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ABSTRACT

Cloud computing has become a practical solution for processing big data. Cloud service providers have heterogeneous resources and offer awide range of services
with various processing capabilities. Typically, cloud users set preferences when working on a cloud platform. Some users tend to prefer the cheapest services for
the given tasks, whereas other users prefer solutions that ensure the shortest response time or seek solutions that produce services ensuring an acceptable
response time at a reasonable cost. The main responsibility of the cloud service broker is identifying the best data centre to be used for processing user requests.
Therefore, to maintain a high level of quality of service, it is necessity to develop a service broker policy that is capable of selecting the best data centre, taking
into consideration user preferences (e.g. cost, response time). This paper proposes an efficient and cost-effective plan for a service broker policy in a cloud
environment based on the concept of VIKOR. The proposed solution relies on a multi-criteria decision-making technique aimed at generating an optimized
solution that incorporates user preferences. The simulation results show that the proposed policy outperforms most recent policies designed for the cloud
environment in many aspects, including processing time, response time, and processing cost.

KEYWORDS
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1. Introduction

Nowadays, the amount of digital data is increasing dramatically, and
itis expected to continue growing by more than 25% in the USA and
more than 30% in Western Europe in one year. This indicates that the
size of digital data will double every three years (Gantz and Reinsel,
2012). Big data is defined as a collection of a huge amount of data
with a great variety of types, generated based on velocity. Various
fields are involved in big data contexts, such as economics, social
networks, e-Science, scientific disciplines, and web applications. It
has been proven that adopting traditional data processing platforms
to process big data is inadequate and undesirable for many reasons.
This is due to the fact that big data has unique characteristics that lead
to many difficulties when processing data using these traditional
platforms (Chen and Zhang, 2014). Cloud computing has become a
practical solution for big data applications. It has been argued that
soon, around 40% of digital data will be hosted or processed by cloud
computing (Gantz and Reinsel, 2012). Considering the significant
growth in the volume, variety and velocity of data, cloud storage is a
successful platform for servicing big data (Chen and Zhang, 2014).

Typically, cloud storage systems comprise several data centres (DCs)
(Amazon S3, 2018; Google Cloud Storage, 2018; Windows Azure,
2018;1BM Cloud, 2018) connected through a network (Wu, 2016). In
other words, DCs often contain many heterogeneous machines
distributed around the world. The heterogeneity is derived from the
different capabilities, varying communication channel specifications
and diverse loads of DCs. The processing cost for each DC varies and
is determined based on certain factors within the context of each
particular DC. Among the factors that influence the processing cost of
each DC are the type of job the client offers and the time at which the
client’s job was submitted for processing. Another factor that impacts
the processing cost is the user preferences specified when the job is

submitted to the cloud broker. Certain users might prefer a plan that
ensures the minimum cost for running a job, whereas other users
might prefer a plan that accomplishes their request and guarantees
the shortest response time or a plan that fulfils their request by
balancing the processing cost and the response time. Thus, they are
seeking a plan that offers running the given job at an affordable cost
while maintaining an acceptable response time. Therefore, the main
task of a service broker in the cloud computing paradigm is to identify
and select the DC that offers the best plan in terms of improving the
response time and minimizing the cost when carrying out users’ jobs
(Benlalia er a/, 2019; Khan, 2020; Manasrah and Gupta, 2019;
Youssef, 2020).

Most of the service broker policies introduced in the literature focus on
improving limited aspects, such as cost, response or time when running
a user’s job. However, other aspects, such as user preferences, are also
important and should be reflected in the proposed plan for running the
jobs. Nevertheless, it would be very challenging to identify and design
an ideal service broker policy that fulfils both requirements, namely,
minimum response time and minimum cost. From the literature, we can
conclude that three groups of researchers work on service broker
policies in cloud computing. The first group concentrates on designing
service broker policies to minimize the response time of the user’s job
(Mehdi eral, 2012; Radi, 2014; Sharma, 2014; Trabay eral, 2021). The
second group aims to produce service broker policies to reduce the
processing cost when running users’ jobs (Chudasama er a/, 2012;
Rekha and Dakshayini, 2018; Sun eral, 2019). The third group focuses
on developing and incorporating service broker policies that offer a
trade-off between the response time and the processing cost when
processing users’ jobs (Khan, 2020; Kofahi eral, 2019; Manasrah eral,
2017; Manasrah and Gupta, 2019; Mehdi er a/, 2012; Mehdi er af,
2011; Subramanian and Savarimuthu, 2016). The work presented by
Aryaand Dave (2017) introduces a new service broker policy for the fog
computing environment that identifies the best plan for DC selection,

Corresponding Author: Ali A. Alwan

0060173546110, aaljuboo@ramapo.edu


https://doi.org/10.37575/b/cmp/210032

taking into account desirable user preferences while maintaining a
reasonable cost without compromising the performance of running
users’ jobs (Chauhan er al, 2018).

From the reviewed literature, we observe that a limited number of
previous works addressed the issue of incorporating the user’s
preferences when running the jobs (Al-Tarawneh and Al-Mous, 2019;
Arya and Dave, 2017; Chauhan er a/, 2018; Manasrah and Gupta,
2019; Zakaria er af, 2019). We argue that user preferences are an
essential factor that should be considered when designing a service
broker policy. This is due to the fact that the user preferences reflect
the degree of satisfaction of the user, who is looking for a service with
a high level of quality of service (QoS), which depends mainly on the
user’s preferences (Arya and Dave, 2017). Since the resources and
services for cloud users is based are provided on a pay-per-use basis,
it is important to take into consideration the user’s priorities when
selecting and assigning a DC to meet the user’s requirement. It has
been argued that many factors could optimize services in cloud
computing. Therefore, dynamic policies are better suited to the ever-
changing nature of cloud computing (Kofahi eral, 2019).

From the literature, we observe that certain specific factors have been
used to determine the best DC. These factors are cost, DC capacity,
current load, communication channel specifications, and user
requirements. We also noticed that most of the existing policies in the
literature have considered a very limited number of these factors. Itis
essential to design a service broker policy that is capable of
negotiating between cost and performance (response time and
processing time) based on user priorities, also taking into account the
most critical factors affecting the services in cloud paradigms, such as
cost, DC capacity, current load, and communication channel
specifications. This problem can be formulated as a multi-criteria
decision-making (MCDM) problem.

This paper proposes an efficient and cost-effective service broker
policy for DC selection in a heterogeneous cloud environment using
VIKOR. The proposed policy relies on the idea of exploiting user
priorities when assigning the service to the designated DC. The
proposed service broker policy strategy takes into consideration the
response time and the overall cost to optimize users’ specified
priorities. The proposed service broker policy has been developed
using a cloud analyst simulator (Limbani and Oza, 2012) to evaluate
its performance and efficiency. The experimental result demonstrates
that our service broker policy solution outperforms the previous
approaches in terms of the total cost, response time and DC
processing time for different scenarios (Al-Tarawneh and Al-Mous,
2019; Arya and Dave, 2017; Manasrah and Gupta, 2019).

The remainder of the paper is organized as follows. Section 2 presents
a detailed discussion of the previous works related to cloud service
broker policies for DC selection. Section 3 explains the detailed steps
of the proposed service broker policy based on users’ specified
priorities. Section 4 describes the experiment setting and the
experimental results of the proposed approach compared to the most
recent existing service broker policy approaches. Finally, Section 5
concludes the paper and outlines some potential future work
directions.

2. Related Work

The main concerns, from the user’s perspective, when selecting the best
DC are the response time and the cost. It has been reported that
producing the best plan to selecta DC that best serves the user, with the
shortest response time and the cheapest cost, is a challenging process
(Al-Tarawneh and Al-Mous, 2019). In cloud computing, a large number
of researchers have focused on developing service broker policies for
optimum DC selection. One of the most famous static service broker

routing policies is the Proximity Service Broker policy, which routes the
user’s job to the closest DC. If many DCs have the same network delay,
the algorithm randomly selects one of them (Limbani and Oza, 2012).
Nevertheless, the proposed algorithm in Limbani and Oza (2012)
ignored many critical factors, such as DC specification, cost, and DC
overhead. Many research studies have attempted to further enhance
the Proximity Service Broker policy by avoiding the random selection of
a DC when many have the same delay. The work described in
Chudasama er a/ (2012) and Mishra et a/. (2014) considers the cost of
the DC and routes the job to the DC with lower cost if more than one
DC has the same network delay. Additionally, the work presented in Al
Sukhni (2016), Kapgate (2014) and Radi (2015) attempts to improve
the performance by avoiding random selection. These proposed
policies consider DC specification and use a round-robin policy with
weights based on DC specifications to route the user jobs. The work
presented in Rafieyan er a/ (2020) modifies the randomization in the
Proximity Service Broker policy. It attempts to select the DC via
minimum distance based on the k-nearest neighbour. However, static
policies do not consider the present state of the network or the status of
the DC, which could increase the job response time.

The work proposed in Nandwani er a/ (2016) aims to improve DC
selection by giving specific weights to each DC depending on the
number of virtual machines (VMs) and selecting the DC in a circular
manner based on the weights. However, performance-aware static
strategies lead to increased service cost, while cost-aware strategies
increase the processing time. Moreover, none of the previous static
strategies considered the issue of the dynamic changes in the cloud
environment. Most importantly, none of these previous approaches
considered the anticipation of the user preferences in designing a
broker policy for DC selection in a heterogeneous cloud environment.
Conversely, other researchers concentrate on dynamically evaluating
the resources and the incoming jobs to reduce response and
processing time by considering bandwidth, latency and the size of the
job to route the job to a DC in the minimum time to transfer the job
and the minimum expected processing time (Manasrah eral, 2017).
However, the work proposed by Manasrah eral. (2017) does not take
into consideration the DC cost and user preferences. The work in
Benlalia er a/ (2019) suggests using the ratio of efficiency that
depends on a set of efficiency parameters over the cost of the VM and
threshold value to select the best DC with the lowest ratio and less
than the threshold value. However, the idea of their approach relies
on defining the threshold manually, which has a negative impact on
the performance. Furthermore, their work does not consider the user
preference, and the work lacks the experimental result to justify the
effectiveness of the proposed solution. More recently, a dynamic
service broker policy improved the DC selection process by using the
concept of test jobs to evaluate the DCs and then used a vector space
model and a multi-objective optimization technique to dynamically
select the best DC (Kofahi et al, 2019). Taking into account static and
dynamic parameters, a normalization-based hybrid service broker
(NHSB) approach is proposed by Khan (2020). The NHSB approach
considers several factors, such as the number of VMs, VM image size,
VM memory, VM bandwidth, cost per VM/s, cost per VM memory,
storage cost, bandwidth cost/GB, total memory, total storage,
machine bandwidth and total processor speed as static parameters.
Moreover, it considers a set of dynamic parameters, such as request
load, network delay, and last recorded processing time. The NHSB
approach computes the normalized values of those static and
dynamic parameters and then selects the DC with the minimum sum
of normalized values for distributing load among the DCs.
Additionally, a heuristic service broker policy approach is proposed
by Rekha and Dakshayini (2018). The proposed approach aims to
achieve an acceptable response time with a minimum processing
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time and total cost. The approach is capable of selecting the DC based
on the lowest network delay, expected processing time, and
minimum cost. However, the idea of the work presented in Rekha and
Dakshayini  (2018) did not consider the user preferences.
Additionally, the work proposed by Manasrah and Gupta (2019)
attempts to trade-off the expected cost and the performance of the
selected DC by introducing an optimized service broker policy using
a differential evolution algorithm based on a set of parameters to
select the DC where the response, processing time and total cost are
optimized.

In this regard, various service broker algorithms that have been
proposed in the literature incorporate user preference in their policies.
The work proposed in Arya and Dave (2017) considers the users’
priorities and the currentload on the DCs to select the optimal DC in the
fog computing environment. The idea of the proposed policy relies on
calculating a value Y, based on users’ priorities and DC characteristics,
and selecting the DC with the highestvalue of Y for each. Moreover, the
value of Y is dynamically changed when aiming to improve load
balancing and reflecting the current latency of the DC. Similarly, the
work in Al-Tarawneh and Al-Mous (2019) proposes an adaptive fuzzy-
based cloud service broker (AFBSB) algorithm. The idea of their work
relies on selecting the DC based on user cost and performance
preference, request processing requirements, and currently available
bandwidth. The algorithm focuses on user preference and does not
balance cost and performance. Moreover, the proposed algorithm
considers the heterogeneity of the DC and some important
specifications of the DC, such as the number of processors and each
processor’s speed. The proposed work presented in this paper also
considers the number of processors and the processor speed as crucial
factors in selecting the best DC. Nevertheless, our work differs from that
of Al-Tarawneh and Al-Mous (2019) in that it uses a multi-objective
optimization approach to balance user cost and performance.

The main objective of a service broker policy is to balance cost and
performance (response time and processing time) based on user
priorities, also taking into account the most critical factors affecting
the services in cloud paradigms, such as cost, DC capacity, current
load, and communication channel specifications. However, the
service broker policy process has multiple conflicting criteria. MCDM
methods can be used to evaluate conflicting criteria to find the best
solution. Recently, MCDM methods have been utilized in cloud
computing to evaluate cloud services. For example, Patiniotakis er a/.
(2015) used the fuzzy analytical hierarchical process (AHP) method
for ranking cloud services. Additionally, TOPSIS has been employed
to compute the trust value of a cloud service provider (Sidhu and
Singh, 2017), and TOPSIS with a triangular fuzzy number was
employed to rank cloud services in Kumar er a/. (2018). The VIKOR
technique falls under the MCDM approach, which has been used by
many researchers over various applications, and it is preferred due to
its characteristic (Alabool er a/, 2013). Chauhan er a/ (2018) and
Otay and Yildiz (2021) utilized VIKOR methods to find ranks of given
service alternatives within given QoS constraints.

Most of the service broker policies introduced in the previous works
focused on optimizing certain parameters while ignoring other
critical factors, such as specified user priorities. Unfortunately, an
optimal service broker policy that meets both minimum response
time and minimum cost has not yet been found. As mentioned
previously, the objective of some users is to minimize the response
time, while other users are interested in minimizing the total cost. It
has been found that most of the previous works did not consider
users’ priorities. Since cloud providers offer resources to users on a
pay-per-use basis, it is important to consider the user’s priorities
when selecting the DC to process the user’s request. Since in cloud
computing there are many factors to be considered to optimize the

process of running the user’s task, the dynamic policies are more
suitable for the continuously changing nature of cloud computing
(Kofahi er a/, 2019). We have also noticed that a set of factors are
used to select the best DC, such as cost, DC capability, current load,
communication channel specification, and users’ requirements. This
paper aims to propose an efficient service broker policy that can
trade-off between cost and performance (response time and
processing time) based on user priorities considering the most
important factors, such as cost, the DC’s capability, current load and
communication channel specifications.

3. The Proposed Service Broker Policy

This section presents and discusses the proposed service broker
policy. The proposed approach has four components: Cloud Service
Broker, Modelling Service Brokering Problems, Service Broker Policy
Based on VIKOR, and VIKOR-based Service Broker Algorithm. These
components are further elaborated in the following subsections.

3.1. Cloud Service Broker (CSB)

This component is responsible for identifying and determining the
most suitable DCs that are located in different regions around the
world to execute the requests submitted by clients. The process flow
of this component works as follows. First, the user submits the
request, based on the CSB, aiming to collect the current metadata of
the factors for all DCs. Next, the brokering algorithm attempts to
identify the best DC based on the collected information and the user’s
specified priorities. This user’s request will be routed to the
designated DC for execution. Finally, the cloud service broker
attempts to send back the reply to the user who is requesting the
service. Figure 1 illustrates the detailed process of the service broker
policy component.
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Figure 1: Service Broker Policy
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3.2. Modelling Service Brokering Problem

The main function of this component is modelling the service
brokering problem as a decision problem. It aims to determine the
best DC among the alternative heterogeneous DCs that could be
selected to run the given task, considering response time, cost or
balance. Then, the alternatives, represented here by a set of DCs,
leave various options open to the users to be considered in the
decision. The criteria of a decision problem are a set of factors
affecting the selection process. The alternative cloud DCs will be
evaluated by comparing the factors (criteria) to measure their
potential fitin the problem. In a heterogeneous cloud system, there is
a collection of 7 DCs defined as a set: DC = {DC,, DG, DG,..., DC,}.
Each DC is characterized by a set of criteria: Cost, DC Specification,
Current Load, and Communication Channel Specifications. A detailed
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explanation of these criteria is given below. Table 1 describes the
criteria that have been adopted for the service broker decision
problem.

Table 1: The criteria of a decision problem

Criteria Symbol Parameters Aim
Cost DCC Data transfer cost and processing costs | Minimize
DC Specification DCS|Processor speed and number of processors | Maximize
Current Workload DCCL Number and size of Toaded jobs Minimize
Communication Channel Specification [ DCCS Transmission delay time Minimize

These criteria are defined and computed as outlined below.

° Cost: Each DC has a different cost, which comprises the data transfer
cost and the processing cost. The essential task of the service broker
algorithm is to determine the DC that will introduce the lowest cost
that accomplishes the user’s request. The formula given in equation 1
describes the computation of the cost of the DC. The cost of the DC is
computed by calculating the cost per VM in one hour’s time and the
cost of data transfer in GB.

DCC = cost per VM $/Hr + data Transfer cost $/GB (1)
. DC Specification: DCs in the cloud have different hardware

specifications, such as different processor speeds and a varying
number of processors. Therefore, the proposed service broker
algorithm attempts to determine the best DC that has the highest
value of DC specification. Equation 2 represents the formula for
computing the value of the DC specification for each active DC in the
cloud.

DCS = number of processors X processor speed )
. Current Workload: The third criterion that has been taken into

consideration for selecting a DC is the current workload. During the
run time, each DC is loaded with a varying number of user requests,
and the current workload is dynamically computed based on the
service broker algorithm for each DC. The service broker algorithm
aims to select the DC that produces the lowest workload.

(] Communication Channel Specification: The last criterion
considered in this component is the transmission delay between the
user region and the DC region. The proposed service broker algorithm
needs to compute the transmission delay time for each DC to
determine the best DC. The algorithm chooses the DC that introduces
the lowest transmission delay. The formula for the transmission delay
time is given in equation 3.

DCD = Delay_Matrix(User region, DC_Region;) 3)
Since the decision matrix contains DCC, DCS, DCCL and DCD, which
have different measurement units, computational problems can
occur. Therefore, it is necessary to compute normalized values from
the original value to perform attribute comparison. We use linear
normalization, which scales the original value to be between [0, 1]. In
linear normalization, the normalized values norjjof each attribute,
xij, are calculated based on the formula given in equation 4.

Xij
T
The values of DCS, DCC, DCCL and DCD are normalized based on
equations 5,6, 7, and 8, respectively.

noryj = wherei =1..m, j=-n @)

DCS;; ©)
TLOTDCSL']' = W
3]
DCC;; (6)
TLOTDCCL']' = W
3]
becL DCCLy; )
nor i
Y ¥ DCeCLy
DCDy; ®)
norDCDij = W
t

Finally, itis clear that the model service brokering problem favours a
DC that introduces minimum cost and communication delay while
maintaining the highest capability of workload to produce a fast
response time. Therefore, it is necessary to evaluate the 7 DCs with
more than one criterion to select the DC. This type of problemis called
a multiple attribute  decision-making  (MADM)  problem
(Wickremasinghe er af, 2010). This paper implements the VIKOR
method to design a service broker policy, which is explained in the
next subsection.

3.3. VIKOR-based Service Broker Policy

This section presents the proposed VIKOR-based technique to
resolve the issue of multi-criteria optimization in complex systems.
The idea of the proposed technique relies on employing a set of
conflicting criteria to characterize, rank and select the best DC from
the set of alternative DCs in the cloud. The VIKOR strategy produces
a ranking index based on the measure of closeness to the ideal
solution (Wickremasinghe er a/, 2010). There are 1 alternative DCs
(DCy, DCy, DGg,..., DC,), and each DC is characterized by m criteria, in
which m comprises up to four criteria: DCC, DCS, DCCL, and DCD.
The preferred ratings of each DC (alternatives) in each criterion are
described in Table 2.

Table 2: The preferred ratings of the data centres

- DCSpecification | CurrentWorkload | Communication Chanmel

Dasa (EBeE DCs Specification DCD

€N Weight=Wpcc | Weight=Wpcs | Weight=Wpccr Weight=Wpep

D, DeC, DTS, DCCT, DCD,

DT, DCC, DTS, DCCT, DCD,

DT, DCC, DC3, DCCT, DeD,

DT, DT, DCS, DCCL, DeD,

DC, DCC, DTS, DCCT; DCDn

Since all MADM-based methods assume that every criterion should
have a predefined weight, the proposed VIKOR-based service broker
policy assigns a predefined weight value for all the criteria. A
subjective method has been incorporated to determine the weights
for the considered criteria. The weight value for the criteria will be set
by the client to reflect the preferred priorities, which could be one of
the following: cost minimization, shortest response time, or balance
between cost minimization and shortest response time. The proposed
service broker policy sets the weight for each criterion based on the
formula given in equation 9.

YW =1 9)
where W; is the weight of the criterion j.

The detailed steps of the adopted VIKOR-based service broker
algorithm to solve the service broker issue are shown in Figure 2
(Wickremasinghe er a/, 2010). The input of the algorithm comprises
the details of the user-based (UB) properties and the weight details of
DCC, DCS, DCCL and DCD for the available DCs, while the output of
the algorithm identifies the most appropriate DC to be selected for
the user’s task. The algorithm starts by computing the given criteria
pertaining to DCC, DCS, DCCL and DCD for each involved DC, using
equations 1,2, 3 and 4 in Section 3.2 (steps 1—5). Next, the values of
these criteria for each DC are normalized based on equations 5, 6, 7
and 8 in Section 3.2 (steps 6—10). This is followed by determining the
values of the best f]-*and the worst fj_ functions of all the criteria, j=
1,2,.., m, as depicted in steps 11—19. It should be noted that if the/‘h
function represents a benefit, then fj* = maxfji and £ = miny fjy. If
the /" function represents a cost, then fj* = mingfy and fj =
maxfj. Since DCC, DCCL and DCD represent a cost function, then
f]-* and f]-_ are computed as shown in the algorithm:

e f#=DCC* = min (DCC,,DCC,, DCCs ..... DCC,,)

£ = DCCL* = min (DCCL,, DCCL,, DCCL ..... DCCL,)
£7DCD* = min (DCCL,, DCCL,, DCCL, ..... DCCL,)
fr = DCC™ = max (DCC,, DCCy, DCCs ... DCC,,)
- = DCCL™ = max (DCCL,, DCCL,, DCCL ..... DCCL,)
e fr =DCD~ = max(DCCL,, DCCLy, DCCL ..... DCCL,).
Furthermore, the maximum and minimum values fj* and f]-_ of the

function for DCS are computed as follows:

e f; =DCS" = max(DCS,, DCS,, DCS; ..... DCS,)

e f; =DCS™ = min(DCS,, DCS,, DCS, ..... DCS,)
Steps 20—22 demonstrate the details of computing the values of Sy

and Ry, k =1, 2,.., n, using the formulas in equations 9 and 10,

respectively:

Sie = Xjma W

Ry = max{W;
J

i = firl/
i = firl/

= | (10
ff=flJj=123.m} (1)
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where VVJ is the weight of the /'h criterion, Sk represents the utility

measure and Ry represents the regret measure. The value of Q, k=1,

2,...n, is computed utilizing the formula in equation 11, as described

in steps 23—24:

Q) = v(S=S*) | (1-v)(Rx—R")
k= g——s* R™-R"

where §* = min Sy, ST = maxSy, R* = min Ry, R~ = maxRy,

,K =1,2,3 ...nalternatives (12)

and vis the weljght for the strétegy of the ’majdrity of criteria’,]while 1
- vis the weight of the individual regret. In step 25, the values of S, R
and Q are ranked in ascending order, producing three ranking lists.
Finally, a compromise solution is produced and returned (step 26).

Input: requested user base, Wpcc, Wpcs, Wpeer, Wpep

Output: Target data centre name

1 For each data centre i
2 DCC; = cost per VM $/Hr + data transfer cost $/GB
3. DCS; = number of processors X processor speed
4. DCD, = Delay_Matrix(User region, DC_Region;)
5. DCCL;= number of current requests
6. For each data centre i
DCS,
7. - ij
norDCS;; = E‘,“TCS‘Zi
DCC,
8. - ij
norDCC;; = E’TTCCﬁ
DCCL,
9. - ij
norDCCLy = Z',TCCLf'
DCD,
10. _ ij
norDCDy; = Z',TCD‘Z'
1. Determine the best £} and the worst f}
12 fi* =DCC* = min (norDCC,, norDCC,, norDCC; ... norDCC,)
13 fz =DCS” = max( norDCS;, norDCS,,norDCS; ... norDCS,,)
14 f3 = DCCL" = min (norDCCL;, norDCCL,,norDCCL; ... norDCCL,)
15 f+DCD* = min (norDCCL,;, norDCCL,, norDCCL; ...norDCCL,)
16 fir =DCC™ = max (norDCC,,norDCC,,norDCC5 ...norDCC,)
17 f> = DCS™ = min(norDCS;,norDCS,,norDCS; ...norDCS,)
18 fs = DCCL™ =max (norDCCL,,norDCCL,,norDCCL5 ...norDCCL,)
19 i = DCD™ = max(norDCCLy,norDCCL,,norDCCL; ...norDCCLy,)

20. Compute the values S, and R k=1, 2,.., n,

21. S
Se= D Wt = ful/lsy = 171

=

2. Re=matWlfy = fel /1 = £l = 123..m)

23. Compute the value Q, k=1,2,..n,

7 _v(=S5)  A-v)R—RY)
LT R-—R"

25 Sorting the values S, R and Q in ascending order

26. Return the first data centre in the Q-sorted list

Figure 2: VIKOR-based service broker algorithm

4. Results and Discussion

4.1. The Experimental Settings

To evaluate the performance and prove the efficiency of our proposed
solution, the VIKOR-based service broker policy, in generating an
optimized solution that incorporates user preferences when ranking
and selecting the best DC from the set of alternative DCs in the cloud,
several extensive experiments were designed. These experiments were
conducted on an Intel Core i7 3.6GHz processor with 32GB of RAM on
a Windows 8 Professional operating system. The proposed service
broker policy was applied and tested using the Cloud Analyst simulator
and then compared to the performance of two well-known broker
policies, namely, the closest DC policy and the optimized routing policy.
The comparison was based on three crucial parameters: total cost, total
response time, and processing time. The comparison included five
different cases, which were as follows:

®  The first case used the closest DC.

®  Thesecond case used the optimal response time.

(] The third case used the proposed approach with the high user priority
to reduce total cost.

(] The fourth case used the proposed approach with the high user

priority to reduce response time.
o The fifth case used the proposed approach to balance the response
time and total cost.
For the simulation, there were six heterogeneous DCs and three user
bases; the configurations for the DCs, user bases and other simulator
parameters are outlined in Tables 3(a), 3(b), and 3(c), respectively. In
addition, the default parameters were set for internet characteristics,
and the evaluation process was in different configuration scenarios. In
all the scenarios, the duration of the simulation was set as one day. The
locations of the DC and the user base varied in each case. Below are the
details of the three scenarios considered in this work.
®  First scenario: Six heterogeneous DCs were located in the same
region, while three UB DCs were distributed over three different
regions.
o Second scenario: Six heterogeneous DCs were located in different
regions, while three UB DCs were located in the same region.

®  Third scenario: Six heterogeneous DCs and six UB DCs were
distributed across all regions.

Table 3: The parameter settings of the simulation

(a) Data centre configurations
(::loesr[ plemory(Sicrage Trlz::?er [yl Memory| Storage ilable|Number of|Processor
DCs|ym o5 BT Cost ”Y" (MB)y (MB, BW  |Processors| Speed
$/Hr s/cb | Unit
DCT[ 1.6 0.05 0.1 0.2 2 512 [100,000,000[ 1,000 3 500-1000
DC2[ 2.4 0.05 0.1 0.7 T 572 [100,000,000[ 1,000 4 1000
DC3] 5 0.05 0.1 3 3 512 [100,000,000[ 1,000 4 10000
DC4[ 0.1 0.05 0.1 0.1 T 572 [100,000,000[ 1,000 3 100
DC5[0.24] 0.05 0.1 0.11 1 512 [100,000,000[ 1,000 3 200
DC6[0.13] 0.05 0.1 0.2 T 572 [100,000,000[ 1,000 3 2000
(b) User-based data centre properties
UB User Request Start of UB’s End of Peak [ AvgPeak [ Avg Off-
Requests/Hour | Size (KB) | Peak Hours GMT | Hours GMT Users | Peak Users
UBT 120 1000 3 9 5000 500
UB2 60 100 3 9 1000 100
UB3 60 100 3 9 1500 150
(c) Other parameter settings
Parameters Value
User grouping factor 1000
Request grouping factor 50
Request size (bytes) 100
Load balancing policy Throttled

4.2. The Experimental Results

This section presents the experimental results of the VIKOR-based
service broker policy solution for DC selection in a heterogeneous
cloud environment, in which the proposed policy identifies the most
appropriate DC to handle the user-specified service based on the
user’s priorities. In the experiment, three crucial performance metrics
involving various scenarios were considered, namely the response
time, the overall cost and the DC processing, to measure and evaluate
the performance and the efficiency of the proposed solution.

4.2.1. The Overall Response Time

In this section, we present the experimental results of both our proposed
solution, the VIKOR-based service broker policy, and the previous
approaches for the three scenarios considered in this paper concerning
the overall response time. This set of experiments aimed to investigate the
impact of incorporating user preferences (priorities) on the overall
response time of the process of identifying and selecting the most
appropriate DC among the available set of DCs to execute user tasks.
Figures 3(a), 3(b), and 3(c) present the overall response time achieved by
the proposed service broker policy strategy and the other previous
strategies in the context of cloud computing based on scenario 1, scenario
2,and scenario 3, respectively. From the experimental results, it is evident
that our proposed policy, the VIKOR-based service broker policy,
outperformed the other policies in terms of the overall response time in
all three scenarios. The results also demonstrate that the average
improvements of 34.74% and 13.86% were obtained by the closest DC
and optimized response time approaches, respectively. In the case where
the user priority was to balance cost and response time, the proposed
approach obtained an overall response time close to the best overall
response time of 87%.
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4.2.2. The Data Centre Processing Time

In this section, we discuss the effects of identifying user priorities as one
of the crucial factors influencing DC processing time when selecting a
DC. We aimed to examine the performance of the VIKOR-based service
broker policy and its capability in handling the process of identifying
and selecting DCs in the cloud paradigm. In this section, we also
illustrate the experimental results of our proposed solution, the VIKOR-
based service broker policy, in the three scenarios concerning the DC
processing time. The experimental results for the overall DC processing
time are presented in Figure 4. Figure 4(a) shows the performance of
the VIKOR-based service broker policy based on the first scenario of the
processing time of the DC. Similarly, Figures 4(b) and 4(c) illustrate the
results of the experiments based on the second and third scenarios
taking into consideration the DC processing times, respectively. The
results indicate that the proposed solution, the VIKOR-based service
broker policy, achieved the best results for both the first and second
scenarios compared to the other approaches (closest DC, optimized
response time, reduced cost, and balance). This is due to the fact that
our proposed solution incorporated the user priority factor, which
resulted in reducing the overall response time by producing a lower
processing time for the DC in all three scenarios. In the case where the
user priority was to balance cost and response time, the proposed
approach obtained a DC processing time close to the best processing
time.

Overall response time Overallresponse time Overall response time
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Figure 3: The results of overall response time of the three scenarios
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Figure 4: The results of data centre processing time of the three scenarios

4.2.3. The Total Cost

In this section, we illustrate the experimental results of our proposed
solution, the VIKOR-based service broker policy, in the three
scenarios with respect to the total cost. Figure 5 shows the results
obtained for total cost corresponding to the three scenarios. Figure 5a
5b, and 5c present the experimental results for the first scenario, the

a. First Scenario b. Second Scenario

second scenario, and the third scenario, respectively. From the results,
itis evident that the proposed approach, employing user priorities, led
to asignificant reduction in the total cost for all cases. The results also
indicate that the proposed strategy steadily outperformed the other
approaches by generating a lower cost for the three scenarios
considered in this study. The average improvement of 54.55% and
73.8% were obtained by the closest DC and optimized response time
approaches, respectively. Finally, from the results, it can be concluded
that the proposed approach obtained total cost data that was better
than the closest DC and optimized response time approaches in the
case where the user’s priority was to balance cost and response time.

Tota cost Tota cast Tota cost

[ T Ir
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Figure 5: The results of the total cost for the three scenarios

4.2.4. Comparison with Other Policies

For evaluation purposes, the proposed approach was compared with
the priority-based service broker policy (PBSBP) for a fog computing
environment proposed by Arya and Dave (2017), the AFBSB
algorithm (Al-Tarawneh and Al-Mous, 2019), and the optimized
service broker routing policy (OSBRP) proposed by Manasrah and
Gupta (2019). For simplicity and without loss of generality, our work
followed the same experimental settings and other environment
configurations in the experimental study as those in Arya and Dave
(2017) and Manasrah and Gupta (2019). The details of the
configurations for the DC, UB, and load balancing and grouping factor
are described in Tables 4(a), 4(b), and 4(c), respectively.

Table 4: The configuration of the simulation for the comparison with other policies
(a) Data centre configuration

Physical Processor per Cost per| Memo: Data Processor
DCs Hardware Hardware |Arch| Os |\ $7Hr Costry Transfer Speed
Units Unit Cost( $/Gb) P
FDCT 2 3 x86 [Linux| 1.60 0.05 0.20 500-1000
FDC2 T 4 x86 [Linux| 2.40 0.05 0.70 7000
FDC3 3 4 x86 [Linux| 5.00 0.05 0.30 70000
FDC4 T 3 x86 [Linux| 0.10 0.05 0.170 700
FDC5 1 3 x86 [Linux | 0.24 0.05 0.11 2000
(b) User base configuration
UB User Peak Hours Start | Peak Hours End | Avg.Peak [ Avg. Off-Peak
Requests/Hour (GMT) (GMT) Users Users
UB1 120 3 9 5000 500
UB2 60 3 9 1000 100
UB3 60 3 5 1500 150
(c) Load balancing and grouping factor confi ion
Parameters Value
User grouping factor in userbases 7000
Request grouping factor in datacentres 50
Executable instruction Tength per request (bytes) 100
Load balancing policy across VMs in a Throttled
single datacentre (default load balancing algorithm)
Simulation duration 24h
Available memory (MB) 512 MB
Storage 1TB
Available bandwidth 1000
VM policy TIME_SHARED
VM image size 10,000

Table 5 illustrates the results of the experiment that concentrates on
comparing the proposed broker policy with the most recent broker
policies, namely PBSBP (Arya and Dave, 2017), OSBRP (Manasrah
and Gupta, 2019), and AFBSB (Al-Tarawneh and Al-Mous, 2019). The
main reason for selecting these works is that these works match the
objective of this work (i.e. minimizing response time, processing time
and the overall cost). From the results, it is evident that our proposed
approach outperforms the previous approaches in terms of the total
cost, the overall average response time, and the average of the DC
processing time.

Table 5: Comparison with other policies

Performance Parameters P! Our Proposed Approach
Total cost 2000 1967.6 1125 1047
Overall response time (Avg.) 97 85.8 85.2 843
Data centre processing time (Avg.) 25 15.2 151 15

The results also demonstrate that the PBSBP technique (Arya and
Dave, 2017) is the worst by incurring the highest total cost, the
longest average overall response time and the longest average DC
processing time. Furthermore, the results of the experiment indicate
that the AFBSB technique (Al-Tarawneh and Al-Mous, 2019) is better
than PBSBP (Arya and Dave, 2017) and OSBRP (Manasrah and
Gupta, 2019) in terms of total cost, the average overall response time
and the average DC processing time.

The results of the experiment illustrate a significant improvement in
the proposed policy in terms of the average response time, the
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average DC processing time and the total cost. Most importantly, the
results also demonstrate that the idea of incorporating the user
priority in the proposed broker policy led to a balance between the
response time and the total cost, which, in turn, improved the
efficiency while maintaining a low services cost. Similarly, Table 6(a)
and 6(b) describes the experimental result for both cases, namely the
third case and fourth case comparisons, for the proposed broker
policy against PBSBP (fourth case) (Arya and Dave, 2017), and AFBSB
(cost) (Al-Tarawneh and Al-Mous, 2019), respectively. It is clear that
our proposed approach for the third case outperforms both PBSBP
(fourth case) (Arya and Dave, 2017) and AFBSB (cost) (Al-Tarawneh
and Al-Mous, 2019) in terms of the total cost, the average overall
response time and the average DC processing time. The results shown
in Table 6(a) denote that the PBSBP technique (fourth case) is the
worst compared to AFBSB (cost) and our proposed approach (third
case) by incurring the highest total cost, the longest overall response
time and the longest DC processing time. Likewise, the experimental
results reported in Table 6(b) indicate that our proposed technique
(fourth case) is the best compared to PBSBP (third case) and AFBSB
(performance) in total cost, the overall average response time, and the
average DC processing time. Finally, we can conclude that the idea of
exploiting the user priority in our proposed service broker policy is
very beneficial by selecting the best DC that ensures a significant
reduction in the total cost, the overall average response time and the
average DC processing time.

Table 6: The result of the experiments for the third and fourth cases
(a) Third case comparison

Performance Parameters PBSBP Case (iv) | AFBSB Cost (o Prflw_[;‘t.)sed PR
ird Case
Total cost 1350 1150 951
Overall response time (Avg.) 190 520 499
Data centre processing time (Avg.) 110 215 368
(b) Fourth case comparison
Performance Parameters PBSBP Case (iii) Perﬁ)Fr?::n(e Coy PrFoopI:)rst:‘dC/:grroach
Total cost 16000 2400 1601
Overall response time (Avg.) 150 98 76
Data centre processing time (Avg.) 70 50 21

5. Conclusion

In the last decade, cloud computing has become a crucial practical
solution for a huge number of big data applications. In a
heterogeneous cloud environment, many DCs may implement
different user jobs at different times and costs. In real-world
environments, cloud users typically have different priorities. For
instance, some users seek a solution that best serves their request for
minimum cost. Conversely, other users seek a plan that processes the
given jobs while ensuring minimum response time or are interested
in carrying out their tasks at an affordable cost with an acceptable
response time. The primary objective of the cloud service provider is
to identify the most suitable DC to process the user request, ensuring
a high level of QoS, which depends on the predefined user priorities.
In this paper, we proposed an efficient and cost-effective service
broker policy for DC selection in a heterogeneous cloud environment
based on VIKOR, taking into consideration users’ specified priorities.
To this end, the proposed service broker policy endeavours to
minimize the response time and the overall cost based on the users’
specified priorities for user-oriented cloud systems. The results of the
experiment, performed in various scenarios, demonstrated that the
proposed solution outperformed the current policies in terms of
response time, DC processing time and total cost in all cases.
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Technological transformation plays a crucial role in our world today. The
Fourth Industrial Revolution (4IR) represents a significant transformation in
many areas of industry in different countries. The rapid speed and scope of
the transformation resulted in many urban development challenges, which
will subsequently force cities to devise smart solutions to improve the
standard of living of urban settlements to provide a better life for their
residents. The research aims to discuss these challenges and explore how
the 4IR affects the development, urbanisation and transformation of cities
into smart ones by highlighting various technologies such as artificial
intelligence (Al), robotics, blockchain and 3D printing. Furthermore, a group
of specialists in the field (designers, planners and consultants) will be
assessing the contributions of the 4IR that support smart cities and the
challenges of achieving urban development and try to reach the relative
importance of the participation of each application in achieving urban
development and rearrange them according to their significance, to meet
the proposed framework.
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ABSTRACT
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Global experiences of planning urban areas are characterised by adopting
hierarchical structures from large to small structures, i.e. residential quarter
(large residential area), residential district and then residential
neighbourhood. Each structure is characterised according to the area, the
number of people and the services required for targeting a sustainable
urban environment. This concept is a milestone in urban planning in Saudi
Arabia. The research attempted to discuss the general trend of planning
housing projects in Saudi Arabia and the extent of applying the hierarchal
concept. Three models were chosen randomly in Makkah, showing such
planning hierarchy. These are Al Shawgiyyah, Al Sharaie and Al Rabwah.
These projects were planned four decades ago and became a reality.
Through comparative analytical methods, findings revealed ambiguity of
the hierarchal planning concept in these projects. Further, the traditional
neighbourhood concept was prevalent in most neighbourhoods
characterised by low-density development in planning but medium and
high densities in reality. The problem is getting worse as cities grow
horizontally and vertically. Consistent scientific analysis based on practice
and continuous meta-analysis was used. The paper calls for the need to
change the current premises of housing plans and reorganise the
accumulated problems according to global experiences and local standards.
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1. Introduction and Preliminaries

The semigroup of full transformations on a set has been studied
extensively, and many research papers have been published on this
subject, such as Howie (1966) and Howie (1971). The semigroup
order-preserving (monotone) full transformations of a totally ordered
set has also been investigated thoroughly, and substantial literature
exists on this subject, such as Howie and Schein (1973), Schein
(1975), and Kemprasit and Changphas (2000). The semigroup of all
singular self-maps of a totally ordered set has also been studied in
Gomes and Howie (1987), Gomes and Howie (1992), and Umar
(1992a). As such, it is reasonable to present a new approach to the
semigroup order-preserving full transformations of a totally ordered
set based on order relations that are in increasing and decreasing
orders. Therefore, in the 1990s, the study of semigroup order-
increasing full transformations of a totally ordered set and the
semigroup order-decreasing full transformations of a totally ordered
set were investigated, see Umar (1992a), Umar (1992b), and Umar
(1996). All of this research studied the order-preserving full
transformations of a totally ordered set as a semigroup. Sohail (2010)
considered the pomonoid full transformations of a poset in
connection with the ordered representation of a pomonoid. The
category of pomonoids has been considered more recently by many
researchers, such as Gould and Shaheen (2010), Al Subaiei and
Renshaw (2016), Ahanger and Shah (2020), and Al Subaiei (2021).
This paper aims to study the order-preserving full transformations of
a poset as a pomonoid without limiting the order on the poset for the
total order relation.

