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ABSTRACT

aadl |

The aim of this paper is to generalize the concept of a group where the triple
(G, E, %) represents a generalized group ifGisa nonempty set, E represents an
equivalence relation defined on G and the operation * is a function of GxG
satisfying some conditions. The paper also reveals some concepts and
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® In Section 2: We begin by generalize the concept of a group as

1. Introduction

A generalized group has a deep physical background in the unified
gauge theory, see (Molaei, 2000). The concept of equivalence
relations will be used to generalize the concept of a group which has
wide applications in our life. The aim of this work is to introduce the
concepts of generalized groups, generalized subgroups, and
generalized group homomorphisms.

This work will open a new area for scientific research. Indeed, the
concept that had been generalized in this work will be the beginning
of a lot of scientific research based on this generalized concept.

Historically, there have been several attempts to generalize the
concept of group. Clifford characterized the semigroups that admit
relative inverse (Clifford, 1941). A semigroup (5,%) is called a
semigroup admit relative inverses if for any x € S there existe,y €
Ssuchthatexx =x*e =xandx xy =y xx = e. Later, these
semigroups were called Clifford semigroups.

Molaei introduced generalized groups, as a class of algebras of interest
in physics (Molaei, 1999). A semigroup (S,*) is called a generalized
group if for any x € S there exist unique elements e(x),x™* € S
such that e(x) *x =x*e(x)=x and x*x 1 =x"1xx =
e(x). We call these semigroups Molaei generalized groups.

Itis known that Molaei generalized groups are tools for constructions
in unified geometric theory and electroweak theory. Aradjo and
Konieczny showed that Molaei generalized groups are the
completely simple semigroups (Aradjo and Konieczny, 2004; see also
Akinmoyewa, 2009).

In this work, we generalize the concept of group using different
meanings from Vagner (Vagner, 1952) generalized groups (Santilli,
1979), Clifford semigroups (Clifford, 1941; Clifford and Preston,
1961) and Molaei generalized groups (Molaei 1999 and 2000).
Molaei generalized group will be a special case of generalized group
which has been introduced in this work.

This paper is organized as follows:

follows. Roughly speaking, a triple (G, E,*) is called a generalized
groupif G is anonempty set, E is an equivalence relation on G, and *
is a function on G X G that satisfies some conditions. New concepts
are introduced as well as new examples of generalized groups. In
addition, we investigate if some results that are true in classical group
theory are also true in generalized groups.

(] In Section 3: We continue our discussion of the basic properties of
generalized groups with special attention to generalized subgroups.
(] In Section 4: We consider one of the most important fundamental

ideas of algebra, homomorphisms of generalized groups.

2. Generalized Groups

In this section, we generalize the classical definition of a group.
Throughout this work, we consider a triple of the form (G, E, %), where
G is an arbitrary nonempty set, E is an equivalence relation on G, and
* is a function defined from G X G to aset X containing G.

The following definition widens the scope of groups and preserves
the classical ones as special cases.

2.1. Definition:

A triple (G,E*) is a generalized group if it satisfies the following
conditions:

i. Closure:x *y € G forany x,y € G.
ii. Associativity: X * (y x z) = (x *y) x zforany x,y,z € G.
iii. Identity: forany t € G, thereis e(t) € [t] suchthate(t) x x =
x * e(t) = x forany x € [t].
iv. Inverses: forany t € G and x € [t] there isx ™! € [t] such that
x*x~ 1 =e(t).
Where [t] denotes the equivalence class that contains t € G.
A generalized group (G, E,*) with E begin the universal equivalence
relationon G, L.e. E = G X G, is a group. Throughout this work, one
can see that all concepts (generalized subgroups, generalized normal
subgroups, generalized homomorphisms, etc.) with respect to a
generalized group (G, E,*) where E is the universal equivalence
relation on G, coincide with the corresponding ones with respect to
the classical concepts.

Often, if there is no confusion concerning E and *, we denote
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(G, E,*) simply by stating G.

The following proposition says that from a collection of pairwise
disjoint groups we can construct a generalized group. But, in the
main, a generalized group is not just a union of a collection of
pairwise disjoint groups, see 2.5. Example.

2.2. Proposition:

Assume that {(G;,*;)};e, is a collection of pairwise disjoint groups
(resp. semigroups), i.e. G; N Gj = @ for any i,j € Awithi # j and
E is an equivalence relation on U;c4 G defined by xEy iff x,y € G;
for some i € A. If we define * on Ujeq G XUjey G by x xy: =
xx;yifx,y €G;forsomei €A, andx*y:=xifx €G;,y €
Gj,i # j for some i,j € A. Then, the triple (Ujcy G,E*) is a
generalized group.

The following proposition shows that Molaei’s generalization is a
special case of the generalization detailed in this article.

2.3. Proposition:

Assume that (G,*) is a Molaei generalized group. Let E be an
equivalence relation defined on G by xEYy iff e(x) = e(y) for any
X,y € G.Then, (G, E,*) is a generalized group.

In Adeniran er a/ (2009), they show that an abelian Molaei
generalized group is a group. This is not true in the generalization
detailed in this article as shown in 2.8 Example.

2.4. Proposition:

For a generalized group G and x € G, we have the following:

Ao ] =[x = [e™)].

L The identity element e(x) of [x] is unique.

1. The inverse X ™~ is unique.

iv. Foranyx,y € G, e(x) = e(y) iff [x] = [y].
V. e(e(x)) = e(x™1) = e(x).

Proof. (i) Itis clear, since e(x), x ™ € [x].

(ii) Suppose that e; (x) and e; () are both identities elements of X.
Then, for t € [x] , t =te(x) =e(x)t and t =te,(x) =
e,(x)t.Since, e (x), e;(x) € [x] and e (x), e5(x) are identities of
[x] ,  eix) =ei(x)ex(x) = ex(x)e;(x) and  ey(x) =
e;(x)eq (x) which implies that e (x) = e, (x).

(iif) Suppose x has two inverses y,z € [x]. Then,y = ye(y) =
yve(x) = yxz = e(x)z = e(2)z = z

(iv) Let e(x) = e(y). Since e(x) € [x] and e(y) € [y¥], e(x) =
e(y) € [x] n[y] and hence [x] = [y]. Conversely, if [x] = [y],
then by uniqueness of the identity e(x) = e(y).

(v) The proof s directly obtained from part (iv), since e(x), x 1 € [x].

In the following, we introduce some examples of generalized groups
which are not groups.

2.5. Example:

Consider the set Z;,: = {0,1,2,-:+,11}.  Define the equivalence
relation E on Z;, by 7Es iff there exists k € Z such that r =
s+123k foranyr, s € Z;,. The equivalence classes of this relation
are [0] = {0,3,6,9}, [1] = {1,4,7,10},[2] = {2,5,8,11}. Let t=
min[ ] fort € le and ky: = Tt for ranyt€ Z15 . Then, 0=0,
1—1 2—2 3=0,4=15=2,6=0,7=1,8=2,9=0,
10 1,11_2 and k0—0k1—0k2—0k3—1k4—
ks = k5—1k6—2k7—2k8—2k9—3k10—

k = 3. Assume that the binary operation * on Zj, is defined by
rxs =7+1,3(k, + k) for 1,5 € L.

From Table 1, the triple (Z;5, E,*) is a generalized group with t the
identity element of [t] and 071=0,11=12"1=23"1=
9,4 1=10,51=11,6"1=6,71=781=89"1=

wR

3,101 = 4,1171 = 5. One can check easily that (Z;,*) is not a
group.

Table 1: The binary operation * on Zj .

* 0 1 2 3 4 5 6 7 8 9 10 11
0 0 0 0 3 3 6 6 6 6 9 9 9
1 1 1 1 4 4 7 7 7 7 10 10 10
2 2 2 2 5 5 8 8 8 8 1" 1" "
3 3 3 3 6 6 9 9 9 9 0 0 0
4 4 4 4 7 7 10 10 10 10 1 1 1
5 5 5 5 8 8 " " " " 2 2 2
6 6 6 6 9 9 0 0 0 0 3 3 3
7 7 7 7 10 10 1 1 1 1 4 4 4
8 8 8 8 " " 2 2 2 2 5 5 5
9 9 9 9 0 0 3 3 3 3 6 6 6
10 10 10 10 1 1 4 4 4 4 7 7 7
11 11 11 11 2 2 5 5 5 5 8 8 8

2.6. Example:

Let R be the set of all real numbers and fix g ER, 0 < g < 1.
Define E on R by xEy iff there is a k € Z such that x = q*y for
any x,y € R. One can easily show that E is an equivalence relation.
Now, define *q by
x*gy = qfx for x,y €R,

where X: = max([x] N [0,1)) and k,: = log, (x/x) for any x €
R. Clearly, the operation % is well defined. For any x,y € [t] and
t €R, we can check that (x) =x =t, qkyf =X, q_kyf =X,
kz =0,k kyz = ky, and k -1,z = —k,,. Also, we can show that
for [t] € Randx v,z € [t]

ox*q y= qk +k;Vt € [t]'

3 {kx+k7,\,’y+,\,’Z ]x 3

ley+k
(y %q 2) = X *q (q"7*y) Katley g

. q
gk T kax and similarly (x x4 y) *q z = q

ot *q X = q{k +k"}(t) = qu(t) = x,and similarly x %, t=nx.
Hence, the triple (R, E,*q) is a generalized group.

2.7. Example:

Fixw € R, w > 0. Assume the triple (R, E,*,,) where E is defined
by xEYy iff there is k € Z such that x = y + kw. Easily, one can
show that E is an equivalence relation. The binary operation *,, is
definedbyx %, y = x + (ky + ky)w for x,y €R,

where t: = min([t] N [0, %)) and k;: = — for any t € R. The
operation *, is well defined. One can check for any x,y € [t] and
tERthat X)) =x=t, x+kyw=%,x—k,w=%,kz=0,
kz+iyw = ky, and kz_k 0 = —ky. Now, for [t] € R, we have the
following:

«Foranyx,y € [t],x xo ¥y =t + (ky + ky)w € [t].
«Foranyx,y,z € [t],wehavex %, (¥ %, z) = x %, (y + (ky +

kzga)) =x+ (k(7+(ky+kz)a)) + kx) w=x+ (ky +k, +
x

)
and similarly (x %, ¥) %4, z = X + (ky + ky + k;)@ which show
that x, is associative on [t].

« Forx € [t], f*wxz(Tt)+(k;+kx)w =t+0+k)o =
X+kyw=xand xx, t =x+ (ky +kz)w =%+ ko0 = x.
Therefore t is the identity element of [¢].

Hence, the triple (R, E,*,,) is a generalized group.

2.8. Example:

Consider the set Zg:= {0,1,2,3,4,5}. Define the equivalence
relation E on Zg by TE's iff there exists k € Z such thatr = s+42k
or S = r+42k. Then clearly, the equivalence classes are [0] =
{0,2,4} and [1] = {1,3,5}. The binary operation * on Zg is defined
by Table 2. This triple (Zg, E,*) is an abeilan generalized group and
(Zg,*) is nota group.

Table 2: The binary operation * on Zg.

| ST S O > S N M O O | A |
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3. Generalized Subgroups

In this section, we introduce and study the concept of a generalized

subgroup.

3.1. Definition:

A nonempty subset H of a generalized group (G, E,) is said to be a
generalized subgroup if (H, E,*) is a generalized group.

The following proposition gives an easier criterion to decide whether
asubset of a generalized group G is actually a generalized subgroup.

3.2. Proposition:

Assume that G is a generalized group and @+ HCG.Then,His a
generalized subgroup if it satisfies the following conditions:

I EHforanyxyEH

II. e(x%le Hforanyx € H,
1. X

3.3. Theorem:

Assume that G is a generalized group and @ # H € G. Then,H is a
generalized subgroup iff x x y ™1 € H foreachx,y € H.

Proof. For the “only if” part: Let H be a generalized subgroup and
X,y € H. Since H is a generalized subgroup, y™* € H. Then,
x,y~* € H whichimplies that x * y =1 € H.For the “if” part: Let us
assume thatx * y~1 € H for eachx,y € H. Since H #+ ¢,3t € H
and by assumption, we have e(t) =t xt™* € H. If y € H, then
e(y) € H which implies that y™* = e(y) * y~! € H. Finally, for
x,yEH, x,y 1 €H and then xxy=x*(y"™)"1€H . In
section 3.2. Proposition, H is a generalized subgroup.

3.4. Remark:

Let G be a generalized group. Then, the following statements hold:

I G and {e(t)} for each t € G are generalized subgroups of G.
B They are called trivial generalized subgroups of G.

1. If [t] is a generalized subgroup of G for each t € G, then G is a
. union of pairwise disjoint generalized subgroups.
111, If G is a group, then every generalized subgroup of G is a
. subgroup of G.
V. The intersection of a family of generalized subgroups is

necessarily a generalized subgroup.

3.5. Example:

Consider the generalized group (R, E,*;) which is defined in
Example 2.6. Define the subsets Hy, H; as, Hy:= {x € R:k, €
2Z} and Hy: = {x € R:k,, € 2Z + 1}. We use Theorem 3.3 to
show that Hj is a generalized subgroup, but H; is not a generalized
subgroup. Letx, ¥y € Hy with [x] = [y]. Then, x =y andky, k,, €
27.. Note that —k,, € 2Z, and ky — k,, € 27Z. Now, x*y_1
q**vx € H,. Hence Hy |sagenera||zed subgroup However, Hz is
not a generalized subgroup, because g3x, q°x € H, and q3x *
(@)™ = q*x*q7x = q*x & H,.

4. Homomorphism of Generalized Groups
In this section, we give a definition of a homomorphism of
generalized groups with some results.

4.1. Definition:

Assume that G and G’ are generalized groups. A map f:G — G’ is
called a homomorphism if for any a,b € G, we have f(ab) =

f(@f (b), and [f(a)] = [f(b)] if [a] = [b].The set Ker,(f): =

{x € G: f(x) = e(a)}iscalled the kernel of f with respectto a € G.

The following theorem shows some of the basic results of the
generalized groups homomorphisms.

4.2. Theorem:
Let G and G' be generalized groups and f:G — G’ be a

homomorphism. Then:
1o fle(@) = e(f(a))
o fl@a) =@
1. f(H) is a generalized subgroup of G’ for any generalized
. subgroup H of G.
V. Ker,(f) is a generalized subgroup of G fora € G.
V. f isinjective iff Ker, (f) = {e(a)}foralla € G.

Proof. (i) Let b = f(e(a)) for a € G. Then, b = f(e(a)) =
f(e(a)e(a)) = f(e(a))f(e(a)) = bb which implies that
e(b) = b.Thatis,e(f(a)) = f(e(a)).

(i) Let b=a"t . Then, e(f(a)) = f(e(a)) = f(aa™t) =
f(ab) = f(@f(b) and e(f(a)) =f(e(@) = f(a"ta) =
fl@aHf(a) = f(b)f(a) which show that f(b) is the inverse of
f(a), completing the proof of (ii).

(iii) Let K = f(H). It suffices to check that K is nonempty and
ab™! € K for any a,b € K. Since H # ¢, there is a € H which
implies that f(a) EK ; and so K# ¢ . If a,b €K , then
f_l(a) f- 1(b) € H and then f~1(a)(f~1(b))"t € H. Now,

e TRl S

(iv) Let a € G. Smce e(a) € Kery(f), Kera(f) # ¢ . Now, if
x,y € Kery(f), then f(x) = f(¥) = f(e(a)). We have
_1 —_ —_
fxy™) = fOf (v~ f)( ol )S e(a )(f) )))1

= f(e(a))f(e(a)) = f(e(a)).

This implies that xy'1 € K. Hence, K is a generalized subgroup.

(iv) Assume thatf is injective. Then, for a € G there is at most one
element that can be sent to the identity e(f(a)). Since f (e(x)) =
e(f(x)), Kerg(f) = {e(a)}. Conversely, let Ker,(f) = {e(a)}
for all a € G and f(x) = f(y) for some x,y € G . Then,

= -1 = -1 - _1
%e(x%/)— ef(sf(x)))fT(I%]nz |m|{ln(écs th)a]:gcx) y é(lj(cerng) and then

x~ 1y = e(x). Thus, x
x = y.Therefore, f is injective.

= y~1, but the inverse is unique and so
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ABSTRACT

The Internet of Things (loT) has enormous potential to revolutionize the transport industry. loT can be used to optimize mobility of goods and people, add
transparency, update information, and provide convenience at lesser cost. Speed of transportation drives requirements of the trucking industry with
sustainability, safety without stress. After reviewing current challenges of supply chain networks, this paper proposes a new solution for booking freight,
integrating data from multiple sources using smart cloud-based solutions. This paper provides a solution using two modules. The first module is development of
a mobile application for order updates and live monitoring of vehicles. The second module is an loT device that works as an intelligent device by using sensors
and microcontrollers. This results in organizations’ transparency on live monitoring of the status of their entire supply chain network, anticipating problems in
advance, and providing immediate response to the problem. This paper has implications for organizations driven by enhanced customer expectations pertaining
to lead time delivery services, product availability and reliability.
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1. Introduction

Smart technology implies the integration of software, hardware,
cloud and sensor-based technologies. The objective is to utilize live
data collected from numerous touchpoints, and applying statistical
and analytical operations so that the user is able to make informed
decisions about their routine and other tasks (Sharma and Tiwari,
2016). Smart cities would soon be using such smart technologies to
provide innovative solutions for problems in urban development,
ensuring high standards of sustainability and profitability. Smart
Cities form an integral part of any developing country; they bring new
reforms and inspire new aspirations in city residents (lanuale et al,,
2015). Smart cities enable residents with information and
technology-based infrastructure that is smart, connected and viable
(Myeong et al., 2018). Benefits of smart city implementation include
efficient infrastructure, e-Governance, power management and
traffic management, among several others. Such cities will open up
for new job opportunities for all residents, leading to economic
growth, which forms the backbone of any country. Smart technology
is a self-service application that needs minimal or no human
involvement. As an evolving technology, the Internet of Things (loT)
enables innovative solutions to transform industrial systems such as
transportation systems and manufacturing systems. loT is widely
used to build intelligent transportation systems. The latest innovative
services have started using the Internet of Things (loT) for smarter
traffic management. It enables commuters to be better informed,
better coordinated and provides more safety (Prabhu et al., 2017).
Such technological progress on loT can change methods of different
business operations (Atzori et al, 2010). Smart transportation is
essential for smart cities. Transportation industry is dependent on IT
transformation to provide customer satisfaction (Zanella, 2014).
Involvement of smart transportation with smart cities will lead to
Intelligent Traffic Management, Integrated Multi-Modal Transport,
and the Internet of Things to improve overall mobility. All of this can

be implemented by encouraging new technology such as loT, Big
data, dashboards and predictive analytics, complemented by a
different mode of communication network, global positioning
system, camera system, artificial vision, and in-vehicle systems
(Ahmed et al., 2014). Tiny sensors embedded in each finished
product, generate new patterns that provides new insights. Smart
Transportation system has three major components: Smart
Infrastructure or Station Subsystem (such as electronic toll collection,
automated traffic signals, fare collection and multimodal transport),
Data Integration (data monitoring center pertaining to weather,
traffic and emergency services) and Smart Services (smart parking
vehicle monitoring system). Internet of Things (loT) includes
connecting physical devices to the network. Government of India has
ambitious plans to proliferate the loT industry, touching USD 15
billion by 2020. The objective is to attain reliability, efficacy and
security of the transport infrastructure. Moreover, connected vehicles
are gaining popularity because they make driving more reliable,
enjoyable and efficient.

Automotive sector is a major contributor to Indian GDP. Its growth
rate is predicted to be 6.7% to 12% in the future (Huawei
Technologies Co. Ltd). Global market size of vehicle tracking devices
surpassed 18,984 thousand units in 2018, with an industry value of
over USD 600 million. It is forecasted to develop at a CAGR of over
20% from 2019 to 2025 (Bhutani and Wadhwani, 2019). Many
telecom operators are focusing on commercialization of next-
generation 5G technology. Thus, smart transportation solution is the
need of the hour, as citizens have major requirements for
transporting goods to other places and cities. According to Business
Wire (2017), transportation industry is the second largest segment
investing in the Internet of Things (loT), spending approximately USD
78 billion since 2016. Due to recent advancements in connectivity,
this has particularly impacted the trucking industry. This would
immensely benefit business the world over, in the sectors of
transportation and logistics (Qu et al., 2016), which have been known
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for shying away from innovation and adaptation for a long time.
Consumers can expect increased convenience, safety, and
commitment to service, by businesses within the industry.

Government of India has the agenda to build 100 smart cities by
2024, and smart transportation system is the key component in
transforming smart cities. India has the second-largest road network,
fourth-largest rail network (Grant Thornton, 2016), as per the
International  Journal ~ of  Multidisciplinary ~ Research  and
Development, but India has been ranked as low as 46 among 155
countries in the World Bank International Logistics Performance
Index.

This paper aims to develop an intelligent transportation system using
a hybrid of technologies such as mobile applications, cloud
computing and loT. The proposed system can plug data gaps such as
supplier and customer location, customer forecasts, transportation
costs, and realized raw and adjusted service levels, among other key
inputs. It will give the organization access to reliable data reporting
and the capability to perform the required analytics.

Some problems faced in the absence of Smart Transportation are
listed below:

(] Retailers and dealers dealing in all sorts of goods and products
use heavy vehicles such as trucks and mini trucks to transfer
their goods. Usually, while returning, the trucks are empty,
which leads to huge loss for the users.

(] Usually, while returning, the trucks come back empty, which
leads to huge money loss for them.

(] It also results in wastage of manpower resources for the dealers,
often leading to time delays, corruption in fare negotiations etc.
There is additional expenditure to maintain the heavy vehicles.
Different variants of trucks play on roads, leading to complexity
of matching available load to available capacity.

. Renting involves brokers’ involvement. Confirmations and cost
negotiations incur delays, which leads to extra expenditure.

(] Proof of delivery of goods arrives late, and hence there are
delays in final payment.

(] Loss of revenue is common due to breakdown of vehicles on the
road.

(] Due to delays in transport, or weather conditions and
breakdowns, there is loss of goods that are specified as
perishable items.

®  Tracking position and speed of vehicles on the road in real-time
is a challenge.

According to the American Trucking Association, “The revenue of the
global Freight Trucking market was estimated at USD 3,844.76 billion
in 2016, and it is expected to reach USD 6,252.81 billion by 2025.”
With the Uber ride-sharing system and similar companies like Lyft,
there was a revolution in urban traffic management. This is because
now independent drivers can easily connect with commuters,
benefiting more than 8 million people who now use app-based ride-
sharing services.

Valuation of Uber has risen to over USD 60 billion, and they intend to
extend the ride-share model to the shipping freight industry.
According to Morgan Stanley analyst Ravi Shanker, Uber Freight, and
other similar services, have the potential to act as a true disruptive
influence in this sector.

2. Literature Review

In order to address the challenges described in the previous Section,
supply chain managers need interconnection of equipment and
devices. Hence, organizations started experimenting and involving in
detailed literature review of several parameters. Fernando et al.,
(2020) studied the measurement of attributes of moving vehicles and

on how sensors can be used for data retrieval in tracking devices. Qiu
et al,, (2018) assessed how various data are used in transferring
methods for transmission, networks and protocols utilized for
communication. Chaniotakis (2020) analyzed different data sources,
algorithms, and apps that can be utilized for capture and analysis of
raw data.

An in-depth literature review of researches conducted in the last
decade, on different architectures related to  Smart
Transportation/loT in different settings, is presented in Table 1.

Table 1: Literature Review of papers on Smart Transportation Solutions

Author(s) Major Direction of Study
Kyriazis etal The paper has devised two loT based smart city applications. The first application was
(2013) meant for power management using electricity meter for commercial and residential

categories. The second application was meant for the public transport system, utilizing
different resources for optimizing travel time (such as environmental and traffic sensing).

Qureshi and It presents a wide-ranging area of intelligent transportation systems as well as its
[Abdullah (2013)| applications and a range of technologies.
Gayathri This study developed a system for intelligent health monitoring of the car using sensor
(2017) monitors on vehicles to check health of the vehicle.

Hemalatha | Researcher developed loT and cloud-based applications to deal with transportation
(2015) issues in metro cities. This would help in handling heavy traffic, ensuring vehicle security
and reducing congestion on busy roads.

Javedetal. | They proposed the Cooperative Intelligent Transport System (C-ITS), a futuristic
(2019) application for traffic management. Data analytics has a critical role in C-ITS application.

Redesigning strategies of the company with Transport Management
System (TMS) increases upper end of the Return of Investment (ROI)
since TMS facilitates end-to-end supply chain visibility (Goshare,
2020). Currently, increasing number of devices are being furnished
with bar codes, RFID tags or sensors. With increased density and
usage of mobile devices and services, TMS solutions integrate
smartphone applications that can be used to create location of
specific trucks at any given time. loT and TMS are definitely set to play
a promising role in the transportation industry.

However, for the industry that is modernized by new trucking
models, both drivers and freight companies have to deal with issues
related to cost and time-saving (Al-Sakran, 2015); (Bandyopadhyay
and Sen, 2011). According to Bansal (2015), the transport system in
India, particularly involving large trucks, is complicated and
unorganized with respect to its functioning model and multiple
stakeholders. In India, road transport represents around sixty-five
percent of total freight transport, railway comprises thirty-two
percent, while water and air present seven and one percent
respectively. Globally, India has the second-largest road linkage
involving freight of around seven million transport vehicles (Bansal,
2015).

Previous researches done so far have disadvantages such as
technology trust (Mengru, 2018), huge cost of the system (Pham,
2015), difficulty in payment (Gandhi et al., 2016), system does not
provide guidance (Lotlikar et al, 2016), drivers cannot make
reservation for parking (Tsaramirsis etal., 2016) etc. There is no single
solution that meets all the needs required for cooperation between
devices, infrastructure, and cloud (Van Den Abeele et al., 2015).

3. The Proposed System

Review of literature demonstrated that: (i) loT based sensors
embedded on the location tracking devices in cloud data centres can
be used remotely by retrieving real-time data; (ii) The GPS sensors
based on the RFID technology can be utilized; (iii) Wi-Fi networks are
the most popular networks; (iv) The most used storage method was
observed to be cloud for smart vehicle tracking systems.

We propose that the loT can further make this trucking system more
effective by incorporating some additional features. IoT in the
warehouse has given clear visibility to the supply chain, right from
ordering of materials till the shipment reaches the end customer. This
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can reduce inefficiencies in logistics and improve overall efficiency,
while reducing costs. By including weather forecast data, data related
to government services, road closure advisories, and emergency
services, operations can run more smoothly. It could also inform
stakeholders about the status of operations in real-time using
predictive analytics and feedback mechanism, leading to instant
gratification.

By merging loT with the latest innovations, we can add more value to
the business in a systematic manner (Qureshi and Abdullah, 2013).
This will help in monitoring supply chain operations right from the
stage of new order booking to final delivery of the shipment to the
end-user or the customer.

The proposed system consists of two modules.

®  The first module is an online order booking system.
®  The second module is real-time vehicle monitoring.

3.1. Module 1:

The first module is shown in Figure 1 and consists of storage,
application and infrastructure. These components are implemented
on cloud infrastructure.

®  Storage: It stores all online orders given by customers, and all
tracking records of vehicles.

®  Application: It is a mobile app that provides an interface to
customers for online orders. It also provides an interface to the
vehicle driver to get order details.

® Infrastructure: It is a cloud-based service to integrate all the
components needed for the mobile app.

Figure 1: Module 1: Online Order Booking System

Figure 2: Flow chart of Order Booking Process

Select
Driver/

route/ Make System
Vehicle/ || Get | __ IPayment| | Sends
Load i against IConfirmat Exit
from ion
avallable
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Figure 2 shows an online order booking system. The user can interact
with the booking system through the mobile app. Apache Cordova is
used to develop the mobile application so that the same source runs
on both Android and iOS platforms. Amazon Elastic Compute cloud
can be used to connect the application for real-time communication
between the mobile app and cloud.

3.2. Module 2:

The second module is real-time truck/ vehicle monitoring. It consists
of a device that can be mounted on a vehicle. Figure 3 shows a device
that is mounted on a truck, near the steering. There are wireless
sensors which can be used to monitor health of the vehicle. In Figure

3, a wireless sensor is plotted, which can measure air pressure and
temperature of tires. These sensors will be connected to the device
through Bluetooth.

Figure 3: Mounting device on the truck

Proposed Device

Wireless sensor on wheels

/

Figure 4: Elements of the proposed device
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Figure 4 shows components of the proposed device. The components
are as follows:

(] Humidity sensor: This sensor will collect information about
humidity in the air,

(] Temperature sensor: This sensor will collect information on
temperature from the environment. There will be one more
setup of the temperature sensor to measure temperature of the
engine.

(] Accelerometer: This will record data of movement by the
vehicle. In the case of crashes, the microcontroller can predict
accidents and report to the owner.

(] Gas Sensor: It is also for safety of the vehicle. Gas sensors can
sense the presence of methane gas.

(] Microcontroller: It collects all data from the sensor and stores all
information to cloud storage. In this device, 8-bit ATmega328P
has been used.

GPS: It provides the GPS location to the microcontroller:

GSM Module: This module will be used to provide connectivity
to cloud storage and send messages in emergency situations. It
also provides internet connectivity to the app.

(] OBD port: It is used to provide connectivity to devices from the
vehicle. Itincludes power supply and other input values from the
vehicle.

(] Bluetooth: This module will be used to connect the sensor to the
device through Bluetooth.

This system has the facility of booking various truck types through
different means such as mobile internet, email, or field agents. The
user can book by giving the pickup and delivery address, preferences
for the type of carrier (emergency vehicles, light commercial vehicles,
passenger vehicles etc.), cargo type (perishable items/pharmaceutical
products, etc.), preferred driver, favorite route etc. User’s preferences
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10.37575/b/cmp/2255



8

are saved on the cloud so that the same history can be used to
understand preferences for the next booking and notification. This
information will be matched with professional truck drivers
registered with the app, who are vetted by the app and are willing to
carry shipment. This way, the dispatcher ‘does not have to deal with
the challenge of finding, negotiating and booking. Also, truck drivers
do not have to negotiate the fare as the price is predetermined in this
booking system. One can see the available route and how much will
be charged. Pricing also depends upon a number of factors such as
the cargo type, location, with distance being the most prominent one.
Directly connecting them eliminates price surprises, negotiation
delays, and corruption practices. Bookings can be made several
weeks in advance or on the same day. This mobile app will be hosted
on the cloud to optimize infrastructure cost and on-the-fly scalability
as per requirement. This will eliminate data loss because of
networked backups and load balancing. Cloud computing will save
the shipper/dispatcher the cost of data storage and maintenance.

This module also has the provision of field agents or brokers who can
take requests from dispatchers using landline/mobile/web/email.
Role of Administrator is crucial in cases where field agents take
manual orders and book them on behalf of the dispatchers, they have
the provision to handle queries faced by end-users, or generate ad-
hoc reports required by them. This results in better customer
satisfaction.

Once the load is dispatched, there could be other bottlenecks such as
traffic jams, that cause frustration and delay. GPS can be effectively
used to address such pain points in transportation. GPS enables
smarter route mapping to avoid congestion. Re-routing decisions can
be made in case of congestions. The data can be integrated using loT
from multiple sources such as weather forecast, traffic advisory,
government services, policies (related to driver hours of service).

Vehicle Health Monitoring- All modern vehicles have a microchip
installed which controls working and performance of the engine. This
generates much real-time information on vehicle performance that
can be used to help manufacturers and mechanics determine a
vehicle's health. Drivers have access to this information now through
devices such as automatic adapters which plug into a port to monitor
engine health, along with an abundance of other capabilities (like
tracking the vehicle to its parking spot). This information can be made
available directly over the mobile through freely available apps. This
makes vehicle maintenance easy and can save both time and costs of
vehicle maintenance. The data on vehicle health can be shared with
the garage and any issue can be documented, creating a predictive
and efficient vehicle maintenance model. Thus, based on these details
on vehicle’s health, one can predict possible failures. One can use this
to book the scheduled maintenance slot at the nearest in-route
workshop. Failure codes give a reason and remedy for immediate
repairing, and no matter where they are, drivers can catch the issues
before they occur. In case of a major breakdown, driver can send
details regarding breakdown of the truck, and consequently, a nearest
truck can be identified and consignment can be shifted. This facility
helps drivers greatly in tackling on-road hassles and vehicle
breakdown/maintenance issues.

Invoice generation process — Generally, in the manufacturing
industry, an invoice is generated as soon as a customer starts using
the goods. However, there is no real-time system available to find the
exact time of usage of goods. A physical visit is often carried out by
field agents, which is usually done weekly or fortnightly, to check
usage of goods and raise invoices accordingly. Looking at the volume
involved, there is huge revenue loss to the manufacturer. In such a
scenario, containers can be fixed with loT sensors to send signals as
soon as the container is opened and invoice can be raised

accordingly. This can significantly help manufacturers in reducing
losses. This will also help manufacturers specifically in short shelf life
items, to keep track of the batches available in the warehouse and
deliver them according to their date of expiry. This is a million-dollar
idea, especially for FMCG companies, particularly in the food industry
dealing with perishable items (with short shelf lives) or
environmentally sensitive products since it minimizes loss by
reducing downtime, generating huge value for the business
(Verdouw et al., 2016; Verdouw et al., 2014; Ramundo et al., 2016).

Shippers can have real-time information about whereabouts of the
truck and how far it has traveled, since the trucks are GPS enabled.
This real-time tracking and predictability analytics can be used to find
date of delivery, distance covered status, real-time traffic information
such as traffic condition on each road, number of vehicles, and
average speed, weather forecast, route diversion, over-speeding,
stoppage etc. (Sijs et al., 2008).

Thus, this proposed mechanism will provide instant rates, insights
into shipment delivery including available real-time tracking,
lowering downtime time through the use of loT. The admin,
dispatcher, or end-user can track and access latest information,
predict anticipated date of delivery, and other details on-the-go,
anywhere, anytime. This will eliminate several bottlenecks while
providing real-time location information, live monitoring of goods for
shipment to customer’s place, resulting in lower cost of investment.
The loT technology can provide benefits in improving visibility,
reducing cost and travel, providing convenience, eliminating
dependencies on middlemen, identifying and predicting future
vehicle breakdown, and providing tactical information all throughout
the process. Major advantage of this architecture is reduction in
downtime, which is one of the biggest causes of cost and concern for
transport organizations. Thus, upcoming freight marketplaces can
train their machine learning models to match the right load with the
right truck variant and routes.

4. Conclusion

In this paper, a novel loT based app for smart transportation is
proposed, using a hybrid of technologies (cloud computing, loT and
mobile application), to make the online transportation process easy
for the modern end-user. This offers numerous advantages and
conveniences such as handling traffic congestion, real-time tracking,
vehicle health monitoring, emergency resolution and quick payment
turnaround time, thus saving cost and time. Truckers can use the app
to browse and book available trucks in preferred locations. These
truck aggregators are leveraging technology to focus on the entire
network consisting of demand-supply scheduling, GPS tracking,
safety and maintenance of the vehicle, as well as mobile/web app
support and cloud-based documentation. Transporters can gain
intelligence on real-time traffic patterns, weather conditions, fuel
efficiency while predicting maintenance and repair needs, leading to
better speed management, sustainability and elimination of stress.

As per previous studies (Hashem, 2016; Bandyopadhyay and Sen,
2011), smart logistics have played a pivotal role in facilitating
communication between customers and organizations, and also
assisted them in handling real-time queries, leading to customer
satisfaction by providing efficient and quality services. There are
many sub-steps to the execution as well as pitfalls to avoid as a
company goes through the implementation of a new supply chain
network e.g., dependence of internet for vehicle tracking, inaccurate
GPS tracking, and privacy and security issues. Appropriate planning is
crucial for the success of implementation of a technology-based
solution; for that, itis essential to involve all stakeholders in designing
a smart transportation system. Working in silos may lead to poor
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implementation. Every company has its own problems and
complexities; the challenge lies in finding the best fit to appropriately
address core objectives of smart transportation in a simple,
environment-friendly, secure and connected solution.

5. Future Scope

Further research can focus on the dispatch and unload modules that
can be redefined by including loT sensors in each product. While
unloading, alerts will notify both truckers and management when the
shipment is opened, for fast invoice payment. This is also important
in avoiding damages because conditions of some sensitive products
can go awry during shipment,
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The nuclear shell-model has been used to compute excitation levels of
ground band and electric quadrupole transitions for ***’Mn isotopes in f-
shell. In the present study, £742pn and f7cdpn effective interactions have
been carried out in full f-shell by using Oxbash Code. The radial wave
functions of the single-particle matrix elements have been calculated in terms
of the harmonic oscillator (Ho) and Skyrme20 potentials. The predicted
theoretical results have been compared with the available experimental data;
it has been seen that the predicted results are in agreement with the
experimental data. From the current results of the calculations, many
predictions of angular momentum and parities of experimental states have
been made, and the energy spectra predictions of the ground band and B(£2.
1) electric quadrupole transitions in ***’Mn isotopes of the experimental
data are not known yet. In the nuclear shell-model calculations framework,
energy levels have been determined for ***’Mn isotopes; new values of
electric quadrupole transitions have been predicted in the studied results.
This investigation increases the theoretical knowledge of all isotopes with
respect to the energy levels and reduced transition probabilities.
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1. Introduction

The nuclear structure of neutron-rich nuclei above *’Ca magic nucleus
has been the recent experimental focus. The mechanism can cause
changes in nuclear structure as neutron numbers increase in any
nuclear system mechanism (it is an open question)!!(Srivastava and
Mehrotra 2010). Neutron-rich f-shell isotopes are of private interest,
too. In astrophysics, like the electron capture rate in supernovae
explosion, experimental and theoretical explanations can be achieved
as a satisfactory description for these isotopes (Kaneko et al., 2008).
Previously, several neutron-rich nuclei in f;-shell studies have been
carried out and investigated by many researchers, including the three-
body force manifestations in spectra, binding energies, seniority
mixing, particle-hole symmetry, electromagnetic and particle
transition rate (Volya, 2009). The energy states and electric
quadrupole transitions for the Of;,, proton-shell nuclei (*°Ti, 3'V, **Cr,
>>Mn, **Fe, and **Co) have been calculated within the spherical shell-
model framework, assuming a *Ca as a closed core (Saaymant and
Irvine, 1976), as well as f;,shell-model study (**°Ca and **Sc) in
pure f";, configuration (Muto et al.,1978). Hundreds of years ago,
many models and theories were built to describe and illustrate the
experimental observations of the nuclear structure and reaction
properties for various nuclei (Bacca, 2016). One of those nuclear
models is the nuclear shell-model, which has successfully explained

the nuclear structure for several nuclei in different areas of the periodic
table, such as Ca, Ti, Cr, and Fe (Gambhir et al ., 1982). The nuclear
shell-model is considered the primary theoretical tool for
understanding the nuclei properties. It can be used for preparing
qualitative understanding due to its simple single-particle form, which
is essentially based on the effective interaction use, actually because of
its. well-known form. Within the shell-model approach, just the
particles outside the close core can make up the filled shells (valence
nucleons), which are considered active nucleons, and calculations are
achieved in truncated Hilbert space called the model space (Gargano
et al., 2014). Nuclear shell-model calculations are carried out within a
model space in which the valence nucleons are limited to distribute
over a few orbits that are incapable of reproducing the measured static
moments or transition strengths and other nuclear properties (Radhi
and Bouchebak, 2003). Multipole transition probability, binding
energies, separation energies, beta decay, quadrupole moments, and
magnetic moments have been calculated based on nuclear shell-
model codes such as OXBASH (Brown et al., 2005), NSHELL(Brown
and Rae, 2007), ANTOINE (Caurier and Nowacki, 1999), NATHAN
(Caurier et al.,, 1999) and NuShellX@MSU (Brown and Rae, 2004).
These had been vastly utilized besides the single-particle wave
function, the two-body matrix element (TBME) of variety shell-model
spaces, and different effective interactions had been suggested
depending on two-body interaction strength. TBME has been
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represented as an important action in calculating the nuclear
properties (Brown and Rae, 2004). However, in the current
calculations, the Oxbash Code has been performed to find some
nuclear properties for nuclear structure. This is a set of codes for
carrying out shell-model calculations with dimensions up to 50,000 in
the /-7 scheme and about 2,000,000 in the M-scheme. Oxbash comes
with a library of model spaces and interactions (Hasan and Obeed,
2017). The current study aims to compute the energy levels and
electric quadrupole transitions for’”*’Mn isotopes by using effective
interactions f742pn and f7cdpn in f-shell then make a comparison of
the current results with the available experimental values.

2. Theory

In this work, nucleons of **>'Mn isotopes have been distributed to
the nucleons in f;-shell, and these isotopes have proton and
neutron numbers lying above the magic numbers Z=20 and N=20.
Although the number of active valence nucleons is low enough in
these nuclei to allow for a full shell-model description, these nuclei
forms can be an interesting island in the nuclide chart. An essential
objective of nuclear structure theory has carried out shell-model
studies with single-particle (SP) energies and residual two-body
interactions that are both derived from a realistic nucleon-nucleon
interaction (Coraggio et al., 2007). Generally, a quantum mechanics
solution to the Schrédinger equation have been necessary steps to a
specified appropriate Hamiltonian, so that a standard shell-model of
effective Hamiltonian can be written as:

H
- Z EaNg + Z Z V]T(ab; cd) Z A]+MTTZ (ab)A/MTTZ(Cd)]
asb,csd T MTz

a

(1)
Where n,: describes the number operator of an orbit (a) of quantum
numbers (n,1, /) but the symbol (A;yrr,(cd)) denotes the
creation operator of nucleon-pairs in orbits (a and 5) with spin
quantum numbers (/M) and isospin quantum numbers (7, 7), but
the last terms in equ. (1) can be written as the following (Honma et
al,, 2002:135¢):

Yt Viem[Rash e<a Z]T V/T(abi cd) ZMTZ A/J'MTTZ (ab)A]MTTZ (cd)] (2)

Where Zk<l Vi, is expressed on residual two-body interactions and
can be re-written as:

V<t Viee = GualVizljzia) (3)
From the equ. (1, 2, and 3) it can get on the following :

H=yY, Mkt (jalVizljsja) = Zi=e Ho + (ufalVaalizja) (4)

By separating the summations into core and valence contributions
in eq. (4), the eq. (4) can be re-written:

H = Heope + Hy + Hy + (jij2lVi2li3)a) (5
Here, H;,ye implies on all of the interactions of nucleons making up
the close core, while H; and H;, refer to the single-particle
contributions from particles (1 and 2) and (j1j,|Vi21j3js) are the
residual interactions describing all interactions between particles (1
and 2) as well as any interaction with core nucleons. Inserting this
form of the Hamiltonian into the Schrédinger equation yields an
analogous expression for the energy (Lawson, 1980:43):

E = Ecore + E1 + E3 + {(jij2Vi21j3ja) (6)

The terms of (equ. 6) can be interpreted as follows. E¢ore is the
binding energy of the core nucleus, E; and E; are defined as the
single-particle energies of orbitals outside the core, and
(jiJ2|Vi2lj3j4) is the residual interaction. Equation (6) is necessary

to calculate the energy levels for pure configurations only. The
excitation energy levels, wave functions, effective charges, and core
polarization effects are necessary inputs to calculate the reduced
electric quadrupole transition probabilities, B (F2|). Reduced
electric quadrupole transition probabilities are considered the
observable necessity, and quadrupole moment ratios within the
low-lying state bands can provide more information about the
nuclear structure (Hasan, 2018:191). The present theoretical results
of the reduced quadrupole transition probability B( £ 2]) can be
carried out from the recent calculations study of the reduced electric
matrix element and from the initial and final nuclear states that are
given in the following equation (Ali, 2018:1):

TED =l 2k e(k)éj(f)k”]i Yms @)
e(k): represents the electric charge for the k-th nucleon and e(k) = 0
for the neutron.

While the electric matrix element can be represented in terms of the
model space matrix elements only by assigning effective charges (e ¢
(t,)) to the neutrons and protons (Pandya and Singh, 1974:66)

T(E]) = X, eerr(tDUrQ2 (7, a2l ms (®)

It can be the expression for the effective charges to include the
neutron excess explicitly (Brown, 2001:575):

eerr(t) = e(t) +ede(t),be(t) = £ 220D _
2t, [032 — 22022 ©)

Where e(tz) is expressed from the polarization charge for
nucleon.

The reduced quadrupole transition probability can be according to
the relation:

(f||lTE2
21;+1

B(EZ L > I 1) = (10)
The chi-square between the computed and the experimental values
for each energy level can be calculated according to the following
equation (Walker, 1995:62):

2
2 (Eexp._Etheor.)
Xe=r—— (1)
theor.
But chi-square conditions are not applied for reduced electric
quadrupole transition probability.

3. Results and Discussion

In this paper, some properties of nuclear structure for ground bands
of *”*’Mn isotopes have been calculated using Oxbash Code.
Valence nucleons of these isotopes are distributed in f-shell. In these
calculations, £7pn model space, f742pn, and f7cdpn interactions
have been utilized to estimate the energy levels and the reduced
quadrupole transition probability for the isotopes mentioned above.
The reduced quadrupole transition probabilities have been carried
out using harmonic oscillator (Ho) and Skyrme20 potentials at the
isotopes' Oxbash Code under this study. So the ***’Mnisotopes can
be discussed as follows.

3.1. Energy Levels:

Table.1 illustrates the comparison between the predicted theoretical
results of positive parity states in *’Mn nucleus for f742pn and
f7cdpn interactions and the recent experimental data. This nucleus
consists of (25 proton) and (25 neutron) outside “’Ca magic core,
which have filled out the ((77,,)shell). In table 1, theoretical values
of {1," and 2,%} states of f742pn and f7cdpn interactions have
agreed very well with experimental energies {0.651 and 0.800} Mel/
respectively (Chen and Singh, 2019: n/a). The experimental energies
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{0.659 and 1.765MeV} appeared in good agreement with expected
theoretical values at both 742pnand f7cdpninteractions in order to
confirm the states {3," and 4,7} of the above experimental energies.
The theoretical states {7,, 9,", and 11,} have confirmed the
experimental values {1.030, 2.534, and 4.585} and MeV/respectively
. In current studied results, the states {8,"} are determined at the
experimental energies {3.177} MeV, which are unknown at spins
and parities experimentally. New values at energies and states in
both £742pn and f7cdpn interactions have been predicted in the
studied present results as the states {6,%, 10, and 12,"} have not
been known at the energy and state values experimentally.

Table 1: Comparison between theoretical and experimental excitation energies (Mel) (Chen and
Singh, 201 9:n/a) for **Mnnucleus by using F742pnand F7cdpnInteractions

) E(x)theor. Egy X z
F742pn. FZcdpn. g Ep F742pn. FZcdpn. Status

i Interaction Interaction Interaction | Interaction
0, 0.000 0.000 0| 0.000
5 0355 0.464 5 [0225| 00848 0120 | 4cceprance
T 0523 0637 T 0651
37 0611 0718 ©) | 0659 —
6 0.903 1001 | | 0.0309 0.0492 | determination
7y 1139 1203 77 | 1030
27 1148 1190 7~ | 0.800

s — 0.0007 N
7, 1878 1979 (7,7 [ 1.765 | 0.0025 confirmation
E 7809 2863 @) | 2534
(N 3026 3099 | — 377
7 7658 7682 (1) | 4585

_ 01182 01619
104 5.348 5375 | —-- | - total
124" 7.958 7936 | - | -

While *"Mn isotope has 25 protons and 26 neutrons, which have
occupied the 7f,,shell above *“’Ca magic core. The compression
between the theoretical and experimental results (Jimin. and
Xiaolong, 2017:n/a) are shown in table.2. From these comparisons,
there has been a good agreement for theoretical energy values at
states {11/2,7, 15/2,7,17/2,7,19/2;, and 23/2,} with experimental
data. In this study, calculations of the state {1/2;} have been
affirmed for experimental energy {3.423} Mel/and have not been
affirmed at states experimentally. The theoretical states like {25/2,7}
have been determined as new states of available experimental data
{8.498 MeV}. In this nucleus, new levels of energies and states have
appeared in this study at both £742pnand f7cdpn states interactions
like states {3/2,, 13/2y, and 21/2;} and disappeared in the

ST\ isotopes at both £742pn and f7cdpn interactions and the
experimental data. Tables 3—6 display the comparison between
theoretical values of the electric quadrupole transition probability
and the experimental data. For S9Mn nucleus, tables 3 and 4 show
that the experimental values of B(E2]) from{2{ — 07 } and
{(94)—(7:")} have agreed with the predicted theoretical values of
f742pn and f7cdpn interactions. While tables 5 and 6 show the
comparison between the predicted theoretical values of the electric
quadrupole transition probability and experimental data of >"Mn
nucleus. From this comparison, an excellent agreement of
theoretical values of the experimental data has appeared, such as
(7\2,7—5\27 902, =72 11\ —>7\2 32— A2, and  1\2,
—5\27}. New values of the quadrupole electric transitional
probability of *T5TAMn nuclei have been expected in this studied
results like B(£2|) from {6,"—4,",(8,")—(6,"),10,/— 8,"and
12,"—10,"} of *?Mn nucleus but of *’Mn nucleus the values have
been  {15\2,—>11\2,,19\2,—>15\2,"21\2,—17\2,,23\2, —
19\2," and 25\2,—21\2,7}; these values have not been known in
the experimental data.

