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The effect of self-secreted melatonin hormone under alternating

and intense light on testicular tissue in male hamsters

Daklallah Ahmed Almalki '

(Recerived 16/04/2079; 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 effciency 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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Table 5: A saddlepoint approximation of the center of the linear combination of:

X,~Chi(L), X,~Chi(2)

» X
Exact F (x) Fs(x) Fy(x)

e
15 0.0061 0.0060 0.0089
20 0.0032 0.0045 0.0062
25 0.0029 0.0030 0.0059

Table 6: A saddlepoint approximation of the right tail of the linear combination of:

X,~Chi(L), X,~Chi(2)

X -

Exact F(x) Fi(x) Fn(x)
40 0.0005 0.0006 0.0099
45 0.0003 0.00029 0.0089
50 0.0001 0.00021 0.0097

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
Fs(x) of different values of in the right tail for
the linear combination of L =2X +3.5X when

X,~Chi(2), X,~Chi(3) . This table shows how the result
of the saddlepoint approximation Fs(x)is closer to its
corresponding normal approximation F(x).

Table 3: A saddlepoint approximation of the right tail of the linear combination of:
X, ~Chi(2), X,~Chi(3)

x Exact F(x) Fi(x) Fn(x)
20 0.2251 0.2304135408 0.281
25 0.1179 0.103554362 0.1357
30 0.0703 0.0700087682 0.0516
35 0.0377 0.0383197003 0.0154
40 0.0211 0.0201963447 0.0036

To show the performance of our study, we will use
different values of degree of freedom, that is"Chi(1)"
and "Chi(2)".

Table 4 presents the survival saddlepoint
approximation Fi(x) of different values of in the

left tail for the linear combination X; ~Chi(1),
X,~Chi(2). This table proves how the result
of the saddlepoint approximation F(x)is close
to its corresponding normal approximation
FN(X)-

Table 4: A saddlepoint approximation of the left tail of the linear combination of:
X1~Chi(1), X,~Chi(2)

x Exact F(x) Fi(x) Fy(x)
1 0.5113 0.5022019822 0.6064
2 0.1377 0.1386136875 0.1660
3 0.0399 0.044147319 0.0207
4 0.0146 0.0145051624 0.0009
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Table 1 shows the saddlepoint approximation
survival function CDF, Fs(x) of different values
of (X) in the left tail for the linear combination of
L =2X +3.5X, when X ~Chi(2), X,~Chi(3).
This table shows how the result of the saddlepoint

approximation Fis(x) is very close to its corresponding
normal Fv(x)approximation .The exact survival
function is calculated by generating 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:
X1~Chi(2), X,~Chi(3)

¥ A
Exact F (x) Fs(x) F(x)

e
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, F(x)of different values of in
the center for the linear combination X, ~Chi(2),
X,~Chi(3). This table proves how the result of the

saddlepoint approximation Fs(x)is very close
to its corresponding normal approximation
Fv(x)and we ¥nd improvement in the
computations.

Table 2: A survival saddlepoint approximation of the center of the linear combination of:
X1~Chi(2), X,~Chi(3)

¥ A
Exact F (x) Fs(x) F(x)

e
10 0.6631 0.6179024595 0.6808
13 0.4771 0.4721390573 0.5596
15 0.3889 0.399440545 0.4801
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also,

5= "IK%.()
5 = (—0.07408249134)0V41.39344154p (21)
So we get 5 =—-0.4766299701
then, from equation (4) we get the saddlepoint approximation CDF at = 10 as
1 1
(10) = (0.2981) + (0.3449651814) —0.5392091566 —0.4766299701
9(10) = 0.3820975405 (22)

and hence the survival function using saddlepoint approximation is
9(10) = 1 — 0.3820975405

= 0.6179024595 (23)
In this study, we will also consider the normal approximation that is given by
—E
B9 (24)
Hvar( o)

the calculation required to find the mean and variance for the linear combination of
Chi-square distribution as
- = -=2 : + = +=3
f=2 S=4 : i=2 i=6
then the mean of linear combination is given by:
E( )= -E(X)+ LE(X)

2(2) +3.5(3)
=145 (25)

The variance of linear combination is given by:

var ( o) = “var(X-) + Jvar(X,)
= 4(4) + 12.25(6)
=895 (26)
then if = 10 we get:
10— 145