A set X with a partial order relation is known as a poset. A map f: X
— Y where X and Y are posets is called a monotone (order-
preserving) whenever X < x' then xf < x'f, where x,x" € X and
xf,x'f inY. Throughout the study, for any map f, f will be written
on the right of its argument as xf, and the set of images of f will be
denoted by Img f.

A semigroup (resp. monoid) with a partial order relation is called a
posemigroup (resp. pomonoid) whenever the partial order relation is
compatible with the binary operation. This indicates the following:
consider the posemigroup T and the partial order relation <, when
t <t thentt” <t't"and t""t < t"t'forallt” € T. An element
tin a semigroup T is an idempotent if it satisfies the condition t? =

t. Readers can refer to Howie (1995) and Kilp et a/ (2000) for basic
information and terminology on semigroups and monoids and Sohail
(2010) and Al Subaiei (2014) for posemigroups and pomonoids.
A full transformation of a set X is the set of all maps from X to X and
is usually denoted by 77 (X). Itis well known that " (X) is a monoid.
The order-preserving full transformations of a poset X is the set of all
monotone maps from X to X and is usually denoted by O (X). This
set O(X) is a pomonoid where the binary relation is composition and
the partial order relation is a point-wise order (for any f, g € 0(X),
f < g whenever xf <xg for all x € X ). It is clear that the
pomonoid O(X) is a submonoid of T'(X). The pomonoid O(X) is
known also as the pomonoid full transformations of a poset X.
Let X be a finite poset. The subsemigroup of all singular self-maps of
Xis

Sing = {a € 0(X): |Imga| < |X| — 1}
It is clear that this subsemigroup with the point-wise order is a
posemigroup. The set of all decreasing singular self-maps of X is

S ={a €Sing:Vx € X,xa < x}
while the set of all increasing singular self-maps of X is

St ={a € Sing:Vx € X,xa = x}.
The set of shifting points of the mapping a in O(X) is

S(a) ={x € X:xa # x}
and the cardinality of this set is called shift of a, usually denoted by
s(@). The defect of & in O(X) is the cardinality of the set Z(a) =
X\Img a. The set of fixed points of mapping & in O(X) is defined
as:

Fla) ={x € X:xa = x}.
The cardinality of the set of fixed points of &, F(a), is denoted by

f(@).
2. Results

The primary objective of this work is to study the pomonoid full
transformations of a finite poset X, O(X). The aim is to examine
some known results for the semigroup full transformations of a
totally ordered set as in Umar (1992a) on the pomonoid full
transformations of a poset, where the order on the poset is any partial
order relation. As the analog of most properties in the category of
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monoids has two versions in the category of pomonoids, the first with
" = "and the other with " < ", this will also apply to the set of fixed
points. Therefore, the ordered versions will be as follows:

F(@)< ={x €X:xa < x}
and

F(a)” ={x € X:xa = x}.
The poset F ()< will be called the set of decreasing fixed points of
mapping &, while the poset F (&)~ will be called the set of increasing
fixed points of mapping &. The following result is straightforward to
prove.

2.1. Lemma:

Leta € O(X).Then,

1. F(a) =F(@)<NF(a).

2. Whena € S” then F(a)< = X.
3. Whena € StthenF(a)” = X.

2.2. Theorem:
ThesetS™ and St are posemigroups.

Proof: It is obvious that S~ and S* are subsemigroups of Sing. We
want to prove that S~ and St are posemigroups; specifically, we
want to prove that the partial order relation is compatible with the
binary operation. Suppose thata, § € S~ and a < f5.So, forallx €
X, we have xa < xf5. Then, for any y € S, we know from the
definition of S~ that y € Sing. Hence, y € 0(X), and so we get
xay < xBy. Thus, ay < By. Now, since xy € X and xa < xf3 for
all x € X, we get xya < xyf. Thus, ya < yf. Therefore, S™ is a
posemigroup. By using a similar process, we can show that S* is also
aposemigroup. M

Clearly, we can obtain the following corollary.

2.3. Corollary:
The set S~ and S* are subpomonoids of Sing.

Itis known from Lemma 1.1 of Umar (1992b) that when the order of
X is totally ordered, then S~ and S* are isomorphic; however, this is
not true for any partial order relation as the following example shows.

2.4. Example:

Let X = {a, b, c} be a poset with a partial order relation defined as:

Figure 1: The partial order relation of the poset X

a1

N/

a b ¢
Then, 0X)={y1=|a b ¢ | V2=
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a 0
~——
<
=
o
Il

a b ¢ a b c a b c
<b c c>,V11=<C b c>,]/12=(c a c)}.

The subset of decreasing singular self-maps of X is §™ =
{¥8, Y9, Y11} and the subset of increasing singular self-maps of X is
ST = @.Itis clear that these are not isomorphic.

2.5. Lemma:

Let X be a poset. Then,

1. Ifa; is not comparable with any elements, then forany a €
ST.a;a = a;.

2. Ifa;is not comparable with any elements, then forany § €
S+, a,-[;’ = a;.

3. If X has a minimum element a, then for anya € S”,aa = a.

4. If X has a maximum element b, then forany f§ € S*,bB = b.

Proof:

1. Suppose thata; is not comparable with any element and a €
S~. From the definition of S~, we have a;a < a;. Since a; is not
comparable with any element and the relation on X is a partial
order relation, then a;a must be equal to a;.

2. The proof is obtained by using a similar argument to case (1).

Suppose that X has a minimum element a. From the definition of

S™ aa < a. Since aisaminimum element, thena < aa < a.So,

as the relation on X is a partial order relation, then aa must be

equaltoa.
4. The proof is obtained by using a similar argument to case (3).
|

In the following results, we will concentrate on some particular partial

order relations and examine some related properties of the full

transformations on the pomonoid full transformations of a poset.

w

2.6. Theorem:
LetX = {a,, ay, ..., ay, a} be afinite set with a partial order relation
<; defined such that

Figure 2: The poset X with <4
ap do ... p
a

Then,S* = @.
Proof: Suppose that @ € S*. Then, a;a = a; and aa = a where
1 < i < n. Since there are no elements greater than a;, then a;a =
a;.From Lemma 2.5, we getthat aar = a. Hence, & will be the identity
map and a@ & Sing. Since this is a contradiction, there is no a in St.
|

2.7. Theorem:
Let X = {ay, ay, ..., ay, a} be afinite setwith a partial order relation
<, such that

Figure 3: The poset X with <

b
/| \

a as ... Ay
Then, S~ = Q.

The proof has a similar argument to the proof of Theorem 2.6.

2.8. Proposition:
Let X be a finite poset.

1. WhenX = {ay,ay, ...,a,,a}is a poset with the partial order
<y thenforanya € S~ a;a € {a,a;},foralli = 1,2,...,n.

2. WhenX = {ay,ay, ...,ay, b} is a poset with the partial order
<i.thenforany B € ST a;8 € {b,a;}.foralli =1,2,...,n.

Proof:

1. Suppose that ¢ €S~ . Hence, qa < a; and ae < a .
Therefore, a;a € {a;, a}.

2. The proof is obtained by using a similar procedure to case (1).
|

2.9. Theorem:

Let X be a finite poset.

1. WhenX = {a,,a,,..,a,,a}is a poset with the partial order <,
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n (n+1)

then|S7|=C(n,1) +C(n,2) + -+ C(n,n) = 2
2. WhenX = {ay,a,,..,a,, b}is a poset with the par[iall order <,,
then|S*|=C(n,1) +C(n,2) + -+ C(n,n) = @
Proof:

1. From Proposition 2.8, we know that for any @ € 57, q;a €
{a;, a}. Also, from Lemma 2.5 (3), we get that aar = a. When
all the elements of X under a have an image equal to a, then
there is only one elementin S~ having the form C(n,n) = 1.
When the n — 1 elements of the @; have an image equal to a
under a, then there are 2 different elements in S~ with the
form C(n,n — 1) = 2. So by using this sequence, we will end
when only one element of the a; has an image equal to a under
a and 1 different elements in S~ have the form C(n,1) = n.
Therefore, the total number of elements in S~ is equal to
C(n,1) + C(n,2) + -+ C(n,n). This formula is equal to
the 71th triangular number, which has the form n(n+1)

2. The second statement can be proved by using a similar

argumentto (1). W

2.10. Example:
InExample 2.4,|S7| =C(2,1)+ C(22) =2+1=3.

2.11. Theorem:

Let X be a poset.

1. X ={ay,ay..,a,a}lisa poset with the partial order <;,
then the number of a that satisfies F ()< = F(a)” isn".

2. IfX ={ay,a,,...,ay, b}is a poset with the partial order <5,
then the number of & that satisfies F ()< = F(a)” isn™.

Proof:

1. Suppose that X has the order <; and « satisfies F(a)< =
F(a)”. Since a is the only element that is comparable with all
other elements, then aa = a. For the other element a;, where
1<i<naa#a,ifa;a = a,thismeansthata; € F(a)<
and a; € F(a)”, and this is a contradiction. Hence, each
a;a € {a,,ay,...,a,} . Moreover, a;a@ has n options.
Therefore, the number of « that satisfies F (a)< = F(a)” is
n™.

2. The second statement can be proved by using a similar
argumentto (1). W

Consider the finite poset Y = {ay, a,, ...,aj} with a total order

relation defined as a; < a; < :-- < @; . Define the map p:Y — I

where ] = {1,2, ..., j} is a subset of the natural number. Then, it is

known that P is an order embedding map.

The poset Y = {ay, ay, ..., a;} with atotal order relation a; < a, <

»+<a can be extended to the poset Y'=

{ai, az, ..., j, @jyq, ..., Gy} with a partial order relation <3 such

thata; < a, < -+ < aj where other elements are not comparable

with the rest of the elements.

Figure 4: The poset ¥’ with <3

{IJ

| @541

-1 (42

|
Loy,
|
1]

It is clear that the partial order relation <5 on Y is not a total order
relation.

Also, the posetY = {ay, a,, ..., a;} with a total order relation a; <
a, <+-<aj can be extended to the poset Y=
{a1,a,, ..., j, Ajyq, oens a,} with a partial order relation <, such
thata; < a; < < agjand a1 < djyp < < Ay,

Figure 5: The poset ¥’ with <4,
i Uy

ay s
Itis obvious that the partial order relation <, on Y” is not a total order
relation.

In the following two results, we generalize the result of Lemma 1.1 in
Umar (1992b) to the poset Y’ when the partial order relation is <3
first, and then when the partial order relation is <, . The idea of the
proof is inspired by Lemma 2.1.1 in Umar (1992a) and Lemma 1.1 in
Umar (1992b).

2.12. Theorem:

Let Y' = {a;,ay, ..., 4}, Ajy1, .., Gy} be a poset with the partial
ordered relation <5 . Then, S~ and S* are isomorphic
subposemigroup of SingY”.

Proof: From Theorem 2.2, we know that S~ and S* are
posemigroups. Now, we want to prove that there exists an order
isomorphism map between the two posemigroups S~ and S*. So,
define the map f: S~ — S* by af = a*, where

()a;a* =a; = a;awhenj+1<i<nand

(ii) aia* = a]'_{a(j_i+1)ap}+1 whenl < i Sjwhere aip=1
wherea € S”anda* € ST.

Itis clear thata* € S¥, since the following statements are satisfied:

(i) when j+1<i<n, q;a* =a; from Lemma 2.5. Hence,
a;a* = a;, and

(i) when 1<i<j, we have gqa" = aj:{a(j_i+1)ap}+1 >
aj_{a(],_i+1)p}+1 = Gi—g-i+1)+1 = Q;- Hence, a;a™ = a;.

First, we will prove that the map f is order embedding. Suppose that
a < (3. By using the fact that p is order embedding, we have the
following:
(Ywhenj+1<i<nwehavea<feaq=qaaqf =aq;
eqa=a;<a =aqf" ©af <pf.

(i) when1 < i < j, we have:

asf o qasef S aGuna<agopnf S
AG-i+n@P < ag-ivpfp ©  j{agoirpapt+1<j—
{aj-isnBp}+1 & G —{ag-isnap}+1P = aj_{a;j—i+1)ﬁp}+1p <
B—(agoinapitt = G-fag_inpoirr < (@) = F(B).

Since f is order embedding, and from Al Subaiei and Renshaw
(2016), we see that f is well defined. Now, we want to prove that f
is a morphism. To show that, suppose af ff = a**. Then, we have
the following cases:

(i) when j+1<i<n, we have aq;afBf =aq;a*B* =aq;f* =
a; = ai(af)" = a;(ap)f.

(i) when 1<i<j , we have aafff =aqaf"
B—{ag-ismap 1B = G—a (i o pamprnnBo+L
U—{@gag;_ip Bl = Y={ag isnaBp}+1 = a;(af)" =
a;(af)f . It is clear from the definition of f that f is surjective.
Therefore, f is an order isomorphism, and so S~ and S are

isomorphic subposemigroups of SingY’. W
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2.13. Theorem:
Let Y' = {a4, a,, s @, A, .., Ay} be a poset with the partial
order relaton <, . Then, S~ and S* are isomorphic

subposemigroups of SingY"’.

The proof has a similar procedure to the proof of Theorem 2.12 above
and Lemma 1.1 in Umar (1992b). We simply need to define the map
f:57 = S*by f(a) = a* asthe following:

(i) aia* = an_{a(n_i+1)ap}+1 whenl < i S_]

(i) a;a* = —(a_ippyap}+1 whenj+1<i<n

wherea;p = i.

2.14. Proposition:

Let Y' = {a4,ay, s @, Ay, ..., @y} be a poset with the partial

order relation S3.Then,

1. Foranya € S™, then a; € Z(a) where j +1 < i <n and
1 < defectofa < j.

2. Forany a €S*, then a; € Z(a) where j +1 < i < n and
1 < defectof a < j.

Proof.

1. From Lemma 2.5, we know thataq;a = a; whenj + 1 <i <
n. Hence, a; € Img f. Therefore, a; & Z(a). Since there are
n — j elementsnotin Z(a),then 1 < f(a) <j.

2. The proof of this case has a similar argument to case (1). W

2.15. Remark:

It is known from Lemma 2.3.1 in Umar (1992a) that F(af) =
F(a) n F(B). However, this is not true when the partial order
relation is not totally ordered. In example 2.4, we have F(y,) N
F(y7) ={b,c}n{c} ={c} # F(vay7) = F(y3) = {a,c}. Also,
this result does not hold for the ordered version of the set of fixed
points, which is the set of decreasing fixed points of & and the set of
increasing fixed points of a. Furthermore, in Example 2.4, we have

F(ye)S NF(y;)= ={a,b,c}n{c} = {c} # F(yoy7)" =
R AT 2 R A T P

{c} # F(y2¥6)” = F(¥s)” = {b, c}. Therefore, in the pomonoid
full transformations of a poset, we have the following general cases:

F(ap) # F(a) N F(B)

F(ap)< # F(@)~NnF(B)=

F(ap)” # F(a)” N F(B)”
Moreover, it is known from Lemma 2.3.1 in Umar (1992a) that
F(af) = F(Ba). However, this is also not valid when the partial
order relation is not totally ordered. In Example 2.4, we have

F Enw%: F ()/(3) =)<{a, C{}b¢ }F (77124) = )F< (va) ? {b3 g} ,
F(yoy7)S = F(y10)S ={b.c} # F(yzyo)= = F(y1z)~ =
{ac) ", and F(r2ve)” = F(ys)” = {b,c} # Flyer2)< =
F(y2)< = {a}. Therefore, in the pomonoid full transformations of a
poset, we have the following cases in general:

F(aB) # F(Ba)

F(af)= # F(Ba)<

F(ap)> # F(Ba)>
2.16. Theorem:

Let X = {ay,a,, ..., an, a} be finite poset with the partial order
relation <;.Then,any @ € S~ is an idempotent.

Proof. Suppose that @ € S™. From Lemma 2.5, we know that a
aa = a. For all a;, where 1 < i < n, itis clear that a;a € {a;, a}.
When a;a = a; , then a;a® = a; . While when a;a = a then
a;a? = a.Therefore, & is an idempotent. B

By using a similar argument, we can obtain the following:

2.17. Theorem:

Let X = {a;, a,, ..., an, a} be a finite poset with the partial order
relation <,.Then,any a € Stisan idempotent.

As known from Lemma 2.1.4 in Umar (1992a), a is an idempotent if
f(a) =n — 1. However, this is not true in general for any partial
order relation. Consider the element yg in Example 2.4 yg is an
idempotentand f(yg) =1 # 2.
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ABSTRACT

An experiment was conducted to investigate suitable feed for Carassius auratus juveniles. 30-day-old juveniles (3.37+0.74 cm and 0.84£0.3 g) were reared in
glass aquaria (50x30x30 cm’) at stocking density of 10 juveniles/aquaria in triplicates. The juveniles were fed four different feeds, Tubifex, egg custard,
commercial feed, and aquarium feed, twice daily until satiation. After 28 days of trial, fish fed custard and 7wbifex had significantly higher survival rates (91%
and 88%) than those fed aquarium feed (81%, P < 0.05) and commercial fish feed (75%, P < 0.05). The final length, weight, abs olute growth rate and metabolic
growth rate were significantly varied among the treatments (P < 0.05). However, no significant differences were evident in weight gain and SGR (P > 0.05). The
fish fed custard and Tubifex were comparable in terms of growth performance (P > 0.05) while a significantly lower growth rate was found in fish fed
commercial feed (P <0.05). Fish fed 7ubifex and custard had significantly higher protein content (15.28% and 14.86%, respectively) than those fed commercial
fish feed (13.41%) and aquarium feed (12.21%). The overall findings suggest that the formulated egg custard can promote growth and survival in goldfish.

KEYWORDS
Ornamental fish, Tubifex, egg custard, juveniles, growth performance

CITATION
Mathew, R.T,, Debnath, S., Kundu, P., Alkhamis, Y.A., Rahman, M.M., Rahman, M.M., Sarower, M.G. and Rahman, S.M. (2022). Growth and survival of goldfish (Carassius

auratus) juveniles fed Tubifex, custard meal and commercial feeds. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 23(1), 30-5.
DOI:10.37575/b/vet/210080

1. Introduction

The rising interest in rearing ornamental fish has led to an increased
international aquarium fish trade. Among the widely accepted
ornamental fish, goldfish (Carassius auratus) is one of the
commercially important species. It was originally popular from
China to Eastern Europe and has now spread all over the world due
to its wide range of morphological adaptation and diversity (Ota and
Abe, 2016). Nowadays, this species is mostly reared in an intensive
culture system where the growth of the fish largely depends on the
nutritional quality and quantity of the food provided (Kaiser er al,
2003). Food quality as well as availability affect the fish growth in all
life stages and have a great influence on successful aquaculture. In a
production cycle, the earlier life stage is considered the most crucial
stage for most fish species (Abi-Ayad and Kestemont, 1994). The
earlier life stage of goldfish requires specific environmental
conditions including appropriate feeds to survive and grow
(Kestemont, 1995).

The larval rearing of non-salmonid fish such as goldfish and carp
largely relies on the culture of live feeds, although several efforts
have been made to find suitable alternatives (Bryant and Matty,
1980). In general, living feed organisms contain higher crude protein
(60—65%), moderate lipids (8—9%) and lower crude fiber (4—5%)
(Sharma, 2020). Different live feeds, such as Branchionus,
Chirononus, Moina, Tubifex and Artemia have long been used for
rearing the larvae or juveniles of various fish species (Cruz and
James, 1989; Evangelista er a/, 2005; Fermin and Recometa, 1988).
Among the live feeds used in fish larvae culture, Arremia nauplii is
the most widely used food item. However, the demand for Artemia
cysts has exceeded the supply, and prices have risen exponentially,
creating a bottleneck for the expansion of hatcheries (Lavens and
Sorgeloos, 2000; Sorgeloos er a/, 2001) and increased problems for

developing countries in terms of affordability (Evangelista et al,
2005). Thus, research leading to the use of an alternative feed or at
least optimization of cyst usage can reduce production costs.

Tubifex is one of the potential live feed candidates because of its
substantial use as a nutritious food commodity for fish larvae.
Although it grows in waste water with health hazard issues and the
risk of spreading certain protozoan diseases in fish (Brinkhurst,
1996), the availability and appropriate size make this candidate
prominent in the aquarium business as well as the commercial fish
business. Moreover, Tubifex is rich in protein and essential fatty
acids such as n-3 (C18: 3n-3 and C20: 5n-3) and n-6 (C18:2n-6 and
C20:4n-6) fatty acids (Gorelsahin er al, 2018; Yanar er al, 2003). It
has already been established to increase the growth performance of
different fish species such as Chitala chitala (Sarkar er al, 2007),
Clarius macrocephalus (Santiago et al, 2003), Notopterus chitala
(Sontakke er al, 2019), and Sander lucioperca (Bodis er al, 2007).
Furthermore, several studies reported 7Tubifex as an alternative to
Arternia for different fish species such as catfish (Arslan er a/, 2009;
Evangelista er al, 2005). Beside live feeds, studies reported that
formulated egg custards are also used for larval rearing of different
fish species and attained better results than commercially available
formulated feeds (Malla and Banik, 2015). Formulated feeds are
specially aimed to achieve optimal growth of certain fish species
with species-specific, appropriate and adequate nutritional
composition(Sultan Mohideen er al, 2014). Moreover, these feeds
are also being targeted to attain lower conversion ratio to minimize
the feed cost.

Hitherto, there is no study comparing the effect of live feed and egg
custard on goldfish. Therefore, the present study was undertaken to
investigate the effects of live feed (7wbifex), homemade egg custard
and two commercial feeds (fish feed and aquarium feed) on growth,
survivability, and body protein content of the goldfish (C. auratus).
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2. Materials and Methods
2.1. Feeds:

Four experimental feeds, namely 7ubifex, homemade egg custard,
commercial fish feed (Quality Feeds Limited, Bangladesh) and
aquarium feed (Sky Fish, China), were used in this study.
Commercial fish feed was collected from the local feed market. Live
Tubifex and aquarium feed commonly used for goldfish were
collected from local aquarium shops. Tubifex was chopped into
small pieces using a disinfected blade and scissors, and preserved in
a refrigerator (-18°C) in the form of a small cube until use. The egg
custard was prepared using several ingredients, as presented in
Table 1. The ingredients were blended, and the mixture was boiled
in an autoclave for 30 min. at 110—118°C. After cooling, it was cut
into small pieces, individually wrapped with polyethylene film, and
stored at -18°C until used. Moisture and protein contents of the
experimental feeds are presented in Table 2.
Table 1: Ingredients (g/kg) used for preparing egg custard (Nik Sin and Shapawi, 2017).

Ingredients Unit
Cornflower S0g
Agar powder 20g
MiTk powder 500 g
Egg 325g
CodTiver ofl 5g
Prawn meat 100 g

Table 2: Moisture (%) and protein (%, dry weight basis) of four different dietary treatments.

Dietary treatments | Moisture (%) Protein (%)
Tubifex 82.28+0.32 55.64£3.3
Custard 70.23:0.41 43.08:2.54

Commercial fish feed 11.45+0.27 29.17:0.54

Aquarium feed 11.2620.79 18.80+0.73

2.2.Fish Rearing:

Thirty-day-old goldfish juveniles were collected from the local fish
breeders of Khulna city, Bangladesh and transported in oxygenated
polythene bags to the Fish Physiology Laboratory of the Fisheries
and Marine Resource Technology Discipline, Khulna University,
Khulna, Bangladesh. Fish were randomly stocked in 12 rectangular
glass tanks (50x30x30 cm’) each containing 15 liters of water. All
tanks were adorned with an air stone to ensure sufficient dissolved
oxygen (DO). Key water quality parameters (temperature, pH, and
DO) were checked regularly to maintain the water quality in
optimum ranges (Table 3).

2.3. Experimental Procedures:

The experiment was conducted for 28 days. The four experimental
feeds were randomly assigned in 12 tanks, resulting in 3 replications
per treatment. In total, 10 fish with a mean initial length of
3.31+0.14 cm and weight of 0.84+0.3 g were randomly assigned to
each of the 12 tanks from the common batch. About three-fourths of
the water was changed twice a day before feeding (morning and
afternoon). Adhered dirt inside the tank walls and small pieces of
hose pipe used as fish shelters were cleaned twice a week.

The fish were hand-fed at their satiation level twice per day (8:00 am
and 5:00 pm) and before every feeding, uneaten feed and feces were
removed by siphoning. Before feeding, each Tubifex cube was
thawed and given to the fish. Likewise, egg custard was thawed and
crushed to make smaller pieces and sieved by a net with a 1 mm
mesh size before feeding the fish.

2.4. Analytical Procedures and Calculations:
2.4.1. Fish Performance

At the end of the study, growth performances of individual fish were
assayed by determining their weight and length gain, specific growth
rate (SGR), and absolute and metabolic growth as described in Maas
er al. (2021). Weight gain (g) was calculated as Wi- W, where W is
the final weight of the fish, and Wi;is the initial weight of the fish.

Likewise, length gain (cm) was calculated as L L, where L is the
final length of the fish and L; is the initial length of the fish. Absolute
growth rate (GR,., g d™') was calculated as Wi- W,/t, where t is the
duration of the experiment. Specific growth rate (SGR, % d') was
calculated as 100 x (LnW- LnW;)/t. Geometric mean body weight
(W, g) and mean metabolic body weight (MBW, kg®®) were
calculated as \/(W,- W,) and (Wg/1000)°%, respectively. Growth rate
on metabolic weight (GR.,, g kg®® d”) was calculated as (W
W,)/(MBW, x t). Survival rate (%) was calculated as N¢/N;x 100,
where N¢is the number of fish at the end of the experiment and N; is
the number of fish at the beginning of the experiment.

2.4.2. Determination of Moisture and Protein

At the end of the growth trial, three fish from each tank were
randomly sampled to determine their protein and moisture
contents. Fish samples were stored at -20°C until further analysis.
Fish and feed samples were analyzed using the same methods. The
pellet feed samples were analyzed as whole pellets. Frozen fish
samples were ground and homogenized, and then fresh ground fish
samples were taken to determine moisture and crude protein.
Moisture was determined by oven drying at 105°C for 24 hours until
achieving constant weight. Crude protein (Nx6.25) was determined
according to the Kjeldahl method (AOAC, 1995).

2.5. Statistical Analysis:

Statistical analysis was performed using the IBM Statistical Package
for the Social Science (SPSS) program (version 26.0; NY, USA) (IBM,
2019). Normality was checked usingthe Shapiro—Wilk test. To
check homogeneity of variance, Levene's test was performed. To
determine group differences in growth performance, survival, and
body protein, data were subjected to one-way ANOVA. The Tukey
post hoc test was performed for comparison of the mean among
different groups. Significance was considered at £<0.05.

3. Results

3.1. Water Quality Parameters:

The ranges of temperature, pH, and DO are shown in Table 3. The
results show that water quality parameters did not show any
significant (P> 0.05) differences among the dietary treatments and
were in the optimal ranges for goldfish juveniles.

Table 3: Water quality parameters (Mean+SEM) measured during the experiment over 28 days.

Parameters Tubifex Custard Fish feed Aquarium feed
Temperature (°C) 26.05+0.08" 26.35+0.227 27.27+0.671° 26.2610.747
H 8.29+0.237 7.96+0.34% 8.29+0.76% 7.89+0.45%
DO (mg/l) 7.85+0.267 7.59+0.277 6.89+0.277 7.33+0.337

The same superscripts in a row indicate no significant differences (> 0.05)

3.2. Growth Performance:

The influences of four dietary treatments on growth performance
parameters are presented in Table 4, and Figs. 1 and 2. Initial length
and weight of goldfish juveniles did not vary significantly among the
dietary treatments (2> 0.1). All fish significantly increased in length
and weight during the experiment (P< 0.05; Figs. 1 and 2). After the
28-day feeding trial, significant differences were observed in final
total length (cm), final weight (g), length gain (cm), weight gain (g),
absolute growth rate (g d™"), and metabolic growth rate (g kg®®d™)
(P < 0.05). There were no significant differences in growth
performance parameters among fish fed custard and 7ubifex except
length gain. Fish fed custard had the numerically highest absolute
growth rate (0.06 g d”) followed by those fed Tubifex (0.05 g d™)
and aquarium feed (0.04 g d). The lowest growth rate (0.03 g d™)
was observed in fish fed commercial fish feed (P < 0.05). Similar
patterns were also observed in metabolic growth rate (g kg®®d"
Nand SGR (% d™).
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Figure 1: Mean length (+SEM) of goldfish fed different dietary treatments over 28 days.
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Figure 2: Mean weight (+SEM) of goldfish fed different dietary treatments over 28 days.
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Table 4: Growth performance parameters (Mean + SEM) of goldfish fed different dietary treatments.
Tubifex Custard Fish feed Aquarium feed Pvalue
Length gain (cm) 1.54+0.127 1.00£0.08™ 1.08+0.71°° 0.62+0.047 0.007T
Weight gain (g) 1.50+0.05™ 1.61£0.07° 0.82+0.09 1.18+0.087 <0.001
Weight gain (%) 183.59+4.03™ | 199.56£33.537 | 104.84+28.557 135.35+27.587 0.087
SGR (% d ™) 3.69+0.05% 3.85+0.407 2.48+0.47° 3.0310.34% 0.081
GR,, (gd) 0.05+0.00™ 0.06+0.00” 0.03+0.00 0.04+0.007 <0.001
CRoo (G kg™ ) T03520.18" | 10.97£1.007 6.5621.207 $.3320.907 0037

SGR = Specific growth rate; GRabs = Absolute growth rate; GRmbw = Metabolic growth rate
Different superscripts in the same row indicate significant differences (#>0.05)

3.3. Survival:

The percentage of survival is shown in Fig. 3. The highest survival
rate was recorded in fish fed custard (91%), which was higher in
percentage than those fed Tubifex (88%), but significantly higher
than those fed aquarium feed (81%) and commercial fish feed
(75%). The lowest survival rate was found in fish fed commercial
fish feed. Aquarium fed fish had significantly higher survival than
those fed commercial fish feed (P<0.05).

Figure 3: Survival of goldfish fed different dietary treatments. Different superscripts indicate
significant differences among treatments (/< 0.05).
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3.4. Protein Content in Fish Body:

Whole-body protein (%, wet weight) is presented in Fig. 4. Like
survival, there was no significant difference in body protein among
fish fed Twbifex and custard (P> 0.05). However, fish fed Tubifex
contained numerically higher body protein (15.28%) than those fed
custard (14.86%). The lowest body protein (12.71%) was found in
fish fed aquarium feed (P<0.05).

Figure 4: Body protein (%, wet weight) of goldfish fed different feeds. Different superscripts indicate
significant differences among treatments (P < 0.05)
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4. Discussion

Feeds and feeding are crucial elements in the culture of aquatic
animals. Among the various life stages, the juvenile stage is
considered one of the most sensitive phases during their life cycle.
Juveniles of goldfish collected from the local market were reared for
28 days in this experiment to explore the effects of live and artificial
feeds on growth performance and survival.

The results of the present study revealed that goldfish juveniles fed
proteinaceous feed, 7ubifex and custard, exhibited higher growth
performance than those fed fish feed and aquarium feed. The higher
growth achieved in juveniles fed 7ubifexis similar to the findings of
Mohanta and Subramanian (2002) and Mellisa er a/ (2018) who
found that goldfish fed 7ubifex exhibited better growth
performance. It has already been proved in different studies that
Tubifex is one of the potential live feed candidates for larvae of
different aquarium fish species such as zebrafish (Brachydanio rerio)
(Bouguenec, 1992), guppy (Poecilia reticulata) (Gorelsahin er al,
2018), knifefish (Chitala chitala) (Sarkar er al, 2006), Siamese
fighting fish (Berta splendens) (Mandal er al, 2010), and sailfin
molly (Poecilia latipinna) (Mohideen er al, 2014). Moreover,
Tubifex also exhibited better performance in other fish species.
South American catfish, surubim (Pseudoplatystoma fasciatum)
juveniles fed Tubifex, for example, exhibited higher growth
performance than those fed other formulated feeds (Arslan er al,
2009). Likewise, higher growth performance by Tubifex was
reported in two Asian catfish, Pangasius bocourti(Hung et al, 2002)
and Clarias macrocephalus (Evangelista er a/, 2005).

The differences in growth performance in the present study could be
attributed to the nutrient composition in terms of protein content
and the acceptability of the feeds, although many factors are related
to making differences in growth performances. The adult goldfish
can grow with vegetables matters, while juveniles of goldfish require
a higher protein content in their feeds for better growth
(Bandyopadhyay et a/, 2005). It has been reported that 40% protein
is sufficient for optimal growth of goldfish (Mohanta and
Subramanian, 2002). In the present study, the crude protein
contents of the experimental feeds were 55.64, 43.08, 29.17, and
18.80% in Tubifex, custard, fish feed, and aquarium feed,
respectively. Therefore, higher growth in 7ubifex- and custard-fed
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juveniles might be due to the presence of higher protein content in
Tubifex and custard. The specific amino acids composition may play
a great role in the growth performance of fish. Tubifex is rich in
lysine (Yanar er al, 2003), which acts as a growth promoter in
juvenile goldfish, and it is reported that goldfish juveniles require
feeds with high lysine content (Gatlin, 1987). Therefore, Tubifex
could be a potential live feed candidate for goldfish juveniles.
However, Tubifex is related to health hazard issues as it grows in
waste water and also acts as a host of a myxozoan parasite,
Myxobolus cerebralis (Brinkhurst, 1996). Although custard had
lower protein content than T7Tubifex, fish fed custard showed
numerically higher growth performance than those fed 7ubifex. This
may be due to the softness, palatability, and nutritional composition,
as well as high consumption, which provided energy for fish growth.
Therefore, homemade custard could be a promising alternative to
Tubifex for ornamental fish species because the preparation of
custard is easy for households. Moreover, the development of
custard feed could reduce the dependency on live feeds as well as
operational costs.

The poor growth rate observed in fish fed the pelleted feed suggests
that the pellets used in this study were not suitable for optimal
growth of goldfish juveniles. Formulated feeds can only be used for
larval rearing of many finfish species if the level of acceptance is
adequate and the particle intake per unit time per liter of water is
high enough to prevent rapid disintegration of the feed (Pillay,
1993). In the present study, commercial fish pellet was used to
compare the palatability with other feeds. The growth rate of fish
with appropriate quality and adequate quantity of feed mostly
depends on voluntary feed intake and assimilation of nutrients
(Diana er al, 1988; Sarkar er al, 2007). It has been reported that
feed acceptability is influenced by chemical stimuli created by the
feed (Mackie and Adron, 1978). Moreover, feed intake largely
depends on certain crucial factors, such as feed size, type, physical
appearance, and attractiveness (Sarkar er a/, 2007). Although fish
feed contained higher protein (29.17%) than aquarium feed
(18.18%), the results showed that goldfish juveniles fed fish feed
had significantly lower growth (< 0.05). The crude protein present
in the fish feed might have higher indigestible protein for goldfish,
which, therefore, affected the feed utilization. Furthermore, it can be
speculated that more energy was spent in processing the fish feed
after ingestion resulted in poor growth.

Higher survival determines the success of any aquaculture
operation. The survival rates were comparable between fish that
consumed Tubifex and custard (P> 0.05) but significantly higher
than those fed aquarium and fish feed (< 0.05). In accordance with
the present study, Mellisa er a/ (2018) and Mohanta and
Subramanian (2002) also recorded comparatively higher survival
rates in goldfish juveniles fed 7ubifex. The improvement in survival
by Tubifex was also observed in Pangasius bocourti (Hung et al,
2002), Betta splendens(Mandal et al, 2010), Pseudoplatystoma
fasciarum (Arslan et al, 2009), Poecilia latipinna (Mohideen er al,
2014), and Poecilia reticulata (Gérelsahin er al, 2018). Lower
survival rates in goldfish juveniles fed fish feed may indicate the
inappropriateness of commercial feeds for goldfish. Kaiser er al.
(2003) also reported significantly lower survival rates in goldfish fed
artificial feed than those fed live feed (Artemia) and combination,
which is in line with the present study.

The findings of this study revealed that fish fed proteinaceous feeds
had higher body protein content than those fed feed with lower
protein levels. The highest body protein content was found in fish
fed Tubifex, whereas the lowest body protein content was reported
in fish fed aquarium feed. It is reported that goldfish can easily
assimilate protein in their body and thus egest less nitrogen

(Bandyopadhyay et al, 2005); however, it depends on feed quality.
Bandyopadhyay er a/ (2005) found that goldfish fed commercial
feed had higher nitrogen and lipid excretion, and therefore, protein
was not assimilated in the body, which resulted in poor feed
utilization. Although Tubifex contained comparatively higher
protein content than custard, the present study revealed numerically
higher growth performance in fish fed custard than those fed
Tubifex. In the present study, nitrogen balance was not investigated;
therefore, further study is needed to solve this paradox.

5. Conclusions

The present study identified suitable feed for goldfish juveniles. In
goldfish juveniles, custard meal and 7ubifex yielded better growth
than those fed fish feed and aquarium feeds. Custard meal and
Tubifex not only reduced mortality but also improved the protein
content in muscle. Considering the overall growth performances,
availability, price, formulation, and ecological and economic
benefits, custard meal could be a suitable feed for the juveniles of
goldfish and other ornamental species. However, digestion and
assimilation of the tested feeds in this study deserve further
investigation.
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ABSTRACT

Building skins have a vital role in energy efficiency, particularly in terms of the conservation or consumption of energy. Many factors must be considered by
designers to prevent wasting significant quantities of energy, to preserve and provide internal air conditioning and lighting, particularly in hot dry locations where
the integration of sun protection systems is highly recommended. This pilot study looks at the challenge of developing energy-efficient building skins in hot
regions like Biskra city by applying a natural daylight strategy represented by a parameterised moveable shading component to the skin of a hospital patient’s
room. In this research, we aim to assess the adoption of building skin parameterisation as a beneficial technique for reducing energy consumption and improving
internal temperature and lighting in this environment by developing and implementing a computational design methodology. Promising experimental results
demonstrate the benefit of this proposal. The use of parameterisation in the design of patient’s room skins, with moveable, tightly folded morphology, providing
self-shading, are essential and effective techniques for ensuring good natural lighting and reducing both temperature and energy consumption..
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1. Introduction

In the context of climate change, energy efficiency, and renewable
energy, we are looking for novel energy optimisation techniques
leading to the identification of designs and technologies that will
reduce energy use and maximise energy saving in hot and dry
locations (Sansaniwal eral, 2021).

To address this challenge, we are concentrating on the installation of
energy-efficient technology, particularly in building skins (Huang er
al, 2020). Because they operate as intermediary filters between
conditions in the external environment and the functional
requirements of the internal occupants (Karaseva and Cherchaga,
2021), building skins play an essential role in the management and
control of lighting, thermal comfort, and energy consumption
(Bowman eral, 2021; Kalousek, 2021; Jalloul, 2020).

Because of these critical functions, building skins have been the focus
of several research studies in recent years (Knippers er al, 2012;
Kolarevic, 2015), with the aim of improving efficiency and
performance in terms of energy, comfort, or structure (Attia er al,
2020; Odiyur Vathanam er al, 2021; Elchishcheva er al, 2021;
Alkhatib eral, 2020).

One of the most important comfort aspects of a building’s is the
lighting, which has a direct and substantial impact on people's health
(Frontczak and Wargocki, 2011). Lighting influences mood and
human circadian cycles (Heschong, 2002), which go beyond the
safety considerations of giving adequate illumination to see. Glare,
headaches, skin problems, eyestrain, and different forms of sight loss
can all be caused by poor illumination. Designers, building owners,
and tenants must address these concerns (Mesloub er a/, 2019a;
Bluyssen, 2019).

Studies on natural lighting have traditionally concentrated on
schools, offices, and commercial buildings, despite healthcare
buildings being the most impacted, particularly considering people

who are bedridden (Ju-Yoon and Kyoo-Dong, 2017; Eijkelenboom er
al, 2020). Due to large internal loads, healthcare facilities are usually
regarded as significant energy users (Sun er al/, 2020). This is
worsened in dry locations by the high demand for cooling caused by
intense sun exposure.

Designing for health has a long history, but it was addressed in many
approaches and was labelled as alternative or supplementary
medicine, affecting both staff and patient well-being (Baker and
Koen, 2014; Eijkelenboom eral, 2019). Design guidelines require the
provision of external windows in these buildings (Boyce eral, 2003;
Choi eral, 2012), providing daylight and access to the outside world
(Sadatsafavi er a/, 2015), while also increasing sun penetration in
hostile desert climates (Phiri and Chen, 2013; Quan ez a/, 2011).

Careful design of windows and associated shading systems can aid in
lowering total energy loads while maintaining aesthetic comfort
(Roessler, 1980; El Sheikh, 2011). Virtual imitations of nature, natural
lighting, artwork, soothing hues, and therapeutic music have been
shown by scientific experts to substantially speed the healing process
and provide a less stressful healthcare environment (Ulrich, 2001;
Heerwagen and White, 1998; Barlow er a/, 2009; De Giuli, 2013;
Mariélle eral, 2018).

Kinetic systems that react to different levels of solar radiation are by
far the most common adaptive fagade solution (Attia er a/, 2020).
There are examples of micro, macro and combined systems, but
computer-controlled macro systems are the most common. There are
many different shapes and forms of adaptive solar shading systems.
There are external shading devices like those proposed by Alkhatib er
al. (2020), Karaseva and Cherchaga (2021) and Kalousek (2021) and
internal systems as proposed by Bowman era/. (2021); differentkinds
of blinds and shutters but also more innovative examples both
concerning shape and appearance and also in terms of the driving
mechanism.

A common method to reduce solar heat gain is to use windows that
have an additional coating as described by Kalousek (2021). These
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coatings can be of different kinds but have one thing in common,
under influence of high levels of radiation, high temperature or an
electric current they can change their transparency and thus reflect
heat radiation, preventing it from entering the room. This is an
example of a commonly used micro level system, but now it has the
drawbackthat it cannot be overridden.

Karaseva and Cherchaga (2021) presented another adaptive solution
whichiis to allow the U-value of the walls to alter according to the heat
load from the surroundings. This could be achieved in several
different ways, for example by introducing controlled airflow in the
wall cavity or using moveable insulation panels that can be
repositioned to a configuration that is suitable for current external
conditions.