Table 3.Comparison between theoretical and experimental values(Chen and Singh, 2019:n/a) of
electric quadrupole transition for *’Mn nucleus by using F742pninteraction

BUEZ 1) thoor
B(EZ 1) B(EZ1) BTEZ 1) BTEZ1)
- e’ fm* W.u e’ fm* W.u
= e Ho Ho SKZU SRZU | B(E2 Vg
e,=1.523e e,=1.523e e,=1.523e e,=1.523e W.u
e,=0.536e e,=0.536e e,=0.536e e,=0.536e
2,"—0," 153.1 13.992 150.9 13.791 13.9%%%
4, —>2," 0.3272 0.0299 0.3316 0.0303 >15
6,"—4," 37.20 3.399 36.65 3.349 —
8,6, 79.64 7.278 78.48 7472 -
10,"—8," 0.003658 0.000334 0.003604 0000329 | -
12, =10, 11.76 1.074 1158 1058 | -
31" 149.9 13.700 147.7 13.498 64439
9, —7, 163.5 14.943 161.1 14.723 12.9*2%

Table 4: Comparison between theoretical and experimental values( Chen and Singh, 2019:n/a) of
electric quadrupole transition for */ Mn nucleus by using F7cdpn interaction

experimental levels scheme. Ji— e B(E2 D) iyeor
B(E2]) B(E2 1) B(E2) B(E2)

Table 2.Comparison between theoretical and experimental excitation energies (Mel) (Jimin. and 2ot Wau & fin W

Xiaolong, 2017:n/a) for *'Mn nucleus by using F742pn and F7cdpn Interactions B(E2 1)y,
Torer Eover Ter | Eor | X7 7 Status Ll il S S0 W

F742pn. Fcdpn. e,=1.523¢ e,=1.523%¢ e,=1.523¢ e,=1.523¢
F742pn. Fredpn. Interaction | Interaction e,=0.536¢ e,=0.536e e,=0.536e e,=0.536¢

Interaction | Interaction 2,+—0," 1531 13.992 1509 13791 13.9%
5/2y 0.000 0.000 5/2 0.000 acceptance
7727 0.093 0.054 77T 0237 | 00136 0.0072 47—2, 1.039 0.0949 1.040 0.0951 >15
3727 1526 T506 | —— | —= — s y ” p
LIen T529 T508 5T T139 Jetermination 6" 4, 36 338 3645 33
T2, 57T T523 TT/T T488| 0.0022 0.0022 86, 7873 71954 78.25 71516 | -
1572, 3236 3777 1577 3250
1727 3.290 3297 (17Z,7/Z) | 3423 confirmation 10,'—8," 0.2357 0.0215 0.2309 00211 | e
13727 3490 3455 | - | 0.0003 0.0047
772, 3730 378 7 <650 12,°—10," 0.2002 0.0182 0.2042 00186 | e
;? iw' g;é; g;;g 19/2° 4139 | 371, 1485 13572 146.3 13371 64+39

T § 281 | - | —— total

23727 5522 6.445 2377 6477 0.0161 0.0 9" —7," 163.4 14.933 161.0 14714 12,9424
25/27 8.453 8305 | - 8.498

3.2. Reduced Electric Quadrupole Transition Probability:

The radial wave functions for the single-particle matrix elements
have been calculated using the (Ho), default SK20 potentials, and
the effective nucleon charges. Oxbash Code has been used to
calculate the reduced electric quadrupole transition for estimating a
better fitting with the experimental values. The (Ho) and SK20
parameters are size parameter values of (***’Mn isotopes) and are
b=1.928 fm of°°’Mn nucleus and b= 1.9235 fm of >’ Mn nucleus and
Skyrme parameters are 1, 1, 13 W, a X, X, X5 X3 of values
{1445.322,246.867,-131.786, 12103.863,148.637, 0.5,0.340, 0.580,
0.127, 0.030} respectively. There has been excellent acceptance
between the theoretical values of the transition strength B(£2]) of

Table 5: Comparison between theoretical and experimental values (Jimin. and Xiaolong, 2017:n/a)
of electric quadrupole transition for *’Mn nucleus by using F742pninteraction

BTEZ ) theo
BE) BEZ ) BE2) B |
s & fm” W e fm* W.u
S Jr Ho K20 SK20 B(E2 V) gy
e,=2.168e e,=2.197¢ W.u
e,=1.275¢ e,=1.317e
N2 —5\2, 5286 46973 5276 47:13
N2 =2y 2215 19.683 2200 27£10
N2 —5\2, 1228 10912 1220 156
N2, —>7\2, 3155 28.036 3136 21£6
EVE=Y.vE 110.0 9774 1092 12£10
N2, —5\2, 4278 3.801 4358 4615
T2, —13\2, 16.75 1488 16.66 0.092:4
15\2, — 112, 3423 30417 3401 | 30222 |
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19\2,—15\2; 136.6 12138 135.8 12067 [ = -
21\, —17\2¢ 103.2 9.170 102.8 9135 | -
23\2,—19\2¢ 2281 20.269 227.0 20171 | e
25\2,—21\2; 139.9 12.431 1393 12378 | -
Table 6: Comparison between theoretical and experimental values (Jimin. and Xiaolong, 2017:n/a)
of electric quadrupole transition for *’Mn nucleus by using F7cdpninteraction
B(E2 D heor,
B(E2]] B(EZ1) B(E2) BEZ)
& fm’ Wu fm’ W.u
U=t Ho o3 to3e P :5521339 k2o BEZ D
PRI e=1.315¢ e=1.315¢ Gl v
e,=1.315 & & e=1.315¢
7\2,7—5\2¢ 526.7 46.804 523.6 46.528 47+13
N2, —7\2y 219.5 19.505 2181 19.381 2710
N2, —5\2; 1226 10.894 121.8 10.823 156
TN\, —7\2¢ 317.4 28.205 315.5 28.036 21+6
3\ —7\2y 229.2 20.367 227.8 20.243 <0.14
N2, —7\2, 108.3 9.623 107.5 9.552 12+£10
N2, —5\2, 42.69 3.793 43.44 3.860 46+15
N2, —7\2, 0.1509 0.0134 0.1566 0.0139 2.6£15
17\27—13\2¢ 19.99 1.776 19.87 1.765 0.092+ 4
15\2, —11\2, 343.8 30.551 341.6 30355 | e
19\2, —15\2" 1341 11.916 1332 11.836
2N\ —17\2¢ 106.1 9.428 105.6 9.383
23\2, 19\ 227.9 20.251 226.7 20.145
25\27—21\2¢ 141.7 12.591 1337 1881 |

4. Conclusions

The calculations for the positive and negative parity levels of 05T Mn
isotopes have indicated that the nuclear shell-model and £742pn and
f7cdpn interactions have been very successful in explaining the
nuclear structure of these nuclei due to the less complex interactions
of valence nucleons. There has been an acceptance agreement of the
studied theoretical results and experimental data of all properties that
have been calculated in the present results. Also, some spins and
parities of these isotopes have been confirmed and determined. This
showed in chi-square values that appeared very small when the
observed data lies close to the expected data from through agreement
values of them as well as determination, confirmation, and total.
Furthermore, new values of energy levels and the quadrupole electric
transitional probability, which have been predicted in this study's
results, have not been known in the experimental data. These values
can add more information for theoretical knowledge for all isotopes in
this work. All calculations have been compared with the available
experimental data; furthermore, they are very functional for compiling
nuclear data tables. It has been concluded that the present calculations
have consolidated two forms of effective interactions and two types of
residual interactions for (f-shell) to calculate the energy levels and the
electric quadrupole transition probability whose set has been
appropriated for providing theoretical predictions of the nuclear
structure for each isotope and can achieve a high degree of conformity
with the available results, also succeeded in describing the available
transition data.
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ABSTRACT

Jaadl|

Diacetyl is considered one of the most important flavor compounds in dairy
products due to its vital effects. The main objective of this study is to increase
the productivity of diacetyl, which is produced by the lactic acid bacterium,
Lactococcus lactis. This is done by determining the optimal conditions for its
production, which can be shown using a statistics-based program called
Response Surface Methodology (RSM), which was demonstrated at the
Biotechnology Library ‘National Commission’ during 2019. Results reveal that
the productivity of diacetyl improves by approximately 180% when the
optimum conditions are applied to amounts of 65.39 mg /L. In comparison,
diacetyl productivity before applying these optimal conditions only obtains a
value of 36.21 mg/L. The results also reveal that the maximum quantity of
produced diacetylis 65.39 mg/L at a temperature of 37 C°, an acidity level (PH)
of 5.5, a citrate concentration at 6 g/L, and a glucose concentration of 15 g/L.
The statistical analysis has shown an incorporeal relationship between
temperature, acidity, citrate concentration and glucose, with a confidence level
of 5%. Therefore, it is recommended that work on L. lactis bacteria should be
continued to increase the productivity of diacetyl.
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ABSTRACT

Jaadl|

Monitoring Tand use/ Tand cover (LULC) changes is important for assessing the
dynamics between land cover types and understanding the anthropogenic
impact on these changes. Remote sensing techniques also represent important
tools to achieve this goal. This paper aimed at mapping and analysing LULC
changes in the Baer and Al-Bassit region of the Latakia Governorate in Syria. For
this goal, 15 multi-temporal Landsat images from the period of 1972—2018 were
used, and each image was classified using maximum likelihood algorithm-
supervised classification into four categories of land use: forests, agricultural land,
water and urban areas. Accuracy assessment of all images was performed; the
average value of the overall accuracy of the classification was 89%, and the
average value of the Kappa index was 0.85. The area of each land use category
was calculated in each LULC map, and each category’s trends over the study
period were analysed using linear regression analysis. The forest category was
the only group that decreased (by 21.8% between 1972 and 2018), compared to
an increase in all other categories over the same period (0.6%, 4.3% and 16.8%
for water, urban areas and agricultural land, respectively). This indicates a
conversion of forests into agricultural land and urban areas. The results of this
study can be used as an efficient tool to manage and improve the Baer and Al-
Bassit forests in terms of physiographical and human characteristics; they could
also facilitate the creation of a database for LULC changes in this region.
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1. Introduction

Land cover refers to the physical attributes of the earth’s surface,
including those made by human activities (e.g, settlements). Land use
refers to the manner in which land has been used by people, usually
with an emphasis on its functional role for economic activities
(Ramachandra and Kumar, 2004). The land use/land cover (LULC)
patterns of a region are a result of natural and socio-economic factors
and their utilisation by humans in time and space (Rawat and Kumar,
2015).

Itis increasingly acknowledged that LULC changes have become a key
subject that urgently needs to be addressed in the study of global
environmental changes (Hu etal., 2019). This is particularly true in light
of major current environmental issues such as desertification,
biodiversity loss and climate change, which in turn cause the loss of
related environmental services to such a degree that more than half of
the world’s forest cover has been lost (FAO, 2010).

Many actions of local populations and government organisations (e.g‘,
urban extension, expansion of agricultural land, forest fires) have
resulted in the loss of extensive amounts of forest cover and other land

use. LULC change analysis is a vital step in managing natural resources,
monitoring environmental changes and protecting and planningforthe
future of Earth’s resources (Torahi and Rai, 2011).

Geographic information systems (GIS) and remote sensing techniques
are widely used to analyse the distribution, patterns and trends of the
LULC processes. These tools have proven to be very valuable for
obtaining exact, coherent information according to spatial reality
(Monjardin et al.,, 2017). Another important tool that planners use to
control the trends of forest cover changes is regression relations.
Because environmental science deals with different phenomena,
multiple regression is very important in dealing with ecological issues
(Jahanifar etal., 2018).

In the last few decades, many specialists (Batar et al, 2017;
Ramachandran and Reddy, 2017; Teka et al., 2018) have studied LULC
changes explicitly, using LULC maps with the application of GIS and
remote sensing data. In Syria, Ibrahim et al. (2014) used a time series of
Landsat images of the Tartous Governorate to study the relationship
between the applied agricultural policy and land use changes in this
region. The study showed an expansion in the cultivation of citrus and
greenhouses as a result of the agricultural plan implemented in the
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same time period. It also confirmed the possibility of determining the
spatial relationship between LULC changes and agricultural policies
through remote sensing applications. Al-Fares (2013) also relied on
Landsat-MSS, TM and ETM+ images and Terra: Aster for mapping LULC
and irrigated agricultural projects for the years 1975, 1987, 2005 and
2007 in the Euphrates River Basin in Syria. The results showed that the
area of irrigated agricultural projects in the Euphrates basin increased
by 148% between 1975 and 2007.

Although the Baer and Al-Bassit region is among the most important
forested areas of Syria, it suffers from different human encroachments.
Therefore, detecting forest land cover changes can provide enough
knowledge to design a forest management strategy. This study attempts
to identify the spatio-temporal patterns of land cover changes in the last
five decades using multi-temporal Landsat images. The main objectives
of this research are (a) to accurately map the extent of the different
LULC classes from 1972 to 2018 and (b) to detect the deforestation rate
and the changes that have taken place during the study period.

2. Materials and Methods

The Baer and Al-Bassit region extends between longitudes (350 47'
49.2", 360 15' 57.44" E) and latitudes (350 57' 0.6", 350 35' 42.7" N)
and encompasses an area of 73,000 hectares. It lies in the north-
western part of the coastal mountains in the north and north-west of
Latakia, Syria (Figure 1). The study area is characterised by brown
Mediterranean soils and a Mediterranean climate type with a rainy
winter and a long dry summer. The altitude above sea level is between
300and 1,400 meters, and the average rainfall ranges between 800 and
1,200 mm/year.

The area is characterised by forest cover over more than 70% of its
surface and has the mostimportant forests in terms of area and diversity
in Syria, consisting mainly of conifers and oak. Villages are located in the
western and southern parts of the study area, and the majority of
people living there depend on agriculture for their livelihoods, so
agricultural land is mostly concentrated around the villages.

Figure 1. Location of the Study Area, the Baer and Al- Bassit Region, Latakia Governorate, Syria
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The Landsat data are available freely on NASA’s website (USGS, 2018),
and we directly downloaded 15 images for the period of 1972—2018
from the website. Because the changes that have occurred in this region
are so frequent, we have chosen one image for every 2 or 3 years. The
selected time period was in the summer (June to October) to avoid
changes due to different seasons and to obtain cloud-free images as
much as possible. Table 1 shows the resolution and other specifications
of these images.

Image pre-processing is very important for LULC analysis because
different sensors were used, so geometric and radiometric corrections

were applied (e.g, in Ali er a/. [2018]), and because of the differences
in spatial resolution between MSS and other images, the resampling
process was applied using Erdas Imagine 2015 software.

Google Earth images for different years, a set of topographic maps of
northern Latakia at 1:25000 and a 1969 image from the Corona KH-4A
satellite with a 9-foot resolution, black-and-white spatial resolution
were used to assess the accuracy of the Landsat images classification.

The overall goal of image classification procedures is to automatically
classify all pixels in an image into categories or features of land cover,
and, typically, multi-spectral data are used to make a classification. In
fact, the spectral pattern within the data for each pixel is used as a
numerical basis for classification (Lillesand ez a/, 2008).

Table 1. Characteristics of Landsat Scenes Used in the Classification

SENSOR_ID Date Acquired | Spatial Resolution (m) RSpeIctr'aI Used Bands
esolution

L1TMSS 22/10/1972 80 4 4t07
[5T™M 04/07/1984 30 8 Two5+7
L[5T™M 15/09/1987 30 8 Tto5+7
L[5T™M 20/09/7989 30 8 Two5+7
L[5T™M 12/09/1992 30 8 Tto5+7
[5T™M 15/10/7998 30 8 Two5+7
L5T™M 04/10/2000 30 8 Tto5+7
I5T™ 20/06/2002 30 8 Tto5+7
[5T™M 16/09/2005 30 8 Tto5+7
I5T™ 21/08/2007 30 8 Tto5+7
[5T™M 11/11/2008 30 8 Tto5+7
I5T™ 31/0772011 30 8 Tto5+7

OLI_TIRS 08/10/2013 30 11 2t07

OLI_TIRS 12/09/2015 30 (i 207

OLI_TIRS 19/10/2017 30 11 2t07

OLI_TIRS 06/10/2018 30 (i 207

To determine the classification of LULC, the supervised classification
method was applied in the Erdas Imagine 2015 software using the
reflective bands in each image (Table 1). Supervised classification is
based primarily on pre-determination of training areas and samples;
Figure 2 summarises the three basic steps involved in a typical
supervised classification procedure (Lillesand er a/, 2008).

Figure 2. Basic Steps in Supervised Classification (Lillesand e a/, 2008)

e VIl 1

The training samples were taken from each image individually, and a
spectral signature file of each image was created using a signature
editor tool which sampled each of the studied areas according to
Congalton (1991) for the number of samples.

Four categories of land use for all images were identified and mapped:
agricultural areas, urban areas, water and forests. The maximum
likelihood classification (MLC) method, as the most widely used in the
scientific literature, is fast and easy to apply and enables a clear
interpretation of the results (Bolstad and Lillesand, 1991). This
algorithm can obtain a spectral image of each land use class through
variance and covariance statistics of the set of training sites identified in
the image and calculates the probability of belonging to each class
according to the spectral signature; this method has been proven in
works such as those of Hassan etal. (2016) and Lpez and Plata (2009),
with satisfactory results.

The classification is not fully considered until its accuracy is assessed
(Lillesand et al.,, 2008). Therefore, to verify the validity of the results
obtained, we assessed the accuracy using the accuracy assessment tool
in Erdas Imagine by distributing random points representing all classes
of land use in the image and then comparing the classification of these
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points with the facts provided by a Corona image and topographic
maps for 1972, the 1980s and the 1990s, respectively. For the
remaining images, we used Google Earth imagery with no field survey
because the study area has not been accessible since 2011 (it is out of
government control).

The Kappa index shows the level of similarity between a set of control
fields and the classified image. It is utilised as a standard part of
precision evaluation to measure the accuracy between the remote
sensing-derived classification map and the reference data, referred to as
row and column totals (Jensen, 2003).

The value of Kappa is between 0 and 1. If the value is equal to 0, then
there is no agreement between the map and the reference. If Kappa is
equal to 1, it shows that there is a strong agreement between the map
and the reference.

The general overall accuracy indicates the percentage of pixels that are
properly classified. The percentage of producer’s accuracy signifies the
percentage of a particular land use change that is correctly classified in
the image. The percentage of user’s accuracy provides the percentage
of a land use class in the image that matches with the class that
corresponds to the land (Congalton etal., 1983).

The simple linear regression is a technique used to analyse the
relationships between two quantitative variables. In linear regression,
we assume that there is a linear relationship between dependent and
independent variables (Salman-Mahini and Kamyab, 2012). It is used
in this study to determine the general trend of the land use change and
its significance during the period of 1972—2018, where the dependent
variable was time, the independent variable was LULC class area and
the calculation was done by SPSS V25 software.

3. Results and Discussion
3.1. Land Use/Land Cover Maps:

LULC maps were prepared and presented for all the images in Figure
3. The maps show that there is an increase and a decrease in different
land use categories. We noted a decline in the extent of forest area
during this period of 1972 to 2018.

Figure 3. LULC Maps for the Study Area (Baer and Al-Bassit) Between 1972 and 2018
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Table 2 clarifies the area and percentage of each land cover category
derived from the LULC maps.

The total area of the Baer and Al-Bassit region is 72,300 hectares (Ha),
divided into the four LULC categories. In 1972, the largest percentage
of the study area fell into the forest category, which accounted for
55.23% of the total area, followed by agricultural land (39.43%).

Table 2. Area (Ha) and Percentage of the Land Use Classes

Land Cover Class Water Forest Urban Agriculture Total
1972 Area 820.0 39,959.6 3,045.6 28,529.01 72,3545
% 113 5523 427 3943 700
1084 Area 818.46 35,794.62 3,406.77 32,3343 72,3545
% 11 495 47 447 700
1087 Area 1,066.5 32,325.39 7,545.33 31,365.81 72,303.03
% 1. 447 10.4 434 700
1089 Area 111573 29,648.52 7,079.04 34,396.20 72,239.49
% 1. 410 938 476 700
1992 Area 1,209.75 3237228 6,796.86 32,575.86 72,3545
% 1671155 44741428 8.564623 45022794 700
1998 Area 117459 34,729.56 5,191.74 31,268.25 72,364.14
% 1623166 47992777 7174465 43209592 700
2000 Area 1,164.42 48,763.8 4,084.29 18,218.34 72,230.85
% 1.612081 67.511043 5.654495 25222381 700
2002 Area 1,276.38 37,067.67 3,397.59 30,612.57 72,3545
% 1.764073 51230883 4.695778 42.309266 700
2005 Area 1,154.97 34,780.74 41112 32,867.37 7231428
% 1.597153 47.26693 5.685184 45.450733 700
2007 Area 1,151.82 31,157.73 6,302.7 33,690.78 72,303.03
% 1.593045 43.093256 8.717062 46.596636 100
2008 Area 1,029.06 36,508.95 2,980.08 31,802.76 72,320.85
% 1.422909 50.481915 4.120637 43.974538 700
2011 Area 1,266.39 35,630.1 1,989.9 33,476.64 72,303.03
% 1.751503 49.278848 2.752167 46.217482 100
2013 Area 123534 2691558 5,450.58 38,730.87 72,332.37
% 1.707866 37.210975 7.535464 53.545695 100
2015 Area 926.37 27,661.32 521343 38,519.73 72,320.85
% 1.280917 38.248057 7.208751 53262275 700
2017 Area 1,136.79 27,809.82 495252 38,455.02 72,3545
% 1.571147 38.435694 6.844832 53148327 700
2018 Area 124794 24,205.74 6,154.11 40,713.66 72,320.85
% 172556 33.469103 8.509455 56.295881 100

Water bodies accounted for 1.1 % of the study area in 1972, which is
the lowest among land use categories, but this does not make the study
areawater-poor. The water area changed only slightly from yearto year,
except for the period of 1984—1987, when the water area increased by
0.4% (from 818.46 to 1,066 hectares). This increase was due to the
construction of the 16 October Dam on Kabeer Shemali River. The dam
was built at the expense of agricultural land and surrounding forests. In
contrast, the decline in water area (from 1,235.34 to 926.37 hectares)
between 2013 and 2015 was due to the drought recorded during those
two years.

Forested areas rotated with the agriculture class by occupying the
largest proportion of land use categories during the study period (Table
2). The forest area decreased in favour of agricultural land from 1972 to
1992 (from 39,959.6 hectares to 32,372.28 hectares), while the other
categories increased. In the 1990s, the proposed afforestation projects
began to show results, with an increase of about 7% in forest area in
1992, 1998 and 2000; after the 2004 Bassit fire, forest area decreased
again (from 51.23% of the study area in 2002 to 43.1% in 2007).

Maps of 2005 and 2007 show the effects of the Bassit fire: the affected
area has been turned into agricultural land, due to the decline of
vegetation biomass in the region. This land returned to forest class in
2008 after the increase of this biomass thanks to regeneration of pine
forests and reforestation with several forest species (Kassas, 2008).

The sharp decline in forest area in the years after 2011 is due to war and
large forest fires in northern Latakia. In the crisis years (since 2011), the
forest area has declined in different parts of the study area, especially in
the Hafah region, where armed operations took place, in addition to
fires and over-cutting for heating and cooking (Figure 3). The forestarea
decreased from 35,630.1 hectares in 2011 to 26,915.58 hectares in
2013 and continued to decline to its lowest value in 2018, with an area
of 24,205 hectares (equivalent to 33.47% of the study area). This
corresponds to the study of the borders and areas of fire in northern
Latakia between 2002 and 2017, whereas the normalised burn ratio
values were low in Bassit in 2005 and 2006, and in Hafah in 2014 and
2015 (Merhej et al, 2019).
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The largest proportion of forest area (22%") lost between 1972 and
2000 has been turned into low forms of vegetation (maquis), while
some parts have also been lost for agricultural use.

In the Tartous Governorate, which is climatically similar to the Baer and
Al-Bassit region and has a variety of vegetation types and human
activities, forest area decreased by 262.4 km? during the period of
1987—2017 (651.84 km? in 1987, 389.44 km® in 2017). The majority
of the decline (72.5%) occurred during the period of 2002—2017 due
to excessive logging for fuel by the local communities, especially during
the war, and it was accompanied by a significant increase in the area of
agricultural land (Hammad er al, 2018).

After the water class, urban areas accounted for the lowest percentage
among the land use categories, with a percentage 0of 4.21%in 1972. The
values of the urban category fluctuated widely, but we can say that it
increased from 3,045.6 hectares in 1972 to 6,154.11 hectares in 2018.
The largest increase was between 1984 and 1987 (from 3,406.77 to
7,545.33 hectares). In contrast, there was a decline in the area of urban
sites in the period of 2007—2011 of about 6% (from 6,302.7 hectares
t0 1,989.9 hectares), and then in 2018 they increased to 8.5% of the
study area (6,154.11 hectares). This is again due to the spectral
confusion (Yang, 2002). This finding is consistent with the results of
Aragrande and Argenti’'s (2001) study, which concluded that urban
expansion causes a loss of agricultural land due to high competition for
other uses (e.g., housing, industry).

The difference in the proportion of the urban class may be due to the
lower accuracy of the classification of this category, which represents a
lower producer’s accuracy in most classified images. This can be
attributed to the similarity between the spectral reflection of urban and
agricultural land, leading to low accuracy of the maps (Seto eral, 2002),
especially since most of the urban areas in the study area are
agricultural villages comprising both houses and cultivated land.
Natural and agricultural ecosystems are rapidly being converted into
urban/built-up areas to meet the residential and economic needs of the
ever-increasing urban populace (Yang and Liu, 2005).

Itis evident from Table 2 that agricultural land occupied 39.43% of the
study area in 1972, and that number increased by about 17% between
1972 and 2018 (from 28,529.01 hectares in 1972 to 40,713.66
hectares in 2018). The increase in agricultural land can be linked to the
war and the rapidly resulting poverty in the last several years, which
caused increases in forest cutting to convert land for agriculture use and
to sell fuel woods.

3.2. Accuracy Assessment of Supervised Classification:

The accuracy of the classification images was evaluated; Table 3
shows the accuracy assessment details for all the images used in
the study in terms of overall accuracy and Kappa index,
respectively. The results show that the Kappa index gave very
good values for the applicable classification, ranging from 0.8 in
201510 0.91 in 2005. The overall accuracy ranged from 87.36%
in 1972 t0 92.94% in 2005.

Deriving signatures from multiple images can make the signatures
more robust in the sense that they result in reasonably good
classifications across years, but on the other hand, it does not
necessarily produce the best classification in any single year (Laborte er
al, 2010). The different values of the Kappa index and overall accuracy
may be due to the fact that each image is classified according to its
spectral profile. The absence of field surveys and dependence on
Google Earth images to evaluate accuracy may be the reasons for the
consistent accuracy of the OLI images with the images from the 1970s
and 1980s that used an aerial Corona image and a set of topographic

1 (24200- 39960/72354)*100

maps.

Table 3. Overall Accuracy and Kappa Values for the Images Used in the Study Period
Year  [1972[1984]1987[1989[1992[19982000[2002[2005[2007[2008[20TT[2013[2015[2017]2018
Overall
Accuracy [87.36/88.46/89.23/90.85/92.3188.59|92.5 [92.07(92.94(89.38/91.08/91.95/88.28/88.16/89.78/88.13
%

Kappa (K7)[0.84 [0.84 [0.850.88 [0.89 [0.84 {0.86[0.89 {0.910.86 [0.85[0.89 [0.84 | 0.8 [0.85]0.84

The producer’s accuracy values were lowest for the urban and
agricultural land classes compared to higher values for the water
category; the producer’s accuracy of the urban category was 61.54%
and 66.67% in 2015 and 2017, respectively. This is due to the spectral
confusion, where farms at the beginning of the agricultural seasons
show a spectral reflection similar to that of urban areas (Yang, 2002).

3.3. LULC Change Analyses Between 1972 and 2018:

The coefficient of determination R? describes the relationship
between the LULC area and time and determines how much
variable variation (the LULC area) is dependent on the
independent variable (the year; Bihamta and Zare, 2011; Zar,
1984). Figures 4, 5 and 6 illustrate the LULC change trends and
the linear regression analysis for 1972—2018.

The regression analysis showed a significant trend towards an
increase in water surface area during the study period (ANOVA,
F=5.85, P <0.05; Figure 4).

Figure 4. General Trend for Water Surface Area During the Period of 1972—2018

y=0.0509x-110.85
R2=03103

Figure 5 presents forest area changes between 1972 and 2018,
during which period the overall forest area decreased. The
regression analysis also showed a significant general trend
towards decreasing forest area (ANOVA, F = 8.068, P <0.05).
According to the value of the determination coefficient (0.38), we can
say that 38% of the decreases in forest land cover were made by the
independent variable (time).

The regression analysis for urban areas, however, showed no
significant general trend during the study period (ANOVA, F =
0.001, P>0.05).

Figure 5. General Trend for Forest Surface Area During the Period of 1972—2018

y=19994 +4325 1 x
R2-03829
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Figure 6 presents the changes in agriculture land area that
occurred between 1972 and 2018. The value of RZ was the
highest, indicating that the trend of increases in the area of
agricultural land was consistent throughout the study period;
57% of increases in agriculture were made by time.

The regression analysis shows a significant general trend
towards an increase in agricultural land area during the study
period (ANOVA, F =17.378, P <0.05).

These changes are not systematic for most types of land use in the
study area, where the greater the area of the land type and its
importance, the greater the magnitude of the calculated changes.
Currently, the main factor in reducing forest cover in the region is
human activity. Residents of residential districts in the area are busy
removing and cutting down the forests to cover their fuel
consumption and the expansion of their agricultural lands.

Figure 6. General Trend for Agricultural Areas During the Period of 1972—2018
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Table 4 shows the analysis of changes between 1972 and 2018.
Figure 7 provides a chart for a better understanding of this change.

Table 4. LULC Changes in the Baer and Al-Bassit Region Between 1972—2018

Land Cover Class | AreainHa % of Total Area Areain % of Total Area | Change in
(1972) (1972) Ha (2018) Ha
(2018)
Water 820.0 113 1,247.94 17 427.95
Forest 39,959.6 5523 24,205.14 335 -15,754.4
Urban 3,045.6 421 6,754.11 8.5 3,108.51
Agriculture 28,529.01 3943 40,713.66 56.3 12,184.65
Total 72,354.15 100 72,320.85 100

The results show that the forest category is the only category that
decreased during the study period, while agriculture was the category
that increased the most significantly. Statistical analysis shows a
21.8% decline in forest area between 1972 and 2018 (about 15,755
hectares). Agricultural land, on the other hand, increased by 16.87%
(about 12,185 hectares). Therefore, we concluded that the rapid
increase in agriculture is primarily due to the conversion of forest
cover to agricultural land.

Figure 7. Percentage Change in LULC Categories Between 1972—2018

water forest urban agriculture

Change %

-200
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4. Conclusion

In situations of rapid land use changes, satellite remote sensing
provides detailed information that aids in understanding a region’s
LULC. This study used images from the same season each year to
produce a series of land use classification maps.

The accuracy coefficients obtained in this study indicate that the
classification methods used were a good reflection of the real LULC
changes that took place during the study period. Nevertheless, when
possible, the classification procedure should still be enriched with
field verification.

The LULC changes that occurred in the Baer and Al-Bassit region
between 1972 and 2018 were quantified using multi-temporal
Landsat data. It became clear that the change is threatening the
forests, of which more than 150 km? were affected by deforestation
between 1972 and 2018; this value has an impact on future
environment and urban management. The agricultural lands were
found to have increased by 16.8% between 1972 and 2018. The
majority of this change, however, occurred after 2011 with the
beginning of the war, when the increase in agricultural areas
happened at the expense of the forests.

Our results suggest that large-scale agricultural activities should be
restricted in the Baer and Al-Bassit region. In addition, while the
success of forest restoration programs and conservation measures
depends on the availability of quality assistive data, these are
important steps that should be initiated and implemented in the
study area.
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ABSTRACT

Algerian fir (Abies numidica de Lannoy) is an endemic evergreen tree belonging to the Pinaceae family. Little is known about this plant, and few papers have
been reported, despite its traditional uses. The objectives of this study were to investigate the chemical composition of n-butanol extract from A. numidica
leaves as well as to evaluate its biological activities (antibacterial and antioxidant). The total phenolics and total flavonoids were found in high amounts
(381.15+22.70pg GAE/ml; 49.79+2.81 pg QE /ml, respectively). The data of the antibacterial effect showed a potential inhibitory zone, especially against
Proteus vulgaris (17.5£0.70 mm). The antioxidant activity findings disclosed that this fraction has a moderate radical scavenging power and metal chelating
ability, compared with the standards used. The liquid chromatography—mass spectrometry (LC—MS/MS) analysis results showed that the major compounds
presented in this extract were hyperoside (399.91ng/g), astragalin (147.22 pg/g) and rutin (102.62 pg/g). Thus, A. numidica leaves were suggested as being

useful to prevent free radicals and bacterial infections diseases.
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1. Introduction

Free radicals are molecules involved in normal organisms
physiology (Hazeena Begum and Muthukumaran, 2014); the
accumulation of these reactive oxygen species leads to oxidative
stress and cellular dysfunction by either DNA oxidation or lipids
peroxidation (Medini et al, 2014), resulting in chronic and
degenerative diseases, such as cancer and diabetes (Pallab et al,
2011). The human body has several means to fight and neutralise
these free radicals by producing enzymes, but when the oxidative
stress is high, the internal mechanisms become insufficient, so the
administration of antioxidants is needed.

Another problem faced by human health, aside from free radicals, is
the resistance to many synthetic antibiotics by bacterial strains that
cause bacterial infections (Blonk and Cock, 2019) and food spoilage.
These concerns supported and accommodated the researchers to
seek beneficial substitutes from plants.

Abies is a genus belonging to the Pinaceae family. It includes 50
species distributed around the world (Yang et al., 2008) in temperate
and boreal regions of the northern hemisphere. It has been reported
that Abies species possess medicinal properties; they are used in folk
medicine to treat colds, indigestion and respiratory problems (Seo et
al, 2016). Gupta et al. (2011) disclosed that A. pindraw leaves
acetone extract was highly rich in phenolic and flavonoids
compounds. Vasincu et al. (2013)reported their results showed that
A. alba Mill. ethylacetate fraction from bark was abundant in
polyphenols and flavonoids. It has been reported that A. sificicaand
A. koreana essential oils have potential antifungal and antibacterial
effects (Bagci and Digrak, 1996: Noreikaité et al, 2017). While
investigating the chemical constituents of plant extracts (Koch,
2019), our interest was directed to A. numidicade Lannoy.

A. numidica de Lannoy is an endemic evergreen tree that originally
occupied a restricted region, found only in the Babor Range, north of
Sétif, Algeria, until it was introduced in Constantine, Annaba and Tizi

Ouzou through plantation. Its essence was used in traditional
medicine to make healing wounds, to treat respiratory pathologies and
inflammations (Bennadja et al,, 2012). The gum from this fir is one of
the essential remedies in folk treatment; it is used as an anti-scorbutic,
and as an antiseptic in wounds and injuries. Different arrangements
were made from this gum, such as turpentine oil. However, little is
known about this tree, and few studies have been reported on the
phytochemical composition of this species. The cones of this plant
were used to treat stomach aches, wounds, colds, inflammations and
respiratory problems (Tlili-Ait Kaki et al., 2013). There are no previous
data about polyphenol and flavonoid contents in A. numidica leaves
extracts. Essential oil extracted from A. numidicaneedles was found to
have a potential antibacterial effect (Bagci and Digrak, 1996; Ramdani
et al, 2014). Ghadbane et al. (2016)reported that fractions extracted
from A. numidica leaves (collected from Babor, Sétif) showed a
potential  1,1-Diphenyl-2-picrylhydrazyl  (DPPH) free radicals
scavenging ability, and that it presented a strong antibacterial effect.
Benouchenne et al. (2020) disclosed that ethylacetate fraction
extracted from A. numidica needles has powerful antioxidant activity
in all assays, and that it exhibited a potent inhibitory effect against
bacterial strains. The selection of this plant was guided by its
traditional uses, and as there has neither been any chemical
composition determination nor biological investigations done on its
extracts.

In this study, the objectives were to determine the chemical
composition of n-butanol extract from A. numidica leaves as well as
to evaluate the antibacterial and the antioxidant activities using
several in vitro biochemical assays.

2. Material and Methods

2.1. Chemicals and Reagents:

Folin—Ciocalteu reagent (FCR), aluminium trichloride, 1,1'diphenyl-2-
picrylhydrazyl (DPPH), butylatedhydroxyanisole (BHA),
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butylatedhydroxytoluene  (BHT), O-Tocopherol, ascorbic acid,
neocuproine, 2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonicacid)
diammonium salt (ABTS), dimethylsulfoxide (DMSO), sodium
carbonate, copper(ll) chloride and potassium persulfate were obtained
from BiochemChemopharma. All other chemicals and solvents were
of analytical grade. Bacterial strains were obtained from the Pasteur
Institute, Algiers.

2.2. Collection of Plant Material:

Algerian fir needles were collected from Constantine in September
2018; they were dried for 15 days in the dark at room temperature.
The sample was powdered and kept in a dry, dark place until it was
used.

2.3. Extraction of Secondary Metabolites:

The extraction procedure was carried out according to the method
described by Boudjada et al. (2017) with minor modifications. The
extraction was realised by cold maceration via taking the powdered
needles (50g) and soaking it in 400ml of methanol as solvent (80%
Vv/v); it was shaken for 24hours at room temperature. After filtration,
the solvent was then removed under reduced pressure by rotary
evaporator apparatus Buchi R-215 type at 40°C. The methanolic
extract was dissolved in distilled water (400 ml) to obtain the aqueous
phase that undergoes the fractionating step via different organic
solvents with increased polarities starting with dichloromethane then
ethylacetate and n-butanol (100ml x 3times).The n-butanol fraction
was taken to evaluate its biological activities.

2.4. Phytochemical Screening:

The n-butanol fraction was subjected to the phytochemical
screening, which was performed according to the method described
by Cavé (1993).

2.4.1. Test for Flavonoids

A volume of n-butanol extract (2 ml) was mixed with 0.5 ml of
concentrated hydrochloric acid and 0.5g of metal magnesium. A
pink/red colouration developed after 3 minutes indicated the
presence of flavonoids.

2.4.2. Test for Tannins

To 1ml of n-butanol extract, a few drops of 1% ferric chloride were
added. The appearance of blue/dark colour revealed the presence of
gallic tannins; however, the green/blue developed colour-proved
the existence of catechin tannins.

2.4.3. Test for Anthocyanins

To 2ml of n-butanol extract, Sml of concentrated sulphuric acid and
Sml of ammonium hydroxide were added. The appearance of
pink/red colouration or blue colouration revealed the presence of
anthocyanins.

2.4.4. Test for Alkaloids

To 5ml of the extract, 1ml of diluted sulphuric acid was added
(50%). After that, two tubes were prepared. One contained 2ml of
the acidified extract and Tml of Mayer’s reagent. The second tube
contained 2ml of the extract and 1ml of Dragendorff-Wagner's
reagent. The appearance of turbidity/precipitation indicated the
presence of alkaloids.

2.4.5. Test for Coumarins

In a test tube, a few drops of distilled water were added to 1ml of n-
butanol extract. The tube was covered with sodium hydroxide
(10%) soaked paper, after that the tube was heated till ebullition.
The yellowish fluorescence under UV lamp indicated the presence of
coumarins.

2.4.6. Test for Saponins

To 1ml of extract placed in a test tube, 9ml of distilled water was
added and shaken vigorously for 15 seconds, and then the extract
was left to stand for 10 minutes. Formation of stable foam (1cm)
indicated the presence of saponins.

2.4.7. Test for Triterpenes, Sterols and Steroids

A volume of 5 ml of the extract were evaporated. The dried extract
was dissolved in a mixture of acetic anhydride: chloroform (5:5)
(v/v). After that, a few drops of concentrated sulphuric acid were
added. The appearance of green colouration indicated the presence
of steroids, while the appearance of purple colouration revealed the
triterpenes.

2.4.8. Test for Reducing Sugars

To 1ml of n-butanol extract, 1ml distilled water was added in a test
tube. The mixture was heated till ebullition, after that twenty drops
of Fehling’s solution was added. The observed brick red precipitate
disclosed the presence of reducing sugars.

2.5.Determination of Total Phenolic Content:

The amount of total phenolic content (TPC) in n-butanol fraction
extracted from Algerian fir leaves was determined by using
Singleton and Rossi’s (1985) method with FCR. A volume of 20yl
plant extract was mixed with 100 pl of FCR (diluted 1:10 with
deionised water) and 75pl of sodium carbonate (7.5% w/v). The
reaction mixture was incubated in obscurity for 2 hours. The
absorbance of the resulting colour was measured at 765 nm using a
microplate reader. The TPC was determined from the linear
equation of a standard curve prepared with gallic acid (Y= 0.0034X+
0.1044; R2 = 0.9972) and was expressed in mg per gram of dry
extract (Gulcin, 2020).

2.6. Determination of Total Flavonoids Content:

Total flavonoids content (TFC) in n-butanol extract was determined
by the aluminium chloride colorimetric assay adopted from Topgu et
al. (2007) with slight modifications. The mixture reaction contained
50pl of n-butanol extract, 130pl methanol, 10pl potassium acetate
(CH;COOK; 9.8% w/v) and 10pl of aluminium chloride (AICI;; 10%
w/v), after that it was incubated for 40minutes. The absorbance was
measured at 415nm. The blank was prepared by replacing the
extract by solvent of extraction (methanol). The total flavonoids
content was obtained using the calibration curve with quercetin
(Y=0.0048X; R2 =0.997) and was expressed as mg of quercetin
equivalence per gram of dry extract (Gulcin, 2020).

2.7. Antibacterial Activity:

The antibacterial assay was carried out according to a modified
method from Bensari et al. (2020), using disc diffusion against six
human pathogenic bacteria strains, including Gram-positive:
Bacillus subtilis (ATCC 6633) and Staphylococcus aureus (ATCC
43300);and Gram-negative: FEscherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853), Morganella morganii
(ATCC 25830)and Proteus vulgaris (ATCC 29905); these were
obtained from the Pasteur Institute in Algiers, Algeria. Bacterial
suspensions were spread on the surface of Mueller-Hinton agar
plates. The sterile discs (6mm in diameter) were immersed with n-
butanol extract (10pl). The plates were incubated at 37°C for
24hours. Tests were carried out in triplicate. The antibacterial
activity was determined by measuring the inhibition zone
surrounding the discs.

2.8. Antioxidant Activities:

2.8.1. Free Radical Scavenging Activity by DPPH Assay

Benouchenne, D., Bellil, I, Akkal, S. and Khelifi, D. (2021). Investigation of phytochemical and evaluation of antioxidant and antibacterial activities from abies extract. 7he Scientific Journal of King Faisal University: Basic and Applied
Sciences, 22(2), 26—32. DOI: 10.37575/b/sci/210009



28

The DPPH- free radical scavenging assay was performed according
to the methods in Tel et al. (2012) with some modifications. The
different dilutions of the n-butanol sample were prepared in
methanol. 40pl of various sample concentrations were added to
160pl of methanolic DPPH solution (6% w/v) in 96-well microplate.
Solvent with DPPH reagent mixture was served as control. After 30
minutes of incubation in the dark at room temperature, the
absorbance of each solution was determined at 517 nm using a
microplate reader. BHT and BHA were used as standards. Reduction
of DPPH radical in percent (R%) was calculated in the following
way:

% INhibition= [A piank —A sample/A pianid X 100

A piank: absorbance of control reaction; A, absorbance of test
sample.

Tests were carried out in triplicates. The inhibition concentration
(ICsp) is half of the free radicals (50%) calculated from the graph of
DPPH radical scavenging effect percent against extract
concentration.

2.8.2. ABTS "Radical Cation Decolourisation Assay

This anti-radical activity was measured using a radical cation
decolourisation assay as described by Re et al.(1999). ABTS™
solution was prepared by mixing an ABTS™ solution (7 mM;
1.92mg/ml) with potassium persulfate solution (2.45 mM;
0.33mg/ml). The mixture was left in the dark at room temperature
for 16 hours before use. This solution was diluted and was adjusted
to obtain an absorbance of 0.70+0.02 at 734 nm. 160pl of ABTS™*
was added to 40pl of n-butanol sample at different concentrations.
The mixture was incubated in the dark for 10minutes at room
temperature. The blank solution was methanol; ABTS"" solution was
used as control. The antioxidant standards were BHT and BHA. The
experiment was performed in triplicate. The inhibition percentage
was calculated the same as described in DPPH radical assay.

2.8.3. Reducing Power Antioxidant Assay

The reducing power ability of the extract was performed using
Oyaizu's (1986)method with minor modifications. The reaction
mixture contained 10pl of the n-butanol extract at different
concentrations, 40ul phosphate buffer (pH 6.6) and 50pl potassium
ferricyanide [KsFe (CN)¢] (1% w/v). The mixture was incubated at
50°C for 20minutes before 50ul of trichloroacetic acid (TCA; 10%
w/v) was added. The absorbance was measured at 700nm using a
microplate reader. The reducing power ability of the sample was
determined by an increased in absorbance of the sample. Ascorbic
acid, tannic acid and (-tocopherol were used as standards for
comparison.

2.8.4. Cupric Reducing Antioxidant Capacity (CUPRAC)

Cupric ion reducing capacity was measured in accordance to the
method in Apak et al. (2007). 60pl of ammonium acetate buffer (pH
7), 50pl of neocuproine (0.156% w/v) and 50 pl of cupric chloride
(0.17% w/v) solutions were added to 40 pl of n-butanol fraction at
different concentrations. This mixture was incubated for 1hour at
room temperature and measured against blank at 450 nm. BHA and
BHT were used as standards. The test was repeated in triplicate for

each concentration in order to get the mean value.

2.8.5. Sun Protection Factor Activity (SPF)

SPF was determined according to the method in Mansur et al.
(1986). 2g of the extract were dissolved in 1ml of methanol. The
absorbances were measured at different wavelengths starting at 290
nm to 320 nm, each Snm increments, and the SPF was calculated by

applying the mathematic equation below:

320
SPF spectrophotometric =CF* z 290 EE(/‘l) * I(/l) * AbS (A)

EE: erythemal effect spectrum; I: solar intensity spectrum; Abs:
absorbance of sunscreen product; CF: correction factor (= 10);EE* I:
is a constant determined by Sayre et al. (1979).

2.9. Identification and Quantification of Polyphenols by
Liquid  Chromatography  Coupled with  Mass
Spectrometry—Mass Spectrometry (LC—MS/MS)
Analysis:

The chemical profile by LC—MS/MS analysis was obtained
according to Akdeniz's (2018) method. The LC—MS/MS system used
for the quantitative and qualitative analyses of 15 phytochemicals
consists of Shimadzu Nexera model UHPLC coupled to Shimadzu
LCMS 8040 model triple quadrupole mass spectrometer. The liquid
chromatograph composed of LC-30AD model gradient pump, DGU-
20A3R model degasser, CTO-10ASvp model column oven and SIL-
30AC model autosampler. The chromatographic separation was
performed on an Agilent Poroshell 120 model (EC-C18 2.7 pm, 4.6
mmx150 mm) column. The column temperature was kept at 40°C
during the analysis. The mobile phase consisted of water (A; 5 mM
ammonium formate, 0.15% formic acid) and methanol (B;
ammonium formate, 0.15% formic acid). The applied gradient
profile was optimised at 20-100% B (0-25 min), 100% B (25-35
min), 20% B (35-45 min). The flow rate of the mobile phase was 0.5
mL/min and the injection volume was 3 pL. The optimum ESI
parameters for the mass spectrometer were determined as: 350°C
interface temperature, 250°C DL temperature, 400°C heat block
temperature, 3 L/min and 15 L/min were nebuliser and drying gas
(N2) flow rates, respectively.

2.10. Statistical Analysis:

The results are presented as the mean of three replications.
Regression analysis was carried out by best-fit method and 1Cy,
values were calculated using regression equations. The significance
of results was checked at p< 0. 05 using ANOVA test.

3. Results

3.1. Phytochemical Screening, Total Phenolic and
Flavonoid Contents:

The qualitative determination of phytochemicals present in n-
butanol fraction extracted from A. numidica leaves is presented in
Table 1. Results showed that this fraction was rich in flavonoids and
saponins; it contained trace amounts of sterols and reducing sugars;
however, tannins, anthocyanins, coumarins and triterpenes were
absent. The total phenolics and flavonoids contents revealed that n-
butanol extract contained a high number of phenols and flavonoids
[381.15+£22.70 pg gallic acid equivalence/ml and 49.79+2.81 pg
quercetin equivalence /ml, respectively].

Table 1: The qualitative determination of phytochemicals in n-butanol extract of A. numidicaleaves.

Phyto-constituents Methods/ reagents Modifications/results n-BuOH extract
Tannins FeCly Blue/dark or blue/green -
Flavonoids Magnesium Pink/red +++
Anthocyanins Sulphuric acid + Purplishblue -

ammonium hydroxide

Coumarins Sodium hydroxide Yellow fluorescence -
Alkaloids Mayer/Dragendoff-Wagner Turbidity -
Sterols and steroids Sulphuric acid Green +
Triterpenes Sulphuric acid Purplish green -

Saponosides

Foaming formation

Persistent Foaming>1cm

Reducing sugars

Fehling

Precipitated brick red

+=Present, — = Absent

3.2. Antibacterial Activity:

Results are obtained from the antibacterial assay presented in Table
2 at the concentration of 100 mg/ml, the n-butanol extract of A.
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numidica leaves exhibited varying degrees of antibacterial activity
against all bacterial strains tested. For several different bacterial
strains, n-butanol fraction exhibited a higher inhibition zones for ~.
vulgaris (17.5£0.70 mm) and £ co/i (16.5+0.70mm), followed by 2.
aeruginosa, M. morganii (16£00 mm). It showed a moderate activity
towards other strains: S. aureus and B. subtilis (14.33+0.57 mm; 14.
33 +1.15 mm), respectively.

Table 2: Antibacterial activity of n-butanol fraction extracted from A. numidica leaves.

Inhibition zone (mm)
Gram-positive bacteria Gram-negative bacteria
Extracts B. subtilis S. aureus Ecoli P. aeruginosa | M. morganii | P. vulgaris
n-BuOH 14.33£1.15 | 14.33+0.57 | 16.5+0.70 16+0.00 16+0.00 17.5+0.70
(100 mg/ml)
OX (Tpg/mI) Nt NA Nt Nt Nt Nt
CD (Zpg/ml) NA Nt Nt Nt Nt Nt
CIP (Spg/ml) 280.75 Nt Nt 30:0.0 Nt Nt
E(T5pg/ml) NA 22+1.25 Nt Nt Nt Nt
Pi (20pg/ml) Nt Nt 18+0.0 Nt NA NA
C(30pg/ml) Nt 28:0.80 Nt Nt Nt 2510.0
AK (30pg/ml) Nt Nt 28+1 24:0.0 27+0.81 Nt
PRL (T00pg/ml) Nt Nt NA NA NA NA
FEP (30pg/ml) | 15.33£0.57 Nt 20+0.0 19:0.0 18334115 [16.33+0.57

Ox: oxacillin, Pi: pipemedic acid, E: erythromycin, PRL: piperacillin, C: chloramphenicol, CD:
clindamycin, AK: amikacin, CIP: ciprofloxacin, NA: Not active. Nt: Not tested.

3.3. Antioxidant Activities:

The DPPH: free radical scavenging activity of n-butanol extract was
investigated (Table 3). The n-butanol fraction extracted from A
numidica leaves showed a moderate capacity to scavenge DPPH’
free radical with an IC5, value of 5.28+0.26 (ug/ml), which is lower
than BHT (6.55+0.59 pg/ml) and BHA (15.74 +0.47 pg/ml) (Figure
1).

In ABTS™™ assay, the outcome in Table 3 revealed that n-butanol
fraction has an IC55= 3.48+0.02 pg/ml, which is higher than ICs, of
BHT standard (1.55+0.26 pg/ml); however, it is much lower than
BHA standard with ICsy= 7.54+0.67 pg/ml (Figure 1).

Figure 1: Inhibition percentage in ABTS™ (A) and DPPH" (B) antioxidant assays of n-butanol fraction
(p<0.05)
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The results in Table 3disclosed that this fraction has a weak reducing
power antioxidant activity with 1Cs;= 32.30+1.84 pg/ml, compared
with ascorbic acid (IC5p= 6.77+1.15 pg/ml) and tannic acid (IC5p=
5.39£0.91 pg/ml); however, it presented a significant reducing
power activity compared with O-tocopherol (IC5,=34.93+2.38
pg/ml) (Figure 2).

In CUPRAC assay, the data in Table 3 showed that this fraction
presented a mild antioxidant activity compared with standards used,
where n-butanol fraction has A;5=5.79+0.33 pg/ml, BHT (Ajs=
3.4440.04 pg/ml) and BHA (Ags= 1.34£0.11 pg/ml), respectively
(Figure 2).

Figure 2: Inhibition percentage in CUPRAC (A), reducing power (B) antioxidant assays of n -butanol
fraction (p<0.05).
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For the SPF assay, the results in Table 3 showed that this fraction has
an SPF = 45.68+0.26. According to The Comission of the European
Communities (2006), this fraction presented a high protection
factor.

Table 3: Antioxidant activities results of n-butanol fraction extracted from A. numidicaleaves.

Antioxidant activities
Exeseand DPPH assay ABTS assay Reducing power [ CUPRAC assay SPF
SEICECD | Tt || Qemyrdfit | coosplvetedil || Aol
(0.25pg/ml) 50 ! 50 ! 1y Aos K o5 K
n-BuOH 5.28+0.26 3.48+0.02 32.30+1.84 5.79+0.33 45.68+0.26
BHT 6.55+0.59 1.55+0.26 - 3.44:0.04 -
BHA 15.74+0.47 7.54+0.67 - 1.34+0.71 -
Ascorbic acid - - 6.77£1.15 - -
Tannic acid - - 5.39£0.91 - -
(t-tocopherol - - 34.93+2.38 - -

ICsovalues expressed are means + SD of three parallel measurements.

3.4. LC—MS/MS Analysis:

The quantitative results summarised in Table 4 showed a total of 8
chemical flavonoids revealed among 15 phytochemical standards
used as shown in Figure 3. The compounds were identified by the
accurate mass information and retention times. According to LC—
MS/MS analysis results, the major components were hyperoside,
astragalin and rutin, which acted as reducing agents.

Table 4: Analytical parameters of LC—MS /MS of 15 phytochemical standards used and n-b |
extract.

% RSD?) __ Recovery (%)

Linearity| LOD/LOQ } ) ) ; o
(ng/t) | (Hg/y® (rg/g)

No Analytes RT* | R?

T | Protocatechuicacid | 7.00 | 0.9909 [100-3200 4.26/5.32 | 0.0060 | 0.0060 | 1.0096 | 0.9988 |0.0215| N.D
2 | Chlorogenicacid | 8.03 |0.9910 | 75-2400 | 2.44/3.36 | 0.0074 | 0.0055 | 0.9941 | 0.9999 |0.0299| 9.66 |
3 [Luteolin-7-glucoside| 13.20 [ 0.9939 | 75-2400 | 2.30/3.02 | 0.0052 | 0.0037 | 1.0014 | 1.0072 | 0.0086 | 146
3 Rutin 13.67 [ 0.9902 [100-3200| 1.283/1.90 | 0.0063 | 0.0070 | 1.0049 | 1.0037 [0.0136 |102.62
5 Hesperidin 13.68 |0.9942 [ 50-1600 | 0.96/1.44 | 0.0081 | 0.0073 | 1.0053 | 0.9994 [0.0162 | 42.02
3 Hyperoside | 13.69 | 0.9905 [100-3200 5.48/6.50 | 0.0074 | 0.0056 | 1.0039 | 1.0015 |0.0126 |399.91
7 Apigetrin 145409902 [ 50-1600 | 1.23/1.75 | 0.0047 | 0.0067 | 1.0060 | 1.0047 [0.0132| 2319
8 Quercitrin 14.98 [0.9918 [100-3200| 10.51/11.65 | 0.0079 | 0.0063 | 0.9999 | 1.0002 [0.0133 | 20.44
9 Astragalin 15.13 | 0.9900 [100-3200 5.52/6.77 | 0.0086 | 0.0077 | 1.0002 | 1.0017 |0.0153 |147.22
10 Quercetin 17.10 | 0.9962 [ 50-1600 | 1.25/1.81 | 0.0177 | 0.0227 | 1.0010 | 1.0012 [0.0573| N.D
[ Luteolin 17.78 |0.9901 [ 50-1600 | 0.61/0.87 | 0.0119 | 0.0079 | 0.9961 | 1.0007 |0.0188| N.D
12 Apigenin 19.20[0.9910 [ 50-1600 | 0.32/0.52 | 0.0087 | 0.0090 | 0.9985 | 1.0022 [0.0181| N.D
13 | Pseudohypericin | 26.34 [0.9908 | 50-1600 | 2.15/2.55 | 0.0061 | 0.0089 | 1.0033 | 1.0034 [0.0172| ND
14 Hyperforin 2897 [0.9901 | 10-320 | 0.32/0.51 | 0.0218 | 0.0164 | 1.0076 | 1.0061 |0.0418| ND

15 Hypericin 30.18[0.9925[50-1600 [ 1.27/1.88 [ 0.0093 | 0.0095 [ 1.0104 [ 1.0034 [0.0189| N.D

*RT: Retention time, ‘R%:Correlation coefficient, ‘RSD: Relative standard deviation, °LOD/LOQ
(Mg/L): Limit of determination/Limit of quantification, ‘U (%): Percent relative uncertainty at 95%
confidence level (k=2), ND: NOT detected.

