to check 
the occurrence and spatial distribution of the lithologi-
cal units. During the field work, the interpreted images 
were verified and sample collections of different va-
rieties of the Dokhan Volcanics were carried out. The 
samples were petrographically studied to validate the 
image interpretations with the results of laboratory 
studies. Finally, accuracy assessment of the results of 
the field was checked and petrographic studies were 
done.

3. DATA PROCESSING
3.1. Landsat-8 Data Processing 
3.1.1. Colour Band Composites (CBC)

The discrimination between different rocks in the area 
was achieved through an image combined bands 7, 5, 
3 in RGB respectively (figure 3), the image represent-
ed  different wavelengths (7 of SWIR, 5 of NIR, and 
3 of visible green), hence it gave the highest variance 
(Jensen, 1986). This image discriminated the Dokhan 
Volcanics (lower and upper members) as a whole from 
the metavolcanics and younger gabbros. In addition, 
Phanerozoic sedimentary rocks were well discrimi-
nated and could be classified into two varieties: Cre-
taceous; Tertiary and Quaternary). However, it could 
not discriminate between the older granitoids and the 
younger granites.
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Figure. 2A: Simplifiedlithological map of G. Nuqara area, CED, Egypt, (Modified afterCon-
oco Coral and EGPC, 1987 and Ali, 1995).

Figure. 2B: Simplifiedlithological map of G. Nuqara area, CED, Egypt (Modified after EGS-
MA, 1992) .
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of the Nuqara volcanics, which form the topic of this 
contribution, are still controversial and sparse (Cono-
co Coral and EGPC, 1987; EGSMA, 1992; Ali, 1995; 
El-Mansi, Dardier, & Abdel Warith, 2003; Elbalakssy, 
Ali, & Elhusseiny, 2012). For example, two geological 
maps of scale (1: 50,000) are simplified after Conoco 

Coral and EGPC, 1987 and Ali (1995) (figure 2A) and 
EGSMA (1992) (figure 2B), to illustrate the variations 
and differences in the represented exposed rock units 
in geological maps, especially that of the Dokhan Vol-
canics. Controversial mapping extended even into the 
represented granitoid rocks in the two maps.
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Figure 1A: Location map of G. Nuqara area, CED, Egypt.

Figure 1B: Physiographic  map of G. Nuqara area, CED, Egypt.
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1. INTRODUCTION

Using multispectral image processing and Geograph-
ic Information System (GIS) techniques, a number of 
highly accurate projected thematic maps representing 
geomorphologic and morphometric characteristics of 
hydrologic system, radiom etrically and atmospher-
ically corrected satellite imagery (Landsat 8 data), 
band colour combinations, band ratios, principal 
component analysis, minimum noise fraction, im-
age classification, etc., that reflect the ability of these 
powerful tools in different geologic aspects saving 
time, efforts and cost. Remote sensing data involving 
satellite and airborne types provide quick and cheap 
tools in geological mapping and radioelement potenti-
ality. The potential of using remote sensing accompa-
nied by GIS in geology and geomorphology has long 
been discussed in the principal literature  (e.g. Drury, 
2001; Gupta, 2003; Jensen, 2005; Lillesand, Kiefer, 
& Chipman, 2000; Sabins, 1999).  Geological map-
ping and mineral exploration are some of the main re-
sponsibilities of remote sensing applications. Today, 
remote sensing data is usually utilized for lithological 
mapping, structure analysis and mineral exploration 
around the world, particularly in arid and semi-arid 
regions (Abdeen and Greiling, 2005; Rowan, Mars, 
& Simpson, 2005; Acharya and Mallik, 2012; Ar-
nous and Sultan, 2014; El- Said, 2014; Sweha, 2014; 
Badr, 2017; Sultan, El-Shafei, & Arnous, 2017). Fur-
thermore, the digital image processing of the space-
borne data has a lot of potential in providing several 
solutions, especially ones used to overcome the dif-
ficulties and limitations associated with geological 
field mapping and mineral exploration (especially in 
inaccessible and rugged terrain, such as the G. Nuqara 
area in central Eastern Desert, Egypt).
Egyptian basement rocks in the Eastern Desert and 
Sinai comprise Neoproterozoic juvenile crust de-
veloped in the northwestern-most Arabian Nubian 
Shield (ANS ; Stern (2002)).The ANS is composed 
of mostly low-grade metasedimentary and metavol-
canic rocks that were derived from oceanic island arc 
volcanism (Collins and Pisarevsky, 2005; Hargrove,  
Stern,   Kimura,  Manton,   & Johnson, 2006; Stern, 
2002, 2008; Ali,   Stern,   Manton,   Kimura,   White-
house,   Mukherjee,   Johnson,   & Griffin, 2010; Stern 

and Johnson, 2010).The shield was cratonized during 
the collision between East- and West-Gondwana fol-
lowing the closure of the Mozambique Ocean around 
750-630 Ma (Stern, 1994; Abdeen and Greiling, 
2005; Cox,   Lewisa,   Collins,   Halverson,   Jour-
dan, Foden, Nettle, & Kattan, 2011; Abu-Alam, San-
tosh, Brown, & Stüwe, 2013). After cratonization, the 
Neoproterozoic crust was injected by the eruption of 
K-rich volcanic rocks (Dokhan Volcanics) and em-
placement of granitoid intrusions (El Shazly,  Dixon, 
Engel, Abdel-Meguid, & Stern, 1980; El-Bialy and 
Streck, 2009; Eyal, Litvinovsky, Jahn, Zanvilevich, 
& Katzir, 2010; Farahat and Azer, 2011; Johnson, 
Andresen, Collins, Fowler, Fritz, Ghebreab, Kusky, 
& Stern,  2011; El-Bialy; Hassen, 2012).The Dokhan 
type-volcanics refer to a varicolouredthick sequence 
of non-metamorphosed lava flows and pyroclastics 
with a wide range of (mafic tofelsic) composition 
in association with ignimbritic rhyolites (El-Ramly, 
1972; Basta, Kotb, & Awadalla, 1980; Heikal, Higazy, 
& El Rahmany, 1980; Stern & Gottfried 1986 and Ab-
del Rahman 1996). Generally, the Dokhan Volcanics 
have been investigated petrologically, geochemically 
and even chronologically since the early 20th centu-
ry by many authors (e.g. Basta et al., 1980; Akaad 
and Noweir, 1980; Stern and Hedge, 1985; Stern and 
Gottfried, 1986; Ragab, 1987; El-Gaby, Khudeir, & 
El-Taky, 1989; Abdel-Rahman, 1996).
The G. Nuqara study area, being a part of the ANS, 
is located in the central Eastern Desert (CED) in the 
west and southwest of Safaga City along the Red Sea 
coast. It is located between latitudes 26°35’29”N - 
26°46’47”N and longitudes 33°45’50”E - 33°57’39”E 
covering an area of about 378.52 km2 (figure 1A).  G. 
Nuqara Dokhan Volcanics assemblage with their rel-
atively large geographic extent form a more or less 
circular outline of an area about 68 km2. G. Nuqara 
is characterized by its very rugged topography with 
high peaks (834 m a.s.l.) and steep slopes. The drain-
age system representing the main Wadis (valleys) and 
the highest elevation points, as well as roads running 
through the study area are shown in figure (1B). The 
felsic rocks of G. Nuqara yield a Rb-Sr whole rock 
age of 581±7 Ma (Stern and Hedge, 1985), while 
the ages of the mafic rocks yield Rb-Sr whole rock of 
686±28 Ma. Detailed geological studies and mapping 
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تطبيق صور لاندسات 8- والبيانات الطيفية الجوية لأشعة جاما لرسم 
الخرائط الصخرية لمنطقة جبل نقارة، وسط الصحراء الشرقية، مصر

إسماعيل محمد عبد الغني

ملخــص: تجمــع الدراســة الحاليــة بيــن التحليــل الطيفــي لبيانــات القمــر الصناعــي لاندســات 8- وطيــف أشــعة جامــا المحمولــة جــواً، متبوعــاً بالعمــل 
الحقلــي التفصيلــى، وكــذا الدراســات الميكروســكوبية بغيــة التخريــط الجيولوجــي لمنطقــة جبــل نقــارة، وســط الصحــراء الشــرقية، مصــر. والجديــر 
بالذكــر ان عمليــة التخريــط الجيولوجــي لمنطقــة جبــل نقــارة اعتمــادا علــى الوســائل التقليديــة بالغــة الصعوبــة، نظــراً لمــا تتميــز بــه هــذه الوحــدات 
ــس شــديدة  ــك التضاري ــع المســنن لقمــم صخــور الدخــان والمنحــدرات الشــديدة، وكذل ــى الطاب ــة إل ــد، إضاف ــس والتعقي ــة مــن عــدم التجان الصخري

الوعــورة، ممــا يــؤدي إلــى رســم الخرائــط القليلــة الدقــة، خصوصــا لمثــل تلــك القمــم والانحــدارات. 
لقــد أظهــرت كلاً مــن نتائــج تقنيــات معالجــة صــور القمــر الصناعــي لاندســات 8- وخرائــط المســح الإشــعاعى مــع التحقــق الميدانــي والدراســات 
الميكروســكوبية الاختلافــات الطيفيــة بيــن الوحــدات الصخريــة بمنطقــة الدراســة، ممــا ســهل التخريــط الجيولوجــي لهــا، مــع تحديــد أماكــن وأنــواع 
ــارة عــن  ــب عب ــن:)1( ســفلي متوســط التركيب ــى نوعي ــة الدراســة إل ــز صخــور الدخــان بمنطق ــم تميي ــا ت ــة. كم ــر بالمنطق ــل والتغي ــات التحل نطاق
انديزيــت وداســيت وكوارتز-داســيت والصخــور الفتاتيــة خاصتهــم.  )2( علــوي فاتــح حمضــى التركيــب، والــذي بــدوره أمكــن تصنيفــه إلــى صنفيــن: 
ــة بصــورة واضحــة  ــات الحديث ــز الجرانيت ــم تميي ــذا ت ــه. وك ــة خاصت ــت والصخــور الفتاتي ــه، والرايولاي ــة التابعــة ل رايوداســيت والصخــور الفتاتي

جداعًــن صخــور الجرانيتويــدات القديمــة. 
نجــم عــن تفســير بيانــات خرائــط المســح الإشــعاعي أيضــا فصــل جبــل محمــد ربــاح )فانيــروزوى( عــن باقــى الصخــور، لمــا لــه مــن محتــوى عالــي 
مــن اليورانيــوم ومحتويــات قليلــة لــكل مــن الثوريــوم والبوتاســيوم، وذلــك لاحتوائــه علــى طبقــات الفوســفات التــي تتواجــد فــي حالــة تبــادل أو تغطــى 
صخــور الحجــر الرملــى النوبــى ومكــون طفلــة الداخلــة. عــلاوة علــى المنطقــة المحيطــة بــوادى البــارود فــي صخــور الجرانيــت الحديــث، وكذلــك 

أكثــر مــن نطــاق فــي صخــور بركانيــات الدخــان الفاتحــة. 