V/89.5
from the normal CDF table we get the survival function as

p(X = —0.4756) = 0.3192 then 1 —p(X =< ) = 0.6808, which gives the normal

survival function g( )at =10

= —0.4756
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o X-~Chi(k),X,~Chi(t), - =2, ., =35 =2, =3and =
10
from the saddlepoint Equation (16) we get
Ke. () = (17)
from Equation (13) we get % + S;NMH =10

this leads to the quadratic equation —280 " +40"+45=0

then we get
- =0.2169396342 + =—0.07408249134
then
A<min(g,+—6#):(g,ﬁ) (18)
then we get the saddlepoint ~= —0.07408249134
then the cumulant generating Kg(( ") = —0.8861981707
and K"z (") =41.39344154

to find the saddlepoint approximation 9( ) of the cumulative distribution function for

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

>=sgn()12}" — Ko ()

> = —H2[(—0.7408249134) — (—0.8861981707)]
> = —0.5392091566 (19)
and we will find ¢(>) from the normal distribution table as:
¢(—0.5392091566) = 0.2981
where (>) is obtained by

I N
>) = A E 5:(®)
() V2

= 0.3449651814 (20)
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4. DERIVINGASADDLEPOINTAPPROXIMATION
FORMULA OR THE SURVIVAL FUNCTION FOR
THE LINEAR COMBINATION OF CHI-SQUARE
DISTRIBUTION

In this study, we consider the linear combination of

Mg, = M- M:,(CS), i=12

So,

&* &+
Mg = (1—-2C.-S)#(1—2C,9)#

Chi-square distribution in the form

CiXi+ G X,

where X, ~ chi(k), X, ~ chi(t) and C,, C, are real constant
The moment generating function (MGF) of linear
combination of Chi-square distribution is obtained
as:

(10)

(11)

Then, the cumulant generating function (CGF) is given as

&* &+
Kg((S) =Inl(1—-2C-S)#(1—2C,S)#n

(12)

The saddlepoint commutation required derivation of first, second and third derivatives

are given respectively as

, _ >?, D24
K g(on T 5 A i 5r2AC (13)
This leads to the second derivative:
" +>7% +D?%
= S—
Ko onc 05+2 B 0*5+2,4AC" (14)
Then the third derivative is
oy — _ FaG FJGy
K™ 0% ("5+G H)"  ("5+GyH)" (15)
where the saddlepoint equation is based on the first derivative of
& aldp = 2 D7  _
K'e.0%p 7517 A0 | 37547,h0 (16)

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
APPLICATIONSTO THELINEAR COMBINATION
OF 1.1.D. CHI-SQUARE RANDOM VARIABLES

In this section we will discuss deriving the survival

75

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

The cumulative distribution function is given as

(i)="22= (2.2 )

where (~2,-72) is the lower incomplete gamma function and (~2,~2) is the
regularized gamma function.

Fi(x) 2

1.0t

\

11 L L L |
o W =

EnliE i ik il ik

|
<

0.0

o+

0o 1 2 3 4 5 6 7
Figure 2: The distribution function (CDF) for Chi-square

The Chi-square distribution plays a vital role in distribution is signifcant in statistical hypothesis
statistical inference. It has considerable application testing and estimation. The mean and variance of
in both methodology and theory, hence this Chi-square distribution are respectively given by

= t=2 (8)
Where its moment generating function (MGF) is given as:
S()=(@-2)3F for <= 9)
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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 frst 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 diffculty, 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

higher than the current approximations methods as
well as that it does not require complex statistical
theories or intractable mathematical computations.
The diffculty 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 briefy 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 ASADDLEPOINT 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

method to solve many of the statistical problems interval,(0,c),then the survival function or
has begun to increase because its accuracy is much reliability function is presented as
L|
O= (=)= O =1- () 1)

For continuous random variable

unknown density

Where

saddlepoint equation

‘O =

with cumulant generating function CGF, k and

the saddlepoint approximation to () is defined as

(=2 "G

"= 7( ) is known as the saddlepoint and it is the unique solution to the

& 2

(3)

while the cumulative distribution function 9( ) in Equation (1) can be estimated using

saddlepoint approximation as

12
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\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 EI-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.
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Figure 16:The Constructed geological map of G. Nugara 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 (An.- An,), biotite and opagues. 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

m L ' Bl ",'7
;A .. . .

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.