There are several different concepts that use the response to water as
a mechanism for change as stated by Cao er a/ (2021). Material like
the well-known fabric Gore-Tex does not change per se but behaves
differently depending on the state of the water. It allows water vapour
to penetrate but blocks the liquid form. Conversely, other materials
called hygrodiodes exist that grant liquid water unlimited access
while preventing the entry of water vapour. While Gore-Tex is a
polytetrafluoroethylene(PTFE)-based polymer, a hygrodiode is a
layered construction that allows water to penetrate by capillary
suction through a felt-like material. There are also materials that alter
their properties depending on the relative humidity of the
surroundings.

The city of Biskra, Algeria (Figure 1), is in a hot, dry region. It has a
harsh climate with very hot, dry summers and very cold winters
(Khelil er al, 2016). These characteristics challenge the achievement
of thermal and visual comfort. The construction of building skins in
this location must tale many factors into account to prevent huge
wastage of energy to maintain interior comfort.

Figure 1: Location and bioclimatic analysis of the case study

According to the bioclimatic analysis of Biskra (Figure 1), the city is
outside the thermal comfort zone for most of the year (only 20.5
percent of the year is naturally comfortable). Shielding from direct
solar radiation is one of the most common strategies to achieve
thermal comfort (loannou and Itard, 2017) and minimise energy
consumption in buildings in this location during the summer season
(Shariful er al, 2010; Mesloub er a/, 2019).

We conducted a research project in this region to develop sustainable
and energy efficient architecture. The most crucial design challenges
in hot, arid regions involve thermoregulation and light harvesting
(Cao er al, 2021; Naglaa, 2016; Laracuente, 2015). We applied a
kinetic shading system to the building skin and proposed a novel
system to optimise heat gain, daylight harvesting and energy
efficiency. This study is an examination of the efficiency of the
proposed dynamic building skin, in a south-east facing patient's
room.

The room in the case study has rectangular geometry with

dimensions of 8.30 m x 5.50 m and a height of 4.00 m. The window
facing south-east is 3.00 m in length and 1.40 m in height and from
the windowsill to the floor is 0.85 m. The surface reflectances are 20%
for the floor, 90% for the ceiling, 50% for the walls and 80% for the
window glass. This study seeks to assess the proposal’s daylight
harvesting, thermal and energy performance, and the introduction of
detection systems and adaptiveness to building skins.

This system can change its configuration in response to the
surroundings using established design criteria. When it is dark, the
entire system can be shut down, but when daylight is good, the
system is fully operational.

The shading panels open and close as follows (Figure 2):

(] Maximum opening of the shade panel when it is in the shade: 100%
radiation penetrating inside the building

(] Partial opening of the shade panel when it is partially exposed to the
sun 25—50% of radiation penetrating inside the building

®  Total closure of the shade panel when fully exposed to the sun: 0%
radiation entering the building

Figure 2: The reference model showing different configurations in response to solar radiation
(Rhinoceros)

r!e-?!‘ﬁ'“'-‘-.l

LYAYAY/
VAVAYAY

i i

Y000 YOO 0m
RO I509 P0G
KIKSS GO0
KPR eSS
WU KBRS -

2. Materials and Methods

In this section, we present the experimentation protocol (parametric
performance evaluation of the proposal) to assess the environmental
performance of the kinetic shading device, using the following
parametric modelling tools: Grasshopper for Rhino, Ladybug plugin,
Honeybee plugin, Energy plus, Diva and Ecotect.

Because of the complex proposal's geometry and the relatively easy
management of geometric variables, the proposed shading device
was modelled in a parametric environment. Some of the most
interesting elements of parametric tools include data manipulation,
interaction with other tools, and simulation possibilities, and this led
us to create the geometry of the base-case patient's room and the
integrated kinetic shading device in Rhinoceros. All the elements of
the model were parametrically controlled in Grasshopper, using the
plugin Honeybee, to connect it to specialist simulation software.

For the assessment of the shading system with the optimum

performance, a combination of thermal, lighting (visual) comfort, and

energy indices was used under dynamic conditions. Four evaluations

were produced:

®  Thermal behaviour of the patient’s room

(] Patient’s room illumination analysis, daylight factor, daylight
autonomy and radiation

®  Estimation and optimisation of the solar gain

®  Energy consumption of the patient’s room

The evaluation was carried out by comparing the cooling/heating

loads as well as the energy consumption of the case study patient's

room with and without the integrated building skin. All the materials
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were determined from Honeybee's Radiance material component
database and allocated to each surface. To facilitate the evaluation of
the proposal three contraction patterns have been considered 25%,
50% and 75%.

Two experimental design days, design day 1 (DD1) and design day 2
(DD2), were selected for the simulation. Their selection was based on
daily averages of solar radiation (Table 1) and temperature variables
(Table 2). DD1 was the day with the highest (maximum) temperature
(t) and highest (maximum) solar radiation (during the hot period),
and DD2 was the day with the lowest temperature (t) and lowest
solar radiation (during the cold period). The challenge for this
research is to cover the range of temperatures and solar radiation
levels over a 365-day period. The days DD1 and DD2 were chosen to
measure these two criteria at their maximum and minimum values,
respectively.

In the problem of design day selection, multi-objective optimisation
techniques are used to concurrently optimise (maximise or minimise)
these criteria. DD1 is 22™ July, which represents the brightest and
hottest day. DD2 is 1% January, which represents the most overcast
and coldest day.

Table 1: Average daily and monthly solar radiation, in Biskra city
Jan [ Feb [Mar [ Apr [ May [ Jun | Jul JAug | Sep [ Oct [ Nov [ Dec

Average daily 1 31 g5 19 [ 97 | 103 [112[124[115]105] 82 | 7 7
radiation

Average monthly 15161530 [ 278 | 200 | 320 [ 337 | 383 | 355 [ 314 [ 254 | 210 | 219
radiation

Table 2: High and Low Temperature in Biskra city
Jan Feb [ Mar [ Apr | May [ Jun Jul Aug [ Sep [ Oct [ Nov [ Dec
[ High [ 75°C | 19°C | 22°C | 26°C | 37°C [ 37°C | 40°C | 39°C | 34°C [ 28°C [ 21°C [ 17°C
I Low 6°C 9°C 12°C [ 15°C | 20°C | 25°C | 28°C | 28°C [ 24°C | 18°C | 12°C 8°C

3. Results and Discussion

In this section, we present the simulation results. Outcomes are
represented graphically in each case for clarity, ease of understanding
and comparison purposes. The results are categorised into four
sections as listed in the Materials and Methods (Section 2)

3.1. Thermal Behaviour of the Theoretical Base Case
Patient’s Room

As explained in the previous section, we evaluated the thermal
behaviour of the theoretical case study patient’s room. The indoor air
temperature and the optimisation of temperature control during the
overheating period were analysed before and after implementation
of the proposed system.

The graphs (Figure 3) compare three temperature profiles for the

experimental design days (DD1 and DD2) to assess the thermal

efficiency and performance of the proposed system:

®  The current case: interior temperatures without integration of the
proposed system

(] The interior temperatures after the implementation of the proposed
Sys[em

(] Externa| temperatures

By interpretation of the graphs, we notice an improvement of the

temperatures for the two design days in the case of the patient’s room

with the proposed system, where the difference registered between the

two cases for DD1 is of 4° and for DD2 is of 2°.

Figure 3: Comparison of indoor air temperatures of the base-case (with and without the proposed
system) Top: During DD1. Bottom: During DD2.
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Due to the implementation of the suggested system in the case study,
an optimisation of temperature control during the overheating period
is seen, leading to a significant temperature drop of between 3°C and
3.7°C, which is important for the building's energy performance. It
should also be noted that, despite the use of this technology to reduce
the temperature during the overheating period that defines the hot, arid
local environment, overheating has not been completely eliminated.
This minor problem is because the device is not integrated with any
other cooling solutions.

3.2. Patient’s Room llluminance Analysis, Daylight Factor,
Daylight Autonomy and Radiation

DIVA for Rhino software was used to evaluate natural lighting in the
case study. Aseries of simulations was carried out to study the influence
of kinetic facades on the lighting of healthcare facilities. The aim was to
show the effect of intelligent kinetic shading on buildings with glass
facades. The shading device must be able to adapt to the specific
environmental conditions at its location. The weather files for Biskra on
the two specified design days were used for this analysis.

Based on the results obtained on DD1, we observe that with the
presence of the proposed kinetic shading device, 62% of the area was
between 200 and 500 lux. In the subject area, 8% of the area had
more than 500 lux while 30% had less than 200 lux with clear skies.
On the same day and without the kinetic shading system, 68% of the
area was between 200 and 500 lux, 13% of the area received
illuminance levels above 500 lux and 19% received illuminance
levels less than 200 lux (Table 3).

However, for DD2, with the proposed kinetic shading device, 67% of
the area was between 200 and 500 lux. In the subject area, 22% of the
area had more than 500 lux while 11% had less than 200 lux with clear
skies. On the same day and without the kinetic shading system, 65% of
the area was between 200 and 500 lux, 7% of the area received
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illuminance levels above 500 lux and 28% received illuminance levels
less than 200 lux (Table 3).

Table 3: llluminance levels for DD1 and DD2 with clear skies

DD1 DD2
MuminanceTevel [ Percentage of the Percentage of the | Percentage of the | Percentage of the
(lux) Subject area without | Subject area with Subject area Subject area with
shading device % | shading device % | withoutshading | shading device %
device %

200- 500 68 62 65 67

Above 500 13 8 22

Below 200 19 30 28 1

Aremarkable enhancementin the illuminance values is revealed, in the
case of the patient’s room with the responsive shading device, where
we had the ability to reach the recommended illuminance values for
normal purposes in the patient’s room in the region of Biskra.

Concerning the daylight factor, 68% of all illuminance sensors have a
daylight factor of 5.2% during the occupancy period for the case of
the subject area without shading device (Figure 4). However, in the
case of the subject area with the shading device, 38% of the
illuminance sensors have a daylight factor of 3%.

For daylight autonomy (DA), in the case of the model without the
shading device (Figure 4), about 50.8% of the studied area had an
spatial DA of 300 lux for more than 60% of the occupied hours. For the
second case of the study (with the shading device), 46% of the space
has a spatial DA of 360 lux for more than 60% of the occupied hours.

When analysing the radiation maps of the subject area, with and
without the shading device, we distinguish an enhancement of the
solar penetration in the second case, which is favourable in such
climatic contexts for thermal comfort.

Based on the simulation results obtained, it appears that the
suggested shading device should be regarded as a passive method for
ensuring adequate natural lighting in the patient’s room, where the
kinetic shading device's functionality is directly dependent on the
sun’s path. Comparison of the patient’s room with and without a
kinetic shading system, reveals a performance gap that allows an
ideal solution to be considered that meets the requirement for
improved lighting.
Figure 4: llluminance, daylight factor, daylight autonomy and radiation analysis

without shading device with shading device

Daylight Autonomy (%) of the subject area

Radiation map (KWh/m?) of the subject area

3.3. Estimation and Optimisation of the Solar gain:

Very strong solar radiation characterises the city of Biskra with an
insolation exceeding 3500 Wh / year and a direct solar radiation of
900 to 1100 W / m? vertically. In this section, we present simulation
results concerning the monthly averages of the annual loads for the
case study before and after the integration of the proposed system.
Secondly, we present how the orientation of the building could affect
the solar gain in the case study (with and without the bio-kinetic
system).

3.3.1. Monthly Averages of the Annual Loads (Direct Solar gain)

Figure 5 presents an estimation of monthly averages for the solar gain
throughout the year for the case study with and without the kinetic
shading device. In the research, we have defined the amount of
incident solar radiation for the city of Biskra at 613W / m? (ASHRAE,
2009). This value represents the direct radiation threshold and
therefore all values above this value have the periods of undesirable
solar gain. Using this threshold and according to the presented
results, we notice that an optimisation of monthly averages of direct
solar gain in the case study with the proposed system, where the
period of undesirable solar gain is decreased.

In the base-case without the kinetic system, the period of undesirable
solar gain is eight months, from March to October. However, for the
base-case with the proposed system this period is decreased to five
months, from May to September.

Figure 5: Monthly averages of Direct Solar gain (Top: case study with shading device / Bottom: case
study without shading device)
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3.3.2. Impact of Orientation on the Optimisation of Solar Gain

The amount of solar gain is strongly related to the building’s
orientation. In this section, we present the results of the solar gain
simulation for the base-case in three orientations (east-, south-, and
west-facing) and for four scenarios:

®  1:Case study without shading panel (glazing only)
®  2:(Case study with shading panel 25% opened
®  3:(ase study with shading panel 50% opened
® 4 Case study with shading panel 75% opened
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Table 4 presents the comparison of the simulation results for the base
case annual gains for the east-, south- and west-facing orientations
under the different shading panel scenarios. From the results
obtained, we see that the south-facing orientation has the most
intense solar gain (22.4%) relative to the west-facing orientation
(14.5%) and the east-facing orientation (9.7%), for the base-case
without the kinetic shading device. Solar gain is intense in the
summer period for all the presented cases.

For the second scenario, with the shading panel 25% opened, we see
areduction in the amount of solar gain especially for the south-facing
orientation (4%) but also for the east- (1%) and west-facing
orientations (2%). The third scenario, with the shading panel 50%
opened, presents areduction of 7.3% for the south-facing orientation.
However, a reduction of 1.4% is obtained for the east- and 2.4% for
the west-facing orientations. Concerning the last scenario, with the
shading panel 75% opened, we see a significant reduction of solar
gain: 8.5% for the south-, 2.1% for the east- and (4%) for the west-
facing orientations.

Based on these results, we find that the south-facing orientation is the
most critical orientation in terms of solar gain, especially in the
summer. The fourth scenario, with shading panel 75% opened, seems
to be the most optimal case.

Table 4: Comparison of annual estimated solar gain for the case study with and without the shading

panel
Orientation Without shading With shading panel %
panel % Opened 25% Opened 50% Opened 75%
East 9.7 8.3 8.3 7.8
South 224 19 157 149
West 145 126 122 10.7

3.4. Energy Consumption of the Patient’s Room

The energy analysis was based on a 1-hour energy simulation for
each of the four modelled building skin scenarios with the three
orientations (south-, east-, and west-facing). The calculated daily load
was for the case study patient’s room and was based on the
previously selected simulated design days. The patient’s room was
considered thermally controlled between 08:00 and 17:00 hours.

Figure 6 presents the energy consumption simulation results of all the
scenarios. In summary, Tables 5 and 6 were developed to collate the
results for all configurations in terms of their energy consumption
during the period of their activation.

For the south-facing orientation, it is observed that for DD1 there is a
decrease in energy consumption with a slight difference between the
different scenarios. The fourth scenario seems be the most optimal
for this case. However, for DD2, it is shown that there is an increase
in energy consumption. This difference is slightly higher for the third
and fourth scenario; however, the second scenario seems to be the
most optimal.

In the energy consumption simulation results for the west-facing
orientation, we notice that the energy consumption for DD1
decreases while using the proposed secondary skin. If the opening of
the system increases, the energy consumption decreases. However,
the difference in energy consumption between using the proposed
kinetic system and glazing only is marginal for DD2.

It is observed in the energy consumption simulation results for the
east-facing orientation for DD1 that the energy consumption for the
first hours of the day is high and it starts to decrease at 11:00 for all
the scenarios. The results obtained show an improvement in energy
consumption in the second, third and fourth scenarios. However, for
DD2, we notice a slight difference in the energy consumption
between the four scenarios until 13:00, where no significant
improvements are noticed. After 13:00, we see the energy
consumption for the first scenario decreases However in the three
remaining scenarios it increases. The fourth scenario presents the

highest energy consumption.

Figure 6: Base-case energy consumption (DD1, DD2)

DD1 DD2

South orientation

West orientation

East orientation

The results in the tables (Tables 5 and 6) show efficient outcomes
during DD1 and DD2. When compared to buildings with the shading
device (25%, 50% or 75% open), the static configuration (glazing
only) has inefficient energy performance. In addition, the glazing-
only scenario does not accommodate the daily solar cycle, and so
does not improve the internal environment. It is useful at certain
times and altitudes, but not throughout the entire day.

Therefore, the suggested kinetic shading device is primarily designed
to respond to climatic and environmental variables, whereas glazing
only is unable to react to these variables.

Table 5: Comparison of the energy consumption of the different secondary skin configurations
(DD1)

s d i Watt Hours consumption of all skin configurations
:::f? :z:o:‘n Dynamic simulation DD1
8! ["8H [ OH [ 10H | T1H | 12H | 13H | 14H | 15H | 16H | 17H
Glazingonly  |246.7|239.2|243.8 [ 244.7 [ 2313 | 229.6 | 219.8 | 1986 [ 187.3 | 179
c
=] — -
g W"hShﬁ‘d'”gdev'ce 24212346 | 239 2399 230 | 224 |2123| 183 [181.3[167.9
= 25% open
S - .
5 | With shading device |34 7 1559 9 231.3 | 233.4 | 219.7 2128 2008 [ 1812 [ 1768 [ 161.2
= 50% open
z - .
& | With shading device |5 34 1575 312215 [ 221.2[ 2113 | 204.3[ 1963 [ 180.2 [ 177.2 [ 1506
75% open
- Glazingonly ~ [198.7|202.3|231.7 | 256.8 | 287.2 | 306.1 | 323.2| 316.8 [ 304.1 | 283.9
s
g [Withshading device 4o, 311974 [ 2017 [ 213.9 [ 2321 [ 265.3 [ 2729 2835 [ 2016 [ 2523
S 25% open
5 [Withshading device T69 51194 3 [198.6 | 2085 | 2189 238.4 | 264.3 | 2713 | 268.3 | 2453
< 50% open
S | - _
& | With shading device T4 g6 4 11913 {197.3 | 212.3 | 223.4 | 245.3] 2532 [ 261.3 | 257.8 | 248.9
75% open
. Glazing only 198.4199.2 | 213.4 [ 2369 | 256.7 | 287.5 | 292.4 [ 303.2 [ 3289 | 331
gy - i _
g [ With shading device 195 1 1189 4 [198.4 | 221.3 | 2435 | 264.8 | 2845 | 298.4 | 312.4 | 3189
g 25% open
5 [Withshading device T54 61188 5 [191.3 | 196.4 | 215.3 | 2253 | 248.5 | 2621 | 288.5 | 303.1
= 50% open
[ - : _
= | Withshading device |1 4) 1 115681892 [ 191.2| 1963 [ 201.3 | 2085 [ 2104 | 2263 | 2314
75% open
Table 6: Comparison of the energy consumption of the different secondary skin configurations
(DD2)
A Watt Hours ption of all skin fig ion:
confiS:::tr:g:?,sqs:le(:'lnarios) - Dymamigsimulationh)2
s 8H | 9H | 10H | T1H | 12H | 130 | 14H | 15H | 16H | 17H
N Glazing only 7679|2788 | 2821|3121 | 348.2 | 3576 | 349.3 | 332.6 | 2986 | 276.8
£ ['Withshading device 6595684 [ 281.9]299.6 | 326.7 | 353.9 [ 352.6 | 348.9 | 332 [3279
= 25% open
£ - - .
2 [ Withshading device 1,7 31576 9[ 2824 304.9] 33856 | 362.8 [ 353.1 | 356.2 [ 3505 [ 3613
S 50% open
g [ Withshadingdevice 1,5, 115848]292.7(311.6 [ 3395 3663 [ 372.1| 374 [379.3[3819
75% open
- Glazing only 7234|2296 | 2327 [ 2457 [ 2430 [ 24912386 [220.7 | 224 [2126
5 £ .
g [ Withshadingdevice |55 4 1576.3]228.9(232.7 [ 239.4 | 2486 | 246.3 | 242.1 | 2407 [ 2478
= 25% open
c - .
5 W"hShid'”gdeV'ce 231.4 (2396 | 243.5 2513|2589 261.3 [ 269.3|271.3 [ 278.5|321.3
- 50% open
g | Withshadingdevice 13, 31536 7[247.4 [ 249.7 | 259.4 | 2643 [271.1 | 2835 [ 31243313
B 75% open
- Glazing only 737 [2394 | 265 | 287 [292.1|3018 314633703438 3569
2 W"'“h;‘;';)gd”'“ 227.8 2373|2595 [ 288.9 [297.4 [ 317.4 | 324.5 [ 3395 | 348.9 | 3625
H - - -
£ W"'“h“;‘g)';}d”'“ 234.2|243.1(263.6 2914 307.9 [ 321.4 | 336.1 | 341.3| 351.4 | 369.1
g - 4 .
S W"'“h‘;‘;";}d”'“ 240.2 249.4| 270.1|299.1|311.2 | 335.4 | 340.1 352.2 363.1 | 371
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In this study, we explained how the integration of kinetic skins with
the thermal regulation and lighting systems of buildings can increase
energy efficiency and enhance indoor comfort. The main
contribution of this research is a dual methodology for the design and
evaluation of kinetic skins, using parametric design as an alternative
platform for designers to improve, validate and make informed
decisions during early design development while offering
unprecedented ways to explore design options and strategies to
optimise kinetic facades for environmental performance.

The parametric tools were useful in determining the best
combination of the different design elements to achieve a balance of
the performance objectives. The findings also aided in understanding
the combined influence of the design elements on performance.
However, computational software alone was insufficient since we
needed to manually adjust the selected outcomes to improve their
performance further. This underlines the importance of the architect,
even in a design method that is mainly computational.

4. Conclusion

Throughout this research, we aimed to test the reliability and
environmental performance of the proposed kinetic shading device
to assess the effect of the adaptability and parameterisation of a
building’s skin on energy consumption, while optimising internal
temperatures and access to daylight.

When the results of the energy consumption, thermal and daylighting
simulations are combined, the proposed parameterised kinetic
shading system clearly has a significantinfluence on thermal comfort,
access to daylight, and energy consumption. When the outcomes of
DD1 and DD2 are compared, it is clear that DD1 (representing the
hot period) achieves more savings than DD2 (representing the cold
period). One cause for this disparity might be that direct entry of solar
radiation plays a key role in heat transfer in buildings during the
winter, but heat transfer into buildings during the summer is mostly
owing to the temperature differential between the interior and
outdoors.

The daily energy savings are around 13% in the summer and 9% in
the winter. This level of energy saving is because, as compared to a
building skin with glazing only, the dynamic skin system with its open
device configuration can still allow entry of indirect daylight. The
results shown that the moveable, tightly folded morphology, which
enables parametric self-shading, is crucial to lower temperatures,
allow daylight entry, and optimise energy use.

This research covers several subjects. It has only been possible to
touch on each to develop a high-level interdisciplinary knowledge.
Further research into multidisciplinary and interdisciplinary, kinetics,
building interactions, the use of parametric design and more would
ultimately enrich this research further. Ideally, all this research should
be expanded by an interdisciplinary team of experts. There are many
avenues for future research on both theoretical and practical levels:

(] Verify the results obtained using physical prototypes.

(] Investigate the application of biologically inspired materials, different
morphologies and geometrical designs.

(] Consider other research strategies. During the planning stages of this
research, an alternative research method was considered that would
test the acceptability of the concept to various relevant social groups
using models for participants to observe. This research would
highlight any preconceived notions people have about architecture
that is adaptable, responsive, kinetic and/or transformable.

®  Consider post occupancy analysis to understand how occupants react
to such buildings and their performance effectiveness.

®  Train designers further on computer modelling to help them
understand the performance characteristics of different building skin
strategies.

° Formulate a new vocabulary, develop a new type of construction
method and describe a new aesthetic. Kinetic architecture has begun.

(] Generate useful inputs such as life cycle assessments, business models
and marketing strategies

(] Develop monitoring-based benchmarks in order to inform the
professional and research communities of requirements and needs for
adaptive facade assessment.
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ABSTRACT

The integrity of bone mass depends on the balance between osteoblastic bone formation and osteoclastic bone resorption. Osteoclasts derived from
hematopoietic stem cells in bone marrow via a mechanism mediated mainly by two cytokines: the receptor activator of nuclear factor-KB ligand (RANKL) and
macrophage colony-stimulating factor (M-CSF). Osteoclast stimulatory transmembrane protein (OC-STAMP) is a newly identified master fusogen that functions
as a regulator of osteoclastogenesis. It is considered a key factor during macrophage fusion and differentiation. Osteoclast formation is mediated by a variety of
factors and mechanisms other than OC-STAMP. Furthermore, numerous preclinical studies have investigated drugs that could target osteoclast differentiation,
to allow better management of pathological bone metabolism. To improve understanding of osteoclast fusion and differentiation processes, this review will
discuss recent findings on OC-STAMP and related signalling pathways.
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1. Introduction

Bone remodellingis a metabolic process that plays a critical role in bone
homeostasis. The remodelling of bone is controlled by the interactions
of three cell types: bone synthesising cells (osteoblasts), bone degrading
cells (osteoclasts) and mechanosensing cells (osteocytes) that originate
from osteoblasts and are embedded within the bone matrix (Chambers,
2000; Kylmaoja eral, 2016; Parfitt, 2002). An imbalance between bone
formation and resorption can lead to several bone diseases including
osteoporosis, rheumatoid arthritis, multiple myeloma, periodontal
disease and metastatic cancers (Boyle et af, 2003).

Bone production is carried out by osteoblasts, which are mononucleate
cuboid cells. Immature mesenchymal stem cells give rise to osteoblasts.
A giant Golgi apparatus and an abundance of rough endoplasmic
reticulum appear when they are active (Caetano-Lopes er al, 2007).
During bone development, osteoblasts form the components of bone
matrix and regulate osteoclasts and the deposition of minerals
(Florencio-Silva eral, 2015).

Osteoclasts are multinucleated cells derived from monocyte/
macrophage precursor cells (Teitelbaum and Ross, 2003).
Osteoclasts are characterised by bone resorption properties and are
uniquely capable of forming a ruffled membrane during contact with
bone, allowing the cells to absorb the bone matrix (Blair er a/, 1989;
Boyce, 2013).

Osteoclast fusion is considered one step in osteoclastogenesis, a
complicated process consisting of several stages: differentiation of
the progenitor, mononuclear pre-osteoclasts, fusion to form
multinucleated mature osteoclasts and activation of these osteoclasts
to resorb bones (Xing eral, 2012). Several studies have demonstrated
that osteoclast stimulatory transmembrane protein (OC-STAMP)
plays a crucial role in osteoclast fusion (Ishii ez a/, 2018; Miyamoto er
al, 2012; Witwicka er al, 2015).

OC-STAMP is a multi-pass transmembrane protein with six-
transmembrane helical domains, consisting of 498-amino acids with
a putative glycosylation site known to be important for protein
stability. Both its N- and C-termini face the cytosol (Witwicka er al,

2015).

It has been shown that OC-STAMP is essential for macrophage
differentiation and polarisation (Yuan er a/, 2017). The role of OC-
STAMP during cell differentiation was first demonstrated in an in vivo
study of osteoclastogenesis by Yang er al in 2008. Further
investigations conducted by Miyamoto er al (2012) identified the
involvement of OC-STAMP in osteoclast fusion. Most tissues express
OC-STAMP, which suggests it also has functions in other tissues (Kim
eral,2011).

Dendritic cell-specific transmembrane protein (DC-STAMP) is also
considered an important regulator of osteoclastogenesis (Zhang er
al, 2014). OC-STAMP and DC-STAMP share several common
features in terms of their structure and function. For example, both
are transmembrane proteins, play an important role in osteoclast
fusion and are stimulated by the receptor activator of osteoclast
fusion, RANKL. (Chiu and Ritchlin, 2016). This paper reviews the
current knowledge of OC-STAMP, focusing primarily on its regulation
of osteoclast fusion, its interaction with other signalling pathways
and its structure.

2. The Mechanism of Osteoclast
Formation and Fusion

During embryogenesis, the early stages of bone formation involve
cellular fusion. Remodelling of bone depends on bone resorption by
multinucleated cells (osteoclasts). Therefore, osteoclast cell—cell
fusion is a key process during osteoclastogenesis to guarantee
effective bone resorption.

The mononuclear precursor osteoclast cells differentiate into mature
multinucleate osteoclasts due to activation by two cytokines: RANKL
and M-CSF, also known as colony stimulating factor 1 (CSF-1).
Osteoclast differentiation occurs via multiple rounds of cell fusion
(Charles and Aliprantis, 2014). The proliferation and survival of
osteoclast progenitor cells depends on M-CSF receptor activation
(Dai er al, 2002). RANKL is a critical regulator of osteoclastogenesis.
It is a member of the tumour necrosis factor (TNF) family and
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activates RANK (Dougall era/, 1999).

The formation of osteoclasts from immature myeloid precursor cells
isa complex process involving several stages. These include precursor
cell proliferation, cell fusion to form multinucleated cells, cellular
polarisation, attachment to bone and activation of functional
resorption. These stages are controlled by many factors, specifically
those affecting the two transmembrane proteins DC-STAMP and OC-
STAMP, that induce cell—cell fusion by reorganising the cell
membrane structure (Ishii er a/, 2018); see Figure 1.

Figure 1: Osteoclast formation
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Immature myeloid precursor cells give rise to osteoclasts. They
upregulate RANK when activated by M-CSF and afterwards generate
mononuclear osteoclasts that merge into multinucleate cells when
stimulated by M-CSF and RANKL. The multinucleated osteoclasts
become effective bone resorbing cells when they polarise and attach
to bone. The stimuli needed for osteoclast formation to progress are
shown in blue on Figure 1. Transcription factors for osteoclast
formation are shown in red. Critical osteoclast genes are highlighted
in orange boxes. Abbreviations: PU.1, PU box-binding protein; M-
CSF, macrophage colony-stimulating factor; MITF, microphthalmia-
associated transcription factor; RANKL, nuclear factor kappa-B
ligand-receptor activator; ITAM, immunoreceptor tyrosine-based
activation motif; NF-KB, nuclear factor KB; NFATc1, nuclear factor of
activated T cells; RANK, receptor-activating NFkB; OC-STAMP,
osteoclast stimulatory transmembrane protein; DC-STAMP, dendritic
cell-specific transmembrane protein; ATP6VOd2 ATPase, H+
transporting, lysosomal 38 kDa, VO subunit d2; TRAP tartrate
resistant acid phosphatase; CTSK, cathepsin K.

OC-STAMP knockdown suppressed the formation of multinucleated
osteoclasts and reduced the expression of the cell-fusion-related
protein meltrin-O (Kim er a/, 2011). Additionally, myeloid precursor
cells from OC-STAMP-knockout mice do not form mature
multinucleated osteoclasts when induced by RANKL in vitro
(Miyamoto er al, 2012). Continued research into aspects of OC-
STAMP-knockouts provides insight into the vital role of this protein
in pre-osteoclast fusion (Witwicka er a/, 2015).

3. OC-STAMP as a Regulator of Cellular
Fusion in the Formation of Osteoclasts
and Foreign Body Giant Cells

Cell—cell fusion is a regulated biological phenomenon that is
necessary in mammals for various processes including fertilisation,
skeletal muscle growth, placenta formation and development of the
immune system. It also involves several different cell types and
tissues, such as cells from the macrophage lineage including
osteoclasts and foreign body giant cells (FBGCs) (Blumenthal er a/,
2003; Hernandez er a/, 1996).

Monocyte/macrophage cells originating from bone marrow can
merge to generate FBGCs. This is triggered by foreign body reactions
that occur at either implantation or infection sites (Miyamoto et al,
2012). FBGCs also act to loosen implanted medical substances,
including artificial joints and other devices. Interleukin (IL)-4 and the
granulocyte—macrophage colony-stimulating factor (GMCSF) are

both essential for FBGC generation (McNally and Anderson, 1995).
However, IL-4 prevents osteoclasts from facilitating the
differentiation of monocyte/macrophages into FBGCs (Bendixen et
al, 2001). GMCSF has a dual effect on osteoclasts depending on the
length of exposure. Short-term osteoclast progenitor exposure to
GMCSF contributes to increased osteoclast formation, whereas long-
term osteoclast exposure decreases their formation (Hodge et al,
2004).

Although osteoclasts and FBGCs are functionally different, they share
many common features. Both are formed from the macrophage cell
lineage. They are positive for tartrate-resistant acid phosphatase
(TRAP) staining, which is an important osteoclast activity marker
(Anazawa er al, 2004; Khan er a/, 2013). They play a role in peri-
implantitis and express the cell surface receptor proteins DC-STAMP
and OC-STAMP (Yagi er a/, 2005; Yang er a/, 2008).

OC-STAMP has been identified as a multi-pass transmembrane
protein that plays an important role in osteoclast formation. It has
been demonstrated that OC-STAMP regulates both osteoclast fusion
and differentiation (Ishii ez a/, 2018; Miyamoto et af, 2012; Witwicka
eral, 2015; Yang er al, 2008). Its mRNA is highly upregulated in pre-
osteoclast primary cell cultures and RAW264.7 cells, a cell line of
macrophage/osteoclast mouse precursors, when the cells are
stimulated with RANKL (Yang er a/, 2008). Further studies using
either OC-STAMP knockdown or OC-STAMP antibody approaches
continue to support the essential role of OC-STAMP in osteoclast
fusion. A study conducted by Kim er a/ (2011) identified that
expression of OC-STAMP might be needed for the entire formation
process of multinucleated osteoclasts. This is based on observations
in RAW264.7 cells and mouse bone marrow-derived macrophages
(BMMs), that RANKL induction of OC-STAMP causes OC-STAMP
mRNA, to be detectable throughout osteoclastogenesis. In addition,
they demonstrated that the knockdown of OC-STAMP did not affect
the viability of the cell. However, OC-STAMP inhibited the bone
resorption activity of osteoclasts, highlighting the involvement of OC-
STAMP expression in the formation of multinucleated osteoclasts.

It was claimed that OC-STAMP induces cell fusion to form osteoclasts
and FBGCs. The expression of OC-STAMP was shown to be
upregulated with the activation of osteoclast and FBGC formation.
OC-STAMP-deficiency in both cell types resulted in the complete
abolition of fusion (Miyamoto er al, 2012). Interestingly, OC-STAMP
expression that was exogenous to either osteoclasts or FBGCs in OC-
STAMP-deficient mice restored the OC-STAMP cell—cell fusion
activity. Khan eral (2013) have consistently indicated that inhibition
of OC-STAMP by anti-OC-STAMP antibody leads to reduced fusion
during osteoclast and FBGC formation. However, osteoclasts and
FBGCs, in turn, exhibited increased expression of OC-STAMP
compared with macrophages in this study. OC-STAMP knockout
(OC-STAMP-KO) bone marrow mononuclear cells (BMMCs) reveal a
total failure of osteoclast precursors to fuse, yet this deficiency was
recovered by OC-STAMP expression (Witwicka er al, 2015).
Additionally, restoring OC-STAMP expression in OC-STAMP-KO
BMMCs increased both osteoclast fusion and their resorbing activity.
All the above authors have suggested that OC-STAMP plays an
important role in cell fusion.

4. Transmembrane Proteins of
Osteoclasts: OC-STAMP and DC-STAMP
Relationship and Cooperation

DC-STAMP was initially defined as a seven-transmembrane protein
expressed in dendritic cells, subsequently found in macrophages and
osteoclasts and induced by IL-4 (Hartgers er al, 2000; Staege er al,
2001; Yagi er al, 2005). DC-STAMP's role during cell fusion in
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osteoclastogenesis was first demonstrated in an in-vitro study (Kukita
et al, 2004). Both DC-STAMP and OC-STAMP have common
characteristics; for instance, based on its structure, DC-STAMP is
considered to belong to the G-protein-coupled receptor (GPCR)
superfamily (Mensah er al, 2010). Additionally, based on its
homology with DC-STAMP, OC-STAMP may also belong to the GPCR
family (Witwicka er af, 2015). Both are expected to be multi-pass
transmembrane proteins without much direct homology between
amino acids, and thus, significant similarity in the secondary structure
is expected (Yang eral, 2008). Furthermore, OC-STAMP possesses an
amino acid residue at position193, corresponding to a DC-STAMP
family consensus, whereas overall there is just 17% homology
between OC- and DC-STAMP. (Yang er al, 2008). According to
predictions by the PHYRE 2 server, the 3D structures of the two
STAMPs are different (see Figure 2).

Figure 2: The PHYRE 2 server generated the predicted 3D structure of the OC-STAMP (NP_083297)
(A) and the predicted 3D structure of the DC-STAMP (NP_083698) (B). The molecular modelling
tool PyMOL generated the final structure of both STAMPs

Although mosttransmembrane structure predictions for OC- and DC-
STAMP identified six-transmembrane domains with the amino- and
carboxy-termini on the cytosolic side, a seven-pass transmembrane
structure for DC-STAMP was predicted in some studies (Hartgers er
al, 2000). In contrast, the PHYRE 2 server predicted six
transmembrane helices for both OC- and DC-STAMP, with
intracellular locations for both OC-STAMP termini and extracellular
locations for both DC-STAMP termini. See Figure 3.

Figure 3: Predicted transmembrane helix regions of OC-STAMP and DC-STAMP by PHYRE 2
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The grey shaded region represents the cell membrane. S1—S6 are the
transmembrane domains. The N- and C-termini of OC-STAMP are
predicted to be intracellular, while both DC-STAMP termini are

predicted to be extracellular.

In addition to their structural similarity, the STAMPs have similar
functions. Both OC-STAMP and DC-STAMP were shown to be
involved in the fusion and differentiation of osteoclasts. RANKL
induced expression of both OC- and DC-STAMP causing the
concentration of both proteins to increase during the fusion process.
When RANKL was suppressed by siRNA or antibody this hindered the
formation of multinucleated osteoclasts, whereas the differentiation
of multinucleated osteoclasts was encouraged by the overexpression
of both STAMP proteins (Kukita er a/, 2004; Yang er a/, 2008). It was
shown in vitro that isolated osteoclast precursor cells from each
STAMP's knockout (KO) mice are unable to develop mature
multinucleated osteoclasts under RANKL stimulation (Miyamoto et
al, 2012). It was demonstrated that both STAMPs are involved in
facilitating bone lytic diseases, including periodontitis, by
upregulating osteoclast fusion during osteoclastogenesis. The role of
both STAMPs in periodontitis has been investigated using anti-DC-
STAMP- and anti-OC-STAMP-mouse monoclonal antibodies to block
the action of the STAMPs, resulting in suppression of the large
multinuclear osteoclasts (TRAP+) fusion and pit formation (Ishii ezal,
2018; Wisitrasameewong eral, 2017).

Although both STAMPs are structurally and functionally quite similar,
these proteins are distinct, cannot be interchanged and are expressed
independently of each other. For example, normal expression of DC-
STAMP in both OC-STAMP-deficient mice osteoclasts and FBGCs was
observed and vice versa. This indicates that OC- and DC-STAMP can
independently regulate cell fusion in osteoclasts and FBGCs
(Miyamoto er al, 201 2). In addition, when the OC- or DC-STAMP
deficient cell cultures were mixed, the fusion conditions of osteoclast
and FBGC cells were not induced. In adult mice, DC-STAMP-KO mice
exhibitan osteopetrotic bone phenotype but OC-STAMP-KO mice do
not. However, osteoclasts from both STAMP knockout mice had
major deficiencies in resorption. Unexpectedly, OC-STAMP-KO
lacked a skeletal phenotype while DC-STAMP-KO mice increased the
volume of cancellous bone tissue (Miyamoto er al, 2012; Yagi et al,
2005). Overexpression of OC-STAMP cannot complement DC-
STAMP deficiency. Correspondingly, DC-STAMP overexpression is
unable to complement OC-STAMP deficiency (Chiu and Ritchlin,
2016). Therefore, it remains to be determined whether OC-STAMP
and DC-STAMP can interact with each other during
osteoclastogenesis.

5. Regulation of OC-STAMP Expression

Ligands for OC-STAMP have not been identified. Therefore, the entire
landscape of the downstream signalling pathways remains to be
discovered (Kodama and Kaito, 2020). However, it was
demonstrated that RANKL significantly induces OC-STAMP mRNA
expression in several tissues (Kim er a/, 2011).

The effect of several signalling pathways associated with the initial
stage of osteoclastogenesis, such as the protein kinase C [3 (PKC[3),
p38 mitogen-activated protein kinase, c-jun N-terminal kinase (JNK)
and nuclear factor kappa B (NF-KB) pathways, have been tested for
their effect on the expression of OC-STAMP mRNA induced by
RANKL. It was found that the PKCB, p38 and NF-KB pathways can
totally inhibit the expression of OC-STAMP mRNA, whereas the JINK
pathway suppressed the expression of OC-STAMP mRNA only
slightly. Furthermore, other inhibitory signalling pathways associated
with mature osteoclast survival, such as Ras, mitogen-activated
kinase kinase (MEK), phosphatidylinositol 3-kinase (PI3K) and
protein kinase B (AKT), also known as PKB, can be grouped into two
categories based on their impact on the expression of OC-STAMP
mRNA induced by RANKL. The first group, including Ras, MEK and
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PI3K, improved the expression level of OC-STAMP, whereas AKT
inhibited OC-STAMP mRNA expression (Kim e al, 2011); see Figure
3.

It has been demonstrated that some steroid hormones, including
oestrogens, regulate osteoclastogenesis to enhance bone density and
reduce bone resorption (Boyle et al, 2003; Sipos et al, 2009). Kim er
al. (2011) have shown that the expression level of OC-STAMP mRNA
in the ovary was lower than in other tissues, indicating it may be
down-regulated by oestrogen. Further investigations have revealed a
dual effect of Estradiol on OC-STAMP mRNA expression: low
concentrations of 17B—Estradi0| (E2) results in an upregulation of
OC-STAMP expression, whereas high concentrations of E2 resultin a
down-regulation of OC-STAMP expression. However, continuous
analysis of the action of oestrogens on the regulation of OC-STAMP
remains to be carried out.

In addition, OC-STAMP is sensitive to inflammatory mediators which
correlate closely with bone loss in several clinical and experimental
conditions. For example, RAW264.7 cells exhibited a fourfold
increase of OC-STAMP following treatment with the pro-
inflammatory lipid lysophosphosphatidylcholine for two hours.
Furthermore, it was observed that OC-STAMP was significantly
reduced by lipopolysaccharide (LPS) and cytokine interferon- 'y (IFN-
Y) activation but improved by IL-4 treatment (Yang er af, 2008); see
Figure 4.