ــارة ،  ــل نق ــة جــواً، جب ــى لتجزيءالتشــويش، طيــف أشــعة جامــا المحمول ــات الأساســية، الحــد الأدن ــل المركب كلمــات مفتاحيــة: لاندســات8-، تحلي
ــات الدخــان. بركاني

48

. JNBAS ©1658-7022.(1441هـ /2020م) نشر بواسطة جامعة  الحدود الشمالية. جميع الحقوق محفوظة

المملكة العربية  السعودية
(NBU) جامعة الحدود الشمالية

  (JNBAS) مجلة الشمال للعلوم الأساسية والتطبيقية
طباعـــة ـ ردمد: 7022-1658 / الكتروني ـ ردمد: 1658-7014

www.nbu.edu.sa
http://jnbas.nbu.edu.sa

))55(( ــد  ــل ــج الم
))11(( ــدد  ــعـ الـ

مايـــو
20202020

رمضـان
14411441هـ

مجلـة الشمـالمجلـة الشمـال
للعلــــــوم

 الأساسية والتطبيقية

جامعة الحدود الشمالية
www.nbu.edu.sa & jnbas.nbu.edu.sa

دورية علمية محكمة

Journal of the North
for Basic and 

Applied Sciences

Peer-Reviewed Scientific Journal

Northern Border University
www.nbu.edu.sa & jnbas.nbu.edu.sa

طباعـــة ـ ردمـد: 1658-7022
إلكتروني ـ ردمد: 1658-7014

p- ISSN: 1658 - 7022
e- ISSN: 1658 - 7014

Volume )5(Volume )5(

Issue )1(Issue )1(

MayMay

20202020

RamadanRamadan

1441 H1441 H

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

JJ
NN
BB
AA
SS

هـ
 

هـ
 1

44
1

14
41

 ) )
11(

د 
عد

 ال
)

( 
دد

لع
( ا

55(
د 

جل
لم

- ا
ة 

يقي
طب

الت
 و

ية
اس

لأس
م ا

لو
لع

ل ل
ما

لش
ة ا

جل
م

( 
جلد

لم
- ا

ة 
يقي

طب
الت

 و
ية

اس
لأس

م ا
لو

لع
ل ل

ما
لش

ة ا
جل

م
Jo

ur
na

l o
f t

he
 N

or
th

 fo
r 

B
as

ic
 a

nd
 A

pp
lie

d 
S

ci
en

ce
s 

Vo
lu

m
e 

(5
) I

ss
ue

 (1
)  

20
20

Jo
ur

na
l o

f t
he

 N
or

th
 fo

r 
B

as
ic

 a
nd

 A
pp

lie
d 

S
ci

en
ce

s 
Vo

lu
m

e 
(5

) I
ss

ue
 (1

)  
20

20

55)1()1(

(JNBAS)،مجلة الشمال للعلوم الأساسية والتطبيقية                   (1441هـ/2020م)، المجلد (5)، العدد 69 - 47 ،(1)(JNBAS)،مجلة الشمال للعلوم الأساسية والتطبيقية،                 (1440هـ /2019م). المجلد (4)، العدد (2)، 107-98

* للمراسلة:

أستاذ، هيئة المواد النووية، ص.ب: 530، المعادى، القاهرة، مصر.

DOI: 10.12816/0055070
jnbas.nbu.edu.sa



The Application of Landsat-8 Imagery and Airborne Gamma-Ray 
Spectrometric Data for Lithological Mapping of Gabal Nuqara 
Area, Central Eastern Desert, Egypt

Ismail M. Abdel Ghani

Abstract: This paper examines the integration of the spectral analysis of Multispectral Landsat-8 data and the airborne gamma-
ray spectrometric survey followed by detailed field work and petrographic studies for geological mapping and locating radioactive 
anomalous zones at Gabal (G.) Nuqaraarea, central Eastern Desert, Egypt. The Dokhan Volcanics of G. Nuqara are characterized 
by their heterogeneity, complexity, toothy nature of their summits, steep slopes and very rugged topography. Depending on 
traditional means, geological mapping of this rock unit is very difficult. The promising results of Landsat-8 image processing, 
including Colour Band Composites and spectral transformation techniques (Principal Component Analysis, Minimum Noise 
Fraction and Band Ratios) and the results of airborne gamma-ray spectrometric data processing are verified and confirmed in 
the field by identification of the different lithological units and alteration types; the integrated work is validated further through 
petrographic studies. The results of these techniques are integrated and combined to construct a precise geological map (scale 1: 
50, 000) for the study area. Accordingly, G. Nuqara Dokhan Volcanics are classified into two members: 1) the lower intermediate 
member comprising andesite, dacite and quartz-dacite and their equivalent tuffs, and 2) the upper felsic, which is also classified 
into rhyodacites and their equivalent tuffs and the rhyolites with their equivalent tuffs. In addition, the younger granites are 
discriminated from the older ones. The radio element maps are correlated with the processed Landsat-8 images in order to 
delineate possible radio element potentialities at the G. Nuqara area. Uranium anomalies are encountered at G. Mohamed Rabbah, 
the area around Wadi El-Barud and sporadic zones in felsic Dokhan Volcanics.

Keywords: Landsat-8, Principal Component Analysis; Minimum Noise Fraction; Lithologic Mapping, Airborne Gamma-Ray 
Spectrometry, G. Nuqara, Dokhan Volcanics
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En S275JR stainless steel has the smallest twist 
angle that is calculated at 2.5. The value of 7075 
aluminum alloy is about three times bigger than 
the twist angle of En S275JR driveshaft, but still 
less than the other counterparts. Despite being the 
worst on the list, the twist angle of the proposed 
hybrid composite driveshafts has acceptable values. 
The results show that flexural deflection of hybrid 
shafts improves flexural deflection values for up to 
93%. For example, the proposed hybrid aluminum/
carbon E-glass polyester composite driveshaft was 
observed to have the biggest flexural deflection 
values. As expected, conventional materials showed 
significantly higher natural frequencies compared 
to all counterparts. Despite having greater weight 
and natural frequencies compared to composites 
alone, hybrid shafts weighted significantly less 
than their metal counterparts. The analysis that 
assessed the influence of layer number variations 
on characteristics suggests that the number of 
layers does not significantly affect much. However, 
the production of such complex materials increases 
the cost of production. All numerical values are 
acceptable and should be taken into consideration 
by the automotive industry due to their minuscule 
numerical values. In particular, the proposed 
hybrid composite driveshafts showed the best 
characteristics under given circumstances. This 
concludes to the fact that the optimal hybrid 
driveshaft includes 7075 aluminum alloy and a 
total of four layers of carbon E-glass polyester 
composite with fibers changing at ±45and 0/90 in 
each subsequent layer. 

4. CONCLUSION

Composite materials have been used in the car 
industry for the last several decades. Using 
composite materials instead of conventional 
materials such as En S275JR stainless steel and 
7075 Aluminum alloy in driveshaft manufacturing 
has both advantages and disadvantages. Hybrid 
driveshafts reduce the price of manufacturing 
and combine properties of conventional materials 
and composites. The comparative analysis in this 
research article was conducted to assess differences 

in weight, twist angle, flexural deflection, and 
natural frequencies of driveshaft models produced 
from conventional materials including En S275JR 
stainless steel and 7075 aluminum alloy, knitted 
E-glass fabric, carbon E-glass polyester, and 
Kevlar-50. Numerical calculations of models 
were completed using ANSYS and Autodesk 
Helius Composites software solutions. The results 
suggest all materials included in this research have 
mechanical characteristics that are adequate for 
the use in automotive industry. However, the use 
of composite driveshafts significantly reduced the 
weight of the product thus enhancing fuel economy. 
Variations in weight between different composite 
driveshafts are kept at around 10%. Compared to 
En S275JR stainless steel, the use of Kevlar-50 
decreases the weight of the product by 82.36%. 
However, variations in other characteristics are 
less obvious. This paper also assessed differences 
in mechanical characteristics of hybrid driveshafts 
made using the combination of En S275JR stainless 
steel, 7075 aluminum alloy, and S-glass. The 
findings suggest that the optimal hybrid driveshaft 
for driveshaft manufacturers should include 7075 
aluminum alloy and a total of four layers of carbon 
E-glass polyester composite with fibers changing at 
±45and 0/90 in each subsequent layer.
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Figure 20: Von Mises stress distribution along the aluminum/KEF driveshaft under the maximum load.

Figure 21: Von Mises stress distribution along the stainless steel/CEP driveshaft under the maximum load.

Figure 22: Von Mises stress distribution along the stainless steel/KEF driveshaft under the maximum load.

44



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

Figure 17: Strain distribution along the stainless steel/CEP driveshaft under the maximum load.

Figure 18: Strain distribution along the stainless steel/KEF driveshaft under the maximum load.

Figure 19. Von Mises stress distribution along the aluminum/CEP driveshaft under the maximum load.
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Figure 14: Shear stress distribution along the stainless steel/KEF driveshaft under the maximum load.

Figure 15: Strain distribution along the aluminum/CEP driveshaft under the maximum load.

Figure 16: Strain distribution along the aluminum/KEF driveshaft under the maximum load.
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Figure 11: Shear stress distribution along the aluminum/CEP driveshaft under the maximum load.

Figure 12: Shear stress distribution along the aluminum/KEF driveshaft under the maximum load.

Figure 13: Shear stress distribution along the stainless steel/CEP driveshaft under the maximum load.
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Figure 8: Deformation distribution along the aluminum/KEF driveshaft under the maximum load.

Figure 9: Deformation distribution along the stainless steel/CEP driveshaft under the maximum load.

Figure 10: Deformation distribution along the stainless steel/KEF driveshaft under the maximum load.
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Figure 6: Normalized difference index of weight, flexural deflection, twist angle, and natural frequencies 
for hybrid composites and each constituent, separately.

Figure 7: Deformation distribution along the aluminum/CEP driveshaft under the maximum load.

