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Subtractive Proteomics Supported with Rational Drug Design 
Approach Revealed ZINC23121280 as a Potent Lead Inhibitory 

Molecule for Multi-drug Resistant Francisella tularensis

Naima Javed  , Sajjad Ahmad  , Saad Raza, and Syed Sikander Azam*

 
Computational Biology Lab, National Center for Bioinformatics, 

Quaid-i-Azam University, Islamabad-45320, Pakistan

Abstract: Francisella tularensis is a Gram-negative bacterium and is the etiological agent of taluremia. The prolonged 
use of antibiotics is the reason for pathogen resistance to antibiotics such as beta-lactams and macrolides. This leads 
to the search to explore novel drug targets for F. tularensis to inhibit its growth. Subtractive proteomics revealed 
Glucose-1-phosphate thymidylyltransferase (G1PTT) as the most promising protein as a drug target. A pharmacophore 
model was generated for virtual screening of a druglike library comprised of 1,000,000 drug molecules. Based on 
a pharmacophore-based search, a set of 152 compounds was predicted as the most potent inhibitors against this 
enzyme. The screened hits were docked with the target enzyme; which unveiled ZINC23121280 as the best-docked 
inhibitor having Autdock Vina binding energy of -7.2 kcal/mol and the GOLD score of 64.06. Moreover, the time-
dependent dynamic behavior of the complex was analyzed using Molecular Dynamics (MD) simulation studies that 
revealed a stable system with a Root Mean Square Deviation (RMSD) average value of 2.25 Å and Root Mean Square 
Fluctuations (RMSF) of 1.16 Å. Radial Distribution Function (RDF) predicted strong hydrogen interactions between 
the ligand and Trp221 from the enzyme active pocket. The higher affinity of the antagonist for the enzyme was further 
supported by Molecular Mechanics Energies combined with the Poisson–Boltzmann and Surface Area (MMPBSA) 
and or Generalized Born and Surface Area (MMGBSA) with the estimated binding free energy of −1.07 kcal/mol and 
−29.59 kcal/mol, respectively. Findings from this present computational framework may provide the foundation for 
future drug discovery against F. tularensis.

Keywords: Francisella tularensis; Subtractive proteomics; Glucose-1-phosphate thymidylyltransferase; 
Pharmacophore; Molecular docking; Molecular Dynamic simulation; MMPB/GBSA.

1.	 INTRODUCTION

Francisella tularensis is a pleomorphic Gram-
negative coccobacilli and is the etiologic agent 
of a zoonotic disease of the northern hemisphere, 
tularemia [1, 2]. F. tularensis is highly virulent 
to a wide range of animals and humans [3]. The 
pathogen may cause epizootics or epidemics [4]. 
No human-to-human transmission is observed 
whereas transmission to humans occurs by four 
main routes: (i) through direct contact with 
the infected animals, infectious animal fluids 
or tissues, (ii) through arthropod bites, (iii) by 
inhaling infective aerosols, and (iv) by ingesting 
contaminated food or water [5, 6]. Tularemia is 

highly prevalent in Sweden, Finland, and Turkey 
[7]. According to the pre-antibiotic era, the reported 
mortality rate of tularemia was 30%–60% [8]. The 
mortality rate associated with respiratory tularemia 
is as high as 5 – 30% [9]. According to Center for 
Disease Control and Prevention (CDC) statistics, 
F. tularensis is common in south-central America, 
and Massachusetts, and cases of Tularemia have 
been reported from all states of the USA except 
Hawaii.   The number of cases from 1950 declined 
from 927 to 229 in 2018 (https://www.cdc.gov/
tularemia/statistics/index.html).   This bacterium is 
considered an aerosol biological weapon by several 
countries in the past [10]. Various subspecies 
include tularensis, holarctica, mediasiatica, and 



novicida, where tularensis type A and holarctica 
type B is the most significant clinical subspecies of 
F. tularensis  [11, 12]. Strains of the F. tularensis 
subspecies are common in North America where 
they cause rapidly progressive diseases [13] 
leading to prominent lymph node enlargement 
and flu-like symptoms [14]. The pathogen is also 
capable of infecting many types of eukaryotic cells 
and tissue macrophages [15]. With the increasing 
trend of antibiotic resistance to beta-lactams and 
macrolides in F. tularensis and the absence of a 
licensed vaccine for boosting the immune response 
to infections, identification of novel drug targets for 
designing novel antibiotics is an imperative need of 
time [4, 16].

The first phase of the drug designing process 
is the identification of potential drug targets 
against bacterial pathogens [17]. In traditional 
drug discovery, this process is time and resource-
consuming and often results in failures [18]. On 
the other hand, using computational power and 
available genomic and proteomic data of bacterial 
pathogens is now common to discover new 
antibiotics, optimization, and development [19, 20]. 
In this context, subtractive proteomics is a widely 
used approach that in a step-wise process, filters 
proteins of high pathogen specificity [21]. The use 
of such in silico methodologies, not only saves 
extensive labor cost and time but also expedites the 
process of characterization of bacterial host’s non-
homologous and essential proteins to eradicate the 
disease with fewer side effects [22]. In the present 
study, a subtractive proteomics approach was 
employed in combination with the applications of 
computer-aided drug designing (CAAD) for the 
identification of potential drug candidates for the 
potential druggable protein against F. tularensis 
reference strain SCHU4 [23, 24]. The pathogen 
is investigated for host non-homologous proteins 
followed by essential proteins mapping using 
the Database of Essential Genes (DEG) [25]. 
The Glucose-1-phosphate thymidylyltransferase 
(G1PTT) is a target of choice for novel antibacterial 
discovery. The G1PTT is the first enzyme in the 
dTDP-L-rhamnose biosynthesis pathway that 
acts as an L-rhamnose precursor. L-rhamnose 
is an important component of bacterial surface 
antigens such as the O-lipopolysaccharide [26]. In 
addition, it aids in mediating pathogen adhesion to 
host tissues and virulence [26]. The best-docked 

complex was simulated to unveil the enzyme 
dynamics in the presence of ligand [27]. To further 
explore the ligand affinity towards the enzyme 
active site, binding free energies were estimated 
using Molecular Mechanics Energies combined 
with the Poisson–Boltzmann or Generalized Born 
and Surface Area Continuum Solvation (MMPB/
GBSA) [28]. 

2.   MATERIALS AND METHODS 

The workflow for characterizing potential drug 
targets in F. tularensis proteome and subsequent 
steps of pharmacophore generation, molecular 
docking, MD simulations, and binding free energies 
is illustrated in Fig. 1.

2.1  Subtractive Proteomics

The Uniprot database [29] was used to retrieve the 
complete   proteome   of   the   reference   strain   of 
F. tularensis labeled as SCHU S4 [30]. The proteome 
was subjected to the subtractive proteomics 
where proteins relevant to antibiotics design were 
extracted in a step-wise manner [31]. In the first 
step, the CD-HIT suite [32] was applied to eliminate 
the redundant proteins sharing the identity of 80%. 
Redundant proteins are paralogous proteins that arise 
because of duplication during evolution and are not 
conserved across bacterial species. Non-redundant 
proteins, in contrast, are orthologous and are well 
conserved across bacterial species and strains; thus 
can be targeted for the design of broad-spectrum 
inhibitors [23, 33]. The BLASTp search of the 
National Center for Biotechnological Information 
(NCBI) was performed against reference human 
proteome (Homo sapiens: Tax id. 9606) to obtain 
proteins specific to the pathogen with a percentage 
identity threshold ≥ 30% and the Expectation 
value (E-value) of 10-5. The host non-homologous 
proteins were then used in BLASTp of DEG [25] 
with the threshold E-value of 10-10, sequence 
identity of  ≥ 30%, and bit score of 100 to predict 
pathogen essential proteins. The identified essential 
proteins were then allowed to enter the metabolic 
pathway mapping stage, where the proteins were 
mapped to the metabolic pathways of the pathogen 
[34]. In order to predict protein sequences involved 
in different metabolic pathways of the organism, 
the KEGG Automatic Annotation sever (KAAS) 
[35]  was used. Further in the framework, virulence 
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Fig. 1. Workflow of the methodology used in the present studyFig. 1. Workflow of the methodology used in the present study 

proteins of the bacteria were screened as they aid in 
bacteria adherence, colonization, invasion, evasion 
of host defense, and disease etiology as such are 
attractive targets to deactivate the pathogen [36]. 
For virulent protein identification, the Virulent 
Factor Database (VFDB) was accessed [37]. 
The unique proteins from F. tularensis metabolic 
pathways were subjected to BLASTp of VFDB to 
screen proteins having a threshold bit score ≥100 
and identity ≥ of 50%. In the concluding step of 
the subtractive proteomics, cytoplasmic proteins 
were identified using a comparative subcellular 
localization prediction approach. In this approach, 
the cellular localization of selected proteins was 
determined using three online servers: PSORTb 
[38] CELLO [39], and CELLO2GO [40]. The 
cytoplasmic proteins are presumed to be attractive 
targets because of the higher availability of drugs 
[41]. 

2.2  Physiochemical Characterization of     	     
       Cytoplasmic Proteins

The physicochemical properties of the cytoplasmic 
proteins were unraveled to evaluate several vital 
parameters of the targets important from an 
experimental validations point of view [42]. The 
characterization was done based on molecular 
weight, theoretical pI, atomic composition, 
instability index, and grand average of 
hydropathicity (GRAVY). For this, an online server 
of ProtParam [43] was used. 

2.3  Drug Target Selection

The selection of a drug target was done based 
on their subcellular localization, virulence, and 
physiochemical properties of the protein [16, 17]. 
Another parameter for the target selection was 
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the non-availability of experimentally determined 
structure. The Protein Data Bank (PDB) was 
explored for the availability of protein experimental 
structures. Enzymes in the shortlisted targets were 
especially targeted because of the following reasons: 
(i) Enzymes are essential to life, (ii) dysregulated 
enzymes lead to disease states, (iii) Enzymes are 
highly amenable to inhibition by small druglike 
molecules, (iv) Majority of the pharmaceutical 
companies (50% - 75%) around the globe focused 
on enzyme as primary target [44].

2.4  Comparative Structure Modeling and 	     	
       Validation

The availability of 3D structures of the targeted 
protein was checked using an online BLASTp 
tool of NCBI against PDB. The 3D structure is a 
prerequisite of the subsequent molecular docking 
study, MD simulation, and binding free energy 
calculations. In the absence of 3D structure, the 
sequence of proteins was used in a comparative 
structure modeling approach. First, in this approach, 
the amino acid sequence of the selected proteins 
was BLASTp against PDB for the identification of 
the appropriate template structure. Once template 
structure was identified, an automated protein 
modeling program, Modeller 9.14, was run to 
predict the most optimal 3D structure of proteins. 
Parallel to Modeller, several online severs: 
ReptorX [45], Phyre2 [46], SWISS-MODEL 
[47] and I-TASSER [48] were used. To check the 
thermodynamic stability of the generated models, 
online structure quality assessment tools: ERRAT, 
Verify3D [49], ProSA [50], and Ramachandran 
Plot [51] were utilized. The protein was then 
energetically minimized using UCSF Chimera [52] 
to improve the quality of the structure by removing 
steric clashes. Minimization was performed for 
1500 steps which can be split into 750 conjugate 
gradient steps and 750 steepest descent steps under 
Tripos Force Field [53].

2.5  Pharmacophore Model Generation and 	    	
       Virtual Screening

For ligand-based pharmacophore model generation, 
15 compounds against the target protein were 
retrieved from the extensive literature reviews and 
binding database as illustrated in Table S1 [38]. 
The pharmacophore model was generated using 

LigandScout 4.5. Pharmacophoric sites: aromatic 
ring, hydrogen bond acceptor (HBA), hydrogen 
bond donor (HBD), positive and negative ionizable 
groups, and hydrophobic sites were characterized 
carefully. To incorporate associated features of the 
utilized compounds, merge feature model generation 
and atom overlapping scoring function of the 
LigandScout was employed. The pharmacophore 
model with the best score was selected and used 
in virtual screening of Zinc database druglike 
libraries containing 1 million compounds. Once the 
screening was done, Lipinski’s rule of five filters 
was additionally applied to the shortlisted inhibitors 
for filtering drug molecules with properties: HBA < 
10, HBD < 5, molecular weight < 500 Da, and the 
value of log P < 5 [54].

2.6  Molecular Docking 

The binding site in the selected enzyme for the 
screened set of inhibitors was predicted using a 
combined approach of online binding site prediction 
tools and Multiple Sequence Alignment (MSA) 
[55]. Meta pocket [56] was used first to predict 
the enzyme active cavity, followed by aligning the 
orthologues of G1PTT enzyme through ClustalW 
[57] to look for the most conserved active site pocket 
residue. Genetic Optimization for Ligand Docking 
(GOLD) [58] and AutoDock Vina (AD-Vina) [59] 
were used for docking of the compounds to enzyme 
active pockets. The coordinates of the oxygen 
atom from Gly09 were set as the point of inhibitors 
binding. The GOLD docking was accomplished 
with a genetic run for each compound was set to 10. 
In AD-Vina, the same active site coordinates used 
in GOLD were used with the grid box size set to 
15 Å along with the X, Y, and Z-axis. The docking 
results were visualized using LIGPLOT [60], UCSF 
Chimera [60], Visual Molecular Dynamics (VMD) 
[61], and Discovery Studio (DS). 

2.7  MD Simulation

To determine the dynamic behavior of the enzyme 
in complex with the ligand, MD simulation for 
100-ns was carried out [62]. Assisted model 
building with the energy refinement 14 (AMBER 
14) [63] was used to design and perform simulation 
protocol. Initial libraries of the complex were 
generated using the Antechamber program. The 
docked complex was integrated into a TIP3P water 
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box with a padding distance size of 12 Å between 
the protein and water box boundary conditions. This 
was accomplished using ff14SB force field using 
Leap program [64]. The addition of 12 Na+ ions 
was involved in neutralizing the hydrated complex. 
During minimization, hydrogen atoms, water box, 
carbon alpha atoms of the complex were minimized 
for 1000 cycles whereas non-heavy atoms were 
relaxed for 300 steps [65]. After that, the system 
was subjected to a heating step, where a temperature 
of 300 K for 20-ps with the restraint of 5 kcal/mol. 
on alpha-carbon atoms are used. SHAKE algorithm  
[66] was used to heat the system while Langevin 
dynamics was used for maintaining system 
temperature. The system equilibrium was achieved 
for 100-ps with a time scale of 2-fs [67]. The NPT 
ensemble was employed for 50-ps to maintain 
system pressure. The system was then equilibrated 
for 1-ns. In production phase, the Berendsen 
algorithm combined with NVT ensemble was used 
with cut-off value of non-bonded interactions set to 
0.8 Å. The production run was carried out for 100-
ns. For simulation trajectories analysis, CPPTRAJ 
program of AMBER was used [68].

2.8  Binding Free Energy Calculations

The MM-PBSA and MM-GBSA of AMBER14 
were used to estimate the binding free energies of 
the system [62]. A total of 500 frames were extracted 
from the simulation trajectories. The prmtop files of 
receptor, ligand, and complex were generated using 
the anti-MMPBSA.py module of AMBER whereas 
for estimating binding free energy MMPBSA.py 
module was used. 

3.  RESULTS AND DISCUSSION

3.1  Subtractive Proteomics

The emergence of resistance in bacteria is rapid and 
occurring worldwide thus endangering the efficacy 
of life-saving antibiotics [69]. This resistance to 
antibiotics has been attributed to misuse and overuse 
of these medications, in addition, to the lack of 
new antibiotic development by pharma industries 
due to challenging regulatory requirements and 
lesser economic incentives [70]. Because of many 
limitations of conventional drug target identification 
and drug discovery, computational identification 
of potentially druggable proteins and subsequent 

drug designing played a major role in providing 
therapeutically important molecules against several 
medical complications [71].  The drug target 
identification is the first step in drug discovery 
and can be applied to a range of biological entities 
that may include protein, DNA, and RNA [72] 
associated with the disease. Subtractive proteomics 
is now a widely used approach for the identification 
and validation of bacterial proteins involved in 
regulating essential biological processes [73]. This 
is a step-wise approach that gradually reduces the 
number of proteins involved in the host’s non-
homologous, essential and unique pathways of the 
bacterial pathogen [31]. Using this approach, the 
complete proteome of F. tularensis strain SCHU 
S4 that contains 1556 proteins were thoroughly 
screened first for non-redundant proteome. The 
non-redundant proteins are attractive targets 
for antibiotics because of their broad-spectrum 
conservation across bacterial species and strains 
[31]. On the other hand, redundant proteins are 
paralogous that are less conserved and not preferred 
as drug targets [31]. The CD-HIT analysis revealed 
28 duplicated proteins and thus excluded them 
from F. tularensis proteome. The 1528 orthologous 
proteins were forwarded to the homology check. 
At this check, homologous proteins between the 
host (Homo sapiens) and bacteria were compared 
using an online BLASTp tool of NCBI. The 
homologous proteins sharing 30% of identity were 
discarded whereas those having identity of <30% 
were passed to the next step of DEG analysis. A 
homology check revealed 1218 proteins as host non-
homologous proteins as a potential target for drug 
discovery. Screening host non-homologs is vital 
as targeting host homologous proteins could lead 
to autoimmune reactions and adverse side effects 
[73]. The essential proteins are the foundation to 
bacterial life without such proteins the bacterium is  
unable to survive, and as such are attractive targets 
for designing novel antibiotics [73]. The essentiality 
analysis unraveled 732 proteins in number while 
the remaining 486 proteins are non-essential hence 
excluded from further analysis [73]. Mapping 
essential proteins to organism metabolic pathways 
are vital as it provides an array of opportunities to 
block pathogen survival. The KAAS mapped a total 
of 262 proteins to metabolic pathways including 
11 unique and 251 common proteins. The output 
of KASS was investigated first enzymatic and 
non-enzymatic proteins. The enzymatic proteins 
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Fig. 2. Sub-Cellular localization of F. tularensis virulent proteins. 

3.2. Physicochemical Characterization  

The physicochemical characterization of 
shortlisted proteins was an important 
consideration for shedding light on the 
suitability of selected proteins for a wet lab 
analysis [42]. The major parameter during this 
analysis was to compute the molecular weight 
of proteins. The proteins having <110 kDa 
molecular weight are preferred as drug and 
vaccine targets because of their easy 
purification [42, 53]. It was estimated that all 
four proteins have a molecular weight less 
than the threshold and can be used in the 
development of the novel drug. The stability of 
the protein is the next most important 
characteristic of protein. The proteins having 

an estimated <40 stability index are considered 
stable while those proteins with >40 are 
regarded as unstable. For all three proteins, 
stability were calculated <40 while no protein 
stability value was > 40. The GRAVY 
negative score of all the stable proteins 
indicates the hydrophilic nature of the 
proteins. The theoretical pI value of 2 proteins 
(wcaJ, qseC) were greater than 7 represented 
the basic nature of the protein and the 1 
protein (wbtL) with less than 7 pI value 
indicating the acidic nature of drug-protein. 
The aliphatic index value for the proteins 
ranged from 117.9 - 95 show the high thermal 
stability of proteins. The physicochemical 
parameters for the shortlisted 3 proteins are 
tabulated in Table 2.     

Fig. 2. Sub-Cellular localization of F. tularensis virulent proteins.

were recognized through its Enzyme Classification 
(EC) number and were 71% of the total proteins 
compared to the non-enzymatic proteins that were 
29%. The metabolic proteins were categorized into 
the following: 1) cellular process, 2) environment 
information processing pathways, 3) metabolism 
4) human diseases and drug development and 
5) organismal systems. Cellular processes can 
be divided into two main systems including 
peroxisome cell-cycle –caulobacter. Genetic 
information processing includes proteins that take 
part in folding, translation, transcription, sorting and 
degradation, repair, and replication. Environmental 
information processing include transport systems 
including phosphotransferase system (PTS), ABC 
transporters, two-component system and bacterial 
secretion system. The virulent proteins were 
identified through VFDB. Six proteins were found 
virulent including wcaJ, oppF, qseC, phnA, wbtL and 
tolQ (Table 1). The WcaJ is considered as initiating 
enzyme in the synthesis of colonic acid (CA) [74]. 
OppF plays part in transporting oligonucleotides. 
QseC is a member of two-component regulatory 
system (QseB/QseC) and functions by activating 
the flagella regulon of FlhDC [75]. The PhnA is 
involved in hydrolysis of phosphonoacetate [76]. 
The WbtL drives formation of dTDP-glucose from 
glucose 1-phosphate and dTTP [26].  The TolQ is a  
part of Tol-Pal system which plays a role in outer 
membrane invagination during cell division and is 
important for maintaining outer membrane integrity 

[77]. Knowledge of subcellular localization is 
significant in identification of therapeutic targets. 
Cytoplasmic proteins are preferred as drug targets 
compared to membrane proteins because of the 
following reasons: (i) membrane proteins have low 
permeation rate thus can block the access of drugs 
to the biological target, (ii) the presence of energy 
driven efflux systems may use the drug as effluxing 
substrate for broad specificity. The comparative 
subcellular localization for the virulent proteins is 
illustrated in Fig. 2. According to PSORTb, majority 
of the proteins were found in the cytoplasmic 
membrane (73%), followed by cytoplasmic 
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3 in inner membrane and 2 were in outer 
membrane. By comparative analysis, only 3 
proteins: wcaj, qseC, and wbtL were selected 
as cytoplasmic proteins and forwarded along 
the framework.  

Table 1. Virulent proteins screened in the study. 

Gene 
 

Protein Name  Bit 
score  

 

Identity  

 

wcaj Hydrogen peroxide-
inducible genes 
activator 

 

226 65 

oppF Oligopeptide 
transport ATP-
binding protein  

 

157 56 

qseC Sensor histidine 
kinase QseC 

107 31 

phnA Protein PhnA 

 
32 3 

wbtL Glucose-1-phosphate 
thymidylyltransferase 

 

381 64 

tolQ Biopolymer transport 
protein TolQ 

 

 

86 43 
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proteins (18%), 9% of unknown proteins, 0% of 
outer membrane, inner membrane and periplasmic 
proteins. Cello demonstrated majority of the 
proteins as cytoplasmic (46%), inner membrane 
(27%), outer membrane (18%), periplasmic (9%), 
cytoplasmic membrane and unknown (0%). 
Lastly, Cello2Go revealed 55% cytoplasmic, 45% 
outer membrane, 0% of cytoplasmic membrane, 
periplasmic, and unknown proteins. It was found 
that around 5 proteins were cytoplasmic, 1 was 
periplasmic, 3 in inner membrane and 2 were in 
outer membrane. By comparative analysis, only 
3 proteins: wcaj, qseC, and wbtL were selected 
as cytoplasmic proteins and forwarded along the 
framework. 

3.2  Physicochemical Characterization 

The physicochemical characterization of shortlisted 
proteins was an important consideration for 
shedding light on the suitability of selected proteins 
for a wet lab analysis [42]. The major parameter 
during this analysis was to compute the molecular 
weight of proteins. The proteins having <110 kDa 
molecular weight are preferred as drug and vaccine 
targets because of their easy purification [42, 53]. It 
was estimated that all four proteins have a molecular 
weight less than the threshold and can be used in 
the development of the novel drug. The stability of 
the protein is the next most important characteristic 
of protein. The proteins having an estimated <40 
stability index are considered stable while those 
proteins with >40 are regarded as unstable. For 
all three proteins, stability were calculated <40 

while no protein stability value was > 40. The 
GRAVY negative score of all the stable proteins 
indicates the hydrophilic nature of the proteins. The 
theoretical pI value of 2 proteins (wcaJ, qseC) were 
greater than 7 represented the basic nature of the 
protein and the 1 protein (wbtL) with less than 7 pI 
value indicating the acidic nature of drug-protein. 
The aliphatic index value for the proteins ranged 
from 117.9 - 95 show the high thermal stability of 
proteins. The physicochemical parameters for the 
shortlisted 3 proteins are tabulated in Table 2.    

3.3  Selection of Drug Target

The G1PTT enzyme was selected as the potential 
drug target against the pathogen based on its 
cytoplasmic location, involvement in virulent 
pathways, suitable molecular weight, theoretical 
PI, instability index, and GRAVY index. Another 
parameter for the target selection was the non-
availability of experimental structure and 
availability of a suitable template. The G1PTT is 
involved in the biosynthesis of different antibiotics, 
polyketide sugar unit biosynthesis, and acarbose 
and validamycin biosynthesis pathways. As the 
target is an enzyme, involved pathogen-specific and 
selective pathways, structure modeling, molecular 
docking, and dynamics simulation can provide an 
excellent platform for designing antibiotics against 
this target enzyme.   

3.4 Comparative Structure Modelling

The 3D structure of the selected protein was not 
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Table 2. Physiochemical characterization of selected cytoplasmic proteins. 
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Q5NEZ2 wcaJ 

Hydrogen 
peroxide-

inducible genes 
activator 

 

205 
23.3 

 
9.4 

 
33.1 

 
95.5 

 
-0.073 

 

Q5NIH6 qseC 
Sensor histidine 

kinase QseC 
4745 

54.7 
 

7.1 
 

31.8 
 

105.0 
 

-0.22 
 

Q5NF04 wbtL 

Glucose-1-
phosphate 

thymidylyltransfe
rase (G1PTT) 

 

294 32.4 
5.5 

 
39.1 

 
104.1 

 
-0.052 

 

 Selection of Drug Target 
 

The G1PTT enzyme was selected as the 
potential drug target against the pathogen 
based on its cytoplasmic location, involvement 
in virulent pathways, suitable molecular 
weight, theoretical PI, instability index, and 
GRAVY index. Another parameter for the 
target selection was the non-availability of 
experimental structure and availability of a 
suitable template. The G1PTT is involved in 
the biosynthesis of different antibiotics, 
polyketide sugar unit biosynthesis, and 
acarbose and validamycin biosynthesis 
pathways. As the target is an enzyme, involved 
pathogen-specific and selective pathways, 
structure modeling, molecular docking, and 
dynamics simulation can provide an excellent 
platform for designing antibiotics against this 
target enzyme.    

3.3 Comparative Structure Modelling 
 

The 3D structure of the selected protein was 
not present in the PDB, therefore, a 

comparative structure prediction approach was 
used. The X-ray crystallographic structure of a 
template ―PDB id: 1H5T‖ was selected for the 
model building process with 98% query 
coverage and 64% sequence identity. For the 
selection of the best model, a detailed 
comparison of stereochemical properties was 
performed as tabulated in Table 3.  Based on 
quality assessment measurements, Phyre2 
predicted structure was selected having 97.9% 
residues in the favored region of the 
Ramachandran plot. The number of residues in 
the allowed and outlier region was 1.7% and 
0.3%, respectively. ERRAT, Verify3D, and Z-
score were 93.116, 93.10%, and -8.41, 
respectively thus further confirmed the 
reliability of the optimal model selected for 
antibiotics screening. Moreover, the 
superimposed structure of the template and the 
target unraveled Root Mean Square Deviation 
(RMSD) of 0.001 Å is in a highly acceptable 
range and shown in Fig. 3.  The tertiary 
structure of G1PTT can be found in Fig. 4. 
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Table 3. Stereo-chemical properties of comparative homology modeled structure. 

Structure Resources Favored region Allowed region outlier region Errat Z-score Verify-3D 

Modeller 1 279 (96.5%) 
 

9 (3.1%) 
 

1 (0.3%) 
 

83.039 
 

-8.41 
 

88.32% 
 Modeller 2 279 (96.5%) 

 
6 (2.1%) 

 
4 (1.4%) 

 
84.099 

 
-8.41 

 
90.38% 

 Modeller 3 280 (96.9%) 
 

8 (2.8%) 
 

1 (0.3%) 
 

83.746 
 

-8.73 
 

96.22% 
 
 

Modeller 4 279 (96.5%) 
 

8 (2.8%) 
 

2 (0.7%) 
 

80.565 
 

-8.32 
 

94.50% 
 Modeller 5 279 (96.5%) 

 
9 (3.1%) 

 
1 (0.3%) 

 
84.452 

 
-8.47 

 
92.44% 

 Phyre 2 282 (97.9%) 
 

5 (1.7%) 
 

1 (0.3%) 
 

93.116 
 

-8.41 
 

93.10% 
 Swiss-Model 1 1073 (93.1%) 

 
55 (4.8%) 

 
24 (2.1%) 

 
96.791 

 
-8.39 

 
 

93.10% 
 Swiss-Model 2 220 (93.6%) 

 
12 (5.1%) 

 
3 (1.3%) 

 
83.772 

 
-8.04 

 
99.16% 

 I-TASSER 
 

271 (92.8%) 
 

14 (4.8%) 
 

7 (2.4%) 
 

97.895 
 

-8.75 
 

98.64% 
 RaptorX 

 
280 (95.9%) 

 
10 (3.4%) 

 
2 (0.7%) 

 
80.42 

 
-8.4 

 
98.80% 

  
 3.4 Pharmacophore Model Generation and 

Virtual Screening 
A pharmacophore model was generated to 
shortlist druglike compounds from Zinc 
database druglike libraries that share 
molecular features necessary for recognizing a 
ligand by druggable biological 
macromolecules. Pharmacophore model-based 
virtual screening of 1,000,000 drug molecules 
was then performed to shortlist the best 
possible drug molecules. The screening 
filtered 152 compounds. Structures of these 
compounds are tabulated in Table S2. These 
compounds were energetically minimized 
using the MMFF94 force field and further 
utilized in molecular docking studies. 

 3.5 Molecular Docking  
 

The sequence 8GGSGTR13 was found 
conserved in all orthologues of the G1PTT 
enzyme. The coordinates oxygen atom from 
Gly9 was selected for molecular docking 
studies. Comparative docking performed using 
two different tools: GOLD and AD-Vina. In 
molecular docking, structure-based virtual 
screening of 152 drug-like compounds 
extracted based on pharmacophore-based 

virtual screening. All the inhibitors were 
docked into the enzyme active site using 
GOLD, and  AD-Vina. The top ten best 
inhibitors based on descending order of GOLD 
fitness score together with AD-Vina binding 
energy and drug-likeness are shown in Table 
4. The correlation coefficients between GOLD 
fitness score and AD-Vina binding energy of 
the compounds can be found in Fig. 5. 
Compound ZINC23121280 ((3R)-N-(6-amino-
1-benzyl-2,4-dioxo-pyrimidin-5-yl)-1-
cyclopentyl-5-oxo-N-propyl-pyrrolidine-3-
carbox) was selected as the best-docked 
inhibitor with GOLD fitness score and AD-
Vina binding energy of 64.02 and -7.2 
kcal/mol, respectively. The complex was 
selected based on several parameters including 
strong interactions between ligand and target 
protein, drug-likeness of the compound, and its 
pharmacokinetics. In both tools, the inhibitor 
was investigated to dock in the same position 
and interacts with almost the same residues of 
the active site (Fig. 6). Visual inspection of 
complexes from both GOLD and AD-Vina 
revealed inhibitor binding with active residues: 
Leu6, Ala7, Gly8, Gly9, Ser10, Gly11, Arg13, 
Lys23, Gln24, Pro83, Gly85, Leu86, Leu106, 
Gly107, Asp108,  Glu194, and Gly225.   

present in the PDB, therefore, a comparative 
structure prediction approach was used. The X-ray 
crystallographic structure of a template “PDB id: 
1H5T” was selected for the model building process 
with 98% query coverage and 64% sequence 
identity. For the selection of the best model, a 
detailed comparison of stereochemical properties 
was performed as tabulated in Table 3.  Based on 
quality assessment measurements, Phyre2 predicted 
structure was selected having 97.9% residues in 
the favored region of the Ramachandran plot. 
The number of residues in the allowed and outlier 
region was 1.7% and 0.3%, respectively. ERRAT, 
Verify3D, and Z-score were 93.116, 93.10%, 
and -8.41, respectively thus further confirmed 
the reliability of the optimal model selected for 
antibiotics screening. Moreover, the superimposed 
structure of the template and the target unraveled 
Root Mean Square Deviation (RMSD) of 0.001 
Å is in a highly acceptable range and shown in               
Fig. 3. The tertiary structure of G1PTT can be 
found in Fig. 4.

3.5  Pharmacophore Model Generation and 	  	
       Virtual Screening

A pharmacophore model was generated to shortlist 
druglike compounds from Zinc database druglike 
libraries that share molecular features necessary 
for recognizing a ligand by druggable biological 
macromolecules. Pharmacophore model-based 
virtual screening of 1,000,000 drug molecules was 
then performed to shortlist the best possible drug 
molecules. The screening filtered 152 compounds. 
Structures of these compounds are tabulated in 
Table S2. These compounds were energetically 
minimized using the MMFF94 force field and 

further utilized in molecular docking studies.