R R o e |
-t i .- 'Y

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, PL., C) Spherulitic texture in rhyolite, C.N. and D) Titanite (Ti) and Uranophane (U)

in fractured porphyritic rhyolite, C.N.
5. CONCLUSIONS

The spectral analysis of Landsat data at G. Nugara
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
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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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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 (An,- An,.), 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).

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 (OZ) 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- and NW-SE trends. The felsic dykes resist weath-
med Rabbah which caps the metavolcanics. All the ering more than the surrounding rocks and conse-
Dokhan Volcanic masses as well as the surrounding quently appear as ridges and spines (Figure 13F).
rock units are dissected by felsic and mafic dyke On the other hand, the mafic dykes are less resistant
swarms extending for several kilometers in NE-SW to weathering forming negative relief features.

Figure 13: Field characteristics of Dokhan volcanics of G. Nugara area, CED, EgyptA) G. Nugara
Dokhan Volcanics with its high relief, sharp peaks and steep slopes, B) Sharp intrusive contact between
younger granites (YGR) and intermediate lower Dokhan volcanics (LDYV), 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 (OFPD) resist weathering more than the surrounding older granitoids
(OGR) and consequently appear as ridges and spines.
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4. IELDWORK 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. Nuqgara 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. Nugara, which rep-
resents a conspicuous rock unit west of Safaga City
covering an area about 68 km?. 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 \olcanics 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 km? and is char-
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acterized by light to dark grey colours, while the
felsic one covers an area about 16.3 km2with 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



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

90 el (ppm) Minimum = Maximum & Average

200 Minimum B Maximum & Average

180
160
140
120
100

Minimum B Maximum & Average

7777777777780

Minimum B Maximum &) Average

Minimum B Maximum & Average

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

Rock type eU eTh K % | eU/eTh | eTh/eU
(ppm) (ppm)

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

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

-g 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

é Average 30.41 71.46 21.40 0.43 2.46
)

| Andesites, Dacites and Minimum 11.19 33.95 11.40 0.20 1.14

related tuffs

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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Figure 11C: Potassium composite image
(K, K/eTh and K /eU in RGB) of the G.

Figure 11D: Thorium composite image
(eTh, eTh/K and eTh/eU in RGB) of the G.
Nugara area, CED, Egypt.

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.
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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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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
\olcanics. 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 (FigurellC)
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
(Figurel1D) 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 \olcanics. 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. Nuga-
ra area, CED, Egypt.

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

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

33°51E ‘

Coordinate System: WGS 1984 UTM Zone 36N

578910 13 14 15 16 17 18 19 20 21 22 23 24 26 27 29 31

33°54E 33°5T'E

Projection: Transverse Mercator
Datum: WGS 1984 / Units: Meter

B
(K%x10)ppm

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

57



Journal of the North for Basic and Applied Sciences, \0l. (5), Issue (1), (2020/1441 H)

=2
S
S
<
@
i
o~

> r“ \ r! 1
i) ; :
33°48'E 33°5T'E
6 N

km
V E

N

33°51'E 33°54'E
012 4
@€ OH-bearing and CO3 minerals = i——
Coordinate System: WGS 1984 UTM Zone 36N
Projection: Transverse Mercator
Datum: WGS 1984 / Units: Meter

Figure 9: OH-bearing and carbonate miner-
als (micas and clays) (B6/B7) of G. Nugara
area, CED, Egypt (blue zone is the expected

threshold anomalies at 95% confidence).

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%
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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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rhyolite Dokhan volcanics; (6) Younger granites
and (7) Phanerozoic Rocks

Figure 5: MNF colour composite of MNF1I,
MNF?2, 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.
Nugara area, CED, Egypt.
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Figure7: Limonite minerals (Fe3+) (B4/B2) of
the G. Nugara area, CED, Egypt (red zone is
the expected threshold anomalies at 95% con-
fidence).

Figure8: Ferromagnesian minerals (Fe2+)
(B5/B6) of the G. Nugara 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.L, 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
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used to enhance spectral differences between the im-
age bands along with reducing topographic illumina-
tion effects (R.S. 1., 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. Nugara
area, CED, Egypt.

Figure 4: PCA colour composite of PCI,
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. Nugara 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

Assingle Landsat-8 (LC81740422014188LGN00) L1T
(terrain corrected) scene (pathl74/ 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-
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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.
Nugara 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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of the Nugara 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.