0 0.2 0.4 0.6 0.8 1 1.2

S275JR Stainless Steel
Stainless steel/KEF
Stainless steel/CEP

7075 Aluminum
Aluminum/KEF
Aluminum/CEP

S275JR Stainless Steel
Stainless steel/KEF
Stainless steel/CEP

7075 Aluminum
Aluminum/KEF
Aluminum/CEP
Aluminum/CEP
Aluminum/KEF
7075 Aluminum

Stainless steel/CEP
Stainless steel/KEF

S275JR Stainless Steel
Aluminum/CEP
Aluminum/KEF
7075 Aluminum

Stainless steel/CEP
Stainless steel/KEF

S275JR Stainless Steel

Fl
ex

ur
al

 d
ef

le
ct

io
n

Tw
ist

 an
gl

es
W

ei
gh

t
N

at
ur

al
 fr

eq
ue

nc
y

Normalized Difference Index

H
yb

rid
 C

om
po

sit
es

39



Abraham Elmushyakhi: Finite Element Modeling of Conventional and Hybrid Composite Driveshaft Performance

The production of composite materials is 
costly which is a reason why manufacturers 
should combine conventional metals with 
composite to produce hybrid driveshafts. 
This paper also analyzes hybrid driveshafts 
that use En S275JR stainless Steel and 7075 
aluminum alloy as a base that is coated with 
layers of different composite materials. It also 
considers the distribution of load in all layers 
so that the metal base does not take the greatest 
part of the load failing to allow composite 
layers to express their properties. The models 
compared are made using the combination of 
En S275JR stainless steel and 7075 aluminum 
alloy with some selected composite materials. 
The thickness of the composite layer is kept at 
2 mm and the orientation of fibers is set at 45 
in each subsequent layer. The thickness of the 
metal base is also maintained at 2 mm for both 

En S275JR stainless steel and 7075 aluminum 
alloy. Obtained values for hybrid composites as 
well as for each separate component are shown 
in figure 6. Figures 7-22 show the distributions 
of deformation, strain, shear and Von Mises 
stress along the aluminum/CEP, aluminum/
KEF, stainless steel/CEP and stainless steel/
KEF driveshafts under the maximum load. 
All driveshafts show that one loaded end has 
more stress concentration than the other end. 
Aluminum/CEP driveshaft displays more 
deformation and shear stresses compared with 
the other driveshafts as shown in figures 7-10 
and figures 11-14. Figures 15-18 and Figures 
19-22 show the total Von Mises stress and 
strain along the stainless steel/KEF driveshaft 
under the maximum load is minimum, while the 
maximum Von Mises stress was clearly seen by 
aluminum/ CEP driveshaft.
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Figure 5: Normalized difference index of flexural deflection, twist angle, and natural frequencies for 
carbon E-glass polyester (CEP) and knitted E-glass fabric (KEF) composites with variation in number of 
layers.
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Variations in characteristics are dependent on the overall 
number of layers in composite materials. To calculate 
these variations in most frequently used composites, 
each analyzed iteration has twice as many layers as the 
previous. The total thickness of the layers is kept at a 
constant of 3.5 mm throughout the experiment. Figure 
4 shows the normalized difference index of flexural 
deflection, twist angle, and natural frequencies with 

four different fiber direction layers. The direction of 
fibers in the proposed composite materials improved 
flexural deflection values, but also negatively impacted 
other characteristics. Numerical values obtained for 
flexural deflection, twist angle, and natural frequency 
are shown graphically in figure 5. The results suggest 
that changing the number of layers does not significantly 
affect the characteristics of driveshafts.
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Figure 3: Normalized difference index of weight, twist angle, flexural deflection, and natural frequencies for 
Kevlar-50 (K50), carbon E-glass polyester (CEP), knitted E-glass fabric (KEF), 7075 aluminum alloy (Al), 
and En S275JR stainless steel (SS).

Figure 4:  Normalized difference index of flexural deflection, twist angle, and natural frequencies for carbon 
E-glass polyester (CEP) and knitted E-glass fabric (KEF) composites with four different fiber direction layers.
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3. RESULTS AND DISCUSSION

The obtained numerical values for weight, twist 
angles, flexural deflection, and natural frequencies 
are shown graphically in figure 3 in increasing 
order. The results suggest that the benefits of 
using composite materials in the manufacturing of 
driveshaft include a decrease in the overall weight 
of the product. It is known that an increase in the 
length of driveshafts results in unfavorable natural 
frequencies, which is why manufacturing two-part 

instead of the single-part driveshaft is practiced in 
the automotive industry when using metals with high 
modulus of elasticity. Consequently, the construction 
herein of the driveshaft allows enough clearance for 
the whole product to withstand deformation caused 
by the movement of the vehicle over uneven terrain. 
Therefore, natural frequencies observed in composite 
materials are significantly lower compared to En 
S275JR stainless steel and 7075 Aluminum alloy. 
This, as a result, led composite driveshafts to be 
manufactured as single-part components.

Figure 1: Boundary condition and forces applied to the driveshaft.

Figure 2: Zoomed-in FE mesh model used for the analysis.

36



Journal of the North for Basic and Applied Sciences, Vol. (5), Issue (1),  (2020/1441 H)

The hybrid composite driveshafts were formed as Fiber 
Metal Laminates (FMLs) samples with employing a 3D 
Representative Volume Element (RVE) (Barbero, 2013) 
by using 3DSOLID186 layered element (PrepPost). 
Classical Lamination Plate Theory (CLT) (Jones, 2014) 
has been used for the lay-up analysis and to determine 
the mechanical properties based on the previous 
boundary constrains equations. A 0.51 volume Fraction 
of Fibers for Fiber Metal Laminates (FMLs) samples was 
calculated by using model proposed by (Chamis, 1989). 
The procedure used a finite element mesh comprised 
of 250,240 nodes and 57,600 tetrahedral elements each 
with a 3.5 mm size divided into 0.35 mm sections along 
the thickness (figure 2). The static analysis was used to 

calculate stress, displacements, forces caused by loads, 
and strains. Maximal shear stress, flexural deflection 
on bending, and twist angle were calculated for the En 
S275JR model shaft. The analytical model verification 
was done using the numerical analysis in ANSYS using 
the same constraint and loading conditions. Calculations 
for En S275JR stainless steel and 7075 aluminum 
alloy, knitted E-glass fabric, carbon E-glass polyester, 
and Kevlar-50 driveshaft models were done using the 
Autodesk Helius Composites Design Software version 
2016. Table 2 shows the fiber direction layers and number 
of layers selected and analyzed for the driveshafts. All 
composite materials used for the calculations have fibers 
that are placed at a ±45 unless otherwise stated.

Constituent
 Density

(𝜌), g/
cm3

 Shear
 modulus

 (G12),
GPa

 Shear
 modulus

 (G13),
GPa

 Shear
 modulus

 (G23),
GPa

 Young’s
 modulus

 (E11),
GPa

 Young’s
 modulus

 (E22),
GPa

 Young’s
 modulus

 (E33),
GPa

 Poisson’s
Ratio, 𝜈12

 Poisson’s
Ratio, 𝜈13

 Poisson’s
Ratio, 𝜈23

                              Kevlar-50 1.41    2.2 22 16 805 660 660 0.36 0.36 0.48
 7075

 aluminum
alloy

2.65 27 27 27 695 695 695 0.32 0.32 0.32

  En S275JR
 stainless

steel
8.1 81 74 74 220 220 220 0.31 0.31 0.31

 Carbon
 E-glass

 Polyester
(CEP)

1.6 6 62 31 140 638 900 0.33 0.33 0.51

 Knitted
 E-glass
 fabric
(KEF)

2.01 6.6 56 35 550 119 119 0.27 0.27 0.34

Table 1: Constituent selection and nominal values for the model parameters

Table 2: Fiber direction layers and number of layers selected for the composite laminate

Constituent Fiber direction layers Number of layers

Carbon E-glass polyester (CEP)

[-45°/0°/90°/+45°]
[0°/+45°/-45°/90°]

[0°/90°]2s

[±45°]2s

Knitted E-glass fabric (KEF)

[-45°/0°/90°/+45°]
[0°/+45°/-45°/90°]

[0°/90°]2s

[±45°]2s

Aluminum/CEP [0°/90°] 4, 6, 8, 10
Aluminum/KEF [±45°] 4, 6, 8, 10
Stainless steel/CEP [0°/90°] 4, 6, 8, 10
Stainless steel/KEF [±45°] 4, 6, 8, 10
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thus improving fuel efficiency and reducing the 
environmental footprint. There is a need to 
examine how the choice between conventional 
(metal) and different composite materials impact 
the mechanical properties of solid and hollow 
driveshafts used in the automotive industry. 
Hollow circular driveshafts are widely used in the 
automotive industry as their specific weight/
strength ratio is better compared to their solid 
circular counterparts. They also show small 
variations in stress, unlike solid circular 
driveshafts that suffer maximal levels of stress at 
the outer layer while the stress at the center 
remains at zero value (Belawagi, Shrishai, & 
Satwik, 2013). The aim of this paper is to answer 
the question: What effect does the choice between 
laminar composite versus stainless steel and 7075 
aluminum alloy have on mechanical properties of 
a single-part driveshaft. The objectives of this 
paper include analyzing numerical differences in 
weight, flexural deflection, twist angle, and 
natural frequencies between En S275JR stainless 
steel and 7075 aluminum alloy, and composites 
including knitted E-glass fabric, carbon E-glass 
polyester, and Kevlar-50. This paper will also 
account for any existing additional variations in 
the layer properties, namely the number and 
direction of fibers. It will also analyze the 
properties of hybrid shafts produced using a 
combination of composites and conventional 
materials. 

2. DESIGN AND NUMERICAL ANSYS 
MODEL

Materials selected for this study are often used in 
the automotive industry and include En S275JR 
stainless steel and 7075 aluminum alloy, beside 
composites including knitted E-glass fabric 
(KEF), carbon E-glass polyester (CEP), and 
Kevlar-50 (K50). The ANSYS standard material 
library, Helius Composite Software library, and 
Elmushyakh, Toubia, & Morgan (2019) and 
Elmushyakhi, (2019) were used to retrieve the 
material characteristics data and the description of 
the selected materials in Table 1. The analysis is 
performed on a 1400 mm long driveshaft model that 
is 100 mm in diameter with walls equaling 3.5 mm 
in thickness. The model was fixed on one end and 
loaded with an equivalent of 3500 Nm on the other 
end. A standard three-point bending simulation 
procedure with 1500 N of force was performed 
to analyze the bending of the shaft as shown in 
figure 1. The comparative analysis was completed 
using the ANSYS Engineering Simulation and 
3-D Design Software. Firstly, passenger car 
driving shaft design and specifications were used 
to create a tridimensional PROE model. Next, FE 
modeling software was used to create a driveshaft 
tridimensional FE model with the mesh generated 
by ANSYS workbench using 10 as relevance. 
The prediction of the required results was done 
using the following boundary conditions model in 
ANSYS version 17.2:

procedure with 1500 N of force was performed to analyze the bending of the shaft as seen in 
Figure 1. The comparative analysis was completed using the ANSYS Engineering Simulation 
and 3-D Design Software. Firstly, passenger car driving shaft design and specifications were 
used to create a tridimensional PRE model. Next, FE modeling software was used to create a 
driveshaft tridimensional FE model with the mesh generated by ANSYS workbench using 10 
as relevance. The prediction of the required results was done using the following boundary 
conditions model in ANSYS version 17.2: 

𝒲𝒲𝒳𝒳(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ𝓍𝓍𝓍𝓍 - 𝑏𝑏#ℰ𝓍𝓍# + 𝒲𝒲𝒳𝒳(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ𝓍𝓍𝓍𝓍 - 𝑏𝑏#ℰ𝓍𝓍# = 0 (1) 
𝒲𝒲𝒳𝒳(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ𝓍𝓍𝓍𝓍 - 𝑏𝑏#ℰ𝓍𝓍# + 𝒲𝒲𝒳𝒳(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ𝓍𝓍𝓍𝓍 - 𝑏𝑏#ℰ𝓍𝓍# = 0 (2) 
𝒲𝒲𝒴𝒴(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ#𝓍𝓍 - 𝑏𝑏#ℰ## + 𝒲𝒲𝒴𝒴(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ#𝓍𝓍 - 𝑏𝑏#ℰ## = 0 (3) 
𝒲𝒲𝒴𝒴(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ#𝓍𝓍 - 𝑏𝑏#ℰ## + 𝒲𝒲𝒴𝒴(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎𝓍𝓍ℰ#𝓍𝓍 - 𝑏𝑏#ℰ## = 0 (4) 
𝒲𝒲$(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎$ℰ$𝓍𝓍 + 𝒲𝒲$(𝑎𝑎𝓍𝓍 , 𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎$ℰ$𝓍𝓍 = 0 (5) 
𝒲𝒲$(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, -𝑥𝑥$) - 𝑎𝑎$ℰ$𝓍𝓍 + 𝒲𝒲$(𝑎𝑎𝓍𝓍 ,	-𝑏𝑏#, 𝑥𝑥$) - 𝑎𝑎$ℰ$𝓍𝓍 = 0  (6) 

Where 𝒲𝒲, ℰ refer to Deflections (stresses resultants) and mid-plane direct, shear and transverse 
strains respectively. a, b and X are the curvature and twist components of mid-plane. x, y and z 
indices Cartesian coordinates. 