Figure 4: Diagram summarising the regulation of OC-STAMP expression. Positive regulatory factors
improve the expression of OC-STAMP. Negative regulatory factors inhibit/decrease the expression
of OC-STAMP.
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6. RANKL as an Inducer of OC-STAMP to
Promote Osteoclast Differentiation

The  receptor activator of  osteoclast  fusion ~ RANKL
(TNFSF11/osteoprotegerin ligand OPGL) has been identified as a type
Il transmembrane protein expressed on the cell surface of bone marrow
stromal cells, pro-B cells and T cells (Anderson er al, 1997). However,
osteoblast cells are considered the main cell type that expresses RANKL
to assist osteoclastogenesis (Nakashima er a/, 2011). RANKL interacts
with the osteoclast and osteoclast precursor surfaces exclusively via
RANK and then activates many signalling pathways (Takagi er al,
2017a; Xiong er al, 2011). RANKL is a critical factor for the regulation
of osteoclastogenesis and protection of mature osteoclasts (Fuller eral,
1998). Additionally, it is considered an essential bone remodelling
regulator (Charles and Aliprantis, 2014).

The cell—cellinteractions between osteoclast precursor cells and both
osteoblasts and bone marrow stromal cells in bone induces osteoclast
differentiation in vitro (Chambers er a/, 1993; Takayanagi, 2007).
RANKL, which was identified as a membrane-bound ligand, also

induced differentiation of the osteoclast in its soluble form
(Miyamoto, 2013). The soluble form of RANKL, and M-CSF, a crucial
cytokine for osteoclastogenesis, have been used to generate
osteoclasts. M-CSF can stimulate the conversion of progenitor cells
into osteoclast precursors, which can ultimately be transformed into
mature osteoclasts. (Willkomm and Bloch, 2015). Furthermore,
RANKL can substitute for bone marrow stromal factors in
collaboration with CSF-1 to facilitate the differentiation of osteoclasts
from myeloid precursors (Dougall er a/, 1999b).

OC-STAMP can facilitate osteoclast differentiation due to its role in
osteoclast fusion. Several experiments confirmed that RANKL
induces the expression of OC-STAMP protein in osteoclasts.
Microarrays and real-time RT-PCR experiments have shown that in
RANKL-induced osteoclast differentiation, the mRNA of OC-STAMP
increases from relatively low levels to extremely high levels (Yang er
al, 2008). This result was confirmed using mouse OC-STAMP
northern blots. Recent research has confirmed that sulforaphane (a
sulphur-containing compound, SFN) strongly suppressed osteoclast
differentiation (Takagi er a/, 2017a, b). Several proteins, including
OC-STAMP, were down-regulated after SFN treatment. In addition,
OC-STAMP  mRNA-expression was inhibited by SFN during
osteoclast differentiation (Takagi er a/, 2017a). OC-STAMP is thus
regarded as an essential gene product for the regulation of the
differentiation of osteoclasts.

7. Regulation of OC-STAMP by Factors in
the RANKL Signalling Pathway

7.1. OC-STAMP Expression Requires Nuclear Factor of
Activated T cells (NFATc1) in Osteoclasts:

NFATc1, also known as NFAT2 or NFATc, is a central regulatory factor
of osteoclast differentiation and the downstream gene of RANKL
(Song er al, 2009). RANKL induces NFATc1 via the TNF receptor
associated factor 6 and c-Fos signalling pathways. However, despite
the inducing effect of RANKL, NFATc1 embryonic stem cell deficiency
leads to failure of osteoclast differentiation, indicating that NFATc1
functions as a central modulator of osteoclastogenesis (Takayanagi et
al, 2002).

NFATc1 induces the expression of its target genes by binding to their
promoter regions. In addition, NFATc1 can bind to its own promoter
during RANKL-induced osteoclast differentiation, leading to an
enhanced expression level of NFATc1 (Asagiri eral, 2005). Miyamoto
et al (2012) have demonstrated that the mouse OC-STAMP
promoter, which contains two binding sites for NFATc1, is required to
induce OC-STAMP expression. In the presence of the NFAT inhibitor,
FK506, NFATc1 expression was suppressed in wild type osteoclasts.
Correspondingly, FK506 greatly inhibited OC-STAMP expression,
indicating that OC-STAMP expression might be induced directly by
NFATc1. In addition, it has been reported that OC-STAMP can be
upregulated by lysophosphatidic acid (LPA) via NFATc1, indicating a
direct correlation between NFATc1 and OC-STAMP (Hwang er al,
2014). However, several inhibitors completely prevented RANKL-
induced OC-STAMP expression, whereas the NFATc1 activation
inhibitor 1l had no impact, indicating that the regulation of OC-
STAMP mRNA expression may be independent of the NFAT
signalling pathway (Kim er a/, 2011). Furthermore, NFATcT mRNA
expression levels of wild type and OC-STAMP knockout mice have
not been reported to show any differences (Witwicka eral, 2015).

7.2. Role of CD9 in Regulation of OC-STAMP:

CD9 is a membrane glycoprotein and a member of the tetraspanin
protein superfamily, which is involved in a range of cell processes,
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including muscle—cell fusion, myotube homeostasis, formation of
myelinated axons and cell—cell fusion (1shibashi er a/, 2004; Kajiand
Kudo, 2004; Tachibana and Hemler, 1999). In addition, CD9 was
determined to play an important role during mammalian fertilisation
(Kaji er al, 2002). The members of the tetraspanin superfamily that
facilitate cell fusion include CD9, CD63 and CD81.

RANKL stimulated the expression of CD9 in a particular membrane
lipid raft of mouse cells. It has been reported that inducing CD9
expression targeted to a specific lipid raft membrane microdomain by
RANKL is crucial for cell fusion during osteoclastogenesis.
Furthermore, inhibition of CD9 by a neutralising antibody or RNA
interference decreases osteoclast formation, whereas over-
expression of CD9 promotes cell fusion events in the absence of
RANKL (Ishii et a/, 2006).

It has been demonstrated that OC-STAMP can potentially contribute
to promoting osteoclast fusion for pathogenic bone resorption in
periodontitis via upregulation of CD9 that is expressed in osteoclast
precursor cells. Furthermore, reduced CD9 expression induced by
RANKL was observed in osteoclast precursor cells in OC-STAMP-KO
mice (Ishii ez a/, 2018).

8. Role of OC-STAMP in Macrophage
Polarisation through Signal Transducer
and Activator of Transcription (STAT)6
and STAT1

The STAT family has seven members that are needed for the
transduction of cytokine signals, including STAT1 and STAT6.

STAT6 expression is triggered by cytokines IL-4 and IL-13, which can
facilitate macrophage fusion (Miyamoto, 2013). STAT6 is also
necessary for cell—cell fusion during the formation of FBGCs, and its
deficiency has been shown to inhibit their formation (Moreno er al,
2007). In STAT6-deficient FBGCs, the expression of OC-STAMP was
strongly inhibited. The absence of STAT6 enhanced the activation of
STAT1, greatly inhibited cell—cell fusion and reduced the expression
of OC-STAMP in FBGCs induced by IL-4. STAT1 deficiency in
macrophages, by comparison, increased cell—cell fusion in FBGCs
and raised the expression of OC-STAMP. This suggests that STAT1
and STAT6 regulate the expression of OC-STAMP and are fusogenic
in FBGCs (Miyamoto, 2013).

The polarisation of macrophages has a complex mechanism that is
regulated by interactions between several signalling pathways
including JAK/STAT, Notch, PI3K/Akt, ]NK and B7-H3/STAT3 (Szanto
er al, 2010). Macrophages are needed to sustain homeostasis from
an immunological perspective. There are two main types of
macrophages: M1 and M2. M1 macrophages intensify inflammation
and tissue damage, mediate resistance to pathogens and have
effective microbicidal properties (Liu er a/, 2014). In combination
with lipopolysaccharide LPS, M1 macrophage activation is caused by
cytokine IFN-Y. M2 macrophages play a crucial role in the
suppression of inflammation and the facilitation of tissue repair
(Mills, 2015). M2 macrophages are activated by the cytokines IL-4
and IL-13.

OC-STAMP was shown to trigger macrophage polarisation via STAT6.
Knockdown OC-STAMP enhanced STAT1 activation during
stimulation by LPS and the cytokine IFN-Y, while OC-STAMP
overexpression raised STAT6 phosphorylation in RAW 264.7 cells.
STAT1 phosphorylation was increased when OC-STAMP was
knocked down in RAW264.7 cells under IL-4 induction (Yuan er al,
2017). Furthermore, overexpression of OC-STAMP could
substantially suppress the M1 pro-inflammatory state. Therefore,
knocking down OC-STAMP could increase the number of M1
macrophages. These findings suggest that OC-STAMP controls

macrophage polarisation through STAT6 and STAT1.

9. OC-STAMP Structure and Localisation

Currently, information regarding the structure of OC-STAMP is still
incomplete. Recent studies consider OC-STAMP to be a significant
diagnostic or therapeutic target; therefore, it is worthwhile to clarify its
structure and localisation to improve that development. Microarray
studies of mouse primary bone marrow cells and RAW264 detected
OC-STAMP for the first time. The OC-STAMP gene is located on mouse
chromosome 2H3 (Yang er a/, 2008b). Orthologous proteins are found
in all mammalian species for which sequence is accessible. A variety of
transmembrane prediction programmes suggest that OC-STAMP is a
multi-pass transmembrane protein. OC-STAMP is reported to cross the
plasma membrane six times with three extracellular loops and four
intracellular sections. The intracellular locations of both C- and N-
termini were detected using antibodies linked either to 3X FLAG
Peptide or green fluorescence protein (GFP) tags, and both terminiwere
found in the cytosol (Witwicka et af, 2015).

In addition to other potential subcellular locations, CELLO2GO, a
web-based system for subcellular protein localisation, classified OC-
STAMP as a plasma membrane protein as shown in Table 1. The
fusion protein signal was also observed in the endoplasmic reticulum
and Golgi apparatus. Therefore, the precise localisation of OC-STAMP
requires further investigation.

Table 1: CELLO2GO predicted OC-STAMP subcellular localisation

Localisation Score
Extracellular 0.755
Plasma membrane 3553
Cytoplasmic 0.096
Cytoskeletal 0.006
ER 0.067

Golgi 0.023
Lysosomal 0.082
Mitochondrial 0.195
Chloroplast 0.018
Peroxisomal 0.057
Vacouole 0.008
Nuclear 0.139

It has been shown that almost all the OC-STAMP genes found in the
database have a putative N-linked glycosylation site. Additionally, the
glycosylated extracellular loop would be on the plasma membrane
side, as predicted by the transmembrane analysis programme.
Glycosylation appears to be unnecessary for fusion under
experimental conditions. It was shown that replacement of
asparagine (N162) in the glycosylation loop by aspartic acid (D) made
no differences to OC-STAMP in terms of its ability to rescue defective
fusion in the OC-STAMP-KO osteoclasts.

10. Conclusion

This review has outlined the role of OC-STAMP in osteoclast cell—cell
fusion and differentiation and macrophage polarisation. Current
evidence suggests that OC-STAMP is not only a master regulator of
cell fusion but may also have other important roles because it is
expressed in most tissues. Determining the structure, localisation and
ligands of OC-STAMP will complete the landscape and offer excellent
potential to treat bone diseases by the regulation of OC-STAMP-
mediated osteoclastogenesis.
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ABSTRACT

Jaadl|

The COVID-19 pandemic, which emerged in the Tast quarter of 2019, has
seriously affected the global economy, including sectors such as the energy
and building industries. Studies of COVID-19 transmission indicate a direct
relationship between the number of occupants in a building and the risk of
infection. The aims of this study were to focus on workplace density strategies
as a primary, overlooked factor that can affect energy consumption and the risk
of transmission of viruses within buildings and to determine optimal
workplace density strategies to reduce energy consumption, especially in
commercial buildings. To this end, the practical approach was used by applying
COVE.TOOL technology and data from COVID-19 tracking projects to the
proposed occupant density after new design considerations for the food court
of the Mall of Arabia — the most famous shopping mall in Egypt. This approach
was also used to evaluate customer visits to reduce the spread of disease and
improve their energy efficiency.
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ABSTRACT

Soil degradation associated with wind and water erosion and physical and chemical deterioration is increasing at an alarming rate worldwide. This research
identified soil characteristics and spatial distribution of soil degradation risks in the Al Ahsa Oasis. Several quantitative analytical approaches used geospatial
techniques, namely, ArcGIS, Erdas Imagine10, and ENVI 5.3. Six selected remote sensing indices were used, i.e. the salinity index (SI), normalised difference
salinity index (NDSI), brightness index (B), normalised differential vegetation index (NDVI), vegetation soil salinity index (VSSI), and soil adjusted vegetation
index (SAVI) software. Field verification monitored the degradation of different types of soil. Samples were collected in May 2019 and processed using satellite
images and mechanical and chemical laboratory analysis for 36 samples. The Universal Soil Loss Equation and climatic data were used to measure the annual
soil loss rate in the Al Ahsa Oasis. Integration of these datasets resulted in a map of soil degradation values. The results show that the sampled oasis soils have
degraded physically, chemically, and biologically. The average physical degradation was 9.93 g/cm?/year, the average biological degradation was 2.93%/year,
and the average chemical degradation was 36.36 mmhos/cm.
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1. Introduction

Soil degradation is one of the serious environmental challenges
affecting  agricultural  production.  Overpopulation, poverty,
overgrazing, poor agricultural practices, and lack of appropriate are
considered some elements that lead to land degradation (Drechsel ez
al, 2001; Duraiappah, 1998), but little is known about the
interactions between these drivers and the biophysical environment,
including biophysical stability domains (Gunderson, 2003).

Integrating a geographic information system (GIS) and remote
sensing applications has helped employ a comprehensive
methodology of calculating several variables included in statistical
equations (Mohamed er al, 2014). The equations and models used
for assessing soil erosion and soil degradation and the possibility of
estimating losses through the Global Rate of Loss of Soil (RUSL)
model are examples.

Remote sensing is a tool recommended for detecting, mapping, and
monitoring the problems of different degradation types (Sujatha er al,
2000; Zizala er al, 2018). These problems include the degree of
spread and range effects over time (Abdelrahman, 2008).

A GIS is a flexible and powerful tool that can store large volumes of
data sets and manipulate and combine different data sets into other
sets. These sets can be presented in thematic maps (Al-Mashreki eral,
2010). A GIS can help in measuring soil degradation. A GIS and GPS
are combined to provide a good platform for storing a database and
presenting the results and development of a user interface.

These techniques were used to process the information that
characterises and quantifies spatial variation of rational interpolation.
Additionally, they were applied to estimate the variance of
interpolated values (Stenger er a/, 2002).

2. Materials and Methods
2.1. Study Area:

Al Ahsa Oasis is one of the important agricultural areas in Saudi
Arabia, covering an area of about 225,000 km? The cultivated land is
approximately 75,970 km?. The oasis is located within the tropical
desert between Latitudes 25° 10" and 25° 45' N and Longitudes 49°
30' and 49° 50" E (Fig. 1-A). The oasis is bordered by the Al- Dahnaa
desert to the west, the marsh of Umm Al-Hamam to the north, the Al-
Jafurah desert and the marsh of Al-Tarfa to the south, and the Al-Asfar
sabkha and Gulf shore to the east (Al-Barrak, 1993).

Figure 1: Location of the study area and samples soil

A. Location of the study area B. Locations of samples soil

2.2. Methodology:

Different analyses, including remote sensing, GlS-assisted spatial
modelling, and method validating, were used to determine the
feasibility of using remote sensing and a geographical information
system to map soil salinity and soil degradation directly from the soil,
indirectly from vegetation, and with a questionnaire from farmers.

2.2.1. Sampling and soil analysis

A survey was conducted in addition to several field visits. Thirty-six
samples of disturbed soil (0—30 cm) were collected from 12 sites (Fig.
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1-B). Three samples were taken from each site and put in plastic bags
using hand tools.

The samples were taken to the Faculty of Agriculture Laboratory at
King Faisal University to determine the type of degradation. Many
environmental variables, including Landsat image analysis, elevation,
and slope, were considered. This method uses input variables to split
sample points into N intervals of equal probability. All samples were
air-dried then sieved using a 2 mm sieve. The soil texture, percentage
of soft silt, coarse silt, clay, pH, organic material ratio, calcium
carbonate, electrical conductivity (EC), and total solids were
measured in the saturated paste extracts. EC in the soil was measured
to know whether soluble salts exist. In this study, 250 g of air-dried
soil was weighed, and deionized water was then added to saturate the
soil sample.

2.2.2. Satellite image and software

A Sentinel-2B and Landsat 8 OLI satellite image Level 1T product
radiometrically corrected and co-registered to a cartographic
projection and terrain corrections was acquired on 22 March 2021,
with a resolution of 30 m. The radiometric calibration tool and
FLAASH atmospheric correction model of the ENVI 5.3 were applied
to the radiometric calibration and atmospheric correction of the
satellite images. The geological variation in the area under study is
very low. All satellite images were processed by ENVI 5.3. The image
was analysed using ArcGIS 10.5, ERDAS Imagine 10, ENVI 5.3, and
SPSS statistical software Version 10.

2.2.3. Modelling vegetation and degradation indices

Stressed vegetation can be an indirect sign of degradation in the soil.
Six selected remote sensing indices, such as the salinity index (SI),
normalised difference salinity index (NDSI), brightness index (BI),
normalised differential vegetation index (NDVI), vegetation soil
salinity index (VSSI), and soil adjusted vegetation index (SAVI), were
used to discriminate and map degradation soils.

2.2.4. Questionnaire from farmers

Fifty questionnaire forms were distributed to farmers to identify the
types of chemical fertilizers and pesticides used to control crop
insects and to know the sources and types of irrigation used in
agricultural land in the Al Ahsa Oasis.

3. Results (Patterns of Agricultural Soil
Degradation in the Al Ahsa Oasis)

Patterns of indicators of soil degradation in the Al Ahsa Oasis are
variable when considered as an environmental problem. Among
those patterns are the high level of groundwater, the high salinity and
alkalinity of the soil, and soil exposure resulting from the degradation
of the vegetation cover. When wind erosion is activated, the wind
erodes the disjointed upper layer of soil, which removes the fine layer
of granules containing organic matter, leaving behind the coarse
constituents (Al-Bana, 2000). Because of the importance of this topic,
FAO has developed a method for directly assessing land degradation
by monitoring changes in certain soil specifications (Zucca er al,
20009).

By studying the agricultural soils of the study area, it has been
possible to monitor their degradation and verify them in the
laboratory by investigating a series of chemical, physical, and
biological properties that reflect the regression in the optimal
properties of non-degraded soils. The patterns of land degradation
can be illustrated as follows.

3.1. Physical Degradation:

Physical degradation is high apparent density g/cm3/year or low
permeability cm/hour/year. Waterlogging and irrigation affect the
physical degradation of soil along with crop failure of the whole land
surface, heavy machinery use, wastefulirrigation, and rice cultivation.
A guide can be used to quantify the physical state of the soil (Balbaa
and Naseem, 1994):

ZF +ZC
c (1)
ZF = Percentage of soft silt (2—20 microns)

ZC = Percentage of coarse silt (20—50 microns)
C = Percentage of clay

There is a quantitative indication of the physical state of the soil,
which is less than 1.5 g/cm3/year for soils with an on-surface crust
and greater than 2.5 g/cm3/year for soils of large capacity to form a
surface crust. Applying Balbaa and Naseem's 1994 equation and
based on the results of laboratory analysis (Table 1), the obtained
result ranges from 0.87 to 64.29 g/cm3/year (Table 2), suggesting that
the soil of the study area suffers from physical degradation and is
susceptible to the formation of a solid shell that is largely
impermeable on the surface.

This degradation leads to a decline in soil productivity due to the
degradation of its physical characteristics. In fact, this degradation is
caused by soil shedding, construction disorder, pore blockage, and
the formation of a dried crust. There are many forms of physical
degradation, namely, surface crust formation, pore clogging, sand
accumulation, and sand dune movement with the poor cover of
natural plants. These degradation types include areas exposed to
sand creep and deposition and have resulted in the migration of
people from these areas due to their desertification. This includes the
villages of Al-Omran, Al-Mugam, Jawatha, Al-Kalabiyya, Al-Kawkeeb,
Wasit, and Abu Al-Hassa in the northern and northeastern regions of
the oasis, with an area of 193.08 km” (Fig. 2-A) using the vegetation
soil salinity index (VSSI) and the normalised differential vegetation
index (NDVI).

Table 1: Mechanical and chemical analysis of samples from the soil of Al Ahsa Oasis

Sample Source Silt Clay Sand | (1:1) EC Organic Materlal Calcium
% % % PH mmhos/cm Ratio% Carbonate%

Al-Jafer 38 1256 | 49.44 8.54 3.75 8.04 20.27
Al-Omran 31 428 64.72 8.60 53.6 467 21.56
Al-Mansura 58 4.56 3744 8.80 12.9 5.70 2428
Al-Battalia 26 8.56 65.44 8.89 13.0 6.56 15.62
Al-Mubriz 30 16.56 53.44 9.14 17 5.51 14.94
Al-Shaeba 18 20.56 | 6144 8.74 433 6.05 15.96
Al-Halila 50 16.56 [ 33.44 9.03 6.4 4.47 16.34
Al-Jurn 62 4.56 3344 8.57 129.6 437 52.98
Al-Waziyah 42 8.56 49.44 9.38 944 5.21 14.77
Al-Ayoun 22 12.56 | 6544 9.75 1.28 4.46 11.88
Al-Fudhul 56 2038 23.62 8.62 752 578 15.11
Al-Marah 36 0.56 63.44 9.62 1.15 6.05 11.37
Average 39.08 [ 10.85 [ 5039 8.91 36.36 5.57 19.58

Figure 2: Patterns of agricultural soil degradation in Al Ahsa Oasis
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Table 2: Degrees of physical degradation in the soil of Al Ahsa Oasis
Sample SoftSilt | CoarseSilt | Clay Physical Degrees of
Result q q 5
Source % % % State of Soil* | Physical Degradation*
Al-Shaeba 7 1 20.56 0.87 >1.5 Low
Al-Mubriz 18 12 16.56 1.87
Al-Ayoun 5 19 12.56 191 1.6-2.5 High
Al-Omran 15 16 4.28 7.24
Al-Jafer 18 20 12.56 3.02
Al-Mansura 26 32 4.56 12.72
Al-Battalia 13 13 8.56 3.04 X
Al-Halila 73 77 1656 | 3.02 <25 Very High
AlJarn ki 31 756 1350 ] Y/em/year
Al-Waziyah 21 21 8.56 491
Al-Fudhul 28 28 20.28 2.76
Al-Marah 10 26 0.56 64.29
Average 17.92 2133 10.85 9.93

*Balbaa and Naseem, 1994

Based on the laboratory analysis results (Table 1 and Fig. 3), it was
found that the predominant texture is loam, sandy loam, and silt
loam. The clay average was 10.85%, and the sand average was
50.39% of the analysed samples, which indicates that soil in the study
area is in the middle category in terms of degradation and erosion
processes.

Figure 3: Soil texture triangle according to results of soil samples analysis in Al Ahsa Oasis
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3.2. Chemical Degradation:

The manifestations of the chemical degradation of soil characteristics
are salinisation, acidosis, alkalinity, and possibly the hardening of the
soil surface crust (Balbaa and Naseem, 1994). Saline soils contain
relatively large amounts of highly dissolved chloride, calcium
sulphate, sodium, and magnesium salts, with electrical conductivity
higher than 4 mmhos/cm, a pH of less than 8.5, and osmotic pressure
impeding plant growth (Biswas and Mukhejree, 1994).

The laboratory analysis results of soils from the study area are shown
in Table 1. The soil texture has the same texture as the sandy loam
and silt loam according to the ratios of the three main constituents:
silt, clay, and sand. Due to the interference of the three elements,
varying degrees of soil overlap are observed in the oasis. The loamy

structure texture that is more recognised is considered a good soil in
terms of fertility. The soil of the oasis does not have an acidity
problem, as the pH value has not fallen below 8.5 in any of the
samples (Table 1).

The level of soil degradation can be chemically measured by

comparing the levels of salt accumulation, as illustrated in the case of
the Al Ahsa Oasis soil (Table 3).

Table 3: Degrees of chemical degradation in the soil of Al Ahsa Oasis

Sample Source EC mmhos/cm Cof::ztcrtli?i{y* De%:;f:;ﬂi::ﬂ";'“'
Al-Mubriz 1.7
Al-Ayoun 128 >2 mmhos/cm Low
Al-Marah 1.5
Al-Jafer 375 3—5 mmhos/cm High
Al-Omran 536
Al-Mansura 12.9
Al-Battalia 13.0
Al-Shaeba 133 5 mmhos/cm Very High
Al-Halila 6.4
Al-Jurn 129.6
Al-Waziyah 94.4
Al-Fudhul 75.2
Average 36.36
*Source: Morgan, 199

The electrical conductivity values in the soil of the studied area range
from 1.15 to 129.6 mmbhos/cm, indicating a high level of salt
accumulation. The highest value of 129.6 mmhos/cm was reported
in the sample collected from the village of Al-Jurn. The lowest value
of 1.15 mmhos/cm was represented by the sample from the village of
Al-Marah (Fig. 2-B), using the normalised difference salinity index
(NDSI), brightness index (B), and vegetation soil salinity index (VSSI).

The study concluded that the soil of the study area has saline
characteristics as a manifestation and evidence of the chemical
degradation of the soil, along with the hardening of the surface crust
of the soil in most of the Al Ahsa Oasis. These areas include the
villages of Al-Waziyah, Al-Halila, Al-Fudhul, and Al-Mansura (Fig. 4)
and the cities of Al-Ayoun and Al-Omran. These soils suffer from a
moderate degree of salinity extending from the city of Al-Ayoun to
the villages of Al-Mutairfi, Al-Jalijla, and Al-Tarf, east of Al-Mubarraz
and south of Al-Hofuf, with a total area of 20.53 km?.

Figure 4: Salinisation and soil drift by the wind in Al Ahsa Oasis

A. Salinisation is a manifestation of chemical degradation in Al-Fudhul village

B. Soil drift by the wind in the city of Al-Omran
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The salted soil is also highly prevalent in the villages of Beni Ma'an,
Al-Batalia, Al-Mansoura, Al-Qur'in, Al-jiljila, Al-Shaqiq, Al-Jafer, and
Al-Tweithir and the city of Al-Ayoun, with an area of 61.65 km?. In
addition, the soil suffers from very high salinisation to the east of Jebel
Al-Garah and the surrounding area of Al-Tahimiya village as well as
the area around Al-Jisha village and the area north of the villages of
Al-Jayjal and Al-Qurn up to the northern covering borders of the oasis,
an area of 79.85 km?.

3.3. Biological Degradation:

The direct result of biological deterioration is the lack of organic
matter in the soil, causing physical degradation, nutrient deficiency,
and drift. This is caused by any non-drifted dissolution of organic
material. The rate of loss of organic matter resulting from the impact
of terrestrial calcium carbonate is estimated in accordance with the
Reny and Marin equation (Balbaa and Naseem, 1994).

I
2 (A+200) (C+200)

K; = Annual rate of loss of organic matter
A= Percentage of clay
C = Percentage of calcium carbonate

Application of this equation to the soil samples of the study area (Table
4) indicated that the soil suffers from a high degree of biological
degradation according to Balbaa and Naseem's 1994 estimates, with an
annual loss rate of organic material ranging between 0.8—5.1%, with
the city of Al-Jafer being low, Al-Mubarraz and Al-Batalia medium, and
Al-Omran and Al-Ayoun the highest along with the villages of Al-
Mansura, Al-Shaeba, Al-Halila, Al-Waziyah, Al-Fudhul, and Al-Marah.
The highest rate was found in Al-Jurn (Fig. 2-C).

Table 4: Degrees of biological degradation in the soil of Al Ahsa Oasis

Sample Clay |Carbonate Annual Rate of the Loss [ Loss of the Degrees of
Source of the Organic Material Organic Biological
Material* Degradation *
Al-Jafer 12.56 20217 0.8 >1%/year Low
Al-Battalia 8.56 15.62 24
ATMubriz | 1656 | 1494 77 1-25%/year Medium
Al-Omran 4.28 21.56 2.6
Al-Mansura | 4.56 2428 2.7
Al-Shaeba 20.56 15.96 32
Al-Halila 16.56 16.34 31 o
AlWaziyah | 856 | 1477 737 25-5%/year
Al-Ayoun 1256 11.88 29 High
Al-Fudhul 20.28 1511 3.3
Al-Marah 0.56 11.37 2.6
Al-Jurn 4.56 52.98 51 <5%/year Very High
Average 2.93

*Source: Balbaa and Naseem, 1994

3.4. Soil Drift by Wind:

This type of degradation is the most important and widespread
degradation process in the study area, resulting in sand creep at a rate
of 5-9 metres, with an annual average of 6.8 metres (Abdelhamid,
2007). The north, northeast, northwest, and south wind gusts cause
the loss of fertile topsoil that spreads in Al-Omran (Fig. 4), Al-
Muqaddam, Jawath, Al-Kalabiya, Al-Koekb, Wasit, and Abu al-Hass
(Abu al-Khair, 1984). It spreads in the flat layer or riparian plains and
sandy soil. The soil drift occurs when strong winds blow into
unprotected soil, intensifying dry and disjointed soil. Figure 2-D
displays the distribution of lands affected by soil drift, constituting a
total area of 66.99 km?.

4. Discussion
4.1. Causes of Soil Degradation in the Al Ahsa Oasis:

Many physical and human factors have contributed to the soil
degradation in the Al Ahsa Oasis; they are presented as follows.

4.1.1. Soil characteristics

The soil of the Al Ahsa Qasis is a sedimentary formation from the
quaternary that consists of sandstone, limestone, clay, and loam (Al-

Taher, 1999). Based on the laboratory analysis of soil samples, it was
found that the dominant texture is loam, sandy loam, and silt loam,
which is in the middle group based on classification (Husenbiuiler,
1985). This means that the value of the soil's drift varies from 105—195
ton/ha/year.

The drifting potential of soils can also be determined according to the
prevailing texture through indicators suggested by FAO. Based on the
laboratory analysis results (Table 5), it was found that the average
clay ratio was about 10.85%. In comparison, the average sand ratio
reached 50.39% of the components of the samples analysed,
indicating that soils of the study area are in the middle category in
terms of probability of degradation and drift. The study concluded
that some factors lead to the rapid degradation and erosion of the soil;
these factors depend on the structural and textual characteristics of
the soil.

Table 5: Percentage of clay and sand in samples from the soil of Al Ahsa Oasis
Sample

Source Clay % Sand % Sample Source Clay % Sand %
Al-Jafer 12.56 49.44 Al-Halila 16.56 3544
Al-Omran 4.28 64.72 Al-Jurn 4.56 33.44
Al-Mansura 4.56 37.44 Al-Waziyah 8.56 49.44
Al-Battalia 8.56 65.44 Al-Ayoun 12.56 67.44
Al-Mubriz 16.56 53.44 Al-Fudhul 20.28 23.62
Al-Shaeba 20.56 61.44 Al-Marah 00.56 63.44

4.1.2. Climatic factors

Climatic factors contribute to increasing the effectiveness of soil
degradation. The data of the Al Ahsa meteorological station, located
at Latitude 2517 53 N and Longitude 49 29 11 E and at the height of
178.17 metres, where an influence extends 50 km, shows the
following results (Table 6):

®  The minimum temperature values are 8.5°C and decrease during the
winter months to an average of -0.5°C, while the maximum
temperatures are 45.7°C and rise during the summer months. The
significant difference between the minimum and maximum values in
the summer and winter average temperatures and the large quarterly
temperature range of about 37.2°C has a considerable effect on
salinisation processes and, therefore, the chemical degradation of the
soil in the oasis.

[ The average annual rainfall is 6.9 mm, while the annual evaporation
rate is 12.8 mm. The environment is arid, with high evaporation rates
not allowing for any runoff level, thus leading to soil degradation.

®  The maximum daily amount of rain is about 56.2 mm, the annual
wind speed rate is 7 knots, and the maximum wind speed is 80 knots;
this causes the soil surface layer to drift.

Table 6: Monthly averages of some climatic elements of Al Ahsa station

Temperature (°C) Vapor [ Surface Wind (Knots) Rainfall (mm)
Month 24-Hour
MX MN M M Max Speed M Total (Ext.)
01 212 8.5 9.2 7 36 15.0 50.6
02 242 10.6 95 8 40 116 289
03 289 143 105 8 60 16.2 56.2
04 351 196 127 7 80 10.7 211
05 415 249 131 7 45 21 15.3
06 44.4 276 126 8 40 0.0 3
07 457 294 142 8 42 0.0 11
08 45.4 289 17.7 7 39 0.9 19.4
09 423 253 16.0 6 38 0.0 0
10 376 211 147 5 40 0.6 6.7
M 299 156 124 6 41 51 279
12 234 105 105 7 39 271 519
Maximum 45.7 80 56.2
Mean 12.8 6.9

Source: General Authority for Meteorology and Environmental Protection, 19852018
4.1.3. Terrain factors

The Al Ahsa Oasis is surrounded by the rocky edge of the Ghawar
Desert in the west and sand dunes covering the adjacent plain in the
east. Most parts of the oasis lie between 100—250 m above the mean
sea level. This plain slopes towards the east with a slight gradient of
about 1 km (Al-Sayaria and Zotl, 1978). The surface of the Al Ahsa
Oasis is even with a gradual decline to the east and northeast from
250 metres above sea level at the Othmaniyah mountain and
Shadqam to the west of the Al Ahsa Oasis. The Al Ahsa Oasis also
declines from 150 metres at the western boundary of the oasis to 125
metres at the eastern boundary down to 25 metres at the Al-Uqair
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near the western coast of the Arabian Gulf (Al-Taher, 1999).

Consequently, the morphological features of the oasis allowed
natural drainage by moving the irrigation water excess in the oasis in
the general slope direction. This has led to the groundwater level
being elevated in the oasis's agricultural fields, sabkha and swamps
forming within and around the agricultural land from the east, north,
and south, soil salinity increasing, and waterlogging, resulting in the
deterioration of soil properties.

4.1.4. Irrigation water

The Al Ahsa Oasis is characterised by an excess of groundwater, with
hydrological estimates indicating a contribution of 141.9 million
m3/year, with 887 wells and 102 springs (Irrigation and Drainage
Authority, 2019). Groundwater salinity values in the oasis vary from
one aquifer to another. In general, salt concentrations in groundwater
formations of the oasis increase from west to east in the direction of
the groundwater flow due to long-term interaction between water
and rock formations in high temperatures and a low recharge and
high pumping rate (Al-Khatib, 1980). The salinity values of the
groundwater range from 1,036 to 7,601 ppm with the Neogene,
Umm Al-Radhma, and Al-Wasie formations in the Al Ahsa Oasis
(Irrigation and Drainage Authority, 2019).

In general, when method salts accumulate in the soil after the water
evaporates, the groundwater can cause land degradation and
desertification due to using groundwater for irrigation by inundation.
The excessive use of irrigation water by farmers also causes
groundwater levels to rise to the level of the capillary property so that
water containing salts moves to the surface. Under high evaporation
conditions, salts are deposited in the pores of the soil and on the
surface (Al-Zubeidi, 1994). When formed, the salt crust is weathered
by the wind, then gravity causes it to fall downward, affecting the soil
formation in the vicinity (Briggs er a, 1997).

The water system in the Al Ahsa Oasis was naturally balanced, butin
the early 1960s, with the discovery of oil, the oasis experienced
excessive well drilling, causing some springs to dry up, and water
balance in the area began to deteriorate (Al-Gabr, 2002).

Itshould be noted that domestic, industrial, and agricultural demands
forwaterin the Al Ahsa region doubled from 10.125 m?>/secto 20.689
m?/sec during the period from 1977 to 2010 (Irrigation and Drainage
Authority, 2019). The annual flow rates of the main springs also
varied from 229.016 million cubic metres to 213.541 million cubic
metres during the period from 1974 to 1983 (Al-Gabr, 2002). The
adverse effects also began with the depletion of natural springs
followed by a large number of the wells during the period from 1990
to 2002, with lower and deeper nutritional gaps. This has resulted in
significantly reducing the contribution of the irrigation and drainage
project from 7.1 m>/sec to 2.4 m*/sec (Kuwaity and Ahmed, 2003).

Consequently, because of increased water consumption in the study
area in addition to climatic conditions (in terms of temperature rise
and an increase in evaporation capacity), low flow rates, and the
depletion of several springs and wells, the soil condition has been
affected and salinisation has increased, especially in the total root
area of plants during droughts between irrigation. This ultimately led
to the degradation of soil characteristics.

4.1.5. Sand dune creep

Sand and sand dune creep play an important role in increasing soil
degradation, as the biological capacity of agricultural soil decreases
or disappears once and for all (Ghanimi, 1997). The sand dunes cover
large areas in the study area, namely, the Jafurah Desert, which is on
the northern, eastern, and southern boundaries of the Al Ahsa Oasis.
Sand dunes in the study area move at a rate of 5-9 m/year, with an
annual average of 6.8 metres, where the eastern and central regions

are the most mobile and active (Abdul Hamid, 2007). The yearly
average amount of sand driftis 12.7 m>/m (Al-Taher, 1996).

Sands around the oasis have become vulnerable to creep as a result
of northern, northeastern, northwestern, and southern winds
affecting the oasis because of its geographic location in the middle of
the desert, thus invading cultivated areas in the northern and
northeastern sides, such as Al-Omran, Jawatha, and Al-Kalabiyya. The
Wakutty survey in 1963 shows that the total cultivated area in the
oasis was 80.94 km?, which decreased to 40.45 km? in 1965. This
situation is apparently a result of sand dune creep and the
deteriorating condition of the soil (Al-Gabr, 2002). Generally, sand
creep devours about 0.23 km” of farmland annually (Irrigation and
Drainage Authority, 2019).

4.1.6. Soil salinisation

As a result of the worldwide expansion of dryland farming,
salinisation and waterlogging are recognised as signs of land
degradation. Salinisation problems are associated with poor drainage
and soil erosion (Williams and Balling, 1996). A study by Al-Dakheel
(2011) indicates that the salinity-affected land area of the Al Ahsa
Oasis is constantly increasing over time due to the excess of the
salinity of irrigation water. The shortage of water required for
irrigating the cultivated lands, resulting in the reuse of agricultural
wastewater in many areas of the oasis at varying mixing rates and
sometimes with no mixing, leads to wastewater irrigation.

This is in addition to the high salinity of groundwater in the Al Ahsa
Oasis due to excessive and uncentred pumping from water-bearing
layers, increasing the salinity of wells and salt accumulation in
agricultural soil.

Based on the use of the salinity index (SI), normalised difference
salinity index (NDSI), and the vegetation soil salinity index (VSSI),
figure 5-A shows that the sandy soil structure of the studied area has
a very high salinity (more than 5 mmhos/cm) concentrated in the
areas east of Mount Al-Qarah and the surrounding area, around the
village of Al-Omran, and the area north of the villages of Al-Jilijla and
Al-Qurn up to the Al-Ayoun city boundaries. The areas of high salinity
(2—5 mmhos /cm) are in Al-Jefer, Al-Asfar, and some areas around the
villages of Al-Shugaiq and Al-Jalilah. The other three categories are
limited, where the least affected zones are around the Umm Khodod
and Ain Umm Sabaa. This indicates the severe degradation of the soil
condition in the Al Ahsa Oasis and its subsequent exposure to
desertification (Al-Dakheel, 2011).

Figure 5: Causes of the soil degradation in Al Ahsa Oasis
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A. Degrees of salinisation of agricultural soil B. Urban sprawl on the agricultural land

4.1.7. Population growth

According to the most recent census (2019), the oasis has more than
1.51 million inhabitants, while in 1986, the total population was only
237,721 (Al Ahsa Municipality, 2020). This rapid population growth
(0.61%) will undoubtedly result in population pressure on water
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resources and attempts to intensify usage of agricultural soil, leading
to the degradation of soil characteristics.

4.1.8. Urban sprawl

The extension of urban blocks at the expense of agricultural land is a
pause and reduction in the biological productivity of agricultural soil,
making it one of the most important causes of agricultural soil
degradation and desertification (Thomas and Middleton, 1994).

The Governorate of Al Ahsa's 1435 census indicated that 598 new
families had been added since the 1905 census. Thus, free-load lots
are needed to set housing facilities for accommodation. Agricultural
lands in the outskirts of cities have been a targeted area for providing
more housing units. While the number of households increased by
37.9% between 1905 and 2019, the amount of farmland decreased
from 113.31 km” to 68.70 km? during the same period (General
Authority for Statistics, 2020). While not all the agricultural land of
17.20 km?*has been reserved for residential purposes, there are other
agricultural land uses. Yet urban sprawl has shaped most of the
agricultural land.

Itshould be noted that urban sprawl on agricultural land is carried out
by the government, which can be regarded as an official urban
encroachment of the government and local administration. This
alone cut out some 43.75 km? of agricultural land for urban uses
between 2000 and 2019 (Fig. 5-B). Examples of urban growth at the
expense of agricultural land include the plantation scheme in the
southeast of the Al Ahsa Oasis and the Munifa residential scheme in
the city of Al-Hofuf.

According to the Survey and Planning Authority (2019) data, 1974
witnessed a reduction in the cultivated area, from 71.43 km? in 1969
t0 59.76 km? in 1974. Even though itincreased to 71.79 km?in 1980,
it declined to 71.32 km?in 2019. This fluctuation is because there are
areas in the oasis where agricultural lands have shrunk, namely, the
areas between the cities of Al-Hofuf and Al-Mubarraz, represented by
Al-Seifah, Umm Khrisan, Ain Al-Zawawi, Ain Al-Morjane, and Al-
Qilaybat. The cultivated area was 3.04 km?, which has been reduced
by half due to urban expansion at the expense of agricultural land.