Figure 3: LC—MS/MS chromatograms of phytochemical standards (A) and n-butanol extract (B).
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4. Discussion

The qualitative analysis revealed that then-butanol fraction was
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abundant in secondary metabolites, which was confirmed by
quantitative analyses by the determination of total phenolic and
flavonoids contents. The results of the current study were in
agreement with the findings in Gupta et al. (2011), which reported
that A. pindraw leaves acetone extract was highly rich in phenolic
and flavonoids compounds. Also, Vasincu et al. (2013) results
disclosed that A. a/ba Mill. ethylacetate fraction from its bark was
high in polyphenols and flavonoids.

Secondary metabolites (phenols, flavonoids, tannins and
alkaloids) are considered as main phytochemical constituents
produced by plants; they play a crucial role for both plants and
human health. From the results of the antibacterial assay, Gram-
negative bacterial strains were found to be the most sensitive. Our
findings are in line with those reported by Ghadbane et al. (2016),
that this effect is due to the presence of bioactive molecules (Su et
al.,, 2015), as flavonoids and saponins. Many studies have reported
that saponins have a potential antibacterial effect (Ravi et al,
2016). Other studies also have stated that flavonoids have a
significant antibacterial effect because of their chemical structure,
and the presence of aromatic ring substituted with hydroxyl
groups. These compounds act on the cell membrane of the
sensitive bacterial strains; these active substances can also inhibit
enzymes leading to the death of bacterial strains.

The antioxidant activity of extracts has been partly ascribed to
phenolic compounds (Russo, 2018). It has been reported that
hyperoside showed a strong P. aeruginosa biofilm inhibitory
activity, by influencing the gene expression (Sun and Miao, 2020).
Additionally, astragalin is a flavonoid glycoside which has
different pharmacological properties, such as anti-inflammatory
and antibacterial substance (Riaz et al., 2018). Additionally, Frutos
et al. (2018) results also demonstrated the potent antimicrobial
effect of rutin.

Most of the antioxidant potential of plants is due to the redox
properties of phenolic compounds, which act as reducing agents,
hydrogen donors and singlet oxygen scavengers. Flavonoids are
responsible for the antioxidant activity. They have the ability to
donate hydrogen attached to the aromatic ring structures. Thus, it
can reduce Fe™ to Fe™ which serves as a significant antioxidant
indicator (Gulcin, 2020). This activity is referred to as phenolic
compounds electron donating power. Several studies agreed that
polyphenols and flavonoids are responsible for the reducing
power activity since they act as metallic ions quenchers by
donating an electron, due to the presence of aromatic ring
structure. Sun UV-B causes the formation of free radicals, which is
considered how a lot of degenerative diseases are spread,
especially skin diseases (Cavinato and Jansen-diirr, 2017).
Flavonoids have been found to have a strong ability to scavenge
these kinds of reactive oxygen species(PaIma—Tenango et al,
2017). We suggest it might be due to the presence of flavonoids
and saponins in this fraction.

The results obtained from LC—MS/MS analysis enhance the
antioxidant and antibacterial effect of this fraction. Hyperoside is a
flavonoid-type flavone glycoside that has been reported to possess a
wide range of pharmacological properties, such as an antioxidant
agent (Park et al,, 2016), anti-Alzheimer, anti-inflammatory and anti-
cancer (Li et al, 2014).This is the same as astragalin, which
presented several positive effects as antioxidant and anti-cancer
(Riaz et al.,, 2018). Finally, rutin, which is a flavonoid, has anti-
inflammatory (Mostafa, 2018), anti-carcinogenic, and antioxidant
activities (Farha et al., 2020).

5. Conclusion

Medicinal plants have offered a rich source of compounds that are
found in the fields of medicine, pharmacy and biology. The potential
effects of the antioxidant and antibacterial properties of n-butanol
fraction extracted from A. numidicaleaves were reported. These
biological activities of the extract might be attributed to different
phytochemical constituents (flavonoids, saponins). LC—MS/MS
analysis showed that the major flavonoids were hyperoside,
astragalin and rutin. To use this endemic plant in different domains,
several biological studies are needed as purification and isolation of
molecules in high amounts from n-butanol extract, and
determination of their chemical structures using NMR analysis.
Furthermore, molecular docking is very important to understand the
mechanism of action (MOA), and to know which parts are
responsible for the biological effect. Other investigations are also
necessary as the evaluation of in vitro and in vivo anti-cancer
possibilities.
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Obesity causes many pathologies; no therapeutic axis has provided an
effective solution to this problem. The use of herbal medicine with
healthy food and physical activity is recommended, and essential oils are
the best known of these natural substances. The objective of this study is
to evaluate the effect of Gitrus /imon essential oil on body weight and
lipid profile. The plant material is the lemon; the extraction method is
hydrodistillation. The experiment lasted 20 days and involved 15 female
rats (2 to 3 months old) weighing between 160g and 230g. The rats were
divided into 3 groups: the first receiving a standard diet, the second
receiving a high-fat diet, and the third receiving a high-fat diet and treated
with essential oil. The extraction yield is 1.69%. The physicochemical
characteristics comply with AFNOR. This study shows that a high-lipid
diet induces obesity characterized by hyperlipidemia. Intraperitoneal
administration of the essential oil caused a decrease in body weight,
abdominal circumference, plasma total cholesterol, and triglycerides and
an increase in HDL-cholesterol. Considering this study, we found that
lemon essential oil has beneficial effects on metabolic alterations. Its
inclusion in the diet may help improve the metabolic profile and reduce
the incidence of obesity and its long-term complications.
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1. Introduction

The prevalence of obesity has increased significantly over the past
three decades. Algeria is not spared by this modern-day scourge. In
2012, the prevalence of obesity among adults in Constantine was
30.9%, 20.8% of men and 38.3% of women (Dalichaouch, 2015).
Obesity is a metabolic disorder characterized by an excessive
accumulation of body fat due to a state of dysregulation of energy
reserves by external and/or internal factors (Basdevant, 2004).
Experimental and epidemiological data suggest a direct correlation
between lipid intake and the degree of obesity (Ailhaud, 2008).

Obesity is a risk factor for several diseases and a major public health
problem that must be treated. Currently the World Health
Organization places its prevention and management as a priority in
the field of nutritional pathology. None of the therapeutic
approaches have proven to be effective, and all of them reveal an
unfavorable benefit—risk balance. The failures of obesity drugs are,
above all, linked to their side effects, which are significantly greater
than the expected benefits (Favre, 2019). In some traditional
societies (China and some African countries), the medical
management of so-called chronic pathologies is largely performed
using medicinal plants (Ait Ouakrouche, 2015). The search for new

herbal treatments with minimal side effects is a current challenge in
this field. Essential oils extracted from aromatic plants are beginning
to be of great interest as a potential source of natural bioactive
molecules with a wide range of applications (Yavari kia, 2014).
Lemon (Citrus limon) of the rutaceae family, the most important
citrus fruit after orange and tangerine, is cultivated today in all
Mediterranean regions, and its essential oil (EO) is used for several
applications (Khan et al,, 2010). Lemon peels are rich in nutritional
ingredients (water, proteins, sugars, and minerals) and functional
ingredients (essential oils, fibers, carotenoids, vitamin C, and
phenolic compounds), which give them different properties (Khan
et al, 2010). Citrus essential oil contains different types of
flavonoids and limonoids, which could have an anti-obesogenic and
lipid-lowering effect (Khan et al., 2010). Studies in animals have
shown that they lower cholesterol and blood triglycerides (Miceli et
al, 2007).

2. Materials and Methods

2.1. Extraction Process of the Essential Oil:

The essential oil of Cirrus Limon (Eureka) is extracted by
hydrodistillation (Clevenger, 1978), and the distillate (essential oil
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plus water) is recovered in a separating funnel for separation of the
mixture by density difference. The extraction time is measured from
the fall of the first drop of distillate into the separatory funnel. The
boiling temperature is lower than the most volatile solvent (water).
The oil is recovered then treated with a desiccant — sodium sulfate.
The essential oil yield (EOR) is defined as the ratio between the mass
of essential oil obtained after extraction (M1) and the mass of plant
material used (M0) (Benouli, 2016).

2.2. Experimental Animals:

The experiment lasted 21 days and involved 15 white female rats
(Rattus norvegicus) aged 2 to 3 months and weighing between 160g
and 230g. These rats were subjected to a period of adaptation to the
conditions of the animal house: a temperature of 25+2°C and a
humidity of 50—55%. The rats were placed in plastic cages, which
were lined with a litter made of wood shavings. The cages were
cleaned, and the litters were changed every day until the end of the
experiment, and the rats had free access to water.

The rats were divided into three groups, each composed of 5
animals (n=5).

®  Group 1 (negative control RT-): received 75g/day of standard
laboratory food

®  Group 2 (RT+ positive control): subjected to the hyperlipidic diet
(composed of 50% standard diet and 50% palm oil 8ml/day)
administered directly into the stomach by intragastric gavage.

®  Group 3 (RH: treated with essential oil): subjected to the hyperlipidic
diet administered directly into the stomach by intragastric gavage (50%
standard diet and 50% palm oil) and received an EO treatment by an
intraperitoneal injection at a dose of 30pl/kg per day for each rat.

2.3. Measured Parameters:
2.3.1. Body Weight and Abdominal Circumference

The body weights were taken with a scale in grams (g). The growth
rate of the rats is expressed in percentages (%). Abdominal
circumference was measured by placing the tape measure around
the waist (between the last rib and the top).

2.3.2.Blood Parameters

Blood sampling was performed by capillary tubes through the
retroorbital sinus at eye level. The rats were anesthetized with
chloroform for 2—3 minutes. Whole blood, collected in dry tubes,
was centrifuged at 3000 rpm for 15 minutes; the tubes containing
serum were immediately transported in a cooler to the laboratory
for analysis of biochemical parameters (total cholesterol,
triglycerides, and HDL cholesterol).

2.3.3. Statistical Analysis

Statistical calculations are often useful for the determination of
normal values (or more precisely, reference values) as well as for the
evaluation of precision and accuracy of analysis. The statistical
analysis of the results was performed using Microsoft Office Excel,
2010. The results are represented as a mean more or less than the
standard deviation (Mean+ET). The statistical evaluation is
performed by the student T-test. This test compares two averages
(Table 1).

Table1: Difference between two averages

an essential oil. Our essential oil is acidic (pH6, 2) These results
showed that our essential oil is in conformity with the standard of
the French Standardization Association (AFNOR, 2000).

3.2 Effects of EO on Body Weight and Abdominal
Circumference:

The administration of the hyperlipidic diet induced a very highly
significant increase in the body weight of the animals. Indeed, the
weight increased from 171.7£4.16g to 250.2+12.53g in group 2
(RT+) rats compared to the weight of group 1 (RT-) which increased
from 170.89+4.16g to 184.6x4.16g (p<0.0001) (Figure 1). The
treatment of obese rats with intraperitoneal administration of EO
induced a significant decrease in body weight gain (p<0.05) and a
decrease in food intake in group 3 (RH) compared to group 2 (RT+)
(Figure 1).

Figure 1: Effect of essential oil on body weight
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The results show that the hyperlipidic dietinduced an increase in the
abdominal circumference of the animals (Figure 2). This increased
from 13.0£0.4cm to 13.75+0.64cm in RT- (negative control rats)
and from 14.122£0.31cm to 15.02+0.31cm in RT+ (positive control
rats). Intraperitoneal administration of lemon EO significantly
reduced the abdominal circumference of the rats to normal (p<0.05).
Indeed, the difference between the final and initial values is
approximately 14.12+0.31 to 15.02+0.31 in group 2 (RT+) and
14.62+0.31 to 13.48+0.31 in group 3 (RH) respectively (Figure 2).

Figure 2: Effect of essential oil on abdominal circumference
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3. Results and Discussion

3.1 Organoleptic Characteristics and EO Yield:

The essential oil has a yellow to transparent color with a fresh smell
and a fluid and mobile appearance. The yield is of the order of
1.6940.03%. The pH plays a determining role during chemical and
biochemical reactions and can influence the stabilizing properties of

The hyperlipidic diet induced an increase in body weight and
abdominal circumference. These results agree with Laissouf's study
(Laissouf et al., 2014), which showed that a high-fat diet induces
obesity in Wistar rats. Dietary fat has little effect on satiety, and
periodic exposure to a high-fat diet, especially when there is a strong
feeling of hunger, may be sufficient to cause rats to consume more
calories in the form of fat (Laissouf et al., 2014). Most natural anti-
obesity products (e.g, algae and medicinal plants) regulate the
expression of thermogenin, a key protein of thermogenesis in brown
adipose tissue, which converts energy from food into heat.

3.3 Effects of Essential Oil on Lipid Parameters:

Plasma concentrations of the blood lipid parameters, total
cholesterol (TC) and triglycerides (TG), increased significantly

Benchaoui, S.D. (2021). Effect of citrus limon essential oil on lipid profile and obesity in wistar rats. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 22(2), 33—7. DOI: 10.37575/b/med/210014
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(p<0.001) in group 2 (RT+) compared to the negative control (RT).

Total cholesterol increased from 0.47+0.63g/L (RT-) and
0.58+0.18g/L (RT+) to 0.51+0.34g/L (RT-) and 0.88+0.27g/L (RT+)
respectively (Figure 3).

Triglycerides increased from 0.67+0.55g/L (RT-) and 0.68+0.2g/L
(RT+) to 0.91+0.97g/L (RT-) and 1.38+0.91g/L (RT+) respectively
(Figure 4).

The administration of lemon essential oil in group 3 (RH) resulted in
asignificant decrease (p<0.05) of these parameters. Total cholesterol
decreased from 0.64+0.20g/L to 0.34+1.42g/L (Figure 3) and
triglycerides decreased from 0.78+0.09g/L to 0.41+0.13g/L (Figure
4).

Figure 3: Plasma concentration of total cholesterol
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Figure 4: Plasma concentration of triglycerides
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HDL cholesterol increased nonsignificantly (p>0.05) in RT- (0.33g/L
to 0.34g/L) and RT+ (0.34g/L to 0.35g/L). Administration of lemon
essential oil significantly (p<0.05) increased HDL-C in Group 3 (HR)
from 0.32g/L to 0.55g/L (Figure 5).

Figure 5: Plasma concentration of HDL cholesterol
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In the present study, obesity induced by a hyperlipidic diet led to an
increase in plasma total cholesterol and triglycerides but no
significant change in plasma HDL cholesterol in RT+ rats compared
to RT-rats.

These results are in concordance with those of several authors who
have shown that triglyceride and cholesterol levels in obese rats are

higher than in negative control rats receiving a standard diet
(Mbundu et al., 2018). The hyperlipidemia observed in RT+ rats can
be explained by the high lipid content in the diet. Several authors
have found that an increase in the lipid content of the diet causes an
increase in plasma cholesterol concentration and changes the
composition of plasma lipoproteins, including an increase in the
portion of cholesterol esters in VLDL and LDL (Abbas, 2015). Arafa
(2005)  has reported that hyperlipidemia, particularly
hypercholesterolemia, can be induced in animals with a cholesterol-
enriched diet. Several studies have shown the effect of dietary
cholesterol on cholesterolemia. Dietary supplementation with 0.5%
cholesterol and 0.5% cholic acid or with two doses of cholesterol
(0.5% and 4%) with or without cholic acid (Assini et al., 2013) has
shown an increase in serum total cholesterol (TC). Other studies
have shown an increase in serum and hepatic TC with 1%
cholesterol and 0.5% cholic acid (Assini et al., 2013).

Several studies have highlighted the effect of dietary cholesterol on
triglycerides. In rats, dietary cholesterol induces
hypertriglyceridemia (Assini et al., 2013). The increase in serum TG
may be due to a decrease in low-density lipoprotein (LDL) receptor
activity when the diet is supplemented with cholesterol (Assini et al.,
2013).

The decrease observed in the lipid profile (cholesterol and
triglycerides) of rats supplemented with lemon essential oil is in
accordance with the work of Arafa (2005). The constituents of
lemon EO can explain this decrease. Assini et al. (2013) showed that
submitting mice to a diet supplemented with citroflavonoids could
prevent and treat dyslipidemia and hepatic steatosis by inhibiting
hepatic fatty acid synthesis and increasing fartty acid oxidation. In
addition, Citrus limon might be effective against hyperlipidemia
because it is rich in vitamin C and contains different types of
flavonoids (Khan et al., 2010). Indeed, the antioxidant effects of
limonene, which is 60 to 70% of Citrus limon’s composition,
contribute to the reduction in the cholesterol level (Assini et al.,
2013). Moreover, the presence of hesperidin and eriocitrine, the
most abundant flavonoids in lemon, would explain this effect and
would contribute to improvements in coronary vasodilatation,
decrease blood platelet aggregation, and prevent LDL oxidation
(Costa et al., 2014; Manish and Mahesh, 2013).

Previous studies have shown that lemon flavonoids and limonites
lower blood cholesterol in rats receiving a cholesterol-enriched diet
(Boshtam et al., 2010; Wang et al., 2011). These flavonoids are
strong inhibitors of the activity of hydroxymethyl-glutaryl-coenzyme
A reductase (HMG-COA reductase) and acylated coenzyme A:
cholesterol acyltransferase (ACAT) in vivo and in vitro (Choi et al.,
2004). HMG-COA reductase is involved in cholesterol synthesis and
VLDL cholesterol secretion, and ACAT is involved in intestinal
absorption and esterification of cholesterol (Choi et al., 2004).

In addition, Cirico (2006) noted that citrus juice and EO correct the
increase in LDL-C in humans by activating LDL receptors, which
induce the uptake and degradation of these lipoproteins. Bochtam
(2010) confirmed these results in male rabbits consuming a diet
enriched in cholesterol (1%) and supplemented with 1g of the
aqueous extract of Citrus limon bark. Similarly, some authors have
shown that lemon flavonoides decrease LDL-C, increase plasma
HDL-C, decrease VLDL and LDL cholesterol, and increase HDL
cholesterol, thus correcting dyslipidemia (Akiyama et al., 2010;
Miceli et al., 2007).

One study showed that the decrease in LDL was associated with
overexpression of the LDL receptor gene and a decrease in the
expression and activity of the microsomal triglyceride transfer
protein (MTP) in vitro, which plays a role in the assembly of
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lipoproteins, mainly triglycerides and VLDL (Wilcox et al., 2001). It is
important to note that the consumption of Citrus /limon could be
responsible, in part, for the decrease in plasma TG levels. Indeed,
studies have reported that supplementation with hesperitin and
maringinine in rats consuming a cholesterol-enriched diet led to a
decrease in plasma triglycerides and an amelioration in
hypertriglyceridemia  (Akiyama et al, 2010).  The
hypotriglyceridemic effect may be due to the repression of the sterol
regulatory element binding protein-1C (SREBP-1C) pathway in
adipose tissue and liver and, consequently, to the decrease in
triglyceride synthesis. In addition, this hypotriglyceridemia is
concomitant with the reduction of TG-VLDL. Indeed, the mass of
VLDL is decreased, reflecting the reduction of their various surface
(apo and CL) and center (TG) constituents. This result is in
accordance with those of other studies (Green et al., 2013; Wilcox et
al, 2001).

4., Conclusion

Traditional medicine is widespread and plays a major role in the
treatment of various metabolic diseases. The number of research
studies for new molecules capable of preventing or delaying the
apparition of these diseases is very limited. This work has been
performed to evaluate the influence of phytotherapy based on the
essential oil of lemon peel (Citrus /imon) against obesity and its
complications in rats made obese by a hyperlipid diet. From our
study, we can conclude that the hyperlipidic diet leads to the
installation of obesity, associated with metabolic abnormalities such
as hyperlipidemia. Our results showed that lemon essential oil
reduced body weight gain. Moreover, we observed from our study
that lemon EO has a hypolipidemic effect at the plasma level. These
results indicate the influence and efficacity of EO on the cellular
mechanisms  that control lipid metabolism can reduce
cardiovascular risk and protect against several diseases.
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ABSTRACT

CuMn204 was synthesized by the solid-state method. MnO2 and CuO were used as precursors. The optimum temperature of synthesis was 850°C. XRD results
showed that the prepared compound had a cubic structure with Fd3 m space group. The lattice constant and unit cell volume were a=8.359 A and V=584.14A°3
respectively. The grain size was calculated by the Debye-Scherrer method and was 33.49 nm for CuMn204 annealed at 850°C. The experimental density was
calculated and compared to the theoretical density. The results were Pt=5.399 gr/cm® and PE = 5.24 gr/cm®. The electrical properties of the compound showed
that it behaves like a semiconductor, and the activation energy of the compound was 0.1535 eV.
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1. Introduction

Spinels are a member of a large group of materials. They are mixed
oxides with the general formula AB,X,, where X = O, A and B are
cations with oxidation states 2 and 3, respectively. The parent spinel
is MgAl, 0,. Oxide ions form a ccp structure. Mg*? and Al*® cations
are located in tetrahedral and octahedral sites, respectively. Many
oxides and sulphides have the spinel structure that gives its name to
the family of compounds that share the same structural arrangement.
Consequently, we will use the word spinel to refer to any material of
general formula AB,X,, which crystallizes in a cubic crystal system
with space group Fd3m. In this structure, shown in Figure 1(a) the X
anions (oxide anions) are arranged in a cubic close packed structure,
whereas the cations A and B occupy tetrahedral (1/8, 1/8, 1/8) and
octahedral (1/2, 1/2,1/2) sites, respectively.
Figure 1: (a) Schematic view of the spinel structure with octahedral (blue) and tetrahedral units

(yellow). (b) The unit cell of spinel structure of CuMn,0, (West, 2014)
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The unit cell of CuMn,0, spinel is shown in Figure 1(b). It is a
transition metal manganite with the formula MMn,0, (M=Cu,Ni, Zn,
Ca or others), and can be described as a cubic close packed structure
(Errandonea er a/, 2010). The unit cell contains 32 anions forming 64
tetrahedral sites and 32 octahedral sites. Eight tetrahedral and 16
octahedral sites are occupied by cations.

These materials have attracted much attention due to their wide uses
in many applications. The spinel CuMn,0, has been studied since it
has unique electrical, magnetic, thermoelectric and catalyst
properties. CuMn,0, compound can be applied as an oxidation
catalyst for removing air pollutants, such as monoxide and nitrous
oxide from exhaust gas, and for destroying volatile organic
compounds (VOCs) (Deraz and Abd-Elkader, 2013; Trapp er al,

2017; Sobhani-Nasab er a/, 2020).

The spinel materials can be prepared by many methods, such as solid-
state method (Waskowska et a/, 2001), co-precipitation (George and
Sugunan, 2008), citrate-nitrate gel combustion (Barros er af, 2001),
sol-gel (Habibi and Fakhri, 2016; Enhessari er a/, 2016; Zhang ez al,
2020) and hydrothermal processes (Durrani et al, 2012). Out of
these methods, the solid-state method was selected because it is the
simplest and most common way of preparing solids. High
temperatures are generally required, typically between 500 and
2000°C, and thermally unstable MnO, returns to Mn,03 at
temperatures above 500°C. As a result, this method was selected.
During heating above 500°C, the oxidation number of manganese
turned from +4 to +3 and MnO, to Mn,05 (Berbenni et a/, 2006;
Shaheen and Selim, 1998).

In this study, CuMn,0, was synthesized by the solid-state method.
The structural properties were studied using X-ray diffraction and the
electrical properties were also studied.

2. Materials and Methods

2.1. Starting Chemicals and Sample Preparation

The CuMn,0, high purity (99.99%) powder was prepared by the solid-
state method. The two oxides, CuO (99.99%, M/s Sigma Aldrich. Ltd)
and Mn0, (99.99%, M/s Avonchem UK), were used as a precursor.
Suitable amounts of these powders in the cation ratio Cu:Mn=1:1 were
weighed, then mixed and ground in a pestle mortar. After this, Acetone
was added for 15 minutes to form a homogeneous mixture. The
grinding process was repeated three times for each sample. The
resulting mixture was then dried by heating it to 100°C for a period of
time to remove moisture. The powder was then pressed (5000 Kg/cm?)
into pellets 1cm in diameter and 2mm in thickness, to bring the
interacting particles closer together and to increase the possibility of
interaction between the particles (West, 2014). The weights of the
starting materials that were used to form the CuMn,0, system were
calculated by the following equation:

>500°C
Cu0 + Mn203 — CuMn204 (1)
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Then, the pellets were placed in a porcelain crucible and heated at
850°C for 6 hours in air. Table 1 shows the weights of the raw
materials used and calculated in accordance with the previous
equation. Weights required were calculated on the basis that the
desired amount equal to 10gr.

Table 1: Weights, supplier's names, and the purity of raw materials used to synthesize CuMn,0,

Cu:Mn 11
name oxide MnU, Cuu
oxide mass (gr) 5.276421 4.848849
supplier's name M/s Avonchem UK M/s Sigma Aldrich. Td.
purity 99.99% 99.99%

2.2. Experimental Techniques

X-ray Diffraction (XRD): The crystal structure of the final
products were characterised using X-ray powder diffraction
(XRD, Philips-PW-1840 with Cu-KQ radiation source
A=1.5406A°). X-ray diffraction (XRD) is one of the primary
techniques used to characterise materials (Smart and Moore,
2006). XRD can provide some information about crystalline
structure in a sample even when the crystallite size is too small
for single crystal X-ray diffraction, including the purity of the
substance, phase transitions, lattice constants and presence of
foreign atoms in crystal lattice.

®  Electrical Resistance Circuit: The samples were heated in the air
at a temperature range of 295667 °K to study their electrical
behaviour, using the electrical circuit shown in figure 2. The
sample was prepared for electrical measurements by pressing it
into pellets 1cm in diameter and 2mm in thickness. Then Ag
metal electrodes were deposited on its surface.

Figure 2: Electrical resistance circuit as a function of temperature

3. Results and Discussion

3.1. Compositional and Structural Characterisations

XRD patterns of the sample at different annealing temperatures were
carried out. Figure 3 shows the XRD patterns of CuMn,0,, which
were annealed at 750°C, 850°C, and 950°C for 6 hours.

[ led
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All the diffraction peaks are indexed and are compared with the
standard JCPDS data (JCPDS No0.34-1400 card).

It was found from Figure 3, for the sample annealed at 850°C, that all
the diffraction peaks were attributed to the CuMn,0, compound, and
one peak was related to copper oxide. This indicates that the
optimum temperature synthesis of CuMn,0, compound is 850°C.
The CuMn,0, compound is polycrystalline with a cubic structure.
For the cubic system, the d-spacing is related to the lattice parameters
by the following equation:
1 h%+ k24 12

& @)
Table 2 shows diffraction angles, inter planar distances and Miller
indexes that were calculated from XRD pattern.

Table 2: Diffraction angles, inter planar distances and Muller indexes

26° 6 1% dexp (AQ) Aeara(A°) hk

220 2.944 2.963 19.6 15.07 30.140
311 2.510 2.526 100 17.755 35.510
400 2.084 2.088 7.7 21.65 43.300
422 1.700 1.702 7.2 26.9075 53.815
511 1.603 1.608 17.3 28.625 57.250
440 1.473 1.477 24 31.44 62.880

a=8.359 A°

The basic unit cell volume was calculated using the relation: V = a’,
The flask density method (picknometer) was used to measure the
experimental density P, of the prepared material (Agnew e a/, 2003).
Depending on the material’s density, the number of formulae in a
single crystalline cell Z was calculated by the following equation:
_ Mz
P= NV 3)

where M is the molecular weight of the material, N the avogadro

numberand V the basic unit cell volume (cm)?. Thus it was found that:
NoV.p

7= = 8.008
By using rounding, it was found that Z = 8 (Waskowska er a/, 2001),
and therefore the general formula for the content of the basic unit cell
can be written as follows: CugMn,505,. The obtained results were
presented in Table 3.

Table 3: Lattice constant, basic cell size, Z and density.

a(A) V(A P, (gr/cm’) 7 P (gr/cm’)
lattice constant basic cell size exp. density Th. density
8.359 584.14 5.399 8 5.24

The grain size was calculated using Scherrer’s equation (Speakman,
2014; Smart and Moore, 2006):
0.91
" B.cosb S
where Dis the grain size, Ais the wavelength of X-ray, Oisthe Bragg's
diffraction angle and B is the full width at half maximum of the peak
in radians.

The obtained grain sizes are shown in Table 4.

Table 4: Grain sizes of the sampl led at different temperatures

T7(°C) grain size (L) (nm)
700 4456
850 3349
950 30.94

It is necessary to point out that the heating of the manganite
compound to 950°C leads to the appearance of some peaks that are
related to raw materials, such as 20 = 48.7,71.9 (Afriani er al,
2018). As a result, we can say that the optimum temperature of
CuMn, 0, synthesis is 850°C.

3.2. Electrical Properties

The electrical resistance variations of the prepared compound were
studied as a function of temperature within the range of 295-667

Yousef, R, Nassif, A, Al-Zoubi, A. and Al-Din, N.S. (2021). Synthesis and characterisation of structural and electrical properties of CuMin204 spinel compound. The Scientific Journal of King Faisal University: Basic and Applied
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°K . The electrical resistance values decreased with increasing
temperature, indicating semiconducting behaviour. Figure 4 shows
the exponentially decreasing of CuMn, 0, resistance.

Figure 4: Plot of CuMn,0, resistance as a function of temperature
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To extract the activation energy, the data were analyzed by using the
relation (Das et al, 2017; Ubale eral, 2014; Deshpande eral, 2018):

Eq
R = Ryexp (kB—T) )

where Ea is the activation energy, T is the absolute temperature and
k g is the Boltzmann constant. Figure 5 shows variation of In (R) as
afunction of 1/T for CuMn,0, compound.

Figure 5: Plot of In (R) vs.1/T of CuMn,0, annealed at 850°C
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The value of activation energy, E;, was calculated from the slope of
In (R) versus 1/T plot. The calculated value of activation energy
was:

E,=0.1535eV (6)

The activation energy value is in agreement with that identified by
(Chen and Hsu, 2018).

4. Conclusions

Spinel CuMn,0, was synthesized successfully by the solid-state
method. The structural characterisation of CuMn,0, revealed that
the optimum temperature of CuMn,0, synthesis was 850°C. It had a
cubic structure. The crystalline size of CuMn,0, annealed at 850°C
was about 33nm. The electrical properties of the compound showed
that it behaves like a semiconductor, so CuMn,0, can be used as a
semiconductor in thermoelectric devices. The activation energy of
CuMn,0, was calculated.
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ABSTRACT

A module M over an associative ring R with unity is a QTAG-module if every finitely generated submodule of any homomorphicimage of M is a direct sum of
universal modules. In this paper, we investigate the class of QTAG-modules having nice basis. It is proved that if H_0 (M) is bounded then M has a bounded nice
basis and if H_ (M) is a direct sum of uniserial modules, then M has a nice basis. We also proved that if M is any QTAG-module, then MEDD has a nice basis,

where D is the h-divisible hull of H_ (M).
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1. Introduction

Many concepts for group like purity, projectivity, injectivity, height
etc. have been generalized for modules. To obtain results of groups
which are not true for modules either conditions have been applied
on modules or upon the underlying rings. We imposed the condition
on modules that every finitely generated submodule of any
homomorphic image of the module is a direct sum of uniserial
modules while the rings are associative with unity. After these
conditions many elegant results of groups can be proved for QT AG -
modules which are not true in general. Many results of this paper are
the generalization of the papers by Danchev (2007) and Danchev and
Keef (2011a).

The study of QT AG-modules was initiated by Singh (1979). Mehdi
(1984), Mehdi (1985), and Mehdi er a/. (2005) worked a lot on these
modules. They studied different notions and structures of QT AG-
modules and developed of theory of these modules by introducing
several notions, inves[igated some interesting properties and
characterized them. Yet there is much to explore.

In this paper, we shall deal with the modules with a nice basis i.e., the
modules which have special representation in terms of certain nice
submodules. This class of modules is very large. Our main aim of this
paper is to generalize the concept of nice basis of QT AG-modules
and discuss several results of modules having nice basis. For the
detailed literature on nice basis of groups one can go through the
following papers: Danchev (2005), Danchev (2007), Danchev and
Keef (2011a) and Danchev and Keef (2011b).

2. Preliminaries

All the ringsR considered here are associative with unity and right
modules M are unital QT AG -modules. An element X € M is
uniform, if XR is a non-zero uniform (hence uniserial) module and
for any R -module with a unique decomposition series, d (M)
denotes its decomposition length. For a uniform element X € M,

e(x) =d(xR) and Hy(x) = sup {d (%) |y €M,
X € yR and y uniform  are the exponent and height of X in

M, respectively. Hk (M) denotes the submodule of M generated
by the elements of height at least kand Hk(M) is the submodule
of M generated by the elements of exponents at most k (Khan,
1978). H,, (M) denotes the first Ulm-submodule of a module M
consisting of all elements of infinite height and Hy,p (M) =
H,(H,(M)). M is the h -divisible if M =M" =
ﬂ;f’:o Hk (M) and it is R-reduced if it does not contain any h-
divisible submodule. In other words, it is free from the elements of
infinite height. A submodule N & M may not be h-divisible in M but
if itis contained in some h-divisible submodule K € M, then it is said
to be semi h-divisible and the minimal h-divisible submodule K of M
containing N is said to be the h-divisible hull of N.

A QT AG-module M is said to be separable, if Mt = 0.Amodule
M is said to be bounded, if there exists an integer M such that
H(x) < 7N for every uniform element X € M (Singh,1979). A
submodule Nof a QTAG-module M is a nice, if for every ordinal
0, there exists an elementX, € Na+1/Na which is proper with
respect to N (Mehdi er af, 2006). A family of nice submodules
IV of submodules of M is called nice system in M if
0 0€ N;
(i) 1 {N;}iejisanysubsetof N',then Y, N; € IV
(i Givenany N € NN and any countable subset X of M, there
exist K € containing N UX, such that K/N is
countably generated.
A h-reduced QT AG-module M is called totally projective if it has a
nice system. Let M be a QTAG- module. It defines a well ordered

0 1 2 T
sequence of submodules M=M DM DM D..DOM =0, for some

1 ot1 o1 o
ordinal T. Here M = Ugep HK(M), M~ = (M) and M

:ﬂp<o- MP ,if O is a limit ordinal. Mc is said to be the O-th Ulm
submodule of M.

Several results which hold for TAG -modules also hold good for
QTAG -modules (Singh, 1979). Notations and terminology are
follows from (Fuchs, 1970 and 1973).

Corresponding Author: Fahad Sikander

00966551898691, f.sikander@seu.edu.sa


mailto:f.sikander@seu.edu.sa
https://doi.org/10.37575/b/sci/210031

52

3. Main Results

The concept of nice basis for the groups was introduced by Danchev
(2005) using nice subgroups. Motivated by this, we generalize this
concept to nice basis of QT AG-modules as follows:

Definition 3.1: A QT AG-modules M has a nice basis if it can be
expressed as M = Uycqy My, My, & My,; € M and each M, is nice in M
and a direct sum of uniserial modules.

Remark 3.2: If each M, is bounded then M has a bounded nice
basis.

Let us start with a useful result:

Propositions 3.3: Let N be a submodule of M such that
H,(N) = H,(M).if M has a (bounded) nice basis, then N

also has a (bounded) nice basis.

Proof: Let { M}, }1,<(, be the (bounded) nice basis of M.Now M =
Uk<w My . My, € My,q and every My is a (bounded) nice
basis of M, which is a direct sum of uniserial modules. Now N =
Uk<w (M N N) and all the intersections are (bounded) and the
direct sums of uniserial modules. For a limit ordinal 0,

Npso (M O N) + Hp(N)2 S Npeo (M + H,(M)) 0 N = (M, +

H (M) NN = (M, + H,(N) "N =H,(N + (M, N)

and the result follows:

Corollary 3.4: A direct summand of a module M with a (bounded)
nice basis and a separable complement also has a (bounded) nice
basis.

Proof: Let N be a direct summand of M, with a separable

complement K. Now M =K @ N. Since Hw(K) =
0,H, (M) =H, (N) and by Proposition 3.3, N has a
(bounded) nice basis.

Propositions 3.5: Let N be nice submodule of M such thatM/N
has a bounded nice basis. Then

() 1N isbounded, then M has a bounded nice basis;
(i) 1 N is a direct sum of uniserial modules, then M has a nice
basis.

Proof: We may express M/N = Uk<a) (MR/N) where
M, © My ,1 © M, My /N is nice in M /N and it is bounded.
Now by (Mehdi, er al, 2005) Mk is nice in M. Since N is bounded
Mk must be bounded and (l) follows.

Again Mk/N is bounded by (Singh, 1979), Mk is a direct sum of
uniserial modules. Now, M = Uk<w Mk and (ii) follows:

Remark 3.6: Since H; (M) is nice in M for every ordinal g, if
M /H ;(M) has abounded nice basis and H (M) is a direct sum of

uniserial modules, then M has a nice basis.

Remark 3.7: If M /H ;(M) has a bounded nice basis and H (M)
is bounded then M has a bounded nice basis. Here T is any ordinal
number. Also, if M has a bounded nice basis, then HO-(M) and
M /H ;(M) have bounded nice bases.

Remark 3.8 If the lengthof M & < w. 2,ie, @ = B + w for
some ordinal § and M/H[g(M) has a bounded nice basis, then M

has a bounded nice basis.

Proposition 3.9: If H,,(M) is a direct sum of uniserial modules, then
M has anice basis. If H,, (M) is bounded too then M has abounded

nice basis.

Proof: Since M /H (M) is separable, it has a bounded nice basis
by Remark 3.8. We may express M /H ,,(M) as U <, HE M/
H, (M)). Again H¥ (M/Hw (M))= Mk/Hw (M) for some
modules M}, such that M, © Mp,; ©€ M and
Hk(Mk )gHw(M) .Thus M = Uk<w Mk and Hk(Mk ) is

a direct sum of uniserial modules, M}, is also a direct sum of
uniserial modules (Singh, 1979). Since Mk/Hw(M): Hk(M/
H,, (M)) is nice in M/Hw(M) and H, (M) is nice in M by
(Mehdi, er a/ 2005) every M, is nice in M and the result follows.
Proposition 3.10: Let & be an ordinal such that M /H , (M) is
countably generated and H 5 (M) has a (bounded) nice basis. Then
M has a (bounded) nice basis.
Proof: Let M/Hy (M) = Ugcq HE (M/H, (M)) where
M, SM,,1S M and My, /Hy (M) are finitely generated for
everyk € Zt NowM = Usk<e My and for every k, My, =
H o, (M) +T}, where Ty, are finitely generated and T ST 41 -
Again

Ha(M) = Uk<me '
NLEN, 1EH,(M), suchthat
N, are nice in Hy (M) and M and Ny, are (bounded) direct sums of
uniserial modules. Now M = U<, (N, + Ty ) where N, + T, are

nice in M, and are (bounded) direct sums of uniserial modules (Singh,
1979) and the result follows.

The following result is an immediate consequence of Proposition
3.10:

Corollary 3.11: If the length of the module M isless than w. 2 and
M /H (M) is countably generated then M has a bounded nice
basis.

Proposition 3.12: If M is a module such that H,,, (M) is countably
generated, then M isthe union of a countable ascending chain tower
of nice direct sums of countably generated modules.

Proof: Since the separable modules have a bounded nice basis
M/Ho (M) = Upco(Mic/Hy (M)) where Mic/Hy (M) € Micys /H,, (M)
are nice submodules of M/Hw (M) and they are bounded such
that H, (Mk) cH, (M) Now M},’s are nice in M and they are
direct sums of countably generated modulesand M = U<y My
,the result follows.

Following is the immediate consequence of the above propositions:
Corollary 3.13: If M is a QT AG -module of length at most
w. 2 such that H, (M) is countably generated, then M has a
nice basis.

Proposition 3.14: Direct sums of modules with a bounded nice basis
have bounded nice basis.

Proof: Let M be a QT AG-module such that M = i(gMi , where
each M; has abounded nice basis. Let M; = Uj<w{Ml-j},where
Mij c Mij+1’ all Mij are bounded by J and Mij's are nice in
Mi~ Therefore,

M= <U Mi/‘) = U(@MU) = UP/‘

é;w j<w j<w
where each P] = iel Mij . Now P] c Pj+1 cM ,
H](P]) = Oande is nicein M.
Now, we will see the behaviour of a QTAG—module which contains

a submodule with a nice basis under the action of a countable

extension of quotients.

Proposition 3.15: Suppose M=Nis countably generated, where
N is a balanced submodule of a QT AG -module M . If N has a
(bounded) nice basis, then M has (bounded) nice basis.

Proof: Since we can write M = (N + M)/N, (Fuchs,1970) the
proof follows from Proposition 3.14.

AfullyinvariantsubmoduIeL of M is IargeinM fL+B = M,
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for every basic submodule B of M (Sikander er al, 2017). Now, we

have the following result:

Corollary 3.16: Let L be any large submodule of a QT AG-module
M . Then L has a (bounded) nice basis if M has a (bounded) nice

basis.

Proof: Since Hw(M) = Ha) (L) (Sikander er al, 2017)., the

result follows immediately in view of Proposition 3.3.

We will try to explore the possibility that whether to have a nice basis
can be invariantly retrieved under the action of bounded quotients.
Theorem 3.17: Let M be a QT AG -module with a submodule N
such that M = N is bounded. Then M has a bounded nice basis if
and only if N has a bounded nice basis.

Proof: Since Hm(M) C N for some m € Z+,Hw(M) =
H(u (N) and by Proposition 3.1, N has a bounded nice basis. For
the converse, suppose N has a bounded nice basis {Pn}n<w .Now
N = Un<w Pn , Pn c Pn+1 and forevery 1l >1, Pn is nice
in N which is a direct sum of uniserial modules. Therefore,
Hyy(M) = Uncw(Py N Hyp(M)) , where PN
H,(M) € P,.1 N H,(M) . Since B, NH,p, (M) are
submodules Pn,S of they are bounded and the direct sum of
uniserial modules.

On the other hand, for every limitordinal 0,

[+t =[] @+ H0m0)

p<ao psp<c

< ()b + Ho ) = B+ Ho V)
P =P+ Hy(M)

Since Pn are nice in M; all Pn N Hm (M) are nice in Hm (M)
We infer that Hm(M) has a bounded nice basis, therefore by
Proposition 3.9, M has a bounded nice basis as required.
For any QTAG-moduIe M, g(M) denotes the smallest cardinal
number A such that M admits a generating set X of uniform
elements of cardinality A e, #(X) = A (Mehran and Singh,
1986). Any QTAG -module M = K @ D , where D is h-
divisible and K is h-reduced. M has a nice basis if the A-reduced
part K has a nice basis. Here we show that if M isa QT AG-module
and D isa h-divisible module such thatg(D) = g(Hw (M))
then M @ D must have a nice basis. We define Bg(M) as the
cardinality of the minimal generating set of a h-divisible module D

such that M @ D has a nice basis and we find that Bg (M) <

g(H,(M)).
Theorem 3.18: Let M be a QT AG-module and D, the h-divisible
hull owa(M).Then M @ D has a nice basis.

Proof: Suppose M = M' @ D', where M is h-reduced and D’
is h-divisible. 1If D" is the h-divisible hull for H,, (M"), then
we may put D = D' @ D" and assume that M is h-reduced.
Suppose H, (M) is finitely generated. Now consider the inclusion
map f1:Hy(M) = D is injective and the identity map
fai:Hy(M) = Hy(M) . 1f Hyy(M) is infinitely generated,
then we may define K as the external direct sum inEHw M) xiR.
Nowg(K) = g(Ho(M)) = g(D).

Therefore, we may define the embedding f1:K—> D
and fZ:K%Hw(M). n M@D , we pu K' =

{(fz(x),x|x€K}andD" ={(0,y)ly €D }.
Now (K' + D")/K' = (H,(M) @ D)/K' is a h-divisible
submodule of(M &b D)/K’ so that
M@D _ (Hy(M)®D) P
K1 K1 ® Kr'

where P isasubmodule of M €@ D containing K' such that

P (M®D)/K' _ M®D _ M

k'~ (H,(M)® D)/K' ~ H,(M) ® D) ~ H, (M)
fn<aw,let Pn be the submodule of P containing K' such that
(Pn/K’) = Hn(M/Hw(M))‘ We may define @, = B, +
H" (D’). We have to show that {Qn}n<w forms a nice basis for
M @D . since P, € Pyyq and H*(D') € H™1(D"),
Qn =B, +H"(D') € Ppyq + Hn+1(DI) = Qn+
and the first condition is satisfied. Now the map X — (fz (lx)l, x)
extends to an isomorphism and K=K = QO- fn > 0;then
H,(B) < K’ and H,(D") =0 so that H,(Q,) €K .
Since K" is a direct sum of uniserial modules so is H, (Qn) and
On.
It remains to show that U Q,, = M @ D and each Qs nice in
M @ D. Using the above mentioned isomorphisms, we conclude
that

IR

M@®D _(H,M)®D) M

K K H,(M)

Qn HP (DN)®K n( M .
The submodule 3* is mapped onto (e g g (wa)) . NSImce
D' = Upey, H* (D), Hy(M)® D = D' + K’ and —_

M
Uneco H® (m , we have

equations imply that

M®D = Uy, @, - These two

M®D _(M@D)/K'

Qn Qn/K'
_(H,(M)® D M/H, (M)
= (H"(D’) + K’) <H"(M/Hw(M))>
_({ DK M
= (H"(D’) + 1«) © Hy (Hw(M))'
D'@®k’

Now any element of is represented by an X € D',

H"(D")+K'
which is A-divisible, hence  H(x) = 00,0 X is proper in this

M
coset. f x € Hy, (H—(M)) such that H(x) is finite, then such a
w

coset always has a proper element. Therefore, Qn is nice and

{Qn}n<w is a nice basis.
Following is the immediate consequence of the above theorem:

Corollary 3.19: Any QT AG-module M is a direct summand of a
QT AG-module with a nice basis.

Proposition 3.20: Let M, D be QT AG-modules such that D is h-
divisible andg(D) is finite. Then M @ D has a nice basis if and
only if M has anice basis.

Proof: If M has a nice basis, then M @ D has a nice basis. For the
converse, suppose M @ D has a nice basis {Pn}n<w~ We may
expressM = MO ) Do,where MO is R-reduced and DO is h-
divisible. Ifg(DO) is infinite, then M @ D = M, ) Dy &b
D =M, &b Do = M, and the result follows.

Otherwise, ifg(DO) is finite, then we shall prove that MO has a

nice basis. Replacing M by MO and D by DO @D D we may
assume that M is A -reduced. If D' = {0} @D, then D' =

Hw(M &) D) and Qn = (Pn
+D’)/D’is nice in (M <>) D)/D’ = M. since Upe By =
M @D D, we have Un<w Qn = (M <) D)/D’ =M.
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Now for each 1 < @); there exists an isomorphism Py, /(P N
D" - (B, + D")/D" = Q,, Since g(D") is finite, hence
Pn N D’ must be a direct sum of uniserial modules and Pn NDis
finitely generated. Therefore, Qn is a direct sum of uniserial modules

and {Qn}n<w is a nice basis for M.

Corollary 3.21: If M isa QT AG-module, then Bg (M) is either 0
and M has a nice basis or B (M) is an infinite ordinal such that
B (M) < g(Ha) (M)) then M does not have a nice basis.

ProofB (M) =0 if and only if M has a nice basis. If M does not
have a nice basis then by Proposition 3.8, B (M) is not finite. Thus,
by Theorem 3.18, B M) < g(Hw(M))
Proposition 3.22: For a QT AG-module M the following holds:

(0] IfK is a separable QT AG -module, then B MBK)=

(ii) If% is a h divisible module, then then B M@ D)iso,if
g(D) = By(M)or B,(M) it g(D)'< By(M).

@iy D is h d|V|S|b|e such that g(D) is finite, then B (M o)
D) = B,(M).

(iv) Forany ordlnal O',B (H,(M) < B (M).

v) If M/H (M) is a direct sum of unlserlal modules, then

(M ) = By(H, (M)).

i) 1fH, (M) has a nice basis and M /H, (M) is a direct sum

ofumserlal modules, thenB M = B (H (M)) = 0.

Proof: (l) If D is a h-divisible module then by Proposition 3.6,

M @ D has a nice basis if and only if M @ K @D D has a nice
basis. Therefore B, (M &b K) = B (M)

(ll) Ifg(D) > B (M) then M @ D has a nice basis so that
(M éD) = 0 Otherwise |fg(D) <B (M) then for
any h -divisible module D',M @ D &P D' "' =MD (D &b
D") has a nice basis if and only if g(D @ D") = g(D) +
(D )= B (M) |fandon|y|fg(D )= B (M), if and only
|fM @D hasamce basis and the result follows
(ii1) is a direct consequence of (i), where Bg(M), is 0 or
infinite.
(iv) Let {Pn}n<w be a nice basis for M @ D, then {Pn N
H,(M & D)} n<w is a nice basis for Hy(M @ D) =
H,(M)® D
(v) we haveB (H,(M)) < B (M). On the other hand if D
isah d|V|5|b|e module such that g(D) = B (M), then
H,(M)@® D = H,(M @ D) hasanice ba5|s Since A?S;D)
is a direct sum of uniserial modules and Hw(M®D) has a nice
basis as (M@D) has a nice basis, so that B (M) <
Bg (H, (M)) and we are done.

(vi)ifH (M) is a direct sum of uniserial modules, then M and
H (M)) both have nice bases and B (M) =0 =
B, g (He (M)).
Proposition 3.23: If M and M’ are QTAG -modules, then
By;(M®M') < By(M) + B, (M").
Proof: Let D and D' be h- divisible modules such that g(D) =
B, (M), g(D') = By(M"). Then,

(MM )®(D@D') = (M®D)D(M'®D").
Since M@®D and M’@D’ have nice basis, their direct sum has a

nice basis.

The behavior of bounded nice basis is different from that of nice basis.
This can be seen as follows:

Theorem 3.24: Let M be a h-reduced module and Dis a h-divisible
module. Then M has a bounded nice basis if and only if ME@®D has

a bounded nice basis.

Proof: {Hn(D)}n<w forms a bounded nice basis for a A-divisible
module D. Since direct sums of modules with bounded nice basis,
the necessity is done and we may consider that M @D D has a
bounded nice basis {Qn}n<w . If D'= {0}@1) =
Hw(M®D) and Pn = (Qn + D’)/D’, then Pn is nice in
(M@D’)/D’ = M. Moreover, P, = Q,,/(Q;; N D") must
be bounded. Therefore, it is a direct sum of uniserial modules. Since
M®D is the union of the ascending chain of modules Qn‘
(M@D’)/D’ = M is the union of the of the ascending chain of
submodules Pn~ Therefore, M has a bounded nice basis.