The hybrid composite driveshafts were formed as Fiber Metal Laminates (FMLs) samples with 
employing a 3D Representative Volume Element (RVE) (Barbero, 2013) by using 
3DSOLID186 layered element (PrepPost). Classical Lamination Plate Theory (CLT) (Jones, 
2014) has been used for the lay-up analysis and to determine the mechanical properties based 
on the previous boundary constrains equations. A 0.51 volume Fraction of Fibers for Fiber 
Metal Laminates (FMLs) samples was calculated by using model proposed by (Chamis, 1989). 
The procedure used a finite element mesh comprised of 250,240 nodes and 57,600 tetrahedral 
elements each with a 3.5 mm size divided into 0.35 mm sections along the thickness (Figure 
2). The static analysis was used to calculate stress, displacements, forces caused by loads, and 
strains. Maximal shear stress, flexural deflection on bending, and twist angle were calculated 
for the En S275JR model shaft. The analytical model verification was done using the numerical 
analysis in ANSYS using the same constraint and loading conditions. Calculations for En 
S275JR stainless steel and 7075 aluminum alloy, knitted E-glass fabric, carbon E-glass 
polyester, and Kevlar-50 driveshaft models were done using the Autodesk Helius Composites 
Design Software version 2016. Table 2 shows the fiber direction layers and number of layers 
selected and analyzed for the driveshafts. All composite materials used for the calculations 
have fibers that are placed at a ±45° unless otherwise stated. 

Table 1: Constituent selection and nominal values for the model parameters 
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impact resistance, and their production is costly. 
Contrastingly, the production of glass fiber 
composites is inexpensive, and these materials 
have high strength, excellent chemical resistance, 
and good insulating properties. Disadvantages of 
glass fiber composites include low fatigue 
strength and elastic modulus, high density, and 
poor adhesion to polymers (Hatwar & Dalu, 
2015). In addition to that, contemporary 
automotive industry strives to decrease the weight 
of components used to manufacture vehicles in 
order to improve fuel efficiency and meet 
contemporary environmental standards. Despite 
all of the advantages of composite materials, steel 
materials remain the most widely used in the 
automotive industry. Steel has a high weight/
strength ratio and can endure significant 
deformations without fracturing or sudden failure. 
Properties of steel do not change over time and 
any alterations to steel structures can easily be 
made (Bhadeshia & Honeycombe, 2006). The 
literature indicates that optimized driveshafts 
have significantly lower weight compared to 
conventional steel driveshafts. A study analyzing 
shafts made from laminate composites with 
symmetrical, equal thickness layers in which 
fibers were placed at optimized angles showed 
that composite driveshafts can be 15 – 72% lighter 
than their steel counterparts without compromising 
the safety of the product (Sivakandhan & Prabhu, 
2011). In 2014, a comparative analysis of 
conventional and composite driveshaft model 
reported that using composite materials in the 
automotive industry has benefits. The study used 
hexagonal and tetrahedral finite elements of 
carbon fiber for both solid and hollow computer 
simulation models. The author reported that a 
24% decrease in weight was observed in 
composite driveshafts compared to steel models 
due to differences in the design and properties of 
these two materials (Ravi, 2014). Other studies 
show an even greater reduction in the weight of 
composites compared to metal shafts. For 
example, Rothe and Bombatkar (2015), performed 
a static, buckling and modal analysis to test high 
strength carbon fiber shafts. The results suggest 

such composite materials lower the weight of 
driveshafts by almost a double. Similar findings 
were observed in models that analyzed properties 
of a single-part composite and two-part steel shaft 
models. Such studies reported an approximate 
50% decrease in the weight of composite shafts 
compared to their steel counterparts (Bhajantri, 
Bajantri, Shindolkar, & Amarapure, 2014). 
Recently, a study analyzing composite driveshafts 
manufactured using a combination of Carbon 
fiber and S-glass composite with epoxy resins 
also elaborated on the benefits of using composite 
materials (Hatwar & Dalu, 2015). The authors 
conducted a static analysis using ANSYS software 
to compare shear and equivalent stress, maximum 
shear strain, weight and natural frequency of 
glass, carbon and steel shafts. The results suggest 
that while the stress and deformation characteristic 
of steel and composite shafts remained similar, 
the weight differences between steel and 
composite products were significant. According 
to the authors, composite driveshafts had a 72% 
weight reduction compared to their metal 
counterparts. Kaviprakash et al. (2014) examined 
and compared optimized steel driveshafts to 
laminate composite models manufactured using 
high strength carbon fibers, epoxy resins and 
Kevlar with different layering and fiber 
orientation. The optimization was conducted 
using the ANSYS software for hybrid shafts. The 
results indicate that composite materials were 
able to reduce the total weight of the product by 
about 80%, while also decreasing stress levels 
and fuel consumption. In 2015, the member states 
of the United Nations adopted the new 2030 
Sustainable Development Agenda (SDGs) that 
has acknowledged the importance of climate 
change and fuel consumption. The Agenda 2030 
has replaced Millennium Development Goals 
and, along with its 17 goals and 169 targets, 
strives to eradicate poverty, reduce inequalities, 
and tackle climate change issues in the next 11 
years (United Nations, 2019). Using composite 
materials in the car industry can help meet the 
environmental targets set by Agenda 2030 as they 
significantly reduce the weight of car components, 
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1. INTRODUCTION 

Driveshafts are important mechanical constituents 
that transmit engine power and torque to 
differential the gear systems of vehicles, such as 
cars, military vehicles, and cooling towers. They 
have been used widely in the automotive and 
space industry for the last five decades. Typical 
driveshafts are designed as thin-walled tubes 
loaded by the torque. This design decreases the 
weight while ensuring that the optimal 
requirements of the product, like fatigue, strength, 
vibration, and buckling are met (Cherniaev & 
Komarov, 2015). The literature distinguishes five 
main types of driveshafts based on the materials 
used in their construction. Type I considers 
metallic shafts made of aluminum and steel while 
Type II uses a metal matrix composite 
discontinuously reinforced with aluminum oxide. 
Type III driveshafts are manufactured from 
aluminum that is reinforced by carbon or glass 
fiber-reinforced epoxy polymer matrix composite 
(CFRE; GFR-E). Type IV is made of CFRE or 
GFRE polymer matrix, and type V uses a laminate 
material made of CFRE and GFRE (Karimi, 
Salamat, & Javadpour, 2016). Composite 
materials have unique properties and they are 
easily managed in the production process. 
Composites are usually made of different types of 
resin that bind the reinforcement together. The 
matrix spreads and transfers loads while protecting 
the reinforcement from damaging elements or 
agents at the same time. The reinforcement is 
made of fibers that enhance the mechanical 
properties, like the strength, stiffness, thermal 
expansion, and other. These properties can further 
be manipulated by cutting the length of the fibers 
or positioning them in a particular order or angle. 
Combined, the type of resin and fibers used, as 
well as their distribution and mutual interaction, 
affect the overall properties of the composite 
materials (Mitchell, 2016). Glass, carbon, 
graphite, and Kevlar composites are most 
commonly used in long driveshaft production 
because of the high specific modulus and strength. 
Carbon fiber composites are most adequate for 

transmitting shafts due to their mechanical 
properties that include low thermal expansion, 
high fatigue strength, as well as high specific 
modulus and strength. They are followed by glass 
and Kevlar fiber reinforced composites which 
have similar characteristics. Driveshaft production 
also relies greatly on the use of vinyl and epoxy 
resins that show lower curing shrinkage, high 
strength, dimensional stability and adequate fiber 
wetting properties. Composite materials have 
lower elasticity modulus compared to steel 
because driveshafts also act as shock absorbers 
when the torque reaches its peak during driving 
(Nadeem, Giridhara, & Rangavittal, 2018). 
Composite driveshafts were first used in 1985 in 
the Ford E-series van models, and their design 
and characteristics have increased sufficiently to 
encourage their application in contemporary 
sports cars, such as the BMW M-series (Dabeer, 
Sapate, & Kale, 2014). Due to the limited space 
inside vehicles, driveshafts are not to exceed 100 
mm in the outer diameter (Reddy & Nagaraju, 
2017). Conventional steel driveshafts exceeding 
1500 mm in length are divided into two parts so 
that the natural frequency can be increased. This 
increase is in inverse proportion to the squared 
modulus root (Khoshravan & Paykani, 2012). 
Using composites over steel has many vantages, 
one being a higher elastic modulus that allows the 
manufacturing of single-piece driveshafts 
exceeding 1500 mm in length. Such products are 
able to resonate at higher rotational speeds 
without compromising on the safety requirements. 
Likewise, due to the specific advantages and 
disadvantages of the material, the selection of 
composites used in the automotive industry 
depends on the design and performance 
requirements of each component. Composite 
driveshafts are often made from epoxy and vinyl 
ester composite resins which are high in strength 
and have good dimensional stability and low 
curing shrinkage. Advantages of carbon and 
graphite fiber composites are their high fatigue as 
well as specific modulus and strength, and low 
coefficient of thermal expansion. However, these 
materials have high electric conductivity, low 

32



ـــن  ـــب الهجي ـــدي والمرك ـــدوران التقلي ـــود ال ـــم لأداء عم نمذجـــة وتصمي
ـــددي ـــل الع باســـتخدام التحلي