35°E

Coordinate System: GCS WGS 1984
Datum: WGS 1984
Units: Degroe

Figure 1A: Location map of G. Nuqara area, CED, Egypt.
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Figure 1B: Physiographic map of G. Nugara area, CED, Egypt.

50



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

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 (4bdeen and Greiling, 2005, Rowan, Mars,
& Simpson, 2005; Acharya and Mallik, 2012; Ar-
nous and Sultan, 2014; El- Said, 2014; Sweha, 2014;
Badr, 2017; Sultan, EI-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. Nugara
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
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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, 201/; Abu-Alam, San-
tosh, Brown, & Stliwe, 2013). After cratonization, the
Neoproterozoic crust was injected by the eruption of
K-rich volcanic rocks (Dokhan Volcanics) and em-
placement of granitoid intrusions (EI 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, 7980; 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 20" 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, 71989; Abdel-Rahman, 1996).

The G. Nugara 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 km? (figure 1A). G.
Nugara Dokhan Volcanics assemblage with their rel-
atively large geographic extent form a more or less
circular outline of an area about 68 km?. G. Nugara
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. Nugara 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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The Application of Landsat-8 Imagery and Airborne Gamma-Ray
Spectrometric Data for Lithological Mapping of Gabal Nuqara
Area, Central Eastern Desert, Egypt
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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.) Nugaraarea, central Eastern Desert, Egypt. The Dokhan Volcanics of G. Nugara 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. Nugara 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. Nugara area. Uranium anomalies are encountered at G. Mohamed Rabbah,
the area around Wadi El-Barud and sporadic zones in felsic 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 fexural defection of hybrid
shafts improves fexural defection values for up to
93%. For example, the proposed hybrid aluminum/
carbon E-glass polyester composite driveshaft was
observed to have the biggest fexural defection
values. As expected, conventional materials showed
signifcantly higher natural frequencies compared
to all counterparts. Despite having greater weight
and natural frequencies compared to composites
alone, hybrid shafts weighted signifcantly less
than their metal counterparts. The analysis that
assessed the infuence of layer number variations
on characteristics suggests that the number of
layers does not signifcantly 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 fhers 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
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in weight, twist angle, fexural defection, 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 signifcantly 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
fndings 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 fhers 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.
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Figure 21: Von Mises stress distribution along the stainless steel/CEP driveshaft under the maximum load.
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Figure 22: Von Mises stress distribution along the stainless steel/KEF driveshaft under the maximum load.
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Figure 17: Strain distribution along the stainless steel/CEP driveshaft under the maximum load.
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Figure 18: Strain distribution along the stainless steel/KEF driveshaft under the maximum load.
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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.
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Figure 15: Strain distribution along the aluminum/CEP driveshaft under the maximum load.
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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.
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Figure 12: Shear stress distribution along the aluminum/KEF driveshaft under the maximum load.
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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.
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Figure 9: Deformation distribution along the stainless steel/CEP driveshaft under the maximum load.
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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, fexural defection, twist angle, and natural frequencies
for hybrid composites and each constituent, separately.
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Figure 7: Deformation distribution along the aluminum/CEP driveshaft under the maximum load.
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Figure 5: Normalized difference index of fexural defection, twist angle, and natural frequencies for
carbon E-glass polyester (CEP) and knitted E-glass fabric (KEF) composites with variation in number of

layers.

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 fbers is set at 45
in each subsequent layer. The thickness of the
metal base is also maintained at 2 mm for both
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En S275JR stainless steel and 7075 aluminum
alloy. Obtained values for hybrid composites as
well as for each separate component are shown
in Tgure 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 fgures 7-10
and fgures 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 3: Normalized difference index of weight, twist angle, fexural defection, 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).

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 fexural
defection, twist angle, and natural frequencies with

four different fber direction layers. The direction of
fhers in the proposed composite materials improved
fexural defection values, but also negatively impacted
other characteristics. Numerical values obtained for
fexural defection, twist angle, and natural frequency
are shown graphically in fgure 5. The results suggest
that changing the number of layers does not signifcantly
affect the characteristics of driveshafts.
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Figure 4: Normalized difference index of fexural defection, twist angle, and natural frequencies for carbon
E-glass polyester (CEP) and knitted E-glass fabric (KEF) composites with four different fber direction layers.
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Figure 1: Boundary condition and forces applied to the driveshaft.
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Figure 2: Zoomed-in FE mesh model used for the analysis.