From the field survey and interviews with farmers in the study area, it
has been found that agricultural areas located south of Al-Hofuf city
that existed in 1971 have completely disappeared, including Ain
Umm Al-Hamir, Asilah, Tawilibiyah, and Sarafiyah. The area, which is
about 0.04 km?, was turned into residential areas carrying the same
names and is now located in the centre of the city of Al-Hofuf,
including Al-Thalithiya, Al-Mazruia, Al-Sindiya, Al-Murabdiyah, and
Al-Wasitah. As for Al-Raqqa, the area had more than 40 hand-dug
wells, and about 2.53 km? grain-cultivated land had been converted
into residential houses and blocks of the same name; Al-Sharafiyah
area and southwest of Ain Al-Haara east of Al-Mubarraz. Urbanism
above the ground became the dominant manifestation after the
disappearance of agricultural land.

These results were confirmed by the study and analysis of satellite
scenes in 1986, 2000, and 2019. The decline in cultivated areas was
observed in contrast to the increase in urban areas (Fig. 6). The area
under cultivation was 145.47 km? in 1986, while it became 114.43
km?in 2000 and decreased to 82.92 km?in 2019. The area is growing
steadily in terms of urban areas, from 157.6 km?to 167.85 km? to
231.77 km?in 1986, 2000, and 2019, respectively.

Figure 6: Agricultural and urban lands in Al Ahsa Oasis between 19862019
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4.1.9. Agricultural practices

Farmers in the study area rely on some agricultural practices that
increase rates of qualitative soil degradation. The mostimportantone
is submerged irrigation resulting in increased soil salinity (Al-Zubeidi,
1994), characteristic of most dry and semi-dry areas. This happens
because of increased evaporation/evapotranspiration and less
precipitation. Salts then accumulate because there is insufficient rain
to wash the soil. Inundation leads to high groundwater levels
approaching the earth's surface, which means that the plant's root
area is saturated with water and cannot get sufficient air for
respiration. These elements lead to a deterioration in agricultural soil
characteristics, gradually reducing its productivity.

The increased irrigation by farmers has also resulted in increased
water and soil salinity due to doubling irrigation to twice a week in
winter and from three to four times in summer (Al-Zubeidi, 1994).
This irrigation system has prevailed because of the water
requirements of the main crops of palms and rice. The poor water
retention of sandy soil and high evapotranspiration also lead to the
same result. These environmental risks of irrigation increase if
irrigation water quality decreases, such as the high salt concentration
(1,430 to 6,440 ppm) of groundwater used for irrigation (Ministry of
Environment, Water, and Agriculture, 2019).

The study area suffers from groundwater pollution (Irrigation and
Drainage Authority, 2019). Since wells are the only water source,
continuous pumping from groundwater aquifers has led to low
groundwater levels and high concentrations of dissolved salts and
iron and manganese salts. The first leads to salinisation and
desertification of soil. Iron salts in the water of the wells reached more
than 7,601 ppm, causing a serious problem when modern irrigation
systems are applied. This is because of blocking sludge due to the
deposition of iron salts. Soluble salts in water also erode pipes used
for spray irrigation, thus deteriorating agricultural soil, ultimately
leading to unsuccessful agriculture.

Digging irrigation canals at higher levels than the agricultural soil is
an improper irrigation method, increasing the degradation process,
especially in permeable soils. It salinises the soil, causing poor
biological capacity that may reach full infertlity, becoming a
biologically dead soil, a very severe state of desertification. This has
occurred in the villages of Al-Weziyah, Al-Mutarifi, Al-Halila, and Al-
Ayoun,where the water level is insufficient for irrigation water supply
and transport by gravity. It is, therefore, necessary to transport
irrigation water manually, exposing the soil to saline infiltration,
degradation of its properties, and subsequent desertification.

In addition, farmers in the oasis grow several crops, the most
important of which are rice, vegetables, and fruits, cultivated
simultaneously with palms. Thus, soil saturation is increased,
especially in the case of the near-surface caterpillar layer, leading to
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waterlogging, salinisation, and degradation.

4.1.10. Soil pollution

The study area suffers from soil contamination resulting from
chemical fertilizers and pesticides where farmers use nitrogen and
phosphate fertilizers. Nitrogen is considered the main chemical
ingredient that needs to be added to the soil. The oasis consumes
about 3,129.6 tons/year of azotic fertilizer and about 506 tons of
phosphate fertilizer, where phosphate is used during the land
preparation stage (Directorate of Agriculture, 2019). The excessive
fertilizer amount not used by plant roots is estimated as 25% (El-
Amrawi, 1997). In other words, the loss of nitrogen fertilizers is about
782.4 tons, and that of phosphate fertilizers is about 126.5 tons
during a single agricultural season. Farmers also use animal waste as
an organic fertilizer, estimated at 89.15 tons, which varies from one
farmer to another (Directorate of Agriculture, 2019).

Although adding organic fertilizers can increase production, improve
the soil's physical quality, and provide important nutrients such as
nitrogen, phosphate, and potassium, it causes contamination of
heavy metals and salts. Additionally, the soil and crops will be subject
to bacteria and pathogenic microbes infection.

Pesticides pollute the soil because of the excessive unregulated use
by farmers during pest resistance. In the study area, it was concluded
that the surveyed sample of farmers used six types of pesticides:
organic phosphorus, manufactured pyrethroids, carbamates, growth
organisation pesticides, manufactured nicotine, and acaricides to
control crop-harmful insects (Tayseer and Al-Saikhan, 2011). Thus,
the irrational use of chemical fertilizers, pesticides, and agricultural
sewage water can be regarded as land degradation problems in the
study area.

4.2. Proposals to Protect Soil from Degradation:

Based on the field survey, several attempts have been made by oasis
farmers and governmental agencies to resist land degradation. These
methods are illustrated below.

The wind is one of the main factors that causes soil drift and sand
creep in the Al Ahsa Qasis, in addition to a lack of vegetation cover.
Therefore, governmental agencies sought to resist soil degradation in
the study area by constructing the sand reservation project northeast
of the oasis in 1962, which is 20 km long and 250—750 m wide. This
protects the southeastern parts of the oasis.

The various protection methods in the project are mechanical. These
include using equipment to transport the sand, digging trenches to
break and settle the sand, building dry fences from palm plumage,
putting polyethylene, block, or cement walls, and growing green belts
using drought-tolerant, saline, and high wind-resistant trees.
Eighteen species are grown in the project, the most important of
which are Tamarix, Prosopis, Eucalyptus, Casuarina, and Acacia. One
chemical method is spraying asphalt, raw oil, or chemicals on sand
dunes. It should be noted that these methods are also used
throughout the oasis (Al Ahsa National Park Administration, Al Ahsa,
2019).

The soil of the Al Ahsa Oasis is fragile, of low depth, and poor in
organic matter; therefore, farmers apply the following methods to
preserve soil:

° Establishing a specific programme for drilling and monitoring wells to
avoid problems arising from dried wells and reduced water levels

. Rationalising the use of irrigation water by introducing sophisticated
and economical irrigation systems such as drip irrigation in some parts
of the oasis, including in the city of Al-Omran and the villages of Al-
Weziya, Al-Jarn, and Al-Bataliah

. Rehabilitating agricultural soil degraded by salinisation by washing
and adding soil conditioners such as gypsum (farms are given four
excess irrigations to remove salts from the soil sector), by constructing

banks, and by obligating farmers to work out exposed field banks
inside their farms to collect salts from wastewater

(] Treating the waterlogging of soil resulting from poor drainage in the
oasis by draining the wet sabkhas, raising the efficiency of field drains
and linking them to the main drains, and cleaning the main drains to
prevent the return of water back to the farms, or by adding gypsum to
the waterlogged soil before washing, as in the case of the village of Al-
Marah

Based on the above, the study recommends several ways to reduce
land degradation in the oasis:

° Trend towards land reclamation in the Al Ahsa Oasis, especially in the
west, and use a new agricultural cycle to reduce soil degradation

(] Use mechanical barriers with biological barriers to combat sand creep
and sand dunes in agricultural soil

(] Use biological pest resistance and return to organic fertilizers to
combat chemical soil pollution and degradation

®  Conserve available water resources through the rationalisation of
irrigation processes and human uses to reduce the depletion of wells

(] Resist soil degradation through soil drift control, sand creep
resistance, and regulating of agricultural processes, as seen in the Al
Ahsa Oasis

5. Conclusions

Through discussion and analysis based on the use of geospatial
techniques and field verification, the following were identified:

. The soil suffers from three types of degradation. The first is;)hysical
deterioration. There is evidence of from 0.87 to 64.29 g/cm®/year in
the villages of Al-Shaeba and Al-Marah; therefore, the soil is exposed
to the formation of a solid crust that is not implemented on the
surface. The second is chemical degradation, evidence of which was
the electrical conduction of the soil of the research area ranges from
15 to 129.6 mmhos/cm’. This indicates a high level of salt
accumulation in these areas, especially in the villages of Al-Marah, Al-
Waziyah, Al-Mansura, and Al-Fadhul. And the third is the biological
degradation of the soil that expresses the loss of and the high suffering
from the organic matter in the soil, 0.8—5.1% annually, meaning that
it experiences elevated degradation in Al-Omran, Al-Ayoun, and Al-
Jurn.

®  The highly degraded soil covers an area of about 277 km? which
accounts for 0.36% of the total cultivated area of the oasis. The
average degraded soil area is 149 km?, accounting for 0.20% of the
total area of the oasis. The lower degraded soil area is about 174 km?,
which accounts for 0.23% of the total area of the oasis.

(] The factors affecting land degradation were the human factor of
population growth at an average rate of 0.61% per year, putting
pressure on agricultural resources; poor agricultural practices using
submerged irrigation and growing water-intensive crops; the urban
sprawl on agricultural land as a result of the 19.6% increase in the
number of households during the period from 1986—2019; using
nitrogen fertilizers (3,129 tons), phosphates (1,506 tons), and organic
fertilizers (89.15 tons) resulting in soil and groundwater pollution;
and natural factors, including characteristics of the water and soil,
climatic conditions, the drying up of wells, and salts at 7,601 parts per
million.
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ABSTRACT

gaadl|

Recent technological developments have led to an increasingly wide use
of electronic devices, platforms and applications. These technologies are
now an important factor in the digital transformations taking place in
many governmental agencies. In parallel with these technological
advancements, new cybercrime techniques have been developed, making
them a complex and highly prioritized national security issue for many
countries around the world. To address this challenge, the Saudi Arabian
government, through a royal decree, has urged government agencies to
create internal cybersecurity departments to safeguard their information
and technical assets. This makes cybersecurity a critical element of the
Kingdom'’s 2030 Vision. This study aims to shed light on the reality of
cybersecurity and its challenges in the Kingdom of Saudi Arabia. The
researcher designed a questionnaire to measure several dimensions,
including cybersecurity management, addressing cyber threats and risks,
security techniques, and future (strategic) challenges. A sample of 98 IT
employees working in different government agencies participated in this
study. The results of the data analysis show that the level of cybersecurity
against cyber threats and risks is high in the government agencies of Saudi
Arabia.
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ABSTRACT

Sarcomas are a heterogeneous group of malignant tumors that arise from mesenchymal cells and can arise anywhere in the body, whether itis soft tissue or bone.
Epidermal growth factor receptor (EGFR) expression in pediatric sarcomas is explored in the current study. A key feature of EGFRs is their general involvement in
signal transduction and oncogenesis, making them one of the most studied receptor protein-tyrosine kinase families. The study included 104 archived formalin-
fixed paraffin-embedded blocks assessed using immunohistochemical stains for EGFR expression in rhabdomyosarcoma, osteosarcoma, and Ewing's sarcoma.
EGFR gene copy number was analyzed by dual silver in situ hybridization (DISH). EGFR was positively expressed in 56.7% of pediatric sarcoma. Immunostaining
for EGFR was significantly associated with deep large tumors, stage, and histologic grade. Significantly, lower chances of overall survival were observed with
elevated levels of EGFR five years post-diagnosis. EGFR staining identified independent risk factors for poor patient outcomes. The results of in situ hybridization
did notindicate EGFR gene amplification in any of the cases assessed. EGFR overexpression was an independent predictor of pe diatric sarcoma outcome, which
is highly associated with histologic grade and stage. Results indicate EGFR inhibitors should be potentiated and directed against pediatric sarcoma.
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1. Introduction

Sarcomas are a heterogeneous group of malignant tumors that arise from
mesenchymal cells and can arise anywhere in the body, whether it is soft
tissue or bone. The data collected by the Saudi Cancer Registry concerning
bone sarcoma shows lower incidence rates of pediatric sarcomas than those
reported worldwide. It has been thought that factors contributing to this are
underreporting by hospitals, a smaller population, and a failure to assess
local risk factors (Aljuhani er a/, 2021). The prevalence of osteosarcoma,
Ewing's sarcoma, and rhabdomyosarcoma in patients younger than 18 is a
widespread problem in the Middle Eastern, North African, and West Asian
regions (Steliarova-Foucher er al, 2017; Basbous er al, 2021).

In the data collected by the Saudi Cancer Registry, there were high mortality
rates for rhabdomyosarcoma (RMS) and about 30% of patients died despite
improving treatment outcomes. RMS comprises two main subtypes,
embryonal rhabdomyosarcoma (ERMS) (approximately 60%) and alveolar
rhabdomyosarcoma (ARMS) (approximately 20%). These two subtypes are
similar in morphology but completely different in biological characters, and
differentiated upon basis of histopathological, immunohistochemical (IHC)
and molecular markers (Rudzinski ez a/, 2021). An accurate diagnosis of
RMS is made by evaluating not just morphology, but also by evaluating
ancillary studies, including immunohistochemistry, to reflect the underlying
nature of the tumor (Rudzinski ez a/, 2021).

For bone sarcoma in children and adolescents, osteosarcoma (OS) is the
most common of diagnosed cases. It has a bimodal incidence, being rare in
children less than five years old, then increases its incidence with age with a
peak of incidence during childhood, another peak during adolescence, and
then it decreases its incidence again in adulthood (Yang ez al, 2021).

Ewing’s Sarcoma (ES) has a strong pediatric predilection with high mortality
and morbidity among children and young adults. It is a frustrating type of
sarcoma with poor prognoses in bone and soft tissue. ES is the second most
common type of malignant bone tumor in children and adolescents after
osteosarcoma (Zéllner er al, 2021).

A key feature of epidermal growth factor receptors (EGFRs) is their general

involvement in signal transduction and oncogenesis, making them one of
the most studied receptor protein-tyrosine kinase families. The alteration of
EGFRs during cancer progression demonstrates their role as an effective
oncogenic driver. EGFRs are membrane-bound receptor tyrosine kinase
proteins that are frequently overexpressed in many cancers (Roskoski,
2019). Cancer therapeutics have been developed in part by targeting EGFR's
kinase activity, namely with small molecules that target the EGFR ATP
binding pocket and monoclonal antibodies that target EGFR ligand binding
domains (Roskoski, 2019; Thomas and Weihua, 2019; Kaufman er a/,
2021). EGFR proteins are highly expressed in soft tissue sarcoma; therefore,
analysis of the activity of EGFR signaling in sarcoma is needed for the
detection of predictive markers of patient outcome and survival, and to
enhance future strategies of targeted therapy (Yang er al, 2017). EGFR
amplification is associated with constant membrane staining, however, IHC
markers are not reliable predictors of treatment response, but they are
important when performing silver-enhanced in situ hybridization analyses
(SISH), that is, identifying tumor areas with highest EGFR gene copy number
(GCN) (Algars eral, 2011).

The main goal of this study is to reevaluate the prognostic and predictive
relevance of EGFR relating to clinicopathological parameters and survival
rates in pediatric sarcoma. Herein, the expression of EGFR is assessed by
immunohistochemical staining in formalin-fixed paraffin-embedded blocks
and gene amplification status from primary tumor or metastases for
rhabdomyosarcoma, osteosarcoma, and Ewing's sarcoma.

2. Materials and Methods

2.1. Patients:

Archived formalin-fixed paraffin-embedded blocks were obtained from 104
patients with rhabdomyosarcoma, osteosarcoma, or Ewing's sarcoma.
Patients were diagnosed and treated between December 2015 and January
2021. Blocks were retrieved from the pathology files of the National Guard
Hospital in Jeddah, Saudi Arabia.

All archival blocks of patients admitted for first diagnosis, metastatic or
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recurrent tumors were selected, but archival blocks belonging to patients
with incomplete clinical data or missing follow-up data were excluded.
Clinical records included age, gender, type of tumor, date of presentation of
illness, history of clinical illness, tumor size, tumor localization, treatment
regimen, and patients’ response rate to treatments at the end of the study.
Relevant clinical data reflecting aggressiveness of the disease or clinical and
radiological data of the patients during treatment were evaluated during the
follow-up period. Patients were categorized into three groups: complete
remission, partial remission, or tumor progression. Two pathologists
reviewed all Hematoxylin and Eosin (H&E) stained slides from all cases to
determine the sarcomas’ histological diagnoses and their subtypes
according to the World Health Organization classification (Choi and Ro,
2021).

The study protocol was approved by the Institutional Review Board
of the Umm Al-Qura University. Data follow-up began at diagnosis
and the median follow-up was 60 months post-diagnosis. Overall
survival is defined as the time to death post-diagnosis due to disease-
related causes.

2.2. Immunohistochemical Analysis of EGFR:

Immunohistochemical (IHC) staining was conducted on formalin-
fixed paraffin-embedded blocks. The paraffin-embedded material
was cut into 4 [lm sections, dewaxed with xylene, and rehydrated
with graded ethanol. The sections were then microwave-irradiated in
EDTA buffer for antigen retrieval. After endogenous peroxidase
inhibition, sections were subjected to the primary antibody overnight
at 4°C, and then stained with a streptavidin-biotin-peroxidase kit.
Finally, sections were immersed in 3.3'-diaminobenzidine,
counterstained, and mounted. In accordance with the manufacturer's
instructions contained with the EGFR detection system,
immunohistochemical staining of the paraffin block sections for
EGFR (EGFR pharm Dx kit, DakoCytomation, Glostrup, Denmark)
was performed using the anti-EGFR monoclonal antibody, clone E30
diluted at 1/100. With each run, negative controls were also included
without the primary antibody. Breast carcinomas were used as the
positive controls for the anti-EGFR antibody.

In the IHC scoring process, tissue control slides were typically
compared with scored slides and two pathologists oversaw the
procedure; in addition, a highly circumscribed scoring system was
used because of its ease of use. To grant validity to any conclusions
based on EGFR staining, a modified score was used that incorporated
the fact that EGFR is localized to the membrane and not the nucleus
or cytoplasm. Scores were based on the intensity of staining
combined with the distribution of the staining. The proper
immunohistochemical score of a tumor was based on intensity: 0 =
no staining; 1+ = weak staining; 2+ = moderate staining; 3+ = strong
staining. The percentage of positive cells was also recorded to impart
the diffuse or focal nature of positive cells: sporadic (positive cells <
10%); focal (11% < positive cells < 50%); diffuse (positive cells > 50%).
Slides with immunohistochemical scores of 2+ and 3+ with focal to
diffuse distribution were considered as positive for EGFR. The
location of the EGFR-positive staining was noted as membranous and
cytoplasmic (Sato er af, 2005; Salgado er al, 2020).

2.3. Dual Silver-Enhanced In Situ Hybridization (DISH):

On parallel sections of a thickness of 5 LUm, the EGFR gene was
detected with the Ventana/Roche DNA Probe (EGFR gene) and the
Chromosome 7 gene was detected with the Ventana/Roche
oligonucleotide Probe (Chr-7 gene). DISH was performed by using
the ultra-view SISH Detection Kit (Ventana/Roche). In the area of
highest immunohistochemical reactivity from each tumor, Gene
Copy Number (GCN) was measured, and Chr-7 numbers (the number
of chromosome copies per cell) were counted. The EGFR gene (or
centromere 7) was visualized as a single black dot in the nucleus after

the silver precipitation was deposited. On the EGFR SISH slides, 20
nuclei from three areas were counterstained, creating a total of 60
nuclei to be analyzed. The copy number ratio of EGFR:Chr-7 was also
calculated, in addition to EGFR/Chr-7 averages. The presence of
nuclei with a EGFR:Chr-7 ratio of >2 was considered an intensified
sample of EGFR (Gaiser et a/, 2009).

2.4. Statistical Methods:

Data analysis was performed using Statistical Package for the Social
Science (SPSS: An IBM Company, Version 21.0, IBM Corporation,
Armonk, NY, USA). The chi-square test was used to evaluate the
association between EGFR expression and clinicopathological
variables. To estimate the rate ratios for possible factors associated
with adverse events, a Cox proportional-hazards regression analysis
with forward selection of variables was used. For evaluating the
association between overexpression of EGFR and overall survival,
Kaplan-Meier plots and log-rank tests were applied. Pvalues < 0.05
were regarded as significant.

3. Results

Clinical and pathological characteristics were compiled from medical
records. Table 1 summarizes the clinical and pathological
characteristics of the 104 patients in this study. At the time of analysis,
all patients had a median follow-up period of 60 months (95%
confidence interval). The study group included 38 cases of
rhabdomyosarcoma, 35 cases of osteosarcoma and 31 cases of
Ewing's sarcoma.

Table 1: Patients Characteristics

Clinicopathological Characteristics No. %
] holosical Ewing’s sarcoma 31 (29.8%)
Husmp?;pg ogical Osteosarcoma 35 (33.7%)
Rhabdomyosarcoma 38 (36.5%)
Male 68 (65.4%)
Gender
Female 36 (34.6%)
0-10 34 G2.7%)
Age
1019 70 ©673%)
. Trunk 57 (54.8%)
Site
Extremities 47 (45.2%)
<Sem 29 (27.9%)
Size
>5cm 75 72.1%)
Depth Superficial 41 (39.4%)
Deep 63 (60.6%)
Grade 1 22 (21.2%)
Grade Grade 2 25 (24.0%)
Grade 3 57 (54.8%)
Stage 1 24 (23.1%)
Stage Stage 2 27 (26.0%)
Stage 3 53 (51.0%)
v ari . Absent 73 (70.2%)
ascular invasion Preent 5 o7
Absent 71 (68.3%)
Metastasi
Present 33 (31.7%)
i Survival 76 (73.1%)
5 Year Survival
Death 28 (26.9%)
Re Absent 59 (56.7%)
ecurrenci
urrence Present 75 @33%)
Negative 45 (43.3%)
EGFR —
Positive 59 (56.7%)

The age range was 0—19 years old showing a median age of 15 at the
time of diagnosis, with a striking predominance of males (M:F=17:9).
The primary tumor location was axial in 57 cases (54.8%); the
remaining 47 patients (45.2%) had tumors localized in the
extremities. Seventy-one patients (68.3%) had the disease locally
advanced at the time of diagnosis. The patient characteristics are
shown in Table 1.

3.1. Relationships of EGFR Expressions with
Clinicopathological Features:
Regarding ~ EGFR-immunostaining,  positive  cytoplasmic  and

membranous expression was observed in 59 of 104 (56.7%) patients,
which included 17 of 31 (89%) cases of Ewing’s sarcoma, 22 of 38

Huwait, H.F., Aimaghrabi, H.Q., Gayyed, M.F. and Abd Elmoneim, M.H. (2022). Potential for using EGFR expression in rhabdomyosarcoma, osteosarcoma and Ewing's sarcoma: Clinicopathological and prognostic significance. 7he
Scientific Journal of King Faisal University: Basic and Applied Sciences, 23(1), 75—9. DOI: 10.37575/b/med/220003



77

0, 9 Present B(247%) 75758%)
(57.9%) cases of rhabdomy(?sarcoma and 20 9f 35 (57:1 %) cases of — esens RALLON SR —
osteosarcomas. Representative examples of immunohistochemistry ecurre Present 5(20.0%) 36 (80.0%) -
ining for EGFR can b i 1-3 e Survival 39 513%) 37T 0007
staining for can be seen in Figures 1-3. Death 5 ZTA%) 72(78.6%) :
Figure 1: Immunohistochemical pattern of EGFR ion in rhabd oma showing strong . .
b and diffuse staining, (Magnification X 400). ° In all 59 cases evaluated, there was no evidence of genomic
> ML o amplification at either of the test loci, as no ene copy number
b lificat t either of the test | EGFR b

signal ratio > 2 could be observed, as can be seen in Figure 4.

Figure 4: Dual-color SISH of the EGFR (black signal) and Chr 7 (red signal) in tissues with no EGFR
amplification. (Magnification X 650)

Figure 2: Imnmunohistochemical pattern of EGFR expression in howi d
and diffuse staining. (Magnification X 400).
- K

3.2. Survival Analysis:

To examine whether several variables affected survival, univariate
analyses showed that tumor stage, histologic grade, depth,
metastases, recurrences, vascular invasion, and positive EGFR
staining were significant predictors. Based on multivariate analyses,
tumor stage, histologic grade, recurrence, and positive EGFR staining
were independent risk factors for poor outcomes, as can be seen in
Table 3.

Table 3: Univariable and multivariable analysis with respect to five-year disease-free survival in 104
cases of pediatric sarcoma

Clin o Univariable cox model Multivariable cox model
Characteristics T (OAIC) PR (9>/RIC)
Value Tower | Upper | Value Lower [ Upper
Gender Male 0779 | 0.893 | 0403 | 1.976
Female
Age 010 16190 | 1.776 | 0752 | 2194
s T0-19 - : : :
Site Tk 176311 | 0675 | 0315 | 1.445
Extremities
Size 5em 0349 | 1539 | 0624 | 3797
>5cm
Depth S“EZ’Z';'“' 0.004 | 5926 | 1.788 | 19.646 | 0.087 | 6.772 | 0.760 | 60.360

Grade 1 0.094
Grade Grade 2 0.564 | 1.6717 | 0319 | 8130 | 0.013 | 2.166 | 1.181 | 3.973
Grade 3 0.057 | 3.337 | 0.997 [ 11172
Stage 1 0.003
Stage Stage 2 0.377 | 2.384 | 0.436 | 13.046 | 0.022 | 2475 | 1141 5.369
Stage 3 0.005 | 8.186 | 1.916 [ 34970

Vascular Absent
There was a higher frequency of positive immunostaining for EGFR in invasion 'X;:::: 0000 | 4478 | 2106 | 9323 | 0507 | 1733 | 0342 | 8778
deeper (P < 0.001) and larger tumors (P = 0.002). Overexpression of Metastasis | —preer— 0000 | 4.508 | 2119 | 9568 | 0.386 | 1.961 | 0.427 | 8.998
EGFR was significantly correlated with tumor stage and histological Recurrence Q":f;‘l 0000 | 0151 | 0.061 | 0376 | 0033 | 3217 | 1.098 | 9.429
grade (P < 0.001). Age, gender, and anatomic location were not EGFR ’L’e";:xg 0.012 | 3194 | 1289 | 7.914 | 0070 | 2.438 | 0.929 | 6.398

significantly associated with EGFR-positivity. In 104 patients, high
levels of EGFR were significantly associated with a lower five-year
survival rate. Correlation of the IHC expression of EGFR was performed

4. Discussion

with different clinicopathological features, as shown in Table 2. Rhabdomyosarcoma, Ewing’s sarcoma and osteosarcoma account for 34.8%
Table 2: Correlation between EGFR and different clinical and pathological factors of of all childhood cancers (CaPaSSAO etal, 2020) Several pedlatrlc sarcomas
pediatric sarcoma express the surface proteins with the epidermal growth factor receptor.
Clinicopathological Ck istics - FChiy Although surgical resection is performed and adjuvant therapy is started
v L Negative Positive P value K | R N i
Fwing’s sarcoma T (45.2%) 7 (54.8%) with early diagnosis of pediatric sarcomas, poor prognoses are expected, so
Type Osteosarcoma 15 (82.9%) 20571%) 0.966 targeted personalized therapies are needed without delay (Pilbeam er a/,
Rhabdomyosarcoma 16 (42.7%) 22 (57.9%) g ) p p y v
Male 30 (34.1%) 38 (55.9%) 2017).
Gender Temale TS @1.7%) 2T (583%) 0.488
oo 0-10 T8 (52.9%) 6 (471%) 0207 In the current study, high incidence of RMS, ES, and OS occurred during the
’ 10-19 27136.6%) REICIELD) : eriods of childhood and adolescence, at a median age of 15 and with male
" Trank 23 (30.4%) 37(59.6%) 0552 p ’ g
Extremities Zz(ggﬂ%) Z5(53.2%) : predominance. Rhabdomyosarcoma is most commonly found in male
- <5 20(69.0% T(31.0% . . ) L
Size >5§: 5 233.303 50(@6_7;2) 0.002 children, who display higher incidence of RMS than females based on the
Superficial 371(75.6%) 10 (24.4%) findings of El Demellawy er a/ (2017). OS and ES also demonstrate these
Depth Deep T4 (22.2%) 29(77.8%) 0.000 .
GradeT 77 3%) 7% age-related sarcomas during adolescence. An enhanced pubertal growth
Grade Grade 2 TO(40.0%) 15600%) | 0.001 period may play a role in vulnerability to pediatric sarcoma (Martin-
Grade 3 T8 (31.6%) 3968.4%) ;
Stage T T5(62.5%) T375%) Giacalone eral, 2021).
Stage Stage 2 15 (55.6%) 17 (34.4%) 0.002 . o . .
Stage 3 T5(28.3%) 3817%) In this study, there was significant overexpression of EGFR in 59 out of 104
invasi Absent 37(50.7%) 36(49.3%) 56.7%) tissue samples of different histologic types. This finding is supported
Vascular invasion Present T5E%) TT7AT) 0.030 ( . 0) i P ¢ ! gictypes. g PP
Metastasis Absent 37 G2A%) 3447.9%) 0070 | by other studies, suggesting that soft tissue sarcomas are generally over-
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expressed with EGFR (Yang er a/, 2017; Thomas and Weihua, 2019).
Osteosarcoma cells exhibit EGFR-signaling, which could be used as a
therapeutic target (Ji and He, 2019). Epidermal growth factor may interact
with intracellular protein kinase pathways to enhance cell proliferation and
survival and regulate senescence. High EGFR expression is coupled with
high proliferation activity and invasion (Pilbeam er a/, 2017). In Ewing's
sarcoma, inhibition of EGFR changed the cell cycle, prompting arrest in G1
and aggregation of the sub-G1 population. Eventually, polyploidy reduction
and accumulation of senescent cells increased (Kersting er af, 2018).

In the current investigation, there was a higher frequency of positive
immunostaining for EGFR in deep and larger tumors. This is in contrast with
other studies that have concluded that there is no association between EGFR
expression and tumor size or site (Sato eral, 2005; Kersting etal,2006; Yang
et al, 2006).

The overexpression of EGFR being significantly correlated with tumor stage
and histological grade found in this study agrees with other studies that have
concluded that EGFRs are significantly associated with higher histologic
grade and clinical stage (Sato er al, 2005; Kersting er al, 2006). The
expression of EGFRs and their associated downstream signal transducers
was associated with sarcoma progression, suggesting that EGFR
downstream signaling pathways may jointly support sarcoma cell survival
(Yang et al, 2017). Other authors have revealed the expression of EGFR in
78% of soft tissue sarcoma cases but in those studies the EGFR was not
correlated significantly with histological grade and stage (Yang er a/, 2006;
Teng eral, 2011).

Herein, age, gender, and anatomic location were not significantly associated
with EGFR-positivity. These results have also been observed in another
report showing no correlation between EGFR expression and metastasis,
age, gender, sarcoma histological classification, or anatomic location
(Borgatti er al, 2017).

In the present study, increased levels of EGFR were significantly associated
with a decreased probability of overall survival at five years post-diagnosis.
This suggests that cancer cells expressing the wild type of EGFR aren’t
dependent on kinase activity but are dependent upon its presence in order
to survive, regardless of its tyrosine kinase activity (Thomas and Weihua,
2019). EGFR has historically been associated with poor outcomes in
pediatric sarcoma patients treated with EGFR-targeting based on expression
in RMS and ES cells (Oh eral, 2018). Expression of the EGFR protein has no
association with the tumor-specific patient survival, but low expression of
the EGFR protein in conjunction with their RNA analyses were associated
with poor patient survival of sarcoma (Rot er a/, 2018). The expression of
EGFR by tumors typically means a more aggressive type of sarcoma (Braun
er al, 2018). Patient gender, location of the primary lesion, and an absence
of invasion at diagnosis each had an independent favorable effect on patient
survival (Jagodzifiska-Mucha er al, 2021). Seventy percent of patients with
osteosarcomas and tumors that have spread locally to extremities can
survive long-term (Kager eral, 2017).

Based on the multivariate analyses, there were several independent
predictors of poor outcomes, including tumor stage, histologic grade,
recurrence, and presence of positive EGFR staining. Based on the current
data, activated EGFR is an independent predictor for overall survival. In
cancer cells, epidermal growth factor and related ligands bind to EGFR and
phosphorylate tyrosine kinase residues resultin the triggering of other signal
transduction pathways. Cancer cells are dependent on mitochondrial
metabolism for glucose generation due to their high energetic requirements.
These enzymes act in conjunction with the growth factors MAPK, PI3K/Akt,
and JAK/STAT, which block cell death (Wang er af, 2020). Inactivation of
signaling in several downstream EGFR pathways such as PI3K/AKT and
JAK/STAT3 has also been incriminated in osteosarcoma progression and
metastasis (Yang eral, 2021).

Anti-EGFR therapies with improved specificity could be selected for patients
based on the results of EGFR gene amplification and immunohistochemistry
in the treatment of esophageal squamous cell carcinoma and gastric
adenocarcinomas (Sunpawera\/ong er al, 2005; Oyama er al, 2015;
Birkman eral, 2016).

All sarcoma tumors in this study group were negative for EGFR amplification
using DISH. In a similar study on rhabdomyosarcoma, some cases expressed
the EGFR protein, but there was no evidence of chromosome amplification

(Ganti et al, 2006). Although this data provides important biological insight,
it does not completely rule out the possibility of using EGFR inhibitors with
anti-tyrosine kinase activity to treat pediatric sarcoma. Despite the lack of
mutations in the EGFR kinase domain in a subset of patients with recurrent
malignant glioma, EGFR inhibitors were effective in some cases; PTEN loss
and increased signaling through the PI3K-Akt-mTOR pathway were
associated with such a response (Nadeem Abbas er a/, 2019). It has been
recognized that an EGFR mutation is tied to tyrosine kinase inhibitors’
reaction in cancer and this reaction is a crucial parameter for cancer patients
harboring EGFR mutations (Shi er al, 2018). Using immunohistochemistry,
high levels of EGFR in soft tissue undifferentiated round cell sarcomas during
infancy were detected, but not accompanied by EGFR amplification,
suggesting that protein expression may not be augmented by gene copy
number changes (Salgado eral, 2020).

5. Conclusion

A high level of EGFR overexpression in pediatric sarcoma is a significant
prognostic factor, independent of the histological grade and stage. The
current data concluded a highly frequent EGFR expression and significant
association with poor prognostic parameters in pediatric sarcoma. EGFR
inhibitors are potential therapeutic agents that can be developed and
directed at pediatric sarcomas displaying EGFR protein and gene expression.
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ABSTRACT

Hadith is a collection of texts containing sayings of the prophet Muhammad, which, along with accounts of his daily practice, constitute the second major source
of legislation for Muslims after the Holy Koran. The Hadith collection comprises thousands of text pieces transferred over the years by many narrators with
varying degrees of credibility. Hadith scholars are faced with the challenge of assessing the degree of a specific Hadith’s authenticity to classify the Hadith as
Sahih (fully authentic and accepted) or Daif (rejected). Automatic Hadith classification has been addressed in the literature; however, the results vary and are not
directly comparable, as no dataset has been made available for benchmarking. In addition, no previous work has utilised deep-learning (DL) approaches for
Hadith classification. This work contributes by 1) collecting and publicly releasing a benchmark Hadith dataset of almost 4,000 Hadith texts to facilitate future
research, 2) exploring DL model performance on binary Hadith classification tasks, and 3) benchmarking traditional machine learning against DL models. Our
best results were recorded with an ARBERT DL model that provided an accuracy score of 91.56%.
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1. Introduction

According to the United Nations Educational, Scientific and Cultural
Organisation UNESCO (2021), Arabic is the language of more than
400 million people around the world. Arabic can be divided into three
major classes: Classical Arabic (CA), Modern Standard Arabic, and
Dialectal Arabic (Habash, 2010). Hadith is one of the most well-
known CA texts. The literal meaning of the word Hadith in Arabic is
“anything spoken or told among people” (Al Ma’ni Online Dictionary,
2021). The Oxford Dictionary definition of Hadith is “a collection of
traditions containing sayings of the prophet Muhammad which, with
accounts of his daily practice, constitute the major source of guidance
for Muslims apart from the Koran”. Hadith science is a branch of the
Islamic sciences concerned with studying the sayings and actions of
the prophet Mohammad (Al Ma'ni Dictionary, 2021). It is crucial
since Hadith is the second primary source of legislation, namely a
constitution, after the Holy Koran for almost 1.6 billion Muslims
worldwide (Desilver and Masci, 2017). The Hadith corpus is vast and
has been recognised in the universal European Language Resources
Association catalogue (European Language Resources Association,
2021). Each Hadith consists of two main parts: a Matn, which is the
body text of the Hadith, and an Isnad, which is the chain of narrators
who have transmitted the referenced Hadith from the days of the
prophet until the day that the Hadith was documented in one of the
significant Hadith books (Duderrija, 2021). The most well-known
Hadith books are /mam Al Bukhari, Imam Muslim and lbn Majah.
During Hadith collection and before any Hadith is written in one of
the crucial Hadith books, Hadith collectors perform an extensive
verification process, checking the degree of Hadith authenticity to
avoid documenting any Hadith that is not genuine. Due to the
Hadith’s vital role as a leading source of legislation, the Hadith
collectors — /mam Al Bukhari, Imam Muslim and /bn Majah, among
others — take their responsibility for verifying Hadith authenticity
seriously. For instance, they check whether all the chains of narrators
of a particular Hadith are reliable, that is, they verify the absence of a
reason to doubt their credibility. They also identify any gap between
narrators, for example, if the lives of two consecutive narrators

overlap and whether they have met in their lifetime (Azmi er al,
2019). Based on its level of authenticity, the Hadith corpus can be
classified into three major categories: Sahih, which is fully verified to
be genuine; Hasan, which is highly likely to be genuine and usually
accepted by most scholars but does not qualify to be Sahih because
of a minor issue; and Daif, or weak Hadith. The latter category refers
to Hadith that does not have the qualifications of the Sahih or Hasan
Hadiths. Weak Hadith is not used as evidence since at least one of its
narrators has committed a transgression or been accused of lying or
another act that negatively affects the narrator’s credibility.

In this work, the focus is on the automatic classification of Hadith
based on its level of authenticity. Specifically, a deep-leaning (DL)
approach is employed to perform automatic classification to
determine whether a specific Hadith text is Sahih, namely genuine, or
Daif. To do this, a publicly available dataset of the Hadith corpus is
utilised. To the best of our knowledge, no previous work has focused
on the use of DL models for automatic detection and classification of
Hadith categories based on the Hadith’s level of authenticity. This
work also contributes to the literature by making the collected and
pre-processed dataset publicly available for further research. To the
best of our knowledge, there is no publicly available benchmark
Hadith dataset that has been prepared for this task.

The remainder of this paper is structured as follows. A review of
previous natural language processing (NLP) research that focuses on
Hadith science is provided in section 2. The subsequent section
outlines the dataset used in this work and the experimental setup.
This is followed by the methodology section, which describes our
methodology in detail, explains the experimental results, and
discusses error analysis. The final section summarises the main
findings and highlights potential directions for future research.

2. Related Work

Computational NLP research has approached Hadith science in
several ways, including automatic Hadith topic classification,
automatic Hadith question answering systems, and a graphing
narration tree designed to ascertain how the Hadith text spread (Azmi
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eral,2019). In this work, the investigation is focused on exploring the
use of a machine learning-based approach that utilises DL models to
classify a specific Hadith as Sahih or Daif automatically, a task
typically completed manually by Hadith scholars. To perform such
classifications, the Hadith scholars must study several circumstantial
factors, such as narrators’ biographies and their levels of reliability

and credibility.

Ghazizadeh eral. (2008) report theirwork on a dataset of 999 Hadiths
collected from three books: Sahih Al Bukhari, Jamiu Al-Termithi, and
Silsilat Al-Ahadith Al-Daeifah Wal Al-Mawdhuah. The authors
employed a fuzzy system that utilised a set of rules extracted from
their dataset. The system was implemented using expert system
software. Subsequently, the collected Hadith sample was inserted
into the database to be assessed utilising documentary information.
The best performance achieved by this system included an accuracy
rate of 94%. Similar work was conducted by Najeeb (2021); however,
the author did not provide the results.

Aldhaln er a/ (2012) used the decision tree (DT) algorithm C4.5 to
extract classification rules. This step was followed by applying Naive
Bayes (NB) with the goal of improving overall performance. The
authors reported that the best accuracy rate achieved by their system
was 97%, with a similar finding reported by Aldhaln er a/ (2012b).

Fadele er a/ (2021) proposed a taxonomy of four levels. Their
approachincluded a document classification phase that used features
extracted in the form of keywords to train the model. In addition, a
keyword list was created at each stage of hyperactive rectangle tree
formation. Thus, the keyword lists that correlated with the document
categories were combined and fed into the classifier for document
category prediction. Finally, a classification technique was applied to
each document to determine the authenticity of a specific Hadith.

Table 1 summarises previous studies that investigated various
methods of automatic Hadith authenticity ~detection. A
comprehensive review of Hadith-related NLP tasks is presented in
Azmi eral’s (2019) paper.

Table 1: Summary of previous Hadith classification studies

Paper Dataset Performance Approach
Gh“é%%egh) €0 | KAFI dataset | 94%accuracy Fuzzy system, extracted rules
Aldhaln erall Recall:97%,
(20122) 999 Hadiths | ciracy, 97% DT C4.5 for rule extraction and NB
Aldhaln ez al . Recall:97%,
(2012b) 999 Hadiths accuracy: 97% DT (45
Najeeb (2021) Not reported Not reported Association rule mining

False negative =

Najiyah ecal | Sample of 346 Expert system and DT algorithm

(2017) Hadiths False positive =
0.097%
T | [ emscary | o e T
A‘};’Sﬁg‘;"‘ c::;ﬁ';n 93.75% accuracy NB
F“?Ze(l)ezigﬂ . Not reported Not reported Taxonomy, keyword extraction, classifier

3. Experimental Framework

This section describes the experimental dataset, architecture and
parameters used in this study and reviews the parameter tuning
performed. Figure 1 shows our workflow pipeline and indicates the
significant data pre-processing steps and the DL algorithms

employed.