إبراهيم المشيخي

)قدم للنشر في  1440/12/15هـ؛ وقبل للنشر في 1441/06/26هـ(

ملخــص: يتــم اســتخدام المــواد المركبــة فــي صناعــة الســيارات والطائــرات علــى مــدى العقــود الماضيــة بســبب خصائصهــا الميكانيكيــة الفريــدة 
والمتفوقــة علــى المــواد الأخــرى. فقــد فتحــت بابًــا جديــدًا مــن الفــرص لتصنيــع أعمــدة الــدوران مــن جــزء واحــد بــدلاً مــن مكونــات ثنائيــة الأجــزاء 
ــود.  ــي الحــد مــن اســتهلاك الوق ــدوران وبالتال ــدة ال ــر مــن وزن أعم ــل بشــكل كبي ــا تقل ــى أنه ــة إل ــوم. بالإضاف ــولاذ أو الألومني ــن الف مصنوعــة م
يحلــل هــذا البحــث الاختلافــات فــي الــوزن وزاويــة الالتــواء والانحنــاء والتــرددات لأعمــدة الــدوران المنتجــة مــن المــواد التقليديــة بمــا فــي ذلــك 
الفــولاذ المقــاوم للصــدأ )S275JR( والألمنيــوم )7075(، بالإضافــة إلــى المــواد المركبــة بمــا فــي ذلــك النســيج الزجاجــي المحبــوك والبوليســتر 
الزجاجــي الكربونــي والكفــلار. يقــدم هــذا البحــث  نمــاذج مثاليــة لتصميــم وتصنيــع أعمــدة دوران مركبــة وهجينــة عــن طريــق إجــراء الحســابات 
ــة لأعمــدة دوران  ــي الخصائــص الميكانيكي ــات ف ــم هــذا البحــث أيضًــا الاختلاف ــا يقي ــة. كم ــة التصميمي ــول النمذجــة البرمجي ــة باســتخدام حل العددي
مختلفــة ومقارنتهــا بعمــود الــدوران الهجيــن ودراســة تأثيــر عــدد الطبقــات واختــلاف اتجــاه زوايــا الأليــاف. تشــير النتائــج إلــى أن عمــود الــدوران 
المركــب لــه مزايــا كثيــرة مقارنــة بعمــود الــدوران التقليــدي الــذي يجعلــه أمــراً ضــروري لاعتبــاره بديــلاً أساســياً للفــولاذ والألومنيــوم فــي صناعــة 

الســيارات والطيــران.

ــة، أوتوديســك هيليــوس  ــل العناصــر العددي ــاوم للصــدأ، الألومنيــوم، عمــود الإدارة الهجيــن، تحلي ــة، الفــولاذ المق كلمــات مفتاحيــة: المــواد المركب
ســوفتوير.
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Finite Element Modeling of Conventional and Hybrid Composite 
Driveshaft Performance

Abraham Elmushyakhi

(Received 27/08/2019; Accepted 20/02/2020) 

Abstract: Composite materials have been used in the automotive industry for the last several decades due to their superior 
mechanical characteristics. They open a new door of opportunities for the design of driveshafts because they allow production of 
single-part components instead of two-part components made of steel and aluminum. Apart from having adequate performance 
characteristics, composites significantly reduce the weight of driveshafts thus enhancing fuel economy. This paper comparatively 
analyzes the differences in weight, twist angle, flexural deflection, and natural frequencies of driveshaft models produced from 
conventional materials including En S275JR stainless steel and 7075 aluminum alloy, and composites including knitted E-glass 
fabric, carbon E-glass polyester, and Kevlar-50. Numerical calculations of models were completed using ANSYS and Autodesk 
Helius Composites software solutions. This paper also assessed differences in mechanical characteristics of hybrid composite 
driveshafts made using the combination of En S275JR stainless steel, 7075 aluminum alloy, and S-glass with variations in the 
number of layers as well as different fiber direction layers. The findings suggest that hybrid driveshafts have advantages over 
conventional driveshafts, which is therefore an essential factor to be considered by the automotive and space industries in deciding 
on an alternative to using steel and/or aluminum in manufacturing driveshafts.    

Keywords: Composite materials; Stainless steel; Aluminum; Hybrid driveshaft; Finite element analysis; Autodesk Helius 
Composites software.
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Slavin, 2003),  or lowering caloric density of food 
(Schneeman, 1987). However, the effect of fiber-
containing nutrients on the incidence of colon 
cancer has been questioned and still controversial 
(Fuchs, Giovannucci, Colditz, Hunter, Stampfer, 
Rosner , Speizer & Willett, 1999). 
The use of GA in the treatment of renal diseases 
(Nasir, 2013) may be due to the ability of GA 
to reduce urinary glucose excretion, and  Na+ 
excretion in urine (Nasir, Umbach, Rexhepaj & 
Ackermann 2012). In addition to GA antioxidant 
effects and protective effects in experimental 
hepatic- renal- and cardiac toxicity (Ali et 
al.,2009). GA may decrease blood pressure 
(AlMosawi, 2002), and decrease plasma 
cholesterol concentrations (Ali et al., 2009). They 
suggested this decreasing effect of GA on the 
plasma cholesterol concentrations in rats.
The administration of GA at concentration 15% 
may treat diabetes and chronic kidney disease in 
rats by enhancing the activities of Glutathione 
peroxidase (GPx) (ElTobgy, 2019).
Said, Essam, and Khalifa (2019) concluded that 
oral administration of GA could possibly improve 
the adverse effects of CKD which might be 
ascribed to their antioxidant properties. Ali et al. 
(2013) suggested that the treatment with GA may 
induce significant increases in the concentration 
of the measured inflammatory mediators. Some 
recent studies have suggested a novel effect of 
GA, which may be used to foster fetal hemoglobin 
production (Lamis,  Imad, Omer, Haydar, Mustafa, 
Florian , & Amal, 2015).
Limited studies have reported an antimicrobial 
activity of GA, and its stimulation of the 
intestinal absorption may cause counteracting 
diarrhea (Ali et al., 2009). The Sunt tree (Acacia 
nilotica (L.) Willed.ex Del., Fabaceae, subfamily 
Mimosoideae) gum exudates are traditionally 
used as antidiarrhoetic in Sudan. (ElGhazali, 
Abdalla, Khalid, Khalafalla & Hamad, 2003). 
In Sudan, the wood of the Talih tree (Acacia 
Seyal Del., Fabaceae, subfamily Mimosoideae) 
is traditionally used as a fumigant for rheumatic 
pain. It is also used to protect women from fever 
after childbirth (ElGhazali et al., 2003).

13. CONCLUSION
 
While most researchers define Gum Arabic (GA) 
as a “polysaccharides’ with branched chains, others 
define it as a  water-soluble dietary fiber. Because 
of the variations in its constituent  levels according 
to its source (s), the exact molecular structures of 
Gum Arabic are still rather uncertain, its structural 
characterization is incomplete and subject to many 
corrections. Therefore, the physical appearance of 
the natural gums and the source of gum are of great 
importance as a measure to determine their types, 
commercial value, and end-use.
According to the data cited in the literature, 
A.Senegal gum is highly distinct from other natural 
gums, notifying that, there are no great differences 
between the physical and chemical properties of 
A. Senegal gum in its natural state and processed 
state (Kibbled, mechanical powder, spray dried and 
freeze-dried).
GA (Acacia Gum) is considered as the most important 
gum, used in food and medicinal applications, as it 
is a natural vegetable contains a non-carcinogenic 
soluble fibers. GA has a prebiotic and hypoglycaemic 
effect. Acacia gum is used as a meal-substitute, and 
in making dairy products and confections, making 
cosmetics, textiles and biomedical/pharmaceutics, 
it is used as hydrocolloidal and emulsifier in these 
industries, but it is a less consistent material than 
other hydrocolloids. 
It seems that the carbohydrate content is NOT the 
only factor which gives GA its unique property.
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11. EMULSIFICATION 

Gum Arabic is considered to be a “multi-functional” 
material with good emulsification properties 
and used as a stabilizer of the dispersed system 
(Nakayma, Funami, Noda, Ishihara,  Al-Assaf, 
Nishinari & Phillip, 2008).
GA is a food additive used as a coating for 
confectionery or pharmaceuticals, it is also used 
as an emulsifier (oils, lotions), a stabilizing agent 
(drinks like wine). Acacia gum is widely used 

in the food industry in a process referred to as 
(encapsulation), almost a large number of everyday 
products contain some small doses of Gum Arabic.
The gum used to stabilize concentrated oil emulsion 
in the beverages for long periods prior to bottling 
(Islam, Phillips, Sljivo, Snowden & Williams, 
1997).
Investigating the methods for chemical modification 
of carboxylic acid groups in the protein and 
carbohydrate parts of the gum may help in improving 
emulsification properties of “poor” gums, i.e. to 
reduce the electrostatic repulsion between these 
carboxylic groups (Ma, Bell, & Davis, 2015). Some 
studies had related the “availability” of the protein 
“backbone” to the eventual emulsifying capacity of 
the gum (Mahendran et al., 2008; Goodrum et al., 
2000).

12. MEDICINAL PROPERTIES 

The harmlessness and safety of  Acacia gum as a 
food additive has  been approved. The concerned 
organizations (such as FDA or the JECFA) do not 
set a maximum daily intake (ADI-acceptable daily 
intake) (FAO, 1996).
The chemical nature of GA is described both 
as a polysaccharide and a dietary fiber, this 
description may explain the physiological and 
medical function of GA. The US Food and Drug 
Administration considers GA as one of the safest 
dietary fibers (Anderson, 1986). For many years, 
the term “dietary fiber” was used for the non-
digestible constituents of plant cell walls, but 
the Codex Committee on Nutrition and Foods 
for Special Dietary Uses, (2014) adopted the 
definition of dietary fibers as “Carbohydrate 
polymers with ten or more monomeric units which 
are not hydrolyzed by the enzymes of the small 
intestine of humans” (Phillips, 2013).
GA ingestion decreases body weight in humans 
(Babiker, Merghani, Elmusharaf, Badi, Lang, & 
Saeed, 2012) and spleen weight (Abdelkareem, 
2015). The reduction of body weight by GA may 
be due to the fibrous nature of GA, which affects 
fat metabolism (Ali, Ziada, & Blunden, 2009; 
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Gum Karaya Indian Gum (FAO, 1996) yields 
galactose, rhamnose, and arabinose with a small 
amount of glucuronic acid (Anderson and Dea, 
1971). Almost similar sugar moieties were found 
in Gum ALBIZIA and Gum TRAGACANTH (FAO, 
1996; Anderson and Morrison, 1990), together 
with Anogeissusleiocarpus Gum which consists of 
L-arabinose, D-galactose, and D-glucuronic acid 
in an approximate ratio 10:6:2  (Aspinall & Hirst, 
1955). While Samia E. studies added L- rhamnose 
to those mentioned sugars and did not report the 
D-xylose sugar  (Samia et al., 2009). 
Many gums contain glucuronic acid,  such as Gum 

Arabic (c. 18%).  Glucuronic acid is a uronic acid 
(class of sugar acids, either hexuronic or pentoses ) 
that was first isolated from urine (hence the name), it 
is important for the metabolism of microorganisms, 
plants and animals (Dictionary of Food and 
Nutrition). 
The mean value of reducing sugar of samples from 
different locations in Sudan, which was analyzed by 
Samia et al. (2009) was 0.44 %, that was in agreement 
with that reported by Karamalla et al. (1998) for 
Senegal Gum (0.16 %-0.44%). Table 5 shows a 
comparison between the major sugar contents of GA 
and other gum types reported by different studies.
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The study of Balla (2006) reported no differences 
between sugar content of crude and processed GA, 
in agreement with Ismail (2000) notification of 
insignificant effect in the sugar composition in the 
freeze-dried samples. But Ismail himself had noted 
total content of sugars ranged from 66.54 to 88.01% 
with decreasing in total sugars in freeze, drum and 
spray drying gums. The location of GA trees was 
found to insignificantly affect the reduction in sugar 

contents (Ismail, 2000).