3.6  Molecular Docking 

The sequence 8GGSGTR13 was found conserved 
in all orthologues of the G1PTT enzyme. The 
coordinates oxygen atom from Gly9 was selected for 
molecular docking studies. Comparative docking 
performed using two different tools: GOLD and 
AD-Vina. In molecular docking, structure-based 
virtual screening of 152 drug-like compounds 
extracted based on pharmacophore-based virtual 
screening. All the inhibitors were docked into the 
enzyme active site using GOLD, and  AD-Vina. The 
top ten best inhibitors based on descending order of 
GOLD fitness score together with AD-Vina binding 
energy and drug-likeness are shown in Table 4. The 
correlation coefficients between GOLD fitness score 
and AD-Vina binding energy of the compounds 
can be found in Fig. 5. Compound ZINC23121280 
((3R)-N-(6-amino-1-benzyl-2,4-dioxo-pyrimidin-
5-yl)-1-cyclopentyl-5-oxo-N-propyl-pyrrolidine-3-
carbox) was selected as the best-docked inhibitor 
with GOLD fitness score and AD-Vina binding 
energy of 64.02 and -7.2 kcal/mol, respectively. The 
complex was selected based on several parameters 
including strong interactions between ligand and 
target protein, drug-likeness of the compound, and 
its pharmacokinetics. In both tools, the inhibitor 
was investigated to dock in the same position 
and interacts with almost the same residues of the 
active site (Fig. 6). Visual inspection of complexes 
from both GOLD and AD-Vina revealed inhibitor 
binding with active residues: Leu6, Ala7, Gly8, 
Gly9, Ser10, Gly11, Arg13, Lys23, Gln24, Pro83, 
Gly85, Leu86, Leu106, Gly107, Asp108,  Glu194, 
and Gly225.  
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Fig. 3. Superimposition of selected optimum model (purple) over the template (sienna). 

 

Fig. 4.Tertiary structure of G1PTT enzyme.
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The binding mode of the compound in 
the G1PTT pocket in GOLD was positioned 
as such to allow deep binding of  6-amino-1-
(cyclohexylmethyl)-5-(ethyl(methyl)amino)-
hexahydropyrimidne-2,4-diol ring and covered the 
major portion of the active site (Fig. 7). The oxygen 
atom of the ring was observed in hydrogen bond 
interaction with Gly85 and Pro83. The ring, (4R)-
4-(hydroxymethyl) pyrrolidin-2-ol, bind in the 
cavity of the active site and the nitrogen atom of 
the ring was observed to interact hydrophilically 
with Gly09. It also forms interactions with Ser10, 
Leu106, Asp108, and Lys23.

At the drug design stage, unveiling drug-
likeness and pharmacokinetic behavior of drugs are 
important as it reduces the number of unsuccessful 
hits in clinical trials [78]. In addition, it also enables 
chemists to select the most appropriate compounds 
for lead optimization and novel drug development. 
The compound completely follows Lipinski’s rule 
of five: molecular weight (453.53 g/mol), number 
of H-bonds acceptors (4), number of H-bonds 
donors (2), topological polar surface area (TPSA) 
value (130.78 Å²), and LogP value (1.53). The 

number of heavy atoms in the compound is 33, 
while aromatic heavy atoms and rotatable bonds are 
12 and 8, respectively. The molar refractivity of the 
compound is 127.95. An important consideration 
of drugs is their lipophilicity, which describes the 
compound’s ability to be dissolved in lipophilic 
solutions (non-aqueous). Lipophilicity determines 
the compound’s ability to permeate across different 
biological membranes [79]. Higher LogP, higher the 
capacity of drugs to cross biological membranes and 
hence can access targets for inhibition. The efficient 
delivery of a drug to the target site depends on the 
tendency of drugs to retain in blood for an extended 
period [78]. This was disclosed using the plasma 
protein binding (PPB) feature of the compound 
(described as LogK). The different ADMET 
properties of the best 10 inhibitors screened in the 
study can be found in Table 5.

3.7  Molecular Dynamics Simulation
 
The MD Simulations for 100-ns of the enzyme 
complex were carried out to investigate system 
stability. There are different examples in which 
time-dependent MD simulations have been applied 
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The binding mode of the compound in the 
G1PTT pocket in GOLD was positioned as 
such to allow deep binding of  6-amino-1-
(cyclohexylmethyl)-5-(ethyl(methyl)amino)-
hexahydropyrimidne-2,4-diol ring and covered 
the major portion of the active site (Fig. 7). 
The oxygen atom of the ring was observed in 

hydrogen bond interaction with Gly85 and 
Pro83. The ring, (4R)-4-(hydroxymethyl) 
pyrrolidin-2-ol, bind in the cavity of the active 
site and the nitrogen atom of the ring was 
observed to interact hydrophilically with 
Gly09. It also forms interactions with Ser10, 
Leu106, Asp108, and Lys23.  

 

Fig. 5. Correlation coefficient between GOLD scores and binding free energies of 152 inhibitors. 

At the drug design stage, unveiling drug-
likeness and pharmacokinetic behavior of 
drugs are important as it reduces the number of 
unsuccessful hits in clinical trials [78]. In 
addition, it also enables chemists to select the 
most appropriate compounds for lead 
optimization and novel drug development. The 
compound completely follows Lipinski's rule 
of five: molecular weight (453.53 g/mol), 
number of H-bonds acceptors (4), number of 

H-bonds donors (2), topological polar surface 
area (TPSA) value (130.78 Å²), and LogP 
value (1.53). The number of heavy atoms in 
the compound is 33, while aromatic heavy 
atoms and rotatable bonds are 12 and 8, 
respectively. The molar refractivity of the 
compound is 127.95. An important 
consideration of drugs is their lipophilicity, 
which describes the compound's ability to be 
dissolved in lipophilic solutions (non-

Fig. 5. Correlation coefficient between GOLD scores and binding free energies of 152 inhibitors.
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aqueous). Lipophilicity determines the 
compound's ability to permeate across 
different biological membranes [79]. Higher 
LogP, higher the capacity of drugs to cross 
biological membranes and hence can access 
targets for inhibition. The efficient delivery of 
a drug to the target site depends on the 

tendency of drugs to retain in blood for an 
extended period [78]. This was disclosed using 
the plasma protein binding (PPB) feature of 
the compound (described as LogK). The 
different ADMET properties of the best 10 
inhibitors screened in the study can be found 
in Table 5. 

Table 4. Docking scores of top ten docked inhibitors. 

Compounds 
GOLD 
Fitness 
Score 

AD-Vina 
binding energy 

(kcal/mol) 

Druglikenss rule 
violations 

 
ZINC23121280 

64.06 -7.2 No violations 

 
 
 
 
 
 
 
 
 

ZINC02629047 

58.94 -6.4 No violations 

 
 
 
 
 
 
 
 

ZINC14511277 

 
55.86 

 

 
-6.6 

 

 
Egan rule (1 violations: 

TPSA>131.6) 
 

17 
 

 
 
 
 
 
 
 
 

ZINC03348170 

 
55.62 

 

 
-6.6 

 

 
Veber rule (1 violation: 

TPSA>140), 
Egan rule (1 violation: 

TPSA>131.6) 
 

 
 
 
 
 
 
 
 
 

ZINC12763362 

54.31 -6.1 No violations 

 
 
 
 
 
 
 
 

ZINC06221653 

53.85 -6.6 No violations 

 
 
 
 
 
 
 
 
 

ZINC28807288 

53.69 -6.4 No violations 

 
 
 
 
 
 
 
 
 

ZINC08343860 

 
53.46 

 

 
-6.6 

 

 
Veber rule (1 violations: 

TPSA>140), 
Egan rule (1 violations: 

TPSA>131.6), 
Muegge filter (1 violation: 

TPSA> 150) 
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ZINC05678255 53.44 -7.3 No violations 

 
ZINC13135410 

53.44 -7 No violations 

 

 
Fig. 6. Interacting residues of the enzyme with the ligand in AD-Vina (a) and GOLD (b). 
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Fig.7. Binding mode and interactions of ZINC23121280 in the binding pocket of the G1PTT enzyme. 
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Fig. 7. Binding mode and interactions of ZINC23121280 in the binding pocket of the G1PTT enzyme.
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3.6. Molecular Dynamics Simulation 
 

The MD Simulations for 100-ns of the enzyme 
complex were carried out to investigate system 
stability. There are different examples in 
which time-dependent MD simulations have 
been applied on docked complexes to explore 
the protein-ligand interactions, conformational 
fluctuations, structural, architectural changes, 
and dynamical shifts of the proteins [80]. The 

MD simulations aid in understanding the 
dynamic behavior of the complex and also 
highlight the important residues playing a vital 
role in identifying and binding the ligand [81]. 
To shed light on biomolecular movements 
within a solvated environment, RMSD, RMSF, 
B-factor, and radius of gyration were plotted 
as a function of time (Fig. 8). Investigation of 
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Fig.7. Binding mode and interactions of ZINC23121280 in the binding pocket of the G1PTT enzyme. 
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3.6. Molecular Dynamics Simulation 
 

The MD Simulations for 100-ns of the enzyme 
complex were carried out to investigate system 
stability. There are different examples in 
which time-dependent MD simulations have 
been applied on docked complexes to explore 
the protein-ligand interactions, conformational 
fluctuations, structural, architectural changes, 
and dynamical shifts of the proteins [80]. The 

MD simulations aid in understanding the 
dynamic behavior of the complex and also 
highlight the important residues playing a vital 
role in identifying and binding the ligand [81]. 
To shed light on biomolecular movements 
within a solvated environment, RMSD, RMSF, 
B-factor, and radius of gyration were plotted 
as a function of time (Fig. 8). Investigation of 

on docked complexes to explore the protein-
ligand interactions, conformational fluctuations, 
structural, architectural changes, and dynamical 
shifts of the proteins [80]. The MD simulations 
aid in understanding the dynamic behavior of the 
complex and also highlight the important residues 
playing a vital role in identifying and binding 
the ligand [81]. To shed light on biomolecular 
movements within a solvated environment, RMSD, 
RMSF, B-factor, and radius of gyration were 
plotted as a function of time (Fig. 8). Investigation 
of the enzyme in ligand-bounded form led to the 
assessment of structural minor structural variations 
and atomic level transitions [27]. The deviation 
of the backbone Cα atoms was observed first for 
the complete production run. The average RMSD 
value calculated for the complex is 2.25 Å, with 
a maximum of 3.10 Å at 70th ns. No substantial 
structural movements were reported that elucidates 
complex stability. The average RMSF value for 
the complex was 1.16 Å. The regions illustrating 
higher fluctuation were loops: that involve the 
regular conversion of sheets into helix and helix 
into the sheet. The graph indicates that most of the 
residues of the active site have remained stable. 
The highest peak of the graph indicates the region 
in the loop region. The β-factor is a thermal dis-
orderness calibrating function which stipulates 
the structural stability at the atomic position in 
term of RMSF. Therefore, its value depends on 
the level of atomic fluctuations which collectively 
contribute to the global vibrational movements of 
the protein and its thermal stability. The pattern of 
β-factor for protein is consistent with the RMSF 
trend. The β-factor average value calculated for 
the complex was 47 Å. To evaluate the structural 

compactness, radius of gyration was calculated as a 
time function. The average value of 25.3 Å for the 
docked protein denotes the stability of the protein 
structure. Snapshots at different ns of the docked 
enzyme complex over simulation period of 100-ns 
is presented in Fig. 9.

3.8  RDF Analysis
 
The RDF is a key tool to describe the probability 
of the distance ‘r’ between two particles in a 
system [82]. The distribution of atoms, molecules, 
and species around a specific residue of targeted 
protein can be described by RDF. For this, the first 
vital residues of the enzyme involved in hydrogen 
bonding with the inhibitor toward the end of the 
simulation were identified using an in-house 
script in VMD. It was found that TRP221 is the 
main residue from the enzyme active pocket that 
contributes significantly to ligand binding. The RDF 
graphs were generated for all the three hydrogen 
interactions of TRP221 atoms: HE1 and HH2 as 
illustrated in Fig. 10. The highest distribution was 
observed between HE1 atom of TRP221 and ligand 
N atom, at a distance of 4.50 Å with a g(r) value of 
0.16. The highest distribution of TRP221: HE1 and 
N1 atom of ligand was observed at 3.89 Å having 
a g(r) value of 0.20. The third plot describes the 
highest distribution at 3.39 Å with a g(r) value of 
0.26 between the HH2 atom of TRP221 and the N4 
atom of the ligand.

3.9  Binding Free Energy Calculations
 
MM_PBSA/GBSA methods of the AMBER14 
were used to describe the binding free energy of the 
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Fig. 9. Snapshots of structural variations of the docked complex at different ns. Dark red color indicates loop converted 
into the helix, the navy blue color indicates loop converted into the sheet, dark green indicates helix converted into a 
loop, and yellow color indicates the sheets convert into loops

Fig. 9. Snapshots of structural variations of the docked complex at different ns. Dark red color indicates loop converted 
into the helix, the navy blue color indicates loop converted into the sheet, dark green indicates helix converted into a 
loop, and yellow color indicates the sheets convert into loops 
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the enzyme in ligand-bounded form led to the 
assessment of structural minor structural 
variations and atomic level transitions [27]. 
The deviation of the backbone Cα atoms was 
observed first for the complete production run. 
The average RMSD value calculated for the 
complex is 2.25 Å, with a maximum of 3.10 Å 
at 70th ns. No substantial structural movements 
were reported that elucidates complex 
stability. The average RMSF value for the 
complex was 1.16 Å. The regions illustrating 
higher fluctuation were loops: that involve the 
regular conversion of sheets into helix and 
helix into the sheet. The graph indicates that 
most of the residues of the active site have 
remained stable. The highest peak of the graph 
indicates the region in the loop region. The β-

factor is a thermal dis-orderness calibrating 
function which stipulates the structural 
stability at the atomic position in term of 
RMSF. Therefore, its value depends on the 
level of atomic fluctuations which collectively 
contribute to the global vibrational movements 
of the protein and its thermal stability. The 
pattern of β-factor for protein is consistent 
with the RMSF trend. The β-factor average 
value calculated for the complex was 47 Å. To 
evaluate the structural compactness, radius of 
gyration was calculated as a time function. The 
average value of 25.3 Å for the docked protein 
denotes the stability of the protein structure. 
Snapshots at different ns of the docked 
enzyme complex over simulation period of 
100-ns is presented in Fig. 9. 

 

Fig. 8. Trajectories analysis. 

 

Fig. 8. Trajectories analysis.
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3.7. RDF Analysis 

 

The RDF is a key tool to describe the 
probability of the distance ‗r‘ between two 
particles in a system [82]. The distribution of 
atoms, molecules, and species around a 
specific residue of targeted protein can be 
described by RDF. For this, the first vital 
residues of the enzyme involved in hydrogen 
bonding with the inhibitor toward the end of 
the simulation were identified using an in-
house script in VMD. It was found that 
TRP221 is the main residue from the enzyme 
active pocket that contributes significantly to 
ligand binding. The RDF graphs were 

generated for all the three hydrogen 
interactions of TRP221 atoms: HE1 and HH2 
as illustrated in Fig. 10. The highest 
distribution was observed between HE1 atom 
of TRP221 and ligand N atom, at a distance of 
4.50 Å with a g(r) value of 0.16. The highest 
distribution of TRP221: HE1 and N1 atom of 
ligand was observed at 3.89 Å having a g(r) 
value of 0.20. The third plot describes the 
highest distribution at 3.39 Å with a g(r) value 
of 0.26 between the HH2 atom of TRP221 and 
the N4 atom of the ligand. 

Fig. 10. RDF plots for G1PTT enzyme TRP221 atoms: HE1 and HH2. 

3.8. Binding Free Energy Calculations 
 

MM_PBSA/GBSA methods of the AMBER14 
were used to describe the binding free energy 
of the system as well as molecular interactions 
between the protein and ligand. The 
MM_PBSA/GBSA technique combines the 
molecular mechanical energies with the 

continuum solvent approaches. The values of 
binding free energy were explained in Table 6. 
The entropy term is eliminated because of 
convergence problems in some cases, and it 
cannot be calculated.   

Fig. 10. RDF plots for G1PTT enzyme TRP221 atoms: HE1 and HH2.

system as well as molecular interactions between 
the protein and ligand. The MM_PBSA/GBSA 
technique combines the molecular mechanical 
energies with the continuum solvent approaches. 
The values of binding free energy were explained 
in Table 6. The entropy term is eliminated because 
of convergence problems in some cases, and it 
cannot be calculated.  

The formation of the complex leads to highly 
favorable columbic interactions (−30.15 kcal/
mol) as opposed to non-favorable contributions 
from the polar part of solvation free energy (44.79 
kcal/mol in case of PB and 40.93 kcal/mol in 

GB). The total electrostatic contribution is 10.41 
kcal/mol in GB and 15.71 in PB calculations, 
respectively. The binding energy value for van der 
waal interactions is -35.93 kcal/mol, which depicts 
system stability. The total binding free energies in 
PB and GB were determined as -1.07 and -29.59 
kcal/mol, respectively. The difference in values 
due to the solvation energy which was 66.11 kcal/
mol in MMPBSA compared to 36.85 kcal/mol 
from MMGBSA. The binding energy of active 
site residues are as follow:  Leu6 (-0.2 kcal/mol), 
Ala7 (-0.0 kcal/mol), Gly8 (-0.03 kcal/mol), Gly9 
(-0.50 kcal/mol), Ser10 (-0.55 kcal/mol), Gly11 
(-0.09 kcal/mol),  Arg13 (-0.36 kcal/mol), Lys23 
(-0.13 kcal/mol),  Gln24 (-0.01 kcal/mol), Pro83 
(-0.04 kcal/mol), Gly85 (-0.0 kcal/mol), Leu86 
(-0.58 kcal/mol), Leu106 (-1.22 kcal/mol), Gly107 
(-0.02 kcal/mol), Asp108 (-0.56 kcal/mol), Glu194 
(0.24 kcal/mol) and Gly225 (-0.17 kcal/mol). 
These values indicate that the overall system was 
stable as described in RMSD and RMSF earlier. 
The fluctuations pattern observed in RMSD and 
MM(PB/GB)SA analyses were almost identical and 
indicates the system stability.

4.   CONCLUSION

The current study was based upon a combinatorial 
approach highlighting the G1PTT enzyme of F. 
tularensis as a potential drug target. The findings 
revealed ZINC23121280 ((3R)-N-(6-amino-1-
benzyl-2,4-dioxo-pyrimidin-5-yl)-1-cyclopentyl-
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Table 6. Binding energies values. 

Contribution 
Energy Values  

( kcal.mol-1) 
Van der Waals energy − 35.93 
Columbic energy − 30.15 
Gas phase energy − 66.44 

Polar solvation free energy (PB)     44.79 
Solvation free energy (PB)      66.11 
Total binding free energy (PB)      − 1.07 

Polar solvation free energy (GB)      40.93 

Solvation free energy (GB)      36.85 
Electrostatic energy (PB) 
 

     15.71 
Electrostatic energy (GB)      10.41 

 Total binding free energy (GB)    − 29.59 

 

The formation of the complex leads to highly 
favorable columbic interactions (−30.15 
kcal/mol) as opposed to non-favorable 
contributions from the polar part of solvation 
free energy (44.79 kcal/mol in case of PB and 
40.93 kcal/mol in GB). The total electrostatic 
contribution is 10.41 kcal/mol in GB and 
15.71 in PB calculations, respectively. The 
binding energy value for van der waal 
interactions is -35.93 kcal/mol, which depicts 
system stability. The total binding free 
energies in PB and GB were determined as -
1.07 and -29.59 kcal/mol, respectively. The 
difference in values due to the solvation 
energy which was 66.11 kcal/mol in 
MMPBSA compared to 36.85 kcal/mol from 
MMGBSA. The binding energy of active site 
residues are as follow:  Leu6 (-0.2 kcal/mol), 
Ala7 (-0.0 kcal/mol), Gly8 (-0.03 kcal/mol), 
Gly9 (-0.50 kcal/mol), Ser10 (-0.55 kcal/mol), 

Gly11 (-0.09 kcal/mol),  Arg13 (-0.36 
kcal/mol), Lys23 (-0.13 kcal/mol),  Gln24 (-
0.01 kcal/mol), Pro83 (-0.04 kcal/mol), Gly85 
(-0.0 kcal/mol), Leu86 (-0.58 kcal/mol), 
Leu106 (-1.22 kcal/mol), Gly107 (-0.02 
kcal/mol), Asp108 (-0.56 kcal/mol), Glu194 
(0.24 kcal/mol) and Gly225 (-0.17 kcal/mol). 
These values indicate that the overall system 
was stable as described in RMSD and RMSF 
earlier. The fluctuations pattern observed in 
RMSD and MM(PB/GB)SA analyses were 
almost identical and indicates the system 
stability. 

 

 

 

 

 

4. CONCLUSIONS 

The current study was based upon a 
combinatorial approach highlighting the 

G1PTT enzyme of F. tularensis as a potential 
drug target. The findings revealed 
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5-oxo-N-propyl-pyrrolidine-3-carbox) as potential 
inhibitor of the enzyme. Although the inhibitor 
seems to show good binding efficacy for the enzyme 
the still these predictions required experimental in 
vivo and in vitro validation.  These findings can be 
used to design and develop more specific, efficient, 
and potent drugs against F. tularensis. 
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1. N-(6-amino-1-butyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-N-methylbenzenesulfonamide
 

2. 5-amino-6-hydroxy-1-o-tolylpyrimidine-2,4(1H,3H)-dione  
 

3. N-(6-amino-1-butyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-N-methylbenzamide  

 

4. N/A 
 

5. N-(6-amino-2,4-dioxo-1-o-tolyl-1,2,3,4-tetrahydropyrimidin-5-yl)-N-methylbenzenesulfonamide
 

6. N-(6-amino-2,4-dioxo-1-o-tolyl-1,2,3,4-tetrahydropyrimidin-5-yl)-N-ethylbenzenesulfonamide
 

7. N-(6-amino-2,4-dioxo-1-o-tolyl-1,2,3,4-tetrahydropyrimidin-5-yl)-N-propylbenzenesulfonamide
 

8. N-(6-amino-2,4-dioxo-1-o-tolyl-1,2,3,4-tetrahydropyrimidin-5-yl)-N-methylbenzamide  
 

9. N-(6-amino-2,4-dioxo-1-o-tolyl-1,2,3,4-tetrahydropyrimidin-5-yl)-N-methylbutane-1-sulfonamide
 

10. 6-amino-5-(methylamino)-1-o-tolylpyrimidine-2,4(1H,3H)-dione  
 

11. 6-amino-5-(ethylamino)-1-o-tolylpyrimidine-2,4(1H,3H)-dione  
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11.	 6-amino-5-(ethylamino)-1-o-tolylpyrimidine-
2,4(1H,3H)-dione

12.	 N- (6 -amino-2 ,4 -d ioxo-1 -o - to ly l -1 ,2 ,3 ,4 -
tetrahydropyrimidin-5-yl)benzenesulfonamide

13.	 N- (6 -amino -1 -benzy l -2 ,4 -d ioxo -1 ,2 ,3 ,4 -
tetrahydropyrimidin-5-yl)benzenesulfonamide

14.	 N- (6 -amino -1 -benzy l -2 ,4 -d ioxo -1 ,2 ,3 ,4 -
t e t r a h y d r o p y r i m i d i n - 5 - y l ) - 4 - f l u o r o - N -
methylbenzenesulfonamide

15.	 N- (6 -amino -1 -benzy l -2 ,4 -d ioxo -1 ,2 ,3 ,4 -
tetrahydropyrimidin-5-yl)-N-methylfuran-2-
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Table 2S. Supplementary Table 2
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1.	 INTRODUCTION

Staphylococcus aureus is considered as one of 
the most clinically significant infectious agents 
due to its innate pathogenicity, leading to a lot of 
life-threatening infections [1-2]. It can adapt to a 
variety of environmental conditions that lead to 
MRSA infections in different parts of the world 
in every clinical setting [2-3]. Due to this, it is the 
major cause of inpatient clinical infections globally 

[4]. Nevertheless, as many patients are treated for 
infections outside hospitals (outpatient) as well, 
MRSA is rapidly increasing as community-acquired 
infection [5]. Although many antibiotics are 
available to treat S. aureus, including methicillin, 
tetracyclines, fluoroquinolones, linezolid, and 
daptomycin, most of these drugs quickly lose their 
clinical effectiveness as Staphylococcus aureus can 
develop drug resistance [1, 6]. 
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previously been carried out on MRSA in Al-Ahsa Saudi Arabia. Therefore, we studied the prevalence and antibiotic 
resistance patterns of MRSA in our region. Overall,  2661 patients were tested for MRSA by employing GeneXpert-
based PCR assay during Jan- Dec 2018, and data was analyzed using  SPSS version 24. 146 patients were MRSA 
positive (5.48%), with a mean age of 45.17 years and a male to female ratio of 1:1.03. The highest frequency of 
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frequency of hospital-acquired infections (p = < 0.0003). Vancomycin and Linezolid showed 100% susceptibility, 
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Methicillin-resistant S. aureus was reported 
in October 1960 when some Staphylococcus 
aureus strains were found to be resistant to new 
antibiotic methicillin discovered just a year before 
[7]. MRSA had been regarded as the serious 
nosocomial infectious agent causing infections 
throughout the world that has severely affected 
health care and resulted in tremendous increases 
in health care costs [7]. Therefore, the quality of 
healthcare is benchmarked against the frequency 
of MRSA infections in modern healthcare systems. 
Accordingly, reliable testing of MRSA infections 
and their antibiotic resistance patterns is an integral 
component of an infection control program at any 
good hospital [3-6].  

 
S. aureus isolates develop methicillin resistance 

when staphylococcal cassette chromosome 
(SCCmec) with mecA gene is inserted in the 
bacteria. mecA gene transcribes a modified 
penicillin-binding protein (PBP-2a) that cannot 
be inhibited by methicillin and other b-lactam 
antibiotics, thus causing methicillin resistance 
[8–11]. Many methods are available to detect and 
diagnose MRSA, that include oxacillin screening 
test, oxacillin minimum inhibitory concentration 
test, and oxacillin and/or cefoxitin disk diffusion 
method [11-12]. Nevertheless, these standard 
antimicrobial tests are reported to have false 
positive and negative results [8-10]. On the other 
hand, molecular biological methods including 
PCR-based MRSA assays that directly detect 
mecA gene present only in all MRSA strains and 
completely absent in methicillin-sensitive S. aureus 
(MSSA) isolates are regarded as the most sensitive, 
specific, and reproducible tests for diagnosing 
MRSA [13-20]. Furthermore, PCR-based assays 
are also recommended as confirmatory tests for the 
detection of MRSA in clinical samples identified 
by standard MRSA detection methods [7, 14]. 
Therefore, we employed a PCR-based molecular 
biological assay for the detection of MRSA in our 
subjects. Clinical manifestations and comorbidities 
associated with MRSA were also studied along 
with antibiotic resistance patterns. 

2.   MATERIALS AND METHODS 

Overall, all 2661 patients suspected of MRSA 
infections visiting King Abdulaziz Hospital in Al-
Ahsa during January 2018 – December 2018 in 

Saudi Arabia were included in the study. To detect 
MRSA in clinical samples, a fully automated PCR-
based molecular biological assay (GeneXpert® 
MRSA assay, Cepheid, Sunnyvale, CA, USA) 
was employed that carried out all steps of pre-
PCR (DNA extraction), PCR amplification, and 
post-PCR (fluorescent detection of PCR-amplified 
fragments) per manufacturer’s instructions [14].  
All the specimens were processed by using standard 
microbiological methods and susceptibility testing 
for determining resistance to different antibiotics 
was carried out by broth microdilution using       
Vitek-II (fully-automated identification and 
susceptibility testing instrument) per Clinical and 
Laboratory Standards Institute (CLSI) guidelines 
2012 [15].

Data obtained from the electronic medical 
records (EMR) was incorporated and stored in 
Microsoft excel. Statistical analysis was carried out 
using SPSS version 24 (IBM Corp., Armonk, N.Y., 
USA) and conducted in form of descriptive and 
inferential statistics. A p-value of equal to or less 
than 0.05 (corresponding to 95% confidence level) 
was taken as significant for all statistical tests. The 
study was approved from the Scientific Committee 
(SC) and Institutional Review Board (IRB) of our 
institute. 

3.  RESULTS

Out of a total of 2661 patients, 146 (5.45%) patients 
were detected positive for MRSA with 74 females 
(50.7%) and 72 males (49.3%). The ratio of male 
to female patients was 1:1.03 (p = 0.47). Patients’ 
mean age in the study was 45.17 years. MRSA 
infections were most common in the age group      
60-79 years (25.43%) Figure 1.

Out of 146 patients, 87.67% of patients had 
a community-acquired infection and 12.23% 
acquired during hospitalization (Figure 2: Table1) 
which was based on whether the infection was 
detected from the sample taken within 48 hours of 
hospital admission or later, respectively. Our result 
clearly illustrated a significantly higher incidence 
rate of community-acquired MRSA infections than 
hospital-acquired (p < 0.001). 

Findings indicate that the patient group                  
≥ 80 years had the highest frequency of hospital-
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acquired infections. However, in community-
acquired MRSA age groups, 60-70 years had the 
highest frequency followed by 40-59 years age 
group with a ( p-value < 0.0003 ) Figure 3. 

A high prevalence of MRSA infection was 
observed during the scorching summer of 2018. 
Out of 146 cases, 20 (13.70%) were diagnosed in 
August, and 17 (11.64%) cases were diagnosed in 
September. Thus, it indicates the highest rate of 
infection with MRSA was in the period between 
August to September with a p-value of < 0.001 
(Figure 4).

The Association of MRSA infections with 
different hematological parameters was studied. 
MRSA patients had leukocytosis in 26 cases 
(16.4%), neutrophilia in 32 cases (20.1%), 
eosinopenia in 21 (13.2%) cases, low RBC count 
in 40 cases (25.2%), decreased hemoglobin in 62 
cases (39%), and decreased hematocrit in 55 cases 
(34.6%) (p < 0.001) Table 2. 

The effect of MRSA infection on different 
electrolytes was also studied in our patients. There 
was a decrease in carbon dioxide in 60 MRSA 
patients (37.7%), hypoalbuminemia in 39 patients 
(24.5%), hypocalcemia in 33 patients (20.8%), and 
hyponatremia in 58 patients (36.5%). On the other 
hand, there was a noted elevation in the anion gap 
in 59 patients (37.1%), and creatinine in 32 patients 
(20.1%) (p < 0.001) (Table 3). 

There was a significant association between 
various age groups and albumin levels in MRSA 
patients. Among patients ≥60 years of age 25 
patients (17.1%) presented hypoalbuminemia. 
(P=0.002) (Table 4).

Antimicrobial susceptibility minimum 
inhibitory concentration (MIC) testing for MRSA 
isolates indicated that all tested samples (100%) 
were resistant to Penicillin, Cefoxitin, Cefazoline, 
98.9% resistant to Oxacillin, 22.3% resistant to 
Clindamycin, 29.4% resistant to Erythromycin, 
27% resistant to Sulfamethoxazole, 12.9% resistant 
to Moxifloxacin, 8.2% resistant to Nitrofurantoin, 
10.5% resistant to Gentamicin, and 1.1% resistant 
to   Tigecycline. Our results were based on using  
S.aureus (ATCC29213, MRSA negative control), 
S.aureus (ATCC43300, MRSA positive control), 

and S. aureus (ATCCBAA-1026, Cefoxitin 
screen MRSA positive control) in MIC studies. 
Moreover, 77.6% of the isolates were susceptible 
to Clindamycin, 72.9% for Sulfamethoxazole 
70.5% for Erythromycin 87% for Moxifloxacin, 
91.7% for Nitrofurantoin, 89.4% for Gentamicin, 
98.8% for Tigecycline, 98.9% for vancomycin, 
and 100% susceptibility to Linezolid. Therefore, 
our results indicate that Linezolid, vancomycin, 
and Tigecycline are the best treatment options for 
MRSA infections in our region. Because in the 
cases of vancomycin only one case 1.1% presented 
a resistance response however linezolid showed 
no resistance. No significant correlation was 
found between the acquisition of infection and the 
antimicrobial susceptibility (MIC) (Table 5).

4.  DISCUSSION

Our findings show that the prevalence of 
Methicillin-Resistant  S. aureus  is  higher  in 
elderly patients in Al- Ahsa region. Our results 
are following a report from Kuwait documenting 
MRSA frequency of 81.6% infections in elderly 
patients [21]. The reason for the higher rate of 
infection among elderly patients might be due to 
a weakened immune system at older ages [21]. 
Our study also showed that community-acquired 
MRSA infections are significantly higher than 
hospital-acquired infections in our region, which 
has been reported by others as well [2, 3, 21]. 
The factors contributing to higher frequencies of 
community-acquired MRSA infections may be 
sharing of contaminated personal equipment, living 
in overcrowded poor areas, unsealed wounds, etc. 
[3, 21]. This necessitates the need to increase public 
awareness about MRSA as part of infection control 
programs at the community level. 

We also report an increase in the incidence of 
MRSA infections in the warmer seasons especially 
between the months from August to September. 
Our results are endorsing other similar reports 
in this regard. For example, a study conducted 
in Iowa, in the USA showed 47.3% of MRSA 
patients infected during summer [22]. The heat 
rise and subsequently more sweating along with 
compromised personal hygiene increase chances 
of the infection transmission in summer [22]. The 
Centers for Disease Control and Prevention (CDC) 
and the National Collegiate Athletic Association 
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(NCAA) have formulated relevant guidelines to 
suppress the spread of MRSA among athletes by 
educating them on personal hygiene and taking 
showers after working out. 

We studied the association of different 
hematological parameters with MRSA infections.  
Our findings showed that 25.2% of patients 
had anemia and 24.5% had hypo-albuminuria. 
A study conducted in Kuwait showed that 
“most patients were anemic and presented with 
hypoalbuminemia” [21] which supports our results. 
It has been reported in a study carried out by Japan 
Epidemiological Association that the patients with 
hypoalbuminemia had an enhanced risk for MRSA 

infections (P<0.005) [6].  A study conducted in 
India showed that low hemoglobin levels were 
significantly associated with MRSA infections [23]. 
These findings may have important implications in 
the characterization and clinical management of 
patients with MRSA infections. 