4. Discussion
We end this article with the following observation:

Suppose M is h-reduced module that does not have a nice basis. If
D is a h -divisible module such that g(D) = Bg(M), then
M@D has a nice basis. On the other hand, if M does not have a
bounded nice basis, by Theorem 3.24, M@D does not have a
bounded nice basis. This means that there are QT' A G-modules with
a nice basis which do not have bounded nice basis.
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ABSTRACT

As little is known about the neurotoxicity of the histological structure of the brain, this study focuses on the histological side of four- to six-month-old adult Wistar
rat brains, which were examined after 0.1 mg\g organophosphate had been administered orally. In this study, the lesions were mainly localized at the
hippocampus and substantia nigra (compacta pars) region. Distinct areas of necrotic and apoptotic tissues were detected in the CA1, CA2, and dentate gyrus of
the hippocampus and compacta pars of the substantia nigra. Programmed cell death in the dentate gyrus was observed as early as 72 hours after treatment and
necrosis of some brain regions. Moreover, Lewy bodies were noticed in the compacta pars of the substantia nigra. The most important symptoms of parkinsonism
were observed in the substantia nigra (compacta pars). These were decreased neurons, increased neuronal melanin in the neurons, and increased glial cells. The
degeneration of some neurons was reported in the polymorphic and pyramidal layers. The data showed an increase in the density of the axon membrane and
several changes to the axis structure, such as the disappearance of the myelin sheath in some areas along the axis.
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1. Introduction

Organophosphorus  (OP) compounds are commonly used as
insecticides, plasticizers, and fuel additives. These compounds potently
inhibit acetylcholinesterase (AChE), which is the enzyme that
inactivates acetylcholine in neuronal synapses. Acute exposure to high
OP levels can cause a cholinergic crisis in both humans and animals.
The acute nervous system toxicity of OP pesticides and its results have
been well documented. The inhibition of AChE leads to the
accumulation of acetylcholine, which acts as a neurotransmitter in all
ganglia in the autonomic nervous system, as well as many synapses in
the brain, skeletal neuromuscular junctions, some postganglionic nerve
endings of the sympathetic nervous system, and adrenal medulla.
Organophosphate affects the long nerves or tracts in the nervous
system and causes a symmetrical weakness in the peripheral musclesin
the hands and feet, along with sensory impairment (Kamanyire and
Karalliedde, 2004). Exposure to pesticides is considered a global health
problem. An increased risk of neurodegenerative disorders has been
strongly  associated with  chronic, repeated exposure to
organophosphates. Moreover, the chronic neurotoxicity mechanism
remains unclear, although it differs from cholinergic affection in acute
toxicity. Although chronic exposure usually causes symptoms that are
not accompanied by acute cholinergic overstimulation, it is associated
with neuropsychiatric conditions, such as anxiety and depression.
Furthermore, many reports found a positive correlation between
different types of OPs and an increased risk of cognitive deficits and
neurodegenerative disorders, such as Parkinson’s disease (PD),
Alzheimer’s disease (AD), and amyotrophic lateral sclerosis (Narayan er
al, 2013; Voorhees er al, 2017; Wang er al, 2014). The mechanism
behind OP-induced neurodegeneration remains unclear and differs
from AChE inhibition, which is involved in acute toxicity. One
suggested mechanism for OP-induced neurotoxicity is neuro-
inflammation (Banks and Lein, 2012; Diz-Chaves and Garcia-Segura,
2013). This study aims to verify the degenerative effects of long-term
exposure to OP on the dopaminergic system in rats and identify the
possible contributing mechanisms. PD and AD are the two most

common neurodegenerative diseases. PD is clinically depicted by
severe motor symptoms, including rigidity, postural instability, a resting
tremor, and bradykinesia (Sharma er a/, 2013). PD pathology is
characterized by progressive degeneration and the loss of
dopaminergic (DA) neurons in the substantia nigra (SN) pars compacta.
Moreover, the deposition of O-synuclein as insoluble and toxic
aggregates are characteristic hallmarks of PD. Regarding AD, patients
suffer from an irreversible memory loss, progressive cognitive
impairment, language disorder, and impairment in their visuospatial
skills due to the degeneration of the hippocampal and cortical neurons
and extracellular amyloid plaques. The earliest understanding of the
disease pathology of PD and AD focuses on neuronal degeneration and
consecutively observed inflammation, which is likely to be activated by
the damaged neurons (Blaszczyk, 2018; Maiti et af, 2017). In previous
studies, lesions were consistently found in the CAP1 and CAP2 of the
hippocampus, amygdala, SN, and neocortex (Nobakht, 2011).
Neurodegenerative diseases, including PD and AD, have common
features, including the following: protein accumulation, cell death with
mitochondrial involvement, oxidative stress, and degeneration of
neuromelanin, which is an organic polymer that is produced by the
dopamine metabolism (Dugger and Dickson, 2016; Kouli er af, 2020;
Martinez et a/, 2019). The neurons of the SN contain large amounts of
neuromelanin, and the concentration increases with age. However, this
was markedly decreased in PD patients. However, PD-like pathologies
are characterized by a significant neuronal loss and the emergence of
Lewy bodies that are composed of highly phosphorylated a-synuclein,
which were observed in the treatment animals after three months
(Carbaja eral, 2019; Garcia eral, 2021; Vila, 2019).

2. Materials and Methods

Thirty male Wistar rats were maintained on a 12-hour light/12-hour
dark schedule and given unlimited access to rat food and tap water in
the Animal Department, Faculty of Science at the University of Aleppo.
The animals were divided into two groups. The first group was orally
given an aqueous solution of organophosphate (0.1 mg\g body weight)
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for four months, and the second group was given water without
organophosphate. Their brains were then removed from their skulls
and stored for at least three days in the fixative (formaldehyde 4%).
Next, each brain was cut using a microtome into a series of sections that
were 10 lm—20 Wm thick. The serial sections (10 [lm—20 Wm thick)
were then stained using different stains. The first stain was
hematoxylin-eosin (H&E), which is distinguished by its good staining
cell structures, such as cytoplasm and nuclei. The second was Cresyl
violet, which is used for the central nervous system, including the nerve
cell contents and Niss| particles. In addition, Colgi and Belcshowsky
stains were used for the dendrites of neurons. The stain method was
carried outaccording to the following stages: 1) dissolving paraffin from
textile preparations using an electric heater at a temperature of 50° C—
52°C;2) transferring the slides to two baths of xylol for five minutes for
each bath; 3) transferring the slides to a series of graduated
concentrations of alcohol (100%, 90%, and 70%); and 4) washing them
in distilled water to return water to the samples for five minutes per
bath. In the H&E staining method, the hematoxylin was used first for
five minutes, and then the slides were washed in distilled water and
placed in the eosin stain for one minute. Later, the samples were
transferred from the colorant to the distilled water and then to a series
of gradual concentrations of alcohol (70%, 90%, and 100%) to
dehydrate. They were kept in each concentration for one minute, and
then they were transferred to two baths of xylol for two minutes each.
The tissue preparations were covered in glass screens after an adhesive
substance (Canada balsam or DPX) was applied to preserve them. Then,
they were placed in a special dryer at a temperature of 37° C until the
adhesive dried out.

2.1. Colgi and Beilcshowsky Stain Methods:

If the samples were large, they were divided into small pieces of 4 ml to
5 ml. Once the samples had been washed after the fixer and their tissues
had been dried using blotting paper, they were placed in the potassium
dichromate 2% solution for two days in the dark. After drying, the
samples were transferred to the second solution (silver nitrate 2%) for
two days. In this stain method, the double impregnation or Ramon
Cajal's staining technique was used. Afterward, the samples were
transferred to 1% oxalic acid and washed in 5% sodium thiosulfate. The
samples passed an alcohol chain after being dried with blotting paper
(70-90-100-Xylol). Later, the sample passed through the paraffin
chain, and they were cut into 20 Um—50 m-thick sections. The
slides passed a chain of alcohol xylol (100-90-70-water-70-90-100-
xylol). Finally, there was a microscopic examination of the slides.

2.2. Congo Red Stain Method:

In this stain, the sections were deparaffinized, and the water was
removed. Then, they were stained in Congo red for 30—60 minutes,
rinsed in distilled water, and passed through alkali alcohol for 5-10
seconds. The sections were then washed in distilled water for five
minutes, counterstained in hematoxylin for 30 seconds, and washed
in distilled water for one minute. Later, the sections were dipped in
ammonia water for 30 seconds to turn them blue (the ammonia
water was prepared by adding a few drops of ammonium hydroxide
to tap water and mixing well). The sections were then rinsed in
distilled water for five minutes and dehydrated using 95% alcohol,
100% alcohol, and Xylol.

3. Results

The present histological study of the hippocampus and SN of
laboratory rats who were administered organophosphates showed
the following results:

3.1. Hippocampus:

Programmed cell death was observed in some small pyramidal cells
in the dentate gyrus (DG), and there were many gaps surrounding the
neurons.

3.2. Substantia Nigra:

The mostimportant symptoms of parkinsonism were observed in this
area, such as reduced neurons, increased neuronal melanin in the
neurons, and increased glial cells (Figure 1).

Figure 1: Cresyl violet-stained sections of the rats’ hippocampus and SN (one dose of 0.1 mg/g with
organophosphate for four successive weeks).

(A): The following three layers of the CA1 region of the hippocampus:
the proper molecular layer (M), pyramidal layer (P), and polymorphic
layer (Pr). Some small pyramidal cells appeared (arrow), and
apoptotic cells appeared in the DG (black arrow). The neurons
showed more vacuolation, and the cytoplasm was particularly rich in
the Niss| substance of the glial cells (white arrow) x600. (B): In SN in
PD rats, the major degenerative parkinsonian disorders showed a

neuronal loss (black arrow), extra neuronal neuromelanin pigment
(white arrow) x400, and gliosis in both sections (¥) (A and B).

The histological study revealed slight damage to some neurons in the
SN with the emergence of gaps around these cells and severe
dendritic damage. Moreover, there was a decrease in the Nissl
particles within the cytoplasm of the nervous cells and an increase of
the amyloid fibers that were stained in Congo red in the space among
the neurons. Additionally, as noted, the number of glial cells
increased greatly within the sections (Figure 2).

Figure 2: Congo red-stained sections of the SN (a dose of 0.1 mg/day with organophosphate for four
successive weeks).

(D): Slight damage to the neuronal cells (black arrow). Microglial cell
nuclei were observed in relatively large numbers (*) compared to the
control, and necrotic cells were found in healthy ones. Throughout
the compacta pars, some cells were also slightly affected. In these
cases, the affected cells became vacuolated (white arrow), and the
dendrites and cell somites were more severely damaged than the
axons. Likewise, the Nissl substance decreased (arrowhead), and
there was an increase in the amyloid fibers among the cells (red left-
right arrow) compared to the control (C) x1000.

Other changes were observed in the compacta pars of the SN, such as
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the separation of the components of the cytoplasm, huge gaps
around the nuclei of some neurons in this region, and increased glial
cells (Figure 3).

Figure 3: The Cresyl violet-stained section of the SN (a dose of 0.1 mg/day with organophosphate for
four successive weeks) at the level of the cerebellum (brain stem).

(E): Neuron with segregated cytoplasmic components. Larger
vacuolated organelles surround the nucleus (black arrow) x600. The
neuron is segregated from its surroundings, and there are increased

dark cells, which are probably glia (*).

The Golgi stain in different regions of the hippocampus (CA1, CA2,
and CA3) showed a degradation of some neurons in the polymorphic
and pyramidal layers after being stained and saturated in silver nitrate
(Figure 4).

Figure 4: Colgi cox-stained sections of the rats’ hippocampus (a dose of 0.1 mg/day with
organophosphate for two successive months).
R TR G <

LR

(F) and (F') The CA1 and CA2 regions of the hippocampus proper
(molecular layer [M]). (F") The CA2 region of the hippocampus
proper (polymorphic layer [Pr]). (F") The CA3 region of the
hippocampus proper (pyramidal layer [P]) and the cells that were
impregnated by silver nitrate in CA1, CA2, and CA3. This was
probably degenerated x600.

The Beilschowsky silver nitrate stain was distinguished by the double
impregnation in the SN region in the compacta pars. As necrosis
emerged in multiple spaces among the neurons with an increased
phosphorylation of the proteins in most of the neurons’ membranes,
these neurons’ membranes were saturated with silver nitrate and
stained in black dots. Both this and the hematoxylin stain showed

visible Lewy bodies in the cytoplasm of neurons as clusters (Figure 5).

Figure 5: Beilschowsk

silver ni ined sections of the rats’ SN (a dose of 0.1 mg/day with
for two ive months) at the midbrain level (brain stem) in the compacta
pars of the SN.

(G) Necrosis in many spaces among the neurons (black arrow) x600.
(G') The membrane of most neurons stained in silver nitrate
concerning the hyperphosphorylation of proteins (arrowhead)
x1000. Beilschowsky silver nitrate- and H&E-stained sections of the
rats’ SNs (a dose of 0.1 mg/day with organophosphate for three
successive months). () and J') Lewy bodies (black arrow) in the
pigmented cell of the compacta pars x1000 and the increased density
of the axon membrane with changes to the structure of the axis, such
as the disappearance of the myelin sheath in some areas along the
axis. However, Schwann cells were not observed (Figure 6).

Figure 6: Golgi cox- (H and H') and Beilschowsky silver nitrate (I and I')-stained sections of the rats’
SN (a dose of 0.1 mg/day with organophosphate for two successive months).

h L

(H) The normal axon with increased membrane density compared to
the control (H') x1000. (1) The axons’ structure changed as the myelin
sheath disappeared in some areas along the axis (black arrow), while
Schwann cells were not observed (arrowhead) compared to the
control (I') x600.

4. Discussion

Despite the increasing amount of research in this field, the effects of
repeated or prolonged organophosphate exposure at low to
moderate levels in both humans and animal remains unclear. This
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study used lower doses and longer durations of exposure, which
caused a barely detectable cholinesterase inhibition, followed by
cellular damage in the brain.

Moreover, the study investigated the effects of OP on some regions
in the central nervous system that are associated with PD and AD. In
brief, the histological effects on the hippocampus and SN of rat brains
that were treated with 0.1 mg\g of OP were confirmed.

In conjunction with previous studies, this study found apoptosis,
which is programmed cell death, in several small pyramidal cells in
the DG of the hippocampus, neuronal loss in the compacta pars of the
SN, and dopaminergic degeneration due to chronic treatment with
other types of organophosphates (Dorri er al, 2015; Salyha, 2013).
Moreover, idiopathic PD was characterized by the progressive loss of
dopaminergic neurons in the SN (pars compacta), which leads to
dopamine depletion (Dirnberger and Jahanshahi, 2013). This
improved after the administration of these compounds, as
demonstrated in the current research. Several studies reported a
possible correlation between exposure to pesticides and the
development of neurodegenerative disorders (Hernandez er al,
2016; Sanchez-Santed er a/, 2016). Since OPs are the most used
pesticides, the previously mentioned studies focused on a link
between OPs and the most common neurodegenerative diseases, PD
and AD. Interestingly, some types of organophosphates have been
proved to induce degeneration in the dopaminergic system (Astiz er
al, 2013; Binukumar and Gill, 2011).

Inflammation by insecticides, such as organophosphate, is thought to
be the primary pathophysiological reason for neuronal degeneration,
which occurs when the neutral amino acid transporter mediates the
Nat dependent entry of organophosphate into dopaminergic
neurons. Consequently, organophosphate impairs redox recycling
and induces oxidative stress, which leads to neuronal death (Banks
and Lein, 2012; Farkhondeh er a/, 2020; Pearson and Pate, 2016).
The increased permeability of the blood-brain barrier (BBB) and
neurovascular dysfunction have been associated with severe
conditions of PD. This effect could be linked to the infiltration of
inflammation molecules that cause microglia activation and
dopaminergic neurons death (Martinez er a/, 2019).

Numerous studies have demonstrated that exposure to a variety of
OPs at lower and prolonged levels induces major changes in the
central nervous system, such as changes to the gene expression, cell
signaling pathways, and cellular ultrastructure. Moreover, exposure
to various OPs increases the strict inclusion of many glial cells
(Voorhees eral, 2017).

It is worth mentioning that microglia are the resident immune cells
(macrophages) of the brain, which can be triggered and activated in
response to pro-inflammatory triggers or neuronal death. In this case,
several reactive oxygen species and pro-inflammatory factors (e.g.,
tumor necrosis factor & and interleukin-1 B) are produced, which
contribute to neurotoxicity and degeneration. Similarly, OPs that
include malathion may cause an inflammatory response, which could
lead to the activation of microglia, as found by several studies (Ahmed
et a/, 2017).

Since the metabolism of astrocytes is an indissociable link between
neuronal health and synaptic functions, it is important to be mindful
of how environmental toxicants can impact human health.
Furthermore, environmental toxicant exposure can result in glucose
dysfunction, including the involvement of the GLUT1 transporter,
especially the astrocyte-specific transporter. Within the CNS, there is
an overlap between the peripheral and astrocytic mechanisms. The
engagement of the CYP detoxification system, which is robustly
expressed in astrocytes as part of its role as the primary defense
against xenobiotic penetrance into the CNS, suggests that astrocytes

are crucial for a system-wide response to toxicants (Jiang eral, 2017;
Zhang eral, 2019).

Lewy bodies were visible in the cytoplasm of neurons as clusters,
which could be due to the presence of cytoplasmic protein aggregates
in dopaminergic neurons. Although certain studies suggested that the
progressive rostral spread of the Lewy body pathology reflected the
clinical course of PD, other studies indicated that Lewy bodies are not
the toxic species that are responsible for cell death. Hence, neuronal
death may occur prior to the formation of Lewy bodies in some
neurons (Saha er a/, 2000)

Additionally, PD patients with a longer disease duration are expected
to have a wider regional distribution and greater density of Lewy
body pathology combined with nigral cell loss in compacta pars.
However, further research suggested that 15% of surviving nigral
neurons contain Lewy bodies, and the age-adjusted proportion of
Lewy body-bearing neurons is relatively stable throughout the
disease duration.

Other studies suggested that the etiology of PD is a genetic basis that
interacts with environmental factors.

The current study shows an increase of the amyloid fibers that were
stained in Congo red in the spaces between neurons. The deposition
of AP (mainly A3 40 and 42) caused them to form amyloid plaques,
which are associated with reactive gliosis (Selkoe, 1994). In these
areas, the activated microglia are recruited, and the reactive
astrocytes exhibit a morph-functional remodeling, which modifies
their interactions with neurons. Despite the reasonably close
correlation between the increased phosphorylation and neuron
degeneration, this study concludes that exposure to OP compounds
degenerates some neurons in the polymorphic and pyramidal layers.
This was proven by various staining methods. According to the
hypothetical basis of binding silver to disintegrate products of
proteins in neurons, this study demonstrates the emergence of
necrosis in multiple spaces among the neurons, with an increased
phosphorylation of the proteins in most of the neurons’ membranes.

Silver-forming complexes with individual amino acids and
progressive fragmentation of proteins (proteolysis) in disintegrating
neurons leads to expansive sites for silver to form complexes
(Anthony et a/, 2019).
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1. Introduction

The zero-divisor graphs on semigroups were widely investigated in
many studies; for example, DeMeyer er al. (2002), DeMeyer er al.
(2005), Wright (2007) and Anderson and Badawi (2017).

Das er al (2013) studied zero-divisor graphs of the monogenic
semigroup ['(Sy), which is defined as x. x/ = x**J = 0 ifand only
if i + j > n.Then, Al Subaiei and Akwu (2020) modified the graph in
the work of Das er al (2013) by adding one more condition,
ged(i,j) =1, and named the graph the variation monogenic
semigroup I'(VSy). These two graphs have different properties. For
example, when n =8, the graph of Das er a/ (2013) has
diam(I'(Sug)) =2 . X(T'(Smg) =5 . y(I'(Sye)) =1, and
w(T(Syg)) = 5. Meanwhile, the graph of Al Subaiei and Akwu
(2020) has diam(T'(VSyg)) =3 X([T(VSyg) =3
y(T'(VSug)) = 2, and w(T'(VSys)) = 3. Also, when n is prime,
the two graphs have different properties. For example, whenn = 7,
the graph of Das eral (2013) has X (I'(Sy7) = 4. vy(T'(Sy7)) = 1,
and w(I'(Sy7)) = 4, while the graph of Al Subaiei and Akwu (2020)
has X(T(VSy7) =3, vy(T(VSy7)) =1, and w(T(VSy7)) = 3.
These differences led us to further investigate the results of the
properties of the variation monogenic semigroup graph, such as the
tensor product.

The concept of the tensor product on graphs has been studied well
and a sufficient amount of rich material can be found in the literature.
Some examples are Harary and Trauth, Jr. (1966), Sampathkumar
(1972) and Asmerom (1998). The tensor product of zero-divisor
graphs of monogenic semigroups was investigated by Akgunes er a/.
(2014). This work will extend the investigation of the monogenic
semigroup graph of Akgunes er a/ (2014) to the variation monogenic
semigroup graph and hence will use the same notation.

A set with an associative binary operation is called a semigroup. The
semigroup that is generated by one element is called a monogenic
semigroup. A monogenic semigroup with zero is denoted by Sy,
where 1 is the order of the semigroup. The nonzero elements of Sy,
are referred to as the vertices of the graph I'(Sy;,). In Al Subaiei and
Akwu's work (2020), the undirected graph of the variation
monogenic semigroup with order n denoted by I'(V Sy, ) was given,
and the two vertices x! and x/ are adjacent if and only if the

following conditions are satisfied:
xt.x) = x*J = 0ifand only ifi + j > nand gcd(i, ) = 1()
wherex!andx/ € V(I'(VSyn)) and1 < i,j < n.

For basic general information about graph theory properties, we refer
the reader to Bondy and Murty (1976). In general, for any graph G,
V(G) is known as the set of vertices in G. If the two vertices X, y are
adjacent, then xy € E(G). The distance (shortest path) between two
vertices is denoted by dr(¢). The diamerer, denoted by diam(I" (G))
is  defined as  diam(I'(G)) = max{dr)(x,y):x,y €
V(I'(G))}. The length of the shortest cycle in the graph is known as
the girth. The degree of the vertex xt, denoted by degr(x* 1), is the
number of vertices that are adjacent to x*. The maximum degree of
I'(G) is denoted by A(I"(G)), while the minimum degree of I' () is
denoted by §(I"(G)), which means the number of the largest and
smallest vertex's degrees, respectively. The subset D of V(G) is a
dominating set of G if each vertex of V(G)\D is adjacent to at least
one vertex of D. The domination number, y(G), is the dominating
set with minimum cardinality. The cligue number, w(G), is the
maximum number of vertices in any clique where the clique is a
complete subgraph of graph G. The chromatic numberof G, X is the
minimum number of colors assigned to the vertices of G suchthatno
two adjacent vertices have the same color. When w(G) = X (G), the
graph G is a perfect graph, according to Lovasz (1972). For agraph G
with ordern, a coprime labeling of G is a labeling of its vertices with
distinctintegers {1,2,...,n} such thatthe labels on any two adjacent
vertices are relatively prime. A coprime graph is a graph that has
coprime labeling.

Consider the simple graphs G; and G. It is known that the rensor
productG; @ G, hasthe vertexset V(G;) X V(G3), where any two
vertices, (g1, g2) and (hy, hy), are adjacent if and only if g1h; €
E(Gy)and g h, € E(G).

In our work, we will consider the graphs of the variation monogenic
semigroup I'(VSj;,,) and T(VSZ,,,) and study the tensor product of
these graphs. It is known in the theony of graphs that when any two
vertices, (xi,x) and (xf, xz) are adjacent, it means that
(xl,xz)(xl, fz) € E(F(VSMn) ® F(VSMm)) In this work, two
ad]acent vertices, (x!, xz) and (x¥, xz) will be written as
(i, x ) — (xk ,xz) Since the graphs T(VSjy;,,) and T(VSZ,,) are
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simple, then (xi, xé) is not adjacent to (xf,xzf) wheneveri = k or
j =f . Therefore, (x{,xé) — (xf,x{) whenever xt — x¥ and
xé - x{.That is:

xixf € E(T(VS},)) & x)x] € EC(VSEin)
ged(i,k) =1,i+k>ngcd(,f)=1,j+f>m

2. Results

In this section, we give some tensor product characteristics of the
variation monogenic semigroup graphs T (VSi,) ® T(VSZm). The
condition of the greatest common divisor on the graph of the
variation monogenic semigroup makes the structure of the proofs in
this work depend on the highest prime numbers p; and p; being less
than or equal to nn or m, respectively.

The following results give the maximum degree and minimum degree

of the tensor product graph T(VSiy) ® T(VSgm).

2.1. Theorem: Let p; and p; be the highest prime numbers less or
equal ton and m, respectively. Then, the maximum and minimum
degrees of T'(VSy) @ T(VSEy) are AT (VSin) ®
I (VSim))) = (b1 — D2 — 1) and ST (VSin) ®
T (VSzm))) = 1 respectively.

Proof. When p; =n and p, =m, then gcd(py,j) =1 and
gcd(p, k) =1 where 1 <j<n and 1 £k <m. Hence, the
result follows from Akgunes er a/ (2014). Otherwise, we assume that
p1 #n, and p, #m, then vertex (x1 ,xzz) has the maximum
degree. Therefore, (X1 ,x2 2y — (xf,x5) when py+d>n,
gcd(py,d) =1, py +s>m and ged(p,,s) = 1. Hence, d >
n—p; and s >m—p, . Since the graph is a 5|mple graph,
(x1 ,xzz) is not adjacent to itself. Therefore, deg((x1 ,xzz)) =
|d||s| , where |d|=(Mn—-(Mm=p))—1=p;—1and |s| =
(m—(m—pz)) —1=p; —1. Thus, the maximum degree is
(1 — D2 - 1)

Since 1 isrelatively prime with any numberandn + 1 > nand m +
1> m, the vertex (x4, x) is adjacent only to (x{", x3*). So, the
minimum degree is 1.

The following two results are on the diameter and girth of the tensor
product graph T(VSk,) ® I'(VSZ,). The diameter of the tensor
product graphs of the monogenic semigroup I'(S;,,) & T'(SZ.,). as
shown in Akgunes eral (2014),is 4 whenn = m > 3,and the girth
is 3 whenn = m > 3. However, in the case of the tensor product
graphs of the variation monogenic semigroup, the diameter is 4
when n =m > 6, and the girth is 3 when n,m > 4 as shown
below.

2.2. Theorem: Let n = m be positive integers. For any variation
monogenicsemigroup graphs I'(V S}, and I'(VS%,,) with order n

andm, respectively,diam(F(VS,l‘,,n) X F(VSAZ,,m)) =
(4, ifm>6

5 ifm<6,n>4and (nm)+# (6,m),where gcd(6,m) # 1

7, if (n,m) = (6,2),(6,3),(64)
Proof. We split the problem into the following cases:

Case 1: If m > 6, the diameter can be considered as the distance
between (x4, ;) and (1, x2) whenever nis a positive integer and
m is even, which is given below:
n ,m p b n ,m-1 2
(1, x2) — (21, x3") — (31, %5) — (1, x2" ) — (%4, %3)

where p is a prime number less than n and m in the first and second
coordinate, respectively. Also, frn a positive integer and m odd, the
diameter can be viewed as the distance between (xq,%;) and

(xf, x3) given as follows:
(1, 22) = (e, x5%) — (o], x5) — (6~
Hence, the diameter is 4.

Case 2: If m < 6,n > 4 and (n,m) # (6,3), (6,4). The diameter
of the graph can be viewed as the distance between (xq, x;) and

Lagh) = (x x2)

(x1, x3*) whenever M is even and is given below:
p— 2
(1, x2) — (%1, %3 )—(x ;—(x x7") — (1, x2)
= (%1, xz

Also, whenever m is odd, the diameter can be viewed as the distance
between (x1, X5) and (1, x3*), given as:

(%) — (e, 25 — (67, x5 3 = (7t

— (X1, X,

Hence, the diameter is 5.

X3 — (% x2)

Case 3: Whenever (n, m) = (6,2), the diameter can be viewed as
the distance between (x, x;) and (x4, x22) given as:
(x1, %) — (%7, %3) — %xjﬁ: xz% (( — (¢t x3) — (xf, 23

X1, X2 X1, %3
Whenever (n,m) = (6,3), the dlameter can be viewed as the
distance between (X1, x;) and (xy, x3), given as:

R 7

Whenever (n,m) = (6,4), the diameter can be viewed as the
distance between (xy, x,) and (x;, x%) given as:
(o1, x2) = (7, 23) — (x x3) — (e, ) — (3, %
e~ G G
Hence, the diameter is 7.
2.3. Remark: Whenever (n,m) = (6,6), the diameter is 6, which
can be viewed as the distance between (X, x;) and (xy, x3), given
as:
(o) = () = () — (o) = (e D) = e 2
— (%7, x5).
2.4. Theorem: For any variation monogenic semigroup graphs
I'(VSin) and IT'(VSZ,,) , the girth of the graph I'(VSi,) ®
r'(VSZ,)is

3, ifnm>4
4, ifn>4andl1<m<4
4, ifl<n<4,andm>4

not exists ifn<4andm <4
Proof.Letp, and p; be the highest prime numbers less or equal to 71
and m, respectively. By definition of ['(VSk,,) ® ['(VSZ,,). for
n,m > 4 we have:

-1 -1 -2 -2
(xl ‘x22) _ (xp1 X 5’2 ) (xp1 X ;72 )_ (xf1'x§2)

Since when n,m >4 we have gcd(p;,pi—1) =1, p; +p; —
1>nm,gdlpi—1Lpi—2)=1,pi—1+pi—2 > n,rri,
gcd(pl,p1 2)=1, andp1 + pi— 2 > n,m.So, xp1 xP1™

2

pl bi— l

xl andx - X; wherel =1lor2.

Forn > 4and1 < m < 4,we have that,ifm = 4 or 3:

P xd) — (P ad) = (x]’;1 2 xd) — (P x3)

- (x1 » X2
whileifm = 2:

@t ad) = () 5 6 ) — T )
Jc1 ,xz
For1 <n < 4andm > 4, by using a similar argument as above,
the result follows (exchange 1M with in the above case).

Forn,m < 4, itis clearthatxlJ ! p ¢Osmce2p—3>nm

1 1 2 2
Therefore, (xp1 pz ) is not ad]acent to (xp1 xgz ), which
implies that there is no cycle connecting (x1 ,xzz) forn,m < 4.
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Hence, the girth does not exist in this case.

Forn =1, itis clear from the definition of the tensor product that
there is no vertex adjacent to the vertex (%1, x¥). Hence, the result
follows.

2.5. Example: Consider the graph I'(VSys) & I'(VSy10) - Then,
from the above results, A(I'(VSys) @ I'(VSy10)) =24 ,
ST (VSys) @ I'(VSu10)) =1 , diam(I'(VSys) ®
T'(VSpm10)) = 4, and girth(F(VSys) @ I'(VSy10)) = 3. While,
the graph T'(VSy7;) @ '(VSya) has AT (VSy7;) ®
rvsys)) =12, ST VSu) @I'(VSua)) =1,
diam(I'(VSy7;) & I'(VSys)) =5, and girth(I'(VSy,;) ®
r'(VSys)) = 4.

The following definition apeared in Al Subaiei and Akwu (2020).

2.6. Definition: For a postive integer n , the set m(n) =
{p1, P2, ..., Dx} is the set of consecutive prime numbers less or equal
to nsuch thatpy + Py > nand w*(n) = |mw(n)|. Also, for positive
integers S; where [E] < sf < nand the following is satisfied:

1.
2. ch(sf p)f) = lforallpy € w(n)
3. ged(sf,s) = 1forany palr[ 1 < Sf,Sl <n

the numbers of 57 are denoted by S* = |s¢|.

For simplicity, suppose that the graph ['(VSk,,) has *(n) and S7,
while the graph T'(VS%,,) has T*(m) and S3. It is also known from
Al Subaiei and Akwu (2020) that X (T(VSy)) = @(T(VSyy,)) =
m*(n) + S7 . By using these facts, we establish the following
theorems on the chromatic number, clique number and domination
number of [(VS},) ® ['(VSZ,,.).

2.7. Theorem: For any variation monogenic semigroup graphs
I'(VSy,) and I'(VS%,), the chromatic number of I'(VSy,) &
' (VSgm) is given as:

n*(n)+S7{, ifn<<m
X VSign) @ T(VSim)) =
n'(m)+S;, ifm<n

Proof- Suppose thatTL < m. From the definition of (1) and T(m),
we know that (x1 ,xz H-— (xptxp’l) for any pf,p; € m(n) and
P Pn € m(M). AIso, we know from the definition of the tensor
product that (x1 ) l) is neither adjacent to (x1 ,le) nor
(x ,xPr). Sincen < m,m*(n) < m*(m). Then, we can assign all
vertices that have the same flrst coordinator to the same color. For
example, all p; € m(m), (Jc1 ,le) will be in the same color.
Therefore, we need *(n) distinct colors.

Consider the vertex (xff,xgl) where pr € m(n) and p; € m(m).
Then, for any prime numbers 1, z that satisfyr € m(n) orz € m(m),
it is clear that the vertices (xl,xz) and (x},x5) where1<i<n
and1 < j < mecanbe assrgned the same color as (xp 51). If color
C; is assigned to vertex (x1 ,x2Y) where pr €Em(n) and p; €
m(m), then it is obvious that x] xlf ¢ E(T'(VSy,)) and xzzxgl &
E(F(VS,%,n)) This implies that color C; can be assigned to all vertices
(x],x3) and (xf, xZ) where 1 < i < nand 1<j<m

. . s1
Now, consider the set of vertices (x xzﬂ) (™, 2q) such that
n
SipsSie € T(n) 53y 53 € (). [2] < 537, e < n. and [2] <
521’52q <m . From the definition of 51f and 52, .+ we have
31 51e S31
(x X570 — (] ) and (1"‘2) (x; xz)
Moreover we know from the definition of the tensor product that
s Sie S
(x, v, 21) is neither adjacent with (x Zq) nor (x;*%,x,°").
Since n <m, S] < S; . Therefore, S§ needs more colors for the
. Sif 53 .
vertices (xllf, x,°). The leftover vertices (xf,x;‘), wherel < g <
nand 1 < h < m, can be assigned to one of the colors assigned to

vertices (xlslf,x;”) if gcd(g,s1f) # 1and ged(h,s3) # 1. The
vertex (X1, X, ) can be assigned to any color that has not been assigned
to (x7', x3*). Therefore, there are T*(n) + S; colors needed to color
the graph T(VSj,) @ T(VSZ,) . If m < n, by using a similar
argument, we can show that there are T*(m) + S colors needed to
color the graph T(VSk) ® T(VSZm).

2.8. Theorem: For any variation monogenic semigroup graphs
I'(VSiyyn) and T'(VS%y) . the clique number of I'(VSi,) ®
I'(VSZy) is given as:

M) +S;, ifn<m
O (VShn) ® T(VSE)) =

n'(m)+S;, ifm<n
Proof. Suppose thatn < m. From the definition of () and w(m),
we know that (xff,xgl) — (xffxph) for any ps,p; € m(n) and
P, Pn €E m(M). AIso, we know from the definition of the tensor
product that (x}”,x5") is neither adjacent to (x7*,x%) nor
(x ,xPr) . As t*(n) < m*(m) shows, there are m*(n) different
Vertlces that are ad]acent to each other. Next, consider the set of vertices
(x x2”) (xsle Zq) such thatmslf, Sie € T(N) , S31,55q €
n(m), [ ] < sifS{e <7, and [ ] < szz,szq <m. From the
definition ofSl and Sz,we know that (x xZZZ) - (xsle qu) and
(x1 , x5 (x xZZl) where py € m(n) and p; € m(m). Since
S{ £ S, there are more S7 vertices in the clique.
Suppose that p; and p, are the least prime numbers in (n) and
m(m), respectively. Consider the vertices (xf, xzz),where 1<k<
py and 1<z <p,. The vertex (x¥,x%) is not adjacent to
(xf ’) since k + p1 < mnandk + p, < m. Moreover, (x§, x%)

is not adjacent to (xl 2l) sincek + s7f <nandk + 53, <m.
Therefore, the clique number is T*(n) + S; whenm < n, and by
using a similar argument, we can show that T*(m) + 53 is the clique
number.

Using the knowledge of relatively prime numbers to study the

structure of tensor product graphs of the variation monogenic
semigroup, as well as observing Theorem 2.7 and Theorem 2.8, since

XTI (VSign) @ I'(VSizn)) = 0(I'(VSipn) ® I'(VSigm))
n*'n)+S;, ifn<m

n'(m)+S;, ifm<n

we discover that the graph ['(VSi,) ® [(VSg,,) preserves the

perfectness property, as stated in the next lemma.
2.9. Lemma: The graph I'(V Sjy,,) @ I'(VS,y) is a perfect graph.

The tensor product graph of the monogenic semigroup I'(Siy,) ®
T(S4y) of Akgunes er al (2014) proved that X(I"(S,%,,n) ®

I(Sim)) = Min (x(r(s}v,)),x(r(sﬁ))). This result is also
true for the tensor product graph of the’ variation monogenic
semigroup, which can be deduced from Theorem 2.7. So,
X(PVSk) ® T(VSEm)) = Min(X (C(VSH)), X T VSE))):

From Akgunes er a/ (2014), the domination number of the tensor
product of the graph of the monogenic semigroup is 3. However, the
domination number of the tensor product of the variation monogenic

semigroup graph cannot possibly be 3, as shown below and from
Theorem 2.11 in Al Subaiei and Akwu (2020).
2.10. Theorem: For any variation monogenic semigroup graphs
I'(VSy,) and T'(VS%,,), the domination number of I'(VSi,) &
' (VSim) is given as:
YOV Sin) @ T(VSiim))
_[2r@VSy))YT(VSim)), nor mprime
y(TWSLE))y(T(VSE,)),  Otherwise

Akwu, A.D. and Al Subaiei, B. (2021). The tensor product of zero-divisor graphs of variation monogenic semigroups. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 22(2), 61—4. DOI:
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Proof. According to Al Subaiei and Akwu (2020), the domination

number of any graph I'(V Sy, ) is as follows:

® Ifnisprime, then fromy (F(VSy,)) = 1sayx™

e Ifnis not prime and M — p does not contain a prime number t such that
gecd(n, t) # 1,where p isthe highest prime number less or equal to 7. Then,
we need one more vertex, say XP , such that y(I'(VSy,)) =2 =
[{x™, xP}|.

® Ifn — p contains a prime number t such that gcd(n,t) # landp +t <
n, then we need the additional vertex xr,p <r<nsuchthatr +t >n
and gcd(r,t) = 1.Therefore, y(I'(VSyy,)) = 3 = [{x™, x7,xP}|.

® Ifn — p contains t and g where t is a prime number and ¢ = 0 (mod t)
such that gcd(n,t) # 1,p +t <nand p + q < n. Also, for 1, where
p<r<n,gcd(r,t)=1,and r +t >n but gcd(r,q) # 1. Also,
since gcd(n, t) # 1, we have gcd(q,n) # 1. Therefore, we need vertex
x°, p<s<n such that s+q>n and gcd(s,q) =1 . Then,
YT (VSun)) = 4 = [{x",x7, x%,xP}|.

Now, from the above, lety (I'(VSk,,)) = k and ]/(F(VS,ZV,m)) =1L

Next, we split the problem into the following two cases:

Case 1: When 1 and m are both prime or when 1. or m is prime.

Ifnis prime and m is not or n and m are both prime, let D represent
the domination number and construct (k + 1) X [ Latin square,
where k + 1 = {x™ x"1}. Also, if m is prime and n is not,
construct k X (I + 1) Latin square, where [ + 1 = {x™, x™1}.
Then, the Latin square (k+1)xI1 or kx(l+1) gives
2y(CVSy )y (T (VSE,)) . Al vertices of T'(VSi,) ®
T(WVSZm)\2Y (T (VSin))y (T(VSE.m)) are adjacent to at least one
vertex in 2y (T(VSy )Y (T(VSZ,,)) . Therefore, we have D =
ZV(F(VS,\l,,n))}/(F(VS,\Z,,m)), which is the desired result.

Case 2: When both n and m are not prime.

Construct Latin square k X [ where k takes care of n number of rows
and [ takes care of m number of columns. Hence, the Latin square
k x 1 gives ygr(VS},m))y(]I;(VSﬁ,m)), which is the domination
number of T(VSy,) ® I'(VSZ,,) whenever nandm are not
prime, since all vertices in T(VSyn) @ T(VSZ)\
Y(CWVSi )y (L(VSm)) are adjacent to at least one vertex in
YOV Sin))Y TV Sim))-

2.11. Example: Consider the graph I'(VSy10) @ I'(VSyo) . Then,
X (T (VSy10) @ T(VSyo)) =4, y(I' (VSm10) & I'(VSuo)) =
6, and w(I'(VSy10) @ I'(VSyo)) =4 . While the graph
F'(VSug) @ I'(VSue) has X' (VSus) @ I'(VSye)) =3
Y(I'(VSue) @ I'(VSye)) = 4 and w(I'(VSyg) @ I'(VSue)) =
3.

Lastly, we draw our conclusion with the following remark.

2.12. Remark: The tensor product graph I'(VSk,) ® F'(VS%,)
can be viewed as a coprime graph. By Equation (*) and definition of
r(Vsi,) ® I(VS%,), we have that any pair of vertices in
r(Vsi,) ® r(vs%,,) are adjacent if and only if their labels are

relatively prime.
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ABSTRACT
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In this research, nanocomposites consisting of a mixture of linear low-density
polyethylene polymer (LLDPE) and zinc oxide nanoparticles (ZnO-NPs) were
prepared. The films of the composite material were formed with five weight
ratios (0.25, 0.5, 1, 2.5, and 5wt%) in addition to pure LLDPE, intended to
investigate the role of nanomaterials in improving the performance of some
properties of LLDPE polymer such as increasing the shelf life of food products
and protecting the consumer from pathogenic germs in food packaging
applications. The efficacy was evaluated against pathogenic bacteria,
Escherichia coli and Staphylococcus aureus, through the standard "ISO
22196". The test results confirm that the nanocomposite films containing
0.5wt% or more of nano-zinc oxide have bacteriostatic activity. This activity
increases with the increase of ZnO-NPs in the LLDPE polymeric phase, and the
highest antibacterial effect was in the nanocomposite films of S5wt%. It was
found that gram-positive bacteria were more sensitive to ZnO-NPs than gram-
negative bacteria and that these nanocomposite films can provide a safe way
to preserve food without the need for food processing.
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ABSTRACT

Human bocavirus (HBoV) is a parvovirus identified mostly in children under the age of two who have a respiratory illness. The goal of this study was to use
molecular and serological techniques to investigate the prevalence of HBoV as well as the clinical characteristics of Iraqi children with respiratory tract
infections (RTls). The study included 91 children ranging in age from 1—36 months. Nasopharyngeal/throat swab samples were collected, processed and tested
for HBoV DNA detection by Polymerase Chain Reaction. In addition, Enzyme Linked Immunosorbent Assay (ELISA) was used to detect HBoV infection
indirectly by measuring HBoV-IgM antibodies in serum. HBoV was found in 9.9% and 16.5% of samples, respectively, using the PCR and ELISA techniques. The
ELISA test demonstrated a sensitivity, specificity, and positive predictive value of 90.2%, 77.8% and 97.4%, respectively, when compared to PCR. HBoV
infection was associated with clinical symptoms such as vomiting and asthma (P<0.05). The PCR technique was effective in detecting persistent HBoV
infections in hospitalised children; however, combining it with an ELISA test improved the accuracy of diagnosing acute HBoV infections (rather than

bystander/passenger RTls) by assessing specific IgM antibodies in serum.
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1. Introduction

Respiratory infections are the most common causes of death
worldwide. Using sensitive viral detection methods, new viruses
that could play a role in respiratory infection are being found at an
increasing rate (Martin er a/, 2010). In 2005, Tobias Allander and
his colleagues in Sweden detected an unknown virus belonging to
Parvoviridae in children with respiratory tract diseases. The name
"Human Bocavirus (HBoV)" was given to the virus (Zaghloul,
2011). HBoV is a single-stranded DNA virus that belongs to
Parvoviridae (Parvovirinae subfamily) and Bocavirusgenus. It is
tiny, icosahedral, and non-enveloped. It is categorised into four
main species, HBoV1 through 4 (Bhat and Almajhdi, 2021).

The size of HBoV genome is around 5.3 kb and has three open
reading frames (ORFs) that encode NS1 and NP1 non-structural
and VP1 and VP2 structural proteins (Watanabe er a/, 2018).
HBoV1 was originally discovered in children who had respiratory
infections, but HBoV-2 to HBoV-4 are mostly detected in feces and
only rarely in the respiratory tract (Kantola er a/, 2011; Broccoloa
er al, 2015; Watanabe er a/, 2018). However, because HBoV is
frequently associated with other agents and Koch’s modified
postulates are inapplicable, there is debate about HBoV's true role
as a respiratory and gastrointestinal pathogen (Chuang et al,
2011, Watanabe er a/, 2018; Bhat and Almajhdi, 2021).

The virus has been found in children with RTls around the world,
showing that it is prevalent (Sloots er al, 2006; Chuang er al,
2011). The total prevalence of HBoV is reported to be 6.3%, with
an average ranging from 1.0% to 56.8% worldwide (Guido er a/,
2016). Pneumonia, bronchitis, and bronchiolitis are the most
prevalent HBoV symptoms (Lau er al, 2007). There have been
numerous life-threatening reported cases of respiratory HBoV1
infections (Ziemele er a/, 2019).

Traditional PCR, real-time PCR, ELISA, recombinant capsid
proteins (VP2) or virus-like particle (VLP) based immunoassay are

currently used to detect HBoV.In addition, Sequence-Independent,
Single-Primer Amplification (SISPA) techniques in combination
with Next Generation Sequencing (NGS) will be applied in future
for rapid and simultaneous detection of pathogen sequences
(Haoer al, 2015; Guidoer a/, 2016). Until now, there have been no
cell lines and animal models available for Bocavirus isolation,
therefore, the mechanisms of latency, persistence, and reinfection
are currently unknown (Bhat and Almajhdi, 2021).

HBoV has been detected in nasal, blood, saliva, feces, urine and
environmental samples (i.e. river water and sewage), which has
raised worries about its existence in transfusion therapy
(Zaghloul, 2011; Guido er a/, 2016; Mohammad er a/, 2019). The
goal of this study was to see if there were any associations
between HBoV detection at the molecular and serological levels in
Iragi children with respiratory infections and clinical
characteristics.

2. Material and Methods

2.1. Specimen Collection:

Samples were collected from 91 children under the age of five
with respiratory infections who were admitted to paediatric
hospitals (Al-lmammain Al-Kadhimain Teaching Hospital, Al
Kadhimiya Pediatric Hospital, and Central Teaching Hospital of
Pediatrics)in Baghdad, Iraq, from January to April 2017. This study
was authorised by the Institute Review Board at Al-Nahrain
College of Medicine, and the children’s parents or guardians gave
their informed consent. An attending physician examined all the
patients. Three-millilitre universal transport media with
nasopharyngeal/throat swabs (Cat.#: 80346C & 80503CS, Copan
Diagnostic, Italy) were used. The samples were kept at -80°C.
Furthermore, leftover blood from the chemistry laboratory was
collected and serum was separated at 3000 rpm for 20 min and
stored at -20°C until it was used.
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2.2. DNA Extraction:

Following the manufacturer's instructions, DNA samples were
extracted using DNA/RNA prep kits from Sacace Biotec. The
concentration and purity of DNA were measured using BioDrop.
The extract was kept at -20°C until it was used.

2.3. Polymerase Chain Reaction (PCR):

The lyophilised primers 188F (5'-GAGCTCTGTAAGTACTATTAC-3')
and 542R (5"-CTCTGTGTTGACTGAATACAG-3") (Kaplan er af, 2006)
that target the non-structural protein-1 gene (NP-1, which is more
conserved than the VP1/2 gene, yielding a 354 bp amplicon) were
generated per the manufacturer's directions (Alpha DNA, Canada).
The PCR reaction mixture included the following: 12.5 pl of GoTaq
(R) Green Master Mix (Promega, USA), 2 pl of each forward and
reverse primer, 3 pl of DNA extract, and nuclease-free water
(Promega, USA), bringing the total volume to 25 pl. In PCR Thermal
Cycler (Eppendorf, Germany), the following program was utilised:
initial denaturation at 95°C for 5 min, then 35 cycles of
denaturation, annealing and extension at 94°C for 1 min, 59°C for 1
min, and 72°C for 2 min, respectively, followed by a final extension
at 72°C for 10 min. To confirm amplification, agarose
electrophoresis on gel (1%) (Promega, USA) with ethidium bromide
(0.5 mg/ml) (Promega, USA) in 1xTBE buffer (Promega, USA) using a
100-bp DNA marker (Promega, USA) was done. The PCR products
consisted of one band of 354 bp. To monitor assay performance,
positive (HBoV-positive samples) and negative (nuclease-free water)
controls were included in all runs (Figure 1).

2.4. DNA Sequencing:

For confirmation, one HBoV amplicon was chosen for Sanger
sequencing. The sequencing done by Macrogen Inc. The observed
DNA sequences were then compared to the retrieved HBoV DNA
sequences (GenBank acc. MF314144.1) on the NCBI. The local
isolate sequences were deposited at GenBank under the
acc.MH591416 (HBoV-1/Baghdad-82/Iraq/2018).

2.5. Serology:

Ninety-one serum samples were analysed, according to the
manufacturer's directions, for HBoV IgM antibodies using ELISA
(Glory Science Co., Ltd, China). Antibodies specific to Bocavirus-IgM
were coated on the Sandwich-ELISA microtiter plate. To prepare the
sample, serum was diluted 5-fold with 40l of sample diluents from
the kit and 10Ul of the serum samples to sample wells and,
thereafter, incubated for 30 min at 37°C. After that, the wells were
washed five times and a Horseradish Peroxidase (HRP), labelled
anti-Bocavirus-IgM, was added to each well (except the blank well)
and incubated for 30 min at 37°C to bind them to the HBoV IgM.
Free components were washed five times. All wells had chromogen
A and B added to them, and they were incubated in the dark for 15
min at 37°C. After the addition of the stop solution, the optical
density (OD) of each well was determined at a wavelength of 450
nm and interpreted as positive or negative when compared to the
cut-off value.

2.6. Statistical Analysis:

Based on PCR as the gold standard method, the validity and
predictability of ELISA (sensitivity, specificity, positive predictive
value (PPV) and negative predictive values (NPV)) were evaluated
by Chi-Square (X?). Also, X’tests were used to determine the
association between the presence of HBoV infection, clinical data
and demographic data. Statistical significance was defined as a P
value of <0.05.

3. Result

3.1. Frequency of HBoV:

This cross-sectional study included 91 children. Their mean age (6.87
+ 6.38 SD) ranged from 1-36 months, with 38 (41.8%) females and
53 (58.2%) males. A combination of HBoV-DNA detection by PCR
and/or HBoV-IgM detection by ELISA resulted in a total HBoV
detection in 17 (18.7%) of 91 patients (Table 1). Only nine of 91
patients (9.9%) tested positive for HBoV-DNA, and only two of them
were not identified by ELISA. However, 15 of 91 patients (16.5%)
tested positive for anti HBoV IgM and seven of them were confirmed
by PCR. Based on PCR, the sensitivity, specificity, PPV and NPV were
calculated to compare PCR and ELISA. According to the findings of this
study, the sensitivity of ELISA was 90.2% and the specificity was
77.8%, with a likelihood ratio of 19.49 (Table 2).

3.2. Demographic Data and Clinical Characteristics:

The age distribution revealed that 88.9% of HBoV-DNA-positive
samples and 86.7% of HBoV-IgM-positive samples came from
children aged 1 to 12 months (£=0.007) and (2=0.075), respectively.
Fever, cough, dyspnea, cyanosis, vomiting, pneumonia, bronchiolitis,
asthma, weight loss, pertussis and wheezing are common clinical
symptoms in this age group (Table 1).

There was no statistical significance between HBoV DNA and/or
IgM status and the sex or mean age (>0.05). Furthermore, although
not statistically significant, HBoV infections were found in 15.8% of
children with pneumonia and 22.2% of children with bronchiolitis.
Clinical symptoms of HBoV infection such as fever, cough, dyspnea,
cyanosis and weight loss were not significant (2-0.05). However,
clinical symptoms such as vomiting (2-0.028) and asthma
(P=0.002) were statistically significant (/<0.05) (Table 3).

Table (1): Study population and HBoV infection in comparison with age groups.

Age Group
Characteristics T—12m | 13-24m | 25-36m | P-value
No. (%) No. (%) No. (%)
Demographics
(me:\fg'g;fgg‘; o) 82(90.1) | 8(8.8) 1(11) | 0.000%
o [ Female (n=38,418%) T(Z6) 3(79) [ 34(895)
[ Male (=5358.2%) 0(00) 594) [ 48(006) | 0483
Clinical Signs and Symptoms
Fever (n=77) 70(909) | 6(78) T3) | 0675
Cough ("=72) 64(889) | 7(07) T(14) 0.719
Dyspnea (n=44) 27055) [ 2(45) 0(00) | 0228
Cyanosis (n=5) 5(700) 0(0.0) 0(0.0) 0.748
Vomiting (n=12) 9(75) 2(16.7) 1(8.3) 0.019%
Pneumonia (n=38) 35(92.7) 3(79) 0(0.0) 0.668
Bronchiolits (n=0) 5(700) 000) 0(00) | 0578
Asthma (n=6) 5(833) | T(176) 0(00) 0.757
Weight Toss (n=13) 12023) | 1(7.7) 0(0.0) 0.007
Pertussis (n=5) 5(100) 0(0.0) 0(0.0) 0.748
Wheezing (n=17) 16041 | 1(9) 0(00) 0.791
Viral Infection
HBoV-DNA (n=9,9.9%) +“,’§ 784(?936?2’) g Eg:g; 10((101_ 61)) 0.007*
HBoV-IgM-Ab (n=15, 16.5%) e e Egg:g ; Eg; : Eg:g 0075
HBoV DNA&/or IgM (n=17, 18.7%) *\‘/’ee ;3 Egg:;; ; gg; (1) Eg:gg 0.102
Table (2): ELISA sensitivity and specificity confirmed by PCR.
PCR (n=07)
Category | HBoV-DNA+veNo. | oV- -ve No. NTO?VL)
(%) (%) >
— HBoV-IgM +ve 777.8) 3(9.8) T5(16.5)
~o1) HBoV-IgM ve 70222) 73(90.2) 76(835)
Total No. (%) 599) BZ(90.1) 57 (100)
Statistics P<0.001
ensitivity 90.2%
Specificity 778 %
PPV 97.4%
NPV 477 %
Likelihood Ratio (LR) 19.499

Al-Shuwaikh, A.M. (2021). Human bocavirus in children with respiratory tractinfection: Molecular and serological detection. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 22(2), 71-5. DOI:
10.37575/b/med/210054




73

Table (3): Demographics, clinical signs and symptoms with regard to HBoV status.