3. RESULTS AND DISCUSSION

The obtained numerical values for weight, twist
angles, fexural defection, and natural frequencies
are shown graphically in fgure 3 in increasing
order. The results suggest that the benefts 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
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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 signifcantly 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.
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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 fnite 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 (fgure 2). The static analysis was used to

calculate stress, displacements, forces caused by loads,
and strains. Maximal shear stress, fexural defection
on bending; and twist angle were calculated for the En
S275JR model shaft. The analytical model verifcation
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 Fber direction layers and number
of layers selected and analyzed for the driveshafts. All
composite materials used for the calculations have Thers
that are placed at a +45 unless otherwise stated.

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

Densit Shear Shear Shear | Young’s | Young’s | Young’s
Constituent | () g/y modulus | modulus | modulus | modulus | modulus | modulus | Poisson’s | Poisson’s | Poisson’s
cr;ﬁ G, G, (G,y), (E,) (E,,) (E,), | Ratio, v,, | Ratio, v,, | Ratio, v,,
GPa GPa GPa GPa GPa GPa
Kevlar-50 1.41 2.2 22 16 805 660 660 0.36 0.36 0.48
7075
aluminum 2.65 27 27 27 695 695 695 0.32 0.32 0.32
alloy
En S275JR
stainless 8.1 81 74 74 220 220 220 0.31 0.31 0.31
steel
Carbon
E-glass
Polyester 1.6 6 62 31 140 638 900 0.33 0.33 0.51
(CEP)
Knitted
E-glass
Tabric 2.01 6.6 56 35 550 119 119 0.27 0.27 0.34
(KEF)

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°],,

[+45°],

Knitted E-glass fabric (KEF)

[-45°/0°/90°/+45°]

[0°/+45°/-45°/90°]

[0°/90°],

[+45°],,
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 effciency 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 specifc 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, fexural defection, 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 fbers. 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 ona 1400 mm long driveshaft model that
is 100 mm in diameter with walls equaling 3.5 mm
in thickness. The model was fxed 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
fgure 1. The comparative analysis was completed
using the ANSYS Engineering Simulation and
3-D Design Software. Firstly, passenger car
driving shaft design and specifcations 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:

Wi (@, by, -X5) - 01 €y - byEry + Wi(ay, by, Xz) - A€y - byEyy =0 (1)
Wi (Qy, -by, -Xz) - @y €y - byEsy + Wx(Qy, -by, X) - €4y - by€yy =0 (2)
Wy(ay, by, -x;) - a €y, - by €y, + Wy (ay, by, x,) - a €y, - byEyy, =0 3)
Wy (ay, -by, -x;) - €y, - by Eyy, + Wy(ay, -by, x;) - A€y, - byE,y, =0 4)
W, (ay, by) -Xz) - A€, + Wy(ay, by: Xz) - AzE5, =0 (5)
W, (a,, ’by: -Xz) - A€, + Wy(ay, 'by’ Xz) - ;€2 =0 (6)

Where W, € 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.
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impact resistance, and their production is costly.
Contrastingly, the production of glass fher
composites is inexpensive, and these materials
have high strength, excellent chemical resistance,
and good insulating properties. Disadvantages of
glass fber 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 effciency 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 signifcant
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 signifcantly lower weight compared to
conventional steel driveshafts. A study analyzing
shafts made from laminate composites with
symmetrical, equal thickness layers in which
fhers were placed at optimized angles showed
that composite driveshafts can be 15— 72% lighter
thantheir 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 benefts. The study used
hexagonal and tetrahedral fnite elements of
carbon fber 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 fber shafts. The results suggest
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such composite materials lower the weight of
driveshafts by almost a double. Similar fndings
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
fber and S-glass composite with epoxy resins
also elaborated on the benefts of using composite
materials (Hatwar & Dalu, 2015). The authors
conducted a static analysis using ANSY'S 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 signifcant. 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 fbers, epoxy resins and
Kevlar with different layering and fber
orientation. The optimization was conducted
using the ANSY'S 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
signifcantly 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 fve 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 fve
main types of driveshafts based on the materials
used in their construction. Type | considers
metallic shafts made of aluminum and steel while
Type 1l uses a metal matrix composite
discontinuously reinforced with aluminum oxide.
Type Il driveshafts are manufactured from
aluminum that is reinforced by carbon or glass
fber-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 fbers 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 fbers
or positioning them in a particular order or angle.
Combined, the type of resin and fbers 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 specifc modulus and strength.
Carbon fber composites are most adequate for
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transmitting shafts due to their mechanical
properties that include low thermal expansion,
high fatigue strength, as well as high specifc
modulus and strength. They are followed by glass
and Kevlar fber 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 fber
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 frst used in 1985 in
the Ford E-series van models, and their design
and characteristics have increased suffciently 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 specifc 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 fber composites are their high fatigue as
well as specifc modulus and strength, and low
coeffcient of thermal expansion. However, these
materials have high electric conductivity, low
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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 signifcantly reduce the weight of driveshafts thus enhancing fuel economy. This paper comparatively
analyzes the differences in weight, twist angle, fexural defection, 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 fber direction layers. The fndings 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.
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Slavin, 2003), or lowering caloric density of food
(Schneeman, 1987). However, the effect of fher-
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 signifcant increases in the concentration
of the measured infammatory 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).
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13. CONCLUSION