10. THE APPROXIMATE RATIOS OF THE 
THREE ESSENTIAL SUGARS IN GUM

The approximate ratios of the three essential 
sugars in gum, which are galactose, arabinose, and 
rhamnose in Acacia gums have been reported by 6 
previous studies as in Table 6.

Table 5 Comparison of major sugars content between GA and other gum types reported by different 
studies

Table 6: The approximate ratio of the main sugars in AG (Galactose: Arabinose: Rhamnose) 
reported by 6 previous studies.

Gum Arabic
(AlineGrein,2013)

Acacia mearnsii de Wild
(AlineGrein,2013)

Durain seeds gum
(Cui & Mazza,1996)

39468Galactose%
3143NA*Arabinose %
13721Rhamnose%
174NAUronic acid %

*    NA: not available

Ratios 11:6:3 10:6:3 10:6:3 11:6:4 20:4:1 9:16:3
Ref Satti et al.

(2019)

Anderson 

(1986)

Akiyama et al.

(2014)

Abdelkariem

(1992)

Abbashar

(1989)

AlineGrein

(2013)
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9. POLYSACCHARIDES IN ACACIA AND 
DIFFERENT GUM TYPES 

GA is a complex structure of a mixture of 

polysaccharides and glycoprotein. It is an important 
source of the sugars arabinose and ribose, both of 
which were first discovered and isolated from it, 
and are named after it as in Tables 3 & 4.
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Abdelkariem 
(1992)

Abbashar 
(1989)

Akiyama et al.  
(2014)

 Anderson
(1976)

                     Ref
Sugar

45.268.041.044.0Galactose %
25.813.628.027.0 Arabinose%
10.74.212.013.0  Rhamnose%
11.014.214.314.5Glucoronic acid %

Table 3: Sugar levels in Acacia gums (general) 

Table 4: Comparison of sugar levels (%) in two Acacia gum varieties from three studies

             Gum type

Parameter

A. Senegal A.seyal var. seyal

Balla 
(2006)

Karamalla
(1998)

Satti, 
(2019)

Balla
(2006)

Karamalla 
(1998)

Satti, 
(2019)

Uronic acid 12.8 16 10.2 11.6 6.6 5.5
Galactose 44 44 40.2 37 46 32.5
Arabinose 24 27 22.2 45 4 5.6
Rhamnose 12 13 10.4 4.0 4 2.7

The GA molecules are a highly branched natural 
composite, sopolysaccharides are characteristic 
for all gum types (Mirhosseini & Amid, 2012), 
they contribute largely to the physicochemical 
properties of gums (Ismail,2000). The analysis 
of sugar mixtures is of considerable importance 
to the food and beverage industries (Peris-
Tortajada, 1996; Chandraju, Mythily, & Chidan 
Kumar, 2011). GA contain reducing sugars at the 
range 0.49-0.56%, these reducing sugars were 
calculated as arabinose (Samia et al., 2009). GA– 
and closely related species – composed of six 
carbohydrate moieties including galactose and 
arobinopyranose (FAO 1996; Anderson,1976).
Almost similar polysaccharides mixture 

were found in other similar gums such as 
gum tragacanth (Astragalusgummifer, E413) 
which consist of arabinogalactan containing 
α-L-arabinofuranose and 1-4-linked β-D-
galalactopyranose (Tischer, Iacomini, & Gorin, 
2002), Gum karaya (Sterculiaurens) and Gum 
ghatti (AnogeissusLatifolia tree) (López, 
Franco, Córdova Moreno,  Goycoolea, Valdez, 
Juárez, Onofre & Lizardi Mendoza, 2012) had 
an almost similar structure. Acacia Gum has 
been compared with Acacia nilotica exudates 
gum, and Brea Gum (BG) (from the Cercidium 
praecox tree- Argentina), which consist of 
approx. 84% of the polysaccharides (Bhushette  
& Annapure, 2017).
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nodules of globular shape or tears, the surface 
of nodules are rough with small cracks, hard, 
their color varies from colorless through shades 
of yellow to light brown. A.Seyal var.Seyal is 
exuded in the form of fragile nodules that may 

Besides the general appearance of gum types, the 
chemical taxonomic keys or fingerprints can be 
determined by analyzing the gum. Although this 
research could not find a simple fingerprint of 
the gum in the literature, except that reported by 
Chandraju, Mythily & Chidan (2012), who used 
the optical rotation as a fingerprint of A.Senegal 
(laevorotatory of about -30°) and A.Seyal 
(dextrorotatory of about +50°). The work which 
was done by Samia, Babiker & Karamalla (2009) 
proposed a straightforward analytical strategy for 
gum identification using their mass fingerprints. The 
results of the screening approximate investigation 
confirmed the classification of the samples as 

be crushed, its color varies from colorless to 
dark brown, sometimes with a sweet or bitter 
taste and odorless  as shown in  figure 3,  (Satti, 
Mohammed, Abdallah,, Bawadekji  & Eltahir, 
2019).

Acacia Senegal gum (from Hashab trees), Acacia.
seyal var.Seyal and Acacia.Seyal var.fistula gum 
(Talha).
Anderson and Dea (1971) & Samia et al. (2009), 
used some analytical parameters and essential 
chemical components of the Acacia gum as a 
fingerprint to distinguish it from other gum types, 
these parameters included ash, nitrogen, molecular 
weight, equivalent weight, (Uronic acid) and 
ratios of sugars present (Galactose, Arabinose, 
Rhamnose) after hydrolysis. Some findings showed 
an approximately equal ash content of A. Senegal ;  
A.Seyal var.Seyal and A.Seyalvar.fistula, (Table 2) 
(Satti et al., 2019; Balla, 2006; & Karamalla,1998). 
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Figure 3: Two Gum Arabic varieties of Acacia types, A. Senegal: almost colorless (to your left hand); A. 
Seyal: brown to reddish color (to your right hand), (Satti et al., 2019).

Acacia Senegal Acacia.seyal
var. seyal

Acacia.seyal
var. fistula

Moisture% 9 - 13 7.2 - 98 11.3
 Ash% 4.5(Satti, 2019)

3.3 (Balla, 2006)

3.9(Karamalla, 1998)

4.0 (Satti, 2019)

3.5 3 (Balla, 2006)

1.6 (Karamalla, 1998)

3.8 (Satti, 2019)

2.9 3 (Balla,2006)

 pH 4 4.2 3.8

Table 2: Results of some physicochemical parameters of three GA varieties samples
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This action is called “Gummosis phenomenon” 
defined as the formation of gum to prevent the 
microorganisms’ attacks by sealing off the affected 
section of the tree (Smith and Montogemry, 1959). 
Other authors have suggest that the gummosis 
phenomenon is an effort to cover wounds on the 
bark of the tree (Karamalla et al.,1998), or the gum 
may act as anti-desiccant to prevent loss of water 
from the tree (Anderson and Dea, 1971).  Whether 
gum exudates are formed at the site of the wound or 
generated elsewhere in the tree and then transported 
to the site of exudation is still a matter of debate 
(AwadElkarim, 1994; Hassan, 2000) and further 
investigation is needed.
Acacia Senegal produces nearly 90% of the 
commercial Gum Arabic, and its quality is superior 
over other natural gums (Awouda, 1988). No or 
little reliable data are available about yields of Gum 
Arabic from a single tree, so it is not easy to base 
sound estimates of average yields. A maximum 
average yield of several kgs of gum per season 
from individual trees had been reported. (Dione 
and Vassal, 1993).Yields from cultivated Acacia 
Senegal trees may increase up to the age of 15 years, 
then it begin to decline after 20 years. In Mali, the 
best yields from Acacia Senegal trees are between 
age 7 and 15 years (Dione and Vassal, 1993).

7. CHEMICAL AND STRUCTURAL 
PROPERTIES OF GUM ARABIC

Many studies have been conducted to reveal the 
molecular structure of Gum Arabic  (Yael Dror, 
Yachin Cohen, Rachel Yerushalmi & Rozen, 2006; 
Chikamai, Banks, Anderson & Weiping, 1996). The 
average molecular weights (Mw) of Acacia Senegal 
and Acacia seyal gums were about 380,000 Da and 
850,000 Da, respectively (Mahendran, Williams, 
Phillips, Al-Assaf  & Baldwin, 2008).
The “wattleblossom” model describing the Gum 
Arabic structure as several arabinogalactan units 
have a molecular weight of ~2X105 g/mol each 
unit attached to a common protein chain forming 
a compact spherical structure (Goodrum, Patel, 
Leykam, & Kieliszewski, 2000; Connolly, 
Fenyo & vandervelde, 1988). Many authors 

have classified these units into three main groups 
(i) Arabinogalactan (AG, Mw ≈ 280kDa), (ii) 
Arabinogalactan protein complex (AGP, Mw 
≈ 1450kDa), and (iii) Glycoprotein (GP, Mw ≈ 
250kDa) (Elmanan et al., 2008, Idris, Williams, & 
Phillips, 1998; Akiyama, Eda,  & Kota, 2014).
Some studies on the chemical structure of A. Senegal 
gum have suggested that it is a protein structure 
“backbone” of repeated amino acid sequences [ser-
hyp-hyp-hyp-thr-leu-ser-hyp-ser-hyp-thr-hyp-thr-
hyp-hyp-hyp-gly-pro-his]. Some short protein side 
chains are attached to this protein backbone beside 
an arabinogalactan (α-1-3) moiety (Mahendran et 
al., 2008).
Many authors (Hassan, 2000; Siddig, 2003; Nie, 
Wang, Cui, Wang, Xie, & Phillips, 2013) have 
suggested that the sugar structures and amino 
acid composition are the same in A.Senegal and 
A.Seyal. Other authors have stated that A.Seyal 
has more “branched” polysaccharides (Nie et al., 
2013). The composition of GA is dependent to 
some extent on the age of the tree, location, and 
other ecological factors (Tahir, 2007). In addition to 
its fibrous nature (Tiss, Carriere, & Verger, 2001), 
GA is a polysaccharide with branched chains of 
linked β-D-galactopyranosyl units containing 
α-L-arabinofuranosyl, α-Lrhamnopyranosyl,β-
D-glucuronopyranosyl and 4-O-methyl-β-D-
glucuronopyranosyl units (Tiss et al., 2001; Younes, 
Garleb, Behr , Remesy & Demigne, 1995).
The dried gum Arabic is rich in magnesium, calcium 
and potassium salts of Arabic acid (a glycosidal 
acid), and contains the enzyme oxidase, but has 
very few starch granules (Nasir, 2013).