3.1. Data Collection:

This study utilised a publicly available Hadith dataset. It is worth
mentioning that the datasets used in previous work were not
available for result benchmarking. As such, random Hadith samples
were collected from Sahih Al Bukhariand Daif Ibn Majahto represent
our Sahih vs Daif binary classes.

7 PyArabic is a publicly available Python library explicitly designed for the Arabic language. Available at:
https://pypi.org/project/PyArabic/ and accessed on 20/10/2021

3.1.1. Example of Hadith Sahih

Hadathana alhumaydiu eabd allah bn alzubayr gal hadathana sufyan
gal hadathana yahyaa bn saeid al ansariu gal akhbarani muhamad
bn ‘iibrahim altaymiu anah samie ealgamar bn waqaas allaythia
yaqul samiet eunar bn alkhataab radaa allah eanh ealaa alminbar gal
samiet rasul allah salaa allah ealayh wasalam yaqul " iinama al aemal
bialniyaar waiinama likuli amri ma nawaa faman kanat hijratuh iilaa
dunya yusibuha aw 7ilaa amra at yankihuha fahijratuh lilaa ma hajar
iilayh”. (Source: Al Bukhari)

3.1.2. Example of Hadith Daif

Hadathana suid bin saeid hadathana aibn abi alrijal ean eabd
alrahman bin eamrw al'awzaei ean eabdat bin abi libabat ean eabd
allah bin eamriw bin aleas qal samiear rasul allah salaa allah ealayh
wasalam yaquli: "lam yazal amr bni Jisrayiyl muetadilaan hataa
nasha fihim aalmualadun abnaan sabaya aal'umam fagaluu bialraay
fadaluu wa adalwa'". (Source: 4760, Daif ibn Majh)
The dataset was split as follows: 70% training, 15% validation, and
15% test. Statistics that relate to the dataset collected are provided in
Table 2. As one of the contributions of this work, the dataset used in
this set of experiments, with the same training-validation-test
distribution, is being released to allow replication and benchmarking
of our results. The dataset distribution shows that Sahih Hadith
instances are the majority class and constitute almost 76% of the
dataset. This is common, as data are imbalanced or skewed towards
a majority class in many real-world applications (Avati er a/, 2018).
The preliminary experiments found no significant impact of class
imbalance on the overall performance. As such, no class balancing
mechanisms were employed during the experiments described in this
paper.

Table 2: Dataset description

Dataset No. of instances No. of Sahih instances No. of Daif instances Total
Training 2761 2100 661 5522
Validation 592 450 142 1184
Test 591 450 141 1182
Total 3944 3000 944

3.2. Data Pre-processing:

The obtained data were pre-processed using computationally
motivated steps designed to reduce the feature space:

(] Normalising exchangeable Arabic letters: Mapping letters with
various forms — Alef, Hamza and Yaa — to their representative
characters. The data was pre-processed using the AraBERT-base pre-
processor (Antoun er al, 2020).

®  Textsegmentation: This step was performed to separate tokens based
on spaces and punctuation marks. The dedicated tokenisers were
used for BERT-base, ARBERT and ARABER. For classical machine
learning (ML) models, the tokeniser provided by the PyArabic’
package was employed (Zerrouki, 2010).

®  Removing special characters and punctuation that separate Matn
from Isnad.

(] Text stemming: This is a further text pre-processing step that aims to
alleviate the high dimensionality of the text data by using reduced
forms of words such as stems. Previous work has shown the
importance of employing such a technique (Refaee, 2017). The
problem of high dimensionality becomes very pronounced when
dealing with a morphologically rich and highly derivative language
like Arabic. Refaee (2017) highlights the significance of this text pre-
processing step and argues that Arabic text classification tasks can be
problematic when the compressed forms of words are not used, as
trained models can be exposed to many previously unseen features
(words) that might actually be present in training and testing but in
different forms. This study employed the ARLSTem2? Arabic light
stemmer (Abainia and Rebbani, 2019).

The following step in our workflow pipeline involved extracting
numerical features from tokens using the term frequency-inverse
document frequency with n-grams from one to four (see Figure 1).
Each instance is represented as a 50,000-dimensional vector.

2 The implementation of the ARLSTem2 Arabic stemmer is available at:

https://www.nltk.org/_modules/nltk/stem/arlstem2.html
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Figure 1: Workflow pipeline
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3.3. ML Models:

This section describes the ML models used in this work. To the best of
our knowledge, no previous work has utilised DL models to perform
automatic classification of Hadith texts based on their degree of
authenticity, namely Sahih or Daif. As such, several state-of-the-art
Arabic DL models were employed, specifically, the AraBERT model
with a classification layer on top of it (Antoun eral, 2020). In addition,
and to have common ground with previous work that used traditional
ML models (see Section 2), several traditional models were used. It is
argued that having comparative results for traditional vs DL ML
models on a benchmark dataset is important in exploring potential
Hadith classification performance variation. The datasets used in
previous studies were not available for the purpose of conducting
comparative investigations; therefore, this paper presents a
comprehensive set of experiments that cover traditional vs DL
models and clarifies how different categories of ML models perform.

First, experiments were conducted with AraBERT, a common DL model
(Antoun er al, 2020). The model was fine-tuned using two stages. The
first stage included freezing the AraBERT model and training only the
classification layer using the following configuration settings: a
maximum sequence length of 128, a batch size of 32, 10 epochs, a
learning rate of 0.0001, and dropouts for the attention and feed forward
layers of 0.3. In the second stage, the best model was selected — based
on its F1 score on the validation set — from the previous stage, and
AraBERT was unfreezed using a learning rate of 0.00001. Following EI-
Alami er al. (2021), AraBERT as a pre-trained model was used and fine-
tuned for Arabic Hadith text classification. The text representation was
computed using the contextual pre-trained AraBERT to introduce
Arabic text into a fixed-length vector. This was accomplished by
connecting the AraBERT output to an additional layer involving the
Softmax classifier to predict the Hadith class. First, each text was
tokenised to N tokens, and an input representation was generated for
each token constructed by adding the vector embeddings
corresponding to the token, the segment, and the token position. Then,
the generated vectors were fed into the AraBERT model.

The second set of experiments were conducted using several
traditional ML models, specifically, LinearSVC with a Radial Basis
Function (RBF) kernel and a DT. This second set of experiments
sought to compare the results from DL models — used for the first
time in this work — with those from a few traditional ML models —
used in previous work but without data provided to enable
reproduction of results. Figure 2 shows the overall system
architecture of our Hadith classification approach.

Figure 2: The Arabic Hadith classification system architecture
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3.4. Evaluation Metrics:

The following evaluation measures were used to assess ML model
performance:

TP+TN
Accuracy = ——— (1)
TP+TN+FN+FP
F1— score =2 X Precilsilon XRecall (Z)
Precision+Recall

Recall = i

et TTPIFN
P . TP

recision = ————

TP + FP

True positive (TP) and true negative (TN) denote numbers of positive
and negative examples that are classified correctly, while false
negative (FN) and false positive (FP) represent the number of
misclassified positive and negative examples, respectively.

In classification problems, the overall performance is measured by
identifying the success rate, which is the proportion of correctly
classified instances divided by the entire set of instances. The results
are reported using two metrics: the macro-F-score and accuracy. The
F-score is defined as the harmonic average of precision and recall;
accuracy is one of the most widely reported metrics in the literature.

A simple problem formulation was used, treating Hadith
classification as a single-level or flat binary classification. Previous
studies wherein the major task was to determine whether a given
Hadith is genuine (i.e. Sahih) treated the Hadith classification
problem as a binary classification. Alternatively, the classification can
be performed as a two-level, multi-way classification. In the latter
method, the Hadith is first classified as genuine or not. Whenever a
Hadith is classified as genuine, its text is then classified based on its
degree of authenticity, such as Hasan. This work experimented with
the first setting, namely using binary classification, as it seems that the
major concern of Hadith scholars is to distinguish Sahih vs Daif. Since
Hadith is a major source of legislation for millions of Muslims
globally, the ability to distinguish Sahih Hadith vs Daif is a vital task
for Hadith scholars (Azmi er a/, 2019). As such, this work focuses on
the task of binary classification of Hadith into Sahih and Daif (Baru er
al, 2017).

4. Results

This section presents the results of the experimental investigations
conducted using our Hadith dataset. This work studied the binary
classification of Hadith text into Sahih vs Daif using DL models.
Various experiments were performed to investigate several DL
models. Table 3 presents the main findings of the first set of
experiments. The ARBERT model achieves the best performance, with
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91.56% accuracy and an F-score of 88.64%, using embeddings and
two encoder layers. Figure 2 shows the performance variation among
various DL models and different settings within the same model. To
the best of our knowledge, no previous work has utilised DL models
for Hadith classification; therefore, the current results are considered
a benchmark for future work, especially since our dataset is being
released as a part of this publication.

Most previous work has focused on using the entire Hadith, namely
Matn + Isnad (see Introduction). Therefore, the impact of isolating
Matn from Isnad on the overall performance of our top-performing
model was studied to determine whether Isnad has the positive
impact of being informative for the model.

Example of Hadith Sahih with Matn + Isnad

Hadathana alhumaydiu eabd allah bn alzubayr qal hadathana
sufyan gal hadathana yahyaa bn saeid alansariu gal akhbarani
muhamad bn ibrahim altaymiu anah samie ealgamar bn wagaas
allaythia yaqul samiet eumar bn alkhataab radaa allah eanh ealaa
alminbar gal samiet rasul allah salaa allah ealayh wasalam yaqul "
iinama al aemal bialniyaat waiinama likuli amri ma nawaa faman
kanar hijratuh ilaa dunya yusibuha aw Jilaa amra ar yankihuha
fahijratuh ilaa ma hajar iilayh " (Source: Al Bukhari)
Example of Hadith Sahih with Matn only
Yaqul " iinama al aemal bialniyaar wa iinama likuli amri ma nawaa
faman kanat hijratuh ilaa dunya yusibuha aw ’ilaa amraat
yankihuha fahijratuh filaa ma hajar lilayh " (Source: Al Bukhari)
The last row of Table 3 indicates a significant drop in performance as
a result of eliminating Isnad and experimenting with only Matn. This
finding is in line with the theories formulated by Hadith scholars that
highlight the vital role of Isnad in detecting Hadith authenticity (Azmi
er al, 2019). This suggests that better performance is expected if an
additional set of features that show whether a narrator has been
discredited by Hadith scholars can be linked and utilised.

Figure 3: Summary of the main experimental findings

models, as shown in Figure 3, which is probably due to the advances
that DL models, such as ARBERT, achieve by learning from a huge
number of word features. This is in line with recent findings that DL can
notably outperform traditional ML models on many NLP tasks, such as
sentiment analysis (Patwa er a/, 2020). Figure 4 shows the precision
and recall scores attained by all the models employed and reflects a
steady and gradual performance improvement achieved by the DL
models, with a slightly varying performance achieved by traditional ML
models, especially DT. Overall, DL models show a better tendency for
further improvements, for example, by utilising larger datasets or more
tuning of the models. Traditional ML models, on the other hand, seem
to artain a flat performance, which has been reported in previous text
classification tasks with the same traditional ML models (Patwa er al,
2020).

Figure 4: Comparative summary of DL and traditional ML model results
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Table 3: Results of binary Hadith classification using DL models
Trial No. Model FrozenTayers Dropout Performance
1 (Isnad +Matn) | AraBERTv2 None 03 ;%_Zoé]o/fﬁ
2(Isnad+Matn) | AraBERTVO2 | Embeddings +2 encoder layers 0.1 8;35312;{‘;‘:1?
3 (Isnad + Matn) AraBERTv02 None 01 88978()5;{:]A,AFC1C
5
4 (Isnad + Matn) ARBERT None 01 981};(.]34/00/\;;,
5 (Isnad + Matn) ARBERT Embeddings + 2 encoder layers 0.1 _91‘?52{’ ”'\:1('
6 (Isnad + Matn) ARBERT Embeddings + 4 encoder layers 0.1 _QB()BBSSAIQAF?
7 (Isnad + Matn) ARBERT Embeddings + 6 encoder layers 0.1 8895177(:{?@/1?
8 (Matn only) ARBERT Embeddings +2 encoder layers 0.1 76523230/‘;:12(
Table 4: Results of binary classification using traditional ML models
Data Traditional ML Model Performance
Isnad + Matn DT 873575610/§A)AF(1(
Isnad + Matn LinearSVC 9&?665950/‘;)A;1c
Isnad + Matn SVC with RBF kernel 87446??;/;)A;1c

In the last set of experiments, to place our findings in a meaningful
context alongside previous works, this work experimented with a
number of traditional ML algorithms, namely LinearSVC, a support
vector machine (SVM) with an RBF kernel function, and a DT. The
maximum depth for the DT was set to 20 to avoid overfitting. For the
LinearSVC and the SVM with an RBF kernel, the random seed was 42. A
simple majority baseline algorithm for majority class prediction was
used. The algorithm achieved an accuracy score of 76.14% and an F-
score of 43.23%. Table 4 shows that the best performance is achieved
by the LinearSVC, which achieves an accuracy score of 90.69% and an
F-score of 86.55%, as shown in Figures 2 and 3. It is interesting to note
that previous work has also reported that the SVC is among the best-
performing models on the same Hadith classification task (see Table 1).
Overall, DL models achieve better performance than traditional ML

Figure 5. Precision and recall of binary classification using DL and traditional ML models
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5. Conclusion and Future Work

This work explored the NLP task of classifying Hadith text as Sahih or
Daif based on its authenticity. A dataset of almost 4,000 Hadith
samples was collected and pre-processed. It was not possible to
obtain datasets from previous work on the same task; therefore, by
collecting Hadith samples, this work created a dartaset, which is
divided into training, validation and test data, that is available as a
testbed to facilitate research. Two different sets of experiments were
performed: DL models with various settings, and traditional ML
models to determine whether to they could compete with the DL
models. This work also experimented with two different dataset
settings: Isnad + Matn and Isnad only. The best performance was
achieved using a DL model (ARBERT) trained on the Isnad + Matn
dataset, which achieved an accuracy score of 91.56%.

Future research directions may include experimenting on an English
dataset of Hadith text. It would be interesting to determine whether
model performance can be improved further by experimenting with
English translations of Hadith text. Another direction may involve
expanding more features regarding Isnad. Specifically, it is expected
that better results can be achieved by using information — features —
available from Hadith science regarding the status of the narrator.
One of the reasons that Hadith can be treated as Daif is the presence
of a narrator who has been chastened as having a weak memory or
has been discredited. Such information can be utilised to provide
informative features that may help to improve the model’s ability to
distinguish Sahih from Daif. Another future direction may involve
expanding Hadith classification from binary to three-way
classification by including the third category of Hadith Hasan. It is
anticipated that the dataset collected and cleaned as a part of this
work will be helpful for future research by providing a testbed for
exploring further tools, methodologies, and approaches.
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This review aims to investigate the rheological properties of date juice,
pomegranate juice and their concentrates and to identify their flow behaviour.
There are many rheological properties that have been studied, including
viscosity, coefficient of flow behaviour index, type, and cohesion coefficient.
Knowing the rheological properties of date juice and pomegranate and their
concentrates is of paramount importance in various food processing
operations. The flow behaviour index, activation energy and cohesion
coefficient of date and pomegranate juices ranged between 0.605—0.988 and
0.776—1.45 })/mol, 1.9%104—3.3*104 and 32200—54430, 0.002—0.102 and
0.0013-0.075 Pa.sn, respectively. Both date juice and pomegranate juice with
their distinct concentrations, have a non-Newtonian, semi-plastic behaviour
that varies according to the type and variety of the fruit. There are several
models have been used to describe the flow behaviour of date and
pomegranate juices. The most important factors that affect the rheological
properties and flow behaviour of the date and pomegranate juices are the
temperature and the concentration of dissolved solids in the juice. Arrhenius
equation is used to express the effect of temperature on the rheological
properties of date and pomegranate juice and their various concentrates. Also,
the apparent viscosity increases with rising concentration of dissolved solids
and decreasing temperature.
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ABSTRACT

Valorisation of raw foods can substantially improve the resilience of the food chain, thereby mitigating the escalating food crisis. As date fruits contain most of
the essential ingredients, it could serve as an unprecedented source of functional food production. This study aimed at valorising the commercially less valued
date fruit, reziz, to prepare a carbonated drink. The collected reziz date fruit was subjected to date syrup (dibs) extraction using a specifically designed apparatus,
Dibsi 10101, at 4 different pressures, 1000, -1.4, -2.8 and -5.5 millibar (mbar). However, the dibs extracted at -5.5 mbar yielded better clear dibs and thus was
used in downstream production. Hulu-Mur (sweet and sour), a nutrient-rich flavouring agent derived from sorghum and Sudanese spices extract, was used as a
favour enhancer. To produce the carbonated drink "Abridate," a different proportion of Hulu-Mur extract (1:5 w/v) and carbon dioxide were blended and
subjected to a 10-point hedonic organoleptic evaluation. The results demonstrated that the superior Abridate was obtained by blending 6.89% of Hulu-Mur
flavour extract with 11.8 TSS dibs at 4-bar carbon dioxide pressure. Abridate was comparable to commercially available carbonated beverages and held a
substantial advantage over hazardous carbonated drinks due to its organic nature.
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1. Introduction

Date palm (Phoenix dactylifera L, family Arecaceae) is a
monocotyledon, dioecious, perennial woody fruit tree with a genome
size of ~650 Mbp (Al-Mssallem er al, 2013; Mathew er al, 2014). This
majestic and holistic plant also referred to as the “tree of life,” has the
oldest cultivation history, which can be traced up to 7000 BC (Ahmed
er al, 1995). Date palm is native to Arabian Peninsula, possibly
originated from Iraq and being cultivated in Mauritania, Pakistan, Iran
(Pintaud er al, 2011), sub-Saharan African countries, Australia, the
United States (California), Peru, and a few other warmer parts of the
world. With a total production of circa 8.5 million tons, the worldwide
area under date palm cultivation is 1.5 million hectares (ha) (FAOSTAT,
2020). Kingdom of Saudi Arabia (KSA) ranked fourth in date palm
production with 1.54 thousand tons of date fruit production from circa
152 thousand hectares of cultivated area (FAOSTAT, 2020). Worldwide
diversity of date palm comprises circa 300 varieties, which are grown in
Saudi Arabia (El-Habba and Al-Mulhim, 2013); nonetheless, only 50—
60 cultivars are consumed at commercial scale, while other cultivars
have very limited utilities with almost zero commercial values.

Date palm is strongly associated with the socio-economic values of the
people in the Arabian Peninsula and serves as a livelihood for the
natives, providing the raw material for housing, timber, handicrafts, and
shelter. In addition, it had been a source of wine production and
consumption among the Ancient Egyptians. Date palm tree starts
fruiting at circa 5 years with an average production of about 70—140
kg/tree/year and continues to produce for up to 60 years (Al-Alawi er
al, 2017). The five stages of pre-maturation, maturation, and ripening
of date are Hababauk, Kimri, Khalal, Rutab, and Tamer (Al-Mssallem er
al, 2013). Date palm fruits have highly nutritious ingredients and are
strongly fortified with carbohydrates (44-88%), lipids (1.5-4%), fat (0.2-
0.5%), protein (2-5%), moisture (11%), fibre (4-6%), nutrients including
calcium (55.60 mg/100g), magnesium (53.24 mg/100g), Iron (0.1-

0.5%), Potassium (440.18 mg/100g), sodium (10.05 mg/100g),
phosphorous (70.24 mg/100g), manganese (0.26 mg/100g), copper
(0.21 mg.100g), zinc (0.29 mg/100g), and vitamins including A (10-150
1U), B6 (10%), C (0.3-0.8%) and K (2.7 pg) (Booii etal, 1992; Al-Shahib
and Marshall, 2002; Habib er al, 2011; El-Sharnouby et a/, 2014; and
Assirey, 2015). Date palm fruits are berries containing a single seed and
usually vary in their physical, organoleptic and chemical characteristics
(Al-Qarawi eral, 2004).

Although a total of 1.4 million tons of date fruit are produced
worldwide, quite unfortunately, only 1.1 million tons are marketed and
circa 305 thousand tons of fruit get wasted. The major utilities of
marketed date fruits in KSA include direct consumption, paste
production, dibs, vinegar, feed and production of medical-grade alcohol
(Aleid er a/, 2015). However, a huge amount of date palm fruit gets
wasted in KSA, primarily because of poor taste, shape and hard texture
and such dates are referred to as second-grade dates. In fact, with an
average of 427 kg/capita amount of food wastage, KSA ranked top in
the world. Ironically, the country that is relying on the import of food (~
80-90%) has limited arable land and scarcity of water (Baig er a/, 2019).
Such aggravating issues demand a wise use of available food to meet
the sustainability of food production.

The surplus and less valued dates are excellent stuff for yielding refined
sugar, confectionery pastes, concentrated juice, fermented products
and most importantly, soft drinks (Samarawira, 1983). Soft drinks fall
among the most demanded globally, especially in teenagers; in
addition, the availability of soft drinks in various tastes and flavours has
tremendously increased their global consumption. The population of
KSA is about 34.2 million, and about 45% of them are in their youth
(General Authority for Statistics, Saudi Arabia
[https://www stats.gov.sa/en/43]). Furthermore, natives of the
Arabian peninsula have a strong religious and social affiliation towards
the date palm, so this scenario favours a great potential for marketing
date palm-based soft drinks. Reziz dates are highly enriched with
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carbohydrates and other nutrients; therefore, in KSA, these dates are
consumed to prepare dibs (date juice). Nonetheless, preparing dibs
from reziz dates is of less advantageous than making the soft drink, as
liquid sugar obtained from Reziz dates has more sucrose content, it
would, therefore, be ideal to substitute refined sugar in various food
combinations such as carbonated soft drinks, confectionery and sweets
(Mikki 1998). This will ultimately lead to value-addition and help in
meeting the increasing demands of soft drinks, contribute to food
sustainability, reduce the environmental hazards associated with
spoilage of dates and minimise the health hazards associated with the
soft drinks consumption.

Recently, innovative date by-products have been produced to
manufacture value-added items with higher nutritional content.
Production of high-quality natural sweeteners from date by-products
for sucrose replacement in food formulations was a prime goal.
Nonetheless, the production of an economical, nutritious, and
functional beverage (soft drink) was a prime target of the present study.
In 1991, the concept of functional food was coined by Japanese
researchers who deemed the relationship between nutrition, sensory
acceptance, fortification and physiological system variation and
obtained a legal status from Food for Specified Health Use (FOSHU)
(Burdock et al, 2006).

The present study aimed at valorising the less commercial value date,
reziz, to produce a soft drink. To meet the objectives of this
investigation, a modified and efficient method of dibs production was
opted to yield good quality and clear dibs from reziz dates and mixed
with Sudanese local flavouring agents (Hulu-Mur) to prepare a
carbonated drink, referred to as Abridate. Abri is a Sudanese drink that
is consumed widely especially during the holy month of Ramadan
(Dirar, 1993) and has three different types, white Abri, colored Abri and
Hulu-Mur. Hulu-Mur is prepared in flakes from fermented sorghum,
spices, and herbs such as lesser galangal (Alpinia officinarum),
cardamom, cinnamon, coriander, ginger, mugwort (Artemisia), date
paste and tamarind.

2. Materials and Methods

2.1. Materials:

2.1.1. Sample Collection

During 2017, fully ripened reziz dates, at the tamr stage, were collected
from the local market of Al Ahsa, KSA. After washing, the collected date
fruits were air-dried at room temperature, packed into plastic containers
and stored at 4°C until used in dibs production. All the work was carried
out in the fermentation technology lab, Central laboratories, college of
Agricultural and Food Sciences, King Faisal University, KSA.

2.1.2. Commercial Reziz Dibs

To compare extracted reziz dibs, commercial-scale reziz fruit dibs was
purchased from Golden Dibs Factory, KSA. The compared parameters
include total soluble solids (TSS), pH, colour, minerals, clearness and
recovery of soluble solids (RSS).

2.1.3. Preparation of Hulu-Mur and its Proximate Analysis

In the present study, 10 grams (g) of Hulu-Mur flakes were soaked for 6
hours in 50ml of water at room temperature, then the extract filtered
through filter paper, Wattman No. 1, then stored in a clean air tight glass
container in the refrigerator at 40C until use.

Proximate analysis of Hulu-Mur was performed using Kjeldhal’s
method to assess the total proteins (Kirk, 1950) using KjelFlex K-360
(Switzerland). Moisture estimation was performed in the moisture
analyser (HG63 halogen, Mettler Toledo, Switzerland). Ash and oil
contents (percentages) were determined according to AOAC (2005).
The Nutrients in Hulu-Mur flavour were quantified by an atomic

absorption spectrophotometer (AA-7000 Shimadzu, Kyoto, Japan) after
following the procedure (Meligy, 2018).

2.1.4. Reziz Date Syrups (Dibs) Production

To extract the reziz dibs, collected reziz dates with stones (ca 1 kg) were
washed with distilled water, air-dried and then the clean dates were

socked in four-litres of water at 75°C for 30 minutes. Soaked dates were
then transferred to the Dibsi 10101 and blended for 20 minutes at 1000
rpm. The Dibsi 10101 is a specially designed machine to yield the
maximum amount of clear dibs with less fibre and polymer contents
(M. Yousif unpublished data). The resultant raw date syrup was then
vacuum extracted at four different pressure (1000, -1.4, -2.8 and -5.5
mbar) followed by an array of four filtrations using different filter sizes
(1,0.25,0.112 and 0.011mm) to yield the clear dibs. The finally yielded
reziz dibs were mixed with water in a 1:4 ratio to yield the required brix.
This Dibsi 10101 based method offers wonderful utilities over its
competitor techniques to avoid date crushing using a pitched blade. So,
the resultant dibs were very clear and contained fewer date fibre and
stone endocarp layers.

2.1.5. Carbon Dioxide (CO,)

The CO, used in the study was of food-grade quality and was obtained
from the Second Industrial City of Dammam, KSA.

2.2. Soft Drink Formulation:

The extracted reziz dibs were diluted to 11.8 Brix using an abbe
refractometer (Milton Roy, USA), followed by pasteurisation at 850C
for 30 minutes (Triowin, PT-20P, China). The pasteurised dibs were
then flavoured with the Hulu-Mur (Hulu-Mur flavour extracted out 10g
Abri flakes/50 ml water). Finally, the dibs were carbonated (Triowin,
TW-FC 01, China) at three different pressures (3, 4 and 5 bar) to yield
the carbonated drink, Abridate.

2.3. Physiochemical Analysis of the Hulu-Mur Flakes, Hulu-
mur Extract and Reziz Dibs:

Hulu-Mur flakes were subjected to physicochemical analysis to assess
moisture contents, oil, ash, protein contents and minerals (AOAC,
2005). In addition, Hulu-Mur extract was tested for pH, colour, TSS,
acidity, total sugars, phenolic content, and minerals. The Reziz dibs
were also tested for TSS, pH, total sugars and minerals. Furthermore,
TSS (Brix) (RFM-960, Bellingham Stanley UK), reducing sugar
(Blakeney and Mutton, 1980), total phenolic contents (Biglari er a,
2008), and the colour through a Chroma meter (Konica Minolta-CR-
410-Japan) was also assessed.

2.4. Organoleptic Evaluation:

Abridate, the reziz dibs based soft drink, was carbonated under three
different carbon dioxide pressures (3, 4 and 5 bar) (Figure 1), and then
subjected to organoleptic (sensory) evaluation using a standard 10
points hedonic scale (Table 1) after paired comparison evaluation
(Ramadan, 1995). In the organoleptic evaluations, 15 staff members of
the College of Agricultural & Food Sciences, King Faisal University,
Saudi Arabia, were included to evaluate aroma, taste, odour, and colour
(Figure 1; Table 1). The obtained scoring data were statistically analysed
using analysis of variance (ANOVA) and the least significant difference
(LSD) at 0.5% probability according (Lawless and Heymann, 2010).

Table 1: Organoleptic (sensory) evaluation and panelist evaluation layout
Treatment Code:
Sample Code:
Panelist name:
9= Like extremely: Desirable:
1= Dislike extremely: Undesirable

Evaluation degree 1T[2[3[4[5[]6[7[8]9
Taste
Odour
Colour
After taste

Overall acceptance
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Figure 1: Graphical representation of organoleptic evaluation based on hedonic 10-point scale
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2.5. Microbiological Analysis of Abridate:

To assess the presence of viable microbial count, the standard plate
count method was opted and a serial dilution of Abridate was used.
Coliforms were determined on violet red bile agar plates (VRBA,
CM107, Oxoid) after incubation at 370C/24 hours. While yeast and
mould were counted on potato dextrose agar plates, the plates were
incubated at 300C for 3 days spread on to count agar (CM0325,
Oxoid) and then at 370C/16 hours (Tournas et a/, 2001).

3. Results

3.1. Physiochemical Analysis:
3.1.1. Reziz Dibs

The extracted reziz dibs (using Dibsi 10101) were analysed and the
results revealed that all the tested parameters (pH, colour, clearness
and TSS) differ significantly (p > 0.05) except TSS, which were
comparable in both dibs (Table 2).

Table 2: Analysis of Reziz syrup extracted under different pressures.

Pressure (mbar) TSS (Brix) pH Sugar (%) AE
1000 14937 5.41° 48.807 42.807
-1.4 14637 5.38° 47237 43.25°
-2.8 14.707 5.39° 48.857 46.387
-55 14877 6.037 48.14% 47.54%

The letters mentioned in the superscript are statistically significantly
different (p < 0.05) if have different letters and vice versa (Fisher's
least significant difference test). The higher the color measurement,
the highest the fruits clear.

In addition, the comparative minerals analysis pinpointed that the
level of K, Na, Zn, Fe, Cu, Ca, and Cr was higher (p < 0.05) in all
extracted reziz dibs than the commercial dibs (Table 3). While the
levels of Mn and Mg were comparable in both types of dibs.
Nonetheless, a significantly higher amount of all the minerals was
achieved at-0.014 and -0.028 mbar pressure (Table 3).

Table 3: Micro/macronutrients in the Reziz dibs extracted at different pressures in comparison to
commercial dibs

Tested dibs at different cr Fe Cu Zn Mg Ca Na K Mn
pressure (mbar)

Commercial dibs 26.657|32.55°| 15.79" | 6.44° | 268.33" [ 159.447(45.47° | 1045.96| 17.537
Extracted dibs at TO00  [32.96%[32.55°( 20.92" [19.78°[266.96™ | 197.27°[56.067| T169.55[17.77*
Extracted dibs at-1.4 30.367[45.577[17.57°°|19.84°| 271.87% [ 261.567|55.47° | 1168.67°[17.187
Extracted dibs at-2.8 31.02%[46.157[19.13™| 15.29°( 265.59"°( 236.337[58.337| 1151.74°[17.347
Extracted dibs at-5.5 282174254 19.23™|2458%| 261.64° [212.737|47.03°|1108.74"[16.9T~

Values having different letters (mentioned in superscript) are
statistically significantly differentat p <0.05 (Fisher’s least significant
difference test).

3.1.2. Analysis of Hulu-Mur and its Extracted Flavour

The proximate analysis of Hulu-Mur flakes revealed 8.3% moisture
content, 1.07% fats content, 2.16% ash, and 13.87% of total protein
(Table 4).

In the minerals analysis, the most abundant minerals were Mg with
ca 575 ppm concentration, followed by Ca (ca 495 ppm), K (ca 491
ppm), Fe (ca 190 ppm), Cr (ca 57 ppm), Na (ca 30 ppm), Mn (ca 27

ppm), and Cu (ca 5.1 ppm) on dry matter basis (Figure 2).

Table 4: Pr analysis of Hulu-Mur Flakes
Proximate analysis Meanzstd
Moisture 8.30+0.01
Oil% 1.07+0.04
Ash 2.16x0.01
Protein 13.87+0.27

Figure 2: Estimation of micro- and macronutrients in Hulu-Mur flakes
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Sugar content measured in Hulu-Mur flavour, after following
Blakeley and Mutton (1980), was 211.1 g/kg sugar content (Table 5).
The phenolic content as Gallic acid (as GAE) obtained was 519.17 per
100g after following the Folin-Ciocalteau essay. In the chemical
analysis of Hulu-Mur flavour, pH was found to be acidic 3.73 with an
acidity percentage of 0.21, whereas moisture level was quite high
(above 92%). The colour and TSS values were found to be 75.61%
and 7.43%, respectively (Table 5).

Table 5: Chemical and physical analysis of Hulu-Mur extract

Parameters Value

pH 3.7310.06

AE 7561213

Moisture (%) 92.57+0.08

TS5 (%) 7432008

Acidity (%) 0.2720.003
Sugar (g/kg) 211.07:0.03
Phenolic (conc. GAE/T00g) 519.17+0.07

3.2. Organoleptic Evaluation of Abridate:

The preliminary sensory evaluation based on hedonic criterion
revealed that Abridate obtained at carbonation under 4 bar and the
addition of the 6.98% Hulu-Mur extract earned significantly (p<0.05)
high desirability with a cumulative acceptance score of 25.4 out of 40
points (Figure 1). All other combinations got less desirability scores in
the order: 5 bar (score 22.47) > 3 bar (19.87), respectively (Figure 1).
The chemical analysis of Abridate showed no significant differences
(p < 0.05) in Abridate produced at three different carbocation
pressures (Table 6). Almost all the tested parameters (including pH,
colour, moisture, TSS and acidity) were comparable to each other
except for minor changes that were statistically insignificant. The pH
of all Abridates was mildly acidic with a range of 4.36-t0-4.43, while
the titratable acidity values were ca 0.19%, and no significant
difference in the colours of the Abridates were observed (Table 6).

3.3. Microbiological Analysis:

The total viable microbial counts (yeast and mould, total count and
faecal coliform) of all the formulated Abridates were performed prior
to organoleptic evaluations (Table €). The results demonstrated that
the highest number of yeast and mould was (44 cfu/ml) in 3 bar
carbonated Abridate followed by 5 bar (24 cfu/ml) and 4 bar (17
cfu/ml). However, the highest total count was (26 cfu/ml) at 5 bar
and the least (13 cfu/ml) was 4 bar pressure (Table 6). Interestingly,
no viable coliform could be detected in the carbonated Abridates.

Table 6: Chemical, physical and microbial analysis of Abridate

Pressure R . P Coliform [Total counts|

b AE  |Acidity% | TSS% |Moisture% | pH | AE Molds

ar it cfu/ml cfu/ml

3 73.66% | 0.19* | 13.59*| 86.41* |4.36*(72.91% 44 Not 23
Detected

4 7093°| 018 |1326°| 86.65* |4.36%(72.38° 17 Not 13
Detected

5 7122 019 [13.56%| 86.44° |4.43%(72.22° 24 Not 26
Detected
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4. Discussion

The use of date syrup (dibs) or date powder as a sugar substituent in
the preparation of different kinds of food had been an old practice
and has been exploited in yogurt preparation (Hariri er a/, 2018 and
Amerinasab er al/, 2015), soft drink (Hariri era/, 2017), fibre (Hashim
eral, 2009), dairy cream (Ahmed eral, 2016), milk (Ardali ezal, 2014
and Kazemalilou and Alizadeh, 2017), tomato ketchup (Mikki er a/,
1987) and powder. Although high sugar contents in date fruit are an
excellent source, nonetheless, the major faced challenges in
obtaining high-quality dibs are taste, texture, phenolics, flavonoids
and polymers that can affect the reformulated products. To deal with
such problems, a new modified machine, the Dibsi 10101, was used
to extract reziz dibs under vacuum conditions. The obtained reziz dibs
was of high quality with higher sugar content, good texture, low
phenolics, and low polymers. Importantly, this method was devoid of
heating or enzymes usage which ultimately led to cost-effectiveness.
After achieving dibs through an array of filters, clear dibs were
achieved which showed that clarification steps removed all
unwanted substances except the sugars. The pH of the dibs was in a
range of 5.38-t0-6.03, that was slightly higher to 4.24 (Farahnaky er
al, 2016), 5.26 (Hariri er a/, 2019), and 4.91 (El-Sharnouby er a/,
2014) than earlier extracted dibs and concur with Abekhti era/, 2013.
This increase in pH demonstrated that extracted dibs might contain a
higher percentage of sucrose as the pH of sucrose solutions are
usually in the range of 7.3-7.9 or this may be attributed to the
reduction in organic acids which usually are present in date fruit or
produced during processing. While the pH of Abridate was reduced
to ca 4.36, which was obviously due to the presence of carbonic acid.
The reduction in pH corroborated by researchers, who reported that
pH in all sorts of soft drinks is in the acidic range (Lin er a/, 2003;
Hariri eral, 2017).

The moisture content decides the shelf-life of the materials. As a rule
of thumb, the lower the moisture level, the longer the shelf-life, so
moisture content is a significant quality indicator. Abridate moisture
content was slightly lower (circa 87%), owing to less chances of
microbial growth. The low moisture content accompanied with the
high soluble solid contents of Abridate explained its longer shelf life
without spoilage (Mintah er a/, 2011). The microbial count revealed
that the best Abridate, achieved at 4 bar pressure, contained small
amounts of microbes. The total yeast and moulds count was 17
cfu/ml and the total coliform count was 13 cfu/ml, while faecal
coliform could not be detected. Our data deciphered that the total
viable microbial count was significantly lower than the earlier report
by Hariri and his colleagues, who reported that the average total
viable count in the produced soft drink was in the range of 8.8x104
for control to 12x104cfu/ ml (Hariri er al, 2017). In organoleptic
evaluation, Abridate carbonated at 4 bar pressure got the highest
desirability, the fewer microbial counts could also be the reason. The
significant reduction of the microbial count in Abridate may likely be
due to the presence of phenolics or tannins. Phenolic compounds are
plant secondary oxidation products and possess antioxidant activity
that not only inhibits microbial growth but also plays a pivotal role in
delaying chronic diseases such as cardiovascular diseases, cancer,
bowel syndrome and Alzheimer's (Chun eral, 2005). The presence of
a higher amount of phenolics linked to the reduction of microbial
activity has been reported in yoghurt (Sengiil er a/, 2012) and date
fruit (Chaira eral, 2009). Although, the presence of phenolics is good,
up to a certain threshold limit and beyond that limit, these
compounds trigger taste and colour to rot. Our phenolics
concentration (519.17 as GAE/100g; Table 6) was comparable to
previously reported levels of phenolics of 453.04 (as GAE/100g
sample) (Farahnaky er al, 2016) and 368.35—529.29 (as GAE/100g)
(Abbes er al, 2013). The small discrepancy between studies is most

likely due to differences in the date varieties used or the method of
extraction. These results indicated that the extraction method could
either reduce or eliminate the natural functional compounds present

in the dibs.

The minerals contents in reziz dibs and Hulu-Mur was assessed and
presented (Table 3 and 4), respectively. In reziz dibs, a comparative
analysis was also made with the commercially available reziz dibs,
which deciphered that almost all the tested minerals had more in
reziz dibs. It could be attributed to the Dibsi 10101 machine, which
thoroughly chopped all the date fruits and released the maximum
amount of minerals, or we can speculate that our opted method is
devoid of heating steps and heating could degrade the minerals. In
reziz dibs, the highest amount of potassium was found, followed by
magnesium, calcium, sodium, and iron. Similar findings had
previously been discovered by (Farahnaky er a/, 2016) and (El-
Sharnouby er a/, 2014) with the highest potassium level followed by
magnesium, sodium, calcium and iron. Nonetheless, another study
recorded the maximum concentration of sodium accompanied by
potassium, calcium and magnesium (Al-Hooti er a/, 2002). Reziz dibs
contained a relatively small amount of sodium, hence taking into
consideration the additional regular consumption of sodium for
diabetic and hypertension users, lower sodium concentrations of the
date concentrate and in particular, the liquid sugar may be beneficial
for the formulation of Abridate. In Hulu-Mur, the highest amount of
magnesium (576 ppm), followed by calcium (495) and potassium
(491ppm), was detected. Despite the exception of magnesium, the
Hulu-Mur equivalent produces a slightly higher mineral content (p <
0.05) (Na, K, Ca, and Fe) than commercial non-alcoholic carbonated
beverages (Baidab er a/, 2016). Among the analysed minerals,
Abridate contained a higher amount of almost all the essential
minerals than standard non-alcoholic beverages. Therefore, the
established carbonated drink, Abridate, will provide children with
some important minerals for proper growth and healthy life.

Analysis for Hulu-Mur in this study revealed that there are a high
protein and ash content as compared to previous findings (Baidab er
al, 2016). In addition, Hulu Mur flakes contained high phenolic
content and mineral contents than the findings of Mahgoub er a/,
(1999) in the fermented Hulu-Mur, which may be due to surface soil
contamination or the effect to the stone milling machine (Mahgoub
eral,1999).

The tested shelf life of Abridate was found to be not much longer.
After just one-week of storage, the taste of the Abridate changed
slightly, so here we assume that the main causative agent would be
some impurities such as pectins or tannins in dibs. Such impurities
were observed in Abridate when stored in the refrigerator for more
than a week. The other possible reasons for bitter taste could be some
microbial growth or reactions that took place between Hulu-Mur
flavour, reziz dibs and carbon dioxide.