While most researchers defne Gum Arabic (GA)
as a “polysaccharides’ with branched chains, others
defne it as a water-soluble dietary fber. 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 (AcaciaGum)isconsideredasthe mostimportant
gum, used in food and medicinal applications, as it
is a natural vegetable contains a non-carcinogenic
soluble fhers. GAhasaprebioticand 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 emulsifer 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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The similarity of sugar ratios in most studies may
be an indicator for the Acacia gums, though the
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Gum Arabic is considered to be a “multi-functional”
material with good emulsifcation 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 emulsifer (oils, lotions), a stabilizing agent
(drinks like wine). Acacia gum is widely used
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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 modifcation
of carboxylic acid groups in the protein and
carbohydrate parts of the gum may help inimproving
emulsifcation 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 fber, 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 fbers (Anderson, 1986). For many years,
the term “dietary fber” 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
defnition of dietary fbers 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 fbrous nature of GA, which affects
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Gum Karaya Indian Gum (FAO, 1996) vyields
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 frst 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.

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

studies
Durain seeds gum Acacia mearnsii de Wild Gum Arabic
(Cui & Mazza,1996) (AlineGrein,2013) (AlineGrein,2013)
Galactose% 8 46 39
Arabinose % NA" 43 31
Rhamnose% 21 7 13
Uronic acid % NA 17

* NA: not available

The study of Balla (2006) reported no differences
between sugar content of crude and processed GA,
in agreement with Ismail (2000) notifcation of
insignifcant 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 insignifcantly 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 6: The approximate ratio of the main sugars in AG (Galactose: Arabinose: Rhamnose)
reported by 6 previous studies.

Ratios 11:6:3 10:6:3 10:6:3 11:6:4 20:4:1 9:16:3
Ref Satti et al. Anderson | Akiyamaeral | Abdelkariem | Abbashar | AlineGrein
(2019) (1986) (2014) (1992) (1989) (2013)
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9. POLYSACCHARIDES IN ACACIAAND
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 frst discovered and isolated from it,
and are named after it as in Tables 3 & 4.

Table 3: Sugar levels in Acacia gums (general)

Ref Anderson Akiyamaetal. | Abbashar | Abdelkariem
Sugar (1976) (2014) (1989) (1992)
Galactose % 44.0 41.0 68.0 45.2
Arabinose% 27.0 28.0 13.6 25.8
Rhamnose% 13.0 12.0 4.2 10.7
Glucoronic acid % 14.5 14.3 14.2 11.0

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

Gum type A. Senegal A.seyal var. seyal
Parameter
Balla Karamalla Satti, Balla Karamalla Satti,
(2006) (1998) (2019) | (2006) (1998) (2019)
Uronic acid 12.8 16 10.2 11.6 6.6 5.5
Galactose 44 44 40.2 37 46 325
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
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were found in other similar gums such as
gum tragacanth (Astragalusgummifer, E413)
which consist of arabinogalactan containing
o-L-arabinofuranose and 1-4-linked [-D-
galalactopyranose (Tischer, lacomini, & Gorin,
2002), Gum karaya (Sterculiaurens) and Gum
ghatti (AnogeissusL atifolia tree) (Lopez,
Franco, Cérdova Moreno, Goycoolea, Valdez,
Juarez, 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. A4.Seyal var.Seyal is
exuded in the form of fragile nodules that may

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).

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).