In this study, we found that most of our 
MRSA isolates manifested resistance to Penicillin, 
Cefoxitin, Cefazoline, and Oxacillin. The process 
of the resistance is arbitrated through the “mec 
operon”, a portion of the Staphylococcal cassette 
chromosome (SCCmec), and the resistance is 
manifested due to the expression of the mecA gene 
[8-11]. This gene transcribes penicillin-binding 
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Table 4. Association between MRSA infection and hypoalbuminemia 

Age Low Normal High Not available 

60-79Y 11 (7.5%) 21 (14.4%) 0 5 (3.4%) 

≥80Y 14 (9.6%) 6 (4.1%) 0 2 (1.4%) 
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Anion gap 1 (0.6%) 59 (37.1%) 0 (0 %) (p < 0.001). 
Albumin 39 (24.5%) 0 (0 %) 0 (0 %) (p < 0.001). 

Calcium 33 (20.8%) 5 (3.1%) 1 (0.6%) (p < 0.001). 

Sodium 58 (36.5%) 7 (4.4%) 1 (0.6%) (p < 0.001). 

Creatinine 6 (3.8%) 32 (20.1%) 5 (3.1%) (p < 0.001). 
 

     

Studies on MRSA isolates from Eastern Saudi Arabia 

 7  
 

Table 3.   

Table 4. Association between MRSA infection and hypoalbuminemia 

Age Low Normal High Not available 

60-79Y 11 (7.5%) 21 (14.4%) 0 5 (3.4%) 

≥80Y 14 (9.6%) 6 (4.1%) 0 2 (1.4%) 
 

Table 5 Antibiotic resistance and susceptibility patterns of MRSA isolates 

 

 
 

 

 

Chemistry results Low High Critical P-value 

Carbon dioxide 60 (37.7%) 5 (3.1%) 2 (1.3%) (p < 0.001). 

Anion gap 1 (0.6%) 59 (37.1%) 0 (0 %) (p < 0.001). 
Albumin 39 (24.5%) 0 (0 %) 0 (0 %) (p < 0.001). 

Calcium 33 (20.8%) 5 (3.1%) 1 (0.6%) (p < 0.001). 

Sodium 58 (36.5%) 7 (4.4%) 1 (0.6%) (p < 0.001). 

Creatinine 6 (3.8%) 32 (20.1%) 5 (3.1%) (p < 0.001). 
 

     

Studies on MRSA isolates from Eastern Saudi Arabia 

 7  
 

Table 3.   

Table 4. Association between MRSA infection and hypoalbuminemia 

Age Low Normal High Not available 

60-79Y 11 (7.5%) 21 (14.4%) 0 5 (3.4%) 

≥80Y 14 (9.6%) 6 (4.1%) 0 2 (1.4%) 
 

Table 5 Antibiotic resistance and susceptibility patterns of MRSA isolates 

 

 
 

 

 

Chemistry results Low High Critical P-value 

Carbon dioxide 60 (37.7%) 5 (3.1%) 2 (1.3%) (p < 0.001). 

Anion gap 1 (0.6%) 59 (37.1%) 0 (0 %) (p < 0.001). 
Albumin 39 (24.5%) 0 (0 %) 0 (0 %) (p < 0.001). 

Calcium 33 (20.8%) 5 (3.1%) 1 (0.6%) (p < 0.001). 

Sodium 58 (36.5%) 7 (4.4%) 1 (0.6%) (p < 0.001). 

Creatinine 6 (3.8%) 32 (20.1%) 5 (3.1%) (p < 0.001). 
 

     

Table 4. Association between MRSA infection and hypoalbuminemia

Table 3. Effect of MRSA infection on different electrolyte

Table 5. Antibiotic resistance and susceptibility patterns of MRSA isolates

48	 Iqbal et al



protein 2a (PBP2a), a protein with reduced binding 
capacity for b-lactamase inhibitors including 
methicillin [24]. Moreover, our analyses showed 
that 27% of the cases presented resistance against 
sulfamethoxazole. On the other hand, several 
studies showed that sulfamethoxazole is as 
potent as vancomycin [25]. Some other studies 
reported an emerging resistance of MRSA against 
sulfamethoxazole globally and it was found to 
be low in developed countries (20% or less) as 
compared to developing countries, i.e. in India 
85-97%% MRSA isolates were reported resistant 
to sulfamethoxazole [26, 27]. A possible cause for 
this resistance in developing countries could be the 
unregulated use of antibiotics [28]. In the present 
study, Clindamycin showed 77.6% Susceptibility 
(18). Inconsistent percentages of clindamycin 
resistance were revealed in two other countries, 
i.e. the USA and India [29, 30]. MRSA causing 
hospital-acquired infections are frequently resistant 
to erythromycin and clindamycin. (CDC) [28]. 
Furthermore, our findings show 89.4% susceptibility 
to Gentamycin. A similar study conducted in Egypt 
reported above 90% susceptibility to gentamycin 
and clindamycin by Community-acquired MRSA 
isolates [31], Therefore these antimicrobial agents 
are a better treatment choice for MRSA infections. 
In the same study carried out in Egypt, the optimal 
response elucidated by MRSA isolates was found 
to be for Linezolid (100 % susceptibility) and for 
Vancomycin and Tigecycline (98.8% susceptibility) 
[31] which is in accordance with our findings.  It is 
globally acknowledged that Vancomycin is the gold 
standard for treating MRSA [32]. Nevertheless, 
the use of Vancomycin has some limitations, for 
example, it is expensive, causes toxicity, has a short 
half-life, and needs refrigeration [33]. Linezolid 
is a good substitute for vancomycin and it has got 
the USA and European drug regulatory authorities’ 
approvals for the treatment of nosocomial 
pneumonia already [34]. Tigecycline has recently 
been reported to be a safe and potent antibiotic 
for the treatment of MRSA infections, with 99.9% 
effectiveness in a clinical setting that almost equals 
linezolid [35]. It shows the clinical significance of 
our studies to show other antibiotics as a substitute 
for vancomycin in case of resistance to this effective 
drug by MRSA in our region. 

In the present study, a correlation between 
the hospital-acquired or community-acquired 

MRSA infections and susceptibility of different 
antibiotics was not statistically significant that 
could be attributed to the low number of patients 
with MRSA infections. Globally, various studies 
show that community acquired-MRSA strains 
manifest less resistance to non-beta-lactamase 
inhibitors than hospital-born MRSA strains due 
to intrinsic genetic differences between two 
types of MRSA isolates [36, 37]. A recent study 
carried out in Shandong China reported that most 
community-acquired MRSA isolates showed 
clindamycin and erythromycin resistance (88.6% 
and 78.3%, respectively) while 91.7% of hospital-
acquired strains MRSA isolated showed resistance 
to clindamycin only. Nevertheless, it reported 
100% susceptibility to vancomycin, linezolid, and 
tigecycline by the hospital- as well as community-
acquired MRSA isolates [36] that are in accordance 
with our findings. Moreover, it further manifests 
the clinical significance of our studies that 
provides important information about the clinical 
management of antibiotic-resistant MRSA isolates. 

5.   CONCLUSION

The highest frequency of MRSA was found 
during the peak summer season. The majority 
of the patients had community-acquired MRSA 
infections which necessitate more hygienic habits 
to be adopted during scorching summer months, 
specifically for elderly patients who had statistically 
high infection rates. Our study finds that MRSA 
infections were significantly associated with 
anemia, hypoalbuminemia, and leukocytosis along 
with electrolyte imbalance that may help in the 
better clinical management of patients with MRSA 
infections.  Vancomycin could be the most effective 
antibiotic while Linezolid and Tigecycline could be 
good options for treating MRSA infections in case 
of vancomycin resistance. 
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Abstract: Dicliptera bupleuroides Nees.is traditionally used as a general tonic, as a diuretic, in skin diseases, in 
snake bite, in fever, and in stomach troubles but limited literature found with the scientific ground. The objective of 
the present research is to prove the medicinal use of Dicliptera bupleuroides in anthelmintic, insecticidal, and anti-
ulcer activity. Reference drug was albendazole (20 mg/ml) in anthelmintic, permethrin (239.5 μg/cm2) in insecticidal, 
ranitidine (50 mg/kg), omeprazole (20 mg/kg) and sucralfate (100 mg/kg) were used in antiulcer activity respectively. 
Time of paralysis and death was calculated in anthelmintic activity while the rate of % age mortality was calculated 
in insecticidal activity. Parameters such as mean ulcer indices and percentage ulcer inhibition, gastric volume, pH, 
mucous and protein contents were assessed in the ethanol-induced ulcer model. In the anthelmintic study ethyl acetate 
and n- butanol fraction showed the more significant results in comparison to reference drug (53/54 min paralysis and 
92/108 min death time). No extracts showed insecticidal activity. N-hexane extract showed significantly (p < 0.05) 
reduced gastric lesion by 54.9% in rats at 50 mg/kg when compared to ranitidine at 54.2%, omeprazole at 69.5%, and 
sucralfate 53.6% respectively. Gastric volume, as well as total acidity, decreased when compared with positive control 
3.9 ± 0.15, 98.1 ± 3.8 and chloroform fraction was 1.8 ± 0.2, 11.3 ± 4.6. Gastric volume, pH, and total acidity of 
chloroform extract were 1.8 ± 0.2, 6.8 ± 0.9, and 11.3 ± 4.6. Mucous and protein content of chloroform extract versus 
standard was 505.1 ± 16.9, 37.8 ± 4.4 439.0 ± 11.9, 454.3 ± 14.1, and 432.6 ± 14.8 respectively. The above findings 
concluded that Dicliptera bupleuroides have medicinal importance in various pharmacological aspects.

Keywords: Anthelmintic, Anti-ulcer, Dicliptera bupleuroides, Gastric volume, Insecticidal, paralysis, % age mortality.

1.   INTRODUCTION

Dicliptera bupleuroides Nees. of the family 
Acanthaceae is a perennial herb. It is found in 
the planes of Pakistan and Afghanistan. It is a 
flowering herb, length up to 90 cm, branched with 
hairy twigs, leaves ovate or acuminate, and with 
linear bracts [1]. It is used in traditional medicines 
for applying on the wound of snakebite, in fever, 
in stomach troubles, and also used in bone fracture 
[2]. The common name in Urdu is kaali boti [3]. 
Dicliptera bupleuroides possessed antioxidant, 
hepatoprotective, antimicrobial, and other biological 
activities. It contained phenols, flavonoids, ascorbic 

acid, lipids, starch, glycosides, and many other 
compounds [4 - 6]. Infection caused by helminths 
is the most common and more persistent form of 
infection. It is a degenerative disorder infecting a 
large proportion of the population around all over the 
world. Other contributing factors are malnutrition, 
pneumonia, eosinophilia, and anemia which 
pose a great threat to human health particularly 
in developing countries [7]. These helminths 
parasites and their larvae are passing through the 
human intestinal tract by eating contaminated food 
and also subsist into their body tissues [8]. Most 
of the helminths diseases are chronic, devastating 
in nature; they probably cause greater social and 



gastroprotective activity has not been studied 
yet. The aim of the present study to evaluate the 
anthelmintic, insecticidal and antiulcer activity of 
D. bupleuroides.

2.   MATERIAL AND METHODS

2.1 Plant Material Collection and Extraction 

The plant was collected from Bhimber (Shamani), 
Kotli,   Azad   Kashmir   and   got   authenticated   
by Dr. Uzma Hanif, Department of Botany, 
Government College University (GCU) Lahore, 
Pakistan. A specimen of the plant was deposited 
in the herbarium of GCU under voucher No: GC. 
Herb.Bot.3402. The plant was dried under shade, 
powdered whole herb. This powdered herb was 
dipped in commercial methanol for 7 days, filtered, 
and evaporated by using a rotary evaporator. 
After extraction fractionation was done by using 
different solvents according to polarity. The active 
fraction will be separated by using small column 
chromatography, preparative TLC [21]. 

2.2  Helminths, Insects, and Animals

Earthworms collected from crops field of Sialkot, 
test insects (Tribolium castaneum, Sitophilus 
oryzae, and Rhyzopertha dominica), and Wistar rats 
(250 ± 30g) were used. Use of animals following 
the rules set by the Institutional Ethical Committee 
for Animal Care and Experimentation under No. 
416, College of Pharmacy, University of the Punjab, 
Lahore, Pakistan provided by Zoological Society of 
University of the Punjab  [26]. 

2.3  Phytochemical Analysis 

The whole herb was carried out according to the 
standard procedures for phytochemical analysis 
[22]. 

2.4  Total Phenolic Content

Estimation of total polyphenolic contents in 
plant samples was done according to the method 
described by Liaudanskas with little modifications 
[23]. Gallic acid was used as a standard.

2.5  Total Flavonoid Content

Flavonoid determination was by the method 

economic deprivation among different groups 
of living organisms, the ratio of morbidity may 
become also high. To control the overspread of 
worms by improving our management system 
coupled with the chemical control of helminths [9, 
10]. In the treatment of helminths infection, the 
development of resistance is a foremost problem 
against conventional anthelmintics [11]. However, 
it is important to choose an alternative treatment 
against intestinal nematodes, which helps us to 
acquire knowledge of medicinal plants that have 
anthelmintic activity.

Several infections such as malaria, dengue 
fever, yellow fever, and many other infections 
can be transmitted from insects to human beings. 
These infections are symptoms of diseases. From 
the epidemiological point of view, dengue fever is 
the most serious disease based on its morbidity and 
mortality rates. A virus acquires about 10,000 deaths 
each year all around the world, in approximately 60 
million people who are infected by viral infection 
[12, 13]. More focused on the prevention strategies 
to control insects’ larvae because of lack of vaccines 
against a particular disease. So now a day’s most 
common approach is the development of synthetic 
insecticides by using medicinal plants which 
has insecticidal potential [14]. Gastrointestinal 
infection is the major complication worldwide 
widely, peptic ulcer is most common among them 
remain the cause of significant morbidity and major 
burden for health care organization [15]. Even 
though various famous antiulcer drugs available in 
the market, having various toxicities and adverse 
effects. Thus there is a need to focus on searching 
for new alternative drugs [16]. The ulcer is a 
denegation of the digestive tract mucous membrane 
which is inflamed due to external factors [17]. 
There are various factors which are responsible for 
peptic ulcer [18]. Symptoms of ulcer are a pain in 
the stomach with a burning sensation, episodes of 
distress, pain after food intake or empty stomach, 
other common symptoms are vomiting, intolerance 
to fatty diet, and loss of appetite [19]. 

Physiologically, reactive oxygen species are 
the usual cause of various illnesses i.e peptic ulcer 
[20]. The safest treatment is the use of natural 
antioxidants which are responsible to react with 
free oxygen species to reduce the consequences of 
illness. D. bupleuroides has an antioxidant activity 
which is proved by literature [6] so it is used for 
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reported by Ejikeme et al. and Boham [24, 25]. The 
percentage of flavonoid was calculated. 

2.6  Acute Toxicity

Preliminary experiments were carried out in mice 
(n=6). Methanolic extract of D. bupleuroides Nees. 
was administered in doses (500, 1000, and 2000 
mg/kg/p.o) to find out toxicity which causes zero 
and 100 % mortality of animals. 

2.7  Anthelmintic Activity

The anthelmintic activity was carried out according 
to the method of Ajaiyeoba [27]. The experimental 
procedure carried on adult Indian earthworm which 
is anatomically and physiologically resemble 
human intestinal worms. These earthworms were 
divided into groups of six and put into each petri 
dish containing three different concentrations (25, 
75, 100 mg/ml) of all fractions of the extract of 
whole herb D. bupleuroides Nees. Albendazole 
(20 mg/ml) is used as standard drug. Then note the 
time of paralysis or any physiological change and 
mortality.

2.8  Insecticidal Activity

For insecticidal activity impregnated filter paper 
method was followed [28]. Filter paper placed in 
a petri dish, sample loaded over filter paper, left 
for 24 hrs for complete evaporation, put 10 healthy 
and active insects (Tribolium castaneum, Sitophilus 
oryzae, and Rhyzopertha dominica) of same size 
and age of each species. Incubate them at 27C for 
24 hrs with 50% relative humidity in the growth 
chamber. Count the number of survival of each 
species and calculate the percentage of morality. 
Standard insecticide (permethrin) at a concentration 
of 239.5 μg/cm2 was used.

Percentage Mortality
=100 - (No of insects alive in test) / No of inscets 

alive in control)×100
	  
2.9  Evaluation of Antiulcer Activity

2.9.1 Ethanol-induced Gastric Ulcer Model

Wistar albino rats were divided into 10 groups 
randomly (n=6), followed the method of Mizui 
[29]. After 24 hours of fasting, animals were 

allowed free access to water for 2 hr before the 
experimental procedure [30]. (Group I served as 
normal (-ve control) received 5 ml/kg of distilled 
water, Group II (+ve control) was treated with 
absolute ethanol 1ml/animal. Groups III treated with 
reference drugs ranitidine; 50 mg/kg, omeprazole 
20 mg/kg, and sucralfate 100 mg/kg followed by 
ethanol 1ml. Group IV (Extract treated) received 
methanolic extract; 500 mg/kg, followed by 1 ml 
ethanol, aqueous extract, n-hexane, chloroform, 
ethyl acetate, n-butanol 200 mg/kg, followed by                
1 ml ethanol respectively [31 - 33].

2.9.2  Measurement of ulcer index

Stomachs were examined for a hemorrhagic 
lesion in the mucosal lining of the stomach. To 
remove blood contaminants, the stomach along the 
greater curvature was rinsed with cold saline. For 
determining ulcer index, all the stomach lesions 
were measured with the help of a transparent 
millimeter scale and magnifying glass [34]. 
Percentage inhibition was calculated by applying 
the formula:    

% Gastro protection/Inhibition = (UIC – UIT)/UIC 
X 100

Where UIC is Ulcer Index in the control and UIT is 
ulcer index in the test rats [35]. 

2.9.3 Determination of Total Acidity

Gastric acidity was determined by the method of 
shay [35]. For this gastric content was collected 
from the stomach into graduated tubes. These 
tubes were centrifuged for 15 min at 2000 rpm, the 
supernatant was used for gastric volume, pH, and 
total acidity by titrating with 0.01N NaOH.
	
2.9.4 Estimation of Gastric Mucus and Protein 		
         Content

Glandular portion of stomach weighed, dipped 
immediately into 0.1 % alcian blue solution and 
wash with 0.25 M sucrose solution after 15, 45 min 
interval respectively to remove the excess dye. This 
dye made a complex with gastric walls. Then this 
blue extract was shaken with diethyl ether, resulting 
emulsion centrifuged at 3000 rpm, and recorded 
its absorption at 580 nm. The alcian blue quantity 
extracted was determined per gram of glandular 
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mucous from the standard curve of alcian blue [36].  
The protein content of the stomach was estimated 
with the standard curve of bovine albumin solution 
(BSA standard curve) according to the Modified 
Lowery method [37]. 

2.9.5 Histological analysis of gastric ulcer

A small portion of the stomach from each group was 
fixed in preservative for histopathological studies. 
Thin sections of 5 µ were cut by using a microtome 
and stained with eosin and hematoxylin. These 
sections were studied for degenerative features 
[38]. 

2.10  Statistical analysis

The results were represented as Mean ± SD. 
Statistical analysis was performed by one-way 
analysis of variance (ANOVA) followed by 
Dunnett's t-test for multiple comparisons. The 
significance of the difference was accepted at              
p < 0.05. Graphical representation was made by 
using graph prism pad 6.

3.   RESULTS

3.1 Phytochemical Analysis

Results are shown in Tables 1 and 2. Crude 
extract indicated the presence of all major 
classes of compounds carbohydrates, alkaloids, 
glycosides, tannins, flavonoids, triterpenoids, etc. 

all other fractions have different concentrations of 
polyphenols and flavonoids compared with Gallic 
acid and quercetin respectively. Standard curves are 
given in Figure 1 (A) and (B).

3.2  Anthelmintic Activity

Indian earthworms were divided into 22 groups, 
each extract divided into three concentrations 25, 
75, and 100mg/ml, n=6. The time of paralysis and 
death in the control group is 37.4 ± 3.43, 55.2 ± 
6.37 respectively at 100 mg. While ethyl acetate and       
n- butanol fractions showed results comparable to 
the control group. These results are given in Table 
3, paralysis time and time of death are given.

3.3  Insecticidal Activity

For insecticidal three kinds of insects (Tribolium 
castaneum, Sitophilus oryzae, and Rhyzopertha 
dominica) at 200 mg/3 ml, permethrin is standard 
insecticidal (conc. 239.5 μg/cm2). The % age 
mortality is calculated. Results are given in Table 4.

3.4  Ethanol-induced Ulcer Model

Wistar albino rats were used for ethanol-induced 
ulcer model, n-hexane fraction showed maximum 
% age inhibition of ulcer after it chloroform showed 
significant inhibition. As result shown in Table 5. 
The graphical representation is given in figure 4 
for all parameters. Gastric volume increased in the 
ethanol group while the decrease in standard drugs 
treated groups as well as extract treated groups. PH 
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Table 1.  Preliminary phytochemical analysis of Dicliptera bupleuroides Nees. 
Phytochemical group Test Methanolic extract 

Terpenoids Salkowaski test 
Liebermann’s test 

+ +++ 
+ +++ 

Tannins Ferric Chloride test 
Bromine water test 

+++ 
+ ++ 

Glycosides Keller killani test 
Legal’s test 

+ + 
+ 

Flavonoids Alkaline reagent test 
Lead acetate test 

+ ++ 
+ ++ 

Alkaloids 

Mayer ‘test 
Wagner ‘test 
Hager’s test 
Dragendroff ‘s test 

+ + 
+ +  
+ +  
+ +  

Proteins Millon’s test 
Ninhydrin test 

++ 
+ + 

Carbohydrates Molisch ‘s test 
Benedicts’s test 

+ ++ 
+ + + 

Saponins Foam test +  
Fats and Fixed oil Spot test ++ 
 

Table 2. Determination of Polyphenols and Flavonoids content. 
Parameters %Total polyphenols %Total flavonoids 

Mean SD Mean SD 

Methanol 0.947 ± 0.019 0.074 ± 0.006 
n-hexane 0.564 ± 0.021 0.055 ± 0.003 
Chloroform 0.906 ± 0.015 0.171 ± 0.003 
Ethyl acetate 0.886 ± 0.011 0.185 ± 0.006 
n-butanol 0.779 ± 0.004 0.185 ± 0.004 
Aqueous 0.55 ± 0.009 0.046 ± 0.005 
 
A.  Total polyphenolic content 

 

B. Total flavonoid content 

 

Fig. 1.  (A) Graph of estimation of total phenolic content. (B) Graph of estimation of total phenolic content. 
 
3.2. Anthelmintic Activity 
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concentrations 25, 75, and 100mg/ml, n=6. 
The time of paralysis and death in the 
control group is 37.4 ± 3.43, 55.2 ± 6.37 
respectively at 100 mg. While ethyl acetate 
and n- butanol fractions showed results 
comparable to the control group. These 
results are given in Table 3, paralysis time 
and time of death are given. 
 

3.3. Insecticidal Activity 
 

For insecticidal three kinds of insects 
(Tribolium castaneum, Sitophilus oryzae, 
and Rhyzopertha dominica) at 200 mg/3 ml, 
permethrin is standard insecticidal (conc. 
239.5 μg/cm2). The % age mortality is 
calculated. Results are given in Table 4. 
 

 
Table 3. Anthelminthic activity of Dicliptera bupleuroides Nees. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Treatment Concentration 
(mg/ml) 

Paralysis Time 
(min) 

Death time 
(min) 

+ve control - - - 
Standard (Albendazole) 25 48.2 ± 3.96 80 ± 7.90 

 75 45.4 ± 3.64 70.2 ± 5.76 
 100 37.4 ± 3.43 55.2 ± 6.37 

Methanolic Extract 25 65.8 ± 2.58 133 ± 3.46 
 75 62 ± 2.12 128.4 ± 5.94 
 100 58 ± 4.30 112.6 ±7.98 

Hexane fraction 25 186 ± 8.39 514.4 ± 11.26 
 75 175 ± 4.12 493.6 ± 11.61 
 100 167.8 ± 1.92 473 ± 8.36 

Ethyl acetate fraction 25 65 ± 2.23 142.6 ± 7.98 
 75 60.4 ± 2.07 122.6 ± 7.98 
 100 53 ± 2.91 92.4 ± 10.01 

Chloroform fraction 25 84 ± 3.08 193.2 ± 8.34 
 75 75 ± 4.12 184.8 ± 4.43 
 100 66.2 ± 5.71 173.6 ± 3.04 

n-Butanol fraction 25 62.8 ± 3.96 137.6 ± 5.59 
 75 59.8 ± 2.86 126.6 ± 5.45 
 100 54.6 ± 4.21 108.8 ± 7.39 

Aquous fraction 25 238.6 ± 12.03 676 ± 9.61 
 75 223.6 ± 8.50 666.8 ± 7.12 
 100 194.8 ± 10.13 617 ± 12.04 
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Results are shown as Mean± SEM. Significant at P < 0.05, P < 0.01, P < 0.001, ns=not significant
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decreased in the ethanol-treated group, increased in 
all other groups. 

Total acidity increased in the ethanol-treated 
group, all groups showed a decrease in acidity, 
given in Table 6. Mucous content decreased and 
protein content increased in the ethanol-treated 
group and vice versa in all other treated groups, 
given in Table 6.

3.5  Macroscopic Examination

With the help of magnifying glass, all stomachs 

were examined for measurement of ulcer index, 
streak, spot, hemorrhage, and lesions in all treated 
groups, results given in Figure 2.

3.6  Histopathological Studies

As shown in Figure 3, the stomach in the group 
received chloroform and butanol similar to the 
group treated with standard drugs ranitidine, 
omeprazole, and sucralfate in Figure 2. The results 
indicate that the dose of chloroform has maximum 
protection of gastric mucosa of the stomach in the 
ethanol-induced model as compared to all other 

 

* Corresponding Author: Saiqa Ishtiaq <saiqa.pharmacy@pu.edu.pk> 

Table 5.  Effect of different fractions of Dicliptera on the ethanol-induced gastric ulcer. 
Group name  Ulcer no. Ulcer score Incidence of 

ulcer (%)  
Ulcer index Inhibition of 

ulcer (%) 

Normal (10 ml/kg p.o) 0.00 ± 0.00*** 0.00 ± 0.00*** 0 0 0 

Ethanol (10 ml/kg p.o) 7.83 ± 0.60 5.75 ± 0.57 100 11.36 0 

Ranitidine (50 mg/kg p.o) 1.00 ± 0.52*** 1.00 ± 0.47*** 50 5.2 54.22 

Omeprazole (20 mg/kg p.o) 0.67 ± 0.42*** 0.58 ± 0.37*** 33.33 3.46 69.56 

Sucralfate (100 mg/kg p.o) 1.17 ± 0.54*** 1.50 ± 0.67*** 50 5.27 53.63 

Methanol (500 mg/kg p.o) 1.33 ± 0.42*** 0.83 ± 0.28*** 83.33 8.55 24.73 

Aqueous (200 mg/kg p.o) 1.17 ± 0.40*** 0.83 ± 0.28*** 83.33 8.53 24.88 

Hexane (200 mg/kg p.o) 0.50 ± 0.22*** 0.67 ± 0.33*** 50 5.12 54.95 

Chloroform (200 mg/kg p.o) 1.50 ± 0.50*** 1.25 ± 0.48*** 60.67 6.94 38.88 

Ethyl acetate (200 mg/kg p.o)  1.83 ± 0.31*** 1.83 ± 0.42*** 100 10.37 8.73 

Butanol (200 mg/kg p.o) 1.67 ± 0.31*** 0.83 ± 0.21*** 83.33 8.53 24.88 

Results are shown as Mean± SEM. Significant at P < 0.05, P < 0.01, P < 0.001, ns=not significant  

Table 6.  Gastric juice parameters in ethanol induced acute gastric ulcer. 
Group name  Gastric volume (ml)    pH Total acidity (mEq/L) 

Normal (10 ml/kg p.o) 1.35 ± 0.06*** 4.00 ± 0.11* 28.33 ± 2.03*** 
Ethanol (10 ml/kg p.o) 3.95 ± 0.15 2.45 ± 0.17 98.17 ± 3.82 
Ranitidine (50 mg/kg p.o) 2.13 ± 0.23*** 5.77 ± 0.39*** 38.17 ± 2.95*** 
Omeprazole (20 mg/kg p.o) 1.80 ± 0.29*** 5.96 ± 0.49*** 32.33 ± 2.80*** 
Sucralfate (100 mg/kg p.o) 1.77 ± 0.20*** 5.45 ± 0.33*** 39.17 ± 3.44*** 
Methanol (500 mg/kg p.o) 1.72 ± 0.22*** 4.90 ± 0.25*** 53.67 ± 5.13*** 
Aqueous  (200 mg/kg p.o) 2.02 ± 0.19*** 4.60 ± 0.27** 44.42 ± 4.80*** 
Hexane (200 mg/kg p.o) 2.28 ±  0.25*** 4.68 ± 0.27*** 46.42 ± 6.57*** 
Chloroform (200 mg/kg p.o) 1.85 ± 0.21*** 6.88 ± 0.91*** 11.33 ± 4.62*** 
Ethyl acetate (200 mg/kg p.o)  2.52 ± 0.24*** 5.80 ± 0.41*** 40.42 ± 4.24*** 
Butanol (200mg/kg p.o) 2.03 ± 0.31*** 6.65 ± 0.57*** 08.83 ± 3.77*** 

Results are shown as Mean± SEM. Significant at P < 0.05, P < 0.01, P < 0.001, ns=not significant  
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Results are shown as Mean± SEM. Significant at P < 0.05, P < 0.01, P < 0.001, ns=not significant  

 
 
 
 
 
 
 
 
 
 
 

Table 4.  Insecticidal activity of different fractions of Dicliptera bupleuroides Nees. 

Extract/Fraction 
% Mortality (Mean ± SD) 

Tribolium castaneum Sitophylus oryzae Rhzopertha 
dominica 

-ve Control 0 0 0 
+ve Control (Permethrin) (20 mg / 3 ml) 100 100 100 
Methanol (200 mg / 3 ml) 0 0 0 
n-Hexane (100 mg / 3 ml) 0 0 0 
Ethyl acetate (100 mg / 3 ml) 0 0 0 
Chloroform (100 mg / 3 ml) 0 0 0 
Butanol (100 mg / 3 ml) 10 0 0 
Aqueous (100 mg / 3 ml) 0 0 0 

 
 

3.4. Ethanol-induced Ulcer Model 
 

Wistar albino rats were used for ethanol-
induced ulcer model, n-hexane fraction 
showed maximum % age inhibition of ulcer 
after it chloroform showed significant 
inhibition. As result shown in Table 5. The 

graphical representation is given in figure 4 
for all parameters. Gastric volume increased 
in the ethanol group while the decrease in 
standard drugs treated groups as well as 
extract treated groups. PH decreased in the 
ethanol-treated group, increased in all other 
groups.  
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Histopathological Studies 

 As shown in Figure 3, the stomach in the 
group received chloroform and butanol 
similar to the group treated with standard 
drugs ranitidine, omeprazole, and sucralfate 

in Figure 2. The results indicate that the 
dose of chloroform has maximum protection 
of gastric mucosa of the stomach in the 
ethanol-induced model as compared to all 
other fractions, these results are comparable 
to standard treated groups.
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Fig. 2. Macroscopic examination of stomachs in different groups e.g., A) Normal, B) Ethanol, C) Ranitidine, D) 
Omeprazole, E) Sucralfate, F) Methanolic, G ) Aqueous, H) n-Hexane, I) Chloroform, J) Ethyl Acetate, K) Butanol. 
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fractions, these results are comparable to standard 
treated groups

4.   DISCUSSION

Nature is the ultimate source of human health, we 
can say that human being entirely dependent upon 
natural resources to fulfill their requirements [39]. 
For this purpose, the demand for medicinal plants 
and phytochemicals is increased by overcoming the 
increasing demand for comfort and the beneficial 
needs of society [40]. Our present project in this 
aspect to the development of alternative therapies 
for the treatment of various ailments. In this study, 
we evaluate the anthelmintic, insecticidal, and 
antiulcer activity of a natural herb found in the region 
of Pakistan [41]. The preliminary phytochemical 
screening of Dicliptera bupleuroides Nees. shown 
in Table 1. The extract showed the presence of 
polyphenolic compounds, saponins, flavonoids, 
and alkaloids. The content of total phenolic and 
flavonoids were expressed as follows:

Y= 1.025X + 0.195, R2=0.9984 for polyphenol 

standard gallic acid. 

Y=0.0008X + 0.0483, R2=0.9969 for flavonoid 
standard is quercetin.

Results were shown in Table 2 and Figure 1(A) and 
(B).

In plants, polyphenolics and flavonoids are a 
major class of compounds that naturally possess the 
antioxidant potential to show therapeutic action in 
numerous biological ailments. Antifungal, antiviral, 
anti-inflammatory,anti-allergic, anticarcinogenic, 
antithrombic hepatoprotective, and cytotoxic 
effects.  So that plants have flavonoids showed the 
greatest interest for researchers. It exerts beneficial 
effects on lipid peroxidation, which is a major 
cause of various diseases. In pharmacological 
profile, flavonoids have free radical scavenging 
activity, antioxidants, and also interact with protein 
phosphorylation [31].