5. Conclusions

Dibsi 10101 yielded clear reziz dibs with higher TSS and minerals,
indicating that it can be used to extract dibs on a pilot or industrial
scale and the extracted dibs can be used to substantially substitute
sugar in various kinds of functional foods, including soft drinks. The
produced Abridate was comparable to commercially available soft
drinks, however, its organic nature makes it superior over synthetic
and hazardous soft drinks. In addition, it contained reducing sugar
(Glucose and Fructose) and valuable supplements; thereby, if
commercialised properly with improved shelf-life, it holds a
tremendous potential to substitute soft drinks.
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ABSTRACT

Breast cancer is a type of cancer that develops in the breast tissues. When some breast cells begin to grow abnormally, breast cancer develops. These cells grow
and divide ar a faster rate than healthy cells and continue to grow, generating a lump or mass. Cancer cells in the breast may spread to lymph nodes or other
places of the body. The hormone estrogen encourages cancer growth when it binds to the receptor of the targeted protein. The purpose of this study is the
rational screening of a 15,000 phytochemicals library against the estrogen receptor alpha protein. The library was employed for molecular docking to find the
binding affinities and simulation analysis of the top-selected compounds. The top four compounds, Mangostenone E, Exiguaflavanone M, Sanggenon A, and
Flaccidine were identified as direct inhibitors of estrogen receptors as evident from their high binding affinity and occupancy of specific binding sites.
Mangostenone E was the leading phytochemical that showed a high docking score—15.97 (kcal/mol)—and bonding interaction at the active site of
Mangostenone E. Leading phytochemicals were subjected to analysis for drug-like properties that further reinforced their validation. Potential molecules
identified in this study can be considered lead drugs for the treatment of breast cancer.
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1. Introduction

Breast cancer is the most frequent type of cancer in women (Parkin,
2001), and early identification is a critical component of cancer
treatment effectiveness (Michaelson er a/, 2022). Cancer is one of
the most common causes of death in the modern world, accounting
for around one-third of all deaths. The condition is extremely
complicated, multifaceted, and linked to oxidative stress, as is the
case with most human diseases (Tiwari, 2004).

The most prevalent type of cancer in women is mammary gland
cancer, which originates in the gland itself. In developed countries, a
woman's lifetime chance of developing breast cancer is estimated to
be between 1in 7 and 1in 10. In Catalonia (Spain), the most recent
estimates indicate that the cumulative lifetime risk of acquiring
breast cancer is 1 in 11, with a 1 in 33 chance of dying from the
disease (Gonzalez eral, 2005).

Breast cancer affects roughly 10% of females at some point in their
lives (Feuer er al, 1993). Around 30—40% of these people will die
from this disease, mostly due to metastases, an irreversible
condition in most cancers (Kleeff er a/, 2016). Breast cancer is one
of the most significant health issues in our society because of its
high incidence, complexity, and the financial implications of
treatment. Over the previous two decades, there has been a
noticeable decrease in the rate of breast cancer-specific death
(Cleries eral, 2006).

Patients’ survival rates have been increasing in recent years, which
might be due to both earlier diagnosis and increased treatment
efficacy. Western countries have introduced widespread population-
based screening programs during the last thirty years. As a result, the
disease is being diagnosed at an earlier stage, with higher rates of
curability (Brocklehurst er al, 2013). Breast cancer treatment has
improved due to better staging procedures, as well as developments
in surgery and radiotherapy, which has resulted in higher local
control rates while decreasing mutilation and the number of side

effects associated with the disease. Improved systemic treatments
have resulted in a significant breakthrough in patient outcomes,
even when the disease is recognized as a systemic disease in its early
stages (McDonald er al, 2016). Chemotherapy and targeted
techniques involving hormonal manipulations and anti-Her-2/neu
medications are mainly used as systemic therapies in curative
settings. Hormone therapy has the best-documented role in
adjuvant settings for most patients, as well as the best
toxicity/efficacy profile (Urruticoechea, 2008).

The number of molecular factors that are employed recently in
diagnosis and treatment against breast cancer. Estrogen receptor
alpha (ER-@t) is the most used molecular marker for breast cancer.
ER-Q is a member of the nuclear receptor family that controls
several physiological processes. Estrogen is the ligand of ER which
activates the estrogen receptor. Overexpression of ER-O is seen in
breast cancer (Joy eral, 2001).

Computer-aided drug discovery is one of the most important
methods for determining a drug's actions using computational
structure-based drug discovery, and it is gaining popularity. Physics-
based equations in various software programs were used to study
how various chemicals interacted with their respective binding sites
(Podlogar er al, 2001). In several docking studies, breast cancer
proteins, particularly ER-Q, have been targeted in the hope of
identifying the amino acids that are critical for the interactions in the
active site in breast cancer. However, this has been unsuccessful.
The use of medicinal plants and their extracts as a source of
medication is widespread. Plants are used to make 25 percent of all
medications in affluent countries, whereas the percentage in
underdeveloped countries is substantially greater (Joy er a/, 2001).
Phytochemicals are substances found in plants that control the
disease. This study aimed to find effective bioactive chemicals that
could be future ER-OU inhibitors and potentially prevent breast
cancer.
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2. Materials and Methods

Figure 1: Flowchart of the methodology

Methodology
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2.1. Preparation of Protein:

From the Protein Data Bank, (RCSB PDB, http://www.rcsb.org) we
obtained the crystal structure of breast cancer with the PDB ID: 1a52
(Berman er al, 2000). After that, Discovery Studio 2019 was used to
remove water molecules and heteroatoms and add polar hydrogens
to the ER-U crystal structure in preparation for docking simulations.

2.2. Preparation of Compound Bank:

A library of 15,000 drug-like molecules was collected from ZINC
PubChem, Mdpi, and PubChem databases, and their structures were
downloaded. Before docking, these structures were optimized using
the Gaussian 09 software using the B3LYP/6-31g basis set, which
was then used to dock them (Frisch er a/, 2016). The Molecular
Operating Environment (MOE) performed all computational
operations, including ligand and protein synthesis and molecular
docking (Vilar eral, 2008).

2.3. Molecular Docking Studies:

The docking procedure was confirmed by redocking co-crystallized
ligands into the protein structure using the MOE. Molecular docking
studies are useful in determining the conformations and interactions
that a ligand can have with a protein of interest (Venkatesan er al,
2010 and Alamri et af, 2021). The MOE found the active pocket on
the receptor protein molecule. The MOE software was used to
screen a library of 15,000 phytochemicals against the ER-QL protein
interaction residues. The MOE software used the “Triangular
Matcher” technique to verify correct ligand confirmation before
using it as the default ligand insertion approach (Vilar er a/, 2008).
The London dG scoring algorithm in MOE was utilized to rescore
simulated poses. The phytochemicals with the top and best
conformations were identified once docking was completed based
on their root mean square deviation (RMSD) values and S-score
binding affinity. The MOE LigX tool was used to analyze and
interpret two-dimensional plots of ligand-receptor interactions. The
MOE was also used to make 3-D images of protein-inhibitor
complexes.

2.4. Drug Toxicity Prediction:

The absence of toxicity of the chosen compound is regarded as a
significant element in the selection of a component as a potential
therapeutic (Segall and Barber, 2004). The current study examined
the screened compounds’ toxicity, including carcinogenicity,
cytotoxicity, and mutagenicity. The Protox tool was used to assess
the compounds' toxicity (Kumar er a/, 2018 and Sadeghi er al,
2020).

2.5. Pharmacological Evaluation of the Chosen Compounds:

The evaluation of the pharmacological properties of the finalized
compounds is the most critical and significant step in the in silico
study process. The Lipinski parameter was used to investigate the
compounds. The selected components met the Lipinski parameter's
requirements and were tested for adsorption. The Lipinski
characteristics of the selected components were assessed using the
SwissADME  database  at http://www.swissadme.ch/index.php)
(Yalcin, 2020).

2.6. Molecular Dynamics Simulation:

Moleculary dynamics (MD) simulation is a successful in
silico method for studying the dynamic behavior and stability of
protein-ligand complexes under various conditions (Komanduri et
al, 2000). Molecular dynamics simulation of the best ligand poses
was performed using the Desmond v3.6 program to verify the
docking performance, as mentioned earlier (Srivastava er a/, 2021).
The TIP3P solvent model was used in conjunction with an
orthorhombic designed boundary box. By introducing Na + salt, the
OPLS-2005 forcefield was used to counter the process. A hybrid
algorithm of gradient descent and LBFGS algorithms was used to
decrease the protein-ligand system (Blessy and Sharmile, 2015 and
Sweke er al, 2020). After docking, the MD simulation was run at
100 ns on Desmond for early confirmation of the protein-ligand
complexes.

3. Results

3.1. Structural Retrieval:

The three-dimensional structure of estrogen receptor alpha was
retrieved from the PDB database having PDB IDs: 1a52 as shown in
Figure 2. The structure was chosen as a target because it has a higher
resolution than other PDB structures. The resolution of 1a52 was
2.8 A. The structure was optimized and then used as a receptor.

Figure 2: 3D visualization of the Estrogen Receptor Alpha

3.2. Molecular Docking:

This section involves the results obtained through docking the
receptor protein structures with the phytochemicals library using
MOE software. Ten different conformations were obtained for each
compound. All these compounds’ conformations were sorted based
on binding affinity (S score), RMD values, and bonding interaction
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with the active sites of the protein. The top four compounds
Mangostenone E, Exiguaflavanone M, Sanggenon A, and Flaccidine
were selected from each receptor protein for further analysis based
on the lowest S value. These selected compounds have shown
strong interactions with the binding pockets of the proteins and
have minimum binding energies with the scoring function of each
docked ligand as shown in Table 1.

Table 1: Detailed interactions and docking scores of the top four bioactive phytochemicals against
Estrogen Receptor Alpha along with the reference drug

PubChem Compound Docking | RMSD | Interacting
1D Name G e Score Value | Residues
Arg A394
11495983 | Mangostenone E -15.97 141 ICA386
Exiguaflavanone Lys A449
42607846 M -14.66 1.33 ProA324
LeuA327
156707 Sanggenon A -14.02 1.31 Arg A394
TrpA393
o Arg A394
44260021 Flaccidine -11.84 247 LysA 449

3.3. Receptor-Ligand Interaction:

The ligand interactions of these top four compounds were checked
with the receptor protein. The LigX tool was used to analyze the 2D
plots of receptor-ligand interactions with the highest docked
complexes to check their interactions.

When the integral-alpha-6 protein was docked with the ready-to-
dock library of 15,000 phytochemicals, the Mangostenone E docked
complex showed good interaction. It was ranked at the top due to its
lowest docking score of -15.97 kcal mol™and has shown potential
interactions with Arg A394 and lle A386. Exiguaflavanone M, which
was ranked next to the Mangostenone E, and showed interactions
with Lys A449 and Pro A324 with a binding score of -14.66 kcal mol
" as shown in Figure 3.

Figure 3: Docked Mang; E and Exiguafl M with Estrogen Receptor Alpha side chains
atoms of Arg A394, lle A386, Lys A449, and Pro A324 making hydrogen bonds. Docked poses of
compound highlighting the most active residues of a protein’s binding pocket

4t

Exiguaflavanone M

Mangostenone E

Moreover, Sanggenon A demonstrated the binding affinity of -14.02
kcal mol™” and interaction with the sites Leu A327, Arg A394, and
TrpA393. Flaccidine showed strong binding with Arg A394 and Lys
A449 via hydrogen bonds, having a docking score of -11.84 kcal
mol™as shown in Figure 4. All top four compounds showed great
potential with the active site of the receptor protein.

Figure 4: Docked Sanggenon A & Flaccidine with Estrogen Receptor Alpha side chains atoms of Leu
A327, Arg A394, Trp A393 Arg A394, and Lys A 449 making hydrogen bonds.

Sanggenon A Flaccidine

3.4. Drug-Likeness:

A drug scanningwas performed via the Molinspration server to
evaluate the drug-likeness properties of the top compounds.
Lipinski's Rule of Five was used as a standard. This rule illustrates
the significant properties of the drugs like pharmacokinetics
properties, interactions with metabolism in the human body, and
excretion. Selected compounds displayed zero-violations according
to Lipinski’s five rules and exhibited considerable drug-like
properties, i.e., molecular weight (Table 2).

Table 2: Interacting compounds examined for the Lipinski rule of five by molinspiration

Compound Molecular Weight | Number of Hydrogen Bond Number of Hydrogen miLogP
I'D (g/mol) Acceptor Bond Donor s
11495983 444.48 8 5 4.18
42607846 44251 7 5 5.55
156707 436.46 7 3 4.60
44260027 442.47 9 2 3.32

3.5. Pharmacological Evaluation/Drug Toxicity:

The Swiss ADME and ADMETsar tools were utilized to forecast
different types of pharmacokinetic features. The ADME and toxicity
of the top therapeutic candidate molecules can be predicted using
pharmacokinetic variables as shown in Table 3. The ADMET
properties of derived phytochemicals are important for both targets.
Because of poor pharmacokinetic qualities and toxicity, many
medications do not involve this mechanism in their development.
Early drug discovery relies on high-performance and quick ADMET
profiling tests to identify active lead compounds. The ADMET
profiling revealed that none of the candidate compounds had any
absorption negative effects.

Table 3: ADMET profiling of Estrogen Receptor Alpha (includes drug-like properties such as
absorption, metabolism, and toxicity)

Compounds IDs 11495983 42607846 1 [ 44260021 |
Gastro-Intestinal Absorption Low Low High High
Blood-Brain Barrier No No No No
P-glycoprotein-substrate No No No No
CYPTAZ Inhibitor No No No No
CYP2C19 Inhibitor No No Yes No
CYP2C9 Inhibitor No No Yes Yes
CYP2DG6 Inhibitor Yes No No No
CYP3A4 Inhibitor No Yes Yes Yes
Toxicity
Carcinogens Non-Toxic Non-Toxic Non-Toxic Non-Toxic
Cytotoxicity Non-Cytotoxic Cyrlolg;ic Non-Cytotoxic Non-Cytotoxic
Mutagenicity No No No No
Rat Acute Toxicity (LD50) 3.62 mol/kg 2.00 mol/kg 2.50 mol/kg 2.58 mol/kg
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3.6. MD Simulation:

Docking analysis was performed to choose the best pose where the
ligand can bind strongly with the receptor. Moreover, MD
simulation was performed to determine the interaction patterns of
ligands with the target protein Estrogen Receptor Alpha. Real-time
MD simulation was performed by Desmond. In Desmond, the
system builder used an overt aqueous medium to bring the
complexes to the least energy level followed by the complex
minimization step. The whole simulation process runs on three real-
time simulations at 100 ns. Each of these simulations explicated the
interaction patterns and stability of the complexes in terms of
protein ligands RMSD and RMSF. RMSD was calculated during 100
ns simulations for each complex. The RMSD was used as a function
of time for the best ligands (Mangostenone E and Exiguaflavanone
M) with Estrogen Receptor Alpha protein.

3.7. Root Mean Square Deviation:

The RMSD results revealed that MD simulation was equilibrated,
and conformational changes varied between 1.2 A and 21A for
Mangostenone E/ ER-Q; these conformational changes are tolerable
for small globular protein as shown in Figure 5A. These RMSD
results signify that estrogen receptor alpha did not undergo large
conformational changes. The RMSD plot of the Exiguaflavanone M/
ER-X suggested that it showed a minor deviation of 0.75 A up to 50
ns after that it becomes stable during simulation with respect to the
protein binding pocket as shown in Figure 5B.

Figure 5(A,B): Statistical investigation of the intermolecular stability and dynamics of the two ER-0
protein complexes using molecular dynamics simulations. The stability of the compounds is
indicated by the Root Mean Square Deviation (A) Mangostenone E/ ER-O complex (B)
Exiguaflavanone M/ ER-O complex.
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3.8. Root Mean Square Fluctuation (RMSF):

The complex Mangostenone E/ ER-Q study showed RMSF values
ranging from 13Aw16A up to the residues number four
hundred, as shown in the Figure 6C, while the complex
Exiguaflavanone M/ ER-Ql revealed that its value ranges from 0.7 A
t0 1.0 A as shown in Figure 6D.

Figure 6(C,D): (C) RMSF plot trajectories of Mang, E/ ER-O complex, (D) Exiguaf].
M/ ER-OC complex reveals the RMSF plot trajectories
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4. Discussion

Estrogen receptors have been known to play a role in the
development of a high percentage of breast cancers (Ali and
Coombes, 2000). Furthermore, the presence of elevated ERQ
receptors in breast epithelium appears to be associated with a
greater risk of breast cancer, implying that ERQ may play a key role
in the beginning and progression of breast cancer (Tecalco-Cruz and
Ramirez-Jarquin, 2017). Endocrine therapy does not work for all ER-
positive cancers, and the majority of those that do respond become
resistant over time (Zhao er a/, 2011). Most resistant tumors are ER-
positive and react well to alternative endocrine therapy, indicating
that ER continues to play a role in breast cancer cell proliferation
(Skliris er af, 2008). The problem of resistance has led to the search
for and development of a variety of hormonal medications to block
ER action, while research into the mechanisms that underpin
resistance has revealed cellular mechanisms that control ER function
with ligand binding.

In silico analysis has changed the drug formation method by the
effective decrease in the expenditures as compared to the
conventional drug formation procedure with the advancement in
the bioinformatics field tools. Software developed by using these
approaches targets for different drugs (Sliwoski er a/, 2014). Due to
the development in the field of chemoinformatics, in silico
compound libraries are present even though the modern
computational methods screened the properties of these
compounds for drug-likeness (Terstappen and Reggiani, 2001).

In this study, we used molecular docking for the overexpressed
proteins against Estrogen Receptor Alpha for structure prediction of
receptor-ligand complexes even though a protein receptor and
ligand may be a small compound to attach to a receptor to show its
activity (Kuntz er al, 1982). Molecular docking studies were
explored as a tool used for drug discovery and lead optimization of
those compounds that are attached to the proteins (Levinthal er a/,
1975 and Salemme, 1976). An in silico approach for molecular
docking is also used to prescreen the virtual compounds database.

All these protein molecules were docked in the same pocket. Four
compounds were chosen from a library of 15,000 molecules and the
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interaction analysis was used to further assess them. Lipinski's Rule
of Five was applied to all the completed molecules (Chen er al,
2020). Four completed compounds demonstrated the qualities
required for a therapeutic candidate. The four compounds had a
lower docking value and more stable bonding with the
overexpressed Estrogen Receptor Alpha protein, according to the
current study.

In the current studies, the selected compounds showed the best
docking scores along with closer interactions with the Estrogen
Receptor Alpha protein as compared to the compounds first
reported. Our studies showed that a comprehensive and integrated
approach to the identification of novel inhibitors based on inhibitors
of the Estrogen Receptor Alpha can serve as a starting point for the
efficacy of these compounds for the in vitro test target. However, a
more extensive description of compounds that interrelate is needed
along with the permitted vibrant conformations over 100 ns MD
simulations. These approaches are initially used to ensure safer and
more practical inhibitors for the prevention of breast cancer.

5. Conclusion

In the current study, Mangostenone E, Exiguaflavanone M,
Sanggenon A, and Flaccidine were identified as potential
phytochemicals exhibiting good binding capability with Estrogen
Receptor Alpha and found to possess all drug-like properties. Our
present findings can be useful in designing and developing novel
compounds with improved inhibitory action against breast cancer.
However, in vitro and in vivo experimental analyses are strongly
recommended to test for this study’s effectiveness.
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ABSTRACT

Due to their remarkable convergence properties and performance in practice, conjugate gradient (CG) methods are widely used for solving unconstrained
optimisation problems, especially those of large scale. From the 1950s until now, many studies have been carried out to propose new ones to improve existing
CG methods. In this paper, we present a condition that guarantees the global convergence of CG methods when they are applied under the exact line search. At
the same time, based on this condition, we did a minor modification on the CG methods of Polak-Rebiere-Polyak (PRP) and of Hestenes-Stiefel (HS) to propose
new modified methods. Furthermore, to support the theoretical proof of the global convergence of the modified methods in practical computation, a numerical
experiment based on comparing the proposed methods with other well-known CG methods was done. It has been found that the new modified methods have
the fewest number of iterations and require the shortest time for solving the problems. In addition, they have the highest percentage of the test problems that
solved successfully. Hence, we conclude that they can be used successfully for solving unconstrained optimisation problems.
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1. Introduction

The conjugate gradients (CG) methods are one of the most widely
used methods for solving unconstrained optimisation problems,
especially those of large scale. The general formula of an
unconstrained optimisation problem is

min f(x) (1.1)

where f: R" = Ris a continuously differentiable function. Starting
from an initial pointxy € R", a nonlinear conjugate gradient
method generates a sequence of approximation points {xi} using
the iterative formula

Xk+1 = Xk +akdk, k=0,12,.. (12)

where ay > Qs a step length that is obtained by means of a one-
dimensional search direction method called line search, and dy is
the search direction which is computed as follows:

_— ifk =0,
dy = (1.3)
—gi ¥ Budiy,  ifk =1,

where By is known as the conjugate gradient coefficient and g, =
Vf (xy) is the gradient of the function f at xy,.

If the line search is exact, the step length ay is obtained in the
direction dy by the rule

f(Xk + akdk) = ml(I)] f(Xk + (Xdk) (1‘4)
az

which the orthogonality condition
grdg—1 = 0, (1.5)
is satisfied.

In addition, we note

grdy = —llgill (1.6)

that is, by combining (1.3) and (1.5) together.

There are other rules for finding oy > 0 that guarantee the global
convergence of a CG method. These rules are called the inexact line
search methods. The most popular one is expressed by Wolfe
conditions (Wolfe, 1969; Wolfe, 1971).

Different choices for the coefficient By lead to different CG methods,
such as the method of Fletcher-Reeves (1964 ), Dai-Yuan (2000)
and the Conjugate Descent (Fletcher, 1987), where coefficients are
respectively given by

FR _ _llgkll? DY _
KT gl (7B =
llgill®
) 1.8
df_, (8k—8k-1) (18)
cD llgkll®
S 19
k d-l£—1gk—1 ( )
where [|. || stands for the Euclidean norm of vectors. Clearly, (1.7),

(1.8) and (1.9) are identical when the line search used is exact line
search. However, the methods of Polak-Rebiere (1969) and Polyak
(1990), Hestenes-Stiefel (1952) and Liu-Storey (1992), whose
coefficients are respectively given by

BPRP — G )
k llgk—112

)

ﬁES _ 8k(8k—8k-1)

di_ (8k—8k-1)’

LS _ _ i (Bx—8k-1)
k d;l;—1gk—1 !

are also identical when exact line search used. Many studies have
been carried out to analyse the global convergence of conjugate
gradient methods under both exact and inexact line searches. The
global convergence of the FR(1.7) is known as Fletcher and Reeves
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(1964) method was established using both exact (Zoutendijk, 1970)
and inexact (Al-Baali, 1985) line search on general functions. The HS
(known as Hestenes-Stiefel (1952)) and PRP (known as Polak —
Ribiere-Polyak (1969)) methods share the common numerator
address, the jamming of the FR, that is, when jamming occurs
k1 = Gi, BES and BERP = 0, so thatdyyq = —ggiq. In other
words, the HS and PRP methods perform a restart when they
encounter a bad direction. This explains why HS and PRP perform
much better than the FR in practice. Nevertheless, as a consequence,
by the example of Powell er a/ (1984), the HS and PRP methods
may not converge, even if the line search is exact. Therefore, Powell
eral. (1986) suggested that BERP should be modified by

BERF* = max{BL*F, 0}
which is equivalent to

BERP A BRT 20

BERFt = (1.10)

0, otherwise.
Inspired by Powell's work, Gilbert and Nocedal (1992) proved the
convergence of the PRP+ method when the line search is strong and

the step length &, satisfies the sufficient descent property, and
showed that PRP+ performs better than PRP. Moreover, Gilbert and
Nocedal (1992) extended this by defining

1S if S >0
B =

0, otherwise,

(1.11)

and proved that the HS+ method is also convergent. The
convergence properties of the HS and PRP methods have been
studied by many researchers, e.g. Gonglin er a/ (2017), Wei er al.
(2006) and Wei et a/. (2006).

In the last years, in order to establish the global convergence and to
obtain superior numerical performance in practice, much effort has
been devoted to develop new conjugate gradient methods and to
modify well-known methods, such as the modifications by
Abdelrahman er a/ ( 2021) on the method in Rivaie era/ (2015) and
the modification of Abubakar er a/ (2022) on the Liu-Storey (LS)
method.

Rivaie er al (2012) proposed a new coefficient denoted by BRMIL

thatis

RMIL _ £ic(8k—8k-1)

L TN TER
and showed that the RMIL method can be used in practical
computation and is globally convergent when it is applied under
exact line search. However, Dai (2016) pointed out a mistake in the
steps of the global convergence proof. To guarantee the
convergence via exact line search, he suggested the modified RMIL+
method, in which the coefficient is given by

8k (8k—8k-1)

e if 0 = gEgk—l < ”gk”2

B = (112)

0, otherwise.

The global convergence of the RMIL method is essentially
dependent on the inequality

llgill?
0< RMIL <
shs I dic—q1I2’

as shown in Rivaie era/ (2012) and Dai (2016).

In addition, in 2020, based on (1.13), Yousif has proven the global
convergence of RMIL+ via strong Wolfe line search.

fork>1, (1.13)

Therefore, if we generalise inequality (1.13) for any CG coefficient
B with the following extension
2

0= Bl*( <C ”‘!iﬂ”z'
we expect to get better results. Furthermore, based on the condition
in (1.14) and for better convergence properties, we can obtain
modified CG methods by doing a little modification on any CG
coefficient in order to satisfy it (1.14).

for k > 1 and a real number C > 1, (1.14)

In this paper, we will prove that the global convergence to any CG
method satisfies the condition in (1.14) when itis applied under the
exact line search in Section 2. Based on this condition, we propose
new modified coefficients for both the PRP and the HS methods that
are in Section 3. In Section 4, in order to show the efficiency of the
modified versions of PRP and HS in practical computation, we
compare them with the PRP, HS, PRP+, FR, and RMIL methods. In
Section 5, we give a conclusion.

2. A Condition for the Coefficient B,

In this section, motivated by the denominator of Bf™* and the steps

of the proof in Yousif (2020) of the global convergence of RMIL+, we
will show that every CG method whose coefficient By satisfies the
condition in (1.14) is globally convergent when it is applied under
the exact line search for solving unconstrained optimisation
problems.

Next, we will prove the global convergence of the CG method,
whose coefficient is given by (1.14). Before that, we note if the
sequences {gy } and {d} } are generated by any CG method via the
exact line search:

llgi + dill* = (8x + di)" (8k + di).
= llgkll* + lldll* + 2gydy
= ligkll? + lldll* = 2llgill* (By using (1.6))
= lldll* — llgxll* @
Therefore,

ldill? > llgill?,

which means

llgxll?
<1. .
ldell® = 1 22)

In addition, we can obtain (2.2) by noting that

2
llgll* _ (gkdi)” _ llgkll?lldill? cos? 8y

Ndlz ~ Ndilz — [N E

Since 0 < cos? 0, < 1,we have

llgill* 2
<
Tl = llgkll?

which leads again to (2.2).

To prove the global convergence, we assume that the objective
function f(x) satisfies the following assumption.

Assumption 2.1

The level set Q = {x € R": f(x) < f(X,)} is bounded, where X is
the starting point.

In some neighborhood N of (, the objective function is
continuously differentiable, and its gradient is Lipschitz continuous;
namely, there exists a constantl > O such that ||g(x) — gl <
LIx=yll,¥xy €N.

From (ii) in Assumption 2.1, we have
llgreell = llgkll < lgker — gl < U llxisr — xill = Loelldiell-

Using the iterative formula (1.2) and the inequality (2.3), we come to
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llgrsll < Nldill(1 + 1 atmay) (2.3)
where g, is a user-supplied bound on the maximum step length
allowed in the practical computation.

Under Assumption 2.1, we have the following lemma, which was
proved by Zoutendijk (1970).

Lemma 2.1

We suppose that Assumption 2.1 holds. Consider any CG method of
the form (1.2) - (1.3), where dy is a descent search direction and ay
is a step length obtained by means of a one-dimensional search
direction. Then the following condition known as the Zoutendijk
condition holds

Yicollgkll? cos? 6, < oo, (24)
where 0y is the angle between dj and the steepest descent
direction —gj,.

The Zoutendijk condition (2.4) implies that

limllgkll2 cos?8, = 0.

This means if the angle 8y is bounded away from , there exists a

positive constant § such that

cos@, =6 >0,forall k,
or

tanf, < oo, forall.
It follows immediately

lim infllgyll = 0,
which guarantees the global convergence.
In addition, from (2.5) and (1.6), we have

llgll*
Yhe 0lau < oo, (2.5)

Now, substituting (1.14) in (1.3), gives
dy = =gk + Pixdk-1, k=1

Squaring both sides of the above equation and then using (1.5), we
come to

ldill? = llgill? + (B lldi—1 1%, k= 1.
From the definition of By in (1.14), we get

lldlI?
< llgl? + Cillgxll? k

> 1.

Therefore, using (2.1), we come to

BL > (ldk||2—||gk||2) -1 (ngk+dkllz)_ (2.6)

Il gkl Il gkl

Also, if 8y is the angle between dy and the steepest descent
direction — gy, then

—ngdk

gyl
From (1.6), we get

cos 8 =

Il gl
cos By = ”dk” (2.7)

Since the cosine is positive in the interval [O,E] and negative in
E,ﬂ], the equation (2.8) implies that 6 € [0,% .
From (2.7), we find

lldill = ligkllsec . (2.8)

Both (2.1) and (2.8) together lead to

dicll? dicll?=llgicll? +dil?
sec? ), —1 = I kII2 1 = ldull ||2gk|| _ llex 1Z|| . (29
llgl llgl llgxll

From the formula (2.6) of By and (2.9) above, we get

1 +d|? 1
Bl*< > = (M) = —(SeCZ
c c

1
G 0, —1) = Etanzﬁk. (2.10)

The following theorem establishes the global convergence.
Theorem 2.1

We suppose that Assumption 2.1 holds. Then the CG method, its
coefficient given by (1.14), is globally convergent under the exact
line search, thatis

lirlp inf||gyll = 0. (2.11)
Proof

The proof is by contradiction. It assumes that (2.11) does not hold;
then there exists a constant € > 0 and an integer k; such that

llgkll = & forallk = k,, (2.12)

which leads to

1
< =
IngIIZ <= forallk > k;. (2.13)
From (1.3), by squaring both sides of dj, + g = Brdj—1, we get
ldill? = ~llgill* - 2gicdic + B2 lldi—1I% (214)

Using (1.6) and substituting (1.14), we obtain

el < llgill2 + 2 hEsl (219)

Dividing both sides of (2.15) by [l gy I|*, we get

[EMIE 1 c2
4 .
e ||gk||2 112
From (2.2), since —— ||dk||2 < ”ngZ,We have
lldell® 1 c2

+—. 2.16
llgkll* ~ llgkll* ~ lgk-1l? (216)

Combining (2.13) and (2.16), we come to

lldel®> _ (1+C%)

, forallk>k;+ 1.

llgsll* 2
This means
llgill* €

lldlz ™ (1+C2y’

then

n Nl _
Zicste 11 a7 > O~ KD) ey

(1+C2)

llgicll* llgicll*
Since Y >
Yizo lldicll2 2 Yick, +1 [ENE

and

(oo} n
llgill* llgll* €’
E —=_ = lim E —>—11m(n k) = oo,
2 e 2 2
Ao [ldill? n Ao [l (1+C*)n-

we come to
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[oe]
llgll*

T S .
d 2
L Tld]

This contradicts (2.5). Therefore, the proof is completed.

3. Modified Versions for the PRP and HS
Methods

In this section, motivated by the proof of the global convergence in
Section 2, the outperformance of the PRP and the HS methods in
practical computations for the minimisers of functions, and by the
formulas in (1.10) and (1.11), we propose modified versions of the
PRP and HS methods, that is, to restrict the coefficients B]]ZRP and

BHS in order to satisfy the coefficient B, in (2.1) as follows:

2
e 0SB <p ||<Iz|1.gi|1|n2
BERP* = (3.1
0, otherwise,
and
HS ; HS llgxll®
s T
oo = (3.2)
0, otherwise,
where u > 1. Clearly the new proposed coeﬁ‘icients,BIIC)RP’k and

’I(-IS* satisfy the condition (2.1), that is,

2
0.< BPRP < C lIgkll

id ”2,fork > 1 and areal number C > 1,
k-1

and

llgill?
lldy—1112’
with g = C, so that both coefficients B£%P* and f5*can be
considered modified versions of BERF and BHS. This means, from
Theorem 2.1, the proposed CG methods PRP* and HS* are globally
convergent when they are applied under the exact line search.

We also note, like the PRP and HS methods, the PRP* and HS*
methods perform a restart when they encounter a bad direction, i.e.
when gy, approaches gx_;, then both SFRF* and phs approach
zero, so thatdy approaches —g,. Hence, we expect that they
perform better than the FR method in practice. Also, like PRP, HS, FR,
PRP+, and RMIL, both PRP* and HS* are globally convergent under
the exact line search as proved in Theorem 2.1, but it remains to
show their performance in practical computations. This will be done
in the next section.

0<pis < fork > 1 and a real number C > 1,

4. Numerical Results and Discussion

In this section, to show the efficiency of the PRP* and HS* methods
in practical computation when they are applied under the exact line
search, we compare them with the FR, PRP, HS, PRP+, and RMIL
methods. The comparison is based on solving 41 well-known
unconstrained optimisation problems; most of them are from Andrei
(2008). The test problems were implemented under low, medium,
and high dimensions, namely 2, 3, 4, 10, 50, 100, 500, 1000, and
10,000. To show the robustness, two different initial points for each
dimension were chosen. The comparison is based on the number of
iterations and the time (in seconds) of run (CPU) of each problem.
To do the comparison, a MATLAB coded program was run with a
stopping criterion set to lgrll < 107°. In Tables 1, 2, 3, and 4, we
report ‘Fail’ if a method failed to solve a problem. In Tables 1, 2, 3,
and 4, a method is considered to be failed, and we report ‘Fail’ if the
number of iterations exceeds 15.

Table 1: A comparison between FR, HS, PRP, and PRP+ for low dimensions

No. Test Problem Dim R HS PRP PRP+
: : NOI/ CPU NOI/ CPU NOI/ CPU NOI/ CPU
1 EXTENDED WHITE & 5 74/0.28 16/0.08 16/0.08 17/0.09
HOLST 283/0.88 30/0.15 30/0.15 46/0.22
2 NONSCOMP 2 50/0.24 10/0.07 10/0.07 9/0.06
915/3.72 12/0.08 14/0.09 14/0.09
19/0.11 30/0.15 13/0.08 22/0.12
3 THREE-HUMP 2 Fail 19/0.11 16/0.10 20/0.11
11/0.07 4/0.04 4/0.04 4/0.04
4 SIX-HUMP 2 8/0.06 8/0.06 8/0.06 9/0.08
37/0.22 15/0.10 11/0.08 9/0.07
5 CUBE 2 611/3.05 30/0.18 30/0.18 47/0.27
74/0.36 16/0.09 16/0.09 17/0.10
6 LEON 2 263/1.51 30/0.15 30/0.16 46/0.23
15/0.11 13/0.10 13/0.10 10/0.09
7 DIXON & PRICE 3 29/0.16 43/0.23 49/0.26 49/0.26
160/ 0.88 454/2.46 456/2.47 456/2.46
8 QUARTIC 4 271/1.46 460/ 2.48 365/1.97 365/1.97
Fail 139/0.71 139/0.71 139/0.71
K COLVILLE 4 34/0.20 82/0.40 82/0.40 92/0.46
2/0.02 3/0.03 3/0.03 3/0.03
10 EXTENDED MARATOS 4 548/2.31 27/0.14 21/0.12 30/0.17
Fail 1581/8.51 1581/8.51 1672/9.03
" EXTENDED POWELL 4 Fail 943/5.11 1207/6.53 1698/9.13
Fail 226/1.21 180/0.98 463/2.40
12 EXTENDED WOOD 4 Fail 199/1.05 259/1.36 209/1.12
15/0.10 7/0.05 7/0.05 8/0.06
13 FREUDENSTEIN & ROTH 4 27/0413 7/0.05 10/008 Fail
14 GENERALIZED 4 5/0.05 4/0.04 4/0.04 4/0.04
TRIDIAGONAL 2 Fail 9/0.08 9/0.08 10/0.09
15 GENERALIZED 10 36/0.22 27/017 27/017 27/017
TRIDIAGONAL 1 43/0.26 27/017 27/017 27/017
13/0.10 29/0.17 29/0.17 26/0.14
16 EXTENDED PENALTY 10 12/0.09 6/0.07 6/0.07 7/0.08
7/0.08 5/0.07 5/0.07 6/0.08
7 ARWHEAD 10 9/0.09 8/0.09 8/0.09 9/0.09
Fail 20/0.15 20/0.15 21/0.16
18 LARWHD 10 Fail 20/0.15 20/0.15 21/0.15
20/0.14 22/0.15 21/013 21/013
19 POWER 10 24/0.14 25/0.15 25/0.15 25/0.15
Table 2: A comparison between HS*, PRP*, and RMIL for low dimensions
HS* PRP* PRP* RMIL
No. Test Problem Dim. (n=10) n=10) (n=15)
NOI/ CPU NOI/ CPU NOI/ CPU NOI/ CPU
17/0.09 17/0.09 26/0.11 23/0.11
! EXTENDED WHITE & HOLST 2 28/0.12 32/0.16 25/0.11 24/0.10
2 NONSCOMP 2 9/0.06 9/0.06 11/0.08 15/0.10
15/0.10 15/0.10 15/0.10 16/0.12
19/0.11 22/0.12 22/0.12 14/0.09
3 THREE-HUMP 2 21/0.11 22/0.12 22/0.12 Fail
5/0.05 5/0.05 5/0.05 5/0.05
4 SIX-HUMP 2 8/0.06 8/0.06 8/0.06 8/0.06
10/0.07 10/0.07 10/0.07 32/0.20
5 CUBE 2 28/0.17 30/0.18 25/0.16 24/0.16
17/0.10 17/0.10 17/0.10 23/0.12
6 LEON 2 28/0.14 30/0.16 25/0.14 24/0.15
10/0.09 10/0.09 10/0.09 35/0.22
7 DIXON & PRICE 3 43/0.23 49/0.26 49/0.26 56/0.34
454/2.46 456/2.47 456/2.47 740/ 3.95
8 QUARTIC 4 460/ 2.50 365/1.99 365/1.97 804/4.31
139/0.71 139/0.71 139/0.71 375/1.88
K COLVILLE 4 92/0.46 92/0.46 92/0.46 290/1.93
2/0.02 2/0.02 2/0.02 3/0.03
10 EXTENDED MARATOS 4 26/0.14 26/0.14 29/0.16 18/0.11
1670/9.00 1672/9.03 528/2.89 Fail
b EXTENDED POWELL 4 1694/9.20 1698/9.13 1698/9.13 Fail
175/0.95 463/2.40 182/0.98 981/5.06
12 EXTENDED WOOD 4 372/1.92 209/1.12 85/0.46 1021/5.30
7/0.05 7/0.05 8/0.06 9/0.07
13 FREUDENSTEIN & ROTH 4 Fail Fail 9/0.07 Fail
14 GENERALIZED 4 4/0.04 4/0.04 4/0.04 4/0.04
TRIDIAGONAL 2 11/0.10 11/0.10 8/0.06 7/0.06
15 GENERALIZED 10 27/017 27/017 27/017 25/0.16
TRIDIAGONAL 1 27/047 27/017 27/017 27/0.18
26/0.14 26/0.14 16/0.11 20/0.13
16 EXTENDED PENALTY 10 6/0.07 6/0.07 6/0.07 20/0.13
5/0.07 5/0.07 5/0.07 6/0.08
17 ARWHEAD 10 9/0.09 9/0.09 9/0.09 10/0.10
50/0.29 17/0.13 17/0.13 19/0.12
18 LIARWHD 10 56/0.32 21/0.15 21/0.5 19/0.14
22/0.15 21/0.13 21/0.13 123/0.60
19 POWER 10 25/0.15 25/0.15 25/0.15 139/0.70
Table 3: A comparison between FR, HS, PRP, and PRP+ for medium and high dimensions
q FR HS PRP PRP+
Ne UpieiEn Dim- | Noi/cpu | Noi/cpu | Noi/ cpu | Noi/ cPu
50 Fail 283/1.12 | 283/1.12 | 283/1.12
1 FLETCHER 35/0.17 33/0.415 33/0.15 33/0.415
27/0.20 27/0.20 28/0.22 28/0.22
2 DIXON3DQ 50 31/0.24 30/0.23 33/0.25 33/0.25
55/0.27 7/0.07 7/0.07 7/0.07
3 Qn 50 306/1.28 Fail Fail Fail
116/ 0.60 70/0.36 70/0.36 70/0.36
4 Q2 50 613/2.86 55/0.29 55/0.29 55/0.29
5 1 50 38/0.21 39/0.22 38/0.21 38/0.21
Q 41/0.23 41/0.23 41/0.23 41/0.23
24/0.19 25/0.20 25/0.20 25/0.20
6 HAGER 100 21/0.21 25/0.20 25/0.20 25/0.20
Fail 842/5.56 | 842/5.56 | 841/5.52
7 | GENERALIZED ROSENBROCK | 100 11018/68.62 | 327/2.16 | 336/2.23 | 336/2.23
58/0.37 58/0.37 58/0.37 58/0.37
8 SUM SQUARE 100 61/0.38 61/0.38 61/0.38 61/0.38

Yousif, 0.0.0., Abdelrahman, A, Mohammed, M., Saleh, M.A. (2022). A sufficient condition for the global convergence of conjugate gradient methods for solving unconstrained optimissation problems. The Scientific Journal of King

Faisal University: Basic and Applied Sciences, 23(1), 106—12. DOI: 10.37575/b/sci/220013




110

57005 | 6/005 | 6/005 | 57004
9 | GENERAUZED QUARTIC[16] | 100 | 17/5109 | o/0.08 | 9/008 | 6/005
58/044 | 66/043 | 677044 | 677044

10 RAYDAN'1 [16] 100 Fail 238/141 | 257/153 | 197/1.18
Fal 757086 | 35/067 | 42/080

12 Q2 500 Fail 46/082 | 46/082 | 44/080
/009 | 6/009 | 6/009 | 5/007

12 QUARTC 500 | 427044 | 107042 | 107042 | 77010
500 | 733/77.06 | 15/037 | 15/037 | 197047

452/11.00 | 13/032 | 13/033 | 13/0.33

13 | EXTENDEDTRIDIAGONALT | 4000 | g43/35.98 | 15/0.66 | 15/066 | 19/0.81
517/21.88 | 13/056 | 13/056 | 13/057

oo | 107073 | 5/008 | 5/008 | 5/008

13/045 | 9/011 | 9/011 | 9701

14| EXTENDED DENSCHNB 1000 | 107020 | /00 | 57010 | 5/0.10
13/022 | 9/021 | 9/021 | 9/0.21

000 | 2117233 [ 187022 | 187022 | 227027

56/064 | 20/025 | 20/025 | 19/0.24

15| EXTENDED ROSENBROCK 10000 | 22771823 | 19/158 | 197158 | 22/184
62/510 | 21/173 | 20/166 | 20/168

000 | 2937322 | 9/075 | 9/05 | 9/075

15/023 | 7/043 | 7/043 | 7/043

16 | EXTENDED HIMMELBLAU 10000 | 2532537 | 97095 | 9095 | 9/09s
16/165 | 7/073 | 7/073 | 7/073

000 | 357059 [ 77028 [ 177028 [ 177028

- STRAIT Fail 43/072 | 43/072 | 44/074
0000|3394 | 17719a | 77108 | a7/10

Fail 43/484 | 43/485 | 44/595

o0 | 7028 | &/008 | &/008 | 77012

175/224 | 9/044 | 9/043 | 9/015

18 SHALLOW o000| 197171 | 7084 | 77064 | 7706
190/16.93 | 10/0.89 | 10/089 | 9/085

000 | 757350 [ 707050 | 707050 | 1070550

Fai 10/049 | 10/0.49 | 9/044

19 EXTENDED BEALE 10000 Fail 10/435 | 10/435 | 10/4.35
Fail 10/418 | 10/423 | 9/384

Table 4: A comparison between HS*, PRP*, and RMIL for medium and high dimensions

HS* PRP PRP* RMIL
No. Test Problem Dim. (n=10) (n= l(l]} (n=25)
NOI/CPU | NOI/CPU | NOI/CPU | NoI/cPU
50 783/142 | 283/142 | 283/142 | 951/362
1 FLETCHER 33/015 33/045 | 33/045 35/0.17
777020 787022 | 28/022 | 889/539
2 DIXON3DQ 50 30/0.23 33/025 | 33/025 | 992/589
57009 77009 8/0.08 Fal
3 R 50 10/0.10 8/007 | 10/0.10 26/0.17
707036 707036 | 70/036 787042
4 Q2 50 55/0.29 55/029 | 55/029 69/0.38
N o 50 395/022 387027 | 38/0.21 59/037
Q 41/023 41/023 | 41/023 78/0.40
75/0.20 357020 | 25/020 | 25/020
6 HAGER 100 25/0.20 25/020 | 25/020 | 26/021
. GENERALIZED o 840/548 | 841/552 | 841/552 | 5179/3406
ROSENBROCK 327/216 | 336/223 | 394/260 | 7594/49.72
58/037 38/037 | 58/037 | 128/079
8 SUM SQUARE 100 61/0.38 61/038 | 61/038 | 146/0.90
5 GENERALIZED o0 57004 57004 57004 57005
QUARTIC [16] 6/005 6/005 6/005 9/0.08
567043 577044 | 677044 | 997097
10 RAYDAN'1 [16] 100 204/122 | 197/118 | 197/118 | 690/3.58
327080 35/086 | 43/081 58/0.10
" Q2 500 42/077 41/077 | 37/068 61/1.14
57007 57007 57007 5/0.09
12 QUARTC 500 7/0.10 7/0.10 6/0.09 10/0.12
B 97047 197047 | 407095 | 169/392
" EXTENDED 19/047 22/053 | 64/151 | 186/4.29
TRIDIAGONAL 1 1000 19/081 19/081 | s2/222 | 200/842
20/0.87 22/094 | 92/394 | 211/8.90
o0 57008 5/0.08 57008 57009
10/0.12 10/042 | 10/012 10/0.12
14| EXTENDED DENSCHNE 1000 5/0.10 5/0.10 5/0.10 6/0.12
10/017 10/017 | 10/018 10/0.17
000 7270327 357027 | 23/029 787034
1 EXTENDED 19/024 19/024 | 9/0.24 22/0.26
ROSENBROCK 10000 23/1.91 23/191 | 23/191 28/233
20/1.66 20/166 | 19/158 24/1.98
000 57015 57015 | 10/0.16 77013
1 EXTENDED 7/013 7/013 7/013 10/0.17
HIMMELBLAU 10000 9/095 9/095 | 10/105 8/0.84
8/084 8/0.84 8/0.84 10/.04
000 T770.28 177028 | 177028 38/0566
- STRAIT 45/076 44/073 | 44/073 66/1.09
10000 17/194 17/194 | 17/1.93 38/4.48
45/5.05 44/495 | 44/500 | 66/750
000 7702 7702 7702 76/037
18 SHALLOW 10/0.16 10/016 | 10/0.16 11/0.417
10000 8/0.74 8/0.74 8/0.74 20/258
10/0.89 10/0.89 | 10/0.89 12/1.08
000 117053 17053 | 12/057 5377
12/057 12/057 | 12/057 24/1.12
19| EXTENDED BEALE 10000 11/4.76 11/476 | 12/503 | 54/2312
12/502 12/502 | 12/502 | 26/11.03

As can be seen from Tables 1, 2, 3, and 4, PRP* with u = 5 solves all
test problems, so it reached 100%, whereas FR, HS, PRP, PRP+, PRP*
(with ¢ = 10), HS* (with ¢ = 10) and RMIL reached about 90%,
99%, 99%, 98%, 99%, 99%, and 95%, respectively. Therefore, based
on the ability of solving test problems, there is a little improvement
in PRP* with u = 5. Furthermore, based on the number of iterations

and the CPU time, we can show the performance of the CG methods
in Tables 1, 2, 3, and 4 by using the performance profile introduced
by Dolan and More (2002). According to Dolan and More,
benchmark results or performance profiles are formed by running a
method or a solver denoted by S on the test problem denoted by P
and recording the information in focus, such as the number of
iterations and CPU time. Assuming that 1 solvers and 1, problems
occur, for each problemp wherep € P and solver S wheres € S,
they termed

tp,s = Computing time (the number of iterations or CPU time) or
others required solving problem p by solver s.