Characteristics | N (%'_;BDV DNlA &/or Ig—’\\:‘e e P-value
Demographics
Age (mean + SD) months (2769396??;) (249(15;5352%) 0.875
Female (n=38) 8(21.1) 30(78.9)
Sex I Male (0=53) 9(17) 74 (83) 0623
Clinical signs and symptoms|

Fever (n=77) T4 (18.2) 53 @18) 0774

Cough (n=72) 15(20.8) 57(79.2) 0.305

Dyspnea (n=44) 8(18.2) 36 (81.8) 0.906

Cyanosis (n=5) 0(00) 57100 0.270

Vomiting (n=12) SET7) 77583) 0.028

Pneumonia (n=38) 6(15.8) 32(84.2) 0.549

Bronchiolitis (n=9) 2(222) 7 (77.8) 0.774

Asthma (n=6) 7667 70(333) 0.0027

Weight Toss (n=13) 3(23) T0(76.9) 0.661
Pertussis (n=5) T(20.0) 7(80) 0938 |

Wheezing (n=17) T(G9) 16 (94.7) 0133

Figure 1: HBoV amplicon electrophoresis. Lane 1 represents a DNA marker, lane 2 represents a
positive control and lane 3 represents a negative control. Negative samples in lanes 4,5, 8, 10, 12
and 13, and positive samples in lanes 6, 7,9 and 11.

3.3. HBoV1 DNA Sequencing:

HBoV genomic sequences were highlighted in (Table 4). The
amplified sequence was extended from 2340 to 2693 of the NCBI
reference DNA sequence (GenBank acc. no. MF314144.1). The grey
regions refer to forward and reverse primers. The alignment of the
sequenced sample showed the absence of any mutation in the
analysed specimen when compared to the referring HBoV
sequences (Figure 2). Local isolate sequences were deposited at
GenBank (acc. MH591416).

The NP1 amino acid sequence that was included within the 354 bp

amplicon is:
[MSSGNMKDKHRSYKRKGSPERGERKRHWQTTHHRSRSRS
PIRHSGERGSGSYHQEHPISHLSSCTASKTSDQVMKTRESTSG

KKDNRTNPYTVFSQHR]
Table (4): The PCR amplicon within the HBoV genomic locus.
Ampl Referring locus sequences (5—3")* Len
icon gth

GAGCTCTGTAAGTACTATTACTTTCTTTAACACTTGGCACGCACAGCCACGTGACGAAGATG
AGCTCAGGGAATATGAAAGACAAGCATCGCTCCTACAAAAGAAAAGGGAGTCCAGAAAGA
GGGGAGAGGAAGAGACACTGGCAGACAACTCATCACAGGAGCAGGAGCCGCAGCCCGAT 354
CCGACACAGTGGGGAGAGAGGCTCGGGCTCATATCATCAGGAACACCCAATCAGCCACCT bp
ATCGTCTTGCACTGCTTCGAAGACCTCAGACCAAGTGATGAAGACGAGGGAGAGTACATCGGGG
AAAAAAGACAATAGAACAAATCCATACACTGTATTCAGTCAACACAGAG

HBoV

*The reverse primer was placed in a reverse complement mode.

Figure 2. DNA sequences alignment of the observed local viral seq with its corresp

S
reference sequences of the 354 bp amplicon within the HBoV-DNA sequences. The symbol “ref”
refers to the NCBI referring sequence.

10 20 30 a0 S0 & 70 80 50 100
B B B B P O P DU POUTY POV EUuy DUSey PRPY Ory PUPRY DUPRY Py PUTRy Fovey |

referring viral seq
native wical seq.

130 140 150 160 170 180 150 200

rafarcing viral saq
native viral seq.

210 220 230 240

referring viral seq.
ve ViRl $84.

310 320 330 340 asa
B B T O Py POUUY POTRy POy

referring viral seq
native wiral seq.

4. Discussion

In this study, only nine cases (9.9%) of children with respiratory
illnesses tested positive for HBoV-DNA infection (Table 1). This
result was predicted by considering the prevalence of HBoV in
respiratory samples. The prevalence of HBoV infection varies from
2.7-19%, with the majority occurring in children under the age of
two (Lindner and Modrow, 2008; Ziemele et a/, 2019). In addition,
HBoV DNA was 56.8%, 19%, 18.3%, 7.6%, 5%; 2.3% and 1.9%, in
Egypt, Finland, Jordan, Iran, Taiwan, Turkey and Kuwait, respectively
(Kaplan er al, 2006; Allander er af, 2007; Chuang er al, 2011; Guido
et al, 2016), depending on the study design, laboratory technology,
patient age and symptoms (upper or lower RTI) (Kantola ez a/, 2008;
Chuang er al, 2011; Gu et a/, 2017). However, the low prevalence in
our findings may be due to the small samples size used, which was
limited to one region of Iraq and one winter season. Although HBoV
infections have been found primarily in winter (January and
February) (Guido er a/, 2016; Mohammad er al, 2019), a rise in
infections has been observed in the spring and summer (Lindner
and Modrow, 2008; Calvo et a/, 2010).

When molecular and serological techniques were compared (Table
2), eight (9.8%) patients had HBoV-IgM-positive but PCR-negative
results. This discrepancy could be due to blood being taken after
viral nucleic acid was eliminated from the respiratory tract, or due to
hospitalised patients requiring more time before testing (Al-
Shuwaikh er a/, 2018). Furthermore, depending on assay sensitivity,
the samples could have low HBoV loads (Allander er af, 2007).
Serology antigens are based on HBoV (Broccoloa er al, 2015), and
several studies have shown that despite there being no cross
reactivity between the two human parvovirus's antibodies (i.e.
HBoV and Parvovirus B19 antibodies) (Endo er a/, 2007; Kantola er
al, 2008; Malecki er al, 2011), HBoV2—4 co-circulation may
influence HBoV serological tests (Kantola er a/, 2011; Haoer al,
2015; Ziemele er al, 2019). The unavailability of monospecific
HBoV antibodies is one of the key obstacles in understanding the
epidemiology of HBoV (Hustedt er al, 2012). Serology, on the other
hand, is critical because viremia can only be detected during active
infection (Broccoloa er a/, 2015). Lindner er a/. (2008) stated that
their ELISA had high sensitivity and specificity with a PPV of 97% in
wheezing children. In agreement with our findings, Zaghloul (2011)
mentioned that PCR and ELISA were used to detect the presence of
HBoV and both tests were extremely sensitive and specific.
According to one study, serologic analysis or serum PCR are required
for an accurate HBoV diagnosis, whereas PCR of nasopharyngeal
aspirates alone is insufficient (Séderlund-Venermo eral, 2009).

HBoV infections in the airways are systemic and cause humoral
immune responses (Allander er a/, 2007; Kantola ez a/, 2008; Ziemele
eral,2019). Humans are infected with HBoV2—4 less frequently than
HBoV1 and have weaker B-cell responses (Kantola er a/, 2011). IgG
seropositivity increased with age (Endo er al, 2007; Malecki er al,
2011), reaching up to 95% in adults (Moesker eral, 2015). As a result,
discrepancies in results may also be related to variances in the age
groups studied in different studies (Hao er a/, 2015). Our findings
show that two children had HBoV-positive PCR results but no HBoV-
IgM Ab (Table 2), this could be explained by the fact that a low viral
load does not always indicate acute primary infection, which is
consistent with previous findings (Séderlund-Venermo er al, 2009).
Furthermore, HBoV is a common virus that can cause persistent
infections (without viremia) in the respiratory tract mucosa (Broccoloa
et al, 2015). HBoV is also commonly transmitted among children in
day care or within families, which makes it easy for airways to be
contaminated (Kantola er a/, 2008). As a result, interpreting PCR
results in a clinical setting can be as difficult as interpreting serological
testing.
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According to the findings of this study, there is no statistically
significant corelation between HBoV DNA and/or IgM status and the
sex or mean age of the patient, which is similar to the findings of
Mohammad er a/. (2019) (Table 3). The majority of the children aged
(1-12m) had HBoV-DNA-positive (88.9%, 2=0.007) and HBoV-IgM-
positive results (86.7%, 2=0.075), but there was no clear link between
HBoV infection and clinical symptoms except for those of vomiting
(P=0.019) (Table 1) and asthma (~=0.002) (Table 3). The fact that
many viruses exhibit clinical symptoms that are similar (Calvo er al,
2010; Malecki er al, 2011; Ziemele er al, 2019) makes it unclear
whether the symptoms were caused by the other viruses. Our findings
revealed that four out of six (66.7%) asthmatic children were infected
with HBoV (a significant corelation) (Table 3). However, viral
infections in airways are present in a wide range of asthma patients
during exacerbations (Costa et af, 2014), with rhinovirus (RhV),
respiratory syncytial virus (RSV) and HBoV being the most commonly
found (Mandelcwajg er af, 2010). Also, a significant relation was
found between HBoV infection and vomiting. This may be due to
respiratory viruses in infants frequently being associated with
gastrointestinal manifestations. In addition, according to one study, up
to 18% of hospitalised children with pneumonia tested HBoV positive
(Kaplan er al, 2006). HBoV has been shown in other studies to infect
the lower respiratory tract, including the bronchioles (Séderlund-
Venermo er al, 2009; Calvo er al, 2015; Guido er al, 2016;
Mohammad er a/, 2019). According to several studies, 6.6% and 40%
of hospitalised HBoV- infected patients, require an intensive care unit
stay and oxygen therapy, respectively (Arnold er al, 2006; Chow er al,
2008; Chow er al, 2009).

Our results showed that one out five(20%)of patients had HBoV co-
infection with Pertussis (Table 3). Patients with HBoV have a
significant rate (83%) of co-infection (Bhat and Almajhdi, 2021).
Infants and young children have immature immune systems (Ali er
al, 2019), therefore, infections with more than six pathogens in a
single patient requires hospitalisation. HBoV tends to be associated
with other respiratory viruses and bacteria, e.g. RSV, human RhV,
adenovirus, metapneumovirus and Streprococcus spp (Lindner and
Modrow, 2008, Malecki er a/, 2011; Mohammad er a/ 2019).
However, Moeskerer a/. (2015) found that in children, a single HBoV
infection could induce severe acute respiratory infection (SARI) even
in the absence of other viral and bacterial infections. In addition, a
high viral load (>10* copies/ml) has been linked to more severe
clinical symptoms and extended hospitalisation times (Broccoloa er
al, 2015; Guido er al, 2016). However, this study cannot exclude
other viral and bacterial co-infections. Importantly, the samples had
previously been tested for RSV-RNA, which was found in 44% of the
cases (data not shown). Rasheed ez a/ (2019) reported that 71% of
children (<5 years) with lower RTI had such a viral infection,
whether solitary or mixed, and two out of six HBoV-positive children
had co-infection (HBoV and RhV).

Mutation and recombination events cause genetic variations in
HBoVs (Broccoloa er al, 2015). Based on the NP1 gene, sequenced
HBoV local isolates(HBOV/Baghdad/82/2017) (GenBank acc.
MH591416) have been identified with high sequence homology
with the reference isolate (HBoV/ACRI_0111/USA/2016) (GenBank
acc. MF314144.1) in Table 4 and Figure 2, indicating that HBoV is
distributed worldwide. The non-structural genes were present,
conserved regions of the viral genome. Further studies on the genes
encoding the capsid proteins are needed since they showed the
most variation, especially at its 3 end (Lindner and Modrow, 2008;
Mohammad eral, 2019).

5. Conclusion

This study has demonstrated the prevalence of HBoV in hospitalised
children with RTls in Baghdad, Iraq. The occurrence of HBoV was
not statistically associated with clinical manifestations such as fever,
cough, dyspnea, cyanosis, weight loss, pneumonia and bronchiolitis.
However, a significant association was found in HBoV infection with
vomiting and asthma. The PCR technique was more sensitive and
specific than ELISA for the diagnosis of HBoV. ELISA, however, was a
reliable serologic technique for detecting acute HBoV infections by
measuring IgM antibodies in serum.
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ABSTRACT

Surface plasmon resonance (SPR) is a highly sensitive method for monitoring changes in the optical characteristics that are near the sensor surface. It can be
stimulated by an evanescent field that comes from the total internal reflection of the backside of the sensor surface in the Otto setup. In this setup, SPR can be
used to build a simulation model at different thicknesses of titanium oxide (TiO2) (dTiO2 = 50 nm) and silver (Ag) (dAg = 10—80 nm) layers, which are deposited
on the semicircular glass prism D-ZLAF50 by using water as a sensing medium. The surface plasmon resonance angle (OsPR) properties were calculated; SPR
was not observed in the ultraviolet region (300 nm) or in the infrared region at 800 nm, but appeared strongly in the visible region at 600 and 700 nm and in the
infrared region (900 and 1000 nm). The best sensitivity (S = 140) can be observed in the visible region, where the values of SPR dip length (Ld) and full-width
half maximum (FWHM) are very good at silver layer thicknesses 40—60 nm; therefore, the proposed sensor can be used in the visible and infrared regions at the
wavelengths 600, 700, 900, and 1000 nm.
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1. Introduction

Surface plasmon resonance (SPR) is considered an optical
phenomenon that is caused by free electron oscillation at the
interface between a metallic surface and an insulating layer, where
the incident electromagnetic wave's wavelengths coincide with the
wavelengths of the surface electrons under p-polarization light
(Reather, 1980). When the incident light has a transverse magnetic
(TM) polarization (p-polarization) at a given angle on the film metal,
the momentum of the incident light equals that of the plasmon, and
then resonance occurs; this is known as surface plasmon resonance .
Here, the SPR angle is considered the precise angle at which the
resonance occurs and the reflected light is damped (Liedberg er al,
1983). Due to their appealing qualities of estimating and exacting the
sensing and providing a fast response, real-time detection, and
effective label-free lighting control capabilities, SPR sensors have
been extensively explored (Nguyen er al, 2015).

Surface plasmon resonance has typically been used to test bio-
sensitivity on noble metallic surfaces such as gold and silver. These
minerals (or metals) show a few benefits over other types of minerals,
as SPR bands are visible and near-infrared frequencies, their surface
chemistry is well-defined and easy to manipulate, and films can be
made by using several deposition processes (Homola er af, 1999).
The most well-known application of SPR is in bio-sensitivity, where
biomolecule attachment causes a minor change in the refractive
index of the insulated medium near the interface that can be detected
by a change in the reflection of the metal surface (Hoa er a/, 2007).
The resonance angle changes according to the concentration of the
target analysis when biomolecules cling to a metal surface (Liedberg
er al, 1983). SPR biosensors have been widely used in various
analytical research domains due to their advantages, such as their
sensitivity, quantitative response, and quick and label-free detection
(Shankaran et al, 2007). SPRs dissipate their electromagnetic waves
through the metallic layer interaction. Electromagnetic wave loss can
be due to the free electron scattering in the plasmonic layer and

optical absorption throughout the electronic inter-band transitions.
The sensitivity of SPR measurement varies significantly according to
the type of the dielectric (liquid or gas) and the type of configuration
(prism, optical fibre, and diffraction grating) (Yang er a/, 2018).

Several researchers have studied the SPR sensor system and worked
on designing SPR systems that are used as sensors to detect any
change in the optical properties of the media under the study.

One of the most important of these studies is Fontana's (2006)
Mathcad software that was used to determine the optimum thickness
of the deposited layers (Au, Ag, Al, and Cu films) on BK7 glass as the
coupling prism material for the maximum SPR sensitivity based on
the incident light's wavelength. Another important study by Wu eral.
(2010) confirmed that the SPR biosensor based on the graphene
deposition on gold was more sensitive than the classic SPR thin gold
biosensor. The greater absorption of biomolecules onto graphene
accounts for its higher sensitivity. In addition, Deng er al. (2010)
simulated and designed a prism-based SPR sensor by using an Otto
configuration, in which a thin layer of gold and another layer
(dielectric SiO,) were deposited on a prism with the use of a 650 nm
laser to obtain plasmonic resonance of the layered system. A
photodetector monitors the reflected beam as a function of the angle
of incidence. The benefits of better SPR detection over traditional
detection include a sharper resonance peak and narrower half-width,
in addition to better sensitivity, contrast, and detection efficiency. In
contrast, Maharana er al. (2013) improved the electric field at the
sensing layer interface by using graphene as a dielectric overlayer on
SPR-active metal Ag.

In comparing what is known as Au and Ag arrangement, we find that
their sensor performs better. Rouf and Haque (2018) designed a
bimetallic SPR sensor from a pair of silver-gold, in addition to the use
of an air gap layer and a thin coating of an indium phosphide.
Moreover, they studied different reflectivity curves and performance
parameters, and their biosensor was able to detect 1/1000 of the RIU
variation medium for the sensing. Lin and Chen (2019) developed an
Au-Ag-TiO, graphene-based SPR biosensor, demonstrating the
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existence of biosensors with a higher sensitivity; meanwhile, the
resolution was higher than traditional biosensors. Here, the result
shows the effects of the target reflectivity at the resonance angle and
prism on the design of an Au-Ag-TiO, graphene-based SPR biosensor,
in which the biosensor with the BK7 prism has the least refractive
index (RI) among the three prisms, and it also has the least FWHM
when obtaining S = 100°/RIU. Therefore, it is thought that the
proposed genetic algorithm-based design method can be used to
improve the performance of an SPR biosensor with any multi-layer
structure (Haque er al, 2019). A high-sensitivity SPR sensor on a two-
core photonic crystal fibre can detect a low RI. Moreover, a numerical
analysis of a two-core, and very sensitive plasmonic refractive index
sensor was proposed for low refractive index detection. Akafzade er
al (2021) demonstrated a new SPR sensor made from a multi-layer
Ag/SisN,/Au  nanostructure, which performed admirably at
measuring the relative glucose concentrations in glucose/water
mixtures. According to computer simulations, the electric field on the
surface of this multi-layer sensor is up to 50% greater than on a gold
film sensor.

The system that consists of a semicircular D-ZLAF50 glass prism is
deposited on two layers, where the first is titanium oxide (TiO,) with
a thickness of 50 nm, and the second is silver (Ag), a thin film with
variable thickness from 10 nm to 80 nm. The sensing medium is
water, and the complex refractive indices of the materials approved
in the study were obtained from the database available on the
website refractiveindex.info (Polyanskiy, 2008—2020).

The current work aims to find plasmonic resonance in a wide range
of wavelengths and to determine its location in the proposed sensor
model's spectral bands by creating a simulation program. The
reflectivity of the electromagnetic waves in the range 300 nm to 1000
nm was calculated by adopting Fresnel equations and using a
proposed plasmonic resonance transfer matrix.

2. Material and Methods

Surface plasmon resonance occurs when a momentum transfer
happens between the evanescent wave that passes through a thin
metal layer and a surface plasmon excitation with the same
momentum. These waves will be generated if the incident light comes
from the side of the plasmonic material, such as glass, and has a
higher refractive index, such that at a specific angle, the optical
absorption of incidence light will increase. When this angle equals the
SPR angle of the specific material and wavelength, the plasmonic dip
height will reach the maximum (i.e. the minimum reflectivity). The
reflectivity of the plasmonic film can be normal at all angles except
for short-range SPR angles (Or), where the absorption reaches the
maximum point. The maximum absorption will occur when the
incident light's wave vector coincides with the surface plasmons'
wave vector (Bhowmik eral, 2016).

A multi-layer structure's reflectance and transmittance can be
measured by using the transfer matrix method. In contrast, the
traditional transfer matrix implies coherent light propagation, but
results in narrow oscillations in a system's observed reflectance and
transmittance spectra. These oscillations are not visible in practice
due to interference-destroying effects. As a result, interference-
destroying effects should be included to provide a practical
explanation of the optical properties of multi-layer systems.

All past attempts to alter the transfer matrix to accommodate an
incoherent intervention and partial coherence failed. The square of
an amplitude of the electric field or Fresnel coefficients are used in the
proposed methods to analyse the incoherent event. In partial
coherence, the macroscopic surface or the interface roughness

simulationis achieved by multiplying the Fresnel coefficients with the
correction factors (Bhowmik er a/, 2016).

Fresnel's Equations are used to calculate the reflectivity of the
material's multiple layers that are deposited on a given surface, where
the electric and magpnetic field amplitudes on the first boundary (E, &
H,) and the N-layer model are connected to those on the last
boundary (Ey & Hy) through the total characteristic matrix (Ouyang
etal,2016):

N

E.] _ Ey] _Mi1 My [Ey

[Hu]_ l—llMi HN]_[mZI mzz] [HN] M
i=

M, is an actual transfer matrix of the i-th layer (i = 1 to N), arranged
in sequential order between a prism and a sensing layer, and it is
calculated through the following (Shalabney and Abdulhalim, 2010):

isind;
R @
iy;sind;  cosd;
In this case, the optical phase addition caused by a single field passage
over the layer, 0,is given by the following (Bhowmik er al, 2016):

0; = (2771) n;d;cos0; 3

Where A: is the wavelength of incident light in a vacuum, n; is a
refractive index, d;is a thickness, and 8; is the incidence angle of the
i-th layer. For p-polarization, the parameter for each layer ¥, is the
following (Shalabney and Abdulhalim, 2010):

V=g ©

cos0;
Where &: the vacuum permittivity, and Uy: the permeability.

When we test several layers in thin films, it appears that the CTM
method's strength is better estimated. The electric and magnetic fields
within the i-th layer with both interfaces were related to an
interference matrix A; at that layer in Eq. (1). The total interference
matrix of the entire multi-layer structure was obtained by using M
because the electrical and magnetic fields' transverse components
appear at any interface that is free of a net charge and current. The
reflection and transmission indices (r and t) through the films may be
calculated as follows (Shalabney and Abdulhalim, 2010):
YNM11 + Vo¥YnMiz — Ma1 — YVoMy2

r= )

YNMi1 + Vo¥YnMiz + Mag + VoMy2

ny
‘= 2vo (no) ®)

YNMi1 t YoVYnMaz + Ma1 + VoMy2
From Eq. (5), the multi-layer stack's reflectance R = [r|* can be
determined to get an incident light energy pattern redistribution. As a

result, reflected field power as a function of incident angle was
converted into SPR waves. Eq. (6) may be also used to measure the
transmission across a multi-layer stack T = [t|*.

Figure 1 shows a schematic design of the proposed SPR sensor. All
metals have complex dielectric constants, and the metals with a larger
negative real fraction and smaller positive imaginary fraction have
good plasmonic effects. When electronic excitation occurs, the light
will be absorbed. Silver is chemically stable and interacts very poorly
with the atmosphere and other chemicals. It is optically transparent
in the range of UV to IR 250—900 nm, and it has a relatively large
refractive index, as well as thermal stability, hardness, chemical
inertness, a low cost, and good chemical stability (Santos eral, 2013).
A good and stable plasmon sense system can be constructed by
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depositing a thin layer of the silver on a prism (Gupta and Sharma,
2005). The response of this sensing system to the gases and liquids
can be increased by depositing an additional layer of TiO, because
the dielectric layer of titanium oxide provides many exceptional
properties. At the interface between the superoxide layer and the
sensor medium, the TiO, also increases the local electron field
strength. Any change in the refractive index of the sensing medium or
an increase in the electronic field strength causes an increase in the
shift of the SPR wavelength, which therefore results in an improved
sensitivity (Diaz-Herrera er a/, 2010).
Figure 1: Schematic diagram of the proposed SPR sensor (glass prism half-sphere).

Sensing medium (water)
Metal silver (Ag) 1 a2
Titanium oxide (TlOz) layer I d1

Prism

&—__  Reflected beam

Incident beam _/'
In the simulation steps, an electromagnetic wave with wavelengths
ranging from 300 nm to 1000 nm was adopted to find the spectrum
regions where the SPR phenomenon occurs. In this study, an Otto
configuration with a D-ZLAF50 glass half sphere prism was used. A
layer of TiO, with a constant thickness of 50 nm was deposited on the
prism, and then another layer of Ag with a different thickness (10—80
nm) was deposited, with water used as a medium for biological or
chemical sensitivity. The SPR dip must be deep enough, sharp, and in
high contrast for the sensor in order to be effective and good. A very
wide SPR dip indicates the possibility of a wider range of an incident
SPR angle, and thus it makes the sensitivity of the sensor worse. In
summary, these parameters were changed during the simulation:
(] Electromagnetic waves: wavelengths ranging from 300 nm to 1000

nm with step changes 100 nm from ultraviolet wavelength to near-
infrared wavelength.

®  The amount of change in the refractive index of the external sensing
medium in contact with the sensor:(An=0,0.02, 0.05, and 0.1).

®  Dielectric (TiO,) layer thickness constant dr;o, = 50 nm.

®  Silver layer thickness: (10-80) nm with step changes 10 nm.

An important note is that as the incident wavelengths change, the

refractive indices of the system materials ((prism D-ZLAF50) glass,

dielectric (TiO2), silver, and water) will change. The simulation

program was performed by developing Yamamoto's algorithms in

‘Surface Plasmon Resonance (SPR) Theory’ (Yamamoto, 2002).

3. Results and Discussion

The optimum film thickness of the metal-based SPR sensor has the
SPR reflectivity curve produced by a sensor structure that shows the
maximum possible loss in the reflectivity. It also produces the
narrowest possible FWHM of the SPR dip, with the length of the SPR
dip close to one. Figure 2 shows the reflectivity curves for the TiO, 50
nm thickness layer, and Ag of thickness varying from 10 nm to 80 nm
with steps 10 nm. Itis identified by the angle of the surface plasmon
resonance (BSPR). The angle of the incidence at which the minimum
reflection occurs corresponds to the maximum energy loss due to the
excitation of the surface plasmon. The characteristics of the
reflectivity curves and the occurrence of SPRs can be summarized as
follows:
®  Byusingasilver thickness of 10 nm and 20 nm, there are no instances
of SPR that can be used in the sensing process. For 30 nm thickness,
the SPR states began to appear at the wavelengths of 600 nm, the state
of SPR improved at the wavelength of 700 nm, the state of SPR

completely disappeared at the wavelength of 800 nm, but it appeared
strongly at the wavelengths 900 nm and 1000 nm.

(] SPRs become very strong by using silver with a thickness between 40
nm and 50 nm, they weaken slightly at 60 nm thickness, and they are
even weaker at 70—80 nm silver thickness for all used wavelengths.

(] The SPR angle shifted slightly towards the higher values with an
increase in the refractive index of the sensing medium An; this agrees
with Deng and Liu (2010).

Figure 2: Shows the relation between the reflectance in the incident angle of the different thickness

Ag layer and different wavelengths.
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The computed SPR dip properties — FWHM and the height (L4) and
the best SPR sensor that gives a sharper FWHM and longer Ly and that
approaches one — also compute the sensor sensitivity by using the
following (Seo eral, 2017):
_ Abspr
$= Angio ®

Figure 3 illustrates the computed FWHM and the length (L) of the
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SPR dip with the change in the outer medium refractive index.

It is noted that the FWHM for the SPR dip is gradually decreasing in
all cases with an increased silver thickness, but the best cases were
those using the wavelengths 1000 nm and 900 nm. It was also
observed that the SPR dip length (L) increased till it reached its peak
at the silver thickness between 40 nm and 60 nm, and then it
gradually decreased when the silver thickness increased. This
information helped determine the best silver thickness for use in the
sensor. This happens when the FWHM is rather small and the SPR dip
length (Ly) is large, and it helps achieve the sensing purpose of the
sensor. This was achieved within a silver thickness range of 40 nm to
60 nm. The value ranges in this silver thickness (d,,) were as follows:
the Ly were = 0.8—0.9 for the wavelengths 600, 700, 900, and 1000
nm, and the best values for the L, were for the SPR dip length at the
wavelengths of 900 and 1000 nm and An=0.1. As for the FHWM
values when using An=0.1 with the 600 nm wavelength within
15.2-3.5 degrees in a changing of d,, the FWHM values improved,
and the SPR dip became narrower when using the 700 nm
wavelength, with its value becoming 9.7—1.8 degrees with different
dag- Then, the FWHM began to decrease further, which means that the
SPR dip became narrower when using the wavelength 1000 nm, and
its FWHM value became 4—0.5 degrees with different d,.

Figure 3: Shows the Full-Width Half Maximum (FWHM) and length dip Ld with the change refractive
index of layer thin films for different thickness Ag and wavelengths.
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The relationship between sensitivity related to the changing
thickness of the Ag layer and the refractive indices of sensing medium
An = (0.02,0.05,and 0.1) is shown in Figure 4, where the
relationship between sensitivity and change in the silver thicknesses
was stable for all thickness ranges. However, the sensitivity was
highest at 600 nm, followed by 700 nm, 900 nm, and 1000 nm. It can
also be noted that the sensitivity increases with the increase of the
change in the refractive index of the sensing medium An. The best
sensitivity values (S) were when using the wavelength A =600 nm,
where its values ranged between S = 102 and 140 for thicknesses
from d,, = (30—80) nm and An=0.1, which agrees with research by
Rouf and Haque (2018).

Figure 4: lllustrates the sensitivity related to thicknesses of Ag layers at a different wavelength with
the refractive index An.
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The proposed system can be adopted as an effective biological sensor
within the visible-infrared spectrum region at a wavelength of 600,
700, 900, and 1000 nm.

4. Conclusions

Form the results of this study, the following points are concluded:

®  When applying the simulation algorithm to the proposed sensor in
this study, it is observed that the SPR phenomenon cannot appear in
the ultraviolet region, but it appears weakly in the visible region,
starting at a wavelength of 600 nm, and then it is improved further at
awavelength of 700 nm. While in the infrared region, SPR disappears
completely at a wavelength of 800 nm and appears strongly at the
wavelengths 900 nm and 1000 nm.

(] In the visible region of the spectrum, the best working stability of the
sensor is obtained at a wavelength of 600 nm. Where the sensitivity is
obtained with values of S = 102—140, the SPR dip length is within the
limits of Ly = (0.8—0.9) and FWHM = 15.2—3.5 degrees, for thickness,
and d = 30—80 nm, for sensing the change of the refractive index of
the Aqueous medium ranges between An =0.01-0.1.

®  Intheinfrared region, the values of SPR dip length (Ly) and full-width
half maximum (FWHM) are very good at the silver layer thicknesses
40—60 nm. The best values for the Ly were = (0.8—0.9) for the SPR
dip length at the wavelengths 900 and 1000 nm and An=0.1. After
that, the FWHM begins to decrease further, which means that the SPR
dip becomes narrower when using the wavelength 1000 nm, and its
FWHM value becomes 4—0.5 degrees with different d,,.

The proposed system can be used as an effective biosensor within the
visible and infrared spectral regions of wavelengths 600, 700, 900
and 1000 nm at a silver layer thickness of 40 to 60 nm.
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ABSTRACT

The current research focused on detecting the role of Salmonella typhi(S. typhi) in the formation of gallbladder stones in the Taboratory following isolation and
diagnosis of S. typhifrom bile samples of patients suffering from gallstone. Locally and for the first time, a novel continuous culture was designed, and Brilliant
Green Bile Broth (BGBB) was used by adding 60% cholesterol and 20% Calcium Carbonate (CaCO;) to form the gallstone nucleation. The continuous culture
was inoculated with 1% S. zyphi then incubated in optimal conditions for 20 days. After 14 days of incubation, results revealed the formation of spherical
aggregations with various sizes in the test flask compared to the control flask. Moreover, an increase in the size of the stone formed was observed after 20 days
of incubation. The morphology of cholesterol and Calcium Carbonate crystals were studied using light, fluorescent and scanning electron microscopes, and the
functional groups were diagnosed using the Fourier transform infrared spectrometry (FTIR) technique.
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1. Introduction

Salmonella enterica subspecies enterica serovar typhiis described as
part of the intestinal family; S. typhiis characterised by rod-shaped,
flagellated, aerobic, Gram-negative bacilli. This bacterium invades
the mucus surface of the intestine, causing an infection that spreads
to infect the liver, pancreas, and bone marrow, and their ability to
survive in bile and intestine with the presence of bile salts causes a
chronic infection without any symptoms. Epidemic studies on .
typhi showed that most chronic infections are accompanied by
gallstones (Di Ciaula eral, 2019; Di Domenico et al, 2017).

Gallstones are considered one of the primary digestive system
diseases affecting humans (Kadhim, 2020; Al- Amedy er a/, 2020).
The bile is a homogenous yellow-greenish liquid that is sterile under
normal circumstances and consists of bile acids, salts, lecithin, and
cholesterol (Rudling er a/, 2019). The supersaturation of the bile is
regarded as the first step of gallstone formation compared to the bile
acids, salts, and lecithin. The cholesterol determines the physical
state of the bile and other factors that decrease the solubility of the
cholesterol in the bile, and the presence of Mg™ and Ca™ are the
critical factors in the formation of the nucleation of the cholesterol
stone (Murphy er al, 2020). Moreover, the increase of bile
concentration, the slow discharge of the bile, the change in the bile
contraction, the excessive secretion of the mucin or infection of bile
ducts with some bacteria or diseases like sickle-cell disease increases
the red blood corpuscles breaking and results in vast amounts of
bilirubin (Grigor'eva and Romanova, 2020).

Bacteria play an essential role in the formation of the gallstone, and
this motivated the researchers to study the role of bacteria and their
relationship with gallstone formation (Di Ciaula er a/, 2018).
Various types of bacteria were isolated from the patients suffering
from gallstone using different microbiological and molecular
techniques, including £ coli, Salmonella spp, Enterococcus spp,
Klebsiella spp, Enterobacter spp, Citrobacter spp, Staphylococcus
spp, Pseudomonas spp, and Acinetobacter spp. (Grigor'ova and
Romanova, 2020; Hazrah er al, 2004). Researchers pointed to the
role of microbes that produce urease enzyme in terms of gallstone

crystals precipitation, and they confirmed that urease production
changes pH values, which in turn causes the precipitation of calcium
crystals (Belzer er al, 2006). Wang and his colleagues (2020)
demonstrated intestinal microbes in gallstone formation, although
the epidemic and the mechanism of the gallstone formation are not
yet understood.

Until now, there has been no local study on the critical role of S.
typhi in forming gallstones because all the previous — local or
international — studies have focused on the bacterium’s ability to
precipitate the crystals. The current study aimed at investigating the
role played by S. typhi in the stages of gallstone formation using a
new continuous culture system designed for /in vitro conditions with
a suitable medium as a model for bile.

2. Materials and Methods

2.1. Isolation and Identification of S. Typhi:

Bile samples were obtained from patients subjected to gallbladder
cholecystectomy at Alzahrawi Teaching Hospital and Alzahrawi
Private Hospital in Mosul City. A sterilised syringe was used to take 2
—5 ml of bile and was immediately inoculated on MacConkey agar,
SS agar and XLD agar. The plates were incubated at 37°C for 24
hours. Several diagnostic biochemical tests were conducted, as
mentioned in (Willey er al, 2017). These tests included indole
production, methyl red test, Voges—Proskauer, citrate utilisation test,
urease enzymes production, cytochrome oxidase, catalase, and TSI
test.

VITEK2 compact system was employed using the diagnostic kit of
Enterobacteriaceae to confirm the diagnosis, and the work method
followed according to the instructions of the manufacturing
company, Bio Merieux, for diagnosis (Renaud eral, 2005).

2.2.Slime Production Test:

The pure isolates were inoculated on Congo red agar and incubated
at 37°C for 24 hours. Positive isolates were investigated by the
appearance of black colonies, while the negative isolates appeared
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in reddish pink (Freeman e a/, 1989).

2.3. In Vitro Formation of Cholesterol Gallstones:

2.3.1. Design of the continuous culture system

This system was designed to be used in preparing a continuous
culture for S.zyphiand using Brilliant Green Bile Broth (BGBB) as a
model for the bile. The system consists of the continuous culture
flask with its accessories as follows:

A glass flask with a side glass arm, an air pump to provide oxygen, a
collecting tank with a volume of (250 cm®) with a tap to control the
addition of (25 cm®/ hour) of the sterilised bile to get a dilution
average of (0.05 / hour). Steel holders with clamp bottles were used
to collect the excess solution from the culture flask, which was
changed every 24 hours; a water bath with a thermometer was used
to keep the temperature at 37°C. All the accessories of the system
were sterilised by autoclaving at (121 °C) for 15 minutes.

2.3.2. Preparing the Culture

After confirming the diagnosis of S.zyphi and testing its ability for
slime production, a culture was prepared by inoculating the bacteria
in a Brain Heart Infusion (BHI) medium and incubating at 37°C for
18 hours.

2.3.3. A Model for Continuous Culture of Gallstone Nucleation /n
Vitro

A BGBB medium was prepared as a model of the bile; it contained
2% ox bile as a suitable nutritious media for S.zyphi. Cholesterol was
gradually added to the culture, and saturation was reached at a
concentration of 60%. Calcium carbonate (CaCo;) was added at a
concentration of 20% with continuous stirring to form the
nucleation of the stone. Then the pH was set to 7.2 using a pH-meter
and sterilised with the autoclave at 121°C for 15 minutes.

A 500 cm® sample of artificial bile was placed in the continuous
culture flask and inoculated with 1% (5 cm’) of Sgyphi culture
growing on BHI (18 hours old), which equals (5 x 10°CFU / cm?).
The flask was incubated under optimum temperature and pH.
Excess liquid was discharged from the culture through a lateral
discharge tube with the continuous addition of the artificial bile as
drops (an average of 25 cm®/ hour). A second sample was prepared
that contained the same components but without Sgyphi as a
control sample.

After seven days of inoculating the continuous culture, a new S.zyphi
culture was added (18 hours old) and a size of 5 cm® growing on BHI
to ensure the continuity of the metabolic activity with continuous
incubation under optimum temperature and pH. Continuous culture
persisted for 20 days from the beginning of inoculation.

2.4. Detection of the Crystals Forming the Stones with
the Presence of S.typhi:

2.4.1. Examination under the Light Microscope

A light microscope was used to detect the stones’ formation and
observe S.ryphi in the precipitate. From day one to day 10 of
continuous culture, a precipitate drop was sampled daily and placed
on a clean glass slide. Safranin stain was added, and a cover slide
was fixed on top. It was examined using (100 X) magnification
power (Sharma er a/, 2020) and then photographed using the digital
camera of the microscope (CH3 ORF 200, Olympus optical Co., Ltd.,
Japan).

2.4.2. Examination under the Fluorescent Microscope

Afluorescent microscope was used to detect S.zyphiand its ability to
produce polysaccharides and to detect crystals forming the stones
by following the steps:

(] Acridine orange dye was prepared by dissolving 0.1 gram of the dye
in 100 ml of distilled water.

(] Thin smears of the precipitate formed every day from the first day of
continuous culture to 10 days were prepared and left to dry at room
temperature. Smears were fixed using ether mixed with methanol in
aratio of (1:1) for ten minutes and then washed with distilled water.

®  The slides were immersed in ethanol 50% and 70% for two minutes
and stained with acridine orange for five minutes.

®  The slides were washed with distilled water for one minute, then
rinsed in phosphate buffer solution for 1-2 minutes, then dried,
examined by the fluorescent microscope, and photographed
(MacCarthy and Senne, 1980).

2.4.3. Examination under the Scanning Electron Microscope

The Scanning Electron Microscope (SEM) Inspect S50/FE/
Company- Netherland, at the College of Sciences, Kufa University
was used. First, the specimen was prepared (the stone formed after
20 days of continuous culture), the stone was crushed and left to dry
at room temperature for 15 minutes. Then carbon adhesive tape was
fixed on the specimen holder surface (Aluminum stubs), and then
the specimen was placed on the stubs. Then, the specimen was
coated with gold using Sputter Coater (Quorum- 15 ORES- England)
for 10 minutes, then the specimen on the stubs was moved to its
place inside the microscope chamber, examined and photographed
with the electron microscope camera that is connected to the
computer of the microscope (Echlin, 2009).

2.4.4. Measurement with the Fourier Transform Infrared

Spectroscope

The FTIR (Alpha-Bruker-Germany) at the College of Sciences, Kufa
University, was used. The stones were crushed into fine powder; 2
mg of the powdered stone sample was used to make potassium
bromide (KBr) discs. Then the specimen was analysed and measured
using the Fourier transform infrared spectrometer (FTIR) at a
frequency of 500-4000 cm™ and a resolution of 4 cm™ (Ha and Park,
2018).

3. Results

3.1. Isolation and Identification

Each isolate was initially identified using the Gram stain, and the
culture characteristics of S. typhi on the selective media included
MacConkey, SS, and XLD agar after they were incubated aerobically
at 37°C for 24 hours. The colonies of S. typhi appeared pale on
MacConkey agar and paled with a black centre on SS agar. While
they appeared pink with black centres on XLD agar. Moreover, the
biochemical tests showed their ability to produce the catalase and
positive methyl red test, and the VITEK2 compact system 99% match
was given. Isolates of S. ryphishowed a positive result in producing
the polysaccharides as black colonies appeared on Congo red
medium.

3.1.1. Results of /n Virro Nucleation of Gallstones Using the

Continuous Culture System

Following the addition of cholesterol to BGBB, cholesterol crystals
were dissolved at concentrations less than (6 mg / 10 cm’). The
gradual increase of cholesterol concentration resulted in the
precipitation of crystals at the bottom of the continuous culture flask
until it reached the concentration of 60%. In order to provide optimum
conditions for gallstone formation, calcium carbonate was added to
the flask. The gallstone was formed /n vitro. Two models were
prepared; the first represents the experiment flask, and the second is
the control flask that contains the same components but without S.
typhi.

The crystallisation process started seven days after inoculating the
continuous culture with a new culture of the same bacteria,
revealing the evident effect of the supersaturation of cholesterol
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crystals. After 14 days of incubation at optimum conditions, tiny
spherical aggregations with various sizes were observed in the flask
compared to the control flask without 5. zyphiin which only a white
precipitate was noticed. After 20 days of incubation, a continual
increase was observed in the sizes of the stones in the experiment

flask. Figure (1).

Figure 1: Formation of stones in the experiment flask compared to the control flask.
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The precipitate was examined using the light microscope to
investigate the shapes of the crystals from the fifth-day sample.
Results showed the individual cholesterol crystals with their typical
plate-like shape with S .zyphi that were clear by microscope. The
eighth-day sample showed that the cholesterol crystals plates are
assembled, while the tenth-day sample showed the cholesterol
crystals as compacted agglomerations, as shown in Figure 2.

Figure 2: Shapes of the cholesterol crystals of the eighth-day sample by the light microscope.
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Using the fluorescent microscope appearance of S. typhi with the
stone-forming crystals surrounded by a viscous material
(polysaccharide) was evident in the seventh-day sample Figure 3.

Figure 3: S. typhiwith crystals surrounded by polysaccharides using the fluorescent microscope.

The scanning electron microscope images of the cholesterol stones
formed in vitro showed that they appeared as regular plate-like or as

lamellar-like crystals or as irregular aggregations with different sizes
and three-dimensional crystals using various magnification powers.

While calcium carbonate crystals appeared as cubic three-
dimensional shapes and spherical, as shown in Figure 4.

300 pm

The results of FTIR various peaks for cholesterol and CaCO; revealed
the absorption peak at 3382 cm™ and 2935 cm™ due to CH
asymmetric stretching of CH, and CH; respectively. The peak at
1162 cm™ and 1048 cm™ is due to the functional groups C-C of the
cholesterol. The absorption peak at 1457 cm™ shows the presence of
the C—O group in the calcium carbonate, and an absorption peak
appeared at 1379 cm™ due to CH bending of CH; of the cholesterol
figure 5.

Figure 5: Infrared spectrum of cholesterol stones formed in vitro.
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4. Discussion

The results of S. ryphiidentification were identical to the diagnostic
tests of S. typhi, as mentioned by Willey er al, 2017. The S. gyyphi
showed the inability of producing the urease enzyme that
hydrolyses urea into ammonia and carbon dioxide, the resulting
ammonia raises the pH of the medium, making it alkaline, and
therefore the colour changed from yellow to pink. In addition, the
isolate showed the ability to produce polysaccharides. When the
diagnosis of S. fyphi was confirmed by using the VITEK2 compact
technique, it showed a 99% matching, so this technique is
considered quick and accurate in diagnosing bacteria.

In this study, the BGBB medium was used due to its suitability as an
alternative medium, providing appropriate conditions for the
growth of S. typhi, which are similar to the conditions of the bile in
the human body. Additionally, the medium contains ox bile, which is
chemically similar to the bile of the human. Therefore, the
continuous culture provides similar conditions as in the human
body; the chemical composition and the components necessary for
the growth of S.zyphi. The pH value and temperature were fixed, the
surplus was removed from the continuous culture, and it was
provided with the artificial model of the bile, which supports S. oyphi
to achieve stable growth for several generations.

Bile is one of the biological materials that prevent the growth of
bacteria; despite this, bacteria were isolated from the bile and the
gallstones. Previous studies confirm the role of the bacteria in
precipitating the stone crystals. However, no previous study shows
the S. typhi role in forming the gallstone and increasing its
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solidification.

This study is regarded as the first to highlight the role of S.zyphi
through designing a continuous culture, which provides the optimal
conditions for growth and preparing an artificial model of bile to
manifest the ability of S. zyphito form the cholesterol stones /n vitro.

S.typhi can colonise the gallbladder, causing chronic infection,
primarily due to the existence of gallstones without symptoms and its
ability to form the biofilm on the gallstone and the surfaces covered
with cholesterol in the laboratory. In a study by Crawford et a/. (2010),
5% of S. typhi was isolated from the gallbladder containing stones,
diagnosed using Multiplex PCR. Van Den Berg and his colleagues
(2000) pointed out the role of calcium ions and high cholesterol
concentration in forming the gallstone when they incubated a human
gallstone isolated in a culture saturated with cholesterol and
containing a specific calcium concentration. After incubation, they
noticed an increase in stone diameter due to the precipitation of the
cholesterol crystals and calcium ions on the stones.

Sharma er a/. (2013) indicated that calcium carbonate plays a vital
role in forming the nucleation of crystals. When calcium carbonate is
not present, no precipitation occurs, and crystallisation nucleation is
not formed. Castro-Torres er al (2015) demonstrated that the
presence of the cholesterols crystals alone is not sufficient to form
the nucleation of gallstone crystallisation. Several factors play an
essential role in forming the nucleation of gallstone, such as calcium
ions Ca” and magnesium ions Mg when the cholesterol
concentration is high.

In this study, the results of the light microscope elucidate the
cholesterol crystal shapes as a single regular plate or as assembled
plates with the presence of S. ryphiattached to the crystal surfaces.
With the continuous incubation in suitable conditions, the culture
was in progress. By the seventh day, a new culture was added with
an 18-hour culture to enhance the metabolic activity of the bacteria.
It was observed that a viscous matter was formed that encompasses
the crystals and S. typhi; and crystallised materials covered a viscous
material.

By using the scanning electron microscope, the results follow what
has been reported by Sharma er a/ (2020), that the cholesterol
crystals and calcium carbonate can be observed clearly with the
bacteria attached to the surfaces of the crystals due to its virulence
factors, which help them to attach to the precipitated hard surfaces.

After the tenth day of incubation, the crystallised materials began to
change gradually into small spherical masses. On the fourteenth
day, an increase in the size of crystallised material was observed, and
this agrees with the conclusions of Costa er a/ (2018) that the slime
provides high viscosity and consequently helps in the cohesion and
attachment of crystals. Wang er a/. (2018) demonstrated that the
slime is a polymer that forms cross-linkage that aid in precipitating
the crystals. They emphasised that slime production is more
important than B—glucuronidase, which plays a vital role in forming
the gallstone. The polysaccharide acts as additional power that
increases the cohesion and adhesion of the crystals; this is a
distinguishing characteristic of S.zyphi.

Sharma er al. (2020) concluded that the presence of polysaccharide
producing bacteria has a greater effect on forming the crystal
agglomerations in a shorter time than the models inoculated with
urease or 3 — glucuronidase producers.

Moreover, FTIR results of stones showed that they consist of
cholesterol and calcium carbonate, which agree with what has been
reported by Sharma er a/ (2020), who observed the emergence of
absorption peaks at 3387 cm™ and 2939 cm™ that were due to CH
asymmetric stretching of CH, and CH; respectively. In addition, the
emergence of absorption peaks at 1162 cm™ and 1052 cm™ belong

to the C—C group, which is considered one of the functional groups
of cholesterol, and the absorption peak at 1458 cm’” represents the
functional group C—O of calcium carbonate. Results are also
consistent with Ha and Park (2018); absorption peaks at 3395 cm™
and 2930 cm™ belonging to the functional groups of cholesterol
during the analysis of the cholesterol stones isolated from humans.

Kleiner er a/. (2002) confirmed the presence of calcium carbonate by
the emergence of an absorption peak at 1463 cm™’, which indicates
the presence of the functional group C—O of calcium carbonate in
addition to the presence of absorption peaks at 3398 cm™, 2933 ecm
" and 1056 cm™ that belong to the various functional groups of
cholesterol.

S. typhi can form cholesterol stones under continuous culture using
an in vitro artificial model of the bile. The ability of S. fyphi to
produce slime as a polysaccharide provides a sufficient viscosity for
the adhesion of the bacteria to the crystal surfaces, the crystals with
each other, and the agglomeration and the quick growth of the
crystals to become mature stone. Also, S. typhi possesses virulence
factors that enhance the agglomeration, and also there are certain
factors related to the bile components and its chemical structure,
altogether leading to the formation of the gallstone.
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ABSTRACT

Nonlinear conjugate gradient (CG) methods are significant for solving Targe-scale, unconstrained optimization problems, providing vital knowledge to
determine the minimum point or optimize the objective functions. Many studies of modifications for nonlinear CG methods have been carried out to improve
the performance of numerical computation and to establish global convergence properties. One of these studies is the modified CG method, which has been
proposed by Rivaie eral (2015). In this paper, we modify their work in such a way that one can obtain efficient numerical performance and global convergence
properties. Due to the widespread use of the strong Wolfe line search in practice, our proposed modified method implemented its use. At the same time, to
show the performance of the modified method in practice, a numerical experiment is performed.
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1. Introduction

Due to their global convergence and low memory requirements,
conjugate gradient methods are widely used for solving
unconstrained  optimization  problems. The unconstrained
optimization problems can be formulated as follows:

mingepn f(x), (1.1)
where f: R® = R is nonlinear, continuously differentiable, and its
gradient is denoted byg(x), which should be available, when
applied to solve the Problem (1.1), starting from an initial point
Xo € R", and follows the iteration formula:

Xk+1 = Xk + akdk ) k= 0,1,2 ey (12)

where ay > 0 is a step-size. The step-size is determined by a line
search, and dy is the search direction defined by:
do = —8k if k= 0,
k= {_gk + Bkdk—l if k> 1,
where gy = Vf(xy) is the gradient vector of the function fat x;
and g{ is the transpose of gy. The value By is a scalar known as the
CG coefficient. The well-known classical CG methods formulas for

By are:

(1.3)

T
HS 81 (8k—8k-1)
= =, 1.4
Bi (gk_l__gk—l)Tdk—l (14)
ER — Tgkgk , (15)
gk_TJ(gk—1 )
PRP 8k (Bk—8k-1
= 2kex sl 1.6
Bk gET1gk—1 ( )
CD 8k8k
= —_2kek 1.7
Bk d;—1gk—1 ( )
LS 8k (Bk—8k-1)
= — Skkroki) 1.8
k dE- gkt ( )
]]3Y — 8k 8k (19)

(8k—8k-1)Tdk-1
To analyze the convergence, the CG methods are implemented

under exact and inexact line searches. If the line search is exact, the
step length oy is obtained in the direction dy by the rule:

f(xy + o dy) = mi(r)l f(xy + ady). (1.10)
o=

In the inexact line search, oy can be obtained using the strong Wolfe
line search, in which the following conditions satisfy:

f(Xk + akdk) < f(Xk) + S(ngEdk, (1.11)
lg(xi + o di)Tdy| < —ogrdy, (1.12)
where 0 <6 <0< 1.