Besides the general appearance of gum types, the
chemical taxonomic keys or fngerprints can be
determined by analyzing the gum. Although this
research could not fnd a simple fngerprint of
the gum in the literature, except that reported by
Chandraju, Mythily & Chidan (2012), who used
the optical rotation as a fngerprint of A4.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 identifcation using their mass fngerprints. The
results of the screening approximate investigation
confrmed the classifcation of the samples as

Acacia Senegal gum (from Hashab trees), Acacia.
seyal var.Seyal and Acacia.Seyal var.fstula gum
(Talha).

Anderson and Dea (1971) & Samia et al. (2009),
used some analytical parameters and essential
chemical components of the Acacia gum as a
fngerprint 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 fndings showed
an approximately equal ash content of 4. Senegal ;
A.Seyal var.Seyal and A.Seyalvar.fstula, (Table 2)
(Satti et al., 2019; Balla, 2006; & Karamalla,1998).

Table 2: Results of some physicochemical parameters of three GA varieties samples

Acacia Senegal Acacia.seyal Acacia.seyal
var. seyal var. fistula
Moisture% 9-13 7.2-98 11.3
Ash% 4, 5Satti, 2019) 4.0 (satti, 2019) 3.8 (Satti, 2019)
33 (Balla, 2006) 35 3 (Balla, 2006) 29 3 (Balla,2006)
3.9(Karamalla, 1998) 16 (Karamalla, 1998)
pH 4 4.2 3.8
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This action is called “Gummosis phenomenon”
defned 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
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have classifed 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 (0-1-3) 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 4.Senegal and
A.Seyal. Other authors have stated that A4.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 Fbrous nature (Tiss, Carriere, & Verger, 2001),
GA is a polysaccharide with branched chains of

linked [-D-galactopyranosyl units containing
o-L-arabinofuranosyl, a-Lrhamnopyranosyl, -
D-glucuronopyranosyl — and  4-O-methyl-f-D-

glucuronopyranosy! 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 specifc 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 a/.,1998). Generally, Gum Arabic
is odorless and tasteless. A.Senegal gums are
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restore the soil fertility (Nitrogen Fxation) (Mukhtar,
2001; Karamalla, Siddig, & Osman, 1998). In the
absence of agricultural insurance, Gum production
is the only activity to reduce the lost income from

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

Figure 1: Acacia trees (https://commons.wikimedia.org]

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

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 liquefed
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.

Figure 2: Picking Gum Arabic from the tree(Alland& Robert]

19



Journal of the North for Basic and Applied Sciences, \0l. (5), Issue (1), (2020/1441 H)

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 diffcult product to be defned
(Hassan, 2000; Morak, Jursek, Phillips, Asadei
& Chikemai, 1998). Many factors account for
this diffculty, 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 offcial organizations defne GA as gum
produced from Acacias Senegal tree only, and that
other Acacia gums should have their characteristic
specifcations 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 defne 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 defned
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
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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, Wwherein they confrmed 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 Vvar.
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 emulsifcation 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. ACACIATREES

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
desertifcation 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
defned (Hassan, 2000). The diffculty of defning
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 emulsifcation 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), 4.polyacantha,
A.mellifera, A.nilotica, A.laeta, A.nubica, A.toritils
(two-varieties) and others (Balla, 2006).The most
commercially important species are the 4.Senegal
and A.seyal named after the trees Acacia Senegal
and Acacia Seyal, which produce GA (Abubakar,
2004; Chandraju, Mythily & Chidan, 2012).
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This overview aims to collect and summarize
a considerable number of studies done on GA,
including its defnitions, 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)

Gum

- Gum Arabic

- Gum ragacanth
- Gum Karaya

- Gum Ghatti

- Agar

- Carragreenan

- Aginate

- Pectins

- Guar Gum

- Locust bean gum
- Teraa gum

- Konjacmannan

- Xanthan gum
- Gellan gum

Source
Tree exudates

Seaweeds extracts

Plant extracts
Seed roots and gums

Microbial gums

\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 defned as the gummy exudation obtained
from Acacia trees of the Leguminosae family (Tahir
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Abstract: Gum Arabic (GA)(E414) is an important natural product, used in many life felds such as nutrition, food industries,
pharmaceutical industries, and others. GAexudates have a hydrocolloid and emulsifcation 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 emulsifcation, 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 defnitions, types, medicinal properties, and the physiochemical differentiation
between gum types.
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Timothy, N., Stepich, D., & James, R. (2014/1434 H) /nstructional 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. Sauadi 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 Identifer (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 defnition of debate in reaching consensus. 7#/e British Journal of Educational
Technology, 11(6), 225-260. Digital Object Identifer (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:
(1991) .
170-143 (1)3 Luptdl pplel/ -4 gees llal) deals Alaa,
Al-Gabr, S. (1991). The evaluation of geography instruction and the variety of its teaching concerning the experience,