The data revealed that the ethyl acetate and 
butanol fraction showed the maximum mortality/ 
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Fig.3. Sections stained with hematoxylin and eosin (H&E) displaying the regenerated glandular epithelium width in 
stomachs of rats treated with ranitidine, omeprazole, and sucralfate, methanolic, aqueous, n-hexane, chloroform,  
ethyl acetate, and butanol extract of Dicliptera bupleuroides in ethanol-induced ulcer model. 
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paralysis time at 100mg/ml in comparison to other 
fractions. Helminths are parasitic, causing severe 
effects in the animal as well as in men. Human 
infections by helminths exist throughout the world 
and it may increase day by day due to travel and 
immigration from developing countries. However 
various advances have occurred in the development 
of new synthetic drugs but serious side effects and 
development of resistance are still a major hurdle 
in the treatment of these parasitic infections. These 
factors paved the focus on the development of 
new alternative herbal remedies for helminths 
[42]. Nowadays medicinal plants are screened for 
their major constituents which are responsible for 
the anthelmintic property. The use of Dicliptera 
bupleuroides Nees. crude extract and its fractions 
have shown significant anthelmintic activity, it 
would be used against intestinal nematodes. Ethyl 
acetate and n-butanol fraction showed the maximum 
anthelmintic property.

The fractions of Dicliptera bupleuroides Nees. 
were also screened for their insecticidal effects 
against Tribolium castaneum, Sitophilus oryzea, 
and Rhyzopertha dominica using permethrin as a 
standard drug [42]. There was no insecticidal effect 
on all tested samples against Tribolium castaneum, 
Sitophilus oryzae, and Rhyzopertha dominica 
(Table 3). 

Antiulcer activity of Dicliptera bupleuroides 
Nees was investigated in the ethanol-induced 
ulcer model. The ulcer can be induced by different 
factors, the most commonly involved factors are the 
administration of non-steroidal anti-inflammatory 
drugs, H-pylori, environmental factors, intake of 
ethanol, and lifestyle factors [17]. Daniel and his 
colleagues induced ulcer 1st time in rats by using 
sucralfate as a protective drug [32]. Continuous 
use of alcohol also causes gastric mucosal damage 
by stimulating parietal cells which increases the 
level of cAMP and histamine. This may lead to an 
increase in gastric and mucosal secretion which 
made the grounds for stomach lesions, hemorrhage, 
and inflammation and blood congestion [43, 44] 
Standard drugs were ranitidine, omeprazole, and 
sucralfate, they belong to different classes and their 
significant results are agreed with the work of other 
authors [31, 32, 33]. 

In the present study, the Dicliptera bupleuroides 
Nees of all fractions were evaluated for anti-ulcer 

activity by the ethanol-induced ulcer model. When 
results of %age of ulcer protection compared to 
+ve control group (0%) showed following indices 
i.e methanolic extract (24.73%), aqueous (24.88%), 
n-hexane (54.95%), chloroform (38.88%), ethyl 
acetate (8.73%) and butanol fraction (24.88%) 
given in Table 1. The Gastric volume and total 
acidity of reference drugs and extract/fractions 
treated groups decrease, these values given in 
Table 2. Gastric volume and total acidity of the 
+ve group were 3.95 ± 0.15 and 98.17 ± 3.82. The 
standard group showed values of gastric volume                                                   
(2.13 ± 0.23, 1.80 ± 0.29, 1.77 ± 0.20) and total 
acidity was (38.17 ± 2.95, 32.33 ± 2.80, 39.17 ± 3.44) 
respectively. Mucous and protein content increased 
in standard and extract-treated groups in comparison 
to the ethanol group (Table 3). The mechanism of 
gastro protection of Dicliptera bupleuroides Nees. 
maybe due to the cytoprotective, antisecretory, and 
antioxidant potential of phytoconstituents present 
in the extract [44, 45]. 

5.   CONCLUSION

All the extracts/fractions of Dicliptera bupleuroides 
Nees. were used for evaluating various biological 
activities such as anthelmintic, insecticidal, and 
anti-ulcer activity. Ethyl acetate and butanol 
fraction showed good results in comparison with 
the reference drug-treated group in the anthelmintic 
study. No significant results showed in the 
insecticidal study. n-hexane and chloroform extract 
showed a good protective effect in antiulcer activity 
when compared to the ethanol-treated group.
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Abstract: Rainfall variability often results in low crop and fruit productivity in rain-fed hilly areas. Rooftop Rainwater 
Harvesting (RTWH) Technology can play a promising role in achieving agricultural production potential in these 
areas. Its adoption makes the supply of water sustainable for vegetables, fruit, and crop farming as well as domestic 
use. According to key informants, RTWH is being adopted in the study area on technical lines since the early 1990s. 
However, the availability of literature about economic aspects of the technology in the context of Pakistan is quite 
limited. This study is an effort to document the economic aspects of the technology including cost structure, potential 
benefits, net returns, and returns on investment. Thus, the study is based on a purposively selected sample of thirty 
farmers from Kotli Sattian and Murree tehsils of Rawalpindi district having operational RTWH systems installed at 
farms. The data have been analyzed for descriptive statistics and financial evaluation.  Moreover, technical discussions 
with key informants and a detailed review of literature have also been made to substantiate the findings of the study. In 
the study area, farming families have diversified income sources with a considerably low share of agriculture in family 
income (19.5%). The mean command area of the RTWH systems at sample farms was 0.33 acres, which is allocated to 
different vegetables, and mainly to guava & citrus orchards. Benefit-cost ratios of vegetables and fruit farming through 
RTWH is 1.16, with returns on investment of 15 %, and a rate of return to labour of 0.95 in the first year of installation. 
Thus, technology is economically viable in the study area. Moreover, the financial gains of RTWH can be improved 
by enhancing storage capacity and increasing the command area. 

Keywords: Rooftop Rainwater Harvesting, Vegetables, Fruits, Adoption, Irrigation, Benefit-cost Ratio, Hilly Areas, 
Punjab

1.   INTRODUCTION

Rainfed agriculture plays an important role in 
global food production. Its importance can be 
gauged from the fact that it constitutes 80% of the 
world's cropland and produces 60% of the global 
cereal grains [1]. While, rainfed areas are also the 
hotspots of poverty, food insecurity, malnutrition, 
poor physical & financial infrastructure, and severe 
land degradation [2]. In these areas, smallholder 
subsistence farming systems have limited 
opportunities to cope with ecosystem changes [3]. 
Water is a vital ingredient of every living thing on 
the earth and a basic need for every creature. The 
minimum domestic water requirement per capita per 

day is about 50 liter, including water for drinking, 
cooking, and washing, etc. Considering the national 
average household size of 6.39 members [4], the 
daily water requirement of an average-sized family 
is about 320 liter. However, water required for food 
production is much more e.g. on average to produce 
one kg cereals crops (wheat & rice) and pulses it 
requires about 1000 liter of water [5].
 

Pakistan is one of the world’s most water-
stressed countries [6].  The national annual per 
capita availability of water is below 1000 cubic 
meters, which is an internationally recognized 
threshold of water scarcity [7]. Pakistan extracts 
three quarters (74.3%) of its freshwater annually 
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technology and rarely highlight related risks and 
constraints [15].

Foregoing these facts in view, it has been 
endorsed that rainwater harvesting technology is 
the most appropriate and feasible approach for hilly 
areas of Pakistan [6]. According to key informants 
in a hilly tract of Kotli Sattian and Murree tehsils 
of Rawalpindi district of Punjab province, the 
rooftop rainwater harvesting (RTWH) technology 
was introduced by UNDP and IUCN in the 1990s. 
Many household-based productive activities viz. 
kitchen gardening, livestock raising, and micro 
enterprises are dependent on adequate supplies of 
domestic water [17]. While links between various 
activities further enhance farming income e.g. 
waste products from food-based micro-enterprises 
are used for livestock rearing.

 
 It helps to overcome water stress periods due 

to changes from wet to dry season, or during within 
seasonal droughts through supplemental irrigation 
[3]. The use of RWH makes possible sowing of the 
crop at the desired time by providing a sufficient 
supply of water. Alternatively, crop selection 
should be made keeping in view the availability 
of irrigation water [18]. Moreover, RWH helps 
adapt the production of high-value crops through 
timely nursery sowing of vegetables and planting 
of fruit plants. High-value crops mostly make a 
considerable share in farmers’ income and result in 
very high returns for them [19]. 

In the preview of increasing pressure on existing 
water resources, there is a need to reconsider actual 
and potential rainwater harvesting levels, as a viable 
alternative solution for water shortage [20]. Despite 
the importance of rainwater harvesting in the 
socio-economic development of communities, the 
availability of information about socio-economic 
aspects of technology adoption in the existing 
literature is quite limited. RWH technology has the 
potential to increase crop productivity and reduce 
the risk of crop failure. Moreover, it saves energy 
and farm maintenance costs [21]. RTWH being 
the most commonly used technique among RWH 
technologies in Makueni County and the vicinity of 
Nairobi city, capital of Kenya to overcome water 
scarcity as well for supplemental irrigation [22]. It 
is considered one of the potential water harvesting 
techniques for agricultural purposes in West Aisa 

thereby exerting tremendous pressure upon 
renewable water resources [8]. In this scenario, 
maintaining water security which is defined as ‘the 
sufficient availability and equitable access to water 
as an input to agricultural production and associated 
human well-being’ is much essential [9].

The core of rainwater harvesting interventions 
is to reduce the effects of temporal rainfall 
shortages for domestic and productive uses. 
The water thus obtained may improve access, 
agricultural production, sanitation and health status 
of people. Ultimately all such improvements may 
lead to poverty reduction [10]. While rainwater 
harvesting (RWH) creates synergies between good 
ecosystem management and human well-being. It is 
also very useful for soil conservation which would 
otherwise erode due to the flash flow of rains [3]. 
Adoption of water harvesting improves resilience 
to drought and dry spells that result in both risk 
reduction and yield improvement [11]. RWH is an 
important source of domestic water in many rural 
areas of the developing world. It provides all or a 
portion of domestic, commercial, and agricultural 
water needs. Thus, RWH is considered the most 
promising source for supplying fresh water. 
The technology is being reflected in the water 
policies of many developing countries [12]. In this 
context, it is stated that improvements in rainwater 
harvesting techniques due to recent technological 
developments may guarantee the availability of 
food for the growing population [13].

RWH techniques have long been implemented 
around the world to cope with inter and intra 
annual variability in precipitation and maintain 
human well-being. Various studies professed RWH 
as an effective source of drinking water, livestock 
watering, and irrigation in drought-prone and 
rural areas viz. [12, 14, 15]. Moreover, in rural 
and hilly areas, high costs and low success rates 
make it difficult, time-consuming, and expensive 
to provide water supply schemes. Though RWH 
systems provide impressive results their adoption is 
much less widespread and slow than the potential to 
improve the livelihood of land-poor farmers [16]. 
The main reason is the risk involved in making 
agricultural investments in semi-arid environments 
that can be attributed to poverty and bad experiences. 
While researchers and development agents, more 
often share with farmers the positive aspects of 
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and North Africa. Similarly, it has been adopted at 
a building scale in Nairobi and in many cities of 
Australia, North America, Europe, and Asia to meet 
household water demand [12].

In Pakistan, Earthquake Reconstruction and 
Rehabilitation Authority (ERRA) executed a 
development project in earthquake-affected areas 
of Khyber Pakhtunkhwa and Azad Jammu and 
Kashmir to construct forty thousand houses and 
400 public/ community institutions equipped with 
RTWH. The average annual rainfall in areas affected 
by the earthquake of 2005 is 1500 mm. Thus, 
RTWH was promoted as an alternative method to 
preserve natural rainwater [23]. Few researchers 
including declared RTWH suitable for Islamabad 
and Lahore, respectively [24 , 25]. It is stated that 22 
percent of the yearly household demand for water 
in the capital city can be met by using RTWH. It is 
found that RTWH is economical, environmentally 
friendly, and easy to install the system. It is declared 
as the best functional technique to avert the present 
and future water crisis in Pakistan [25]. 

A generic rooftop rainwater harvesting system 
as shown in Figure 1 contains several components 
e.g. the catchment of RTWH is the roof surface that 
directly receives the rainfall and provides water 
to the system. Gutter lines are used around the 
boundaries of a slanted roof to gather and transport 
rainwater to the storage tank. Conduits are pipelines 
that drain rainwater from the catchment or rooftop 

area to the harvesting point. The most commonly 
used conduit materials are polyvinyl chloride 
(PVC) and galvanized iron (GI). Another important 
segment of the RTWH system is the filter that 
functions to confiscate pollutants from harvested 
rainwater over the roof before it reaches the storage 
chamber. According to space and requirement, 
cemented tanks/ pools, plastic tanks, and buckets 
are used for storage of the harvested water [26].

 The technology has been promoted in the 
study area through a research and development 
project that was executed by Climate Change, 
Energy and Water Resources Institute (CEWRI), 
NARC in collaboration with the ICARDA-Pakistan 
office from 2014 - 16 by organizing farmers field 
days for knowledge dissemination, providing them 
with technical support, convincing them for the 
adoption, as well as logistically supporting them in 
the installation of RTWH systems. Thereafter, from 
2017 to 2018, few of the area farmers also adopted 
it on small scale on their own. However, the rate of 
adoption is still low and there is a knowledge gap 
about utilization, economic gains, and up-scaling 
potential of the technology for the production of 
vegetables and fruit crops in the study area.

2.   MATERIAL AND METHODS

The study is based on a purposively selected 
sample of thirty farmers from Kotli Sattian and 
Murree tehsil of Rawalpindi district of Punjab with 
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A generic rooftop rainwater harvesting system as 
shown in Figure 1 contains several components e.g. 
the catchment of RTWH is the roof surface that 
directly receives the rainfall and provides water 
to the system. Gutter lines are used around the 
boundaries of a slanted roof to gather and 
transport rainwater to the storage tank. Conduits 
are pipelines that drain rainwater from the 
catchment or rooftop area to the harvesting point. 
The most commonly used conduit materials are 
polyvinyl chloride (PVC) and galvanized iron (GI). 
Another important segment of the RTWH system 
is the filter that functions to confiscate pollutants 
from harvested rainwater over the roof before it 
reaches the storage chamber. According to space 
and requirement, cemented tanks/ pools, plastic 
tanks, and buckets are used for storage of the 
harvested water [26]. 

 

 
 

Fig 1. Rooftop rainwater harvesting system 
(Adopted with the addition of few details from the website of 
IndiaMART: an Indian customer to customer sales services providing 
company) 
 

The technology has been promoted in the study 
area through a research and development project that 
was executed by Climate Change, Energy and Water 
Resources Institute (CEWRI), NARC in collaboration 
with the ICARDA-Pakistan office from 2014-16 by 
organizing farmers field days for knowledge 
dissemination, providing them with technical support, 
convincing them for the adoption, as well as logistically 
supporting them in the installation of RTWH 
systems. Thereafter, from 2017 to 2018, few of the 
area farmers also adopted it on small scale on their 
own. However, the rate of adoption is still low and 
there is a knowledge gap about utilization, economic 
gains, and up-scaling potential of the technology for 
t h e  production of vegetables and fruit in the study 
area. 

 
 

2. MATERIALS AND METHODS 

The study is based on a purposively selected sample 
of thirty farmers from Kotli Sattian and Murree tehsil 
of Rawalpindi district of Punjab with operational 
RTWH systems installed at their farms. Thus, lists 
of such farmers were obtained from NRSP, Kotli 
Sattian. Moreover, a detailed review of cutting-edge 
published literature has also been made to substantiate 
the findings of the study. A field survey for the 
study was conducted in January-February, 2018. A 
comprehensive questionnaire was used to collect 
primary data that contains details about 
socioeconomic attributes, technology awareness, 
suitability, detailed cost of installation, and 
benefits. The questionnaire was pretested and then a  
formal survey was carried in t h e  field area. 
Besides a  formal survey of thirty farms with RTWH 
systems in operational conditions, focused formal 
and informal discussions were also held with key 
informants from NRSP & Climate Change, Alternate 
Energy & Water Resources Institute (CAEWRI), and 
farmer respondents to obtain necessary 
complementary information. Selected areas were 
Bhagaand Nomal-Arokus valleys and adjoining areas 
of Kotli Sattian and Murree tehsils of Rawalpindi 
district, respectively. 

Since the RTWH systems are integrated into 
existing buildings, the costs of land and roof were not 
included in the analysis. The key aspects considered are 
the roof gutters (collection), pipes and fittings (convey-
ance), overhead /overground/ underground storage 
tanks, water filters, system maintenance, design life, 
and running cost. The variable cost of RTWH includes 
land preparation cost (tractor or manual), seed/ 
seedling cost, sowing cost, fertilizer cost, and 
farmyard manure (FYM), and labour cost to perform 
farm operations to grow the vegetables/ fruits and 
repair and maintenance cost of the system. 

The primary data collected for the study were 
analyzed by using Statistical Package for Social 
Sciences (SPSS-22) for descriptive statistics, estimation 
of cost of the system installation and production of 
vegetables & fruits, and financial analysis; gross & 
net returns, benefit-cost ratios, and rate of return to 
labour. It is worth mentioning here that t he  
financial benefits of RTWH as a single entity are 
minimal [27]. Thus, investigating the feasibility in 
monetary terms may provide a shortsighted 
perspective. Even when the economic feasibility of 
RWH does not lead to a favorable conclusion, a 
casual consideration of the non-monetary benefits 
can alter the conclusion. Non- monetary benefits 
associated with RTWH include simplicity of 
operation, low energy requirement, increased crop 
yield (> 30%), reduced emission of CO2 increased 
infiltration, groundwater recharge, and reduced 

Fig. 1. Rooftop rainwater harvesting system (Adopted with the addition of few details from the website of IndiaMART: 
an Indian customer to customer sales services  providing company)
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operational RTWH systems installed at their farms. 
Thus, lists of such farmers were obtained from 
NRSP, Kotli Sattian. Moreover, a detailed review 
of cutting-edge published literature has also been 
made to substantiate the findings of the study. A 
field survey for the study was conducted in January-
February, 2018. A comprehensive questionnaire 
was used to collect primary data that contains 
details about socioeconomic attributes, technology 
awareness, suitability, detailed cost of installation, 
and benefits. The questionnaire was pretested and 
then a formal survey was carried in the field area. 
Besides a formal survey of thirty farms with RTWH 
systems in operational conditions, focused formal 
and informal discussions were also held with key 
informants from National Rural Support Programme 
(NRSP) & Climate Change, Alternate Energy & 
Water Resources Institute (CAEWRI), and farmer 
respondents to obtain necessary complementary 
information. Selected areas were Bhagaand 
Nomal-Arokus valleys and adjoining areas of Kotli 
Sattian and Murree tehsils of Rawalpindi district, 
respectively.

Since the RTWH systems are integrated into 
existing buildings, the costs of land and roof 
were not included in the analysis. The key aspects 
considered are the roof gutters (collection), pipes 
and fittings (convey-ance), overhead /overground/ 
underground storage tanks, water filters, system 
maintenance, design life, and running cost. The 
variable cost of RTWH includes land preparation 
cost (tractor or manual), seed/ seedling cost, sowing 
cost, fertilizer cost, and farmyard manure (FYM), 
and labour cost to perform farm operations to grow 
the vegetables/ fruits and repair and maintenance 
cost of the system.

The primary data collected for the study were 
analyzed by using Statistical Package for Social 
Sciences (SPSS-22) for descriptive statistics, 
estimation of cost of the system installation and 
production of vegetables & fruits, and financial 
analysis; gross & net returns, benefit-cost ratios, 
and rate of return to labour. It is worth mentioning 
here that the financial benefits of RTWH as a 
single entity are minimal [27]. Thus, investigating 
the feasibility in monetary terms may provide a 
shortsighted perspective. Even when the economic 
feasibility of RWH does not lead to a favorable 
conclusion, a casual consideration of the non-

monetary benefits can alter the conclusion. Non- 
monetary benefits associated with RTWH include 
simplicity of operation, low energy requirement, 
increased crop yield (> 30%), reduced emission of 
CO2 increased infiltration & groundwater recharge, 
and reduced soil erosion [28].

 
The monthly volume of water that is fetched 

through the adoption of RTWH is also estimated, 
by considering the mean catchment area of roofs 
and using expression (1) that was also applied by 
[14, 29 - 32]. Water availability through the system 
has also been compared with the standard per capita 
daily water requirement of 48 liters (excluding two 
liters for drinking purposes) on monthly basis for 
the entire calendar year.

VR = I × Har × Cr 			               (1)

Where VR =Average volume of rainwater harvested 
in an hour through roof-top system
I = Rainfall intensity (mm)
Har = Water harvesting/Catchment area (m2)             
Cr = Coefficient of runoff

The coefficient of runoff for any catchment is 
defined as the ratio of the volume of water that run 
off to the volume of rain that falls on the surface 
[33], it depends on the dimensions of the roof as 
well on the material used [29], and is given by 
expression (2).

C (r ) = Vr/Vw 				                (2)

Where Vr= Volume of runoff
Vw = Volume of rainwater that falls on the surface

The runoff coefficient for the study area has 
been taken as 0.8 which is taken as a standard 
for the designing of roof catchment systems [33]. 
Although, it may range from 0.8 to 0.9 for roofs 
made with tiles, and from 0.7 to 0.9 in the case 
of roofs made with corrugated metal sheets [34]. 
The rate of return to labour (RRL) is determined 
by expression (3). The benefit-cost ratio (BCR) 
of vegetables and fruit farming through RTWH is 
calculated by expression (4).

 RRL = (GR-TEL)/TCP    		              (3)
Where GR = Gross Revenue    
            TEL = Total cost excluding labour 
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            TCP = Total cost of production
BCR = REV/TC 			              (4)
Where REV = Total revenues
TC = Total cost

3.   RESULTS AND DISCUSSION

3.1  Climate and Farming System

Rooftop rainwater harvesting (RTWH) has the 
potential to be adopted in rain-fed hilly, semi-hilly, 
plain, and desert ecologies [12]. In rain-fed areas of 
Pothwar, specifically in the study area with the humid 
environment, the technology has good potential to 
be adopted by farmers. Murree and KotliSattian 
area are situated in a subtropical highland climate 
zone, with mean annual precipitation of 1,440 mm 
in Murree and 990 mm in Kotli Sattian. Thus, the 
mean annual rainfall in the study area is 1215 mm. 
The temperature ranges from 0°C to 35°C, with an 
average of 26°C at Murree and from -4°C to 47°C, 
with an average of 22°C at Kotli Sattian [35].In the 
study area, crop and livestock farming, which was 
the main livelihood earning activity in the past has 
now been taken as secondary sources of income 
due to change in resource endowment of the people 
and availability of employment opportunities in 
non-agriculture sectors. With time area people have 
entered both public & private sector services, small 
businesses, and unskilled/ skilled labour markets. 
Specifically, in Muree tehsil tourism and hoteling 
opened up new earning avenues for the people.

Wheat is the main Rabi season crop which 
is generally followed by maize crop. Sample 
respondents told that loquat, apricot, peach, walnut, 
guava, plum, lemon, jamen, persimmon, orange, 
pear are the fruits grown in the area. Cropping 
mainly depends on rains as there are few seasonal 
springs and farmers use the water for watering 
livestock and raising crops. Crop productivity in 
the study area is low, the average yield of wheat 
and maize crops are 12 and 24 mounds per acre, 
respectively. Lower than recommended use of 
inputs is the reason for low crop productivity. Most 
people keep livestock to meet their household 
milk needs. Similarly, [36] stated that crop and 
livestock productivities are quite low in the study 
area. It is reported that milk productivity of dairy 
animals is low, with average daily milk productions 
of buffaloes, cows, and goats of 8.0, 4.0, and 0.75 
liters, respectively. It is further stated that women 

of the area are actively involved in farming and 
allied activities. Women grow vegetables, hoe, and 
harvest crops. Moreover, livestock management 
is the complete responsibility of the womenfolk. 
Foregoing this in view, it is stated that RTWH 
technology is much compatible with existing crop 
and livestock farming systems in rain-fed hilly 
areas of Punjab.

3.2  Characteristics of Sample Households

Technological advancements, economic conditions, 
institutional support, and human-specific factors 
are the determinants of the adoption of agricultural 
technologies and practices in developing counties 
[37]. Socioeconomic characteristics of sample 
adopter farmers of rooftop rainwater harvesting 
(RTWH) are presented in (Table 1, Section-I). 
The adopters were in the late adulthood group, 
with mean age and formal education of 51.8 and             
8.4 years, respectively. They were well experienced 
in crop farming with a mean experience of 22.6 
years. The study area has hilly topography, where 
crop farming is practiced generally on terraces, 
with small landholdings. The mean operational 
landholding of sample farmers was 2.1 acres. 
Which is predominantly rain-fed. Similarly, due 
to the limitation of land, fodder supplies are much 
limited resulting in small livestock holdings. 
Mean livestock holding in the study area was 3.6 
animals per farm, with one to two cows and two 
three goats. Farming households in the study area 
have diversified income sources with very limited 
dependency on crop and livestock farming. Crop 
and livestock income shares were 13.7 and 5.8 % 
in the household income, respectively (Table 1, 
Section-II). Non-farm income shares more than 
one-third of the household income (35.9%). Small 
enterprises and remittances share 26.7% and 17.9% 
in the income of farming households respectively.

3.3  Awareness of the Technology, Access to 		
       Materials and Support Services

Availability of effective information as characterized 
by [38] to be accurate, timely and relevant, 
reduces the uncertainty of the user and results in 
the best choice among the alternates available 
to him. While, adoption of water harvesting for 
supplementation irrigation depends on observed 
risk reduction of crop failure and economic benefits 
for farming households as was evident in Burkina 
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Faso, Kenya. [39]. Similarly, diversification of the 
cropping system causes the adoption of RWH and 
supplementation of irrigation [19]. In agreement 
with this, it stated that a one-unit increase in 
diversity of irrigated crops, especially high-value 
crops, increases the chances of adoption of RWH 
technology by 6.98 units (about seven times) [40].

Similarly, successful experiences with the 
RTWH technology have been reported by [40] from 
China and [41] from Rwanda. In the study area, 
rainwater harvesting is the indigenous practice 
as people store rainwater in small ponds, ditches, 
and tanks for household use for generations. In the 
study area, RTWH technology was introduced by 
UNDP and IUCN in the 1990s, thus twenty percent 
of the sample farmers reported having knowhow 
about it for more or less 25 years. While out of 
the remaining (80%), forty percent each were 
apprised about the technology and its benefits by 
technical personnel of CEWRI, PARC-NARC, and 
by their fellow farmers, each. Similarly, market 
access is a key factor to improve the productivity 
and selection of product portfolios. Better market 
access results in the adoption of new beneficial 
production technologies and techniques. One-half 
of the farmers reported that materials required for 
installation of rooftop water harvesting systems 
are available in local markets on an average at two 
locations to them. While remaining half reported 
purchasing it from non-local markets in Bhara 
Kahu, Islamabad, and Raja Bazar, Rawalpindi at an 
average distance of 42 km from their farms.

Adoption of rainwater harvesting depends 
on educational status, number of active family 
labourers, contact with extension agents, 
participation in public sector initiatives, and 
optimistic attitude toward the technology. These are 
reported to have a statistically significant positive 
effect on the adoption by [40]. Other factors that 
facilitate the process of the adoption include 
farmers’ assets holding and practical training [22], 
technical support [39], membership to a community/ 
farmer organization [42], and access to credit [43]. 
While it is also stated that RWH techniques require 
a considerable amount of economic and physical 
resources, which are often inaccessible to specific 
farm households having small landholdings in rain-
fed areas, thus makes it an unaffordable venture for 
them. [39] Sixty percent 60% of the sample farmers 
reported that technical services for installation of 
RTWH systems and repair and maintenance were 
available in their vicinity to a sufficient extent. Eighty 
percent of them were of the view that educated and 
illiterate people in their localities have the almost 
same level of understanding about technology. 
Similarly, eighty-three percent of the farmers 
were of the view that technology is beneficial, 
and if materials required for installation are made 
available in their area it will accelerate the adoption. 
Eighty-seven percent 87% of the adopter farmers 
reported getting training about the technology 
installation, repair, and maintenance from PARC-
NARC and NRSP. While thirteen percent of the 
farmer reported adopting the technology on their 
own as it is indigenous and quite easy to install. 

Farmers’ Characteristics Mean Standard Deviation
Age of the farmer (Year) 51.8 13.6
Education of the farmer (Year) Farming 8.4 2.1
experience (Year) 22.6 21.3
Family size (Number) 6.2 2.7
Total Operational holding (Acre) 2.0 1.2
Livestock holding (Number) 3.6 3.3
Household Income Sources (Rs./ annum) Mean Percent
Crops 41100 13.7
Livestock 17400 5.8
Small enterprises & trade 80400 26.7
Remittances 54000 17.9
Job/ Non-Farm 108000 35.9

Total   309000 100.0

Table 1. Demographic characteristics of adopter farmers

70	 Hussain et al



In the study area, people use rooftop harvested 
water for livestock watering, household uses, crop 
and fruit farming, etc. The majority of the sample 
farmers (75%) reported having access to credit 
mainly provided by NRSP. However, none of them 
reported obtaining a loan from NRSP for investing 
it in rooftop rainwater harvesting infrastructure. 
NRSP provides individual loans of just Rs. 5000 
with annual charges of Rs.1000 (20%). Which is 
quite insufficient to meet the installation cost of the 
system.

3.4  Potential of Rainwater Harvesting & 	   	
       Utilization

RTWH results in the availability of a sufficient 
quantity of water for household consumption. 
Rainfall water harvesting potential through 
RTWH in the study area is presented in Table 2. 
The mean annual rainfall in the study area is 1215 
mm. This results in monthly water availability of 
4072 to 43552 liter per household by considering 
the average roof catchment area of 221.3 m2 and 
coefficient of runoff of 0.8. In the study area, the 
average monthly water availability through the 
system is 17926 liter. Daily water availability 
per capita ranges from a minimum of 22 liters in 
November to a maximum of 231 liters in August. 
Thus, RTWH provides a sufficient quantity of water 
to meet daily household water needs from January 
to September. While during October to December 

rainfall water harvesting through the system is less 
than the standard per capita daily water requirement 
of 48 liters by nine-liter in October to the highest 
gap of 26 liters in November. However, in the 
winter season decrease in requirements of water for 
both household use as well crop production occurs. 
Hence it can be stated that rainfall in the study area 
is sufficient to meet the water requirement of the 
people for household use if it would be attached 
with double storage capacity than the current 
level averaged at 360 ft3 (10,194 liters). However, 
farmers are unable to enhance storage capacity 
due to resource constraints. Similar, findings of 
inadequate storage capacity of tanks for rainwater 
harvesting and its use for domestic water supply are 
reported by [20] from the Edo State of Nigeria. It 
was stated that the majority of people got empty 
tanks mid-way into the dry season. Thus, the 
water supply for production for the production of 
vegetables and fruits can be stabilized by increasing 
the water storage capacity.

3.5  Cost-benefit Analysis of RTWH for Kitchen 	
       Gardening

Economic benefits of rainwater harvesting depend 
on the amount of rainfall and its timings, as well 
as on the construction design i.e. catchment area, 
water storage capacity, and irrigation facilities 
[41]. Similarly, these factors play important role in 
determining the costs of installation of the RTWH 

 
 

technology. These are reported to have a statistically 
significant positive effect on the adoption by [40]. Other 
factors that facilitate the process of the adoption include 
farmers’ assets holding and practical training [22], 
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meet the installation cost of the system. 

 
3.4 Potential of Rainwater Harvesting & Utilization 

RTWH results in t h e  availability of a  sufficient 
quantity of water for household consumption. Rainfall 
water harvesting potential through RTWH in the study 
area is presented in Table 2. The mean annual rainfall 
in the study area is 1215 mm. This results in monthly 
water availability of 4072 to 43552 liter per household 
by considering the average roof catchment area of 221.3 
meter2 and coefficient of runoff of 0.8. In the study 
area, the average monthly water availability through 
the system is 17926 liter. Daily water availability per 
capita ranges from a minimum of 22 liters in 
November to a maximum of 231 liters in August. Thus, 
RTWH provides a sufficient quantity of water to meet 
daily household water needs from January to 
September. While during October to December rainfall 
water harvesting through the system is less than t h e  
standard per capita daily water requirement of 48 liters 
by nine-liter in October to the highest gap of 26 liters in 
November. However, in the winter season decrease in 
requirements of water for both household use as well crop 
production occurs. Hence it can be stated that rainfall 
in the study area is sufficient to meet the water 
requirement of the people for household use if it would 
be attached with double storage capacity than the current 
level averaged at 360 ft3 (10,194 liters). However, 
farmers are unable to enhance storage capacity due to 
resource constraints. Similar, findings of inadequate 
storage capacity of tanks for rainwater harvesting and 
its use for domestic water supply are reported by [20] 
from the Edo State of Nigeria. It was stated that the 
majority of people got empty tanks mid-way into the dry 
season. Thus, the water supply for production for t h e  
production of vegetables and fruits can be stabilized by 
increasing the water storage capacity. 