To prove the global convergence of CG methods, the following
sufficient descent condition is always required:

ghd < —cllgill?, fork =0,wherec >0 (1.13)

The performance and behavior of different conjugate gradient
methods for general non-quadratic functions with an inexact line
search correspond to different choices for the important coefficient
Bk The global convergence properties of CG methods are essential
properties for studying the coefficient Bk and obtaining good
numerical performance. The CG methods were categorized by
Andrei (2011) into three different methods: the classical CG method,
the scaled CG method, and the hybrid and parameterized CG
method. Al-Baali (1985), Touati-Ahmed and Storey (1990), and
Gilbert and Nocedal (1992) used the inexact line search with a
strong Wolfe condition in order to analyze the global convergence
properties of FR(1.5) is known as Fletcher and Reeves (1964) and
PRP(1.6) is known as Polak—Ribiere—Polyak (1969) methods. Al-
Baali (1985) proved the global convergence of the FR method if the
strong Wolfe line search is used and the parameter O is restricted in
(0,%). In addition, Guanghui er a/ (1995) extended Al-Baali’s (1985)
result with the case thato = % The PRP and HS(1.4)is known as
Hestenes and Steifel (1952) methods have excellent performance in
practical computation, due to the inclusion of an approximate
restart feature when jamming occurs, but their convergence
properties are not perfect (Jiang er al, 2018). Nevertheless, both
perform better than FR in practical computations. The study of the
PRP method has an efficient approach and has made significant
improvements. Gilbert and Nocedal (1992) proceeded with
classificatory analysis and concluded that the PRP method is
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globally convergent if BfR" is constrained to be non-negative and
ay is determined by a line search step satisfying the sufficient
descent condition gid, < —c ||lggll?.

Many studies have been carried out to establish global convergence
and obtain competitive numerical results by proposing new
methods or modifying existing methods.

Rivaie er a/ (2012) have proposed a new coefficient denoted by

RMIL as follows:

RMIL _ g’lz(gk - gk—l)
K llde_1I2 °
which is globally convergent and has good performance when it is
applied under exact line search. Dai (2016) made a simple
modification to Rivaie er a/ (2012), and, on this basis, Yousif (2020)
established the sufficient descent conditions and global
convergence using the strong Wolfe line search. Additionally, Rivaie
er al. (2015) proposed a new class of nonlinear conjugate gradient
coefficients with exact and inexact line searches and named this the
RMIL+ method. The coefficient By in RMIL+ method is defined as
follows:
T
BRMII = BealBerpcdo, (1.14)

In this paper, in order to obtain better numerical performance than the
methods in Rivaie er a/ (2012), Rivaie er a/ (2015), and Yousif (2020),
we performed a modification on the method in Rivaie er a/ (2015). In
Section 2, we present a modified CG method and algorithm. The
descent property and the global convergence under the strong Wolfe
line search are described in Section 3. In Section 4, we present
preliminary numerical results and discussion. Lastly, in Section 5, we
present a conclusion.

2. Simple Modification of the RMIL+
Method

In this section, we modify the CG method in Rivaie er a/ (2015),
known as the RMIL+ method, to obtain better results. We refer to
the modified method by MRMIL+, and its coefficient is defined as
follows:

BURMILY — max(0, BN} @)
Clearly, from (2.1), the suggested coefficient satisfies the following
two inequalities:

MRMIL+ _ Jlgkll? a1 8k +8ir Ak

< = if 2= > (0. 2.2
k+1 a? ‘" Ca 22)

2
MRMIL+ llgxkll i 8ic+18k+ 8141 dk <0 where m > 1.
kbt = T gl lldill2 '
(23)

To distinguish between RMIL+ in Rivaie er a/ (2015), and RMIL+ in
Yousif (2020), we use MRMIL instead of RMIL+ as used in Rivaie er

al. (2015).

By defining a new coefficient in (2.1), we can define the following
new algorithm:

Algorithm 1

o Step 1: Initialization given Xg, set k=0.

Step 2: Compute Py, based on (2.1).

Step 3: Compute dy4; based on (1.3).1f g = 0, then stop.

Step 4: Compute o based on a strong Wolfe line search (1.11), (1.12).
Step 5: Updating new point based on (1.2).

Step 6: Convergent test and terminal criteria.

If f(xx41) < f(x) and |lgkll < €, then stop.

Otherwise go to Step 1 with k = k + 1.

3. Convergence Analysis

In this section, using the strong Wolfe line search, we will show the
convergence properties of MRMIL +; essentially, the convergence
properties of Algorithm 1. Since global convergence involves
satisfying the sufficient descent condition, we first prove sufficient
descent. The following basic assumption on the objective function f
is always needed in the analysis of CG methods’ global convergence
properties, and Lemma 1 is needed to show the sufficient descent
condition and global convergence properties of the MRMIL +
method.

Assumption 1

(i) F(x) is bounded below on the level set on R™and is continuously
differentiable in a neighborhood N of the level set T =
{x € R"| f(x) < f(x,)]} at the initial point X, there exists a constant
B > 0 such that:
Ix—-yll =B, vVxy € N (3.1)
(ii) The gradient g(x) = Vf(x) is Lipschitz continuous in N, so a constant
L > Oexists, such that:

llg) — gl < Lllx —yll foranyx,y eN.  (3.2)

By using the Assumption 1, there exists a constant A = 0 such that:

lgll <A vx €T. (3.3)
For example, if a function satisfying Assumption 1 is the Rosenbrock
function (Andrei, 2008), which is defined as:

f(x) = 100(x, — x2)2 + (1 — x4)?, x € R?,
with
Vi(x) = (—400x1(x2—x§)+2(1—x1)).

200(x,-x2)
So, for the initial point xo = [—1 1], we get

Vf(xo) = (3), and IVExo) Il = /(4% + (0)2 = V16 = 4.

Lemma 1: Let the sequences {gy} and {dy} be generated by
Algorithm 1. Then for o < % and k =0, we have:

ledl _ 2

Tell

lldll — 4-37’ (34
gl _m (3.5)

ldll = mxt’
where T € (5,1), and m>1.
Proof: The proof is by induction. For k = 0, it is obvious that

ol _ 4 — 2 ligoll _
lIdoll ~ 4-37” ||doll
and (3.5) are both true for k = 1. Then by rewriting equation

< . Next, assume that (3.4)
m-t

(1.3) fork + 1 and then by using the dot product, we get:

disq-dier = (—8ke1 + Brar1di)- (—8ke1 + Prr1di),
which leads to:

ldics111% = llgrs1ll® = 2Bis18icsdic + (Bicsr lldiclD) 2. (3.6)
Again rewriting (1.3) as:

di+1 + 8r+1 = Brradi (3.7)
and then from the definition of the dot product, we obtain:

(ldgsall® + g lI? + 2gE+1dk+1 = (Bk+1 l1dklD) 2. (3.8)
Substituting (3.8) in (3.6), led to:

e l1? + llgrsll® + 2gi£+1dk+1 = |ldgs111? = llgweq lI? +
28k+1g'l£+1dk )

2lIgieall® + 28811 et = 2Bur18hr1dic

llgis+1l1? + g'15+1dk+1 = |3k+1g'l£+1dk )

g+ ll* = _g'lE+1dk+1 + |3k+1gE+1dk- 39

Taking the absolute value of both sides of (3.9) and (1.12), we have:
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||gk+1”2 = |_gE+1dk+1 + Bk+1gE+1dk| < |g'l£+1dk+1| +
o|Brral|gkdicl. (3.10)
Applying the Cauchy-Schwartz inequality, and using (2.2), we get:

llgk+1l1
||gk+1”2 < gk lldgsall + 0 ”(1;+|1|2 llgxlllldill

gkl
lgicral1? < o s ) + g 12 12

Applying induction hypothesis of Lemma1 we obtain:

||gk+1”2 < ||gk+1||||dk+1” +— P ||gk+1||
By letting y = : then:

||gk+1|| - ]/Hgk+1”2 < llgkea Ml dgsall
”gk+ﬁ|| 1 =7) < llgealllldisall
8k+1 1 2
=< — < . 3.11
lldgyall — 1=y = 4-37 ( )

From (3.10), and applying the Cauchy—Schwartz inequality, and from
(2.3), we get:

[
lgis1ll? < lgicralllldicsa |l + om ﬁ;;lllz lgiclldill

llgill
g2 < lgices M| + omllgice 12121

Applying induction hypothesis, we obtain:

llgk+1l* < llggra i ]l + ||gk+1||
am
By letting ¥ = — then:
-7

||gk+1||2 - ’L9||gk+1||2 < llgksallldgsalls
llgi+117(1 =) < ||gk+1””dk+1||

llgx+al 1
<—< . .
Ikl 1-9 m-t (3 12)

Therefore, from (3.11) and (3.12), Lemma 1 holds fork+ 1. The
proof is completed.

3.1. Sufficient Descent Condition:

Theorem 1. Suppose Assumption 1 is true, then Algorithm 1
satisfies the sufficient descent property (1.13) with:

c=1- 29 and c=1-22.
4-37T m-t
Proof: From (1.4) and (2.2), then:
gl€+1dzk+1 = —lgs1ll* + Bes1gk+1dk < —llgisrll* +
Il gre+all 91€+1dk ] (3.14)

ldxll?
from (1.12) and the Cauchy—Schwartz, we get:

IFi1disr < —Nlgrsall? + “ﬁ:’ﬁg IFiide < —llgrsdll* +
o L2529 il = —llgiesa 12 + o1l g 17121

From (3.4) in Lemma1, we obtain:
Trrrdiers < —llgesll? + = ~llgsall? (1 -
) (3.15)

In addition, from (3.14), (2.3), (1.12), and Cauchy—Schwartz
inequality, we get:

lgr+all?

Gi+19r+1 < —llgrsall* + IdellZ Ji+1dx < =llgrsall* +

om YLl g, [l dell = ~llgeeall? + omllgiess 17421,
From (3.5) in Lemma‘, we obtain:

Iherdier < —llgieaaI? + 25 = —llgesli? (1 -

YZ'_"T) (3.16)

Therefore, from (3.15), (3.16), we can deduce that (1.13) holds
for k = 0.The proof is completed.

3.2 Global Convergence:

Lemma 2. Suppose Assumption 1 holds true. Consider any CG

method of from (1.3), where dy,q is a descent search direction and
Ol satisfies the strong Wolfe line search. The following condition,
known as the Zoutendijk condition, holds:

||gk||
Zi=1y
For the proof of this Lemma 2. Please refer to Zoutendijk (1970).

Theorem 2. Suppose that Assumption 1 holds true. Then Algorithm
1is convergent, as follows:
. llgill *
lim =0 or Y
lim [l | g, Ll
Proof: We use a contradiction; that is, if Theorem 2 is not true, then
there exists a constant € > 0, such that:

llgkll = €. (3.17)
We can rewrite (1.3) as:

di+1 = = Gr+1 + Brrade (3.18)
and multiply both sides of (3.18) by dy. , thus obtaining:

il = —gierdiss + Brr1dir1dr (3.19)

Case 1, using (2.2), and divide both sides of (3.19) by [lgy+111*, we
obtain:

ldisal® _ _ Ghsadirs | Igisall® dfiqdi
lgr+all* — 1 gr+ll* lldellz Ngreall®
applying the Cauchy—Schwartz, we get:

||dk+1||2 < _g£+1dk+1 ; lldg4all
lgreal* = Ngreall®*  Neell Ngusall?”

_1( Fier1 e )21||9k+1||2_1||dk+1||2 1 ldgeall
= Ngreal® * Igrsall?/ 2lgrsall® 2Ngreall* * lldll Ngnsal?
,

_1 1 1fdesll® 1 lldkaall
T 2lgkal? 2lgkeall® T Nkl Ngrsall?”

CUldgal? 1 lldgall

2l greall®  lldell Ngnsal?”
3ldiaal® _ 1 lideaall
2llgreall* = ldell llgrsall?

From (3.4) in Lemma 1, we get:

lldk41l < 2 1
g+ 1% 3 ldgll — 3 IngII
Squaring both sides of the above inequality, we obtain:

, Where u = par

Ndieall? 4 _n
lgsall* = 9 llgell?’
Il eI <4 uw? 4” Z < e k
giesall* —9||gk||2 i= °||gk||2 = 9 e’
4 9€Z
llgk+1ll > ) (3.20)

lldk+ell2 — 4p2k
Therefore, from (3.20) and (3.17), it follows that:
o lNgreall* _
Lic=o lgeall
This contradicts the Zoutendijk condition in Lemma 2. Therefore,
the proof is completed.

Case 2, using (2.3) and dividing both sides of (3.19) by llgk+11l*,
we obtain:

ldiesl® _  Ghradies lgissll? df.idy
lgr+all* — llgr+lI* lldill?  Ngrsll¥
applying the Cauchy—Schwartz inequality, we get:

ldisal® _  Gkeadiss |, M lldgall
lgrsall* = Ngisall* Nkl Ngiesall®”

_1 ( Jk+1 Ak+1 )2 _1lgreall®  1ldi4all* , m o lldgell
T 2\llgk+all® gkl 2llgi+all* 2 llgraall®  Ndill lgrsall?”
< _ 1 1 _1 lldksall? _m_ ldgall
T 2lgiall® 2lgrsall®  lldkll lgiall®”

_1 ks ll? _m_ ldgall

2llgk+all* Nkl 1gr+all®”
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E lldk+1 1 m g4l
21 gk+1ll* = Ndell gr+1l?
From (3.5) in Lemma 1, we get:

d 2 m 2 m, m
”k_’d”zs__s__p’where p= ;
lgs+1l 3 lldell = 3 llgkll m-7

Squaring both sides of the above inequality, we obtain:

2

gr+all* = 9 llgell®

lldg+1ll* <? m2p

ldisall? 4 m2p? . 4m?p? 1 _4mip? k
Ngrsall* = 9llgell2 = 9 =0ygellz = 9 ez’

4 962
llgr+1ll > (3.21)

lldgsall2 — 4mzpzk'
Therefore, from (3.21) and (3.17), it follows that:
o lgredll*
a———— =00
Zico lldk+al1?
This contradicts the Zoutendijk condition in Lemma 2. Therefore,
the proof is completed.

4. Numerical Results and Discussion

In this section, to show the efficiency of the proposed method in
practice, we compare it with the RMIL, MRMIL, and RMIL+ methods.
Most of the test problems used are from Andrei (2008). The
condition ||gxll < € where €= 107%is used as a stopping
criterion. All methods are run on a PC ACER (Intel® Core™ i3-3217u
CPU @ 1.8 GHZ, with 4.00 GB RAM, Windows 10 Home Premium).
The comparison is based on the number of iterations and CPU time.
The strong Wolfe line search is used as the inexact line search. The
performance results are shown in Figures 1 and 2, respectively,
using the performance profile introduced by Dolan and More
(2002). In Table 1, Dim is for the dimension of the test functions.

In the Dolan and More performance, we use the performance profile
to introduce the notion of a means to evaluate and compare the
performance of the set solversSon a test set p. Assuming ng
solvers and n, problems exist, for each problem p and solver s,
they defined t;as computing time (the number of iterations or
CPU time or others) required to solve problem p by solver S. They
compared the performance on problem p by solver S with the best
performance by any solver in this problem by using the performance
ratio:
tps
min {tps:s€S}
Suppose that a parameter Iy = Ips for allp and S is chosen,

Ips =

andrp s = ry if and only if solver S does not solve problem p. The
performance solver S of the given problems must be robust, but we
would like to obtain all evaluation performance of the solver; thus, it
was defined:
P(t)s = nisize{p EP:rps <t}

The P(t)swasp probability for solvers € S that a performance ratio
rp s was within a factor t € Rof efficient ratio. Then, function P
was the cumulative distribution function for the performance ratio.
The performance profile P:R — [0,1] as a solver as non-
decreasing, piecewise, and continuous from the right. The value
P(1)s is the probability that the solver will perform better than the
rest of the solvers. In all, a solver with high values of P(t)s or at the
top right of the figures is preferable or represents a robust solver.

Table 1: Alist of test problems

No. Problems Dim Tnitial points
(5,5)
1 Booth 2 (8.9)
2 Three-hump camel 2 Ej: 3;
3 Six-hump camel 2 ({51"52))
4 Trecanni 2 ((‘IE)I :150))
1.2)
5 Zeul 2 @7
©,0)
6 Leon 2 (1.-1)
(5555)
7 Extended. Maratos 4 (1010.10,10)
(-1-1,-1,-1)
8 Arwhead 4 (10,10,10,10)
9 Freudenstein & Roth 4
0 Generalized Quadratic 10
11 Fletcher 10
12 Generalized Tridiagonal 1 10
13 Hager 10
14 Ex. White & Holst 500
1000
15 Extended Rosenbrock 1000
10000
16 Extended Himmelblau 1000
10000
17 Shallow 1000
18 Extended Beale 1000
10000
10
19 Extended DENSCHNB
100
10
20 Extended Penalty
100
21 Matyas 2 )
22 Colville 4 (3333
z Dixon and Price 100
2 Sum squares 4
q 100
2> Extended Wood 4
26 4
Strait 100
1000
27 ARWHEAD 10
28 Generalized Rosenbrock 10
29 Quartic 100
30 10
DIXON3DQ 100
31 NONSCOMP 10
32 POWER 100
33 Quadratic QFT Extended 100
34 dratic Penalty QP2 o
Quadratic Penalty Qf 1000
35 Quadratic Penalty QP1 1000

Figure 1: Performance profile based on the number of iterations
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Figure 2: Performance profile based on the CPU time
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Clearly from Figs. 1 and 2, the MRMIL+ curve lies above the RMIL,
MRMIL, and RMIL+ curves. Therefore, the MRMIL+ method
performs much better than the other three methods. Moreover,
MRMIL and MRMIL+ methods solve all problems, whereas RMIL+
and RMIL solve about 83% of the problems. Therefore, since
MRMIL+ has the top curve and it solves all problems, we can
conclude that it is the best method.

5. Conclusion

In this paper, based on Rivaie er a/ (2015), we have presented a
modified version of the RMIL+ conjugate gradient method. The
proof of the sufficient descent property and of the global
convergence of our modified method when it is applied under the
strong Wolfe line search has been established. Moreover, to show its
efficiency in practical computation, we have compared it with the
RMIL, MRMIL, and RMIL+ methods. The result of this comparison is
that our modified method performs much better than the others.
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ABSTRACT

This paper aims to assess the effects of harsh climatic conditions” interactions with natural stone on thermal inertia properties and the thermal performance of
ancient residential buildings. As the type of stone differs, its thermo-physical components differ; therefore, its interactions with environmental factors vary. For
this purpose, an experimental measurement was conducted on many buildings with different orientations in a semi-arid climate and validated by a simulation
performed by the “EnergyPlus 9.3" software. Results showed that the important outdoor temperature gap between day and night influences the natural stone
thermos-physical properties used in construction. The stone components affected by the thermal shock effect weathering are eroded over time, then saturated
with water, and affect the thermal conductivity coefficient of stone; however, this directly changes the indoor thermal comfort and performance of buildings.
Additionally, the high indoor relative humidity percentage and the absence of natural ventilation have an importantinfluence on the ambient temperature values
recorded. This paper discusses the experimental measurement results compared to the simulation results.
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1. Introduction

Currently, global warming is hardly disputed by the international
scientific community since significant effects can already be observed
on a global scale. Indeed, it is noticed that there is a rise in the average
temperature of the atmosphere and the oceans, massive melting of
snow and ice, and rising sea levels. According to the latest forecasts from
the Intergovernmental Panel on Climate Change (IPCC), the Earth could
experience global warming from 1.8 C° to 4 C° by 2100 if no action to
reduce greenhouse gases (GhG) is taken (Kaemmerlen, 2009).
Otherwise, with globally excessive energy consumption, the demand
for energy saving strategies increases (El-Darwish and Gomaa, 2017).

Algeria, like other countries, aims to reduce energy consumption in
several sectors, with the buildings sector as the largest overall energy
consumption consumer, accounting for more than 60% (Djedouani
er al, 2020). Since ancient buildings’ renewal rate is low, this
objective can only be achieved through a massive effort of thermal
improvement to reduce heating and cooling energy consumption.
Therefore, it becomes necessary to optimize the energy performance
of ancient buildings, especially those built with local materials and
traditional techniques before the first thermal regulations in 1974
and when no performance criteria matched current standards
(Rabouille, 2014).

In other words, buildings should have a high energy performance to
decrease their energy consumption. Nevertheless, this issue is complex
and multidimensional as it spans building envelope performance,
indoor environmental conditions, and user demands (Kosir, 2016).
One might argue that the main goal of a building is to provide an
environment acceptable to building users (Hensen, 1991). The building
skin is the physical barrier between the external environment and the
internal conditioned space. The building envelope consists of doors and
windows, a roof, walls, and insulating materials to prevent heat transfer
from the interior to the exterior in the winter and vice versa in the
summer. (El-Darwish and Gomaa, 2017). Since the building envelope
separates the external environment from the internal space, it is one of

the key factors affecting the buildings’ energy consumption (Hailu,
2021). Thus, improving the energy performance of the building
envelope improves the energy performance of the whole building.

For ancient buildings, which are the subject of our study, the major
passive method used to control the indoor environment and store
energy was to construct thick walls built on heavy construction
materials to induce their thermal inertia parameter. Systems with the
highest thermal inertia are considered the lowest energy systems
(Orosa and Oliveira, 2012). This parameter contributes to creating
favorable indoor thermal comfort conditions without using cooling and
heating energy. The building walls store the thermal energy during the
daytime then release it during the night, especially in climates with high
diurnal temperature fluctuations (Verbeke and Audenaert, 2018).

In most cases, thermal inertia is defined as how quickly a building
reacts to external disturbances. A building’s response to the
solicitation depends largely on the thermal properties of the
construction materials. Buildings will react differently depending on
their ability to store and transport heat. Therefore, there is a coupling
problem between thermal conductivity (A), heat capacity (C), and
density (D), which introduces the two concepts of thermal diffusivity
and thermal effusivity.

Thermal diffusivity =A / pC [m?/s] 1)

Thermal effusivity = VAPC) [I/m?.K.1/2] @
Thus, thermal inertia depends on environmental interactions with the
building construction materials, which relate to several parameters
such as their thermos-physical properties, disposition within the
building envelope, the architectural characteristics of the building,
and the climatic conditions (Chahwane, 2012). All these properties
affect thermal performance. Therefore, controlling the thermo-
physical characteristics of the construction materials of the building
envelope assists in reducing energy consumption (Aste er a/, 2009).

In this respect, many studies have proved the thermal inertia
parameter effectiveness in the field of building energy storage and
interior thermal comfort. However, it is clear in northeastern Algeria,
specifically in the Tébessa province, which is influenced by a semi-
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arid climate, that ancient buildings consume more energy than
modern buildings, which were built with new and lightweight
construction materials. This refers to some inconsistencies. Hence,
this paper will discuss climatic factors’ impact on thermal inertia and,
thus, on the energy performance of these ancient buildings. This
process requires studying buildings’ thermal performance to
understand the effect of each parameter and find the best thermal
improvements regarding building orientation.

Many authors have conducted quantitative studies on the behavior
of ancient buildings and confirmed that reducing the energy demand
and regulating indoor thermal comfort is influenced by several
parameters such as construction materials (Rais er a/, 2021). In
addition, a study by Evola er a/. (2017) compared, using experimental
measurements and dynamic simulations, the thermal behavior of
modern and traditional envelopes and showed that ancient buildings
are often characterized by high thermal inertia due to the thickness of
the walls. Indeed, the relative impact of this phenomenon is
influenced by several factors, including climate, especially in arid and
semi-arid climatic contexts, where the recorded temperature degrees
considerably vary.

If harsh climatic conditions affect the thermal performance of
construction materials, then Boumezbeur er al (2015) proved that harsh
environmental factors affect the natural stone used in construction in
Tébessa, consequently changing and decreasing their mineralogical
contents and properties and decaying their texture. As the type of stone
differs, its thermo-physical components differ; therefore, its interaction
with environmental factors varies. On this account, the objective of the
currentresearch is to define the impact of harsh climatic conditions of cold
semi-arid contexts on the thermal properties of stones used in ancient
building construction and its effect on a building’s thermal inertia. This
work contributes by improving thermal performance response to energy
challenges while ensuring the thermal comfort of a building’s users.

1. Case Study

1.1. The Climatic Context:

This study focuses on residential buildings builtin the colonial district
of Hammamet city in the Tébessa province of northeastern Algeria.
This region is influenced by a semi-arid cold climate Bsk, according to
the Koppen-Geiger climate classification based on annual and
monthly mean temperature and precipitation values (Szabé-Takacs
er al, 2019). Figure 1(a) shows that the annual mean winter
temperatures recorded by the meteorological station of Tébessa over
30 years do not exceed 18 C°, supporting Kottek er a/ (2006). They
explained that this climate is determined by the annual mean
temperature, which should be less than 18°C, while the accumulated
annual precipitation is more than a 5 mm dryness threshold; this last
part depends on the annual precipitation cycle and the annual mean
temperature. It is calculated by:

2{annual mean temperature} if at least 2/3 of the
Dryness annual precipitation occurs in winter.
threshold = 2{annual mean temperature} + 28 if at least 2/3 of

the annual precipitation occurs in summer.

2{annual mean temperature} +14 otherwise.

Indeed, this semi-arid climate is characterized by different
temperatures between day and night. The data climate from
Tébessa's meteorological station for 30 years, illustrated in Figure
1(b), shows that January is the coldest month, with a mean
temperature of 6 C°. The minimum average temperature is around 3
C °, and the maximum average temperature is around 11 C°.
Additionally, the lowest temperature recorded during this month is -
3 C°, while the average number of frosty days is 19 days a year (Figure

1[c]).

Fig. 1. Data climate of Hammamet, Tébessa; The annual mean temperature in Hammamet, Tébessa
(a); Temperature range in Hammamet, Tébessa (b); Number of frosty days in Hammamet, Tébessa
(c)-
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The region’s precipitation is low at 3425 mm, with March
representing the wettest month with an average of 44.8 mm of
precipitation. July is the hottest and driest month, with an average
temperature of 27C° and average precipitation of 11.3 mm, as shown
in Table 1.

Table 1. Average monthly precipitation in Hammamet, Tébessa.
Jan [ Feb [Mar [ Apr [May [ Jun [ Jul TAug ] Sep [ Oct [Nov [ Dec [Annual

Average | 551 1303 ] 448|306 |365|312]113 (251 (204|236 20 |236] 3425

precioitati
’en:x'zf‘n‘;"” 1.07) |12 |8 |12 |4 |(.2) | ©04) ] (1) [1.2)[09|(.1)]09)] (13.5)

1.2. Energy Consumption:

Recent research has proved that buildings’ energy consumption is
affected by climate. A study by Guedamsi et a/. (2016) shows three
climatic zones in Algeria according to heating energy consumption
costs. In Tébessa, the cost of thermal energy requirements for heating
is in the second zone due to their harsh winter conditions. According
to the Algerian Industrial Energy Company, which specializes in the
distribution of electricity and natural gas, the case study shows high
energy consumption, while the heating energy consumption in the
district study accounts for 11,037.6 m> per year of each residential
building compared to the 1012 m3average yearly gas consumption of
a residential building. However, it is important to emphasize some
contradictions in this case considering the characteristics of natural
stone buildings to reduce energy consumption.

1.3. Case Study Description:

All the residential buildings in the studied colonial district are built of
natural stone extracted from the Gaagaa quarry in Hammamet,
Tébessa, during Algeria’s colonial period (before the first thermal
regulations in 1974). To cover all possible cases, the four residential
buildings on the ground floor, denoted by Building 1, Building 2,
Building 3, and Building 4 with different orientations, were chosen as
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studied buildings in this research, as shown in Figure 2.

All buildings contain three rooms, a kitchen, and a bathroom at a
height of 3.20 m. They are covered with a sloped tile roof using wood
supports, while the roof punch height is 1 m distance from the false
ceiling to the ridge board. The openings are made of 0.03 m thick
wood, and the door measurements are 2.20 mx0.9 m. The window
measurements in Building 1 and Building 2 are 1.20 mx1.20 m, and
the window measurements of Building 3 and Building 4 are 1.50
mx1.20 m. Figure 2 shows the buildings’ details and the room where
the experimental measurements were performed.

Fig. 2. Details of buildings studied (Room studied, Facade of building, Location, and Orientation);
ilding 1 (a); Building 2 (b); Building 3 (c); Building 4 (d) (Source the author, 2021).

This study is conducted on the facade of each building to study the
stone wall thermal behavior in this climatic context. The details of the
interior and exterior construction materials and their thermos-
physical properties are illustrated in Table 2.

Table 2. Thermos-physical properties of the facade materials.

Materials  [Layer thickness [m]] Conductivity [w/m.k] SpeciTic heat [k)/kg k][ Density [kg/m3]
Plaster coating 0.02 0.5 1008 1150
Cement mortar 0.03 0.80 850 1900

Naturel'stone 0.30 1.40 1000 2475
Cement mortar 0.03 0.80 850 1900
Plaster coating 0.02 0.5 1008 1150

3. Materials and Methods

Three studies were carried out to understand and evaluate the thermal
behavior of the natural stone buildings, starting from the measurement
in situ to the chemical analyses to determine the stone type samples,
then the validation and the verification of results with the energy
simulation.

3.1. Determination of Stone Type:

Two methods can be used to classify natural stone. First, the
classification of natural stone types according to geological origin,
which are igneous rocks, sedimentary rocks, and metamorphic rocks.

The second is based on an implementation basis, such as strength
characteristics, hardness, porosity, color, and durability (Tumac and
Shaterpour-Mamaghani, 2018). In general, igneous rocks,
sedimentary rocks, and metamorphic rocks are classified according to
their genesis, structure, texture, and mineral composition.

The visual inspection of the studied samples shows that they are
classified as sedimentary rocks. Since sedimentary rocks can be of
detrital, chemical, or biochemical origin, a chemical analysis is
considered the best method to determine the stone type by revealing
its chemical components. For this purpose, many laboratory studies
were carried out to analyze the stone samples.

To determine the mineralogical and petrographic properties of the
Gaagaa stone, sampling was completed to represent the general quarry,
and five thin sections were prepared. According to TS EN 12407 (2019),
mineral percentages were determined by making a petrographic
analysis of the thin sections at 10X magnification of crossed nicol, using
an Olympus BX41 polarizing microscope. The chemical properties of
the stone belonging to the Gaagaa quarry and its main oxides (%) were
determined in the Acme laboratory (in Canada), using the Inductively
Coupled Plasma Emission Spectrometer (ICP-ES) method. Additionally,
X-ray diffraction techniques were used to determine the mineralogical
composition of the Gaagaa stone.

Fig. 3. Stone samples extracted from Gaagaa Quarry (a); Gaagaa limestone (A, B, C) Dendritic

texture (C, D), Thin section view (F) (b); X-ray diffraction of Gaagaa limestone (c).
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The stone from the Gaagaa quarry (Figure 3[a]) has the appearance of
a carbonate rock with a pinkish light-yellow color, sometimes with
brown and black spots (Figure 3[b] A, B, and C). Closed discontinuities
are rarely observed in the stone (Figure 3[b] D). When these
discontinuity planes are opened, a black dendritic texture predominates
along the discontinuity surface (Figure 3[b] E). In the petrographic
analysis of the stone, the main mineral component is calcite (90%),
accompanied by a small amount of quartz (5%). Brown spots observed
on the surface of limestone at the macro scale are recognized as iron
oxide in the petrographic analysis. Bioclasts observed in the stone are
lamellibranch remains and spicule fossils of echinoids, ostracods,
rudists, and gastropods. The stone from the Gaagaa quarry is a fine-
grained biomicritic-biosparitic limestone with varying pore sizes and
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Chemical compositions of the Gaagaa stone are given in Table 3. The
stone contains two main oxides: calcium oxide (CaO; 52.58%) and
silicon dioxide (SiO2; 4.51%). The ignition loss value of the Gaagaa
stone is 41.7%. The main crystalline compounds found were calcite,
quartz, and hematite by the X-ray technique (Figure 3. [c]).

Table 3. Percentages of major element oxides in the Gaagaa limestone.
70, Al,O; Te,0; MgO CaO Na,0 K;0 TiO; 7,05 MnO Cr,0:[Ba Ni St Zr Y Nb Sc[*LOT Sum
% m %
4,51 0,34 0,74 0,37 52,58 0,74 0,03 0,02 0,07 0,02 0,004[ 8 <20 7104 7 5 <5 <T[41,7 99,97

The Gaagaa limestone is a highly porous, low-density limestone.
Compressive strength, bending strength, and abrasion resistance are
sufficient for general construction purposes, butits high porosity leaves
it highly vulnerable to environmental effects (Djedouani er af, 2021).
The material properties of the Gaagaa limestone are given in Table 4.

Table 4. Material properties of the Gaagaa limestone.

Property Standard Mean = Standard deviation
Apparent density - kg/m3 TSEN1936 2475+41
Open porosity - % TSEN 1936 5,948+0,873
Real density - kg/m3 TSEN 1936 2670+ 4
Total porosity - % TSEN 1936 7,302 +0,23
Water absorption -% TSEN 13755 2,349+0,383
Uniaxial compressive strength -MPa TSEN 1926 13276 £17,25
Flexural strength - MPa TSEN 12372 9,59 +1,82
Bohme abrasion -mm3 TSEN 14157 24226 +1796
Sound speed - m/s TSEN 14579 3782+136
Hardness (mohs) TSTS 6809 2,53

The age of the limestone is Turonian. Many researchers stated that the
Turonian limestone, which is widely distributed in the region, was also
used in the construction of historical buildings in Tébessa and that this
stone is very sensitive to weathering due to environmental effects
(Boumezbeur eral, 2015; Nasri eral, 2018).

3.1.1. The Measurements in Situ

This investigation was carried out during the winter to evaluate the
thermal behavior of natural stone buildings at this time. The coldest
measurement days were determined by the representative week and
day method, "design week and day." It was calculated with the
meteorological data of Hammamet, Tébessa, especially its temperature
values. It determined the average daily temperature of the coldest
month (January) over 30 years to obtain the average outdoor
temperature for each day in the month, then the lowest value of the
average temperature was matched to the coldest day (Khadraoui eral,
2018). Table 5 shows that the third week in January (in blue) is the
coldest week of the year in Hammamet, Tébessa province.

Table 5. Design week and design day.
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3.1.2. Presentation and Protocol for Taking Measurements

The measurements were taken twice every hour for three days in
January (the 16™,17", and 18"), 2021. The windows were opened
every morning for one hour to simulate the residents’ behavior from
9:00 h to 10:00 h, while all doors were closed throughout the
measurement period. The measurements were taken in the living
room in natural conditions and without any heating system while the
dwelling was uninhabited to ensure that protocol was carried out in
passive control systems.

3.1.3. Measurement Instruments

To conduct measurements, three types of instruments, illustrated in

Figure 4, were used in this investigation. An infrared thermometer was
pointed at the middle of the studied wall to measure the internal and
external surface temperature. In addition, the hygrothermometer
measured the air's moisture content to determine its relative indoor and
outdoor humidity and ambient temperature. The thermal anemometer
was used for measuring the indoor and outdoor wind speed and
installed in the middle of the studied room 1.5 m above the floor.

Fig. 4. Measurement instruments; Infrared thermometer (a), Hygro-thermometer (b), Thermal
anemometer (c).

3.2. The Energy Simulation:

A thermal dynamic simulation with the "EnergyPlus 9.3" software was
used to validate the experimental results of the thermal behavior of the
natural stone buildings. A climate file based on the Tébessa
meteorological station was generated by the "Meteonorme 7" software
in "epw" format and used in this simulation. The simulation was
conducted according to experimental measurement protocol, where
each space represents a thermal zone. Additionally, no outside
obstructions were introduced because the opposite buildings did not
cast shadows on the facade of the studied buildings.

4. Results and Discussion

The three main thermal comfort parameters of temperature, relative
humidity, and wind speed were measured to study the thermal
performance of the natural stone buildings.

4.1. Results of the Measurements in Situ:

Figure 5 illustrates the measurements in situ obtained for all buildings
studied. It was revealed that the different building orientations did
not affect the results obtained where all the graphs of the external
surface temperature are slightly different. As the building orientation
changes, the heat gain of walls changes, depending on how long it is
exposed to the sun during the day. Thermal inertia consists of the
accumulation of heat in the envelope for restitution inside by
radiation. The complexity of this phenomenon lies in the fact that the
heat flow through the envelope successively increases material
temperatures (Chuayb, 2015), which affects their thermo-physical
properties, but not the thermal inertia of the envelope.

It was observed that the outdoor temperature increases during the day
and then significantly decreases at night in a short period (less than12
hours). The maximum value of 11.6 C° was recorded at 10:00 h on the
first day. On the second and third day, the highest recorded
temperatures were 133 C° and 17.7 C° at 16:00 h. The lowest
temperature was recorded on the first day (5.7 C°) at 00h. The values of
4.2 C°and 6.1 C° were record on the second and third days at 16:00 h.

The temperature difference between day and night reached 5.7 C°,
9.1 C° and 11.6 C° each day, respectively. This important gap
significantly influences the limestone used in construction because
the heating and cooling of this stone type affect its components. As a
result, it deteriorates and erodes; this is called the thermal shock effect
weathering (Yavuz er al, 2006).

The indoor relative humidity rises at night to 73.1% in Building 1, 66.7%
in Building 2, 70.3% in Building 3, and 63.5% in Building 4. It decreases
during the day to 38.2% in Building 1, 36.2% in Building 2, 39.2% in
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Building 3, and 44.3% in Building 4. There was a coherence between
the indoor and outdoor relative humidity, which reached a maximum
value of 84% at night and a minimum value of 24% during the day.

Fig. 5. Results of the measurements in situ of the buildings.
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These high indoor relative humidity values were due to the water
saturation of the limestone used in construction. The components

affected by the thermal shock effect weathering are eroded over time,
then filled with water coming from the sub-basement of the building
(Nguyen eral, 2020).

On the other hand, it was revealed that the ambient inside temperature
values were low compared to the outdoor temperature values over the
three days in the four buildings. The values recorded in Building 1
ranged from 14.7 C°t0 9.3 C°,13.4 C° t0 10.1 C° in Building 2, 15.1 C°
0 9.3 C°in Building 3,and 13.1 C°t0 8.9 C °in Building 4. It was noticed
that these values are lower than the standards recognized in the
thermal comfort of residential buildings. The highest outdoor
temperature recorded in the last two days was at 16h, while the highest
ambient inside temperature recorded was at 14h, 18h, 20h, and 20h in
Building 1, Building 2, Building 3, and Building 4, respectively, with a
maximum difference of four hours between the two peaks. This low
thermal phase shift reduces the thermal inertia of buildings (Yam eral,
2003).

The external and internal surface temperature curves in the four cases
are almost the same as the ambient inside temperature. It was noticed
that there was a considerable coherence between them. The values of
the external surface temperature recorded in Building 1 range from
151 C°t059C°% 13.6 C°to 7 C°in Bui|ding 2,145 C°t0 6.2 C°in
Building 3, and 14.1 C ° to 6 C° in Building 4. The values of the internal
surface temperature recorded in Building 1 range from 13.3C°t0 7.3 C°,
12.8 C°to 7 C°in Building 2,13.3 C°to 7.8 C° in Building 3,and 13.7 C°
to 6.4 C° in Building 4. A difference of two degrees was recorded
between the external and internal surface temperatures in the day,
while the highest difference of six degrees was recorded at night.

The convergence of these temperature results is due to the influence of
the thermal shock effect weathering on the thermos-physical properties
of the limestone, where this allows the voids caused by this
phenomenon to be filled with water, and make the stone more
conductive, knowing that the stone saturated with water has a higher
thermal conductivity ecoefficiency than the dry stone. Consequently,
the stone’s thermal inertia decreases, as shown in this case study.
Additionally, these buildings’ thermal inertia is almost lower than
natural stone buildings’ usual thermal inertia.

However, it was revealed that the outdoor wind speed was rather high,
ranging between 7.1 m/s and 2.7 m/s. The indoor wind speed of the
four buildings studied is void over the three days, even when the
windows were open in the morning, except the first day where the
outdoor wind speed was estimated at 6.8 m/s at 8h, and the indoor
wind speed was 2.7 m/s. The most important element noticed was a
lack of good natural ventilation in the buildings during the day, except
when the outdoor wind speed exceeded 6 m/s. The very high indoor
relative humidity percentage and the absence of natural ventilation
had a significant influence on the ambient inside temperature values
(Sanchez eral, 2016).

4.2. Results of the Energy Simulation:

The energy simulation results in Figure 6 of the outdoor temperature,
the outdoor relative humidity, and the outdoor wind speed showed a
strong agreement between the simulation and experimental results.
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Fig. 6. Results of the energy simulation of the buildings.
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The simulation outside temperature result differences, the outside
relative humidity results, the outside wind speed results, and the
experimental results are consequences of the gap between the
measurements in situ values and the climatic file values (Khadraoui
et al, 2018), which has a direct influence on the external surface

temperature and the internal surface temperature on the ambient
inside temperature. In addition, it affects the indoor relative humidity
and the indoor wind speed simulation results.

It is important to notice a certain coherence between the measured
and simulated curves of temperature and wind speed parameters in
the four buildings. The simulated indoor relative humidity curve is
almost constant and does not exceed 27% in the four cases studied.
This significant difference between the simulation and experimental
indoor relative humidity results shows that the energy simulation
does not consider the current degradation state of the natural stone
used in these buildings, where the thermos-physical properties of the
limestone used in the energy simulation are related to the normal
state of the limestone. Thus, the thermos-physical properties’ value
changes due to climatic factors have an important influence on the
simulation results. However, the simulated indoor relative humidity
curves show the results of the relative humidity in the buildings built
in natural stone in the normal state, without exposure to harsh
environmental factors over time.

5. Conclusion

This paper analyzed the significant impact of harsh climatic factor
interactions with the thermos-physical properties of natural stone
used in construction on the thermal inertia of ancient residential
buildings over time. The research results showed that building
orientation does not affect the thermal behavior of the natural stone
walls. Limestone showed weak resistance in the semi-arid climate
under the important temperature gap between day and night. lts
components were affected by the thermal shock effect weathering
and saturated with water arising from the sub-basement of the
building, causing an increase in the thermal conductivity coefficient;
therefore, the thermal inertia and the thermal efficiency of the natural
stonewall are reduced.

On the other hand, the results show a low thermal phase shift
reducing the thermal inertia of buildings, the very high indoor relative
humidity values recorded, and how the absence of natural ventilation
affects the indoor thermal comfort, explaining the buildings’ thermal
performance decreasing. The wicked agreement between the
experimental and simulation results is the consequence of the gap
between the measurements in situ values and the climatic file values,
and the difference between the currents thermos-physical properties
of stone affected by the climatic context and the normal state of the
thermos—physical properties.

6. Suggestions and Recommendations

More research is needed to study climate effects on natural stone
durability used in construction and define suitable stone types in the
harshest climates. All ancient natural stone buildings need a thermal
correction to improve their thermal performance.
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ABSTRACT

Jaadl|

This study aimed to determine the effect of ethanolic extract of garlic
(Allium sativum s.) and ginger on the levels of glucose, cholesterol, and
triglycerides in the blood serum of adult white mice with induced diabetes.
This study included 40 male mice of Balb/c, which were divided into four
experimental groups (ten mice per group). The results showed a significant
increase (p<0.05) in the concentration of glucose, cholesterol and
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triglycerides in the blood serum of the group of mice injected with alloxan
compared with the physiological control. The results also showed a
significant decrease (p<0A05) in the concentration of glucose, cholesterol
and triglycerides in the blood serum of the group of mice treated with garlic
and ginger extract compared to control glucose. Results showed that
ethanolic extract of garlic (Afium sativum s.) and ginger has an important
effect on lowering the level of biochemical to normal values equivalent to
glibenclamide.
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ABSTRACT

Asymmetric encryption algorithms suffer the problem of high execution time. This paper presents a proposed methodology to perform encryption and decryption
of messages written in Arabic, using artificial intelligence represented by artificial neural networks based on the RSA algorithm. The method is based on dividing
the message into partial messages. The arrays of weights and biases in the neural network layers are considered the encryption or decryption key, according to
their function. All steps of the proposed method and how it works were shown and used in the MATLAB environment to design a system for encrypting and
decrypting messages written in Arabic. The results proved the effectiveness of the proposed methodology and its superiority over the RSA algorithm in terms of
execution time for both encryption and decryption. The encryption time in the proposed algorithm is close to the time of decryption, unlike what it was in the
RSA algorithm, where the encryption time was relatively much greater than the decryption time. The proposed method was tested on four text files of SOKB,
100KB, 150KB, and 200KB, over two hundred iterations. The average improvement in execution time was 1,330ms and 4,497.5ms for encoding and decoding,
respectively.
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1. Introduction

Cryptography is one of the most important techniques used to
protect data against illegal access and tampering. Many algorithms
are used to perform encryption. Encryption algorithms are
classified into two types: symmetric encryption algorithms, such as
the AES encryption algorithm, and asymmetric encryption
algorithms, such as the RSA algorithm. RSA is considered one of the
most important asymmetric encryption algorithms, developed by
the three scientists Ron Rivest, Adi Shamir and Leonard Adleman,
and is named by their initials. The RSA algorithm consists of three
main stages: the stage of key generation, the stage of encryption,
and the stage of decryption. The public key (PU) is generated to be
used in encrypting the message before sending it and the private
key (PR) is used to decrypt the message at the receiver, according to
the next steps (Intila er a/, 2019; Moghaddam er a/, 2013;
Amalarethinam and Leena, 2016). The Advanced Encryption
Standard (AES), also known by its original name Rijndael, is a
specification for the encryption of digital data established by the
U.S.National Institute of Standards and Technology (NIST) in 2001.
The AES is a subset of the Rijndael block cipher developed by two
Belgian cryptographers, Vincent Rijmen and Joan Daemen, who
submitted a proposal to the NIST during the AES selection process.
In the United States, the AES was announced by the NIST on
November 26, 2001. The AES uses the same key in both encryption
and decryption (Lu er a/, 2021). The basic difference between the
two types is the key used in encryption and decryption. In
symmetric encryption, the same key is used for both encryption and
decryption, while asymmetric encryption algorithms use two
different keys. One of them is a public key for data encryption and
the other is a private key for decryption. Private and public keys are
different from each other, but they are related to each other. The
public key is available to all users, while the private key is hidden,
secure, and only owned by its owner. One of the disadvantages of
asymmetric encryption is that it takes much longer than symmetric

encryption (Taleb and Obaid, 2020). Each type of encryption has
advantages and disadvantages. Symmetric encryption algorithms
are much faster because they require low computational cost and
they are simpler, but their main weakness is that hackers may
discover the key because of only using one key for both data
encryption and decryption, so the key must remain secure (Taleb
and Obaid, 2020). Asymmetric encryption solves the problem of
publishing key by using public keys for encryption and private keys
for decryption, but this type of encryption is very slow compared to
asymmetric encryption because it requires much more
computational resources due to the length of the keys. The bottom
line is that symmetric encryption is faster than asymmetric
encryption, but it is less secure. Asymmetric encryption is more
confidential and provides a higher degree of data protection.
Moreover, asymmetric encryption provides the features of
verification, authentication, and non-repudiation. However, it
suffers from relative slowness compared to symmetric encryption.
A Slovak study in late 2019 presented an attempt to employ
convolutional neural networks in symmetric encryption to perform
the standard AES encryption algorithm. The study concluded with
one recommendation and the result, which is the possibility of
using convolutional neural networks in the field of encryption in
addition to the other fields, but only to encrypt files of small sizes
(Forgd and Okay, 2019).

In 2020, a group of researchers in Singapore used a Graphics
Processing Unit (GPU) to accelerate the work of convolutional
neural networks in order to employ them in the symmetric
encryption process. The model provides cloud computing to protect
user data. Deep Learning as a Service (DLaaS) technology is
employed. Two image databases were able to encrypt with different
times and with two different performances (Al Badawi eral, 2020).
The researchers proposed an encryption model based on
integrating a chaotic diagram with multi-layered perceptron neural
networks to encode grayscale images by segmentation of message
to encrypt and then collect the sub-messages (Kengnou et al,
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2014). Some studies use neural networks in the process of some
functions of the RSA algorithm as functions of key generation
(Haghipour and Sokouti, 2009). The assistant professors, Navita
and Barchi, presented a research paper for a theoretical study of the
possibility of using neural networks in the field of encryption using
neural networks trained by the back propagation algorithm. They
did not apply it but indicated the possibility of applying it in the
Matlab environment (Agarwal er a/, 2013). An encoding and
decryption model based on the chaotic scheme and the artificial
neural network with an encryption and decryption algorithm to
raise the level of confidentiality was also presented, but this study
considered neural networks as a supportive part rather than an
essential part in the encryption and decryption process (Al-Abaidy,
2020). Another study tried to employ neural networks to perform
the encryption task, butit was weak, and the use of neural networks
was limited to the generation of encryption keys and the field of
generating the keys; it did not present a clear method of using
neural networks to perform encryption and decryption in their total
form (Al Azawee, er al, 2015). Chaotic technology was also used to
improve neural networks to perform encryption and decryption
and proposed what is called chaotic neural networks (CNN), but it
was of great complexity and included three stages: the stage of
generation of the chaotic key and education, the stage of generation
of the chaotic chain, and the encryption process. However, this
method needs a new training process every time to generate the
weights required for the encryption stage (Bevi er al/, 2018).
Therefore, this research aims to propose a method to perform
asymmetric encryption using artificial neural networks for the
entire process in order to speed up the encryption process, to
improve asymmetric encryption, and to encrypt data in less time
and at higher speed. The importance of research in the field of
protection against tampering or viewing of data applies to all the
stages: transferring through computer networks and storing,
securing, protecting to a high degree, achieving the characteristics
of authentication and verification, and to get the feature of non-
deny in a relatively short time. The artificial neural networks are
employed in the field of asymmetric encryption and data
protection. The method proposed by this research to employ the
artificial neural network to achieve asymmetric encryption of
Arabic characters is meant to protect data written in the Arabic
language and can be used in the field of e-government to protect
data from tampering, forgery, or access in a short time, encoding a
larger amount of data in less time. This research is characterized by
proposing a method to make the Artificial Neural Network (ANN)
completely perform the encryption and decryption functions.

2. Materials and Working Methods

This research was achieved in four steps:

®  Suggesting a general method to perform asymmetric coding
using Artificial Neural Networks (ANN) and defining the stages
of design.

(] Explanation of the mechanism of performing asymmetric
encryption of Arabic letters using the proposed neural networks
and determining the public key that is called the encryption key.

(] Explanation of the mechanism of performing asymmetric
decryption of Arabic letters using the proposed neural networks
and determining the private key thatis called the decryption key.

(] Practical application using the Matlab environment, getting
conclusions, comparing with the RSA algorithm, and analyzing
the results.

2.1. The Proposed Method to Achieve Asymmetric
Encoding of Arabic Characters:

Figure 1 shows the scheme of the proposed method for performing
asymmetric encryption and decoding Arabic letters, which works as

follows:

®  The Coding Section: As shown in Figure 1-a, it consists of several
stages:

o The Input: This is the text of the message written in Arabic M. The
computer representation of Arabic characters according to the Unicode
code starts with the number 1,536 and ends with the number 1,791,
and the field of representation of the Arabic characters is [06FF-0600]
in the hexadecimal counter-system (2021, Unicode organization).

e} The Segmentation Stage: The message M is distributed to partial
messages mi. Each message consists of two Arabic letters, which means
the length of the partial message is 32 bits because the Unicode code
represents each letter in two bytes.

o Encryption Stage: The partial messages are distributed by artificial
neural networks designed to perform encryption (the design of ANN
will be explained in section 2.2), where the input of each network is a
partial message, inputs = mi. The public encryption key Puk is the
weights and biases of each layer in a neural network and is presented
by the following matrix:

Puk = [Wh bn Wo bo] 1)
Where:

Wh: weights matrix in Hidden Layer

bh: biases matrix in Hidden Layer

Wo: weights matrix in Output Layer

bo: biases matrix in Output Layer

Determining the encryption key is done by specifying Wh, bh, Wo, and
bo, which will be clarified in section 2.2. The output of this stage is
partial codes, outputs = ci, each code corresponding to the partial
message of the input of the neural network.

o Collection Stage: At this stage, the sub-ciphers are compiled to get the

output of the coding stage, which represents the total code of the
message C.

(] The decoding section: As shown in Figure 1-b, it consists of several

stages:

e} Input: Itis code message C, resulting from the encryption stage.

e} The segmentation stage: the code message C is distributed to the sub-
codes Ci; each code consists of two characters, meaning the length of
the partial code is 32 bits because the Unicode code represents each
character with two bytes.

O Decryption Stage: The partial codes are distributed by artificial neural
networks designed for decryption. (The design of ANN will be explained
in section 3.2). The input of each network is a partial code, outputs = c;
and the private decryption key Prk is the weights and offsets of each
layer in the neural network and is presented by the following matrix:
Prk = [Whd bhd Wod bod] @

Where:

Whd: weights array in hidden layer in ANN for decryption.
bhd: biases array in hidden layer in ANN for decryption.
Wod: weights array in output layer in ANN for decryption.
Dod: biases array in output layer in ANN for decryption.