Using a baseline for comparison, they compared the performance on
problem P by solver S with the best performance by any solver on
this problem, using the performance ratio:

Ty = —2
PS " min{ty s:ses}

Let us suppose that a parameter 1, = Tp,s for all p, s is chosen, and
Tp,s = T if solver S does not solve problem p. The performance of
solver S on any given problem might be of interest, but due to this,
they would prefer to obtain an overall assessment of the
performance of the solver, then it was termed as:

1.
tps = n—pstze{p € Pir, <t}

Thus, ps(t) was the probability for solver s € S that a performance
ratio 1, s was within a factor £ € R of the best possible ratio, and
then function pg was the cumulative distribution function for the
performance ratio. The performance profileps: R — [0,1] for a
solver was non-decreasing, piecewise, and continuous from the
right. The value of p5(1) is the probability that a solver will win over
the rest of the solvers. In general, the solver with the highest values
of ps(t) or at the top right of the figure represents the best solver.

Figure 1: The performance based on the NOI
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In Figures 1 and 2, PRP' represents PRP* with & = 5. An observation
on Figures 1 and 2 shows that HS, PRP, PRP+, HS* with u = 10, PRP*
with 4 = 10, and PRP* with 4 = 5 are almost identical. Furthermore,
their curves lie above the FR and RMIL curves. Therefore, the new HS*,
PRP*, and PRP* with i = 5 perform much better than both the FR
and RMIL methods. Moreover, since FR, CD(1.9) is known as
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Conjugate Descent (Fletcher, 1987), and DY(1.8) is known as Dai-
Yuan (2000) are identical with exact line search, then HS*, PRP*, and
PRP*with 1 = 5 are also much better than the CD and DY methods.

5. Conclusion

In this paper, we presented a sufficient condition that guarantees the
global convergence of the CG methods via the exact line search.
Based on the new condition, we proposed new modified coefficients
for both the PRP and the HS methods, that is, by restricting their
values in order to satisfy the proposed condition. Moreover, to show
the efficiency of the modified coefficients of PRP and HS in practical
computation, we have compared them with the FR, HS, PRP, PRP+
and RMIL methods. The result of the comparison is that the new
ones perform almost as HS, PRP, and PRP+, much better than both
FR and RMIL, and a lot better than the CD and DY methods because
of the similarities of the FR, CD, and DY methods when the line
search is exact. Furthermore, HS* and PRP* are flexible, that is, a
certain choice for the value of [Lmay lead to the solution of an
optimisation problem as in Table 1 the PRP* with 1 = 5 solved all
problems but HS, PRP, PRP+, HS* with 4 = 10, and PRP* with u =
10 did not. Therefore, we conclude that the new modified methods
can be used successfully for solving optimisation problems, and they
are better than FR, CD, DY, RMIL in all and better than HS, PRP, and
PRP+ in some cases.
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ABSTRACT

An odontogenic keratocyst is a common oral lesion with high recurrence rates. There is an absence of a solid treatment consensus. Recurrence rates are reported
to be higher in conservative treatment options. In this case report, we present a new method, utilizing a specially fabricated acrylic stent-obturator, aiding the
conservative treatment methods in order to minimize lesion recurrence. A 42-year-old Saudi male with a 3.5 x 2.5 keratocyst on the right mandibular angle was
treated successfully and conservatively in full abidance by medical community standards using the stent-obturator after lesion curettage alone, with no
recurrence at three year follow up.
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1. Introduction

The odontogenic keratocyst (OKC) has been described in the
literature as an aggressive but benign odontogenic lesion contained
within the bony structures of the jaw. Its origin is believed to be from
the remnants of the dental lamina, as the name suggests, OKC forms
a cystic space that could be occupied by keratin. Cystic lining is
composed of multiple layers of parakeratinized squamous
epithelium, with a basal layer that is formed from palisaded columnar
cells or cuboidal cells type (Boffano er af, 2021). The cyst has a
tendency toward infiltrating the surrounding tissues by forming
satellite cells in its basal layer (Borghesi er a/, 2018).

OKC can occur at almost any age, with some reports documenting
OKC diagnoses in an eight-year-old child and up to an 82-year-old
adult. However, the third decade of life registers OKC peak diagnosis
with more incidence in the male population. OKC has also been
reported in both the upper and lower jaw, with the maxilla bearing
only half the number of mandibular cases; in particular, most cases
were reported in the posterior mandible. A keratocyst could be
manifested with dental structure; multiple OKC is usually one of the
diagnosis criteria of Gorlin-Goltz syndrome (Borghesi etal,2018; de
Castro er al, 2018; Safadi et al, 2020). OKC is also reported in no
association with any dental structures (Al-Bodbaij er al, 2016).
Moreover, some extensive tangling with deeper and more vital
structures has been described in the literature (Goto eral, 2020).

In regard to radiographic appearance, it can be seen as a unilocular or
multilocular, well-defined, radiolucent lesion surrounded by a clear
corticated margin that may cause resorption of surrounding teeth
roots or expansion and perforation of the cortical plates (Borghesi er
al, 2018).

OKC management methods may include enucleation-curettage
alone, marsupialization, or decompression with enucleation as
conservative ways of treatment and up to marginal or en bloc
resection as an aggressive way of treating the lesion (Boffano er al,
2021).

2. Case Report

A 42-year-old Saudi male was referred to the oral and maxillofacial
department at King Faisal Hospital, Al Ahsa, Saudi Arabia, for
consultation and further investigation of a radiolucent lesion in the
posterior region of the right side of the mandible, discovered during a
routine dental examination.

The medical history of the patient was unremarkable. The extraoral
and intraoral examination showed neither swelling nor color
changes, and the patient reported no symptoms at all.

Orthopantomography showed a well-defined, radiolucent lesion in
the posterior region of the right side of the mandible, with a scalloped
and sclerotic border. The radiolucency extended from the distal
surface of tooth number 47, which is separated from the lesion by a
thin layer of bone, to approximately the middle of the ramus with no
effectin the surrounding structure. The estimated dimensions of the
lesion were 3.5 x 2.5 cm (see Figure 1). The patient has no wisdom
teeth and does not recall any history of wisdom teeth extraction.
Based on radiograph appearance, our differential diagnosis was
odontogenic keratocyst, residual cyst and, less possible, unicystic
ameloblastoma.

On 4 October 2018, fine needle aspiration and incisional biopsy was
taken and sent to the pathology laboratory. The aspiration showed a
straw-colored and cheesy fluid; laboratory analysis revealed few
squamous cells in a background of granular keratinous debris, no
protein estimate was carried out for the aspirate. The incisional
biopsy revealed a cystic lesion lined by uniform, 6—10-thick,
parakeratinized, stratified squamous epithelium, characterized by a
corrugated surface, palisaded basal cell layer nuclei, and flat
epithelium connective tissue interface (see Figure 2A). Based on this,
our initial diagnosis of odontogenic keratocyst was confirmed.

After discussing the treatment options with the patient, the patient
insisted on conservative treatment and refused to “walk with a tube
or gauze in his mouth for months” (in patient's own words). Thus,
marsupialization or decompression options were excluded. We
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discussed another conservative option with the patient involving
using a specially designed acrylic stent-obturator to keep the lesion
site open for re-curettage in order to reduce the recurrence rate.

Upon patient’s approval on October 21, 2018, the lesion was
deroofed, enucleated, and curettage performed on the dental chair
under local anaesthesia (lidocaine hydrochloride 2% with
epinephrine 1:80,000, inferior alveolar nerve block, one carpule). The
removed tissue was sent for histopathologic examination.
Additionally, an alginate impression was taken of the site of operation
to construct the removable stent-obturator described above. The
impression was sent to the lab and a diagnostic cast was made. A
custom design stent-obturator was made on the diagnostic cast using
a suck-down machine. The posterior part of the stent-obturator that
was to occupy the cystic cavity was reinforced by orthodontic acrylic.
Thirty minutes later, the stent-obturator was tried, adjusted in the
clinic, and delivered to the patient (see Figures 3 and 4).

The histopathologic examination of the excisional tissue came in
concordance with the incisional biopsy result, confirming OKC
diagnosis.

Two weeks after the first visit, the lesion underwent re-curettage, and
the removed tissue was sent to the histopathologic examination,
which revealed only granulation tissue, without any evidence of OKC
(see Figure 2B). In addition, the patient reported a slight numbness on
the lower lip at the surgical sight. Two weeks’ follow-up, on 6
November 2018, showed a clean operation site with good healing
(see Figure 5). Two months’ follow-up visit, on 19 December 2018,
also showed a clean operated site with significant healing and normal
lip sensation. At this visit, the patient was instructed to stop wearing
the stent-obturator. Intraoral examination after four months, on 17
February 2019, showed complete healing of the operated site. The
case has been followed for three years, until 24 October 2021, with
no recurrence (see Figure 6).

Figure (1): P ic radiograph showing large r:

diol

on the right mandibular angle

N,

Figure (2): (A) H&E cross section showing a uniform, 610 thick, p inized, stratified sq
epithelial characterized by a corrugated surface, palisaded basal cell layer nuclei, and flat epithelium
connective tissue interface; (B) multiple fragments of granulation tissue with a piece of pre-existing

bone.

3. Discussion

OKC is commonly approached via more conservative methods like
marsupialization, decompression with or without enucleation,
enucleation by itself, or enucleation with peripheral osteotomy,
which is considered an aggressive adjunctive therapy. Although they
show less recurrent rates, the more aggressive or radical methods like
marginal resection are minimally used, making a conservative
approach the preferable method for the surgeon (Boffano eral, 2021;
Mohanty er al, 2021). Many factors affect the recurrence rate,
including the size of the lesion, age of the patient, cortical perforation
(which is associated with multilocular lesions), association with
dentition and surrounding tissue infiltration (Titinchi, 2021).

Decompression accompanied by enucleation is a good treatment
choice, especially if accompanied by peripheral osteotomy. This
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combination is reported to significantly reduce the recurrence rate
and is advocated in the OKC-suggested management protocols
(Titinchi, 2020). On the other hand, utilizing conservative methods
alone, such as simple enucleation, without adjunctive therapies like
peripheral osteotomy and Carnoy’s solution, shows a higher
recurrence rate and therefore is not recommended (Zecha er al,
2010). The use of chloroform in human beings has been restricted by
the American Food and Drug Administration (FDA), which has led to
avoidance of Carnoy’s solution usage in this case (Helman er al,
2007; Dashow eral, 2013) .

Post-operative infection is another issue to consider while treating
jaw cysts; this was reported in a multi-center study of OKC (Boffano
er al, 2021). Accordingly, bacterial infection within the jaw cyst
should be viewed cautiously, especially with new reports suggesting
links between infection and lesion progression (Scalas eral, 2013).

In this case, and in order to avoid infections and patient discomfort
associated with marsupialization and decompression, and due to
patient refusal of these methods, we used an acrylic stent-obturator,
which served the purpose of keeping the operation site open yet clean
in order to aid in re-curettage and minimize the recurrence rate. Due
to repetitive curettage, and thanks to the stent-obturator, which
served well in keeping the surgery site open for re-curettage and clean
from debris or food accumulation, we also experienced increased
patient comfort, avoidance of inflammation, and highly disturbing
bad breath. Although the lesion has relatively small in size, we
preferred to perform re-curettage over simple enucleation due to the
higher recurrence rate associated with simple enucleation (Titinchi,
2020). To our knowledge, there are no reports documenting or
reporting the use of acrylic stent-obturators for the described method
in treating OKC. We came across the use of an acrylic obturator in a
dentigerous cyst’s conservative decompression with reported
successful outcome (Chouchene eral, 2021). The presented case has
been treated conservatively and successfully in full abidance to
treatment protocols acknowledged by the medical community in
such cases, with the new idea of using an acrylic splint and with no
recurrence at the three-year follow up.

4. Conclusion

Based on the combination of patient comfort, expected reduced
chances of infection, and setting the grounds for multiple curettages
with minimal patient and surgical site disturbances aiming for
recurrence reduction, we strongly advocate the repetition of our
presented method in the conservative treatment of OKC or similar
oral lesions when conservative treatment is advocated and
decompression or marsupialization are, for one reason or another,
not an option.
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ABSTRACT

Despite the positive effects of physical activity on type 2 diabetes mellitus (T2DM) management, the lack of adequate evidence on the effects of dietary intake
has raised concerns. This study aimed to assess dietary intake and its effect on glycaemic control among active and inactive patients with TZ2DM. A cross-sectional
observational study was conducted on patients with T2DM. Dietary food intake and physical activity were assessed using a validated questionnaire through face-
to-face interviews. The daily consumption of fruit and vegetables was significantly higher in active patients compared with inactive patients (p = 0.00).
Significantly higher daily rice consumption (p = 0.00) and lower dietary non-starch polysaccharide (NSP) intake (p < 0.01) were reported among inactive patients
compared with active patients. The results also revealed a significantly higher glycated haemoglobin (HbA1c) level (8.37£1.51% vs 8.015% 1.50%; p=0.02) and
BMI (34.9516.06 kg/m2 vs 31.7215.62 kg/m2; p = 0.00) among inactive patients compared with active patients. A positive correlation was found between
physical activity and NSP intake. The study found that a variety of lifestyle modifications, including increased physical activity and fruit and vegetable
consumption, could help manage glycaemic control in patients. The study further found that carbohydrate-rich NSPs may help lower BMI levels in patients with
T2DM.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic disease affecting almost
366 million people worldwide, and this number is expected to
increase to 552 million by 2030 (Whiting er al, 2011). The
International Diabetes Federation has confirmed that Saudi Arabia is
among the top 10 countries, both regionally and globally, in terms of
having the highest diabetes rates among adults aged 20-79
(Boutayeb er al, 2014; Ogurtsova er al, 2017). Diabetes leads to
various long-term complications that negatively affect individuals'
quality of life and potentially their lifespan, with harmful effects on
both the individual and society (Glasgow er al, 1997). It is well
established that high blood glucose levels will increase the risk of
diabetes complications and mortality (Seshasai er a/, 2011).

Studies conducted in Saudi Arabia have shown that most patients
with T2DM have poor glycated haemoglobin (HbA1c) control, which
may accelerate the progression of diabetes (Alzaheb and Altemani,
2018). According to previous reports, the prevalence of poor control
of HbA1c in patients with T2DM in the Tabouk and Najran regions of
Saudi Arabia is 75% and 85%, respectively (Alzaheb and Altemani,
2018; Al-Qahtani, 2020). A previous study conducted in Saudi Arabia
has suggested that T2DM patients have poor dietary habits (Sami er
al, 2020). However, some previous studies are limited due to having
investigated dietary habits alone, without assessing physical activity.
Dietary fibre is reported to exert an important effect on human health,
including reducing blood glucose and blood cholesterol levels and
modulating gut microbiota (Alarifi er a/, 2018). These changes may
also decrease body weight and reduce appetite (Hobden er a/, 2015).
To achieve glycaemic control among people with T2DM, all possible
associated risk factors of poor glycaemic control should be
considered.

This observational study therefore aims to assess dietary intake and

its effect on glycaemic control of active and inactive T2DM patients.

2. Materials and Methods
2.1. Study Design:

In this cross-sectional study, patients with T2DM were recruited from
the diabetes clinic at the Ministry of National Guard Health Affairs, Al
Ahsa, Saudi Arabia. Using convenience sampling, all Saudi patients
with T2DM who attended the diabetes clinic between November
2018 and March 2019 were screened for enrolment. The inclusion
criteria were patients with T2DM on oral or injectable medication,
aged over 20 and under 80. The exclusion criteria were the presence
of chronic kidney or liver disease and the use of medications that
affect diabetes control (e.g. glucocorticoids and pregnancy-related
medications). All patients were required to provide written informed
consent, and the study protocols were approved by the Institutional
Research Board, Ministry of National Guard Health Affairs (IRB, Ref.
No. IRBC/0666/19). Blood pressure, height and weight were initially
recorded upon arrival at the clinic. Patients’ electronic medical
records available at the time of the interview were reviewed, and data
were collected for the following variables: body mass index (BMI),
fasting blood glucose (FBG), random blood glucose (RBG), HbA1c,
triglyceride (TG), total cholesterol (TC), high-density lipoprotein
(HDL) and low-density lipoprotein (LDL) levels.

A validated questionnaire (Al-Mssallem, 2018; Al-Mssallem er al,
2019) was used, to collect data from patients through face-to-face
interviews on their physical activity and amount of dietary intake.
Physical activity was assessed, and patients were assigned as active or
inactive, based on the intensity, duration and frequency of their
physical activity (Al-Nozha eral, 2007).
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2.2. Statistical Analysis:

Descriptive statistics were reported using the Statistical Package for
Social Sciences (SPSS software, version 26, IBM Corp.© Copyright
IBM Corporation), by calculating the means and standard deviations
for laboratory test results, food items and total nutrient consumption
for active and inactive patients, along with proportions of major
nutrients for every food item. A Student’s t-test with a two-tailed
significance level of 5% (p < 0.05) was used to compare laboratory
test measures, food items, and nutrient consumption between active
and inactive patients. The correlations between food items and
laboratory test measures and between laboratory test measures and
nutrient consumption among active and inactive patients were
assessed using the Pearson correlation test.

3. Results

3.1. Characteristics of Participants:

This study included 404 patients with T2DM who were categorised
into active (n = 144) and inactive (n = 260) patients. As shown in
Table 1, the mean age was 55.84£8.84 years for inactive participants and
54.26110.97 years for active participants. Asignificant difference was found
between the two groups in terms of their weight, which was significantly
higher (p = 0.03) for inactive patients, with a value of 88.64116.61 kg,
compared with 84.97£16.40 kg for active patients. Consequently, the
inactive group had a significantly higher (p = 0.00) BMI of 34.9516.06
kg/m2 compared with 31.7225.62 kg/m2 for active patients. Moreover,
inactive patients had a significantly higher (p = 0.02) HbA1c level of
8.3711.51 than active participants (8.01£1.50) (Table 1). However, no
differences in blood levels of the lipids TC, LDL, HDL and TG were observed
between groups (p > 0.05). Interestingly, obesity and morbid obesity were
dominant among inactive patients, where the percentages were
approximately double and four times (for obesity and morbid obesity,
respectively) that in active patients (Figure 1). Moreover, active patients had
a significantly lower weight and consequently lower BMI than inactive
patients (p < 0.05 and p <0.01, respectively).

Interestingly, a positive correlation between dietary non-starch
polysaccharide (NSP) intake and physical activity (r=0.226, p<0.01)
was observed.

Table 1. Descriptive characteristics of the study participants (mean®SD)

Measurement Inactive (n=260) Active (n=144) p value
Age (years) 55.8418.84 54.26110.97 0.11
Height (m) 159.15£8.45 163.61+9.46 0.00
Weight (kg) 88.64116.61 84.97116.40 0.03

BMI (kg/m2) 34.9516.06 31721562 0.00
DBP (mmHg) 71.83110.01 73.89%11.35 0.06
SBP (mmHg) 138118.72 139.88117.36 032

FBG (mmol/L) 9.86%3.73 9.51F350 035

RBG (mmol/L) 114X 431 11.3514.28 0.64
HbATc (%) 837%151 8.015% 1.50 0.02

TG (mmol/T) 1.68F0.91 1.62£0.96 055
TC (mmol/) 4.4610.94 4.30+0.88 0.1
HDL (mmol/L) 1.05+0.24 1031025 0.31
DL (mmol/T) 2731082 2641077 0.28

-

- DBP, diastolic blood pressure; SBP, systolic blood pressure.

2-Values are expressed as meantSD

Figure 1. BMI classification among inactive and active patients with T2DM.
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3.2. Dietary Food Intake:

The reported dietary food intake of the inactive and active groups is
presented in Table 2. The consumption of fruit and vegetables
reached 4.7610.19 portions/day among active patients and was
significantly higher (p = 0.00) than the amount consumed by inactive
patients (3.6910.11 portions/day). Similarly, the consumption of
milk and milk products was also significantly higher among active
patients, with a value of 1.70%0.07 portions/day compared with
1.4820.05 portions/day in inactive patients (p = 0.01). On the other
hand, the consumption of rice was significantly lower among active
patients than among inactive patients (p = 0.00). However, the active
group consumed more fish than the inactive group (p = 0.01).

Table 2. Dietary food intake (meantSE) among inactive and active patients with T2DM

Food intake (portions/day) Tnactive (n =260) Active (n=144) p value
Fruits and vegetables 3.69£0.11 4.76£0.19 0.00
MiTk and milk products 1.48£0.05 1.70£0.07 0.0
Meat 0.2630.01 0.22£0.01 0.08
Chicken 0.5710.02 0.59+0.02 0.64
Fish and seafood 0.1020.00 0.13%0.01 0.07
Egg 0.27£0.02 0.29+0.02 0.68
Rice 10.0510.22 8.90£0.30 0.00
Pasta and whole grains 0.8210.04 0.8710.08 0.55
Bread 4.5810.09 4.5210.12 0.69
Legumes 0.6510.05 0.8210.08 0.08
Fastfood 0.1410.01 0.1310.02 0.51
Confectionery 0.4510.05 0.4110.04 0.67

3.3 Nutrients Intake:

Table 3 compares the energy and macronutrient intake between
inactive and active participants. No significant differences in the total
daily intake of protein, fat, available carbohydrates or overall energy
were found. However, the intake of NSPs was significantly higher in
the active group than in the inactive group, reaching 32.321+0.97
g/day compared with 27.2240.60 g/day (p = 0.00).

Table 3. Energy and macronutrient intake (meantSE) among inactive and active patients

Energy and nutrients Tnactive (n =260) Active (n =144) p value
Available carbohydrates (g) 305.27%4.28 300.47£6.45 >0.05
Proteins (g) 65.25£1.29 66.5411.75 >0.05
Fats (g) 47.9310.87 46.90+1.14 >0.05
Non-starch polysaccharides (g) 27.22%0.60 32.3240.97 <0.01
Total energy intake (calories) 1988.71£29.07 1988.22F41.96 >0.05

4. Discussion

This cross-sectional study assessed dietary intake between active and
inactive patients with T2DM. Active patients consumed significantly
more fruit and vegetables and less rice than inactive patients. The
study also identified that the sources of protein in the patients’ daily
intake were milk and milk products, meat, chicken, fish and eggs.
However, significant differences were found between the two groups
of patients in their intake of fish and milk and milk products (p <0.05).
The differences between the two groups’ intake of meat, chicken and
eggs were not, however, significant (p > 0.05). As a result of this
variation in the source of protein in patients’ diets, the intake of
protein was not significant (p > 0.05). This result indicates the
effective roles of both eating habits and an active lifestyle in
improving glycaemic control.

Previous data has shown a negative association between HbA1c
levels and physical activity in patients with T2DM (Alramadan er al,
2018; Alzaheb and Altemani, 2018). Moreover, poorly controlled
HbA1c levels have been associated with adverse effects in patients
with diabetes (Alramadan er af, 2018). A possible explanation is that
physical activity may reduce intra-abdominal fat, which is a known
risk factor for insulin resistance and potentially reduces body fat
stores (Nakanishi er a/, 2020). Therefore, increasing physical activity
is an effective strategy for glycaemic control and reducing the risk of
T2DM (Ansari, 2009). In general, poor glycaemic control among
patients with diabetes has been reported in previous studies
conducted in other regions of Saudi Arabia, including Jizan, Tabouk,
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and Al Ahsa (Khan er a/, 2012; Badedi er a/, 2016; Alzaheb and
Altemani, 2018). Another United Arab Emirates’ (UAE) study of
patients with diabetes found that only 31% had an HbAclevel of less
than 7% (Al-Kaabi er a/, 2008). Similarly, Alramadan er a/ (2018)
reported that only 24.1% of patients with T2DM met the
recommended target for HbAc1 levels (< 7%). High blood glucose
levels increase the risk of diabetes complications and mortality
(Seshasai er a/, 2011). The American Diabetes Association (ADA)
(2017) guidelines recommend performing exercise for at least 150
min/week to improve HbA1c levels (ADA. 2017). The beneficial
effect of physical activity on T2DM relates to it increasing insulin
sensitivity, and it can prevent the progression of T2DM during the
initial stages, before insulin therapy is required (Sampath Kumar et
al, 2019). During an exercise session, contracting skeletal muscle
increases glucose uptake into the cells, which increases blood flow in
the muscle and transports glucose into the muscle cell (Evans er al,
2019). It can also reduce glucose storage of adipose tissue (Honkala
etal,2020).

Another factor that affects the health of patients with T2DM s
obesity. In this study, the prevalence of obesity and morbid obesity
was 72%. Most patients were inactive, among whom the percentages
of obesity and morbid obesity were approximately double and four
times, respectively, the values observed in inactive patients (Figure 1).
Moreover, active patients had a significantly lower weight and,
consequently, lower BMI than inactive patients (p <0.05 and p<0.01,
respectively). Similar studies conducted in Saudi Arabia have
reported that the prevalence of a lack of physical activity among
patients with T2DM (70.5%) did not meet the recommended time
and length of physical activity (Alzaheb and Altemani, 2018). In
another study, only 26.4% of patients met the recommended physical
activity levels (Mohamed er a/, 2020), and 28.7% of patients with
T2DM were obese (Memish eral, 2014).

Our findings likewise indicate a higher intake of fruit and vegetables
in active patients than in inactive patients. The consumption of fruit
and vegetables is considered a healthy dietary habit among patients
with T2DM. Reports emphasise that the consumption of at least 26 g
of fruitand vegetables a day lowers the risk of developing diabetes by
18% (Du er al, 2017), which is similar to our results. Poor glycaemic
control is associated with a lower intake of fruit and vegetables
(Alramadan er al, 2018). Similarly, a seven-year prospective study
conducted in China concluded that consumption of fresh fruit and
vegetables lowers the risk of diabetic complications by 12% (Du et al,
2017). Another study conducted in Saudi Arabia, shows that patients
with T2DM consumed low fruit and vegetable intake (Sami er al,
2020). The current guidelines for people with diabetes recommend
eight to ten servings of fruit and vegetables per day (American
Diabetes Association, 2017).

Based on this study, a restriction of the amount of starchy staple foods
may be very important, as it was found to be correlated with BMI,
which is consistent with a previous study conducted in the UAE (Al-
Kaabi er al, 2008). In the present study, rice consumption was
significantly higher among inactive patients than among active
patients.

NSPs play a crucial role in health improvement. NSP intake was
significantly higher in active patients than in inactive patients. A
significant weak positive correlation between NSPs and physical
activity was also observed in this study (r = 0.13, p < 0.01). NSP-rich
foods are digested and absorbed more slowly than other food types
duetotheirroleinincreasing the viscosity of the gastrointestinal tract,
improving post-meal satiety and decreasing subsequent hunger
(Lovegrove er al, 2017). Studies have suggested that NSPs may
prevent and control diabetes and micro- and macrovascular
complications. A previous study conducted in the Netherlands found

that a high intake of NSPs is related to a lower BMI. One of the
benefits of NSPs is that they enhance the composition of the gut
microbiota towards a balanced microbiome; this modulation may
help maintain weight, by controlling appetite (Hobden et al, 2015;
Alarifi er al, 2018). Additionally, one possible explanation for the
significant correlation between physical activity and NSPs is that the
increase in consumption of fruitand vegetables and NSP-rich food by
active patients may improve their attitude towards exercise. A large
body of evidence from studies of the brain—gut axis explains the
relation between ingested food and mood/behaviour changes.

Lifestyle and environmental factors are the leading causes of extreme
increases in the incidence of T2DM. Additional investigations are
required to further determine the causes of increased rates. The link
between obesity and T2DM may be difficult to prove. Also, the
existence of limited health care plans may be a contributing factor.
Physical activity remarkably improves abnormal glucose tolerance. A
healthy diet and physical exercise are critical in T2DM management.
Patients with T2DM may prevent disease progression during the
initial stages, before insulin therapy is required. In Saudi Arabia, the
increasing number of patients with T2DM who have poor control of
their HbA1c levels should be managed properly. Health care
providers should develop effective methods to raise the awareness of
patients about the importance of maintaining their HbA1c levels.
Physical activity and regular exercise are essential for improving the
quality of life of patients with diabetes.

The cross-sectional approach used to examine the association
between physical activity and HbA1c and obesity, was a limitation of
this study, as no follow-up study was undertaken, to identify other
new cases of the disease. However, the study has given an overview
of T2DM disease, and it is acknowledged that follow-up studies are
needed to investigate the link between physical activity and dietary
intake of Saudi individuals with diabetes. Dietary habits may be
included in future research, in terms of exploring food choices that
affect dietary intake.

5. Conclusion

In conclusion, the critical finding of this study was that patients with
T2DM could achieve normal ranges of blood glucose levels by
modifying their lifestyle, including increasing their intake of fruit and
vegetables and practising daily physical activity. Healthy eating habits
and regular exercise are fundamental contributors to T2DM
management and overall health, in addition to required medication.
Additionally, the need for regular follow-up visits and measurements
of body weight and other anthropometric parameters as essential
indicators of being overweight or obese is emphasised. Further
studies are needed to devise a health care system that supports
patients by improving these services and evaluating the system. In
conclusion, this study provides an overview of the dietary habits of
T2DM people in Saudi Arabia.
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ABSTRACT

gaadl|

Saudi Arabia was one of the countries that undertook early
precautionary measures from March 8 to June 21, 2020, to avoid the
spread of Covid-19. These measures consisted of partial lockdowns
and isolating some neighbourhoods from the rest of the city. The
precautionary procedures impacted the isolated residents' ability to
meet their needs and conduct “their daily activities, but the greatest
impact appeared in low-density neighbourhoods that do not have
full services. This paper proposes a set of recommendations and
practical procedures to improve the quality of residential
neighbourhoods and avoid negative effects as a result of a partial or
total lockdown in the future. The steps involved in the study include
the following: identify precautionary procedures; monitor and
analyse the reactions resulting from their application; and identify
the shortcomings that cause the negative effects and inability to meet
the needs of the population. Based on the findings, this paper
outlines recommendations for a set of procedures that would
improve the quality of residential neighbourhoods and avoid
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There are no submission or publication fees.
It takes up to 100 days from submission to publication.

Manuscripts must be submitted to the appropriate managing

editor:

- The Managing Editor of Basic and Applied Sciences: secretary-b@kfu.edu.sa. The
associate editor will check if the author has followed the Submission Instructions. If
not, the manuscript will be sent back to the author. If the instructions are followed,
the associate editor will create an account and send the author the username and
password to log in using our online submission system (ScholarOne):
https://mc04.manuscriptcentral.com/sjkfub.

= The Managing Editor of Humanities and Management Sciences (educational
manuscripts only): sjkfu-assed@kfu.edu.sa. The associate editor will check if the
author has followed the Submission Instructions. If not, the manuscript will be
returned to the author. If followed, the associate editor will create an account and
send the author the username and password to log in using our online submission
system (ScholarOne): https://mc04.manuscriptcentral.com/sjkfuh.

The Managing Editor of Humanities and Management Sciences (non-educational
manuscripts): sikfu-hm@kfu.edu.sa. The associate editor will check if the author has
followed the Submission Instructions. If not, the manuscript will be returned to the
author. If followed, the associate editor will create an account and send the author
the username and password to log in using our online submission system
(ScholarOne): https://mc04.manuscriptcentral.com/sjkfuh.

2. Pre-Submission Guidelines

Content: Authors must ensure a clearly articulated academic
contribution to the field, clarity of abstracts, quality of and
conformity to the stated aims and scope of the Journal and
readability of their manuscripts.
Manuscript Word Limit: Manuscripts must not exceed 8,000
words, considering all inclusions (e‘g. references, tables, figures)‘
Abstract Word Limit: Abstracts must not exceed 200 words.
Title Word Limit: Manuscript titles must not exceed 15 words.
Keyword Limit: Keywords must not exceed six words and must
not be used in the manuscript title.
Number of Tables and Figures: Tables, figures, abbreviations and
footnotes must be kept to a minimum. Tables and figures must not
exceed six, each.
Reference Limit: There must be no more than 40 references
unless the manuscript is a review article or equivalent.
Quotations: A quotation must not exceed 50 words. Longer
quotations required due to the nature of the academic field must
be justified in the cover letter.
Appendixes: Appendixes are not allowed. If readers would like to
access appendixes, they can reach out to corresponding authors.
Linguistic Quality: Manuscripts must be written at an acceptable
language level.
Plagiarism: The Journal maintains a strict plagiarism policy.
Reviewers: Authors must suggest five reviewers, who are
specialised in the field of the manuscript, are not affiliated with
authors’ institutions, are at least associate professors and have not
worked on joint projects with authors. Reviewers’ names, phone
numbers, email addresses, academic field, academic rank and
institutions must be provided.

Documents Required: Title page (with author details) and main

document (without author details):

" Title Page: It must consist of the following: the manuscript title,
author details, minor and major field of the topic, 80-word bio and
acknowledgements (optional). Below are explanations of how the
author details and bio are written.

®  Main Manuscript: It must be submitted in MSWord format. It must
consist of the following: manuscript title, abstract, keywords, main
body and references.

Author Details: Author details must be included in the following
order: full name, department, college, university, city and country
(or the equivalent). In the absence of an employer, one may write
‘Independent Researcher’. Ranks (e.g. Dr and Prof.) must not be
included. A star * should be placed next to the corresponding

author’s name. Below is an example:
Abdulrahman Essa Al Lily*
Department of Curriculum and Teaching Methods, College of Education, King Faisal
University, Al Ahsa, Saudi Arabia

Bio: The bio must be in the following format: the author’s name,
underwhich is written the author’s department, college, university,
city, country (or equivalent), the author’s contact number and
email address, under which is written an 80-word description of
the author. Author’s names and affiliations are not part of the 80-
word count. If the author has an ORCID number or personal
website, this can be included at the end of the description. Below

is an example:

Abdulrahman Essa Al Lily

Department of Curriculum and Teaching Methods, College of Education, King Faisal University, Al Ahsa, Saudi
Arabia, 00966000000000, scijkfu@kfu.edu.sa

Prof. Al Lily is an Oxford graduate, Saudi professor, a dean of research, former national-centre
director, editor-in-chief (Scopes) and bestselling author (Amazon). He has coined 4 theories (e.g.
‘Multiple Stupidities’, “Retroactivism’ and ‘On-the-Go Sourcing) and 3 notions (‘Crowd-
Authoring’, ‘Crowd-Reflecting’ and ‘Door-Knocking'). His work is translated into 7 languages
(including Spanish, Filipino, Indonesian, Chinese and Italian). His interviews is in 5 languages
(including, French, Spanish and German). He has published 24 ISI/Scopus-indexed articles with
the globally largest publishers (Elsevier, Springer, Taylor & Francis, Wiley, SAGE, Cogent,
Palgrave, Nature Research & Oxford). His work is cited by 35 countries (Including Hungary,
Serbia, Russia, Peru, Korea, Colombia, Switzerland, Netherlands, Sweden, Finland and Latvia) in
6 languages (including Turkish and Lithuanian). He has worked as a consultant for such
institutions as Wikipedia and the University of Hanover. He worked during the summer in New
Zealand and Italy. He has participated in conferences in Singapore, Greece, Spain, US, Japan &
Bulgaria.

OR%ID: 0000-0002-5116-422X. Website: https://abdulallily.wordpress.com/

3. Post-Reviewing Guidelines

Page Settings: Page size is A4. Margins are 2.5 cm, each side. Any
standard font is acceptable.

Headings: There must be no more than three levels of headings.
The first level of headings must be numbered: 1., 2., 3., etc. The
second level of headings must be numbered: 1.1,,1.2,,1.3., etc. The
third level of headings must be numbered: 1.1.1,1.1.2,1.1.3, etc.
The headings for abstracts, bios and references must not be
numbered.

Tables and Figures: Captions must be above tables and figures. In
the body, ‘see above’ or ‘see below’ must not be used. Instead, use
‘see Table 1" or ‘see Figure 1".

Measuring Units: In the case of using local measuring units in the
manuscript, the equivalent of international units must be included.
Scientific rather than provincial terms must be used. Currencies
must be in U.S. dollars.

Footnotes: Footnotes must be kept to a minimum. They must be
referred to in the text in uppercase numbers. Footnotes must
appear at the bottom of the page on which they are introduced.
References: Authors must follow the APA style of referencing.
References must be arranged alphabetically. The reference list
must not be numbered. Non-English references must be
“romanised” into English.

Digital Object Identifier (DOI): If a reference has a DO, it must
be included.

Proofreading Certificates: Once accepted, manuscripts must be
sent by authors to an accredited proofreading company. A
proofreading certificate must be submitted to the Journal. A
suggested company is: proofreadmyessay.co.uk
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