8. PHYSIOCHEMICAL DIFFERENTIATION 
BETWEEN GUM TYPES 

Some parameters that can be used to identify raw 
gums include the specific optical rotation, the 
nitrogen content, the ash content, and the moisture 
content (Karamalla et al., 1998).
Gum Arabic readily dissolves in water (cold and 
hot) in concentrations up to 50% (Hassan, 2000; 
Karamalla et al.,1998). Generally, Gum Arabic 
is odorless and tasteless.  A.Senegal gums are 
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restore the soil fertility (Nitrogen fixation) (Mukhtar, 
2001; Karamalla, Siddig, & Osman, 1998). In the 
absence of agricultural insurance, Gum production 
is the only activity to reduce the lost income from 

In Sudan, GA trees “Acacia” are called “Hashab”, 
“Sunot” and “Talha”; the Hashab trees produce the 
best Gum (Balla, 2006). Hundreds of thousands 
of Sudanese people use Gum Arabic for their 
livelihood, and  Sudan is still the world’s largest 
producer of Gum Arabic. The “Hashab” trees - 
which produce the world’s highest quality. Gum 
Arabic- is a thorny tree that grows in the wild and 
cultivated in Sudan.  It is common in the sand 
plains of Kordofan and Darfur. The Gum Arabic 
Company (GAC), Sudan, reported that the two main 
types of Gum Arabic in Sudan are Gum Hashab and 
Gum Talha, within the ratio 95:5 (5- year annual 

other crops (Karamalla et al.,1998). Additionally, 
Acacia trees shade the crops and provide fodder for 
livestock, besides helping feed local communities. 
(Figure 1)

averages: 1960–94) (AbdelNour, 2007).

6.  GUM FORMATION AND YIELD

The natural raw Gum Arabic occurs as solid masses or 
nodules exudates of the Acacia trees when they are cut 
or wounded intentionally by farmers but somewhat soft 
when they are new. These exudates are like “tears” of 
these trees, they secreted out by osmosis in a liquefied 
form then solidify when exposed to the air on the cut 
area on the tree stems and branches as a protecting 
mechanism (Sanchez et al., 2018; Verbeken, et al., 
2003; Hassan, 2000) as shown in Figure 2.
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Figure 1: Acacia trees (https://commons.wikimedia.org]

Figure 2: Picking Gum Arabic from the tree(Alland& Robert]
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et al., 2018; Elkheir & Yagoub ,2007; Sanchez, 
Nigen, Mejia Tamayo, Doco & Williams, 2018; 
Verbeken, et al., 2003). Some researchers have 
written that GA is a difficult product to be defined 
(Hassan, 2000; Morak, Jursek, Phillips, Asadei 
& Chikemai, 1998). Many factors account for 
this difficulty, such as the fact that gum exudates 
from Acacias and non-acacia species are used 
commercially as GA (Biswas et al.,1992). Even 
within these species, different variants yield gum 
with a quite distinct chemical composition. The 
Sudanese official organizations define GA as gum 
produced from Acacias Senegal tree only, and that 
other Acacia gums should have their characteristic 
specifications with separate monograph and 
separate numbers (Balla, 2006). Some studies have 
claimed that gum from Acacias Seyal with the gum 
of Acacias Senegal and closely related species as 
sources of GA (Dondian and Phillps, 1999). The 
FAO/ WHO define GA as the dry exudates obtained 
from the stem and branches of Acacias Senegal 
and Acacia Seyal (FAO, 1996), for that, some 
authors have reported that the GA is loosely defined 
although numerous studies have been done on its 
physiochemical properties (Hassan, 2000).

4. ACACIASENEGAL AND OTHER GUM 
TYPES

Some studies have stated that the gum exudates 
from the A.Senegal tree are completely different 
from the gums exuded from other Acacia trees 
(Anderson, 1986; Gum Arabic Company research, 
2009; Vassal, 1972; Siddig, 2003).
Some researchers have studied the possibility 
of substituting GA by other gum types Acacia 
Senegal var. Senegal gum has better emulsifying 
and stabilizing properties than Acacia seyal var.
seyal gum (Elmanan, Al-Assaf, Phillips,  & 
Williams, 2008), and it is colorless, that is why 
A.Senegal has higher prices in the international 
markets (Vanloot,  Dupuy,   Guiliano & Artaud, 
2012).
Some of these studies have indicated the possibility 
of using Anogeissus leiocarpus gum as a substitute 
for GA, i.e. because of its good viscosity and 

adhesive properties, and its usage in beating cloth, 
and making ink (Burkill, 1985). The similarities 
in some properties of Anogeissus leiocarpus and 
Acacia Senegal gums may be due to the presence of 
the same six different kinds of sugars in both gum 
types.
The study of  Taha, Elmahi, Hassan, Ahmed & 
Shyoub, (2012) investigated the physicochemical 
properties of three types of gums grown in 
Sudan, i.e. Gumminesinaolibanum, Guar 
Cyamopsisteyragonlobus and Combretum 
Combertaceae, wherein they confirmed the 
existence of sugar moiety in the composition of the 
gum, and their results indicated that Combertum 
has good gum properties close to those of Acacia 
Senegal GA, and similar functionality in the 
industrial use, but still they mentioned that further 
research needs to be conducted to check its toxicity 
before being used in the food industry.  
The study of Rabeea, Daoub, Aarif, Elmubarak, 
Misni Misran, Elfatih., Hassan Mohammed & 
Osman (2016) evaluated the functional properties 
of four Acacia Gum types, Acacia Senegal var. 
Senegal (ASG), Acacia mellifera (AMF), Acacia 
Seyal var. Seyal (ASY), and Acacia tortilis var.
raddiana (ATR). The study indicated that ATR 
Gum bears the best emulsification characteristics. 
Karaya Gum (E416 in the EFSA - European 
Food Safety Authority) is a natural additive used 
in the pharmaceutical and food industries and 
traditionally used in African and Indian cooking. It 
is collected on Sterculia trees in Africa and India, so 
named “Sterculia”, it is a non-starch polysaccharide 
(Anderson, 1986). 

5. ACACIA TREES 

The natural Acacia Gum does not contain any 
pesticide; the exudates are extracted after an 
incision (cut or wound) is made in an Acacia tree 
stem or branch. The tree grows both in the wild and 
is cultivated in Sudan (Hassan, Wail, Abdelgadir, 
Till & Thomas, 2012).
The Acacia trees play an environment and socio-
ecological vital role in their area, they impact the 
desertification in the poor savanna and enrich and 
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1. INTRODUCTION 

Gum Arabic (GA)(E414) (Codex Committee on 
Nutrition and Foods for Special Dietary Uses) is 
a natural product of a great nutritional, industrial, 
and economic value.  It is one of the most important 
commercial poly- saccharine and probably the 
oldest food hydro-colloid in current use (BallalEl-
Siddig, Elfadl, & Luukkanen, 2005; Glu, 2002).
About 500 Acacia species distributed mainly in 
the sub-tropical and sub-Saharan areas, found 
in northern Africa, India, Australia, and in some 
regions of America (Tahir-Elkheir, Yagoub, 2007; 
Christian, Michael, Véronica, Thierry & Williams, 
2018; Verbeken, Dirk, DIERCKX & Dewettinck, 
2003).  In Africa, the Acacia gum is found in 
Sudan, Senegal, Cameroon, Mauritania, Mali, 
Niger, Uganda, and other neighboring countries 
(COMMODITIES AT A GLANCE, http://unctad.
org. ).
Although numerous studies have been done on 
its physiochemical properties, GA is still loosely 
defined (Hassan, 2000). The difficulty of defining 
GA may be due to many factors such as the fact 
that gum exudates from non-Acacia species are also 
used commercially as Gum Arabic (Biswas, Biswas 
& Phillips,1992), i.e. the term GA is not restricted 
to the exudates from the Acacias species.
The colloidal and emulsification properties of GA 
made it a favorable factor in the manufacturing of 
medicines, food, and many other products. GA is 
used as a local medicine in many countries, such as 
Sudan, and used for the treatment of kidney diseases 
in some Middle East countries (Nasir, 2013). 
Other medicinal uses of GA have been cited in the 
literature, such as decreasing the blood pressure (Al 
Mosawi,  2002), and its antimicrobial activity (Ali,  
Ziada & Blunden, 2009).
Sudanese natural gums include, but are not 
restricted to A.seyal (two-verities), A.polyacantha, 
A.mellifera, A.nilotica, A.laeta, A.nubica, A.toritils 
(two-varieties) and others (Balla, 2006).The most 
commercially important species are the A.Senegal 
and A.seyal  named after the trees Acacia Senegal 
and Acacia Seyal, which produce GA (Abubakar, 
2004; Chandraju, Mythily  & Chidan, 2012).

This overview aims to collect and summarize 
a considerable number of studies done on GA, 
including its definitions, types of Acacia Senegal 
and other gum types. The overview discusses the 
Acacia trees types and the gum formation and yield, 
and highlights the physiochemical differentiation 
between gum types, in addition to the medicinal 
properties. 

2. GUM TYPES

There are many types of gums produced from 
different sources as listed in Table 1. 

Table 1: Some different types of gums according 
to their source, )Hassan, 2000)

Source Gum
Tree exudates - Gum Arabic

- Gum ragacanth
- Gum Karaya
- Gum Ghatti

Seaweeds extracts - Agar
- Carragreenan
- Aginate

Plant extracts - Pectins
Seed roots and gums - Guar Gum

- Locust bean gum
- Teraa gum
- Konjacmannan

Microbial gums -  Xanthan gum
- Gellan gum

 
Vegetable gums are a group of plant products 
characterized by the ability to dissolve in water 
forming a viscous solution or by absorbing water 
to form gelatinous pastes (Whistler, 1973). Some 
of these are not “true gums” as they are soft and 
melt when subjected to heat, while the other natural 
gums burn without melting  (Hassan, 2000). 