Determining the decryption key is achieved by specifying Whd, Dhd,
Wod, and Dod , which will be clarified in section 3.2. The output of this
stage is partial messages. Outputs = m, with each code corresponding to
the partial message of the output of the neural network.

o Collection Stage: At this stage, the partial messages mi are collected to
getthe output of the decoding stage, which represents the total message
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Figure 1: The proposed method for performing asymmetric encoding of Arabic characters
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2.2. Design of Neural Networks to Perform Encryption
and Generate the Public Encryption Key:

The process of designing the ANN to perform encryption was based
on the RSA algorithm, and the following is a summary of RSA steps
(Shambhavi and Sharma, 2018):

. Randomly generate two large prime numbers, pand q.

. Calculate the shared part between the public and private key,
according to the equation:

n=p.q (3)
®  C(alculate the factor Jaccording to the equation:
An)=(p-"1)(g—1) (4)
®  Choose an integer at random, € , through the equation:
1<e<dn) ®)
Where gcd is the greatest common divisor:
ged (e, () =1 ®)
®  Using the extended Euclid algorithm, calculate the integer number d:
d=¢" (mod 9 (n)) (7)

Where mod is the remainder operation.
®  The public key Pu= (e, n) is used to encrypt the text via the equation:
C=M* (mod n) (8)
. The private key PR=(d, n) is used for decryption using the equation:
M=C?(mod n) 9)
Where e is the Encryption Exponent, d'is the Decryption Exponent,
while nis called the modulus.
The process of encryption and the generation of the encryption key
using ANN was carried out in three stages:
(] Forming a database for a single ANN: the number of Arabic characters
represented by the computer according to the Unicode code is 16 x
16 = 256, so the number of possibilities needed to form the database
is 256 = 6,5536, because one partial message (M) consists of two

characters. All the possibilities of the partial message (M;) are taken
and encoded by using the RSA algorithm using equation (8) after

generating the cipher key using equations (3) to (7). All the codes (Cj)
corresponding to all the possibilities of the partial message (M) are
found. Pairs of the database from the input of a neural network and
its corresponding desired output {M;, ci} are formed. The formed
database is divided into three groups: the training set, the test set, and
the validation set, where each set has 65,536 desired input and
output pairs. This is to ensure that the network is trained, tested, and
verified on all possibilities of receiving the partial message.

®  Training the ANN and finding the encryption key Puk: a two-layer
ANN is proposed; a hidden layer and an output layer, each layer
containing two neurons because the input and output are composed
of two Arabic letters. The network was trained according to the
Levenberg-Marquardt algorithm with the following relationship (Du
and Stephanus, 2018):

o= —[0TI+ ] I7e (10)

Where (D 4 : the new weight (adjusted) and Wy : the old weight
(before modification).

J : Jacobian matrix, which is the value of the first derivative of the
network errors related to weights and biases in backpropagation.

/L : Learning rate speeds up or slows down the network training
process.

| : Identification matrix.

€ : The error or difference between the current network output and

the desired output.
Figure 2 shows the training, validation, and test curves of the two-part
cryptographic ANN. The performance curve shows the extent of
training and learning of the network, where it is found that the value
of the mean squared error MSE=3.69¢e — 5. The training, validation,
and test curves are identical, as shown in Figure 2, and match the fit
and performance curves for all training, validation, and testing data.
The reason for this is that the training, validation, and test sets match.
The training is repeated until MSE equals zero or is stopped at
maximum epochs equal to 1,000. The fit curves gave a fit ratio of R=
100% = 1 for all training, validation, testing, and all data. As a result,
the weights and offsets (W), (b,), (W,), and (b,) are found, which
constitute the general encryption key given by the relation (1), which
is required to perform the encryption process using the ANN
according to the following equation:

ci = f1 (Wo f2 (Wh m; + br) + by) (1)

Where fl is the function of the activation of the output layer neurons
and is a linear function given by the relation:

y=x (12)
and where £ is the function of activation of the hidden layer neurons
and is the tansig function that is given by the relation:

) (13)

y =tansig(x) = 2
1+

efzx
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Figure 2: Curves for an artificial coding neural network
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Determining the number of ANN needed to encode the total Arabic
message M: This is done by determining the degree of division for the
length of M, estimated by the number of bits, and the length of the
partial message mi, estimated in bits, which is 32 bits. The partial
message is made up of two Arabic letters, each character with a length
of 16 bits according to the computer representation in Unicode. If the
degree of division is 128 bits, the number of neural networks is 128 /
32=4.Inaddition, if the degree of division is higher, for example 256,
the number of neural networks is 8. This step is important for making
the encryption process faster, especially when using multi-core
computers with a parallel structure. Therefore, it is more efficient
than the process of designing a single neural network to encrypt the
entire degree of division in terms of speed, in addition to the almost
impossibility of building an ANN with relatively high degrees of
division. If we want to design a single ANN to encrypt the message
with a degree of division of 128 bits at once, the number of Arabic
characters will be 8 in one partial message. Thus, the number of
possibilities is e + 19256%=1.8447. This needs supercomputers in
terms of memory size and execution speed to conduct the training
process and determine the encryption key.

2.3. Design of Neural Networks to Perform Decryption
and Generate the Decryption Private Key:

The process of decrypting and generating the decryption key Prk is
carried out using ANN, according to three stages:

Configuring a Database for Decryption Artificial Neural
Network: The same database formed to train the neural network is
used to perform encoding but with opposite pairs, so the input is (c;)
and the desired output is (m)), that is, the database is pairs to train the

neural network for decoding {c; m}. This database is divided into
three groups: the training set, the test set, and the validation set,
where each set has 65,536 desired input-output pairs. This is to
ensure that the decryption network is trained, tested, and verified on
all the possibilities of the partial code.

Training the Artificial Neural Network to Decode and Generate
the PRK Decryption Key: A two-layer ANN is proposed, having a
hidden layer and an output layer, each layer containing two neurons
because the input and output are composed of two characters. The
network has been trained according to the Levenberg-Marquardt
algorithm that is presented by the relation (10). Figure 3 shows the
training, validation, and testing curves of the decoding ANN,
consisting of two parts. The performance curve, which shows how
well the network is trained and learned, is where we find that the
value of the mean squared error MSE = 3.84e-5, as shown in the
figure. The fit and performance curves are the same for all training,
validation, and test data due to the matching sets for the training,
validation, and test data. The fit curves gave a fit ratio R = 100% = 1
for training data, validation data, testing data, and total data. As a
result, the weights and biases of the decoding network Wiy, by, W,y
and b,y are found, and they constitute the decoding key given by the
relation (2), which is required to perform the decoding process using
the ANN, according to the following equation:

m;= £ (Wog o (Wi 6+ byg) + b,d) (14)

Where:

f is the function of the activation of the output layer neurons, and it
is a linear function given by the relationship (12)

£, is the function of activation of the hidden layer neurons, and it is
the tansig function that s given by the relation (13)

Figure 3: Curves of an artificial neural network for decoding
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C: This is done in the same way that was used in the encryption
process, and the number of neural networks needed for decoding is
identical to the number of neural networks needed to perform the
encryption.

3. Results and Discussion

The proposed methodology for encoding and decoding using ANN has
been applied and programmed in the MatLab environment using the
Graphical User Interface (GUI) technology as shown in Figure 4A, where
the Arabic text message is entered by downloading a text file with an
extension (.txt) through the software button “M” in the encryption
section, then performing the encryption using neural networks and the
general encryption key by programming the equation (11) in the steps
shown in section 2.1 after obtaining the encryption key as explained in
section 2.2.

Figure 4B shows the encoding output of the message written in Arabic
that appears by pressing the “C” software button. It is clear from the
figure that the encoding output is Chinese characters, which are
represented by the computer according to the Unicode code within a
specified minimum limit estimated in hexadecimal and decimal:
(F900)16 = (63,744)10, and the maximum limit estimated in
hexadecimal and decimal: (FOFF)16 = (63,999)10. This explains the
desired output range in the fitting curves for the coding neural network
shown in Figure 2B. It should be noted that the two programmed
functions shown in Table (1) were used to obtain the digital encoding
of the computer representation of Arabic characters according to the
Unicode code when starting the encryption procedure and upon
completion of the decryption process to move between characters and
numeric representation according to the Unicode code. As for the
decryption process, it was done by the programming equation (14) in
the steps shown in section 2.1 of the decryption section. This is after
obtaining the decryption key as shown in section 2.3. Figure 3C shows
the results of the decryption, which is the entered Arabic message. This
output appears by pressing the “M” button in the decryption section
shown in Figure 4A, where the range of Arabic letters is limited by the
two limits: minimum (0600)16 = (1,536)10 and maximum (ff06)16 =
(1,791)10. This is confirmed by the fit curves shown in Figure 3B for
training the artificial neural decoding network.

Table (1): Programming functions used to switch between Arabic characters and Unicode
programming form prog g function
M_values = unicode2native(M,1SO-8859-T") Converts the letter M to Unicode
Converts the Unicode of the message encoding output
C_valuesto C

C = native2unicode(C_values)

Figure 4: The proposed method for performing asymmetric encoding of Arabic characters using
artificial intelligence.
A - Practical application of the proposed method with GUI technology
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The results were obtained by testing the proposed encryption mechanism
by encrypting and decrypting four sizes of Arabic messages, calculating
the average execution time for two hundred iterations, and comparing
those times with the execution times of the RSA algorithm to encrypt and
decrypt the same message sizes with the same average number of
iterations. The message sizes encrypted were 50KB, 100KB, 150KB, and
200KB. Figure 5 shows the encryption and decryption times that were
obtained, where the proposed methodology for performing encryption
and decryption using ANN proved superior to the RSA algorithm in terms
of execution time for both encryption and decryption. This can be
explained by the fact that the arithmetic operations needed by the
proposed methodology to perform encryption are less complex than
those required for the RSA algorithm, since the RSA algorithm contains an
exponentiation with a relatively large number. Thus, the number of
multiplication operations is many. In addition, the remainder of the
division requires repeated subtraction operations, the number of which
increases with the increase in the value of the number resulting from the
exponent operation, and this is not needed for the proposed
methodology to perform the encryption. The proposed method requires
only a specific number of multiplications and additions because the
structure of the neural network is simple and consists of only two
neurons, distributed in two layers. This is evident in the decoding time of
both the proposed methodology and the RSA algorithm (Figure 5B),
because the resulting number of encryptions is greater than the number
to be encrypted. Asiis clear from the computer representation of the Arabic
characters to be encrypted and the computer representation of the
Chinese characters resulting from the encryption process that is required
to be decrypted to return to the Arabic characters, the private key in the
RSA algorithm is greater than the public key. This leads to an increase in
the RSA decryption time, making it longer than the RSA encryption time.
This is due to the increase in the repeated subtraction operations with an
increase in the value of the decryption key and the value of the number
when decrypting compared to when encrypting. In the proposed
methodology, the number of computer operations does not change,
which makes the decoding time not very different from the encoding
time. Table (2) shows the improvement resulting from the proposed
methodology, which is the difference in time required to perform both
encryption and decryption for both the RSA algorithm and the proposed
methodology when encrypting four files of different sizes (S0KB, 100KB,
150KB, and 200KB). The average improvement in time for the four files is
1,330ms and 4,497.5ms for encryption and decryption, respectively. A
comparison was made between the proposed methodology and two
reference studies that employ neural networks in the field of encryption
using the RSA algorithm. The comparison was made in terms of execution
time by calculating the average encryption and decoding time for one byte
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by depending on the execution time of the largest file to discover the
feasibility of the proposed methodology. The comparison showed the
effectiveness of the proposed method and its superiority over the two
proposed methods in the reference studies (Yousif er af, 2017
Chakraborty er af, 2018), as shown in Table (3). The reason for the
superiority of the proposed methodology is due to two main factors. The
firstis the presence of a partial degree of 32 bits, which leads to a simple
ANN structure consisting of only two neurons per layer. The second factor
is that the proposed mechanism relies completely on the ANN for the
encryption and decryption processes and there are no auxiliary
algorithms, as their presence leads to additional execution times.

Figure 5: Comparison of the execution time of the proposed methodology for performing
asymmetric encryption of Arabic characters using artificial intelligence with the RSA algorithm.
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Table (2): The amount of improvement in execution time of the proposed methodology compared to

the RSA algorithm
File size 50KB T00KB 150KB 200KB
Encryption time [ms] 780 1,070 1,400 2,070
Decryption time [ms] 1,760 3,970 5,290 6,970

Table (3): Comparison between the algorithm proposed in this research and two algorithms
proposed in two reference studies

The method [Average encryption time of one byte[ Average decryption time of one byte
Proposed method Sns 5.37ns
Yousif eral, 2077) Bans 270ns
(Chakraborty et al, 2018) 253ns’ 253ns

The protection of data by encrypting according to the proposed
mechanism based on ANN gives complete effectiveness and the
ability to encrypt and decrypt, so neural networks can be used to

perform asymmetric encryption and decryption to protect data from
tampering, illegal access and securely allows for digital signatures,
verification, authentication, and non-denial. The method used is
highly effective against hacking because it depends on a key
consisting of four unknowns in the form of matrixes, which are the
matrixes of weights and biases of the two layers of the neural
network. The process of network training needs to define the code,
which can only be obtained by knowing the key of the original RSA
algorithm. Thus, the degree of protection of the proposed mechanism
depends on the degree of the original algorithm. It is equal when
trying to break it by breaking the original algorithm and superior
when trying to hack it by means of probability, because the number
of unknowns in the key of the proposed method is greater than in the
RSA algorithm. The degree of confidentiality of the proposed method
can be increased by using dynamic keys and changing the weights
through  periodic network training, which increases the
confidentiality and degree of protection used and the improbability
of breaking it. The code resulting from the proposed mechanism is
not necessarily Arabic letters, which increases the number of
possibilities in front of the hacker, and the experimentation process
does not work for penetration. With the presence of the order factor,
a hacker may use experimental letters that give a correct arrangement
in terms of language but are not necessarily the correctword, and this
method needs scrutiny, which forces the hacker to analyze every
possibility. Hackers are faced with an infinite number of possibilities,
'and they soon realize that the code is impossible to break. The
encryption and decryption process used in the RSA algorithm
depends on two equations with fixed functions; the method is clear
to the hacker and the strength of the algorithm lies in the encryption
key only. The proposed methodology uses two activation functions,
and different activation functions can be used, not only the tansig and
linear functions. This increases the confidentiality of encryption by
adding a factor of insularity to the method and by the presence of
more than one possibility to perform encryption and decryption by
changing the activation functions according to their number and
order of use in each layer. The process of generating keys in the RSA
algorithm is dependent on a fixed methodology, and the strength of
this methodology is a factor of randomness in choosing the
cryptographic parameters represented by the two large primes, q and
p- In the proposed methodology, the method of generating the keys
is not fixed because an algorithm other than RSA can be used as the
original algorithm to obtain training pairs. The proposed method
depends on the original algorithm only for the encryption key to
obtain the training pairs. After obtaining the code, it does not need
the private key, which means that it needs only one key. Therefore,
symmetrical algorithms, such as the AES algorithm, can also be used
to design the encryption and decryption keys for the proposed
method, which contributes to the reduction in the design time needed
for encryption and decryption with neural networks. The proposed
methodology is not affected by the original algorithm used (whether
RSA or others) to design itin terms of encryption and decryption time,
but it — the original algorithm — affects the values of weights and
biases, and therefore the values of the encryption and decryption

keys.

4. Conclusion

In this research, a methodology was proposed to encrypt and decrypt
messages, written in Arabic, by using artificial intelligence represented
by artificial neural networks, to determine how this network was
designed to perform asymmetric encryption, and to discover how to
obtain the private and public keys of the proposed mechanism. This
mechanism proved highly effective and superior to the RSA algorithm
in terms of execution time, both in encryption and decryption. In
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addition, a software system was designed to perform encryption and
decryption in the Matlab programming environment. It proved
effective and gave an accuracy of 100% in retrieving 10,000 encrypted
messages of different sizes. The average improvement in encryption
and decryption time was 1,330ms and 4,497.5ms, respectively, for text
message sizes of SOKB, 100KB, 150KB, and 200KB.
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ABSTRACT

Absorption and fluorescence spectroscopy techniques were applied to investigate the photophysical characteristics of acridine orange (AO) dye in solvents that
included distilled water, dimethyl sulfoxide (DMSO), acetone and ethanol in various concentrations (1x10-4—1x10-6) M. All of the samples were served at room
temperature. The relationships between various parameters describing the strength of optical transitions in atoms and molecules were reviewed. This study
expresses various viewpoints by describing how concentration and solvent affect the dye’s absorption and fluorescence spectra. The absorption spectra of AO
exhibita band at (490 nm), except for DMSO, which shifts more towards red by 5 nm. The fluorescence spectra show a blue shiftin AO aqueous solution around
6 nm until (0.5x10-4) M, followed by a red shift at around 7 nm at (1x10-6) M. There is a blue shift in (1x10-5) M for DMSO at around 4 nm, then a 10 nm red
shift in higher concentrations as well as a 9 nm red shift in acetone and 6 nm in ethanol. Adding magnesium oxide nanoparticles (MgO NPs) quenched AO in
both absorption and fluorescence spectra, whereas maximum fluorescence and intensity increased when aluminium oxide nanoparticles (Al203 NPs) were
added to the solution.
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1. Introduction

Acridine is a cationic dye that shares a common aromatic structure with
multiple acridine dyes (Sharma er a/ 2003). Acridine has various
applications in  fluorescence microscopy, endomicroscopy,
intraoperative, fluorescence guidance, photodynamic therapy,
sonodynamic therapy and radio dynamic therapy (Byvaltsev eral 2019).

Acridine derivatives form an important class of heterocycles containing
nitrogen due to their broad range of pharmaceutical properties. In the
nineteenth century, acridine derivatives were used industrially as
pigments and dyes. More critical to the pharmaceutical industry,
acridines are used as dyes, fluorescent materials for visualisation of
biomolecules and in laser technologies. The properties of acridines are
attributed to their semi-planar heterocyclic structure, which
appreciably interacts with different  biomolecular targets.
Acridine/acridone derivatives are found in natural plants and various
marine organisms (Kowalewska er a/ 2017).

The S;—>S;and S;—S, bands in acridine orange (AO) are red shifted
in polar solvents compared to non-polar solvents, indicating that the
transitions are TT—>TT* in nature. The ground state has a higher charge
character than the excited state. In contrast, the S, —> S; bands are blue-
shifted in polar compared to non-polar solvents (Sikiru er a/ 2016).

Nanomaterials, particularly metal and metal oxide nanoparticles, are a
special class of materials with unique physical and chemical properties
that have a wide range of applications. Magnesium oxide nanoparticles
(MgO NPs) have been used in electronics, catalysis, additives, ceramics,
photochemical products, paints and medicine (Musarat er a/. 2020).
Engineered aluminium oxide nanoparticles (Al,O; NPs) have
commercial potential in catalysis, polymer modification and heat
transfer fluids (Sunandan er a/ 2013). Kumar er a/ (2018) investigated
the use of MgO as the adsorbent for methylene blue (MB) removal. Itis
also possible to extract spectral information from the adsorbed
compounds using nanoporous aluminium oxide, as demonstrated by
Hotta eral (2010).

Absorption and fluorescence spectra reveal significant changes due to
aggregations, which can be useful as the parameters change when the
concentration of AO decreases. This study aims to characterise AO’s
absorption and fluorescence properties as a function of its
concentration by calculating the quantum yield, extinction coefficient,
Stokes shift, radiative lifetime and fluorescence lifetime. As AO is used
in medical applications and MgO and Al,O; are used in industrial
applications at low cost, metal oxide nanoparticles were added to the
AO water solution and studied as a new work.

2. Experimental Work

2.1 Materials:

AO (Cy;H19N31/2ZnCl,.HCI, molecular weight 369.94 g/mol) from
Qualikems Fine Chem Pvt. Ltd. was dissolved in distilled water,
dimethyl sulfoxide (DMSO), acetone and ethanol. Distilled water
(H,0) with (10.2) polarity and DMSO (C,HsOS) with (7.2) polarity
(Lide, 2010) were procured from Greyhound Chromatography and
Allied Chemicals. Acetone (CH3COCH3) with (5.1) polarity (Lide, 2010)
was acquired from HI Media Laboratories Pvt. Ltd, and ethanol
(C,HsOH) with (4.0) polarity (Lide, 2010) was procured from Finchley,
London. The solvents were supplied with 99% purity in terms of mass
percentage.

Magnesium oxide (MgO with an average diameter of 40 nm and 99.9%
purity) was obtained from Intelligent Materials Pvt. Ltd. Alumina oxide
(Al,05 with an average diameter of 20—30 nm and 99.9% purity) was
obtained from China.

2.2 Preparation of Samples:

AO dye solution with a primary concentration of (1x10%) M was
prepared by dissolving appropriate amounts of dye (weighted by a
Mattler balance of 0.1 mg sensitivity) in the solvents. The amount of
dye, m (in ), was calculated using equation (1) (Al-Kadhemy er al.
2020):
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m = (1

1000
where M, is the molecular weight of dye (g/mole), V is the volume of

the solvent (ml) and C is the dye concentration (M), which was then
diluted to get concentrations in the range of (1x10%) M to (1x10°) M
as shown in equation (2) (Krolenko er a/ 2006; Saeed et al. 2020).

Cl Vl = CZ VZ (2)

where C; is high concentration, V; is the volume before dilution, C; is
low concentration and V, is the total volume after dilution. It was noted
that the prepared solutions had good homogeneity.

Nano (MgO and Al,05) was added to the dye solution in 0.002 g and
0.004 gamounts. The mixture for both nanomaterials was added to the
dye solution to investigate the best number of nanoparticles to enhance
the photophysical properties of the organic dye. All of the samples were
prepared using a hot plate magnetic stirrer until the (MgO and Al,05)
nanoparticles were diffused homogeneously through the AO distilled
water solution. All of the samples were keptin a dark place to avoid any
possibility of photo-bleaching or the dye fading. The samples were used
immediately after preparation.

Spectrophotometric measurements were taken with a UV-Visible
spectrophotometer (T70/T80) and (SHIMADZU RF-5301pc) for
absorption and fluorescence spectra for all samples, respectively. All of
the figures were created with Origin Pro 2019b.

3. Theory and Calculations

The intensity of light absorption at wavelength A by an absorbing
medium is characterised by absorbance A (A) or transmittance T (A),
defined as (Valeur 2012):

AQ) = log 7} = ~log(2) ®)

where lo and | are the light intensities of the beams entering and leaving
the absorbing medium, respectively. In many cases, the absorbance of
asample follows the Beer—Lambert Law (Valeur 2012).

AQ) = logII—" =eWIC @)
where €(A) is the molar absorption coefficient that represents a
molecule’s ability to absorb light in a given solvent (commonly
expressedin Lmol™ cm™), Cis the concentration (in M) of the absorbing
species and L is the absorption path length (thickness of the absorbing
medium in cm). According to classical theory, molecular absorption of
light can be described by considering the molecule as an oscillating
dipole, which allows us to introduce a quantity called the oscillator
strength (f), which is directly related to the integral of the absorption
band as follows (Dihingia er a/ 2019):

mC? N =
f=2303 Nomein — fe(@)dv (5)
where m and e are the mass and charge of an electron, respectively, Co
is the speed of light, n is the index of refraction and Vs the
wavenumber (in cm™). Oscillator strength, f, is a ratio that compares the
strength of the transition with that of a bound electron behaving as a
3D harmonic oscillator. For strong molecular transitions, f values are
close to 1 (sometimes they even slightly exceed this value). For weak
transitions, f values can be several orders of magnitude lower than 1
and as low as 10, For n — Tt * transitions, the values of € are in the
order of a few hundred or less and those of f are no greater than ~10°
*. For TU—> TU * transitions, the values of € and f are, in principle, much
higher (except in symmetry-forbidden transitions); f is close to 1 for
some compounds, which corresponds to values of € that are of the
order of 10°. f is a dimensionless quantity (Birks 1973).

Fluorescence quantum yield (@) is the ratio of the number of emitted
photons (over the entire duration of decay) to the number of absorbed
photons (Valeur 2012).

number of photons emitted __ [ Area under the fluoresence spectrum ( )

b=

number of photons absorbed - [ Area under the absorption spectrum

where the number of photons emitted and absorbed are in the
integrated area under the fluorescence and absorption spectrum,
respectively.

Radiative lifetime (TFM) has been related to the extinction coefficient
using a variety of formulas. Bowen and Woks' method is the easiest to
utilise (Valeur 2012):

1 _ — —\ 31—
— =288x10 on? vi[e(V)dv ?)

FM
where ([8 (17) dﬁ) is the area under the curve of the molecular
extinction coefficient plotted against the wavenumber, VU is the
wavenumber of the maximum in the absorption band and n is the
refractive index of the solvent.

Then, fluorescence lifetime (Tg ) is obtained using the following
equation (Valeur 2012):

T = pTeMm (8)

Stokes shift (AV) is the term used to describe the difference in the
wavelength at which a molecule emits light and is relative to the
wavelength at which the molecule was excited (Al-Kadhemy and
Nasser 2018).

AV = Vs — ﬁflu. )
Thisimportant parameter can provide information about excited states.
For instance, when the dipole moment of a fluorescent molecule is

higher in an excited state than in a ground state, the Stokes shift
increases with solvent polarity (Takashi er a/ 2010).

The full width at half maximum (FWHM) is calculated by knowing the
half intensity of absorption or fluorescence spectra that determines the
half-width of spectra by slipping towards the x-axis, which represents
the wavelength in nanometres (Lewkowics 2006). The FWHM is the
function of the possibility of tunability in the active medium laser.

4. Results and Discussion

The absorption spectra of AO laser dye in different solvents (distilled
water, DMSO, acetone and ethanol) at various concentrations (1x107,
0.5x10,1x10%, 0.5x10°and1x10°) M is illustrated in Figure (1). The
maximum excitation and emission (A,,,) for standard AO (in aqueous
solution) is (494 nm) and (525 nm), respectively (Krolenko ez a/ 2006).

Figure (1a) shows AO dissolved in distilled water. It is a noticeably wide
spectrum with the maximum absorption wavelength constant at all
concentrations at 490 nm and around 470 nm at the shoulder. This is
consistent with Krolenko er a/ (2006). The intensity of absorption
increases as the concentration increases. A further increase in
concentration leads to a decrease in the absorption band at 490 nm,
and the shoulder increases at 470 nm, which can be assigned to the
dimer and monomer (Falcone et a/ 2002; Markarian and Gohar 2015).

This can be observed in Figure (1b) where AO is dissolved in DMSO,
which is less polar than distilled water. The same behaviour is noticed
for maximum absorption wavelength, which is unchangeable with
increasing concentrations, but a red shift occurs and becomes 495 nm
compared to the water solvent. Absorption intensity increases with
increasing concentration, which is in agreement with Markarian and
Gohar (2015). In both of the solvents mentioned above, the FWHM
decreases with increasing concentration, and the spectra become
narrower. The physical and chemical characteristics of DMSO are
unique, and it has a higher polarity than both ethanol and acetone. It
has a high dielectric constant, making charge separation simple, and it
is soluble in a wide range of ionic, polar and polarisable molecules.
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DMSO is also a good solvent for olefin polymerisation because its
hydrogen atoms are resistant to being removed in free-radical
processes. DMSO solvates cations, in general, due to the increased
electron density of the oxygen atom and the steric availability of
oxygen. The basicity of DMSO is somewhat higher than that of water
because of the increased electron density near the oxygen atom.
DMSO's capacity to compete successfully for hydrogen donor
molecules is a key element in its influence on various reaction speeds.
As the reactivity of bases in DMSQ increases, a variety of base-catalysed
elimination and cleavage processes can be carried out at room
temperature or temperatures much lower than normal.

Acetone (Figure (1c)) and ethanol (Figure (1d)) have lower polarity than
water; therefore, the maximum absorption wavelength does not
change with increased concentrations of AO and remains at 490 nm
with the smaller shoulder at 470 nm. Absorbance increases regularly
with increasing concentration due to an increase in the number of
excited AO molecules from a ground state to the first excited state,
which aligns with Al Hussainey er a/. (2018). For both solvents, the
FWHM of absorption spectra (increase in acetone and decrease in
ethanol) increases the concentrations. Table (1) displays all of the
results that are discussed above.

Comparing the absorbance results for all of the previous solvents shows
that the maximum wavelength of absorption spectrum remains
constant, except for DMSO, which shifts more towards red by 5 nm.
Absorbance increases with the increasing polarity of the solvent and
has the highest absorbance for water with higher polarity.

Figure (1): Absorption spectra of AO in a) distilled water; b) DMSO; c) acetone; d) ethanol in various
concentrations
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Table (1): Absorption parameters for AO in different solvents with different concentrations

Solvents ( I\CA) }E:“';"")" Labs max Fx‘/:')v‘
1107 490 2.98 12.68
0.5x10" 490 123 58.81
Distilled water 110" 490 0.23 5293
0.5x707 490 0.11 5153
110 490 0.01 56.66
3x10° 490 0.80 56.67
<107 495 2.88 8.20
0.5x10" 495 1.84 4457
DMSO 110" 495 0.24 5393
0.5x707 495 0.15 5558
110 490 0.07 155.84
=10 490 0.52 5355
0.5x70°7 490 0.24 57.50
Acetone 1107 490 0.07 270
0.5x10° 490 0.04 170
Tx10° 490 0.04 35
1107 490 3.75 29.30
0.5x10" 490 1.44 4264
Ethanol %107 490 0.47 43.99
0.5x707 490 0.23 4495
110 490 0.08 5167

As aresultof fastinternal conversion from higher initial excited states
to the lowest vibrational energy level of an excited state, the emission
spectrum is independent of excitation energy (wavelength). The
vibrational energy level spacing in the ground and excited states of
many common dyes is similar, leading to a fluorescence spectrum
that strongly matches the absorption spectrum. This is because the
most optimal transitions of absorption and fluorescence are the
same. Figure (2) shows the fluorescence spectra of AO laser dye in
different solvents (distilled water, DMSO, acetone and ethanol) at
various concentrations (1x10%,0.5x10*,1x10°,0.5x10°, 1x10°%) M.
The detailed vibrational structure is usually lost, and the fluorescence
spectrum behaves as a broad band.

Figure (2a), which is related to the fluorescence spectra of AO
dissolved in distilled water, shows the effects of increasing the
fluorescence intensity with increasing concentration until
aggregation occurs at (1x10%) M. The maximum fluorescence
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wavelength decreases when the concentration increases from 1x10®
M to 0.5x10"*M (blue shift about 7 nm), then the red shift is obtained
(about 6 nm) for 1x10™*M.

Figure (2b), where AO is dissolved in DMSO, shows the effects of
decreasing the maximum fluorescence wavelength while increasing
the concentration; a blue shift occurs around 4 nm for 1x10°M, then
a red shift is shown for the higher concentration of 10 nm. The
fluorescence intensity increases with increased concentration, except
for 1x10"* M, where it decreased due to dye aggregation.

For AO dissolved in acetone (Figure (2c)), a red shift can be noted
(towards along wavelength) ataround 9 nm as fluorescence intensity
increases when the concentration is increased.

The maximum wavelength of fluorescence spectra of AO dissolved in
ethanol, as shown in Figure (2d), directly increases with
concentration and obtains a 6 nm red shift. Fluorescence intensity
increased until 1x10™* M, then decreased as a result of the formation
of dye aggregation. Inner filter effects and aggregation can reduce the
fluorescence intensity when fluorescent dye concentrations are high.
As seen from the fluorescence results of increasing acridine
concentration, photons generated at wavelengths corresponding to
the intersection between the absorption and emission spectra may be
reabsorbed (auto-absorption by solution), as shown in research by
Al-Kadhemy and Nasser (2018) (Albani 2007). For all solvents, the
FWHM of fluorescence spectra decreased when concentration
increased, as shown in Table (2).

Figure (2): Fluorescence spectra of AO in a) distilled water; b) DMSO; c) acetone; d) ethanol in
various concentrations
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Table (2): Fluorescence parameters for AO in different sol with diff ion:
C Adomax FWHM
Solvents o) ) ltuo. max. (nm)
1x10™ 536 3.85 55.58
0.5x107 533 5.60 56.74
Distilled water 110~ 530 2.33 60.84
0.5x707 539 0.47 67.98
ESI 537 0.18 86.27
3x107 529 11719 22.66
ESI 540 0.40 16.17
0.5x107 536 1.00 2022
DMsO 110~ 530 0.59 1533
0.5x707 535 0.30 24.08
ESI 534 0.32 19.74
<707 530 1.01 21
0.5x107 529 0.93 50.39
Acetone =107 527 0.41 18.09
0.5x707 521 0.22 1418
ESIO 521 0.12 5
=107 527 114 4801
0.5x107 524 16.6 5227
Ethanol 1x107 521 9.4 53.08
0.5x107 520 55 534
=107 521 27 546

The oscillator strength (f) counts how much of the total oscillating
potential is used for a specific transition. It was calculated from
equation (5), with all of the f results less than 1, so the type of
transition is TT — TL *, as shown in Table (3).

Asthe energy required for fluorescence emission transitions (see Figs.
(2, 3)) often becomes less than that associated with absorption, the
emitted photons tend to have less energy and are shifted to higher
wavelengths as a result. Stokes shift is a phenomenon that affects
almost all dyes in a solution. The quick decay of excited electrons to
the lowest vibrational energy level of the first excited state is the
fundamental cause of Stokes shift. Fluorescence emission is also
influenced by transitions to higher vibrational energy levels of the
ground state, resulting in additional excitation energy loss caused by
thermal equilibration of extra vibrational energy.

AO is a cationic dye that is protonated at a pH lower than 10, even in
aqueous-only solutions. An important property of acridine is that its
spectrum does not agree with Beer—Lambert law (as shown in DMSO
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and distilled water) due to molecular aggregation as a result of strong
dipole—dipole interaction in aggregate units. It should be noted that
the aggregates, particularly dimers compared to monomers, show
different photophysical and spectroscopic properties. In general, the
photophysical and spectroscopic properties of dye molecules depend
upon the aggregation type. There are numerous spectroscopic studies
regarding self-association and protonation of acridine in aqueous
solutions. This result is in agreement with Falcone et a/ (2006) and
Robinson eral. (1972).

To illustrate the overlap between absorption and fluorescence
spectra, the best concentration of acridine dissolved in distilled water
was (3x10°%) M, as shown in Figure (3a). The maximum absorption
wavelength (A was 490 nm, and the fluorescence wavelength
(Afio) was 529 nm. Figure (3b) displays the best concentration of AO
dissolved in DMSO at (1x10®) M, which obeys Beer—Lambert law.
The maximum absorption wavelength (A, was 490 nm, and the
fluorescence wavelength (Afo) was 521 nm.

The best concentration of AO dissolved in acetone was (1x10°) M,
which obeys Beer—Lambert law. The maximum absorption wavelength
(A was 495 nm, and the fluorescence wavelength (Ao was 530 nm,
as shown in Figure (3c). Figure (3d) displays the best concentration of
AQ dissolved in ethanol at (1x10°) M, which obeys Beer—Lambert law.
The maximum absorption wavelength (A was 490 nm, and the
fluorescence wavelength (Aquo) was 521 nm.

Figure (3) demonstrates that Stokes shift increases when the
concentrations in all acridine dye solutions are increased (except the
acridine water solution), as seen in Table (3). Additionally, the
fluorescence spectrum is typically a mirror image of the absorption
spectrum resulting from the ground to the first excited state
transition. Furthermore, all peaks are symmetric.

The magnitude of Stokes shift is influenced by the dye and its
solvation environment. Itis measured from equation (9), with greater
Stokes shifts appearing in more polar solvents. As seen in Figure (3)
and the data in Table (3), Stokes shift is highest in water (more polar)
and lowest in ethanol (less polar). Stokes shift is necessary for
fluorescence imaging measurements to have such great sensitivity,
and because of the red emission shift, precise bandwidth optical
filters can effectively stop excitation light from reaching the detector,
allowing the relatively faint fluorescence signal (with a small number
of released photons) to be detected against a low-noise background.

Figure (3): Absorption and fluorescence spectra of AO in a) distilled water; b) DMSO;
c) acetone; d) ethanol at the best concentration
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Fluorescence quantum yield ((DF) can be calculated from equation
(6) for all solvents, as shown in Table (3). The best value is (0.97) in
distilled water at a concentration of (0.5x10*) M. Their values did not

exceed 1 and varied with changing concentrations and solvents for
the AO dye. For the absorption spectra of all samples, the radiative
lifetime (Tppy) is calculated from equation (7). Generally, the
maximum value is (55.5) ns for a concentration of (1x10%) M in
DMSO. Their values differ according to concentrations and solvents.
From these two parameters and as stated by equation (8), the
fluorescence lifetime (Tf) is planned, as seen in Table (3). The best
value is in acetone, especially at the concentration of (0.5x10%) M,
resulting in (13.5) ns.

Table (3): Photophysical parameters for AO in different solvents with different concentrations

C Stokes shift (08 T T
Solvents (M) () f (“‘;") (n;)
1x10™ 46 0.37 0.45 3.7 1.6
0.5x10* 43 0.24 0.97 6.1 59
1x107 40 0.20 0.43 7.4 31
Distilled water 0.5x10” 49 0.19 0.86 7.7 6.6
110 47 0.09 0.42 541 22
3x107 39 0.25 0.54 5.94 32
=107 45 0.02 0.03 555 16
0.5x10 41 0.03 0.28 335 9.3
DMSO 1x10™ 35 0.11 0.18 9.6 17
0.5x10” 40 0.05 0.14 19.9 27
=10 44 0.14 0.005 7.7 0.03
1x107* 40 0.08 0.38 171 6.4
0.5x10°* 39 0.09 0.89 15.2 135
Acetone 1x107 37 0.24 0.51 59 3.00
0.5x10™ 31 0.56 0.26 2.5 0.65
1x10° 31 0.56 0.35 13 0.45
=107 37 0.17 0.08 79 0.6
0.5x10 34 0.19 0.23 7.2 16
Ethanol 1x10™ 31 0.30 0.44 4.6 2.02
0.5x10” 30 0.34 0.45 4.0 18
110 31 0.84 0.49 16 0.7

The best concentration of AO dissolved in distilled water that obeys
Beer—Lambert law is (3x10°) M mixed with (MgO and Al,O;)
nanoparticles. To study the effect of these NPs on acridine dye
solution, Figure (4) displays the absorption spectra of AO with
different amounts of (MgO and Al,05) nanoparticles. The maximum
absorption wavelength (Ao for AO in an aqueous solution is 490
nm with 0.80 maximum intensity. When MgO NPs are added to AQ,
the intensity decreases to 0.58, which may be related to MgO’s ability
to adsorb AO. The intensity of adding Al,0; NPs to AO is 0.94, which
raises the spectrum. The intensity of mixed (MgO and Al,0;)
nanoparticles is 0.65, which also decreases the absorption spectrum.
The maximum absorption wavelength (A is 490 nm in all samples
of NPs/AO aqueous dye solution.

Fig. (4): Absorption spectra of AO with (0.004 and 0.002) g of (MgO and Al,0;) nanoparticles
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Figure (5) displays the fluorescence spectra of AO with different
amounts of (MgO and Al,0;) nanoparticles. The maximum
wavelength for AO in an aqueous solution is 529 nm with 117.19
maximum intensity. Maximum fluorescence wavelength and
intensity both decreased when MgO NPs were added to AO. There
was a noticeable increase in maximum fluorescence wavelength and
intensity when Al,03 NPs were added. Finally, adding the (MgO and
Al,03) mixture to the AO dye solution resulted in an increase in the
maximum fluorescence wavelength and decreased intensity, as seen
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in Table (4).
Fig. (5): Fluorescence spectra of AO with (0.004 and 0.002) g of (MgO and Al,O;) nanoparticles
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Table (4) shows that adding MgO decreased the absorption and
fluorescence spectra intensity as well as the maximum wavelength.

Table (4) also displays an increase in both the maximum wavelength
and intensity for absorption and fluorescence spectra. The result
demonstrates that MgO NPs quench AO in both absorption and
fluorescence spectra, and increase the maximum fluorescence and
intensity when adding Al,O3; NPs to the solution. It is clear that the
absorption spectra increased with the increased particle size of NPs.
Al is a metal; therefore, it may generate electrons and transform into
a cation. Al,O; NPs may also absorb water, making them useful as a
drying agent. Due to its great stability, it is also considered an
oxidising agent.

Stokes shift in AO aqueous solution is best at a concentration of 39
(see Table 3). When MgO is added to the AO aqueous solution, Stokes
shift decreases to 37. Adding Al,O; enhances the Stokes shift, and it
becomes 41 in both the Al,O; AO aqueous solution and a mix of MgO
and Al,O; AO aqueous solution. This result leads to a rise in
fluorescent molecules in an excited state.

Table (4): Spectral information for (MgO and Al,0;) — AO aqueous dye solution
Amountof [ Amountof Aabs Afluo

Ao MgONPs | ALO;NPs | max | Labs | max | Ifluo S“"(‘:fns)hi“
in distilled water ® ® i) (i)
(3%10%) M 0,004 0 490 | 058 | 527 | 10597 37
0 0004 790 [ 073 [ 531 [ 12367 71
0002 0002 790 [ 065 | 537 | 10687 )

5. Conclusions

In this work, the effects of solvent and concentration were studied in
the absorption and fluorescence spectra of AO. Analysis of four
different organic solvents found:

®  Theintensity and wavelength of the peak of the absorption spectra of
acridine dye depend on the type of solvent used.

®  There is a red shift of around 5 nm in the maximum wavelength for
DMSO, while it remained constant in the other solvents under study.

. The fluorescence spectra of acridine dye solutions shift towards the
long wavelength (red shift) with increased concentration.

. The observed results of the fluorescence intensity of AO change
significantly due to dye aggregation and strong intermolecular Van
der Waals-like attractive forces between the molecules.

. Oscillator strength is less than 1, so the transition is TT—TC*.

®  Stokes shiftis highestin water (more polar) and lowestin ethanol (less
polar).

. The best value of fluorescence quantum yield in distilled water is
around 0.97.

®  Thefluorescence lifetime was calculated and found that the best value
is 13.5 ns in acetone.

®  Theaddition of MgO NPs led to an AO quench in both absorption and
fluorescence spectra and an increase in the maximum fluorescence

and intensity when Al,O; NPs were added to the solution.
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ABSTRACT

A plasma thermal spraying method was used for the purpose of coating the pre-prepared surfaces of turbine blades. Chromium oxide (Cr203) was used as a
matrix reinforced with a metal material of Ni-5%Al at rates of 10, 20, 30, 40 and 50. The cermet powders were stirred for one hour then used to coat bases of
steel (316L). A spray distance of 8cm was applied, and the binding material of Ni-22%Cr-10%Al-1%Y was sprayed with a thickness of 100lm. Then, the
reinforced matrix was sprayed with a thickness of 300—350Lm and the final thickness of the samples prepared was 400—450Um. The samples produced were
sintered at 900°C for an hour and a half and underwent a hardness test, which gave the best hardness of the samples after sintering at a reinforcement rate of
50% by 612Hv. The lowest porosity value for the above rate was obtained at 3.88%. The results of the adhesive strength gave a value of 31.5 MPa after
sintering and at the same 50% reinforcement. The results of the scanning electron microscope (SEM) showed that there was weakness and cracking in the
coating layers at the low reinforcement ratios. However, the mechanical and physical properties improved with the increase in reinforcement ratios to reach the

highest value of 50%.

KEYWORDS

Adhesion force, ceramites, scanning electron microscope, Vickers hardness

Mouhson, E. H., Humeedi, S. H., Darweesh, S. Y. and Ahmed, A. R. (2021). Treatment of turbine blades via cr,03-Ni5%.al system using plasma thermal spraying. 7he Scientific
Journal of King Faisal University: Basic and Applied Sciences, 22(2), 120—4. DOI: 10.37575/b/sci/210036

1. Introduction

Thermal spraying techniques have occupied an advanced position
in coating processes. They allow the use of a wide range of
materials, starting from materials with low melting points to those
with high melting points. These techniques require high accuracy
and control of the parameters and conditions of coating, such as
material feeding rate, air thrust and distance between the spray
gun and the base in order to obtain coatings with good adhesive
strength, as well as high synthetic and mechanical properties
(Darweesh er al, 2019). Thermal spraying techniques represent
the most important methods used industrially in the surface
oxidation of industrial supplies, especially in coating large pieces
efficiently with high deposition rates. Some composites can be
used for coating mixed with other materials or separately (Berndt
eral, 2003; Kucuk er a/, 2000). In surface engineering technology,
coating is generally applied to create physical and mechanical
properties  for important  classification and  technical
characteristics, such as acceptable performance service, cost
reduction over time, the resistance of the specified surface to
wear, reusing the corrosive part of the surface and the treatment
of mechanical corrosion, such as pitting and thermal barrier
(Sarikaya, 2005). The selection of cermet composite materials
consisting of ceramic oxides with high melting temperatures, such
as Al,Os, TiO,, or ZrO,, with additives from metal materials is
called cermet. Cermet materials have physical properties that are
common in ceramic and metal materials. They have high thermal
and mechanical properties in various technological applications.
In recent years, researchers have made a great effort to use these
composites on a large scale in many electrical and thermal
applications, which creates excellent barrier properties in thermal
barrier coating, especially in jet engines, marine engines and gas
turbines (Gibson, 2016). Composite materials are usually
influenced by the properties of the materials involved in its

synthesis that include the matrix and reinforcing phase. The
matrix is usually represented by the continuous phase in
composite material. It works to hold together elements and
materials of reinforcement and bind the parts together to form a
coherent synthetic system that can produce excellent mechanical
properties, including increased toughness and light weight.
Therefore, attention is paid to the production of composite
materials as a substitute for traditional engineering materials, such
as metals, alloys or polymers. Reinforcement materials strengthen
the matrix. They may be ceramic, metal or polymeric materials in
the form of powders, fibres or flakes (Ahmed er a/, 2020).
Accordingly, different coating techniques are used. These
techniques may include plasma spraying, wire arc spraying and
high velocity oxy-fuel spraying. The coating is applied using these
techniques to protect external surfaces from erosion and cracking.
In this regard, titanium oxide is one of the most important ceramic
materials that helps to protect surfaces because of its high
protection features in terms of resistance to corrosion and wear
(Abdulla er a/, 2020). Chromium oxide has a very high hardness
level, in addition to its multiple applications in the field of ceramic
materials due to its high strength, hardness and friction. Its melting
point is also very high, and it works extremely well with many
metals, such as iron, nickel and aluminium, as a protective layer
against the effects of various loads (Hakan er a/ 2008). The
current research aims to identify a technique to treat the turbine
blades used in electrical power plants where the surfaces develop
corrosion and cracks due to being exposed to a high degree of
evaporation. This study examines the synthetic and mechanical
properties of the system used for coating those turbine blades.

2. Experimental Details

2.1. Raw Materials:
The binder was the powder Ni-22%Cr-10%Al-1%Y with a thickness
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of 100lm manufactured by Amdry 962, with a granular size of
+53—106)tm). The reinforcement material was  Ni5%Al,
manufactured by Metco 480NS, with a granular size of +45—-90Um.
The matrix was chromium oxide (Cr,0;) of thickness with
reinforcement reaching 300—350Um manufactured by WISDOM
with a granular size of +11—-45[m.

2.2. Preparation Method:

The cermet composite was prepared by taking Cr,05 as a matrix and
nickel-aluminium (Ni5%Al) with different reinforcement ratios (10,
20, 30, 40 and 50%). The powders were then well stirred using an
electric mixer for two hours. A first thermal treatment of the cermet
composite powders was then performed before the coating process
at 100°C for 30 minutes using a German electric furnace containing
a thermostat. The coating bases were made of STAL Steel 316L type.
Next, they were cut and grinded to the appropriate dimensions
required to be placed in the sampling holder and washed with
alcohol to remove any lubricants. A sandblast device produced by
Amin Tech was used to increase the samples’ surface roughness. The
grain used for roughing was sand with five bar pressure and
diameters ranging from 0.7mm to 1.6mm. After roughing was
completed, the bases were prepared for the spraying process. The
coating was applied to the bases using the thermal spray process by
plasma with the METCO 3MB device of American origin. This
technique was used to coat all the samples prepared. The spray gun
generated an electric arc producing plasma. The arc moved between
the water-cooled copper anode electrode and the cathode electrode
made of tungsten, continuously injecting the arc with the initial gas
mixture, which usually consists of argon or nitrogen and secondary
gas (5—20%) of the initial gas that consists of helium or hydrogen.
The gas mixture was ionised and plasma was formed. Secondary
gases were used to increase the ionisation energy of the arc gas
mixture and raise the plasma thermal content to produce higher
temperatures at a lower energy level. Plasma is a conductive gas and
sometimes referred to as the ‘fourth state of matter’. Despite the
high temperatures of plasma that can reach 10000°C or 30000°C,
little heat is transmitted to the work piece, so it remains relatively
cold. Spray parameters were selected through a series of tests to
ensure layers of coating with good adhesive strength and specific
thickness to qualify for the study of the physical properties of
coating. Thermal treatment of samples resulting from plasma
thermal spraying was also applied at 900°C for two hours. The spray
parameters are shown in Table 1.

Table 1: The Parameters of Plasma Spraying

Parameter NiCrAlY TiO,+Ni5AI

Gun Type 3MBMETCO 3MBMETCO
Argon flow rate (SCFH) 80 80
Hydrogen gas flow rate (SCFH) 15 15
Current (A) 450 500
Voltage (V) 50 55
Argon powder carrier gas 30 30
Powder feed rate (Lbs./Hr.) 10 25

Spray distance 12 8

3. Examinations and Tests

3.1. Hardness Test:

Vickers hardness was measured for the coated samples after
grinding and polishing before and after the thermal treatments. The
indentation used was a pyramidal diamond indenter with an angle
of 136° between the opposite sides that applied a load of 100gm for
10 seconds. It was automatically lifted after the illumination of the
light indicator at the end of the specified time. The dimensions of the
impression in the two axes and in two perpendicular directions were
calculated by considering five readings and calculating their
arithmetic mean to find the value of hardness from the digital screen
installed on the device directly. The following formula represents

Vickers hardness (Shahdad er a/, 2007):

P
Hv=1854-—; )

av

where (Hy): Vickers hardness, (P): the load applied (gm) and d,,: the
mean of the indenter diameter. The hardness was measured in
several different areas of the sample, and the hardness of the edges
and centre were calculated to obtain an approximate value of the
hardness rate.

3.2. Porosity Test:

The presence of pores in thermal spray coating is one of the most
important features of the coating. These pores affect the properties
of the coating; therefore, it is necessary to know their ratio in the
coating. The porosity test was performed by using samples of the
coating layer after removing it from the matrix when performing the
test. Archimedes' principle (immersion method) was adopted in the
calculation of porosity ratio in accordance with standard
specification no. ASTM-C 830 (Mohammed er al, 2018), which
includes the following steps:

(] Drying samples of the composite material for 30 minutes using an
electric furnace (Heraeus) at 75°C, then weighing the samples using
a sensitive balance (+0.001mgm). This weight is called W;.

(] Immersing the samples in a container filled with distilled water for
24 hours, then weighing the samples saturated with water, heating
them to 100°C, leaving them to cool then weighing them again. This
weight is called W,.

(] Weighing the samples immersed and suspended in distilled water.
This weight is called W;.

®  (Calculating the ratio of open pores (P, %) using the following
equation (Mohammed eral, 2018):

Po % =[ (W2 —Wy) / (W, —W;3)] x 100 )

3.3. Adhesion Test:

An adhesion test of the coating layer was performed using a tensile
device with a maximum load of 1.5 Ton, in accordance with the
standard technical specification (ASTM - (C 633)) [10]. The
following steps were followed when performing the test:

(] Preparing the samples of the matrix without coating in a number
equal to the unsprayed samples with the same standard dimensions.

(] Performing chemical cleaning using alcohol for both unsprayed and
sprayed samples in order to remove the effects of pollutants that
obstruct the process of adhesing the two pieces together.

(] Using the adhesive (epoxy) to fix the two samples together
(unsprayed and sprayed), putting a regular thin layer of adhesive on
the coating surface to cover the area, then pressing the two pieces
together for approximately two hours. After that, putting them in a
drying furnace for 24 hours at 50°C. Prior to the tensile experiment,
regular adhesion is necessary, and the tensile force applied when
performing the test should be completely vertical on the coating
surface.

®  Applying tensile load to each test sample at a tensile rate (1mm/min)
until the sample failed as the highest load applied is recorded.