 

Table 2. Rainfall water harvesting potential through RTWH 
 

Months Rain Fall (mm per month) Monthly water 
Availability 
per household 
(liter) 

Daily 
water 

availability 
per capita 

(liter) 

Daily excess (+)/ 
deficit (-) in per capita 

water requirement* 
(liter) 

Kotli 
Sattian 

Murree Mean 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6 

31 
38 
61 
36 
12 
26 

 183 
 186 
 54 
 -9 
-26 
-11 
 - 

January 62 103 83 14694  
February 72 107 90 15934  
March 97 130 114 20183 
April 70 105 88 15580  
May 50 76 63 11154  
June 57 98 78 13809  
July 201 285 243 43021 
August 201 290 246 43552 
September 90 125 107 18943 
October 32 50 41 7259  
November 19 27 23 4072  
December 34 44 39 6905  
Total 985 1440 1215 215104  
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system. On sample farms, crop operational area was 
ranged from about one to four-acre, with a mean 
of 2.1 acres. The catchment area of the RTWH 
systems was ranged from 121.4 to 526.1 m2, with a 
mean of 221.3 m2. Command area of the system at 
sample farms, averaged at 0.33 acres (16.7% of the 
operational area), ranged from 0.06 to 2.50 acres. 
Cost and benefit analysis of RTWH on an average 
farm basis with a command area of 0.33 acres is 
presented in Table 3.

The fixed cost of the rooftop rainwater 
harvesting system includes the cost of gutter pipes, 
conduits, and filters. Which is found to be about 
Rs. 10,000. The annual fixed cost of installation 
of the system was Rs.1764 by considering the 
life of the system 5.75 years, thus it shares                                                       
9.22 %  in the total cost of vegetable/ fruit 
production through the RTWH system. Twenty-five 
percent of the sample farmers reported having sand 
filters installed with the system for water cleaning 
and quality improvement. Half of them (50%) 
reported practicing manual cleaning of systems on 
annual basis, while the remaining (25%) responded 
not to clean the systems at all. Fixed cost of water 
storage tank (concrete or plastic) is averaged at                                                                                                    
Rs. 9933, by considering operational life of 8.67 
years, it shares 5.69 percent in the total cost of 
production. Thus, the fixed cost of the RTWH 
system shares 14.91 % in the total cost of production 
of vegetables and fruits.

RTWH systems are used to irrigate vegetables 
and fruit orchards mostly in the vicinity of homes. 
Vegetable production is economically more viable 
due to higher returns and shorter growth periods 
and high demand in semi-arid environments 
[15]. Sample farmers reported a growing variety 
of vegetables, including garlic, onion, turnip, 
radish, spinach, peas, fenugreek, carrot, coriander, 
cucumber, gourds, and okra. Sample farmers 
reported using harvested rainwater for irrigation of 
fruit plants (guava and citrus). However, the whole 
of the fruit production is consumed at home or 
gifted to relatives and friends. Considering the cost 
of family labour at prevailing wage rates, the total 
variable cost was Rs.16087 per annum (84.99% of 
the total cost).

Total revenues from produce per annum 
(including the value of products used at home or 
gifted at retail market prices) were Rs.21920. Net 

revenue from the RTWH is Rs.2992 per annum 
by considering the cost of family/shared labour at 
prevalent market rates thus, the benefit-cost ratio 
(BCR) of crops and fruit farming through RTWH 
systems was 1.16 with a return on investment of 
15%. The rate of return to labour cost was 0.95. This 
is quite substantial considering limited employment 
opportunities specifically for women folk in rain-
fed hilly areas of Punjab. The results are in line with 
[44], as the BCR of RWH ranges from 1.0 to 1.6 in 
semi-arid areas of Tanzania. It is stated that RWH 
improves gross margin as well as returns to labour. 
A review of the literature revealed that BCR greater 
than 1.0 is considered a feasible goal for RWH    
[45-47].

The impact of RTWH for rural communities 
in India has been studied and it is reported 
economically viable, with a positive impact on 
the productivity, employment, and income of the 
rural poor households [48]. Farmers having RTWH 
systems installed at their farms in the study area 
obtain economic gains from the adoption despite 
the subsistence level of farming. It also provides 
partial employment opportunities for people in 
general and women in specific. Financial gains 
could be improved further by enhancing storage 
capacity, increasing command area under RTWH, 
selecting crops with water requirements process that 
coincides with water supply through the system, or 
through the adoption of high-efficiency irrigation 
systems like drip, drip-bucket, and sprinkler, etc. 
Similarly, the making of micro-catchments around 
fruit plants can also help to minimize the effect of 
water stress [49]. Likewise, the use of harvested 
rainwater can be made more economical if used for 
multiple purposes like kitchen gardens, livestock 
and household uses to reduce water hauling cost/ 
utility bills. It is reported that it resulted in increased 
annual income of rural households in India [50]. 
In the study area, RTWH results in net revenue 
of Rs.14385 per annum without including the 
opportunity cost of family labour, with a substantial 
benefit-cost ratio of 2.91.

Water is considered the most important factor 
limiting agricultural production in rain-fed hilly 
areas. Increasing water scarcity is also mounting 
pressure on other natural resources. Thus, it is 
required to augment the water supply in these 
areas through accelerated adoption of RTWH by 
exploring feasible sites.  Moreover, farmers are 
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needed to be sensitized about the water scarcity, the 
importance of saving rainwater through the adoption 
of technology, and judicious use of harvested water 
for household purposes i.e. abolition, bathing, house 
cleaning, animal watering, kitchen gardening, cloth 
washing, and toilet use, etc.

4.        CONCLUSION    AND   RECOMMENDATIONS

Findings of the study are useful for key stakeholders 
as it provides necessary information of the relevant 
factors and conditions under which the technology 

performs the best. The technology is very cost-
effective and can help decision-makers and water 
resource planners to meet water scarcity challenges 
in the region. The study revealed the huge potential 
of RTWH in hilly areas of Punjab, as these are 
humid areas with high rainfall and farmers are to 
face water stress in the summer season, particularly 
during April to June. Furthermore, this system 
is very suitable for hilly and scattered houses, 
where providing water through supply schemes is 
generally very costly. RTWH can add in household 
income by reducing food bills especially for 
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*48 liter (excluding 2 liter, as the harvested water is not used 
for drinking 
 
 
3.5. Cost-benefit Analysis of RTWH for Kitchen 
Gardening 
Economic benefits of rainwater harvesting depend 
on the amount of rainfall and its timings, as well as 
on the construction design i.e. catchment area, water 
storage capacity, and irrigation facilities [41]. 
Similarly, these factors play important role in 
determining the costs of installation of the RTWH 
system. On sample farms, crop operational area was 
ranged from about one to four- acre, with a  mean 
of 2.1 acres. The catchment area of the RTWH 
systems was ranged from 121.4 to 526.1 meter2, with 
a  mean of 221.3 meter2. Command area of the 
system at sample farms, averaged at 0.33 acres 
(16.7% of the operational area), ranged from 0.06 to 
2.50 acres. Cost and benefit analysis of RTWH on 
a n  average farm basis with a command area of 0.33 
acres is presented in Table 3. 

The fixed cost of t h e  rooftop rainwater harvesting 
system includes the cost of gutter pipes, conduits, and 
filters. Which is found to be about Rupees 10 
thousand. The annual fixed cost of installation of the 
system was Rs.1764 by considering the life of the system 
5.75 years, thus it shares 9.22 percent in the total cost 
of vegetable/ fruit production through the RTWH 
system. Twenty-five percent of the sample farmers 
reported having sand filters installed with the system for 
water cleaning and quality improvement. Half of them 
(50%) reported practicing manual cleaning of systems 
on annual basis, while the remaining (25%) responded 
not to clean the systems at all. Fixed cost of water 
storage tank (concrete or plastic) is averaged at Rs.9933, 
by considering operational life of 8.67 years, it shares 
5.69 percent in the total cost of production. Thus, the 
fixed cost of the RTWH system shares 14.91 percent in 
the total cost of production of vegetables and fruits. 
 
 
 

Table 3. Cost and benefits of adoption of rooftop rainwater harvesting system (Rs. per farm) 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. Variable costs 
 
 
 
 
 
 
 
 

Family labour for other farm operations 
(hoeing/weeding, irrigation, FYM &  

M/days 15.8 600 - - 9480 

Repair & maintenance hired labour M/days 0.50 1000 - - 500 
Total 
C. Total cost (A+B) by considering cost  

of family labour 
D. Total cost by excluding opportunity  

cost of family labour 
E. Revenues Vegetables 

16087 (90.12%) 
18928 
7535 

Consumed at home/ gifted kg 72.0 62.5 - - 4500 
Sold out kg 228.5 70.0 - - 15995 

 Fruits 
Consumed at home/ gifted kg 12.5 50 625 

Consumed at home/ gifted dozen 10 80 800 

 Units Quantity Price Value Life (years) Cost annum-1 

A. Fixed Costs       
i. Water harvesting       
Conveyance component Gutter lines feet 35.0 65.5 2643 5.75 460 
Conduit feet 15.0 413.3 6200 6.67 930 
Water quality improvement component 
Coarse mesh/ valve/ filters No. 0.33 600.0 200 1.0 200 

Installation cost M/day
s 

1.0 1000.0 1000 5.75 174 
Sub total    10043 - 1746 (9.22%) 
ii. Storage component       
Tank (Concrete/plastic)   No. 1.0 9933.3 1077 

Sub total      1077 (5.69%) 
Total (i+ii)   Rs. - - 2841 

Cleaning of tank by using fami ly labour M/day
s 

0.25 600 150 
Slaked lime for cleaning of tan k  Kg 2.5 30 70 
Land Preparation (tractor)   Hours 2.3 728 1699 
Land   preparation   (manual by family M/day

s 
0.7 600 413 

labour)       
Seeds/Seedlings   Rs. 850 - 850 
Sowing by using family labour   M/day

s 
2.25 600 1350 

Fertilizer   Kg 27.5 30 825 
FYM   Trolle

y 
0.5 1500 750 
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Net Revenue with the cost of family labour (E-C)   2992 
Net Revenue without the cost of family labour (E-D)   14385 
BCR with the cost of family labour (E/C)   1.16 
BCR without opportunity cost of family labour (E/D)   2.91 
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vegetables and fruits which they usually buy 
from the market at high prices. Adoption of the 
technology saves the precious time of people which 
could be used productively elsewhere in other 
productive income-generating activities. It reduces 
their fatigue for water fetching for households as 
well as kitchen gardening. Most importantly use of 
the water harvested through the system is used to 
produce contamination-free vegetables and fruits 
with low use of synthetic fertilizers and hazardous 
chemicals. That is more fresh, healthy, and readily 
available to farm families than those supplied at 
high prices from distant wholesale markets. In 
the study area, farmers are resource-poor, and 
mostly take agriculture as a secondary business.  
Furthermore, great variations in rainfall have been 
reported from one location to another location. All 
these factors limit the adoption of the technology. 
Thus, a participatory promotion approach should be 
brought to the fore for the promotion of technology 
and improving subsistence food production. In this 
regard, increased awareness, capacity building, and 
collaboration among key stakeholders including 
subject specialists, researchers, technical experts, 
development partners, agricultural extension 
staff, and land users should be pursued. Similarly, 
farmers’ skills regarding system installation, repair 
& maintenance should be enhanced. The public 
sector should come forward to up-scale the adoption 
through policy interventions about subsidies and 
access to loans. The technology should be given 
due coverage in the ‘National Water Policy’ and 
plans. Furthermore, climate change's impact on 
rainwater harvesting potential is also required to 
be researched as farmers reported great variation in 
rainfall patterns over time. 
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Abstract: Multiple therapeutic hydrophobic drugs can be delivered simultaneously by inorganic, biocompatible iron 
core mesoporous silica shell nanoparticles. We synthesized superparamagnetic iron oxide nanocrystals encapsulated 
within mesostructured silica spheres through the sol-gel process. The dose of hydrophobic drugs Paclitaxel (PTX) 
and Camptothecin (CPT) loading and released on Fe3O4@SiO2 core/shell nanoparticle detected by U.V-visible 
spectrophotometry using a platform of nanoparticles (NPS). After being subjected to external heating, the drug 
release efficiency of paclitaxel (PTX) and camptothecin (CPT) Fe3O4@SiO2 core/shell nanoparticles is increased. 
Paclitaxel (PTX) and Camptothecin (CPT) Fe3O4@SiO2 core/shell nanoparticles did not heat the solution when 
an alternating magnetic field (AMF) was applied, and there was only mild drug leakage. When compared to                                              
Fe3O4@MSNs, the nanoparticles (PTX) and (CPT) Fe3O4@MSNs function as cancer-targeting mediators, increasing 
the killing of PANC-1 cancer cells. Human cancer cells were given these therapeutic anticancer water-insoluble drugs 
with nanoparticles, which is a valuable vehicle for drug delivery, and induced the inhibition of proliferation. Therefore, 
the goal of this study to emphasize Fe3O4@SiO2 core/shell potential as a superior candidate for hydrophobic drug 
delivery to the PANC-1 cancer cell.  

Keywords: Mesoporous silica, nanoparticles, loading, release, hydrophobic drugs, PANC-1 cells

1.   INTRODUCTION

The lack of appropriate biocompatible delivery 
mechanisms for most hydrophobic anticancer drugs 
is a big hurdle and threat for cancer treatment.  Drugs 
water insolubility makes it difficult to administer 
drugs through the intravenous route, so improving 
aqueous solubility is especially necessary [1]. 
Although most essential anticancer agents have low 
water solubility, researchers have concentrated on 
finding a new delivery system for these molecules 
that do not rely on organic solvents. Nanoparticles 
have a lot of potentials and are an excellent means 
to transport anti-cancer drugs into certain organs or 
cell types, they've been intensively developed for 
use in cancer therapy [2]. Paclitaxel (PTX), a plant-
derived alkaloid with cytotoxic effects in breast, 
prostate, and cervical cancers, is an anticancer 
drug. However, this alkaloid is not fully soluble 
in water [3, 4]. Camptothecin (CPT) is among the 
most successful anticancer drugs of the twenty-

first century. Even though studies have shown their 
efficacy against stomach, colon, throat, and prostate 
cancers, and also breast, lung cancers, and leukemia 
[5, 6]. 

Precision medicine, described as "the correct 
medicine, at the correct dose, at the accurate time, 
to the correct person," is a rapidly growing and 
influential cancer treatment practice around the 
world. Individual variability is taken into account 
in the design of customized disease care regimens 
in this new method [7]. The requirement of the 
correct therapeutic drug distribution at the desired 
time to the precise site of the disease, as well as 
the precise therapeutic dosage, poses a trial [8-
11]. Over the last decade, many examples of drug-
delivery stimuli-responsive platforms have been 
created, including those that respond to cellular 
internal stimuli (change in pH or bio compounds), 
as well as external stimuli such as (ultrasound, heat, 
and light) [11-15]. 
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10×), Paclitaxel and Camptothecins purchased 
from Cayman Chemical, Dimethyl sulfoxide 
(DMSO, 99.9+%), sodium hydroxide (NaOH, 
97+%), hydrochloric acid (HCl, 36.5% 38%, trace 
metal grade) purchased from Fisher Scientific. 
Dulbecco’s modified Eagle medium (DMEM) 
with high glucose, fetal bovine serum (FBS), 
antibiotics (10, 000 U/mL penicillin, 10, 000 μg/
mL streptomycin, and 29.2 mg/ mL L-glutamine), 
trypsin-ethylenediaminetetraacetic acid (trypsin-
EDTA) (0.05%) were purchased from Gibco and 
Dulbecco’s phosphate-buffered saline (DPBS). 
Cell-counting kit-8 (CCK-8) was purchased from 
Dojindo Molecular Technologies, Inc. Ethanol (200 
proof) was purchased from Decon Laboratories, 
Inc.

2.1  Synthesis of Fe3O4 Nanoparticles

Under nitrogen flow, Fe(acac)3 (2 mmol), 1,2 
hexadecanediol (10 mmol), oleic acid (6 mmol), 
oleylamine (6 mmol), and benzyl ether (15 mL) 
were combined and magnetically stirred. Under a 
nitrogen blanket, the reaction mixture was heated 
to reflux (363°C) for another 30 minutes after being 
heated to 298°C for 30 minutes. The mixture was 
formulated into black-brown color and allowed 
to cool to room temperature. 40 mL ethanol was 
applied at room temperature, and black content 
was precipitated and centrifugated. In presence of 
hexane, a black material was dissolved in (0.05 ml) 
oleylamine and (0.05 ml) oleic acid. For solvent 
removal, centrifugation at 6000 rpm for 10 minutes 
was used, followed by dispersion in hexane [21].

2.2  Synthesis of  Fe3O4@MSNs Nanoparticles

Fe3O4 nanoparticles (2.5 mg) were dispersed in 
0.2 ml chloroform and added to 2 ml of 40 mg of 
CTAB in the Fe3O4 solutions. The reaction mixture 
was sonicated for 20 mins with a properly sealed 
cover to make oil in a water solution. The emulsion 
was then sonicated for 2 hrs. to evaporate the 
chloroform. A well-dispersed CTAB Fe3O4 aqueous 
solution (3 ml) was obtained. Then, in 18 ml of 
water 40 mg of CTAB was dissolved with 120 ul 
of 2 M NaOH solution in a 100 ml flask.  At 70 °C 
and constant stirring, 2 ml of CTAB Fe3O4 aqueous 
solution was applied to the reaction solution. For 
mesoporous silica shell coating on CTAB Fe3O4, 
add 1.2 ml ethyl acetate and 200 ul of TEOS 
dropwise in the solution and allowed it to stir for 

Progress in using inorganic nanoparticles 
for biological means has accelerated due to the 
wide volume of work completed in material 
modification. These nanoscale materials provide 
a strong framework that can be used for a variety 
of purposes [15-16]. Mesoporous magnetic 
materials have a wide range of uses in industry 
and research [17]. Magnetic resonance imaging 
contrast enhancement, drug delivery, heat, or 
hyperthermia are only a few of the biomedical uses 
for superparamagnetic nanoparticles that have been 
studied extensively. Drug delivery triggered by heat 
produced when magnetic nanoparticles are exposed 
to the alternating magnetic field. Only a certain 
amount of drugs can be carried and released by a 
magnetic nanoparticle [18]. Mesoporous silica has 
gotten a lot of attention in drug loading and release 
due to its larger pore volume and size. Mesoporous 
silica's higher toughness, biocompatibility, surface 
functionalization, higher efficiency of cellular 
internalization makes an excellent candidate for 
use as super magnetic nanoparticles coating in drug 
distribution and delivery [19]. Furthermore, due 
to iron oxide composition, such mesostructured is 
particularly distinctive for clinical applications in 
terms of toxicity, stability, and biocompatibility [20]. 

This research work describes the biocompatible 
inorganic nanoparticle synthesis by the sol-
gel method used for the delivery of therapeutic 
hydrophobic anticancer drugs on the human 
cancer cell. Magnetic manipulation was achieved 
by incorporating superparamagnetic iron oxide 
nanocrystals into mesoporous silica nanoparticles. 
Chemotherapeutic drug molecules were packed 
into the mesoporous silicate pores and subsequently 
delivered into PANC-1 cell lines to improve the 
therapeutic efficiency, reduced the conventional 
chemotherapy side effects, and overcoming the 
insolubility problem of hydrophobic drugs. The 
anticancer drug-loaded Fe3O4@SiO2 core/shell 
nanoparticles system developed in this study could 
pave the way for in vivo selective and controlled 
cancer therapeutics.

2.   MATERIAL AND METHODS

Fe(acac)3, (97%), 1, 2-dodecanediol (92%), oleic 
acid (90%), oleylamine (70%), benzyl ether (98%), 
hexane (98.5+%), hexadecyltrimethylammonium 
bromide (CTAB, 99+%), tetraethyl orthosilicate 
(TEOS, 98%),  phosphate-buffered saline (PBS, 
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2 hrs.  After that solution was cooled, centrifuged 
and thrice times washed with ethanol. Fe3O4@
MSNs was distributed properly in ethanol (20 ml) 
contain 120 mg NH4NO3, and to remove surfactants 
stirred at 60°C for 1hr. To make surfactant-free 
nanoparticles, the surfactant removal process was 
repeated two times and Fe3O4@MSNs nanoparticles 
were washed multiple times with distilled water 
and ethanol [22].

2.3  Characterization

The size and morphology of nanoparticles were 
determined using transmission electron microscopy 
(TEM, Tecnai T12). In ethanol, Fe3O4 and Fe3O4@
MSNs nanoparticles were dispersed. The suspension 
of nanoparticles was placed onto a carbon-coated 
grid and allowed to dry at room temperature [23].

2.4  Magnetic Hyperthermia Experiment

Using an alternating magnetic (AM) current 
hyperthermia experiment with a magnetic field 
power   of   H=180   Gauss   and   a   frequency   of 
F= 409 kHz, the magnetic heating efficiency of  
Fe3O4 nanoparticles was evaluated. 2 mg, 4 mg, 
and 6 mg/ml Fe3O4 nanoparticles were distributed 
in toluene and mounted in the coil center for 
this experiment. A thermocouple was used to 
continuously record thermal response data while 
the magnetic field was applied [24].

2.5  Loading Capacity Analysis of Paclitaxel 	         
       (PTX) and Camptothecin (CPT) on Fe3O4 @
       MSNs nanoparticles

Fe3O4@MSNs nanoparticles were loaded with       
20 mM Paclitaxel (PTX) and 40 mM Camptothecin 
(CPT) and washed with water five times and PBS 
7 times. The supernatant was collected at each 
washing step and absorption was measured by U.V-
visible spectroscopy (Cary 5000). To calculate the 
amount of drug loading was calculated by loading 
capacity: (loaded drug mass divided by particles 
mass) × 100 [25].

2.6   Drug Release Efficiency of Paclitaxel 		
        (PTX) and Camptothecin (CPT) Fe3O4@		
        MSNs nanoparticles

Release efficiency of Paclitaxel (PTX) and 
Camptothecin (CPT)  Fe3O4@MSNs (0.05 mg)  

nanoparticles in 1ml of PBS was put in a hot water 
bath at a different temperature like 23°C, 37°C, 
50°C, 80°C with their controls. 

Release efficiency of Poclitaxel (PTX) and 
Camptothecin (CPT) Fe3O4@MSNs nanoparticles 
(0.05 mg/ml) was evaluated by using an alternating 
magnetic field (AMF) with a magnetic field power 
of H=180 Gauss and a frequency of F=409 kHz.  
Centrifugation (7930 rpm, 20 min) was used to 
separate PTX and CPT released from nanoparticles, 
which were then measured using UV-visible 
spectrophotometry (Cary 5000). PTX and CPT 
release efficiencies are described as the released 
cargo mass divided by loaded cargo mass multiplied 
by 100 percent [25].

2.7  Cell Viability Assay 

Human cancer cell lines (PANC-1) were supplied 
by the American Type Culture Collection. Cell 
culture media were prepared and changed after three 
days. Cells were passaged using trypsinization until 
confluence [26].

A cell-counting kit-8 assay was used to find 
PANC-1 viability after treated with Paclitaxel 
(PTX) and Camptothecin (CPT) Fe3O4@MSNs 
nanoparticles with their controls. The cells were 
seeded at a density of 5x 103 cells in DMEM for 
24 hrs. The medium was removed, and the cells 
were incubated for 24 hrs in 200 L of fresh DMEM 
containing Paclitaxel (PTX) and Camptothecin 
(CPT) Fe3O4@MSNs nanoparticles (i.e., 0, 75, and 
100 ug/mL). To determine cell viability, each well 
was filled with DMEM and CCK-8 (10 ml) cellular 
cytotoxicity reagent and placed in the incubator. 
Tecan M1000 plate reader was used to test the 
absorbance at 450 and 650 nm to determine the 
number of viable cells [26].

3.   RESULTS AND DISCUSSIONS

3.1  Production and Characterization of Fe3O4 	
       and Fe3O4@MSNs Nanoparticles

Fe3O4 nanoparticles are formed when Fe(acac)3 
reacts with surfactants at high temperatures and 
is separated from reaction byproducts and high 
boiling point benzyl ether. Fe3O4 nanoparticles of 
8-12 nm were formed when benzyl ether was used 
as the solvent. The large size Fe3O4 nanoparticles 
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obtained from benzyl ether seem to show that 
a higher reaction temperature would result in 
larger particles. The key for Fe3O4 nanoparticles 
production is to heat the mixture to 298°C for          
30 mins and then reflux at 363°C.  A broad range of 
Fe3O4 nanoparticles from 8 to 12 nm are synthesized 
indicating that Fe3O4 nuclei growth is not a quick 
process under these reaction conditions (Fig 1). 

Long-chain alcohols, such as 1,2 
hexadecanediol, have been discovered to react well 
with Fe(acac)3 to form Fe3O4 nanoparticles of large 
size. The reaction produces a red-brown product 
due to the use of oleic acid. The reaction mixture 
with only oleylamine produces far fewer Fe3O4 
nanoparticles than the reaction with both Oleic acid 
and oleylamine. As particles are oxidized at room 
temperature by bubbling oxygen by dispersion, 
they are further precipitated. Increasing the amount 
of oleylamine results in a redder brown product 
dispersion. Nanoparticles with a cargo-carrying 
capacity made with a mesoporous silica shell 
around a superparamagnetic Fe3O4 core [27].

The mechanism for the synthesis of iron 
oxide nanoparticles is based on the condensation 
process that occurs during the colloidal growth 
process. The atomic species that make up an 
iron oxide particle are stacked on top of each 
other. The partial reduction and breakdown of                                           
Fe(oleate)3 in the presence of oleylamine produces 
these atomic species. The clustering of the "Fe–O" 
species produces many nuclei that are saturated in 
the reaction media and assemble into iron oxide 
nanoparticles [28]. The solubility of the nuclei in 
the dispersion determines when nucleation ceases 
and nuclei aggregation takes control of the growth 
process. If the nuclei in the dispersion medium are 
not saturated, the particles cannot develop. The 
nuclei aggregation becomes impulsive over the 
saturation threshold till the particles are heated from 
the dispersion. The reduction in solvent volume in 
the production of Fe3O4 nanoparticles causes early 
saturation of the oxide-based nucleus, allowing 
more reactants to participate in the growth cycle, 
resulting in bigger particles [29]. However, in a 
greater volume solvent, more nuclei are required 
to reach saturation, which comes at the expense of 
the iron salt precursor, leading to reduced Fe3O4 
nanoparticles. A similar idea can be applied to the 
surfactant phenomenon. In a high surfactant/metal 
ratio, more surfactant equates to a larger volume 

of solvent, and more nuclei are required to reach 
saturation, resulting in small nanoparticles [30].

Surfactant coating was attained by condensation 
and hydrolysis of tetraethyl orthosilicate (TEOS) 
in the presence of hexadecyltrimethylammonium 
bromide (CTAB). The diameter of Fe3O4 @MSN 
nanoparticles was determined to be 90 nm to          
110 nm using Transmission electron microscopy 
(TEM) (Fig 2).

In a mixture of ethanol, H2O, CTAB, and 
ammonium hydroxide, alkoxysilane undergoes 
hydrolysis and condensation processes, resulting 
in mesoporous silica. The interaction between the 
nucleation (hydrolysis) and growth (condensation) 
processes is critical for efficient encapsulation of the 
mesoporous silica shell on the Fe3O4 core. When the 
condensation rate exceeds the hydrolysis rate, silica 
is vulnerable to encapsulating Fe3O4 nanoparticles. 
During the production of the mesoporous silica shell, 
CTAB works as a surfactant as well as a structure-
directing agent. To produce spherical micelles, 
CTA+ cations first form tight bonds with negative 
charge Fe3O4 nanoparticles. Electrostatic attraction 
attracts the silicon oligomers produced by TEOS to 
the spherical micelles [31]. At low concentrations, 
unbound silicon oligomers primarily deposit on 
micelle-Fe3O4 nanoparticle junctions to conceal 
the electrostatic repulsion between adjoining 
head groups in micelles. Furthermore, ethanol 
diffusion inhibits alkyl tail self-interaction in 
CTAB micelles, boosting hydrophobic volume and 
decreasing spherical micelle curvatures. Moreover, 
using ammonium hydroxide as a basic catalyst can 
help create hydrogen bonds between neighbouring 
CTAB micelles and silicon oligomers, promoting 
the creation of parallel mesoporous channels and 
lowering micelle curvature energy. Consequently, 
CTAB-silicon oligomers are structurally 
transformed from spherical to cylindrical forms. As 
a consequence, of the above four ingredients, newly 
hydrolyzed silicon oligomers are adsorbed on the 
silica/solution interface area and can be further 
cross-linked via charged head groups. As a result, 
continuous mesopores form in the axial direction 
of cylindrical micelles parallel to the nanoparticle 
surface [28-33].

3.2   Iron oxide Nanoparticles Triggered by 	   	
        Alternating Magnetic field (AMF)

Iron oxide (Fe3O4) nanoparticles were distributed 
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create hydrogen bonds between neighbouring CTAB micelles and silicon oligomers, promoting 

the creation of parallel mesoporous channels and lowering micelle curvature energy. 

Consequently, CTAB-silicon oligomers are structurally transformed from spherical to cylindrical 

forms. As a consequence, of the above four ingredients, newly hydrolyzed silicon oligomers are 

adsorbed on the silica/solution interface area and can be further cross-linked via charged head 

groups. As a result, continuous mesopores form in the axial direction of cylindrical micelles 

parallel to the nanoparticle surface [28-33]. 

 

 

Fig. 1.  TEM images of Fe3O4 produced nanoparticles 

 

Fig. 2.  TEM illustrations of Fe3O4@MSNs nanoparticles 
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in toluene and for heat production, an alternating 
magnetic field (375 kHz, 5 kW) was used. Fig 3 
showed an increase in the temperature profile of 
time and concentration-dependent when the AMF 
trigger was applied. The temperature of the toluene 
solution containing 2mg/ml, 4mg/ml, and 6mg/
ml nanoparticles finally achieved 30°C, 33°C, and 
35°C after 300 secs. 

The ability of Fe3O4 nanoparticles to heat up 
when exposed to AMF shows that they could be 
used as a heat source for thermally induced drug 
release. AMF may be responsible for the core 
and shell mechanism. If movement induced by 
AMF is confirmed, there is a Brownian heating 
mechanism of the Fe3O4 core in mesoporous silica 
nanoparticles. In the presence of AMF, there were 
two probable core moments. 1) Neel relaxation 
process in which the iron core does not reorient in 
the AMF, requiring the formation of a dipole atomic 
structure in the iron core to raise the temperature. 

2) The iron core oscillation in the AMF drive silica 
shell is the other mechanism at work. This resulted 
in a rise in temperature due to friction-induced 
by iron mesoporous core-shell nanoparticles, 
indicating that Brownian relaxation plays a role in 
the temperature shift of the nano environment [34].

3.3   Loading Capacity Analysis of  PTX and 	          	
        CPT Fe3O4@MSNs Nanoparticles

To realize the loading of PTX and CPT on Fe3O4@
MSNs nanoparticles using ethanol and DMSO, 
widely used solvents for poorly water-soluble 
drugs. PTX and CPT loading onto Fe3O4@MSNs 
nanoparticles was achieved by soaking overnight 
and then after 24 hrs loaded nanoparticles were 
introduced back to the aqueous solution. To calculate 
the loading capacity by definition as (loading drug 
mass divided by particles mass) × 100. The drug-
loaded nanoparticles were washed with ethanol 
and DMSO at different times until the supernatant 
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3.2. Iron oxide Nanoparticles Triggered by Alternating Magnetic field (AMF) 

Iron oxide (Fe3O4) nanoparticles were distributed in toluene and for heat production, an 

alternating magnetic field (375 kHz, 5 kW) was used. Fig 3 showed an increase in the 

temperature profile of time and concentration-dependent when the AMF trigger was applied. The 

temperature of the toluene solution containing 2mg/ml, 4mg/ml, and 6mg/ml nanoparticles 

finally achieved 30°C, 33°C, and 35°C after 300 secs.  

The ability of Fe3O4 nanoparticles to heat up when exposed to AMF shows that they could be 

used as a heat source for thermally induced drug release. AMF may be responsible for the core 

and shell mechanism. If movement induced by AMF is confirmed, there is a Brownian heating 

mechanism of the Fe3O4 core in mesoporous silica nanoparticles. In the presence of AMF, there 

were two probable core moments. 1) Neel relaxation process in which the iron core does not 

reorient in the AMF, requiring the formation of a dipole atomic structure in the iron core to raise 

the temperature. 2) The iron core oscillation in the AMF drive silica shell is the other mechanism 

at work. This resulted in a rise in temperature due to friction-induced by iron mesoporous core-

shell nanoparticles, indicating that Brownian relaxation plays a role in the temperature shift of 

the nano environment [34]. 

 

Fig 3. The temperature increase profile of iron oxide nanoparticles enabled by AMF is time and 
temperature-dependent. 
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Fig. 3. The temperature increase profile of iron oxide nanoparticles enabled by AMF is 
time and temperature-dependent.

after centrifugation was clear and collected using 
U.V-visible spectroscopy. Loading capacity was 
achieved 20 mM of Paclitaxel was 6.2% and                                                                            
40 mM of Camptothecin was 8% respectively. 
Fe3O4@MSNs nanoparticles drug loading capacity 
is due to the mesoporous silica's increased surface 
area, which provides additional interior spaces and 
conjugation sites.

The magnetic hollow porous nanocrystal 
shells have a very high paclitaxel (PTX) loading 
(20.2 percent) capacity [35]. Sahu and colleagues 
developed a multimodal theranostic nanoagent 
based on hollow magnetic mesoporous silica as 
an effective carrier for high loading and regulated 
release of Camptothecin (CPT). The synthesized 
nanomagnetic carrier had a drug-loading capacity 
of 17.5% [36].