3. GUM ARABIC IS NOT PRECISELY 
DEFINED

GA is defined as the gummy exudation obtained 
from Acacia trees of the Leguminosae family (Tahir 

17



e-mail: Noha.sati@nbu.edu.sa 
             nana.phd2011@yahoo.com

الصمغ العربي )أشجار الاكاشيا(: دراسة مرجعية

نهى محمد الحسن ساتي*1، فاطمة عبدالله محمد أحمد1، عبدالحكيم بوادقجي 2&  شرف الدين حسين الطاهر3

1. قسم الأحياء - كلية العلوم والاداب - جامعة الحدود الشمالية- المملكة العربية السعودية- مدينة رفحاء.
2. عمادة البحث العلمي - جامعة الحدود الشمالية - المملكة العربية السعودية - مدينة عرعر.
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)قدم للنشر في  1440/07/07هـ؛ وقبل للنشر في 1441/04/14هـ(

ملخــص: الصمــغ العربــي )GA( )E414( هــو منتــج طبيعــي مهــم، يســتخدم فــي العديــد مــن مجــالات الحيــاة مثــل التغذيــة والصناعــات الغذائيــة 
والصناعــات الدوائيــة وغيرهــا. تحــوي إفــرازات GA خــواص غروانيــة مائيــة وخــواص فيزيائيــة للاســتحلاب وطبيعــة كيميائيــة متعددة الســكريات. 
ــي  ــزرع وتتواجــد بشــكل طبيعــي ف ــي ت ــرازات GA مكتســبة مــن أشــجار الأكاشــيا )بشــكل رئيســي  أكاشســا ســينغال وأكاشــيا ســيال (، والت فإف
المناطــق شــبه الصحراويــة، وخاصــة فــي الســودان. هنــاك العديــد مــن أنــواع الصمــغ الموزعــة فــي جميــع أنحــاء العالــم، ولكــن )الصمــغ العربــي 
GA( يعتبــر مــن أفضــل أنواعهــا، مــع ملاحظــة أن مصطلــح )GA( لا يقتصــر علــى الإفــرازات مــن أنــواع الأكاشــيا. باعتبارهــا مــادة مضافــة 
طبيعيــة للغــذاء، وهــي مــادة )متعــددة الوظائــف( ذات مســتحلبات جيــدة وثبــات وخــواص غروانيــة، ومــن المتوقــع أن يكــون الصمــغ العربــي عامــلاً 
واعــداً فــي الصناعــات المســتقبلية، بالإضافــة إلــى الخــواص غيــر الســامة أو الضــارة بالســلامة، والتــي تمــت الموافقــة عليهــا مــن قبــل العديــد مــن 
المنظمــات العالميــة. ســتحاول هــذه الدراســة إلقــاء الضــوء علــى الصمــغ العربــي الــذي يعــرف باســم صمــغ الأكاشــيا، وذكــر بعــض المقارنــات بيــن 
هــذا النــوع وبعــض الأصمــاغ الأخــرى، كمــا تهــدف هــذه الدراســة إلــى جمــع وتلخيــص عــدد مــن الدراســات التــي أجريــت علــى الصمــغ العربــي 

وتعاريفاتــه وأنواعــه وخصائصــه الطبيــة والتمايــز الفيزيائــي- الكيميائــي بيــن أنــواع الأصمــاغ.

كلمات مفتاحية: الصمغ العربي، أشجار الأكاشيا، السودان، سكريات عديدة، خواص.
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Gum Arabic (Acacia Gum): A Review

Nuha Mohammed Elhassan Satti*1, Fatima Abdallah Mohammed Ahmed1, 

Abdulhakim Bawadekji2, and Sharaf Eldin Hussain Eltahir3

(1) Department of Biology, College of Arts and Science. Northern Border University, Kingdom of Saudi Arabia, Rafah City.

(2) Deanship of Scientific Research, Northern Border University, P.O.Box 1321, 91431 Arar, Kingdom of Saudi Arabia.

(3) Doctor of forensic sciences and biochemistry, Collaborate, researcher, Forensic Sciences Institute, National Ribat University, Khartoum, Sudan.

(Received 14/03/2019; Accepted 12/12/2019)

Abstract:  Gum Arabic (GA)(E414) is an important natural product, used in many life fields such as nutrition, food industries, 
pharmaceutical industries, and others. GA exudates have a hydrocolloid and emulsification physical properties, and a polysaccharide 
chemical nature. GA exudates derive from Acacia trees (mainly A.Senegal and A.Seyal), which are cultivated and naturally exist 
in semi-desert areas, mainly in Sudan. There are many gum types distributed throughout the world, but the Arabic gum (Gum 
Arabic) is considered the best type of these gums, noting that the term “Gum Arabic (GA)” is not restricted to the exudates from 
the Acacias species. As a natural food additive and “multi-functional” material, with good emulsification, stabilizing and colloidal 
properties, GA is expected to be a promising factor in future industries, in addition to its non-toxic properties, harmlessness and 
safety, which have been approved by many global organizations. This review will try to shed light on GA also known as Acacia 
Senegal gum, mentioning some comparisons between this gum type and others. The overview aims to collect and summarize a 
considerable number of studies done on GA, its definitions, types, medicinal properties, and the physiochemical differentiation 
between gum types.

Keywords: Gum Arabic, Acacia trees, Sudan, polysaccharide, properties.
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         Citation from a book of more than one author:
    Timothy, N., Stepich, D., & James, R. (2014/1434 H) Instructional technology for teaching and learning. Riyadh, 

Kingdom of Suadi Arabia: University of King Saud Publications.
         Citation from Periodicals:

Al Nafaa, A. H. (1427 H). Effect of driving off–road on wild vegetation parks: A study in environmental protection, 
in the center of the Kingdom of Saudi Arabia. Saudi Journal of Life Sciences, 14(1), 35-72.

          Citation from M.A. or Ph.D. Thesis:
AlQadi, I. A. (1429 H). Natural Plants in a Coastal Environment between Rassi Tanoura and Elmalouh in the Eastern 

Region: A Study in Botanical Geography and the Protection of Environment. Unpublished Ph.D. Dissertation, 
College of Arts for Girls, Dammam, Kingdom of Suadi Arabia: King Faisal University.

         Citation from Internet References:
         Citing an online book:

Almazroui, M .R. &  Madani, M. F. (2010). Evaluation of performance in Higher Education Institutions. Digital 
Object Identifier (doi:10.xxxx/xxxx-xxxxxxxx-x), or the Hypertext Transfer Protocol (http://www...), or the 
International Standard Book Number (ISBN: 000-0-00-000000-0) must be mentioned.

         Citing an article in a periodical:
Almadani, M. F. (2014). The definition of debate in reaching consensus. The British Journal of Educational 

Technology, 11(6), 225-260. Digital Object Identifier (doi:10.xxxx/xxxx-xxxxxxxx-x) or the Hypertext Transfer 
Protocol (http://onlinelibrary.wiley.com/journal/10.1111), or the International Standard Serial Number of the 
journal (ISSN: 1467- 8535) must be mentioned.

15.    It is the researcher’s responsibility to translate into English the Arabic bibliography.
          Example:

الجبر، سليمان. (1991م). تقويم طرق تدريس الجغرافيا ومــدى اختلافها باختلاف خبــرات المدرسين وجنسياتهم وتخصصاتهم في المرحلة المتوسطة
بالمملكة العربية السعودية. مجلة جامعة الملك سعود- العلوم التربوية، 3(1)، 170-143.

Al-Gabr, S. (1991). The evaluation of geography instruction and the variety of its teaching concerning the experience, 
nationality, and the field of study in intermediate schools in Kingdom of Saudi Arabia (in Arabic). Journal of 
King Saud University- Educational Sciences, 3(1), 143-170.

16. Numerals should be the original Arabic numbers (0, 1, 2, 3 ...) in the manuscript.
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1.     An electronic copy of their submissions in two formats: Microsoft Word Document (WORD) and Portable Document 

Format (PDF), to be sent to the following email: 
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2. The researcher's CV, including his/her full name in Arabic and English, current work address, email, and academic 
rank. 

3. The researcher must fill out and submit the application for publishing in the Journal of the North, along with the Pledge 
Statement that his/her submission has not been published before or has not been submitted for publishing elsewhere. 

NB
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2.      The published papers reflect only the author’s points of view. 
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PUBLICATION INSTRUCTIONS FOR AUTHORS

Submission Guidelines

1.    Manuscript must not exceed 35 pages of plain paper (A4).
2.   Manuscript must have a title and an abstract  in both Arabic and English on one page; the abstract should not be more 

than 250 words. The manuscript should include, in both languages, keywords that indicate the field of specialization. 
The keywords are written below each summary and should not be more than six. 

3.     The author(s) name(s), affiliation(s) and address(es) must be written immediately below the title of the article, in 
Arabic and English. 

4.     The Arabic manuscript is typed in Simplified Arabic, in 14-font size for the main text, and 12-font size for notes. 
5.     The English manuscript is typed in Times New Roman, in 12- font size for the main text, and 9-font size for notes. 
6.    The manuscript is typed only on one side of the sheet, and line spacing should be single. Margins should be 2.5 cm (or 

1.00 inches) on all four sides of the page. 
7.     The manuscript must have the following organization: 
        Introduction: It should indicate the topic and aims of the research paper, and be consistent with its ideas, information 

and the established facts. The research problem(s) and importance of the literature review should also be introduced.
Body: The manuscript body includes all necessary and basic details of research approach, tools and methods. All 
stated information should be arranged according to priority.

       Findings and Discussion: Research findings should be clear and brief, and the significance of these findings should 
be elucidated without repetition.

        Conclusion: It is a brief summary of the research topic, findings, recommendations and suggestions.
8. Figures, diagrams and illustrations should be included in the main text and consecutively numbered and given titles, 

with explanatory notes beneath them. 
9. Tables should also be included in the main text, consecutively numbered and given titles at the top, with explanatory 

notes below. 
10. Footnotes should be added at the bottom of each page, when necessary. They are to be indicated by numbers or 

asterisks, in 12-font size for Arabic and 9-font size for English. 
11. The Journal of the North does not publish research and measurement tools (instruments). However, they must be 

included in the submission(s). 
12. Citations must follow the American Psychological Association (APA) reference style in which both the author’s name 

and year of publishing are mentioned in the main text, i.e. (name, year). Numbering the references inside the main text 
and adding footnotes are not allowed. 

   Researchers’ documentation must be as follows:
   - For single author, the author’s family name, followed by a comma, and the publishing  year, such as (Khayri, 1985). 

Page numbers are indicated in the main text in case of quotations, such as (Khayri, 1985, p. 33). 
   - If a manuscript has two authors, they must both be cited as shown previously, e.g. (AL-Qahtani & AL-Adnani, 

1426 H). 
   - If there are multiple (more than two) authors, their family names must be mentioned the first time only, e.g. (Zahran, 

Al-Shihri, & Al-Dusari, 1995); if the researcher is quoting the same work several times, the family name of the first 
author followed by “et al.” [for papers in English] and by “وآخرون” [for papers in Arabic] must be used, e.g. (Zahran 
et al., 1995) / (1995 ،زهران وآخرون) Full publishing data must be mentioned in the bibliography. 

13. Hadith documentation must follow the following example: (Sahih Al-Bukhari, vol.1, p.5, hadith number 511). 
14. The bibliography, list of all the sources used in the process of researching, must be added in alphabetical order using 

the author’s last name according to the APA reference style (6th edition) in 12-font size for Arabic and 9-font size for 
English. 
The bibliography should be organized as follows:
Citation from books:
Citation from a one-authored book:
Shotton, M. A. (1989). Computer education? A study to computer dependency. London, England: Taylor & Francis.
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