®  Calculating the adhesion or cohesion strength of the coating on the
composite material using the following equation (Swain er a/, 2020):

F
Adhesion Force:Z (©)

3.4. Scanning Electron Microscope Test:

The scanning electron microscope consists of an electron generator
that produces the electrons required to run the microscope, two
convex lenses and an object lens as in an optical microscope are
used to obtain a clear and detailed map (the only difference is that
these lenses are not glass but made from a magnetic material
capable of changing the path of electrons and controlling them). All
this is carried out in a vacuum chamber to avoid the effect of air
particles on the electrons. There is also a sample chamber, where the
sample is placed to be examined so it is isolated from vibrations,
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because the microscope is very sensitive to motion. For this reason,
it is usually placed on the ground floor of the laboratory. It has a
sensor that reveals how electrons and samples interact and another
sensor that records the movement of secondary electrons emitted
from the sample surface. There are also X-ray sensors that allow
researchers to obtain information about the composition of samples
of elements called EDS, giving the microscope a 3D image of the
sample with the smallest details. Handling this device is relatively
easy, and the data and surface topography can be collected in no
more than five minutes (Reimer, 2013).

4. Results and Discussion

4.1. The Effect of Reinforcement Ratio on the Micro
Hardness:

Figure 1 shows the effect of the metal reinforcement ratio on the
micro-hardness of the metal-based system before and after the
thermal sintering process. It can be observed that at the low
reinforcement ratios, hardness was low due to high porosity at these
ratios. In the case of high reinforcement ratios, hardness will be high
where porosity is as low as possible. Prior to the thermal treatment,
the hardness of the steel base (316L) was calculated and found to be
233Hv. When applying plasma thermal spraying, the values of
hardness were calculated and found to increase with the rise in
oxide reinforcement ratios, reaching the highest value of 498Hv at
the ratio of 50% NiAl. When performing the thermal treatment at
900°C for two hours, the values of hardness increased, reaching the
highest value of 612Hv at the same ratio as above. It improved the
hardness due to the low ratio of pores and the effect of nickel that
has high hardness, thus improving the properties of the coating layer
as a result of the sintering process and spreading that increased the
strength of mechanical binding between the cermet coating layer
and the base metal. In addition, the binder layer had a significant
effect on the improvement of the mechanical properties of the
system (Kumar et af, 2020; Riyadi er a/, 2020). The relationship
between porosity and hardness is a clear inverse relationship, as
increasing the percentage of porosity will negatively affect the
prepared models and the hardness value will decrease. This depends
largely on the homogeneity and binding strength of the surface
because the increase in porosity on the surface acts in the form of
gaps, which in turn are considered superficial defects that reduce the
binding between the ceramitic components.

Figure 1: The Effect of the Reinforcement Ratio on Micro-Hardness Before and After Sintering
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high porosity may be the inability of molten droplets to fully flatten
and connect with other droplets due to the high cooling rate
experienced by the droplets during their spread that results from
heat withdrawal to the base. Therefore, the droplets will suffer from
thermal contraction after solidification (Ahmed er al, 2020;
Darweesh, 2014). When performing the thermal treatment of the
cermet coating layers, it was observed that the porous ratio was
lower than before the thermal treatment, reaching the lowest ratio
at 50% NiAl, which is 3.88%. This means that sintering leads to the
adequate rate of atoms spread to form new binding areas between
layers through the movement of atoms between them in an attempt
to close pores (Dahham eral, 2020).

Figure 2: Changes in Porosity Ratios with Reinforcement Before and After Sintering
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4.3. The Reinforcement Ratio Raises the Adhesion Strength:

Adhesion strength refers to the binding strength between the base
surface and the cermet coating layer. The results of testing these
samples show a value of 24 MPa adhesion strength before the thermal
treatment and 31.5 MPa after the thermal treatment of the samples for
two hours at 900°C. Figure 3 shows that adhesion strength is low
when the ratio of the binder is low and this strength gradually
increases as the ratio of the binder increases, until reaching the highest
value of adhesion strength at the ratio 50% NiAl. This decrease is
caused by the binder creating areas of correlation between the atoms
of the coating material and itself at the expense of the adhesion
strength between the coating layer and the base. When applying the
thermal treatment of samples at 900°C for two hours, the value of the
adhesion strength increased because the temperature reduced the
porosity of the coating layer, increasing both hardness and adhesive
strength accordingly (Sabard eral, 2020; Abd Razzag, 2019).

Figure 3: The Relationship of the Adhesion Strength with the Ratio of the Additive Before and After
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4.2. The Effect of Reinforcement Ratio on Porosity:

Porosity is one of the distinctive features determining the strength
and weakness of the cermet layer through the ratios of open pores
within the coating. It was tested in this study and the results are
shown in Figure 2, which represents porosity before and after the
thermal treatment (sintering). It was found that the use of low
reinforcement ratios produces high porous values for the coating
layer that gradually decrease with the increase of the metal part
(NiAl) until it reaches 50% NiAl, the ratio that gave the lowest
porous ratio, which is 5.2% before thermal treatment. The reason for

4.4. Compositional Properties with Changing Ratios of
Reinforcement by SEM:

Changes in adding the metal powder (Ni-5Al%) as a reinforcement
material to (Cr,0;) were studied by using an SEM. Images were
taken at different depths (llm) to identify the most important
characteristics and features of the surface after the thermal sintering
of samples prepared by plasma thermal spraying. Figure 4.a shows
an SEM image of Cr,0s, which shows that the powder used is a
homogeneous spherical shape and has no significant impurities.
Figure 4.b shows an SEM image of the powder of the binder
(Ni5%Al), which is a mixture of nickel (95%) and aluminium (5%).
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In this regard, both nickel and aluminium are highly homogeneous
and there is a distribution and spread between them. This shows
that the powder used is spherical, indicating the purity and
homogeneity of the two powders. Therefore, the homogeneity with
the reinforcement material is greater when performing the process
of thermal spraying by plasma, because the impurities work on
placing interfaces, which also increases porosity ratios within the
surface and weakens the samples. The results on the surface of the
samples are very clear, as the sintering process has a significant
effect on the recrystallization and fusion of the atoms that make up
each surface, which helps to improve the mechanical properties of
the samples.

Figure 4: SEM Image (a) Cr,05, (b) NiS%Al

Figure 5 presents an SEM image of sprayed samples after sintering
at 900 °C for two hours. Figure 5.a represents an image of coating
by reinforcement of 10% NiAl. The bonding material is completely
distributed within the matrix, but this layer suffers from weakness
in the coating as the surface shows heterogeneity due to the low
ratio of bonding material (Ni-Al). The bonding material increases
the binding of oxide to the surface at a high temperature, which
means that the bonding material is sufficient to form molten areas
on the base and then generate areas of chemical interactions that
increase the strength of adhesion (Darweesh er a/, 2019). Figure
5.b shows an image of coating at the reinforcement ratio of 20%
NiAl. There appear to be cracks on the coating surface due to the
low ratio of bonding material, which leads to the lack of
homogeneity. However, Figure 5.c shows the coating layer
reinforced by 30%NiAl. The increase in reinforcement ratios leads
to an improvement in the coating layer and approximate
disappearance of cracks. Figure 5-d shows a reinforcement by 40%
NiAl, and there is a homogeneous distribution of composites to
the surface of chromium oxide. In addition, the SEM image
demonstrates a great homogeneity of the surface. This change in
surface improvement is caused by the formation of correlation
areas between the cermet coating layers following the processes
of sintering and the spread of atoms as they attempt to close pores
when performing thermal treatment, due to the increase in
bonding material (NiAl). Figure 5.e presents the SEM image of
reinforcement material (50% NiAl). It shows a clearly defined
distribution of both the matrix (TiO,) and reinforcement material
(Ni-5% Al), demonstrating the semi-complete disappearance of
cracks and pores within the cermet surface (50% Cr,0;-50%NiAl).
This means that the surface becomes homogeneous and
consistent with the bonding material (dark areas). Additionally,
there is a spread and alloying correlation between the components
of the stirred cermet composites. This means that the adhesion
strength is low when the ratio of the bonding material is low, and
this strength increases gradually as the ratio of the bonding
material increases until reaching the highest value of adhesion
strength at the ratio of 50% of the bonding material (Darweesh et
al, 2019). When observing Figure 5, we can see that there are
significant  differences between each concentration, which
indicates that the addition of the metal part has changed the
structure of the prepared models and improved both physical and
mechanical properties.

Figure 5: SEM and EDS Image of the Cermet Composite (Cr203-%Ni-5%Al) Where: (a) 10% NiAl, (b)
20% NiAl, (c) 30% NiAl, (d) 40% NiAl, (e) 50% NiAl
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5. Conclusions

The current research shows that the plasma thermal spraying
technique produces a cermet composite layer of Cr,0; based matrix
reinforced by particles of nickel-aluminium powder (Ni5%Al) as a
binder with good adhesion on the alloy base of St.St. 316L. After the
coating process and sintering at 900°C for two hours, increasing the
ratio of the reinforced binder (Ni5%Al) in the composite material
layer to 50% reduces porosity and increases hardness. Therefore, the
coating layer has excellent properties. Adhesion strength between
the base surface and the composite material layer also improves
with an increase in the ratio of reinforcement material to 50%. The
SEM results also reveal a clear homogeneity and cohesion between
the cermet composites as evidence of the binding strength of
materials used, including Cr,O5 and the binder of nickel-aluminium.
The strength of homogeneity and the absence of defects, especially
at 50% of Ni-5%Al is evidence of improved compositional structure
of the prepared samples.
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ABSTRACT

Recent advances in gut microbial flora research have shown the health benefits of probiotic bacterial strains on the small and Targe intestines. These strains,
particularly Bifidobacterium, offer health advantages, including obesity, atopic diseases, inflammatory bowel diseases, and intestinal cancers in the human body.
However, food components, additives, and processing-related factors can have an impact on probiotic survival. As a result, adding appropriate supplements to
increase the viability of probiotics may be necessary for some food products. This study investigated the influence of sweet lupine (Lupineus albusL.) seed hulls
(SLSH) on the probiotic viability of strained yogurt. Traditional strained yogurt prepared using Bifidobacterium bifidum and the two starter culture strains
Streptococcus thermophiles, and Lactobacillus bulgaricus. The strained yogurt was supplemented with different concentrations of SLSH (1, 2, and 3%). Over 7 to
14 days of cold storage, the total bacterial cells were enumerated. The result showed B. bifidum strains increasing more than double with a slight decrease in the
starter culture strains. The overall acceptance of strained yogurt supplemented with 1% SLSH was convenient, compared to 2% and 3% of SLSH.
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1. Introduction

Over the last few decades, the consumption of probiotics has increased
due to their therapeutic and beneficial health impacts on the host when
consumed adequately. The effect of probiotics, including intestinal
microflora improvement, minimizing cholesterol level in the blood,
increasing immune response, and strengthening the body's natural
defense mechanisms, has been reported (Chen er al, 2019; Fernandez
and Marette, 2017; Jackson and Jewell, 2019; Lau and Chye, 2018;
Mani-Lépez er al, 2014). The bacterial strains belonging to
Bifidobacteria and Lactobacilli, the most important probiotic
microorganisms allied with the human digestive tract, have been
introduced in current food products such as yogurt, ice cream, and
cheese (Bayar eral, 2018; Moineau-Jean et a/, 2019; Mollakhalili ez af,
2017).

The most commonly used probiotics are Lactobacillus acidophilus
NCFB 1748, Lactobacillus casei Shirota, Lactobacillus johnsonii LA1,
and Bifidobacterium bifidum. These organisms have shown significant
health effects when consumed (Founden er a/, 2000). There is a
minimum amount of live bacterial cells consumed to observe the
beneficial effect of probiotics. The suggested number of daily intake is
between 108 and 109 CFU/g (Knorr, 1998). Likewise, regular yogurt
contains about 108 to 1011 CFU/g of bacterial cells (Vanderhoof and
Young, 1998).

The quantity of bacterial cells in commercial products is often not as
much concern as the probiotic instability during the storage period
(Sodini er a 2002). Several studies have examined improving the
viability of probiotics, but rarely are studies carried out to explore the
effect of sweet lupine seed hulls on probiotic viability. A study
conducted by Martinez-Villaluenga era/ (2006) found that a significant
growth level of Bifidobacterium spp. was observed when a lupine
kernel fiber diet was ingested and compared with the control. Another
study carried out by Smith er al (2006) showed that the Raffinose
family of oligosaccharides extracted from lupine seeds acted as
prebiotics in fermented milk probiotics.

Sweet lupine (Lupineus albus L.), known as white lupine, is an annual

legume cultivated across the continents, particularly in the
Mediterranean basin and South America. It is rich source of protein
(34% - 44%), non-starch polysaccharides (30—40%), crude fiber (15%
-18%) and oil (5—15%). Also, it has been used in folk medicine to treat
skin and diabetes diseases (Santiago Quiles er a/, 2010). Additionally,
when compared to many other legumes, lupine has a lower level of
antinutritional factors such as lectins and protease inhibitors that
reduce protein digestibility (Carvajal-Larenas er al, 2016). The current
food applications are utilizing lupine flour and proteins in bakery, and
lupine hulls in meat products as a fat replacer and a dietary fiber source
(Gulewicz et al, 2008; Visvanathan eral, 2020).

Several studies have identified various phytochemicals in the lupine
hulls; antioxidant isoflavone genistein, apigenin derivatives with
antioxidant properties (Ranilla er a/, 2009), vitamin E isomers o, 3-, Y-
and 8-tocopherol (Torres, Frias, and Vidal-Valverde, 2005), anti-tumor
phytosterols (Bhardwaj er af, 2004), anti-inflammatory phytosterol f3-
sitosterol (Loizou er a/, 2010) in the lupine hulls. Therefore, the study
aimed to evaluate the effect of sweet lupine seed hulls (SLSH) on
probiotic viability in strained yogurt products.

2. Materials and Methods

2.1. Preparation of Sweet Lupine Seed Hulls (SLSH):

The collection of the sweet lupine seeds was from local shops in Cairo,
Egypt. The seeds were washed and soaked at 5°C for about 5 hours,
then blanched at 90°C for one hour in boiling water and, cooled using
tap water. The seeds then peeled, and the hulls dried at 43°C for 30
hours. The hulls were ground into a fine powder using a kitchen grinder.

2.2. Bacterial Strains:

Commercial freeze-dried yogurt starter cultures strains  of
Streptococcus  thermophilus TH-4, Lactobacillus bulgaricus YCX31
(freeze-dried DVS-type), and a single probiotic strain, Bifidobacterium
bifidum UABb-10, were obtained from Chr. Hansen, Denmark.
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2.3. Preparation of Lupine Hulls Strained Yogurt:

Strained yogurt was prepared using a traditional method of eliminating
excess whey from low-free milk yogurt described by Yamani and Abu-
Jaber (1994). Three samples of fresh milk—each containing 2 L—
were supplemented with different concentrations of SLSH as (1%, 2%,
and 3%) represented as (T;, T, and Ty), respectively. All mixtures were
heated to 90°C for 10 min and homogenized to mix all ingredients
thoroughly. The heated mixtures were cooled to 42°C, while 3% of
starter culture and 1% of B. bifidumwere inoculated. Upon attaining pH
4.6, the mixture was cooled to 7°C to stop the fermentation process. The
formed yogurt was placed in cloth bags and left to drain by gravity at 5
— 10°C overnight and then stored in the refrigerator. Physicochemical,
microbiological, and organoleptic properties were analyzed and
assessed after storage days one, seven, and 14 (Fig. 1).

Fig.1: Steps of producing traditional strained yogurt supplemented with SLSH.

Collect sweet lupin seeds

Peel lupin seeds, dry the Add 1,2, and 3% of SLSH

hulls, then grind them into powder into low-fat milk
afine powder (SLSH). I:> separately.
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Inoculate 3% of starter Heat the mixture to 90°C
culture L. bulgaricus and S. for 10 mins. Homogenize,
thermophiles and 1% B. then allow cooling to 42-
45°C.

bifidum into the mixture.
-

and soak for Shrs. then
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42-45°C until asmooth
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saltwith stirring.

Carry out the chemical,

Fill the strained yogurt into -army ¢ a
small containers and store mlcroblal, and rheological
them at 5 — 10°C. properties of supplemented

strained yogurt.

Allow the whey to drain
through a mesh cloth
overnightin a refrigerator.

2.4. Physicochemical Analysis:

Physicochemical analyses of SLSH including pH, and acidity, were
carried out according to official analysis methods (AOAC, 2010).
Acetic and lactic acid content was measured by HPLC according to
Akalin er al (2002). For extraction of acids, 4 g of strained yogurt
sample was diluted to 25 mL with 0.1N H2504, homogenized, and
centrifuged at 5000x for 10 min. The aliquots 2 mL of supernatant
were filtered through Whatman 0.20 pm and analyzed through HPLC
as described by Bevilacqua and Califano (1989).

2.5. Organoleptic Assessment:

Appearances, consistency, flavor, and overall acceptance parameters
of strained yogurt, supplemented with different concentrations of
SLSH, were evaluated by ten panelists.

2.6. Enumeration of Microbial Cells:

For the enumeration, appropriate dilution of each sample was plated,
in triplicates, using Petri dishes. Strains L. bulgaricus and S.
thermophilus were enumerated on MRS and the S. thermophilus
agars, respectively. The B bifidum was enumerated, using a double-
layered technique, on Lithium chloride-sodium propionate agar as
described by Lapierre, Undeland, and Cox, (1992). Incubation of the
plates was at 37°C for 48 hours.

5.7. Statistical Analysis:

All data are presented as mean +SD for three replicates for each
sample. The comparisons were performed using the one-way
analysis of variance of the SPSS software. The differences among the
means at /< 0.05 were compared, using Duncan’s multiple analysis
methods.

3. Results and Discussion

3.1. Physicochemical Analysis:

The physicochemical characteristic of strained yogurt supplemented

with different concentrations of SLSH, were illustrated in Table 1.
There were no significant differences in pH values between the
control and the supplemented samples (T;, T,, and Ts) over the same
storage conditions. During the first seven days of storage the strained
yogurt stored at 5°C to 10°C, showed the pH value dropped from 4.63
to 3.33in (T,), from 4.68 to 3.41 in (T,), and from 4.84 to 3.48 in (T,),
compared to the control that dropped from 4.58 to 3.41. In contrast,
as pH values were dropped during the first 7 days, a slight increase
was noted on the 14™ day of storage. This result agrees with the
previous study conducted by Jakubowska and Karamucki (2020) on
natural yogurt. He observed a slightincrease in the pH value after 21
days of storage from 4.13 to 4.16. The result obtained by Eissa ez al.
(2010) differed from the above result, showing a steady decrease in
the pH value with prolonged storage time of natural yogurt. This
figure may attribute to the high water-binding capacity of lupine
insoluble fiber (Turnbull er a/, 2005), which can dilute the produced
acidity.

An assessment was made of the acidity levels of the strained yogurt
supplemented with different concentrations of SLSH. In the (T,)
sample, the acidity increased from 1.35 to 2.13, from 1.31 t0 2.06 in
T, and from 1.30 to 1.89 in (T;) The acidity of the control sample
increased from 1.28 to 1.62 under the same conditions. The result
showed no significant differences between the control sample and
the supplemented samples. The increase of acidity observed after 14
days of storage could be due to the phase change of calcium
phosphate from the soluble phase to the colloidal one, which resulted
from the liberation of hydrogen ions (Hattem ez a/, 2011). This result
is consistent with the report published by Alqahtani ez a/ (2021), who
produced strained yogurt with sweet lupine husk with no significant
differences in pH values and acidity between the control and the
supplemented samples. In general, the acidity of yogurtis affected by
the activity of its microflora, which is diverse in its activities of
acidifying, proteolytic and lipolytic processes (Jakubowska and
Karamucki, 2020)

Also, the lactic acid amount produced in strained yogurt was
increased from 4.49 mg/kg in control to 5.96 mg/kg in T, during 14
days of storage. Although the capacity of the hull's fiber in diluting the
form acidity, the amount of lactic acid formed in T, was significant.
Although lactic acid production in a fermented dairy product is an
essential indication for starter culture viability, in this case, most of
the lactose that provides a carbon source for the microorganisms was
removed by eliminating excess whey during the strained yogurt
processing. In addition, the acetic acid value was increased in all
supplemented samples compared to the control sample over the
storage period.

Table 1: The physicochemical characteristics of strained yogurt supplemented with different
concentrations of sweet lupine seed hulls (SLSH)
Each value represents mean (n =3) +SD

Chemical properties Day Control T 2 s
SLSH (1%) SLSH (2%) SLSH (3%)
1 4.58 +0.02 4.63+0.02 4.68 +0.02 4.84 +0.02
pH 7 3.4140.02 3.33+0.02 3.41+0.02 3.48+0.02
14 3.78+0.02 3.75+0.02 3.68+0.02 3.81+0.02
L 1 1.28+0.16 1.35+0.01 1.31+0.02 1.30£0.01
Acidity %
7 1.62 £0.02 2.1340.05 2.06 +0.05 1.89 £0.01
14 2.23+0.02 2.05+0.08 2.18+0.01 1.934+0.01
1 0.39 +0.005 0.55+0.01 0.61+0.01 0.41+0.02
Acetic Acid (mg/kg) * * * *
0.60+0.01 1.30£0.01 1.25+0.01 0.90+0.01
14 0.80+0.01 1.21+0.01 1.2240.01 1.12110.02
1 3.44+0.01 4.55+0.01 4.96+0.01 4.98+0.02
Lactic Acid (g/kg) 7 4.03+0.06 5.40+0.005 5.40+0.01 5.20+0.01
14 4.49+0.01 5.95+0.01 5.96+0.15 5.93+0.05

3.2. Bacterial Enumeration:

The bacterial enumerations of S. thermophilus, . bulgaricus, and B.
bifidum was illustrated in Table 2. The microbial cell counts of S
thermophilus fluctuated during the storage period regardless of the
concentration of SLSH. The initial counts of (T,), (T,), and (T;) were 7.5,
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7.4,and 7.2 Log,, CFU/g respectively, then increased t0 8.0, 8.0,and 8.2
Log,o CFU/g respectively on day 7, then reduced again to 7.0, 6.9 and
6.5 Log CFU/g respectively on day 14. Meanwhile, the control sample
showed a steady decrease in microbial cell counts during the storage
period. Similarly, L. bulgaricus’sinitial count declined from 8.7, 8.4, and
8.1 Logyo CFU/g in (T), (T,), and (T5) samples to 7.9, 7.5, and 7.3 Log,
CFU/g, respectively after 14 days. Meanwhile, the count of the control
sample also declined from 8.5 to 7.8 Log,, CFU/g along the storage
timeline.

Table 2 shows the variation in the microbial cell count of strained
yogurt supplanted with SLSH. The maximum decrease in microbial
cell counts was observed at 14 days of storage after 3% of SLSH was
added. The microbial cell counts of L. bulgaricus decreased more
slowly than S. thermophilus counts under the same conditions.
Therefore, Lactobacillusbacteria showed more tolerance towards the
storage temperatures (i.e, 4 — 5°C) than Streptococcus bacteria. An
explanation is the one-way antagonistic effects of L. bulgaricus
against other starter cultures, particularly at higher temperatures (> 5
°C). At temperatures ranging from 5 to 10°C, the L. bulgaricus strains
grow faster and produce lactic acid and hydrogen peroxide. These
substances are the most important viability-reducing factors during
cold storage (Mortazavian and Sohrabvandi, 2006; Shah ez a/, 1995).
In general, the increase in storage temperature increased the
metabolic activities of bacterial cells, increasing cell death
(Mortazavian eral, 2006).

Sady er al. (2007) reported that the concentration of S. thermophilus
and L. bulgaricus in natural yogurt was increased slightly during the
first three days, then decreased to the lowest level after 14 days
storage. Also, the reduction in S. thermophilus was higher than L.
bulgaricus, as S. thermophilus is less tolerant to high acidity, while L.
bulgaricus strains can survive in an environment with a pH below 4.0
(Jakubowska and Karamucki, 2020). Generally, the yogurt whey
containing large numbers of S. thermophilus, and L. bulgaricus, was
lost during the production of the strained yogurt. Thus, the bacterial
count that remained in strained yogurt is usually similar to those in
regular yogurt.

The viability of B bifidum was assessed in the strained yogurt,
supplemented with different concentrations of SLSH. The microbial
cell counts of B. bifidum obtained from the (T1) sample increased
significantly compared to the control. The microbial cell counts were
increased more than double from 0.2 Log,, CFU/g in the control
sample to 0.6 Logo CFU/g in (T,) after 14 days of storage. Whereas
microbial cell counts of (T,) and (T5) almost remained the same
during the storage period. The improvement of microbial cell counts
B. bifidum may attribute to the carbohydrate levels in SLSH or its
alkaloids (Al-hamdani era/, 2015).

The result agrees with previous studies on oat mash, showing an
increase in viability and survival of probiotics (Akalin er a/, 2012;
Champagne er al, 2011). A study carried out by Phuapaiboon er a/,
(2013) revealed that the probiotic viability of natural yogurt
supplemented with pineapple improved during storage. Elsanhoty
and Ramadan (2018) carried out a study that found the probiotic
viability of yogurt supplemented with barley B—glucan improved over
the storage period. Also, a recent study conducted by El-Sattar er a/.
(2020), who used guava seeds powder in natural yogurt, found an
increase in B. bifidum and L. acidophilus viability during storage
compared to control samples. Therefore, adding a small amount of
SLSH (ie, 1%) to fermented dairy products may improve the
probiotic viability during the storage period and, further study on the
action mechanism of SLSH may be needed.

Table 2: Bacterial count of strained yogurt samples supplemented by different concentrations of
sweet lupine seed hulls (SLSH) over the storage period.

PO o — i 2 T3
acteria strain ay ontrol (1% SLSH) (2% SLsH) (3% SLSH)
s - 1 83 75 74 72
: P 7 80 80 80 82
Logyo CFU/,
(Logu CFU/) % 7 70 69 65
L boren 1 85 87 54 81
(L(')g“ 5?;’57;) 83 83 81 77
0 14 78 79 75 73
1 3 27 23 71
B bifidk
(Log IéF‘l’jyg) 7 16 70 06 04
0 i 02 06 03 02

3.3. Organoleptic Assessment of Strained Yogurt
Supplemented with SLSH:

An organoleptic assessment of strained yogurt supplemented with
different concentrations of SLSH is illustrated in Table 3. In general,
the results did not show a statistically significant effect of using 1%
and 2% SLSH on stained yogurt.

Appearance scores slightly decreased with the increase of SLSH
concentration during the storage period. The score of the control
sample ranged from 8.33 to 7.33 during storage. The score of the (T5)
sample decreased during storage from 6.17 on day 1 to 5.50 on day
14. Thus, a lower concentration of SLSH (ie, T, and T,) showed a
better score. Also, an increase of SLSH concentration was led to a
slightincrease in the consistency in (T,) and (T,) samples. By contrast,
the consistency of the strained yogurt showed a decrease in the (T;)
sample compared to the control sample. So, a suitable amount of
SLSH in strained yogurt would increase its consistency because of its
capacity to act as a stabilizer. The SLSH as polysaccharides can hold
water and bond between the particles (Hussein et al, 2011). In turn,
adding more SLSH may cause grittiness in texture.

Furthermore, the flavor score of strained yogurt slightly decreased
from 7.83 in the control sample to 7.17 in the (T,) sample over 14
days of storage. However, the flavor scores declined after higher
concentrates of SLSH were added under the same conditions. This
reduction is probably because of the adverse effects of curd fiber
presented in SLSH which reflect the strained yogurt's flavor
(Fernandez-Garia er al, 1998; Alqahtani eral, 2021).

Overall, the sensory evaluation of strained yogurt supplemented with
SLSH varied depending on the concentration of SLSH. In general, the
effect of 1% SLSH was convenient in terms of appearance,
consistency, and flavor over the storage period. However, a higher
concentration of SLSH led to lower acceptance in the same previous
parameters.

Table 3: Organoleptic assessment of strained yogurt supplemented with different concentrations of
sweet lupine seed hulls (SLSH)

T T, T

Parameters Day Control (1% S1LSH) (2% SiSH) G% Si.SH)
1 8.33+0.52 7.50£0.55 7.33£0.52 6.17+0.75

Appearance 7 7.50+0.55 7.1740.75 6.50+0.55 6.3310.52
14 7.3310.52 6.33+0.52 6.33£0.52 5.50+0.55

1 8.67+0.52 8.6710.52 8.50+0.55 7.50+0.55

Consistency 7 8.00+0.63 8.67+0.52 8.17£0.75 7.17+0.75
14 8.00+0.63 8.17710.41 8.17+0.75 7.00+0.63

1 7.50+0.84 7.43£0.75 7.50£0.55 6.33+0.82

Flavor 7 7.33+0.82 7.3310.52 6.50+0.55 6.50+0.55
14 7.83:0.41 7.17£0.75 6.50£0.55 6.00+0.63

Overall 1 8.17:0.41 7.17:0.41 6.67+0.52 6.67+0.82
acceptance 7 8.17+0.41 7.17£0.75 6.17£0.75 6.33+0.82
14 7.33+0.52 6.8310.75 6.33+0.52 5.8310.75

Each value represents mean (7=6) +SD

4. Conclusion

This study presented the effect of sweet lupine seed hulls (SLSH) on
the probiotic viability of strained yogurt. Total acidity, acetic acid, and
lactic acid production in strained yogurt increased across all
concentrations of SLSH. Over the 14-day storage period, the S.
thermophilus count decreased with an increasing amount of SLSH, as
opposed to a slight increase in the L. bulgaricus count from 7.8 Logo
CFU/g in the control sample to 7.9 Log;o CFU/g in the (T;) sample.
This decreased again over the remaining concentrations under the
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same conditions. The B. bifidum strain’s count more than doubled
after 14 days of storage, from 0.2 Log10 CFU/g in the control sample
to 0.6 Log10 CFU/g in the (T;) sample. While the rest of the SLSH
concentration showed no improvement in B. bifidum viability. The
sensory evaluation of strained yogurt supplemented with SLSH
including, appearance, consistency, and flavor, were consistent with
1% SLSH. A higher concentration of SLSH may cause poor
appearance and flavor.
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ABSTRACT

Although the classification of images has become one of the mostimportant challenges, neural networks have had the most success with this task; this has shifted
the focus towards architecture-based engineering rather than feature engineering. However, the enormous success of the convolutional neural network (CNN)
is still far from comparable to the human brain's performance. In this context, anew and promising algorithm called a capsule net thatis based on dynamic routing
and activity vectors between capsules appeared as an efficient technique to exceed the limitations of the artificial neural network (ANN), which is considered to
be one of the most important existing classifiers. This paper presents a new method-based capsule network with light-gradient-boosting-machine (LightGBM)
classifiers for facial emotion recognition. To achieve our aim, there were two steps to our technique. Initially, the capsule networks were merely employed for
feature extraction. Then, using the outputs computed from the capsule networks, a LightGBM classifier was utilised to detect seven fundamental facial
expressions. Experiments were carried out to evaluate the suggested facial-expression-recognition system's performance. The efficacy of our proposed method,
which achieved an accuracy rate of 91%, was proven by its testing the results on the CK+ dataset.
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1. Introduction

Some tasks that are considered simple for the human brain, such as
facial recognition, detection and segmentation, present a challenging
problem for computer vision systems. These vision systems are
created using predictive classification modelling, and they made
progress in terms of the development of robust systems over the last
decade with regard to use of this natural type of human
communication (Black and Yacoob, 1995; Essa and Pentland, 1997;
Terzopoulos and Waters, 1990; Yacoob and Davis, 1996). Nowadays,
tasks relating to computer vision require efficiency at solving
common problems like facial recognition, detecting objects,
translating languages, age estimation and object segmentation. Even
classical artificial intelligence and all of its complicated functions and
instructions cannot solve these complex problems, which has led to
the creation of new models of deep learning (Mellouk and Handouzi,
2020), such as CNNs.

However, CNNs experience considerable difficulties when trying to
recognise small datasets, different poses and deformed objects, even
though they require a lot of data for training. As a result of these
challenges, a new architecture has been invented within the field of
deep learning called capsule networks. They have met expectation
levels as they have outperformed CNNs in relation to solving the
problems mentioned above and giving highly accurate results in
various fields (Hong eral, 2021; Tiwari and Jain, 2021).

In this study, the system of inputting images into our model has been
implemented, which is a new method based on deep learning for the
detection of facial expressions to predict seven main facial
expressions: fear, anger, surprise, happiness, sadness, contempt and
disgust.

2. Related Works

In recent years, novel recognition frameworks (Kim er af, 2015;
Liu eral, 2014; Ranzato et al, 2011) that have depended on the use

of a CNN have produced impressive performances in terms of
facial-expression-recognition systems; they have also been
utilised for object recognition and feature extraction. A CNN
with many convolutions and pooling layers can extract multi-
level and higher features from the local area or the full face, and
they perform well in relation to facial-emotion-picture-feature
classification. Furthermore, a range of convolutional neural-network
architectures (Ko, 2018) has been modelled in several studies to
identify emotions after the successful introduction of CNNs for
various computer Vvision tasks. A CNN can extract features
automatically, capturing all potential complicated non-linear
relationships between them. They have also been demonstrated to
have promising capabilities for emotion categorisation, as shown in
certain studies (Mehendale, 2020; Minaee er a/, 2021; Valdenegro-
Toro eral, 2019).

Some techniques (Minaee er al, 2021; Valdenegro-Toro er al, 2019;
Zeng eral, 201 8) concentrate on creating new classifiers and feature
extractors for emotion classification (Kim eral, 2013). Substituting the
softmax layer with a classifier at the last step in the model of deep
learning allows for finer tweaking of the lower-level features.
However, because a CNN's underlying data representation ignores
crucial spatial hierarchies between complex and simple objects, it
cannotaccomplish rotational invariance. Nonetheless, when it comes
to facial emotion identification, a facial picture can be rotated or
translated. The presence of a part is noted by the max-pooling layer
in a CNN but not the spatial relationship between the parts
themselves. As a result, there is no pose connection between lower-
level features that make up a higher-level feature. On the other hand,
this connection is critical when developing solid high-level features
that help categorisation; the goal is to present a network that can
simulate an image's hierarchical connections.

With regard to the extraction of features after studying works by
Patrick er al (2019), Tereikovska er a/ (2019) and Zhang and Xiao,
(2020), an architecture based on the capsule network is suggested,
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which is a collection of neurons’ outputs that reflect several features
of the same thing. A capsule network has several layers, each of which
includes numerous capsules that were first presented by Sabour eral.
(2017). In the last step of the facial-emotion-recognition (FER)
system, the LightGBM classifier is applied to avoid all of the problems
associated with CNNs, leading to a robust model for this system.

3. Description and Backgrounds

3.1. Facial Emotion Recognition:

Humans need to convey their intentions and emotional state so that
they can interact with their environment, and facial emotions are a
natural way and the universal language that humans use for this
purpose. Darwin's work was responsible for the first examination of
emotion-based signals as expressed by human faces (Darwin and
Prodger, 1998). Several studies have been conducted concerning FER
because of its utility in many fields and other systems based on
human—computer interactions, such as robotics and gaming,
marketing, criminal interrogations, biometric technology and
surveillance systems. In the last century, Friesen and Ekman (1976),
Ekman (1993), Matsumoto (1992) completed research in relation to
the FER phenomenon. The majority of the systems they employed
attempted to recognise six prototypic emotion categories:
happiness/disgust, anger/surprise and sadness/fear. Contempt was
added later on in 1986 to the set of basic facial expressions.

There are two main categories for FER systems based on their feature
representations (Corneanu et a/, 2016): dynamic sequences and
staticimages (spatial information used to represent features). Starting
with these two methods, multimodal systems have used many audio
approaches as well as electrocardiograms (ECGs) and
electroencephalographs (EEGs) to assist with the recognition of
emotion. Leading on from this, nonverbal communication involves
facial expressions. Factors such as tone of voice and the context of the
words in the argument may distract the investigator and divert their
attention away from observing the subject’s facially expressed
emotion. However, the technology involved in automatic facial
emotion recognition systems is not impacted by contextual
interference. Medical treatment systems, psychiatric care, driver-
fatigue detectors, and computer-animation technology have made
gains from the implementation of automatic FER methods. The seven
basic emotions categories are attempted to be identified by the
technology involved in facial emotion recognition systems.

FER is based on three techniques (Corneanu er a/, 2016; Sun et al,
2017): extracting the appearance of features, deriving geometric
features and utilising hybrid techniques. The geometric features of
the face are obtained from elements of the face itself (the nose, the
eyes, the eyebrows, the mouth, etc.) and face shapes. Meanwhile,
appearance-based features are retrieved using the face’s texture,
wrinkles and any furrows that are caused by facial emotions. Deep
learning using CNNs’ architecture has become more popular
throughout recent years because of its efficiency in extracting the
features from image-based data, but it performs less well when the
characteristics of the face are deformed. On the other hand, capsule
networks can extract data from deformed images, and their intensive
computation tasks can run on the graphics processing unit (GPU),
which offers reliable results in a short amount of time.

3.2. Capsule Networks’ Architecture:

This architecture created by Hinton er a/ (2011) originated to replace
CNNs’ architecture. A capsule is a network of neutrons that accepts
vectors as an input and an output, which is different from CNNs as

they only accept scalar values. The capsule property of being
equivariant gives it the ability to learn the deformations and the
features of an image besides the viewing conditions. Then, each
single capsule network contains a group of neurons in which their
output represents a different feature for a similar characteristic. As a
result, this advantage allows the system to recognise the entire face
starting by recognising its elements. For example, when the CNN
detects a face, it detects it even if it has an incorrect eye position.
Therefore, equivariance makes sure that the features of the face are
presentand located in their natural position in the detected image. As
a result, the efficiency of this property made it desirable for capsule
networks.

There are three main methods for capsule implementations in the
literature: capsules based on dynamic routing where each capsule can
call active capsules from the levels below (Sabour eral, 2017). Second,
the capsule of transforming auto-encoders, which backpropagates the
difference between target outputs and the actual ones, is used to learn
the weights of the connections (Hinton er a/, 2011). Third, rather than
utilising vector outputs, Hinton suggested that the input and output of
a capsule should be represented as matrices. The dynamic routing was
also replaced with an approach called expectation maximization (EM)
to decrease the size of the transformation matrices among capsules
(Hinton eral, 2018). Capsules differentiate from classical CNNs that
have been modified from scalar into vector features in capsules, and
they use the dynamic routing method based on the same mechanism
in place of the max-pooling layer. The use of max pooling was
discontinued because it does not consider spatial relations and only
retains prominent information, which makes the trained model
incapable of recognising spatial positions between facial features. If
the facial elements in an image are not organised in a natural order,
CNNis still define them as faces; meanwhile, capsules work differently
by using vectors to recognise faces out of order based on the spatial
information that is already stored in the vector. This is the main
disparity between the two methods.

Capsule networks and and a LightGBM have been applied in relation
to facial emotion image classification during this specific project.
Mapping a matrix of pixel values to an emotion classification involves
levels of abstraction that make it applicable for studying deep
architectures. More importantly, the learned intermediate
representations of face types, given that the forehead, eyes and lips
are part of the overall picture, are more qualitatively interpretable.
The model efficiently masters this particular classification task once
these features are learned in supervised training. Furthermore, this
deep engineering outperforms results from more shallow networks.

3.3. Light Gradient Boosting Machine:

In 2017 Ke er al. (2017) introduced a new learning algorithm — the
LightGBM. This approach is based on the platform of a gradient-
boosting decision tree (Friedman, 2001). LightGBM is very accurate
and displayed a fast level of training efficiency with regard to lots of
applications as opposed to traditional gradient-boosting decision
trees, which are considered time-consuming and have computational
complexities. In addition, the LightGBM method has been used
successfully for regression (Singh eral, 2020) and classification (Yang
and Shi, 2019). Its success gave the green light for new techniques to
be used, including exclusive features bundling and one-sided
gradient analysis.

A leaf-wise leaf development methodology with depth limitation has
been used. Information about the positioning of the level may at the
same moment divide the leaves of the same stratum, making
multithreading optimisation simple and allowing complexity to be
controlled. That will lessen the quantity of errors and will raise the
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degree of precision. Regarding the depth limitation of the leaf-wise, it
can guarantee a high-productivity level as it is equipped to forestall
the over-fitting simultaneously. The pace of the cache hit was
streamlined, and the multithreading was upgraded. Meanwhile,
LightGBM is a decision-making method that is built on a histogram-
based decision tree and employs histogram subtraction. This method
has added the standards of a decision to the features of the category
to dodge extra computational and memory overheads. It is made
through the transformation of features into a one-hot characteristic
with multi-dimensions.

4. Experiments and Models

In this section, the outlines of the specific model, experiments and
training steps are presented. The model of our approach to be learned
was developed with the following function:

F:(X;))»{P10<i<7}

The input of the function is any given image (X), and it outputs the
probability of belonging to each class (P;). The main challenge faced
here was using a small dataset. The equation is divided into two
functions within the architecture because of the dual utilisations: a)
identifying the features of the image and b) using those features for
the classification. An important aspect of our approach is achieved
through a deep neural network, and a probability prediction is
realised using a LightGBM classifier, which is explained in
subsections 4.2 and 4.3.

4.1. Pre-processing:

First, the presence of noise has an impact on the accuracy of FER. Asa
result, the pre-processing step within FER systems is extremely
important and demands careful filter selection. In our work, the
picture may have noise or blurring artifacts at first, which might
degrade recognition accuracy. To increase the image's overall quality,
the image-appearance filters were applied, specifically the median
filter (MF) and the histogram-equalization (HE) technique on the
original CK+ database to optimise the model's solidity in relation to
noise. The median filter's function computes the median of the
entirety of the pixels’ values under the kernel window, and this result
is used to replace the central pixel. This is highly effective for reducing
random noise. The result is shown in Figure 1. Moreover, the HE
technique was used to improve the picture’s contrast and normalise
its illumination effects to remove any abnormalities in the its lighting
and background noise.

Figure 1: The Result of the First Step

Second, the employment of a face detector is a critical stage in the
recognition process, since the face is the only important aspect of the
picture, and all facial landmarks associated with emotions are only
found on this part of the body. Because of the head's changing poses
or movements, detection is often incorrect or too difficult, meaning
the majority of face-detection techniques are based on the face alone.
For Viola and Jones (2001), this technique was a well-known and
extensively used classic face-detection method that was freely
accessible in various modes of implementation; moreover, it is highly
capable of detecting faces that are facing forward. Indeed, it is more

reliable than other detection algorithms, such as the deep dense face
detector (DDFD) method, and it also consumes fewer resources and
takes less time. Raw pictures may be cropped to retrieve the facial
region using the identified face-bounding box. This approach can
minimise the amount of time spent on computational calculations,
and itis able to highlight the actual facial area.

Finally, all cropped images were standardized to a uniform size of
48x48 pixels. This step is necessary to shorten the processing time, as
shown in Figure 2.

Figure 2: The Result of Pre-Processing Step
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4.2. Neural Network Architecture:

Neural networks are the de-facto standard for mostimage-processing
tasks. Especially when it comes to feature extraction, recent
advancements in CNNs and their spatial invariance have shown
significant improvements in terms of accuracy and scalability.
Nevertheless, the key drawback of such an approach is the need for a
large dataset and long training times. To train a large neural network
to an acceptable level of accuracy, thousands of images are needed,
yet this was not the case during our research; a dataset of around
1,000 images was used. This makes learning which features to extract
a significantly difficult problem. For this reason, in this research, the
use of convolutional layers was limited. Instead, the capsule layers
recently published by Sabour eral (2017) were introduced.

Capsule networks try to deal with a theoretical problem introduced
by convolutional networks. One main element that affects the
success of convolutional networks is their max-pooling layers. This
pooling operation is the reason for the loss of valuable spatial
information between layers in convolutional networks. This
drawback is addressed using a dynamic routing algorithm, which
selects information and sends it to upper layers but only to capsules that
really match those features. Capsule networks have displayed on-par
performances with convolutional networks but with a smaller number
of training parameters. This fact makes capsule networks a good option
to train networks with small datasets; hence, in this study, the
applicability of capsule networks combined with a classical approach
was explored.

An overall summary of the layers used in the image-feature-
identification network is shown in Table 1. Those layers can be
categorised into three main components in the model, namely the
convolutional module, the capsule module and the feature-explanation

module.
Table 1: Composition of layers in neural network.
Layer Units Parameters

Convolutional 256 x (40x40) kernels 62464
Primary Capsule 32 8-dim capsules 5308672
Explain Capsule 7 16-dim capsules 7340032
Fully Connected 1 100 neurons 11300
Fully Connected 2 7 neurons 707

(] Convolutional module: this module was used to expand the features
of the image. In a deep convolutional network, convolutional layers
initially learn very low-level image features like colour densities and
edges. Here, the same was done using a convolutional layer.

(] Capsule module: this is where the core functionality of the model lies.
It has two layers; the layer of the primary capsule has 32 capsules, and
each capsule has eight 9x9 kernels with a stride of two. There each
capsule generates a 16x16x8 tensor, which is fed into the expansion
layer that has seven capsules. Here, seven capsules were selected,
which corresponds to the number of emotions in our classification.
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The output of the capsules was expected to be an expansive feature

regarding how the attributes show up on the image effect for each

class.
In order to optimise those predicted features, it was decided that a
fully connected network would be utilised, which is known as a
feature-explanation module. It has two layers with 100 and seven
neurons, respectively. This whole deep neural network was trained as
one separate network to perform the emotion classification task. Our
deep capsule network architecture (Figure 3) has three main
components: the convolutional layer, the capsule module, and the
fully connected feature-expansion component. The representation of
extracted features from the first fully connected layer was fed into the
LightGBM classifier for further classification.

Figure 3: Overall Architecture of our Model
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4.3. Classical Classifier:

The accuracy achieved when using the deep neural networks in
isolation could be improved by employing an ensemble model; an
ensemble would be created using a classical classifier. The utilisation
of classical approaches combined with a methodology like SYM is
standard. Nevertheless, a classical classifier that was combined with
the features extracted from a deep neural network was used here.
During this research, several classifiers were tested but we finally
settled on an LGBM classifier with 70 estimators. LGBM classifiers use
Light GBM algorithm, which in turn utilise algorithms relating to tree-
based learning. The novelty of the LightGBM is that it grows trees
vertically, while other algorithms do it horizontally. Since, it grows
tree leaf-wise, it will then grow the leaf with the greatest delta loss,
which reduces the occurrence of even greater losses compared to
level-wise algorithms.

4.4. Optimisation and Learning:

The learning within this model is a two-part process. First, it needs to
optimise and train the deep neural networks and then train the
classical classifier with selected features that have selected
dimensions. When training the neural network, it was done as an
end-to-end process. The final target of the network is not feature
engineering but doing a final prediction for detected emotion. It must
optimize a cost function established with the intention in order to
learn optimal settings. The categorical cross-entropy function is used
to measure prediction accuracy:

C
LK, 0) = = ) tilog F(X)
i

Where

X;:inputimage

0 : parameters of the model
C: number of classes

t;: the expected prediction

The output is one-hot encoded; hence, t; is non-zero for only one
class. The above equation tries to maximise the probability of that

ps://sites.pitt.ed ion/ck-spread.htm (with p

ion from copy right holder (OJeffrey Cohn))

expected class. Moreover, since the probability of other classes is
ignored, it has to use softmax activation in the last layer of the model.
This makes sure the sum of all the probabilities equals one. After the
deep learning model is trained to a sufficient level, an accuracy rate of
about 91% using this model alone is achieved. Nevertheless, with an
ensemble model, the improvement in accuracy could be enhanced.
Before the final classification layer is completed, the feature
representation for the image from the dense layer as an input to the
LightGBM classifier is used. LightGBM is a classifier that is trained
with an input vector of 100 dimensions that are compared with the
class labels.

4.5. Training and Dataset:

Our models are trained on a machine with Windows 10 Professional,
an Intel Xeon processor and a NVidia K80 GPU with a 24GB memory.
As shown in Figure 4, the model was trained for 100 epochs; during
this time, training accuracy grew from 20% to 97%. Also, as observed
after 80 epochs, the model started to overfit, meaning it was suitable
to use for the evaluations.

Figure 4: Loss and Training Accuracy of our Model
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At the same time, the CK+ (Lucey era/, 2010) dataset was also used
to train our dataset, which contains images belonging to the seven
categories of emotions.” Altogether, there 984 images. The dataset
with a 0.7 ratio to the validation and training set was split. Owing to
the database's dimensions, the validation set for testing was used as
well. Different classes of dataset did not have the same number of
images. Specifically, the image distribution was 135 image showing
anger, 207 images of happiness, 249 images denoting surprise, 75
images showcasing fear, 84 images displaying sadness, 177 images
highlighting disgust and 57 images showing contempt.

5. Results and Discussion

In this research paper, our main model consists of a capsule-based
feature extractor and a LightGBM classifier. The primary model
obtained a 91% accuracy rate during the test with the CK+ dataset, as
shown in Table 2.

Table 2: Accuracies Achieved for Test Set with Different Models

Model Accuracy
CN-based model 0.874
SVM classifier 0.746
Capsule-based model 0.854
Capsule feature extractor + LightGBM classifier 0.970

Apart from this main model, a few other experiments were conducted
in order to compare our approach with others, including a classical
CNN-based image classifier and an SVM classifier. In addition, before
integrating the LGBM classifier, only the capsule-based model was
used as a benchmark for the expected results. Table 3 depicts the
results achieved through these different approaches.

Table 3: Matrix Confusion of our Approach

Emotions Angry Contempt Disgust Happy Fear Surprise Sad
Angry 0.9062 0.0000 0.0000 0.0000 0.0000 0.0000 0.0938
Contempt 0.0000 0.0000 0.0000 0.7304 0.0000 0.1304

Disgust 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000

Happy 0.0000 0.0182 0.0000 0.9455 0.0364 0.0000 0.0000

Fear 0.1200 0.0400 0.0000 0.0000 0.8400 0.0000 0.0000
Surprise 0.0000 0.0137 0.0000 0.0000 0.0548 0.8904 0.0471

Sad 0.0870 0.0000 0.0000 0.0000 0.0000 0.0000 0.9730
Accuracy 0.906T=90.6T%
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When the results of Table 3 are examined, a few importantfacts about
the model can be noticed. Compared to other models, our proposed
architecture has achieved very high levels of accuracy. This high
accuracy rate can be attributed to two separate modules: the capsule
feature extractor and the LightGBM classifier. Other baseline
methods were conducted in order to get an understanding of this
contribution.

Usually, deep learning methods are very good at image classification
and feature extraction, especially CNNs. Nevertheless, in our case,
the convolutional layer-based method was only able to achieve
81.4% accuracy. However, the model capsule layer-based was able to
achieve 85.4% accuracy. This observation can be attributed to the size
of the dataset that was used; our training dataset only had around
600 images as capsule networks have a superior ability to converge
using only a very small number of samples. That is because there is
no data loss as in convolutional neural layers. Since CNN uses max-
pooling, which literally selects and keeps the most significant number
in a matrix, which contrasts with the dynamic routing mechanism
used in capsule layers, there could be high chance of data loss in
convolutional layer-based models.

In our research, a capsule network was only used for the purpose of
feature extraction rather than classification. In order to make sure
thatthisis the optimal method for extracting features, a SVM classifier
was used and its results were compared its with those from the
capsule-based model. The SVM-based model was only able to
achieve 74.6% accuracy. This is because it does not have the
advanced capability of capsule networks or convolutional networks
to extract important features. Instead, SVM tries to use all of the
features that are fed into the classifier model.

As a final step in our experiment, our capsule model was integrated
with an LightGBM classifier and was able to achieve around a 6%
improvement in accuracy. This means it can be hypothesised that
capsule networks are better feature extractors and the LGBM
classifier can conduct better classifications when the dataset is small.
The accuracies achieved with the final capsule model are not similar
throughout all the six classes in the database. Below, Figure 5
represents our obtained results of the proposed approach.

Figure 5: Loss and Accuracy of our Model Validation
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Only the emotion class of disgust achieved 100% accuracy. This could
be because significant visual cues are available in this category of
pictures. Figure.6 highlights some samples from the disgust emotion
category.

Figure 6: Our CK+ Dataset with Samples from Disgust Category.
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In all the samples of the disgust category in Figure 6, there is a main

common visual cue around the eyes. Among these faces, the eyes are
shown as a continuous black shape; this feature might be the cause
of there being such a high level of precision. In any of the other
classes, such noteworthy features were not observed.

6. Conclusions

A novel technique for face emotion identification is provided in this
research. The suggested system can extract feature points and
recognise facial displays of emotion from pictures. However, the
extraction of exact facial features may be a difficult process at times,
and it generally necessitates a large number of calculations. Using
capsule nets for the extraction of characterisations was proposed in
our study, followed by the employment of LightGBM for the
classification process. The average identification performance for
facial expressions might be as high as 91% accurate. In comparison
with some current methods, this outcome is highly promising.

There are some ideas and many different experiments, tests
adaptations that have been left open for future research. Upcoming
workwill concern itself with applying this model to other datasets (i.e.
big datasets, multi-operation datasets and sequence videos). In
addition, different methods using three-dimensional models will be
tested and will integrate a new category of emotions.
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