3.4   Influence of External Heating / Oscillating 	
        Magnetic Field on PTX and CPT Release 	
        from Fe3O4@MSNs Nanoparticles

Samples tubes contain PTX and CPT Fe3O4@MSNs 
nanoparticles (0.05 mg/ml) dispersed in deionized 
water were put in a hotplate of water bath set at 
37, 50, and 80°C for 60, 120, 180, and 240 min 
known as bulk heating. To collect untrapped drug 
molecules, PTX and CPT loaded Fe3O4@MSNs 

nanoparticles were washed in PBS buffer. The 
supernatant was collected after the samples were 
heated and spun down for release calculation. As a 
control, a non-heated sample at 23 °C was used. The 
release efficiency is calculated as (the mass of the 
leaked drug divided by the mass of the loading drug) 
divided by 100. After 60 mins of heating at a higher 
temperature (80°C), 70% of the PTX was released 
with a release efficiency of 70%. Furthermore, 73 
and 76% of the drug were released after 120 and 
180 min of heating at 80°C, respectively. Nearly 
80% of the drug was released at (80°C) after 240 
minutes.  On the other hand, the release efficiency 
of the drug at 37°C and 50°C at 240 min is 49% 
and 62% respectively. The control group at 23 °C 
drug leakage is only 7.8% at 240 min Fig 4(a). This 
indicates that the drug was successfully constructed 
on the surface of Fe3O4@MSNs nanoparticles, as 
shown by the presence of premature leakage at 
room temperature or physiological temperature. 
It can simply be inferred that the amount of cargo 
released is determined by the temperature of the 
water bath.

Fe3O4@MSNs nanoparticles are loaded with the 
drug Camptothecin. These solid particles showed no 
drug release at 0 min. When the solution was heated 
up to 80℃ by external hotplate heating at various 
time intervals for 60, 120, 180, and 240 min there 
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the drug at 37 °C and 50 °C at 240 min is 49% and 62% respectively. The control group at 23 °C 

drug leakage is only 7.8% at 240 min Fig 4(a). This indicates that the drug was successfully 

constructed on the surface of Fe3O4@MSNs nanoparticles, as shown by the presence of 

premature leakage at room temperature or physiological temperature. It can simply be inferred 

that the amount of cargo released is determined by the temperature of the water bath. 

Fe3O4@MSNs nanoparticles are loaded with the drug Camptothecin. These solid particles 

showed no drug release at 0 min. When the solution was heated up to 80 ℃ by external hotplate 

heating at various time intervals for 60, 120, 180, and 240 min there was an increase in drug 

release efficiency was (64%, 65%, 71%, and 77.8%) respectively Fig 4(b). The release efficiency 

of the drug at 37 °C at 240min is 49%. The control group at 23 °C drug leakage is only 7.8% at 

240min. The sample heated at (50° C)   for 60, 120, 180, and 240 min the drug leakage 

efficiency was 46%, 48%, 57% 60.4%) respectively. Both these release results indicate that 

heating itself can help in drug release (37-80℃). Fig 4(c) determines that temperature has a great 

impact on the molecule's thermodynamic behavior. By increasing the bulk solution temperature 

to find out that if an increase of surrounding temperature will trigger drug release. 

 

 

Fig 4(a). External heating for 1, 2, 3, and 4 hours provided a time dependents leakage profile of Paclitaxel 
(Txl) from Fe3O4@MSNs nanoparticles in PBS buffer. 
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Fig. 4(a). External heating for 1, 2, 3, and 4 hours provided a time dependents leakage profile of 
Paclitaxel (PTX) from Fe3O4@MSNs nanoparticles in PBS buffer.

Fig. 4(b). External heating for 1, 2, 3, and 4 hours developed a time dependents leakage profile of 
Camptothecin (CPT) from  Fe3O4@MSNs nanoparticles in PBS buffer.

Fig. 4 (c). Scheme illustration of drug release after temperature stimulus-response

 

Fig 4(b). External heating for 1, 2, 3, and 4 hours developed a time dependents leakage profile of 
Camptothecin (CPT) from  Fe3O4@MSNs nanoparticles in PBS buffer. 
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Fig 4(b). External heating for 1, 2, 3, and 4 hours developed a time dependents leakage profile of 
Camptothecin (CPT) from  Fe3O4@MSNs nanoparticles in PBS buffer. 
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was an increase in drug release efficiency was 64%, 
65%, 71%, and 77.8% respectively as shown in Fig 
4(b). The release efficiency of the drug at 37°C at 
240 min is 49%. The control group at 23°C drug 
leakage is only 7.8% at 240min. The sample heated 
at (50°C)   for 60, 120, 180, and 240 mins and the 
drug leakage efficiency was 46%, 48%, 57% 60.4% 
respectively. Both these release results indicate that 
heating itself can help in drug release (37 - 80℃). 
Fig 4(c) determines that temperature has a great 
impact on the molecule's thermodynamic behavior. 
By increasing the bulk solution temperature to find 
out that if an increase of surrounding temperature 
will trigger drug release.

Super magnetic iron oxide nanoparticles were 
induced at huge temperatures when exposed to 
the alternating magnetic field. After coated with a 
mesoporous silica shell, magnetic Fe3O4@MSNs 
increases the local and surrounding temperature 
to various extents depending upon the alternating 
magnetic field intensity and as well particle size. 
For various lengths of time, an alternating magnetic 
field (AMF) is used as an internal heat resource 
for drug leakage. PTX and CPT  Fe3O4@MSNs 
nanoparticles were distributed at room temperature 
in PBS (0.05 mg/mL). To confirm the drug 
leakage before triggering with magnetic heating 
was monitored by centrifugation of nanoparticles 
and separate the supernatant observed under 
U.V- visible spectrophotometer. The sample was 
mounted in a 3 turn copper coil that was water-
cooled and capable of producing an alternating 
magnetic field (AMF) with a power of 5kW and a 
frequency of 375 kHz.  The exposure time applied 
was 30 mins, 60 mins, 120 mins, and 180 mins. 
Only slight leakage was observed.  The uptake and 
as well release efficiency of PTX and CPT  Fe3O4@ 
MSNs core/shell nanoparticles are lower because 
of the radial porous size structure instead of a 2D 
hexagonal array with a central pore occupied by 
Fe3O4 and oleic acid as the stabilizing agent covers 
the iron oxide [37].

Comparing this experiment with external 
heating it was found that nanoparticle local 
temperature is much lower than doesn’t supply 
enough energy to release the cargo.

3.5   In vitro Studies of Cytotoxicity

Many anticancer medications have low water 

solubility, making intravenous administration 
difficult. As a result, developing novel delivery 
mechanisms for these drugs that do not rely on 
organic solvents is crucial for cancer treatment. In 
this, we determine the hydrophobic drug-delivery 
system's potential biological applications, in vitro 
cytotoxicity tests were performed. Using PTX and 
CPT Fe3O4@MSNs nanoparticles, the cytotoxicity 
of a pancreatic cancer cell line was assessed using 
a colorimetric cell counting kit-8 (CCK-8) assay. 

To assess PTX Fe3O4@MSNs nanoparticles 
toxicity on PANC-1, cell culture experiments were 
performed by CCK-8 assay. With each increase in 
nanoparticle concentration, cell viability decreased 
in a dose-dependent manner. PTX Fe3O4@MSNs 
nanoparticles at the maximum concentration of 
100ug/ml demonstrated substantial cytotoxicity, 
decreasing cell survival to 25% ± 3.9, whereas the 
control group had no significant decrease in viable 
cell numbers. In comparison to the control (Fe3O4@
MSNs nanoparticles), low doses of PTX Fe3O4@
MSNs nanoparticles (75 ug/ml) tend to demonstrate 
substantial cytotoxicity 41% ± 2.9. The results 
showed that PTX  Fe3O4@MSNs nanoparticles can 
significantly reduce cell viability Fig 5(a).

CCK8 assay relative percentage viability 
was determined at selected CPT Fe3O4@MSN’s 
nanoparticles concentrations with standard 
deviations. Among selected in a CCK-8 assay-
based cell viability study revealed that CPT 
Fe3O4@MSNs nanoparticles on PANC-1 cells 
showed viability percentage cytotoxicity at 100 
and 75 ug/ml concentration Fig 5(b). At 100 µg/ml 
concentration CPT Fe3O4@MSN’s nanoparticles 
cell viability percentage (25% ± 3.2) after 24 hrs.

PTX and CPT Fe3O4@MSNs nanoparticles 
were uptaken by PANC-1 cells, and the drug 
was released from nanocarriers in PANC-1 cells, 
according to these findings. These findings strongly 
suggest that PANC-1 cells ingested NPs with a high 
PTX/CPT ratio. Since NPS comes into contact with 
the acidic and redox microenvironment in tumor 
cells, hydrophobic drugs are released quickly. 
Caveolae-mediated endocytosis allowed PTX and 
CPT Fe3O4@MSN nanoparticles to reach PANC-1 
cells [38 - 40]. As a result, these findings strongly 
suggested that PTX and CPT Fe3O4@MSN 
nanoparticles loaded and delivered successfully into 
pancreatic cancer cells and decreased cancer cell 
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Txl and CPT Fe3O4@MSN nanoparticles were uptaken by PANC-1 cells, and the drug was 

released from nanocarriers in PANC-1 cells, according to these findings. These findings strongly 

suggest that PANC-1 cells ingested NPs with a high Txl/CPT ratio. Since NPS comes into 

contact with the acidic and redox microenvironment in tumor cells, hydrophobic drugs are 

released quickly. Caveolae-mediated endocytosis allowed Txl and CPT Fe3O4@MSN 

nanoparticles to reach PANC-1 cells [38-40]. As a result, these findings strongly suggested that 

Txl and CPT Fe3O4@MSN nanoparticles loaded and delivered successfully into pancreatic 

cancer cells and decreased cancer cell viability. According to the study, the cytotoxicity of 

Fe3O4@MSN loaded with the chemotherapeutic drug Paclitaxel is significantly higher than that 

of magnetic nanoparticles containing only Fe3O4. The slower drug release of TXL from the 

porous shell channels of the magnetic hollow porous nanocrystal shells explains the anticancer 

efficacy of the nanoparticles [35]. A multimodal theranostic nanoagent based on Camptothecin 

(CPT) loaded magnetic mesoporous silica are not only exceptionally durable in aqueous buffer, 

but also have a high level of cytotoxicity via apoptosis induction [36]. It would be fascinating to 

see if this approach can be applied to other anticancer medications. Since water insolubility of 

therapeutic anticancer drugs is a common issue in successful cancer therapy development, our 

research suggests that mesoporous silica nanoparticles are a good solution. 

 

Fig 5(a). PANC-1 cell viability after exposure to Txl Fe3O4 @MSN nanoparticles. The data are the 
averages of three separate experiments plus or minus the standard deviation. 

0

20

40

60

80

100

120

0ug/ml 75ug/ml 100ug/ml

Ce
ll 

su
rv

iv
al

 (%
) 

PANC-1 cells 

Fe3O4@SiO2 Txl Fe3O4@SiO2

Fig. 5(a). PANC-1 cell viability after exposure to PTX Fe3O4@MSN nanoparticles. The 
data are the averages of three separate experiments plus or minus the standard deviation.

Fig. 5(b). PANC-1 cell viability after being treated with CPT  Fe3O4@MSN nanoparticles. 
The results are based on three separate experiments. Standard deviations are represented by 
error bars.

 

Fig 5(b)  PANC-1 cell viability after being treated with CPT  Fe3O4@MSN nanoparticles. The results are 

based on three separate experiments. Standard deviations are represented by error bars. 

4. CONCLUSION 

We successfully synthesized inorganic, biocompatible core/shell structured superparamagnetic 

iron oxide nanocrystals encased within mesostructured silica spheres as proof of a viable 

platform for simultaneous hydrophobic drug delivery. To investigate drug loading and release 

profiles, the pores of Fe3O4@MSN nanoparticles are saturated with hydrophobic drugs such as 

Paclitaxel and Camptothecin. In comparison, to the alternating magnetic field (AMF), which 

does not generate adequate heat, thermal heating helps to release the hydrophobic drugs from 

Fe3O4 @MSN nanoparticles pores. Txl and CPT Fe3O4@MSN nanoparticles perform as 

valuable drug delivery vehicles and cancer-targeting mediators, boosting the death of PANC-1 

cancer cells. (Txl) and (CPT) Fe3O4@MSNs nanoparticle-based targeted drug delivery may be 

effective in treating PANC-1 cancer cells while minimizing toxicity to normal tissues in the 

surrounding region. These nanoparticles may be useful for successful drug delivery vehicles 

because of the simple procedures and targeting aspect. 
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viability. According to the study, the cytotoxicity 
of Fe3O4@MSN loaded with the chemotherapeutic 
drug Paclitaxel is significantly higher than 
that of magnetic nanoparticles containing only 
Fe3O4. The slower drug release of PTX from the 
porous shell channels of the magnetic hollow 
porous nanocrystal shells explains the anticancer 
efficacy of the nanoparticles [35]. A multimodal 

theranostic nanoagent based on Camptothecin 
(CPT) loaded magnetic mesoporous silica are not 
only exceptionally durable in aqueous buffer, but 
also have a high level of cytotoxicity via apoptosis 
induction [36]. It would be fascinating to see if 
this approach can be applied to other anticancer 
medications. Since water insolubility of therapeutic 
anticancer drugs is a common issue in successful 
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cancer therapy development, our research suggests 
that mesoporous silica nanoparticles are a good 
solution.

4.   CONCLUSION

We successfully synthesized inorganic, 
biocompatible core/shell structured 
superparamagnetic iron oxide nanocrystals encased 
within mesostructured silica spheres as proof of a 
viable platform for simultaneous hydrophobic drug 
delivery. To investigate drug loading and release 
profiles, the pores of Fe3O4@MSN nanoparticles 
are saturated with hydrophobic drugs such as 
Paclitaxel and Camptothecin. In comparison, to the 
alternating magnetic field (AMF), which does not 
generate adequate heat, thermal heating helps to 
release the hydrophobic drugs from Fe3O4@MSN 
nanoparticles pores. PTX and CPT Fe3O4@MSN 
nanoparticles perform as valuable drug delivery 
vehicles and cancer-targeting mediators, boosting 
the death of PANC-1 cancer cells. PTX and CPT) 
Fe3O4@MSNs  nanoparticle-based targeted drug 
delivery may be effective in treating PANC-1 cancer 
cells while minimizing toxicity to normal tissues in 
the surrounding region. These nanoparticles may be 
useful for successful drug delivery vehicles because 
of the simple procedures and targeting aspect.
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Abstract: The judgment of the fertility status of agricultural soils is very substantial to determine crop sustainability 
and judicious nutrient management. A field survey of dominant maize growing areas of District Poonch, Azad Jammu, 
and Kashmir was undertaken in July-August, 2017. The twelve dominant maize growing sites, namely Char, Chak, 
Dothan, Banjusa, Chamber, Hajira Kelot, Kakuta, Mandhole, Madarpur, Tatrinote, Chattra Abbaspur, and Dawarandi 
were selected for the collection of soil and associated maize plant samples. A total of 24 composite soil samples (each 
representative of three individual samples) was separately collected from 0-15 and 15-30 cm depths and were analyzed 
for physicochemical characteristics, i.e. soil texture, pH, organic matter, soil nitrogen, available P, exchangeable K and 
micronutrients (Cu, Fe, Mn, and Zn). The maize ear leaves samples were also analyzed for N, P, K, and micronutrients 
(Cu, Fe, Mn, and Zn). To evaluate the adequacy levels of nutrients for maize growth the critical nutrient levels were 
used. Soils in the sampled sites were weakly acidic to neutral (pH 6.66-7.29) and had low to medium soil organic 
matter content (0.57-1.12%). The percent of sites with low nutrient contents were 66.7% for P and K, 8.3% for Cu, 
and 66.7% for Zn. The 100% sampled sites had plant N, P, and Cu deficiency while percent deficiency for plant K, Mn, 
and Zn was 1, 50, and 25, respectively. Soil pH had negative and organic matter had a positive significant correlation 
with all analyzed soil and plant nutrients. These results suggest that having integrated nutrient management strategies 
can enhance soil fertility and productivity in the study area.

Keywords: Macro-nutrients, Micro-nutrients, Plant nutrient, Soil fertility, Maize

1.   INTRODUCTION

The understanding of the fertility status of 
agricultural soils is of paramount importance for 
rational soil management and efficient utilization of 
nutrient resources to achieve crop sustainability [1]. 
The human population of Pakistan has progressively 
increased by a factor of 4.5 between 1960 and 2018 
(from 45 million to 201 million) whereas currently 
per capita land availability (0.18 ha head-1) is 
expected to be reduced by almost 90% by 2050 [2]. 
Land degradation due to soil salinization, nutrient 
mining, waterlogging, and growing urbanization 
is mainly responsible for the progressive reduction 
in arable land [3 - 5]. Besides, the lands situated 

on slopes are prone to plant nutrient deficiencies, 
productivity stagnation, or physical, chemical, 
and biological deterioration mainly due to water 
erosion. The micronutrient deficiency at the global 
scale is one-third of arable soils, mainly in Zn [6] 
and ultimately this influences human nutrition. 
In developing countries half of the population is 
affected by micronutrient deficiencies and globally, 
approximately 2–3 billion people are suffering [7]. 
The reason is an unbalanced and lower application 
of N, P, and K which increases soil degradation 
too. The micronutrient importance is also being 
demonstrated [8] but still, its links to nutrition are 
not well known and understood. Khan et al. [9] 
reported 18.2, 13.8, and 6.7% reductions in the 
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status of maize from selected maize growing zones 
of District Poonch, Azad Jammu, and Kashmir-
Pakistan. This data will be valuable for making 
integrative nutrient management policies and plans 
suitable for small land-holding farmers. 

2.   MATERIAL AND METHODS

2.1  Description of Study Area

The study was conducted in maize growing sites 
of district Poonch (33.8369° N, 73.8889° E) Azad 
Jammu, and Kashmir-Pakistan. The twelve selected 
maize growing sites included Char, Chak, Dothan, 
Banjusa, Chambanar, Hajira-Kelot, Kakuta, 
Mandhole, Madarpur, Tatrinote, Chatra-Abbaspur, 
and Dwarandi. The study area ranges at an altitude 
from 803-1798 m above sea level. The entire area 
is rain-fed (500 - 2000 mm average annual rainfall), 
receiving a major portion of rainfall during monsoon 
and winter months. The parent materials of soils 
are mainly comprised of colluvial and alluvial 
sediment depositions. Taxonomically, the soils 
of the area belong to Thermic Lithic Eutrudepts 
and Hyperthermic Typic udifluents sub-groups of 
orders Inceptisols and Entisols with loam to silt 
loam textures. The area is prone to moderate risk 
of water erosion with a considerable annual loss of 
soil, organic matter, and essential plant nutrients. 
The summer maize followed by winter wheat is the 
existing cropping sequence traditionally practiced 
by the farmers in the study area with little or even 
no applications of recommended fertilizers. Being 
nutrient exhaustive, both of the crops continuously 
deplete soil fertility. The weather attributes, i.e. 
humidity, barometric pressure, air, temperature, 
altitude, and a heat index of selected sites were 
noted by using a portable weather tracker (model: 
Kestrel 4500) is presented in Figure 1.

2.2  Sampling, Processing, and Analyses

A  total  of  24  composite  soil  samples  (each     
comprised of three individual samples) were 
collected by using a soil auger to a 0-15 and                   
15-30 cm  depths   randomly,    brought  to  the  
laboratory of Soil and Environmental Sciences, and 
were processed for further required determinations. 
The determinations on soil texture [16], pH1:2 
by soil water suspension [17] organic matter 
[18], soil total nitrogen by Kjeldahl method of  
Bremmer and   Mulvaney  [19], available P by  

total arable land area in Pakistan due to deletion 
of top fertile soil layer by erosion, waterlogging, 
and salinity/ sodicity hazards, respectively. This 
ongoing declining trend in land availability has 
sought the attention of scientists, policy-makers, 
and other stakeholders in devising sustainable 
management strategies for restoring the productive 
potential of these degraded arable lands to ensure 
feed, food, and fiber requirements of a rapidly 
growing population.

To develop and adopt appropriate sustainable 
management strategies for soil fertility restoration 
and its quality, the updated knowledge on the status 
of existing soil fertility is very important. Therefore, 
the evaluation of soil fertility through soil and plant 
analyses is vital for soil management practices. The 
soil fertility assessment of an area is a key aspect 
of the maintenance of soil fertility and sustaining 
agricultural production [10].

Soil testing and plant analyses are the precise 
quantitative assessments of nutrients that are 
frequently used to predict the soil fertility status 
and confirm visual deficiency symptoms of limiting 
nutrients [11]. The fertility status of a soil can also be 
assessed through nutrient indexing by using organic 
carbon, total soil N, available P, exchangeable K, 
and micronutrient concentrations as a measure of 
soil fertility components [12]. Kihara et al. [13] 
stated that micronutrient use efficiency can be 
improved by applying the type and rate of fertilizers 
according to soil fertility status and management 
practices.

Maize is the third significant cereal crop of 
Pakistan after wheat and rice that requires high 
amounts of nutrients. The estimates had shown 
that maize removes nearly 350 kg N, 150 - 220 kg 
P2O5, and 400 - 500 kg K2O ha-1 from the soil over 
a growing season to produce a maximum yield of 
12 tones ha-1 [14]. On the other hand, in Pakistan 
average maize yield of 4.59 tones, ha-1 is still below 
the world’s targets of about 5.2 tones ha-1 [15]. This 
difference in yield potential might be attributed to 
the deficiency of essential plant nutrients. 

Keeping in view, the high nutrient demands of 
maize crop and lack of comprehensive knowledge 
of the current fertility status of soil from concerned 
maize growing areas, the present research was 
planned to evaluate the soil fertility and nutrients 
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Murphy and Riley [20] method, and extractable K 
[21, 22] were done. The P and K valuation in the 
the extract was done by spectrophotometer and 
flame photometer, respectively.  The ammonium 
bicarbonate diethylene triamine penta acetic acid 
(AB-DTA) extractable iron, zinc, copper, and 
manganese were determined using the method 
given by Lindsay and Norvell [23] and then 
read by atomic absorption.  The ear leaves samples 
of associated maize crops were also obtained from 
each respective site at silking. The best plant part 
of maize is the ear leaf and the time of sampling 
is initial silk [24]. The plant samples were over-
dried (at 60℃), processed, and analyzed for total 
N by Kjeldahl’s method described by Bremmer and 
Mulvaney [19], for P [25], and K [26]. The digestion 
procedure for plant micronutrients was adopted 
from Rashid (1986) and concentrations were 
determined by the atomic absorption spectrometer 
[27].  

2.3  Data Analyses

Illustrative measurable investigations containing 
means, ranges, and standard deviations were done 
in MS Excel. Nutrients adequacy ranges (low, 
sufficient, and abundance) (Table 1) were utilized 
to bunch the sites relying upon particular adequacy 
levels. Parker’s nutrient index [28] changed by 

Pathak [29], Kumar et al. [30], and Ravikumar and 
Somashekar [12] based on the percentage of samples 
in every one of the three classes (for example, low, 
medium, and high) and multiplied by 1, 2 and 3 
individually, was utilized for the assessment of 
fertility status of soils. Pearson’s correlations were 
also calculated in MS Excel.

3.   RESULTS

3.1 Soil Physicochemical Characteristics

The soil pH ranged from 6.66 - 7.29 with an overall 
mean of 6.99 ± 0.2. The pH showed slightly acidic 
to neutral conditions (Table 2). The soil organic 
matter (SOM) ranged between 0.57 - 1.12% and 
this range is showing low to medium status. Total 
soil N was 0.037 - 0.06% and it was above the 
critical value and found in the medium range. Soil 
available P with the minimum concentration of 5.57 
to a maximum of 7.47 mg kg-1 was in the low range. 
The extractable K ranged from 32.7 - 80.25 mg kg-1 
with an overall mean of 52.64 ± 18.5 mg kg-1. The 
mean showed that K contents were below a critical 
value. Among soil micronutrients, the Cu and Zn 
ranges were below the critical value to medium 
concentration with a mean of 0.56 to 0.78 mg kg-1 ,                                                                                                        
respectively. The Fe and Mn were adequate in 
both minimum and maximum concentrations. The 
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Fig 1: Weather attributes of selected maize growing sites of District Poonch, Azad Jammu and Kashmir  
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Fig. 1.  Weather attributes of selected maize growing sites of District Poonch, Azad Jammu & Kashmir at the time of 
soil sampling.
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textural analysis showed a higher percentage of silt 
followed by sand and clay with means of 40.72, 
37.7, and 21.7 respectively.  

3.2 Ear Leaf Nutrient Contents

Ear leaf total N had a variation ranged from                 
0.67 - 1.77% and all sites were below the critical 
value with 100% deficiency (Table 3). The P 
concentration was also below critical values in all 
sites and sites below critical value were 100%. The 
sampled sites with K values below low were only 1% 
and 41. 6% were within the range of critical value. 
The sampled sites with Cu were 100% deficient and 
Fe was above critical value in all sites with wide 
variation ranged from 85.6 - 263.2 mg  kg-1. Both 
Mn and Zn also showed variations between the 
sampled sites averaging 51.61 ± 9.69 mg kg-1 and 
37.96 ± 10.77 mg kg-1, respectively.  About 50% of 
sampled sites had Mn below a critical value and Zn 
deficiency was 25% in sampled sites. 

3.3  Nutrient Indices for Organic Matter, N, P,   	
       K and Micronutrients of Maize

The nutrient index value (NIV) of organic matter 
was low, i.e. 1.50 and OM was in the low range 
in 50% sites and was medium again in 50% sites 
(Table 4). The sampled sites had 100% N in the 

medium range while 66.7% sites had the P and K 
deficiency and were in the low category with NIV 
of 1.33. In sampled sites, the Cu deficiency was 
8.3%. The Fe and Mn were higher in all sites with 
and NIV of 3.00. The sampled sites with Zn were 
66.7% at the low range while 33.3% sites were in 
high nutrient status. 

3.4  Correlation between Soil Chemical 		
       Properties 	and Plant Nutrient Contents 

The leaf ear TN, P, Mn, and Zn were highly 
significantly (P ≤ 0.01) correlated to soil pH and it 
was a negative correlation (Table 5). A significant 
negative correlation was also observed between 
ear leaf Cu and soil pH  (-0.78*) and between ear 
leaf Fe and soil pH  (-0.74*).  All observed ear leaf 
nutrients contents positively correlated with soil 
OM. The ear leaf N and P had a positive significant 
correlation with Soil N, P, K, Cu, Fe, Mn, and Zn. 
The ear leaf K had significant positive correlations 
with soil organic matter (r=0.84), soil N (r=0.81) 
soil P (r=0.81), soil K (r=0.85), soil Fe (r=0.78) 
and soil Mn content (r=0.83). The ear leaf Cu 
significantly correlated with soil TN, Zn, Cu, Fe, 
and Mn. A positive significant correlation was 
observed between ear leaf Fe and all analyzed soil 
nutrients. The ear leaf Mn was significantly and 
positively correlated with all analyzed soil nutrients 
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with an overall mean of 52.64 ± 18.5 mg kg-1. 
The mean showed that K contents were below a 
critical value. Among soil micronutrients, the Cu 
and Zn ranges were below the critical value to 
medium concentration with a mean of 0.56 to 
0.78 mg kg-1, respectively. The Fe and Mn were 
adequate in both minimum and maximum 
concentrations. The textural analysis showed a 
higher percentage of silt followed by sand and 

Parameters 
 Soil nutrient concentration  

Plant nutrient 
concentrations 

Units Low Medium Adequate Units  

Soil organic matter (%) <0.86 0.86-1.29 >1.29 - - 

Total soil nitrogen (%) <0.02 0.03-0.40 >0.40 (%) 2.6-3.1 

Available P mg kg-1) 4-7 8-11 12-15 (%) 0.22-0.27 

Extractable 
Potassium 

(mg kg-1) <60 60-120 >120 (%) 1.2-1.7 

Copper (mg kg-1) <0.2 0.2-0.5 >0.5 (mg kg-1) 10-20 

Iron (mg kg-1) <3.0 3.0-5.0 >5.0 (mg kg-1) 15 

Manganese (mg kg-1) <0.5 0.5-1.0 >1.0 (mg kg-1) 50 

Zinc (mg kg-1) <0.9 0.9-1.5 >1.5 (mg kg-1) 25 

Table 1. Soil and tissue nutrient critical levels of macro and micronutrients as an interpretive guide for nutrient 
ranking

Source: Maize ear leaf critical values [55], [56] and [57]; Source: Soil critical values [58] and [59]
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Table 2. Statistics (Mean, SD, Minimum and Maximum) of soil physico-chemical properties and nutrients of maize 
growing at farmers’ fields in District Poonch, Azad Jammu & Kashmir (Data is averaged across 0-30 cm depth)

Table 3. Statistics (Mean, SD, Minimum and Maximum) of maize plant nutrient content at farmers’ fields in District 
Poonch, Azad Jammu & Kashmir.
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3.2 Ear Leaf Nutrient Content 

Variable Min Max Mean Std. Dev. 
pH 6.66 7.29 6.99 0.20 

Organic matter (%) 0.57 1.12 0.84 0.19 
Total N (%) 0.037 0.06 0.05 0.01 
P (mg kg-1) 5.57 7.47 6.54 0.73 
K (mg kg-1) 32.7 80.25 52.64 18.51 
Cu (mg kg-1) 0.18 1.16 0.56 0.38 
Fe (mg kg-1) 11.37 21.53 14.10 2.84 
Mn (mg kg-1) 3.56 10.4 6.53 2.15 
Zn (mg kg-1) 0.36 1.43 0.78 0.33 

Clay (%) 16.9 30.3 21.7 3.65 
Silt (%) 33.7 50.1 40.72 4.79 

Sand (%) 27.9 42.5 37.7 4.49 
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concentration was also below critical values in 
all sites and sites below critical value were 
100%. The sampled sites with K values below 
low were only 1% and 41. 6% were within the 
range of critical value. The sampled sites with 

Cu were 100% deficient and Fe was above 
critical value in all sites with wide variation  
 

 
ranged from 85.6-263.2 mg kg-1. Both Mn and 
Zn also showed variations between the sampled 
sites averaging 51.61±9.69 mg kg-1 and 
37.96±10.77 mg kg-1, respectively.  About 50% 
of sampled sites had Mn below a critical value 
and Zn deficiency was 25% in sampled sites.  

 
 
 
 
 
 
 
 
 
Table 3. Statistics (Mean, SD, Minimum and Maximum) of maize plant nutrient content of at farmers’ fields in 
District Poonch, AzadJammuan Kashmir

3.3 Nutrient Indices for Organic Matter, N, P, K and Micronutrients Of Maize 
 
The nutrient index value (NIV) of organic matter 
was low, i.e. 1.50 and OM was in the low range 
in 50% sites and was medium again in 50% sites 
(Table 4). The sampled sites had 100% TN in 
the medium range while 66.7% sites had the AP 
and K deficiency and were in the low category 

with NIV of 1.33. In sampled sites, the Cu 
deficiency was 8.3%. The Fe and Mn were 
higher in all sites with an NIV of 3.00. The 
sampled sites with Zn were 66.7% at the low 
range while 33.3% sites were in high nutrient 
status.  

 
 
 
 
 
 
 
 
 

Plant nutrients Min Max Mean Std. Dev. % sites below a 
critical value 

Total N (%) 0.67 1.77 1.29 0.40 100 
P (%) 0.04 0.08 0.06 0.01 100 
K (%) 1.07 2.29 1.75 0.39 1 

Cu (mg kg-1) 2.17 3.95 2.17 0.93 100 
Fe (mg kg-1) 85.6 263.2 192.32 62.12 0 
Mn (mg kg-1) 35.2 71.9 51.61 9.69 50 
Zn (mg kg-1) 21.53 53.9 37.96 10.77 25 
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Table 4. Nutrient indices for organic matter, N, P, K, and micronutrients of maize growing at farmers’ fields in 
District Poonch, Azad Jammu, and Kashmir 
 

Nutrients No. of 
Samples 

Rating Nutrient Index 
value (NIV) Low Medium High 

Soil organic matter (%) 24 12 (50) 12 (50) --- 1.50 
Total Soil Nitrogen (TSN; %) 24 --- 24 (100) --- 2.00 

Soil Available Phosphorus (mg kg-1) 24 16 (66.7) 08 (33.3) --- 1.33 
Soil Exchangeable Potassium(mg kg-1) 24 16 (66.7) 08 (33.3) --- 1.33 

Soil Copper (mg kg-1) 24 02 (8.3) 12 (50.0) 10 (41.7) 2.33 

Soil Iron (mg kg-1) 24 --- --- 24 (100) 3.00 

Soil Manganese (mg kg-1) 24 --- --- 24 (100) 3.00 

Soil Zinc (mg kg-1) 24 16 (66.7) 08 (33.3) --- 1.33 
Index value: Low = < 1.67; Medium = 1.67 – 2.33 and High = > 2.33 

3.4 Correlation between Soil Chemical Properties and Plant Nutrient Content  

 
The leaf ear TN, P, Mn, and Zn were highly 
significantly (P≤0.01) correlated to soil pH and 
it was a negative correlation (Table 5). A 
significant negative correlation was also 
observed between ear leaf Cu and soil pH            
(-0.78*) and between ear leaf Fe and soil pH        
(-0.74*).  All observed ear leaf nutrients contents 
positively correlated with soil OM. The ear leaf 
N and P had a positive significant correlation 
with Soil N, P, K, Cu, Fe, Mn, and Zn. The ear 
leaf K had significant positive correlations with 
soil organic matter (r=0.84), soil N (r=0.81) soil 

P (r=0.81), soil K (r=0.85), soil Fe (r=0.78) and 
soil Mn content (r=0.83). The ear leaf Cu 
significantly correlated with soil TN, Zn, Cu, Fe, 
and Mn. A positive significant correlation was 
observed between ear leaf Fe and all analyzed 
soil nutrients. The ear leaf Mn was significantly 
and positively correlated with all analyzed soil 
nutrients except AP while Zn was having a 
significant positive correlation with all analyzed 
soil nutrients except AP and Cu. 
 