nationality, and the feld of study in intermediate schools in Kingdom of Saudi Arabia (in Arabic). Journal of
King Saud University- Eaucational Sciences, 1), 143-170.

16. Numerals should be the original Arabic numbers (0, 1, 2, 3 ...) in the manuscript.

Required Documents

Researchers are required to submit the following:

1. Anelectronic copy of their submissions in two formats: Microsoft Word Document (WORD) and Portable Document
Format (PDF), to be sent to the following email:

s.journal.nbu@gmail.com
&
s.journal@nbu.edu.sa

2. The researcher's CV, including his/her full name in Arabic and English, current work address, email, and academic
rank.

3. Theresearcher must fll 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

1. The submissions received by the Journal of the North will not be returned whether they are published or not.
2. The published papers refect only the author’s points of view.
3. Allaccepted manuscripts devolve their property to the Journal of the North for Basic and Applied Sciences (JINBAS).
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10.

11.

12.

13.
14.

Manuscript must not exceed 35 pages of plain paper (A4).

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 feld of specialization.
The keywords are written below each summary and should not be more than six.

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

The Arabic manuscript is typed in Simplifed Arabic, in 14-font size for the main text, and 12-font size for notes.
The English manuscript is typed in Times New Roman, in 12- font size for the main text, and 9-font size for notes.

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.

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 fndings should be clear and brief, and the signifcance of these fndings should
be elucidated without repetition.

Conclusion: It is a brief summary of the research topic, fndings, recommendations and suggestions.

Figures, diagrams and illustrations should be included in the main text and consecutively numbered and given titles,
with explanatory notes beneath them.

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

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.

The Journal of the North does not publish research and measurement tools (instruments). However, they must be
included in the submission(s).

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. (hame, 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 frst 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 frst
author followed by “et al. ”’[for papers in English] and by “ " [for papers in Arabic] must be used, e.g. (Zahran
etal, 1995) / (1995 ) Full publishing data must be mentioned in the bibliography.

Hadith documentation must follow the following example: (Sahih Al-Bukhari, vol.1, p.5, hadith number 511).

The bibliography, list of all the sources used in the process of F\esearching, must be added in alphabetical order using
the author’s last name according to the APA reference style (6t 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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About the Journal \

The Journal of the North is concerned with the publication of original, genuine scholarly studies and researches

in Basic and Applied Sciences in Arabic and English. It publishes original papers, review papers, book reviews
and translations, abstracts of dissertations, reports of conferences and academic symposia. It is a biannual
publication (May and November).

Vision

The journal seeks to achieve leadership in the publication of refereed scientific papers and rank among the
world’s most renowned scientific periodicals.

Mission
The mission of the journal is to publish refereed scientific researches in the field of Basic & Applied Sciences
according to well-defined international standards.

Objectives
1. Serve as a scholarly academic reference for researchers in the field of Basic & Applied Sciences.
2 Meet the needs of researchers, publish their scientific contributions and highlight their efforts at the local,
regional and international levels.
3. Participate in building a knowledge community through the publication of research that contributes to the
development of society.
4. Cover the refereed works of scientific conferences.

Terms of Submission
Originality, innovation, and soundness of both research methodology and orientation.
Sticking to the established research approaches, tools and methodologies in the respective discipline.
Accurate documentation.
Language accuracy.
The contribution must be unpublished or not submitted for publication elsewhere.
The research extracted from a thesis/dissertation must be unpublished or not submitted for publishing
elsewhere and the researcher must indicate that the research submitted for publishing in the journal is
extracted from a thesis/dissertation.
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Correspondence Subscription & Exchange
Editor-in-Chief Scientifc Publishing Center,
Journal of the North for Basic and Applied Sciences (JNBAS), Northern Border University,
Northern Border University, P.0.Box 1321, Arar 91431, P.O.Box. 1321, Arar 91431,
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