 
Table 5. Pearson’s correlations coefficients (r) between soil and plant nutrient contents of maize growing at farmers’ 
fields in District Poonch, Azad Jammu, and Kashmir 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

except AP while Zn was having a significant 
positive correlation with all analyzed soil nutrients 
except AP and Cu.

3.5 Interrelations of Soil Chemical Properties

Soil pH had a significant negative correlation  

(-0.91) with OM and all analyzed soil nutrients 
while OM had a significant positive correlation 
with all observed nutrients (Table 6). The N was 
positively correlated with K (0.95), Zn (0.84), Cu 
(0.78), Mn (0.82), and Fe (0.93). The K positively 
and significantly correlated with AP (0.90), Zn 

Table 4. Nutrient indices for organic matter, N, P, K, and micronutrients of maize growing at farmers’ fields in 
District Poonch, Azad Jammu & Kashmir
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(0.75), Mn (0.76), and Fe (0.86). The AP had a 
significant correlation with Mn (0.71) and Zn was 
significantly correlated to Cu (0.73) and Mn (0.84). 

4.   DISCUSSION

The sampled sites were slightly acidic to neutral with 
organic matter concentration from low to medium. 
Soils at sampled sites were Entisols and Inceptisols 
which were slightly weathered. The slightly acidic 
pH could be due to high rainfall that caused the 
leaching of cations. Low soil pH consequently 
influences the uptake of plant nutrients by affecting 
the microbial population and concentration of Al/
Fe ions in the solution [31]. The low organic matter 
in sampled sites may be attributed to the previous 

cropping system that has depleted it. In sampled 
sites, the low organic matter contents could be 
due to exhaustive crop rotation as well. The low 
diversity of soil microbes, development of host-
specific soil-born diseases, and imbalances of soil 
nutrients resulted due to growing the same crops 
in the same field continuously  [32, 33]. Devkota 
et al [34] reported that cropping systems have an 
immense effect on plant nutrient dynamics in soil. 
The medium range of soil total N in sampled sites 
indicated the low rate of inorganic and organic 
fertilizer addition. The long-term addition of 
inorganic and organic fertilizers affects the nutrient 
concentration and soil organic matter build-up. 
Where the earlier cropping system has depleted 
soil organic matter, the soils mostly become acidic 
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** Correlation is highly significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.01 level (2-tailed) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Interrelations of Soil Chemical Properties 
 
Soil pH had a significant negative correlation          
(-0.91) with OM and all analyzed soil nutrients 
while OM had a significant positive correlation 
with all observed nutrients (Table 6). The N was 
positively correlated with K (0.95), Zn (0.84), 
Cu (0.78), Mn (0.82), and Fe (0.93). The K 

positively and significantly correlated with AP 
(0.90), Zn (0.75), Mn (0.76), and Fe (0.86). The 
AP had a significant correlation with Mn (0.71) 
and Zn was significantly correlated to Cu (0.73) 
and Mn (0.84).  

 
 
 
Table 6. Pearson’s correlations coefficients (r) of soil properties at maize growing farmers’ fields in District Poonch, 
Azad Jammu, and Kashmir 

Plant 
nutrients 

Soil nutrients 
pH OM TN AP K Zn Cu Mn Fe 

N -0.88** 0.93** 0.85** 0.93** 0.87** 0.74* 0.72* 0.81** 0.71* 
P -0.83** 0.93** 0.91** 0.87** 0.92** 0.77* 0.72* 0.88** 0 .84** 
K -0.73* 0.84** 0.81* 0.81** 0.85** 0.68 0.70* 0.83** 0.78* 
Cu -0.78* 0.79* 0.80* 0.63 0.69 0.90** 0.91** 0.94** 0.85** 
Fe -0.74* 0.85** 0.75* 0.78* 0.79* 0.79* 0.71* 0.82** 0.74* 
Mn -  0.84** 0.84** 0.84** 0.69 0.79* 0.88** 0.83** 0.98** 0.89** 

Zn -0.82** 0.76* 0.76* 0.67 0.73* 0.93** 0.69 0.84** 0.77* 

Soil           Soil                                   nutrients      
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** Correlation is highly significant at the 0.01 level (2-tailed). 
      * Correlation is significant at the 0.01 level (2-tailed) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. DISCUSSION 
 
The sampled sites were slightly acidic to neutral 
with organic matter concentration from low to 
medium. Soils at sampled sites were Entisols 
and Inceptisols which were slightly weathered. 
The slightly acidic pH could be due to high 
rainfall that caused the leaching of cations. Low 
soil pH consequently influences the uptake of 
plant nutrients by affecting the microbial 
population and concentration of Al/Fe ions in 
the solution [31]. The low organic matter in 
sampled sites may be attributed to the previous 
cropping system that has depleted it. In sampled 
sites, the low organic matter contents could be 

due to exhaustive crop rotation as well. The low 
diversity of soil microbes, development of host-
specific soil-born diseases, and imbalances of 
soil nutrients resulted due to growing the same 
crops in the same field continuously  [32, 33]. 
Devkota et al [34] reported that cropping 
systems have an immense effect on plant 
nutrient dynamics in soil. The medium range of 
soil total N in sampled sites indicated the low 
rate of inorganic and organic fertilizer addition. 
The long-term addition of inorganic and organic 
fertilizers affects the nutrient concentration and 
soil organic matter build-up. Where the earlier 

nutrients pH OM SN AP K Zn Cu Mn 

OM -0.91**        

N -0.90** 0.93**       

AP -0.81* 0.95** 0.82*      

K -0.84** 0.94** 0.95** 0.90**     

Zn -0.87** 0.78* 0.84* 0.64 0.75*    

Cu -0.80* 0.80* 0.78* 0.68 0.63 0.78*   

Mn -0.82* 0.84** 0.82* 0.71* 0.76* 0.87** 0.87**  

Fe -0.80* 0.82* 0.93** 0.64 0.86** 0.86** 0.73* 0.84** 

Table 6. Pearson’s correlations coefficients (r) of soil properties at maize growing farmers’ fields in District Poonch, 
Azad Jammu & Kashmir

Table 5. Pearson’s correlations coefficients (r) between soil and plant nutrient contents of maize growing at 
farmers’ fields in District Poonch, Azad Jammu & Kashmir
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with little capability to retain macro (N, P & K) and 
some micronutrients. This in addition to the low 
inorganic and organic fertilizer use, augmented soil 
degradation. As reported by Bhattacharya [35], in 
agriculture soil degradation is primarily because of 
insufficient and imbalanced fertilizer application.

The low N levels in sampled sites could be a 
result of N leaching, less the amount of N addition, 
low organic matter, and high nutrient removal due to 
continuous farming [36]. Cobo et al. [37] described 
the results of 57 selected studies and revealed that 
due to nutrient mining, most systems had a negative 
balance for N and K while the percent deficiency of 
P was not severe. 

Soil organic matter holds soil N, stops its 
leaching, and makes it available for plant uptake 
[38]. Conventional tillage practices can adversely 
change the soil mechanical behavior, and in turn, 
it affects the organic compounds, pH, N, C, and 
micronutrients such as Zn and Mn [39, 40].  It 
further aggravates water and wind erosion, which 
ultimately causes soil degradation [41]. The 
low contents of total N in plant tissue could be 
attributed to a medium concentration of total N in 
soil and consequently lesser uptake.  The observed 
low P in the sampled soil could be associated with 
P leaching, P complexation, and subsequently low 
P in plant tissues. Phosphorus is distinctive among 
the anions due to its low mobility and accessibility 
in soils. It is hard to manage because it makes strong 
bonds with both soil matrix and solution [42]. In 
acid soils Al and Fe cause P fixation, whereas Ca 
compounds dominate P fixation in alkaline soils.  

Soil K was found low in the sampled soil while 
in plant tissue the low concentration of K was only 
1% and this is attributed to cation balances. The 
optimum K concentration in plant tissues could be 
due to higher mass flow movement [43] and lower 
soil pH. Low soil pH due to the solubility of Al could 
be another factor that interferes with the uptake of 
plant nutrients [31]. The Al becomes soluble at low 
soil pH and dominates the cation exchange capacity, 
thereby it affects the soil capacity to retain K [44].

Among micronutrients, Cu and Zn were limited 
in sampled soil and plant tissues also showed a 
deficiency. The positive relationship between tissue 
Cu and Zn and soil Cu and Zn content showed that 
these nutrients requiring corrective measures.

The protein components of numerous enzymes 
require Cu [45] and it is an important plant 
micronutrient. In soil, Cu rarely leaches as it is 
relatively immobile and binds strongly with OM. 
The accessibility of Cu to plants relies upon the 
pH, OM content, and soil type [46]. Copper uptake 
by the plant is affected by predominant chemical 
species, soil pH, and its concentration in soil. Zinc 
is also an important plant growth element and its 
deficiency reduces the yield [47, 48] The correlation 
between P and Zn was not significant in sampled 
sites, however, Murdock and Howe [49] reported 
that the higher content of soil P and higher soil pH 
was correlated with lower levels of Zn in the plant. 
The Zn deficiency is attributed to low OM contents 
and pH levels above 7.0.                                                                                        

Manganese was found high in the sampled 
soil, but some sampled sites showed deficiencies 
in plant tissues. It may be credited to low soil pH 
and less organic matter addition.  Wang et al  [33] 
also reported a similar dependency of Mn on soil 
organic carbon status. Manganese scarcity has 
likewise been found in profoundly fertile clayey 
soils [50]. The studies have demonstrated an 
antagonism amongst Zn and Mn, a higher content of 
Zn in the soil diminished the leaf Mn concentration 
[51]. The concentration of interchangeable metal 
in soil relies upon their amount in soil solutions, 
subsequently, soil pH impacts the replaceable Fe, 
Mn, Cu, and Zn likewise. Mugo et al. [52] reported 
that soil pH strongly correlated with most of the 
investigated both soil and tissue nutrient contents. 
The substantial positive association between leaf P 
and soil P in sampled soils is attributed to low P 
ions in the soil solution at the root surface. The pH 
is negatively correlated with P showing its effect 
on P uptake. The significant association between 
tissue K contents and soil K in sampled soils, but 
low K in the plant could be attributed to its negative 
correlation with pH. 

The cropping systems and soil management 
practices affect soil organic matter concentration and 
in turn, it influences soil fertility [31]. Goshu et al. 
[53] reported that for sustainable maize production 
the fertilizer recommendation needs to be soil test-
based because due to applied management practices 
and inherent soil nutrient status the heterogeneity is 
common in farmer’s field.
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 The low soil nutrient contents of sampled 
sites caused the lower concentration of nutrients in 
plant tissues and a strong correlation between plant 
nutrients and soil nutrients indicates the need for 
both organic and inorganic inputs. Anthropogenic 
activities like cropping practices, soil management, 
intensive land use, and conservation measures 
impact soil functions [54]. Therefore, to increase 
productivity and fertility of maize growing areas 
sustainable and cost-effective measures are 
required.

5.   CONCLUSION

This study shows that N, P, K, Cu, and Zn are 
restricting nutrients for maize production in 
significant maize growing zones of District 
Poonch Azad Jammu & Kasmir. The OM was also 
lower in sampled sites. The correlation showed 
the dependence of all plant nutrients on their 
concentration in soil. The correlation of OM was 
positive and highly significant with all analyzed soil 
nutrients. The management practices are required 
to build up the fertility status and productivity of 
study sites. The nutrients need to be provided as 
an integrated nutrient management program where 
both organic and inorganic sources should be 
applied. 
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A Method for Soil Samples Collection during Site 
Assessment for Aquaculture 
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Abstract: Assessment of soil quality is one of the crucial steps during the assessment of a site for aquaculture. 
However, no clear guidelines are available in literature to guide fish farmers about soil sample collection resulting 
in a waste of their time and energy. The present study was, therefore, designed to determine the variability of soil 
characteristics at different sites and give recommendations for sample collection during soil assessment. Two hundred 
and eighty-six (286) soil samples collected from different subsites of seven sampling sites were analyzed for particle 
size distribution and chemical parameters. Results showed significant variation in soil separate content at different 
subsites of a sampling site. At Moza Bahak Maken in district Sargodha, the soil was found to be sandy at one subsite 
and clayey on the other within 35 acres of land area. Moreover, significant differences in soil quality parameters 
were also found with varying sampling depths. pH of soil indicated the calcareous nature of the soil in Punjab and 
outruled the necessity to lime soil. Electrical conductivity measurements showed that soil in the Sargodha division 
can be characterized as very strongly saline. The study led to the conclusion that sample collection for soil analysis 
in aquaculture should be based on stratified sampling selecting at least three sampling points from each stratum. Soil 
samples should be collected in 1 ft. increment from the surface up to the depth that should be 1 ft. deep than the soil 
depth that will be dug in excavated ponds. Culturable fish/ shrimp species should be selected based on the salinity of 
soil at the proposed fish pond site. 

Keywords: Soil quality, aquaculture, stratified sampling, saline soil

1.  INTRODUCTION

World population is estimated to be 9.3 billion in 
2050 [1] which indicates that a sustainable supply 
of food fish as a source of high-quality protein in the 
human diet is becoming essential. Deterioration of 
capture fisheries at the global level has stimulated 
the tremendous development of aquaculture. 
In the Asia Pacific region, annual growth rate 
of aquaculture has been reported to be 6.1% 
compared to 1.6% recorded for capture fisheries 
during 2004-2014 [2]. It has been estimated that 
aquaculture contribution to total production of fish 
and fish products will outpace the capture fisheries, 
increasing its share from 44% in 2013-2015 to 52% 
in 2025 [3]. Subjected to sustainable improvement 
and continuous progression, it can be anticipated 
that the aquaculture industry will play a key 

role in coping with the challenges of rising food 
fish requirements resulting from the population 
growth in developing countries. The world's 
top aquaculture producers are focussing on the 
ecosystem approach for aquaculture development. 
The approach translates that  in order to fully utilize 
the potential of this sector to reduce hunger and 
help in achieving sustainable development goals, 
the adoption of schematic spatial planning and 
management are the key factors. Lack of strategic 
planning and selection of inappropriate sites can 
lead to economic losses and financial risks during 
seafood production cycles.

In Pakistan, a high population growth rate 
(3% on annual basis), malnutrition, and increasing 
rates for poultry/ red meat drive the demand for 
increasing fish consumption in the human diet. 



in different districts of the Punjab province of 
Pakistan. Following is a brief description of each 
site and the soil sample collection method adopted 
thereof. 

2.1.1 Site A

Site A was a 35 acre land area situated in Moza 
Behak Maken in the Sargodha district. The area 
was divided into seven subsites of five acres each. 
Soil samples were collected from five equidistant 
locations of each subsite covering four corners and 
one center. From each location two samples were 
collected; one from the surface and the other from 
1 ft. depth.  Due  to  the  presence  of  a  water 
table at 2 ft. depth, samples from deeper soil layers 
could not be collected. Seventy soil samples were 
collected from this site.

2.1.2 Site B

Site B was situated in Moza Nari, Khushab district, 
and comprised of 50 acre land. The site was divided 
into 10 subsites each of 5 acres. Soil samples were 
collected from 5 locations of each subsite as in 
the case of Site A. Due to the presence of a water 
table at 3 ft., soil samples were collected from the 
surface, 1 ft. and 2 ft. depth from each location of 
every subsite. One hundred and fifty soil samples 
were collected from Site B.

2.1.3 Site C

Site C was a 5-acre land area in Khushab. Samples 
were collected from five locations starting from the 
surface up to the depth of 3 ft with a 1 ft. increment. 
A total of fifteen soil samples was collected from 
this site.

2.1.4 Site D

Site D is comprised of an area of 2 acres situated 
in Chistian, Bahawalnagar. Samples were collected 
from three equidistant locations at this site, covering 
soil depth up to 3 ft. at each location. Twelve soil 
samples were collected from this site.

2.1.5 Site E

A land of 5 acres located in the Sargodha district 
was marked as Site E. Soil samples were collected 

These conditions urge the need to ensure fast and 
sustainable development of aquaculture. However, 
despite of huge water resources in the country 
[4], aquaculture development is not progressing 
at a high pace. Lack of high-quality economical 
fish feed, fast-growing fish seed, as well as  poor 
management of fish ponds during the production 
cycle are the major constraints faced by the sectors 
that impede its fast development. 

To address the issues associated with poor 
fish pond management, suitable site selection with 
high-quality soil is one of the key factors [5]. In the 
ecosystem approach for aquaculture development, 
soil chemistry and its texture has been considered 
as one of the essential features to be considered at 
the time of site selection.  A suitable distribution 
of different-sized particles is essential for pond 
bottom soil. It is, therefore, mandatory to assess 
the mechanical and chemical properties of the soil 
before the use of a site for pond construction. Due to 
the unavailability of any published guideline, there 
is a lack of awareness among the general public for 
soil sample collection to analyze its suitability for 
use as fish pond bottoms and embankment. Most 
often potential farmers have large areas of land that 
they want to use for aquaculture. Due to a lack of 
appropriate information, they collect one or two 
soil samples from the surface and transfer them to 
the soil testing laboratory. The net result is waste 
of time & effort and a delay in soil analysis for the 
site. It is, therefore, essential to provide a method 
for the collection of soil samples site assessment for 
aquaculture. The present work is based on the study 
of variation in soil quality parameters at different 
depths and sampling units within a site to propose 
a suitable method for sample collection during soil 
suitability assessment.

2.   MATERIAL AND METHODS

The study was carried out from February 2019 to 
February 2020. Sample analysis was carried out 
in Water and Soil Analysis Laboratory at Fisheries 
Research and Training Institute, Lahore, Pakistan.
 
2.1  Sampling Sites

Sampling sites selected for the present study were 
the locations proposed to be used for fish pond 
construction. All sampling sites were located 
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from surface up to the depth of 3 ft from five (5) 
equidistant locations. Fifteen soil samples were 
collected from this site.

2.1.6 Site F

Site F was situated at Bediyan Road, Lahore, and 
consisted of an area of 2 acres. Soil samples were 
collected from the surface up to the depth of 3 ft. 
from three locations. Twelve soil samples were 
collected from this site.

2.1.7 Site G

Site G comprised of the land of 1 acre in Karor 
Paka, Lodhran District. Samples were collected 
from the surface up to the depth of 3 ft. with one ft. 
increment from thee equidistant locations. Twelve 
soil samples were collected from this sampling site.

2.2   Sample Collection

Soil samples collected with the help of an auger 
from each sampling location were stored in properly 
labeled air-tight polyethylene bags and transported 
to the laboratory.  

2.3  Sample Preparation

In the laboratory, soil samples were air-dried 
to reduce their moisture content. Air-dried soil 
samples were ground to pass a 2 mm mesh size 
screen. Homogenized and sieved soil samples 
were stored in air-tight bags till further analysis. 
All the soil samples were subjected to analysis of 
physical and chemical parameters viz particle size 
distribution, pH, and electrical conductivity. 

2.4  Soil Particle Size Distribution

Soil particle size distribution was determined by 
the hydrometer method following the method of 
Bentone [6]. Calgon solution (5%) was prepared 
using sodium hexametaphosphate and sodium 
carbonate. An accurately weighed portion of the 
soil  sample  (50 g ± 0.05 g)  was  mixed  with                
100 mL of Calgon solution and the soil: Calgon 
solution suspension was allowed to stand overnight. 
Then the suspension was quantitatively transferred 
to a 1000 ml glass cylinder and volume was 
made up to the mark with distilled water. The soil 

suspension in the cylinder was mixed thoroughly 
and a hydrometer meter reading was recorded after 
40 s and 120 s of mixing. The content of sand, silt, 
and clay were calculated as follows. 

Silt and clay content (%) = (Temperature corrected 
hydrometer reading recorded at 40 second/ soil 
sample weight) x 100

Clay content (%) = (Temperature corrected 
hydrometer reading recorded at 120 s / soil sample 
weight) x 100

Silt content (%) = (Silt and clay content) – (Clay 
content)

Sand content (%) =100- (Silt and clay content)

2.5  Soil Chemical Analysis

For chemical analysis, the soil sample was mixed 
with distilled water in a 1:2 ratio and the supernatant 
was analyzed for pH and electrical conductivity [7].

2.6  Statistical Analysis

For Site A, an independent t-test was used to find 
significant differences in soil parameters measured 
at two soil depths for 7 subsites. For Site B-G, a 
one-way analysis of variance was used to identify 
significant differences in soil characteristics 
measured at varying depths of each sampling site. 
In the case of Site A and Site B consisting of 7 and 
10 subsites respectively, a one-way analysis of 
variance was used to study any significant variation 
in soil quality with varying sampling subsites at 
each soil depth. All the analysis was carried out 
using SPSS version 22 using two-tailed significance 
at 0.05 significance level [8].

3.   RESULTS

The particle size distribution of soil collected from 
different sampling sites is presented in Table 1. 
Physico-chemical parameters of soil are shown in 
Table 2. 

3.1  Site A

The highest sand content in the surface and 1 ft. deep 
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soil layer was found at subsite SA7 where it was 
77.21 ± 6.54% and 74.01 ± 7.67% respectively. The 
soil at subsite SA5 showed the lowest sand content; 
9.63 ± 0.02% and 12.02 ± 1.68% at the surface and 
1 ft. depth. The highest clay content was found to 
be 45.99 ± 9.53% and 53.88 ± 2.28% in surface and 
1 ft. deep soil of SA5 and SA4 respectively. The 
lowest clay content was 9.59 ± 6.42% and 12.79 ± 
10.39% in the surface and deeper soil layer of SA2 
and SA1 respectively. The lowest silt content was 
12.40 ± 4.33% (surface soil) and 12.00 ± 3.46% 
(1 ft.) found at SA7. The soil at SA4 (surface) and 
SA3 (1 ft.) showed the highest content of silt i.e. 
47.17 ± 18.68% and 35.19 ± 5.40%. pH at all the 
subsites of site A was higher than 8.00 at the surface 
and deeper soil. Highest soil EC was found to be 
16788.00 ± 3136.44 µScm-1 (surface; SA4) and 
13262.00 ± 695.68 µScm-1 (1ft., SA6). On the other 
hand, the lowest soil EC was 10828.00 ± 2711.16 
µScm-1 (Surface, SA3) and 3446.00 ± 4458.76 
µScm-1 (1 ft., SA1). In general, soil EC at the deeper 
soil layer was lower than that of surface soil. 

Independent t-test showed no significant 
difference in any parameter measured in surface 
and 1 ft. deep soil layer at SA1-SA3 and SA7. At 
SA4, EC was significantly different in two soil 
layers (p < 0.05). The difference in soil sand content 
at the surface and 1 ft. was statistically significant              
(p < 0.05) at SA5 and SA6. 

One-way analysis of variance showed 
significant differences (p < 0.05) in soil parameters 
at a similar depth of different subsites of Site A. 
Sand content at surface soil of SA1, SA2 and SA7 
was significantly  higher  than  that  of  the soil of  
SA3-SA6. The difference in sand content of surface 
soil at SA3 - SA6 was not statistically significant. 
A similar trend was observed in the soil at 1 ft. 
depth of subsites and the sand content of soil at 
SA1, SA2, and SA7 was significantly higher than 
SA3 - SA6. The silt content of surface soil at SA1 
was significantly lower than that of SA3 - SA6. 
There was no statistically significant difference in 
clay content of surface soil at SA1, SA2, and SA7. 
Surface soil at all these three sites contained lower 
clay content than that of SA3 - SA6. There was no 
difference in the clay content of soil at SA3 - SA6. 
A similar pattern in soil clay content was found at 
1 ft. depth. Also, there were significant differences 
among pH of soil at different subsites of Site A 
(surface and 1 ft. Table 2). 

3.2  Site B

Sand content at subsites of Site B varied from 13.23 
± 4.61% (SB 9) to 43.23 ± 5.58% (SB1), 12.90 ± 
2.22% (SB8) to 43.61 ± 10.72% (SB1) and 12.50 ± 
2.90% (SB8) to 36.05 ± 3.12% (SB1) at surface, 1 
ft. and 2 ft. depth respectively. Highest silt content 
was found to be 63.86 ± 15.52% at surface (SB9), 
53.94 ± 4.41% at 1 ft. (SB8) and 57.14 ± 7.17% at 
2 ft. depth (SB8). Clay content ranged from 17.59 
± 6.38% (SB1) to 47.75 ± 13.41% (SB6) at surface, 
25.19 ± 6.41% (SB1) to 47.13 ± 3.10% (SB4) at 
1 ft. and 29.18 ± 13.01% (SB3) to 40.77 ± 4.56% 
(SB5) at 2 ft. soil depth. pH at surface, 1 ft. and 2 
ft. depth varied from 7.68 ± 1.11 to 8.19 ± 0.14, 
7.87 ± 0.05 to 8.18 ± 0.08 and 7.71 ± 0.09 to 8.35 ± 
0.15 respectively. Highest soil EC was 19390.00 ± 
2204.81 µScm-1 (SB8), 18384.00 ± 2886.44 µScm-1                                                                                                

(SB6) and 18150.00 ± 2611.62 µScm-1 (SB6) at 
surface, 1 ft. and 2 ft. respectively.

One-way analysis of variance showed 
significant differences (p < 0.05) in soil parameters 
measured at different depths of each subsite. Clay 
content in surface soil of SB1 was significantly 
low than that of soil at 2 ft. depth. The difference 
in soil clay content at 1 ft. and 2 ft. was, however, 
not  significant.  At  SB4,  the  clay  content  of 
soil at 1 ft. was significantly higher than that of 
soil at 2 ft. depth. Sand content of surface soil was 
significantly high than deeper soil layers at SB3 and 
SB8. Surface soil EC was significantly high than 
that of soil at deeper layers at SB5 and SB7 - SB10.   

The use of one way Anova to assess soil quality 
at similar depths of different subsites of Sites B 
showed interesting results that have been shown 
in Table 1. Surface soil sand content at SB1 was 
significantly higher than that of soil at SB2-SB6 and 
SB8-SB9. There were significant differences in soil 
silt content at various subsites (Table 1). The clay 
content of surface soil at SB1, SB3, and SB8 - SB10 
was significantly lower than that of other subsites. 
For SB4, SB7, soil clay content was significantly 
lower than that of soil at SB6. At 1 ft. soil depth and 
content found at SB1 was significantly higher than 
that of SB2 - SB6, SB8, and SB9. The clay content 
of 1 ft. deep soil layer at SB1 was significantly 
lower than that of SB2-SB6. At SB4, clay content 
was significantly higher than that of SB3 - SB10. 
At 2 ft. depth, soil sand content found at SB1 was 
significantly higher than that of SB2-SB9.  For pH, 
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no significant difference was found in surface soil 
at various subsites. However, soil pH at 1 ft. and 
2 ft. showed significant differences among subsites 
(Table 2). Unlike Site A, significant differences in 
soil EC were found at various depths of different 
subsites of Site B. Surface soil EC at SB2 was 
significantly lower than that of SB1 and SB3.

3.3  Site C

Significant differences in soil parameters at different 
depths were identified. At Site C, sand, silt and clay 
content varied from 6.62 ± 1.57% to 10.39 ± 1.22%, 
21.10 ± 0.62% to 33.24 ± 3.23% and 58.65 ± 1.95% 
to 68.94 ± 1.72% at varying soil depths respectively. 
Sand content of soil at 1 ft. depth was significantly 
lower than that of soil at 2 ft. The silt content of the 
surface and 1 ft. soil layer was significantly higher 
than deeper soil layers. Surface clay content was 
significantly lower than soil at deeper layers. pH 
was 7.5-8.0 at all soil depths while soil EC ranged 
from 12740.00 ± 1166.81 µScm-1 (3 ft.) to 18376.67 
± 782.33 µScm-1 (surface). Soil pH at the surface 
was significantly lower than deeper layers. Soil EC 
at all studied soil layers was statistically different 
from each other and there was a gradual decrease in 
EC as one moved from the surface toward deeper 
layers. 

3.4  Site D

The highest sand content at Site D was 29.64 ± 
3.91% found at 2 ft. soil depth. Sand content of 1 
ft. soil layer was significantly lower than that of 
surface and deeper soil layers. The highest silt and 
clay content at this site was 53.95 ± 3.48% (3 ft.) 
and 43.01 ± 2.31% (1 ft.) respectively. The clay 
content of soil at the surface, 2 ft. and 3 ft. depth 
was significantly lower than that of soil at 1 ft. Soil 
pH was higher than 9.5 at all studied soil depths. the 
pH of the soil of 1 ft. deep layer was significantly 
higher than that of soil at 3 ft. Soil EC ranged from 
1870.33 ± 54.50 µScm-1 (1 ft.) to 998.67 ± 32.08 
µScm-1 (3 ft.).  Surface & 1 ft. layer soil EC was 
significantly higher than that of soil at 3 ft. 

3.5  Site E

Sand, silt and clay content at this site ranged from 
27.25 ± 13.54% to 38.03 ± 4.38%, 43.17 ± 7.01% 
to 50.77 ± 7.81% and 16.79 ± 3.74% to 26.38 ± 
14.15% respectively. Soil pH varied from 7.79 ± 
0.67 to 8.18 ± 0.21. The highest EC was found at 

surface soil (4881.20 ± 4965.73 µScm-1) and the 
lowest was shown by soil at 3 ft. depth (222.80 ± 
1664.5 µScm-1). There was no significant difference 
in soil parameters at different depths.

3.6  Site F

The highest sand content at site F was found at 3 
ft. depth (48.28 ± 8.08%). The highest silt and clay 
content was 36.66 ± 11.37% (3 ft.) and 28.39 ± 4.0% 
(3 ft.) respectively. The clay content of the surface 
and 3 ft. was significantly lower than that of soil at 
1 and 2 ft. Soil pH varied from 8.46 ± 0.75 at the 
surface to 9.74 ± 0.65 at 2 ft. depth. Surface soil pH 
was significantly lower than that of deeper layers. 
The highest EC was found in surface soil where it 
was 2960 ± 2343.61 µScm-1 while the lowest EC 
was 796.0 ± 156.79 µScm-1 found at 3 ft.

3.7  Site G

Sand content varied from 13.74 ± 1.19% (at 2 ft.) 
to 17.70 ± 2.32% (at the surface) at this site. The 
highest silt content was 72.94 ± 5.28% found in 
soil at 3 ft. Soil clay content  varied from 12.66 ± 
6.43% (at 2 ft.) to 21.99 ± 2.01% (at surface). Soil 
pH ranged from 9.82 ± 0.12 at the surface to 8.89 ± 
0.44 at 3 ft. pH of soil at the surface and 1 ft. layer 
was significantly higher than that of soil at 2 ft. and 
3 ft. There was no significant difference in other soil 
parameters at varying soil depth. The highest soil 
EC was found at the surface where it was 14662.00 
± 10977.74 µScm-1. The lowest EC was found at     
1 ft. depth (2968.00 ± 2754.09 µScm-1). 

4.   DISCUSSION

Soil quality is a crucial factor in determining the 
success of an aquaculture project. It is the material 
that forms the base and embankments of ponds and 
holds water over it. In addition to several natural 
pedogenic aspects including the nature of parent 
rock, climate, and activity of plants & other soil-
dwelling animals, anthropogenic factors also 
remarkably influence the soil properties [9]. 

The soil quality of any site is assessed 
through its texture class and physicochemical 
properties. Soil texture class refers to the relative 
distribution of soil particles of a defined size range 
and can be determined through soil particle size 
distribution analysis. According to the United 
States Department of Agriculture (USDA),  soil 
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particles with a diameter of  0.05 mm – 2.00 mm 
are considered as sand, those with a diameter of                                             
0.05 mm - 0.002 mm are named as silt, and those 
with a diameter of < 0.002 mm are classified as 
clay [7]. There is, however, slight variation among 
different classification systems and the International 
Society for Soil Science (ISSS) considers particles 
with 0.02 mm - 2.00 mm as silt [10]. 

It is important to note that any method for 
collection of soil samples during aquaculture site 
assessment is not suggested earlier in literature 
according to our knowledge. Boyd [11] has 
recommended a method to collect soil samples from 
prepared ponds. According to the author, several 
soil samples can be collected from pond bottom 
randomly and combined to form a composite 
sample. In the present study, results of soil analysis 
at various sites have been used to recommend 
a method for soil sample collection before the 
construction of a pond.

In the present study, soil texture class was 
found to be sand, loamy sand, sandy loam at SA1, 
SA2, and SA7, and clay or clay loam at SA3-
SA6, based on soil separates found at Site A. It is 
noteworthy that within the 35 acre land area, the 
soil was sandy at one subsite and clayey at the 
other. At Site B, the texture class was classified as 
either clay or clay loam, silty clay loam, silt loam 
& loam at SB1 - SB10.  Particle size distribution 
analysis is of utmost importance in the assessment 
of soil suitability of aquaculture [12]. Unsuitable 
distribution of different soil separates can result 
in economic losses and even complete failure 
of an aquaculture project. It does not mean that 
soil with inappropriate particle size distribution 
cannot be used for fish pond construction. It only 
emphasizes the need to determine the soil quality 
before pond construction and adopt suitable soil 
management techniques to maintain the soil 
efficacy during aquaculture activities. A soil with 
low water seepage, fast mineralization of organic 
matter, and capability of adsorbing and releasing 
nutrients is considered suitable for aquaculture 
[11]. These qualities specify a soil with low sand 
content, optimum clay content, neutral pH, and 
low salinity (for freshwater aquaculture). The 
presence of an optimum amount of clay particles 
is considered vital in pond bottom soil due to two 
reasons. Owing to their small size, they perfectly 
interlock with each other, reducing the pore size and 

consequently reducing water seepage. Secondly, 
their enormous surface area enables them to adsorb 
nutrients and slowly release them to the overlying 
water [13, 14]. Hajek and Boyd [15] suggested 
clay content of > 35% as suitable for pond soil as 
well as embankments and dikes.  However, it was 
suggested later by Boyd and coworkers [17] that 
such a high amount of clay particles is undesirable 
for pond soil. The highly plastic nature of clay 
particles causes soil engineering problems during 
the construction of ponds and the compaction of 
soil between crops. The moreover high content 
of clay particles in ponds' bottom can cause clay 
turbidity in pond water that influences fish growth 
and production directly by depositing on fish 
gills thereby producing respiratory ailments and 
indirectly by interfering with sunlight penetration 
that in turn reduces the pond’s primary production 
[18]. The level of clay turbidity in pond water 
should be less than 100 mgL-1 for optimum fish 
production [17]. Uzukwu et al. [19] conducted the 
case study of aquaculture ponds in Nigeria and 
found the bottom soil to be sandy in most of the 
ponds. The authors suggested adopting a suitable 
soil lining technique or mixing additional clay from 
allochthonous sources to control water seepage.  
Ahmad et al. [20] compared physical, chemical, 
and biological methods to reduce water seepage in 
earthen ponds with silt loam calcareous soil. The 
authors found physical and biological methods as 
effective means to reduce water seepage.

Differences in soil characteristics with depth 
can be visualized in Figure 1. Figure 1a shows the 
distribution of soil particles of Site A that was a 35 
acre land area. There seems to be no appreciable 
difference in soil sand content at the surface and       
1 ft. depth. Silt content, however, appeared to range 
from 40-60% at the surface, and 30% - 50% at          
1 ft. in 25% of soil samples. Average clay content at       
1 ft. depth (33.57%) was slightly higher than that of 
surface (29.20%). The distribution of sand, silt, and 
clay in the soil at Site B has been shown in Figure 
1b. There was a slight variation in soil sand and 
silt content at various depths. In the case of clay, 
the difference from upper quartile to upper whisker 
ranged from 38% to 55% at the surface, 41% to 
50% at 1 ft. and 40% to 48% at 2 ft. depth. The clay 
content of 50% of soil samples varied from 16% to 
37% at the surface, 27% to 41% at 1 ft. and 30% to 
40% at 2 ft. depth.  
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Figure 1: Variation in soil separates with depth at a) Site A, b) Site B 

Fig. 1. Variation in soil separates with depth at a) Site A, b) Site B

Variation in soil quality within the different 
subsites of the same sampling site has been shown 
in Figures 2a (Site A) and 2b (Site B). Sand content 
was less than 30% in SA3-SA6 while it was greater 
than 50% at SA2 and greater than 70% at SA1 
and SA7 (Figure 2ai). Silt content of SA1 and 
SA7 was less than 20% while at all other subsites 
it was greater than 20% (Figure 2aii). Likewise, 
clay content at SA1, SA2, and SA7 was less than 
20% while at SA3-SA6, it was greater than 60% 
(Figure 2aiii). Figure 2bi-biii shows the variation 
in soil separates at different subsites of Site B. It 
can be clearly shown that soil particulates showed 
remarkable differences at different subsites of the 
same sampling sites. 

The pH of the soil was greater than 7.5 at all 
studied sites. The use of lime to improve soil pH is 
a common practice in Punjab. In the present study, 
the pH of soil indicates its calcareous nature and 
out rules the necessity to lime the soil [21, 22]. The 
calcareous nature of the soil in Punjab was also 
found in one of our earlier studies [23] based on 
the assessment of soil quality in four divisions of 

Punjab. Optimum soil pH for fish ponds bottom 
has been recommended to be 7.5-8.0 to maintain 
the optimum activity of soil microbial community 
and macroflora  [22, 24-25]. Ghobadi et al. [26] 
used GIS-DANP based multicriteria approach 
for aquaculture land suitability assessment. They 
considered soil pH; 7.00 to 8.5 as most suitable and 
5.5 to 6.5 and 8.5 to 9.0 as least suitable. At site A 
and site B, soil EC was greater than 7500 µScm-1 
in 75% of soil samples at surface and 1 ft. It was 
higher than 15000 µScm-1 in 50% of soil samples 
at the surface and 25% of soil samples at 1 ft. and 
2 ft. depth. As both of the sites were located in the 
Sargodha division, Punjab, high soil EC shows 
the saline nature of the soil in Sargodha. These 
results are in agreement with those of Siddiq and 
Raza, who also reported the saline nature of the 
soil in the Sargodha division [27]. According to the 
classification system of Dellavalle [28], the soil at 
most of the subsites of Site A and B fell into the 
category of very strongly saline. 

Based on observations of the present study, 
we suggest the following method for soil sample 
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collection for aquaculture site assessment. 
Significant differences in the soil at different 
subsites of Site A and Site B indicate that the site 
must be divided into subsites (or strata) to determine 
its suitability. Soil samples should be collected 
from various locations of subsites to thoroughly 
determine the soil quality within that specified area. 
Moreover, results of the present soil survey have 
also shown that soil particle size distribution and 
physicochemical parameters can vary significantly 
with soil depth. Earlier investigations have also 
reported variability in soil quality with varying 
depth [29, 30]. Soil assessment of each subsite, 
therefore, must be based on a vertical segment of 
soil covering the depth that would be finally dug 
to construct a fish pond. Evaluation of vertical 
segments of soil is also important as the soil dug 
from the pond will be used to build embankments. 

Soil with a wide range of particle size   
distribution can be used as pond bottom and 
embankments, however, it is necessary to set 
certain limits for soil separates to notify the farmers 
about the potential problems that can arise if the 
soil contains unsuitable particle size distribution. 
In general, soil with high sand content and high 

clay content is not suitable for aquaculture and 
suitable soil management technique must be 
employed before using such soils. Soil with very 
low clay content is also rendered unsuitable. 
Based on recommendations of Boyd et al. [16] and 
observations about issues faced by fish farmers in 
Punjab, less than 40% sand content and 10-20% 
clay content have been set as threshold values for 
suitable fish pond soil. These values have been 
arbitrarily used as benchmarks in soil assessment 
in Punjab, Pakistan. A soil with less than 40% sand 
content did not mean that there will be no seepage 
in such soil, instead, these values have been set to 
inform the farmers about critical conditions that 
they may face in case of unsuitable particle size 
distribution.

5.   CONCLUSION

Field sampling is one of the most crucial steps in 
assessing a soil’s suitability for aquaculture. The 
reliability of analytical tests performed on soil 
depends on the accuracy of the sampling procedure. 
If the collected sample is not representative of the 
soil of that particular area, analytical results cannot 
specify the true characteristic of the soil leading 
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Figure 2: Variation in soil separates at surface soil of different subsites of a) Site A, b) Site B 
Fig. 2. Variation in soil separates at surface soil of different subsites of a) Site A, b) Site B
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to erroneous decisions. Soil composition and its 
quality parameters vary within short distances at the 
same site. The common practice used in agriculture 
soil analysis is to collect a composite sample from 
each 5 acre area or other as defined by total soil 
area. Analysis of this combined sample will only 
give an average value of the soil characteristics 
and this method, therefore, is not suitable to study 
variation in different areas within the same site. 
In the present study, we presented a method for 
soil sample collection before pond construction. 
In aquaculture, the farmer must know the soil 
parameters at different subsites within proposed 
farm sites so that appropriate soil management 
techniques can be suggested for each soil type 
within an area. This recommendation is supported 
by the results of the present study where the soil 
was found to be sandy or clayey (the two extremes 
in soil separates content) at different subsites of the 
same sampling site. Therefore, the determination 
of variability in soil characteristics within an area 
is vital for deciding the recommendations about 
soil management techniques. Analysis of a site’s 
soil for aquaculture should be based on stratified 
sampling from several subsites based on the total 
land area. Moreover, as excavated ponds are the 
most commonly used form of ponds, samples 
should be analyzed at various soil depths. The 
following recommendations for soil sampling and 
analysis have been presented based on the present 
investigation.

1.	 Sample collection for soil analysis in 
aquaculture should be carried out using 
stratified sampling. As soil properties show 
remarkable differences within the subsites of 
the same site, it is suitable to divide the site into 
smaller subunits that consist of homogenous 
soil types. These subunits that can be referred 
to as strata can be as small as 0.2 acres or as 
large as 5 acres. It will be advantageous if 
farmers may specify the subsite area that will 
be used for the construction of one fish pond 
and consider it as one stratum. 

2.	 From each stratum, at least three points should 
be identified covering two corners and the 
center of the area diagonally.

3.	 Farmers must decide before sample collection 
that how deep they will dig the soil during pond 
construction

4.	 Soil samples should be collected from each 

sampling location starting from the surface 
up to the depth that is 1 ft. deep than the soil 
depth that will be dug during the construction 
of ponds.

5.	 Soil samples from each sampling location 
should be collected with a 1 ft. increment.

6.	 If soil analysis indicates the sand content to 
be less than 40% and clay content as 10-20%, 
the specific location of the site can be used for 
aquaculture although water seepage is still likely 
to happen in such soil. However, as water loss 
through seepage cannot be completely avoided, 
these values should be used as threshold values 
during pond construction. 

7.	 If the sand content of an area is found to 
be greater than ≈40%, it is advised to use 
suitable soil lining techniques using polymeric 
membranes. As an alternative to soil layering, 
clay minerals (bentonite or kaolin, etc.) may be 
compacted with the pond bottom soil to reduce 
sand content below the threshold values. 

8.	 In the case, a soil contains higher than 30% 
clay content, the farmer should be aware that 
there can be difficulties in working with such 
soil during the construction of ponds and 
embankments. Moreover, once the pond is 
operative, the farmer may have to use additional 
measures to reduce clay turbidity in pond's 
water. 

9.	 In general, the nature of the soil is calcareous in 
Punjab,  Pakistan. Once a pond is constructed, 
farmers are advised to use lime only if the soil 
analysis revealed soil pH to be less than 6.5. 
The unnecessary use of lime on calcareous 
soil can raise soil pH to critical levels that may 
interfere with the activity of soil microbes and 
benthic organisms. 

10.	 While deciding the species to be cultured in the 
fish farm, the farmers must keep in view, the 
salinity of soil and source water. If either or both 
of them are saline, salt tolerable species must 
be cultured to get optimum fish production.
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Abstract: Yoghurt is a fermented dairy product developed by fermentation of milk with Streptococcus thermophilus 
and Lactobacillus delbrueckii subsp. bulgaricus. Assimilation of fruit pulp can boost the nutritional and health benefits 
of the yoghurt to many folds. The prime objective of preparing fruit yoghurt with the addition of persimmon pulp was 
to enhance the nutritional value and to improve overall acceptance. Yoghurt was prepared with the incorporation of 
persimmon in the concentration of 5%, 10% & 15% to assess the best combination.  Evaluation of physico-chemical 
and organoleptic properties was performed during storage. The product was stored for 28 days at 4oC and quality 
parameters were assessed at an interval of 7 days.  Acidity, total solids, and moisture content of fruit yoghurt increased 
while pH, lactose, protein, fat and textural profile values decreased significantly (p < 0.01) during storage. The phenolic 
content of the controlled sample was 175  mg GAE/g, which increased to 180, 214 and 250 mg GAE/g with 5%, 10% 
& 15% persimmon combinations respectively. Syneresis value for controlled sample was 2.49% which decreased to 
2.45%, 1.94% & 1.10% in 5, 10 & 15% persimmon blends. Additionally, the sensorial properties of yoghurt blended 
with 10% fruit pulp gained higher acceptability during storage at 4oC.  

Keywords: Fruit yoghurt, persimmon, syneresis, health benefits, organoleptic properties		

1.  INTRODUCTION 

Changing lifestyles and increasing consumer’s 
demands make it necessary to formulate new food 
products which have a better nutritional profile and 
have more consumer acceptability [1]. In this era, 
demand for milk-based fermented products and 
yoghurt has been increased due to its beneficial 
health consequence on consumers [2]. Yoghurt 
starts from countries around the Mediterranean Sea 
and Bulkan. According to FAO/WHO yoghurt is a 
coagulated dairy product developed from lactose 
fermentation due to the activity of starter culture 
such as Lactobacillus dulbruicki subsp. bulgaricus 
and Streptococcus thermophillus obtained from 
milk and milk products [3]. The lactic acid produced 
during the fermentation process changes the milk 

protein which provides a unique taste and pleasant 
flavour to the yoghurt [4]. During the formation of 
yoghurt, whey powder, skim milk powder and milk 
powder are incorporated into the milk to achieve 
desire characteristics [5]. The cultured organism in 
the finished product must be sustainable and should 
be in sufficient amount to perform its function [6].
Yoghurt has a huge amount of vitamins, minerals, 
proteins along with viable beneficial bacteria 
[6, 7]. A 100 g of yoghurt gave 257 KJ energy, 
carbohydrate (4.7 g), vitamin A (27 µg), fat content 
(3.3 g), protein (3.5 g) and riboflavin (0.14 mg) and 
also some proportions of vitamin B6 and vitamin 
B12. Yoghurt contained a high amount of salt, 
vitamins and major nutrients as compared to milk 
[8].
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yoghurt good-looking [21, 22]. Incorporation of 
fruit in yoghurt development improves formulation 
and increases the taste and results in a good flavour 
product which accompanied the refreshing and 
health-promoting effects [23, 24]. FAO/WHO 
recommended percentage of fruit in yoghurt should 
be in the range of 5 to 15% [25, 26]. In Pakistan 
Persimmon is also consumed extensively but 
unfortunately, it was not used in different dairy 
products. So in the current study fruit yoghurt 
was prepared with the following objectives:                                                                               
1) To develop fruit yoghurt with supplementation 
of persimmon, and 2) To evaluate the acceptability, 
textural properties and shelf life of persimmon fruit 
yoghurt.

2.   MATERIALS AND METHODS 

2.1  Materials

Fresh whole buffalo milk was collected from 
the Dairy Farm of the University of Agriculture 
Faisalabad. Fresh Persimmon (Diospyros kaki, 
oriental persimmon) collected from Gilgit-
Baltistan region, stabilizer and skim milk powder 
was purchased from local market of Faisalabad 
and starter culture was obtained from SAAF 
International Pvt. Lt. 

2.2  Preparation of Persimmon Pulp

Fresh Persimmon (Diospyros kaki, oriental 
persimmon) which is non-astringent (sweet) 
collected from the Gilgit-Baltistan region. Fresh 
fruit was washed in tap water to remove dust and 
residue. Peel of persimmon was removed with a 
sharp knife, after peeling fruit pulp was extracted. 
Then fruit pulp was homogenized and blanched 
at 70oC for 5 minutes to kill possible spores of 
pathogenic microorganisms. Then fruit pulp was 
stored at refrigeration temperature (4oC) for further 
use. 

2.3  Preparation of Yoghurt

Raw milk was standardized to 3.5% fat and 
11.0% solid, not fat by adding skim milk powder 
and stabilizer 0.5% was added and 2% starter 
culture  was inoculated. The yoghurt mixture was 
pasteurized for 10 minutes at 90oC then cool to 45oC. 
After that different concentration of fruit pulp such 

Yoghurt improves the immune system, decreases 
cancer, prevent diarrhoea, help in absorptions of 
iron, protein and calcium [9]. Yoghurt lowers the 
blood cholesterol level and imparts many other 
health benefits owing to the presence of protein. 
Yoghurt strengthens the abdomen and provides 
assistance to the nervous system and decreases 
bowel cancer and inflammation effectively due 
to the availability of vitamins. Yoghurt also helps 
to reduce various disorders such as intestinal 
illnesses. Yoghurt promotes gut and vaginal fitness 
by providing probiotics (beneficial bacteria) [10]. 
Regular consumption of yoghurt suppressed the 
pathogenic bacteria like Helicobacter pylori which 
cause stomach ulcers [11]. The culturing organisms 
in yoghurt convert lactose into lactic acid that is 
easily digestible by lactose-intolerant persons [12]. 
Fruits contain a large number of minerals, vitamins, 
sugar content, dietary fibre and a smaller amount of 
fat content [13]. The bioactive substances required 
for the proper functioning of the body are provided 
by fruits because fruits are a rich supplier of natural 
antioxidants and dietary fibre [14].

Persimmon (Diospyros kaki) is an edible 
fruit that belongs to Ebenaceafamilywith a sweet/
slightly tangy taste and fibrous to the soft texture, 
originated from China and Japan [15]. Persimmon 
contains total lipid (0.19%), total carbohydrate 
(18.6%) water (80.3%), protein (0.58%) and several 
minerals such as copper, magnesium, manganese 
zinc and iron [16]. Total dietary fibre is 1.48% 
and ascorbic acid comprises 7.5mg. Persimmon 
contains a high amount of sugar 12.5 g/100 g 
than other highly consume fruit such as apple, 
peach, pear and orange [17, 18]. Persimmon fruit 
has several health benefits against diabetes, blood 
pressure, diuretics, cough, and a variety of viral and 
bacterial transmittable diseases, including dental 
caries [19]. The beneficial properties of persimmon 
are due to the availability of several bioactive 
compounds like carotenoid and polyphenol which 
play a vital role in anticipation of degenerative 
diseases [15]. Persimmon fruit furthermore utilizes 
in the development of numerous products because 
of its functional characteristics [19]. 

The yoghurt prepared with fruit is a fastidious 
variety of yoghurt which is mostly liked by all 
people around the world is fruit yoghurt [20]. 
Assimilation of different fruits makes the fruit 
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as 5%, 10% and 15% was added into the yoghurt 
mixture and incubated at 42oC for four hours in 
the incubator. After that yoghurt was placed at 4oC 
in refrigeration temperature to evaluate physico-
chemical parameters of fruit yoghurt during the 
storage period. The yoghurt was prepared with 
slight modification followed by the procedure of 
Arslan et al. [15]. The schematic diagram of fruit 
yoghurt was presented in figure 1 below.

2.4  Physico-chemical Analysis of Raw Milk

The physico-chemical analysis of raw milk was 
performed for pH, total solids, crude protein, 
lactose, titratable acidity, total solid, solid not fat, 
moisture content and fat according to AOAC [26].

2.5  Physico-chemical Analysis of Fruit Yoghurt 

Physico-chemical analysis for crude protein, pH, 
total solids, ash, moisture, titratable acidity, fat, 

lactose content was carried out according to AOAC 
[26]. Data obtained from all parameters were 
assessed by statistic 8.1 under CRD design [27].

2.5.1 Measurement of syneresis

Syneresis of yoghurt was determined by following 
the method of Amatayakul et al. [28]. The yoghurt 
sample of 5 ml was taken in the conical tube to 
measure the syneresis value and placed the sample 
in a centrifuge machine at 36000 rpm for 30 minutes. 
After that, the whey appeared on the surface of the 
conical tube which was removed with help of the 
syringe carefully to avoid mixing. Then measured 
the volume of that removed whey and recorded the 
value of syneresis in percentage. 

2.5.2 Determination of total phenolic content 

Total phenolic content in the yoghurt sample 
was determined by spectrophotometer through 
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magnesium, manganese zinc and iron [16]. Persimmon containsa high amount of sugar (12.5g/100g) than 
other highly consumed fruits such as apple, peach, pear and orange. Total dietary fibre is 1.48% and 
ascorbic acid comprises 7.5mg [17, 18].  

Persimmon containsa large number of antioxidants that provide shelter to various diseases. Among 
antioxidants;carotenoids, tocopherol, polyphenol is most abundant [37].The leave and fruit of persimmon 
hold components as proanthocyanidin, flavonoid, tannin, catechin, phenolic acid etc and mainly exacting 
portion are carotenoid and tannin components [38].The titratable acidity, pH and total soluble solids 
(TSS) were set up in the range of 0.12 g/100g, 5.52 and 11.5% respectively.Celik and Ersisli [39] stated 
the average content of titratable acidity, pH and total soluble solids were 2.06%, 5.40 and 17.1. Candir et 
al  [40] reported thatthe content of TSS, pH and titratable acidity were like results of previous 
experiments. The overall sugar content of persimmon was 16.3g/100g, while glucose and fructose 
contents were 10.2 and 6.13g/100g respectively. Chen et al [41] reported that total phenolic content 
32.3mg/100g.  

Table 1. Physico-chemical analysis of raw milk 
Parameter Quantity (%)* 

Ash 0.76% 
Fat 7.6% 

Protein 4.14% 
pH 6.62 

Acidity 0.14% 
Lactose 5.02% 

TS 16.70% 
SNF 9.87% 

Moisture content 84.16% 
*The values are the means of three replications for each parameter 

3.2.Physico-chemical Analysis of Yoghurt     

The yoghurt mixture was incorporated with persimmon fruit to formulate nutritiously rich fruit yoghurt to 
fulfil the dietary requirements of consumers in the present study (table  2). The purpose of this experiment 
was to find out the organoleptic as well as physico-chemical characteristics of fruit yoghurt which make it 
possible to meet the increasing market demand. The findings of all parameters from treatments were 
discussed below. 

Table 2. Treatment plan of fruit supplemented yoghurt  

Treatments Yoghurt Mixture % Fruit Pulp % 

T0i 100 -t 

T1i 95 5t 

T2l 90 10t 

T3l 85 15t 
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Fig. 1.  Schematic diagram of yoghurt supplemented with persimmon 
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Physico-chemical analysis for crude protein, pH, total solids, ash, moisture, titratable acidity, fat, lactose 
content were carried out according to AOAC [26]. Data obtained from all parameters were assessed by 
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2.5.1 Measurement of syneresis 

Syneresis of yoghurt was determined by following the method of [28]. The yoghurt sample of 5 ml was 
taken in the conical tube to measure the syneresis value and placed the sample in a centrifuge machine at 
36000 rpm for 30 minutes. After that, the whey appeared on the surface of the conical tube which was 
removed with help of the syringe carefully to avoid mixing. Then measured the volume of that removed 
whey and recorded the value of syneresis in percentage.  

2.5.2 Determination of total phenolic content  

Total phenolic content in the yoghurt sample was determined by spectrophotometer through Ciocalteu 
reagent [29].10 ml of yoghurt sample was diluted with 20 ml of distilled water and mixed with 10 ml of 
6% ethanol solution. The mixture was poured into a beaker and kept for 30 minutes at room temperature. 
The mixture was then stirred for 15 minutes at 15000 rpm in an electrical stirrer. After stirring the 
extracted sample was placed at room temperature at 25oC and 1.5 ml of 0.2 N Folin-Ciocalteureagent was 
mixed with the sample. After 5 minutes, 1.2 ml of 0.7N sodium carbonate was mixed with 0.3 ml of 
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Ciocalteu reagent [29]. An amount of 10 ml of 
yoghurt sample was diluted with 20 ml of distilled 
water and mixed with 10 ml of 6% ethanol solution. 
The mixture was poured into a beaker and kept 
for 30 minutes at room temperature. The mixture 
was then stirred for 15 minutes at 15000 rpm in 
an electrical stirrer. After stirring the extracted 
sample was placed at room temperature at 25oC 
and 1.5 ml of 0.2 N Folin-Ciocalteu reagent was 
mixed with the sample. After 5 minutes, 1.2 ml of 
0.7 N Sodium Carbonate was mixed with 0.3 ml of 
extracted yoghurt sample and poured into a beaker. 
The prepared sample was placed in the incubator 
for 2 hours at room temperature. After incubation, 
the sample was placed in a spectrophotometer to 
check the absorbance of the total phenolic content 
at 765 nm by using Gallic acid as standard and the 
values were expressed as GAE/g of yoghurt.

2.5.3 Determination of textural profile 

The texture of prepared yoghurt was determined 
by a texture analyzer (Version 6.0, Hamilton, MA, 
USA) according to [26]. For this purpose, a cylinder 
probe, made of aluminium having a diameter of                                                                                   
35 mm was inserted into yoghurt at a speed of           
5 mm/s to measure the body texture and noted 
reading in triplicates. 

2.5.4 Analysis of organoleptic properties

The sensory characteristic of prepared yoghurt 
was determined by the method of Meilgaard et 
al. [30] by using 9 points hedonic score system. 
The parameters colour, aroma, taste, mouthfeel 
and overall acceptability was measured. The score 
contains numbers from 1 (dislike extremely) to 9 
(like extremely).

3.   RESULTS AND DISCUSSION 

From table 1, it is revealed that fat content in 
whole raw buffalo milk was in the range of 6 - 7% 
[31 - 33]. Buffalo milk is considered healthier and 
more economical as compared to cow milk because 
of the higher concentration of unsaturated fatty 
content [34, 35]. Khedkar et al. also stated that 
the fat content (6.7%) of buffalo whole milk is 
the richest than other cattle milk [36]. Persimmon 
restrains total lipid (0.19%), total carbohydrate 
(18.6%), water (80.3%), protein (0.58%) and 
several minerals such as copper, magnesium, 
manganese zinc and iron [16]. Persimmon contains 
a high amount of sugar (12.5 g/100 g) than other 
highly consumed fruits such as apple, peach, 
pear and orange. Total dietary fibre is 1.48% and 
ascorbic acid comprises 7.5 mg [17, 18]. 

Persimmon contains a large number of 
antioxidants that provide shelter to various 
diseases. Among antioxidants; carotenoids, 
tocopherol, polyphenol is most abundant [37]. The 
leave and fruit of persimmon hold components 
as proanthocyanidin, flavonoid, tannin, catechin, 
phenolic acid etc and mainly exacting portions 
are carotenoid and tannin components [38]. The 
titratable acidity, pH and total soluble solids (TSS) 
were set up in the range of 0.12 g / 100 g, 5.52 and 
11.5% respectively. Celik and Ersisli [39] stated the 
average content of titratable acidity, pH and total 
soluble solids were 2.06%, 5.40 and 17.1. Candir 
et al. reported that the content of TSS, pH and 
titratable acidity were like the results of previous 
experiments [40]. The overall sugar content of 
persimmon was 16.3 g / 100 g, while glucose and 
fructose contents were 10.2 and 6.13 g / 100 g 
respectively. Chen et al. reported that total phenolic 
content 32.3 mg / 100 g [41]. 
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3.2  Physico-chemical Analysis of Yoghurt   
 
The yoghurt mixture was incorporated with 
persimmon fruit to formulate nutritiously rich 
fruit yoghurt to fulfil the dietary requirements 
of consumers in the present study (Table  2). 
The purpose of this experiment was to find out 
the organoleptic as well as physico-chemical 
characteristics of fruit yoghurt which make it 
possible to meet the increasing market demand. 
The findings of all parameters from treatments were 
discussed below.

3.2.1 Total Acidity (%)

The distinct acidic flavour in yoghurt is attributed to 
the action of lactic acid bacteria which breaks down 
lactose into lactic acid. The mean values regarding 
the acidity of yoghurt fortified with Diospyros kaki 
have shown a non-significant (p < 0.01) increasing 
trend during storage (Table 3). The acidity for the 
control sample (T0) was noted as 1.10% which 
was lower than the treated samples with different 
concentrations of persimmon at zero days. The 
incorporation of fruit leads to a rise in the acidity 
level at different study intervals of 7 days in fruit 
yoghurt. From the present findings, higher acidity 
of 1.69% was found in sample T3 with a higher 
amount of fruit at the end day of the storage study. 

The acidity of fortified yoghurt was also low but 
the water holding capacity of fortified yoghurt was 
increased due to the presence of fibres and pectin in 
apple pulp, as compared to control. Anuyahong et 
al. reported that the accumulation of red rice into 
yoghurt did not influence pH and titratable acidity 
when compared to the control yoghurt [42]. Similar 
results were also found in other reports of yoghurt 
supplemented with grape, green coffee powder, 
and blueberry flower pulp [43 - 45]. Nguyen also 
demonstrated similar findings [46]. The level of 
titratable acidity of yoghurt blended with apple 
and tulsi leaf extract also meets the required 
criteria established by the Codex Alimentarius 
which defines that the titratable acidity (express as 
% lactic acid) of yoghurt should not be less than 
0.6%. Comparable findings were revealed that the 
acidity content of fruit yoghurt increased with the 
increasing amount of fruit [47]. 

The higher acidity values of persimmon 

yoghurt in our study might be because of the 
function of lactic acid bacteria and the development 
of lactic acid during storage [6, 48].  Petridis et 
al. demonstrated that the acidity of the yoghurt 
prepared with honey and pomegranate juice 
increased along the storage period [49]. The lactic 
acid bacteria convert the lactose content into lactic 
acid which increased the acidity of fruit yoghurt. 
The incorporation of fruit and the amount of pulp 
increased the acid content of fruit yoghurt. The 
higher acidity values of persimmon yoghurt in our 
study might be because of the function of lactic acid 
bacteria and more production of lactic acid during 
storage. The varying results of the experiment 
indicated that the addition of different constituents 
and prolonged storage time increased the acidity of 
the fruit yoghurt and thus resulted in poor quality 
with sore taste. 

3.2.2 pH

The pH of yoghurt indicates the shelf life of the 
product throughout storage. Results from mean 
values revealed that the addition of persimmon non-
significantly influenced (p < 0.01) the characteristics 
of fruit yoghurt (Table 3). The mean value of the 
controlled sample was higher (4.66) than samples 
incorporated with fruit pulp. The mean values of 
pH decreased in all samples during storage at                          
4 oC, the lowest pH value was observed in sample 
T3 with 15% fruit pulp followed by T2, T1 and T0 
respectively. Similar trends have been reported by 
previous studies that the addition of different fruits 
significantly lowers the pH during storage study    
[6, 50, 51]. 

De Moura et al. investigated that the pH value 
of fruit smoothies declined during storage intervals 
[52]. Buchilina et al. also demonstrated that the 
pH content of yoghurt declined with camel milk 
with monk fruit sweetener [53]. pH is the most 
imperative physicochemical parameter in yoghurt 
manufacturing, since the yoghurt production 
process is complete, by definition, when a pH 
(4.7) is reached (corresponding to the average 
isoelectric point for caseins) [54]. The main reason 
for the decrease in pH and increase in acidity 
during fermentation of yoghurt was the lactic acid 
produced by yoghurt starter culture [55]. Michael et 
al. reported that the pH of yoghurt ranged between 
4.3 and 4.6 [56]. Supplementation of H. sabdariffa 
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calyx extract into the reconstituted low-fat milk 
yoghurt resulted in a significant reduction of pH 
4.4-4.16 vs.4.54-4.31 as control [57].

Gunawardhana et al. observed higher acidity 
and lower pH of yoghurt incorporated with 
apple juice such that an increase in apple juice 
concentration in yoghurt leads to increased acidity 
[58]. It was noticed that the acid content and pH 
value of fruit yoghurt has an inverse relationship 
with each other, increasing acidic content leads to 
a lower pH value of fruit yoghurt. Yoghurt is an 
acidic dairy product with natural keeping quality. 
However, the quality deteriorates quickly with time 
as the acidity increases and pH value decreased 
over the storage period.

3.2.3 Ash (%)

Ash is the remaining substance comprised of 
minerals after charring the fruit yoghurt. In other 
words, ash content is the measure of the total 
amount of minerals present within the food. 
Minerals are the amount of specific inorganic 
components present within food such as Ca, Na, 
K and Cl. Results have shown a highly significant                                                    
(p < 0.01) interaction between treatments and 
storage. The mean values (Fig. 2) for ash content of 
fruit yoghurt supplemented with persimmon pulp 
was recorded considerably in the range of 1.67%, 
1.65%, 1.84% and 1.77% respectively within 
treatments at zero days. These values decreased 
along with the treatment with an increasing amount 
of fruit pulp as 5, 10 & 15%. The present outcomes 
indicated a reduction in ash content of yoghurt 
samples (T0, T1, T2 and T3) which were recorded 
as 0.47%, 0.20%, 0.14% and 0.08% respectively 
during the 28th day of storage. The present work 

was found in agreement with the previous finding 
of Roy et al. and Bakirci et al. stating that the ash 
content decreases with the addition of fruit pulp 
[51, 59]. 

According to the study conducted by Ismail 
et al. who reported that the ash content increased 
in yoghurt developed with the fortification of 
apricot juice than red grape juice [60]. These 
reports propose that the ash content in fruit fortified 
yoghurt is affected by the type of fruits. Those 
blended fruits having higher ash content will 
result in increased values of ash while lower ash 
containing fruits will have fewer values in the end 
product. Thus, the current results show that the ash 
content of fruit yoghurt blended with persimmon 
is low due to the lower ash contents of persimmon 
fruit.  The declining trend in ash content of fruit 
yoghurt was possibly due to the profound influence 
of persimmon pulp during the development of fruit 
yoghurt because persimmon has a low amount 
of ash content. Ash content reduced could be 
attributed to loss, water carries off the mineral 
during refrigeration storage. During storage and 
processing operations, inorganic salt leach off due 
to inappropriate storage condition.

3.2.4 Protein 	

It was revealed from the results (Fig. 3) that the 
persimmon had a noteworthy effect (p < 0.01) 
on the protein content of yoghurt due to different 
concentrations of fruit pulp along with treatments. 
The protein content showed a declining trend non-
significantly along with the storage at 40C. The 
mean value of protein of the control yoghurt sample 
was recorded maximum of 4.78% while the yoghurt 
sample with fruit pulp has a low content of protein 
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sabdariffa calyx extract into the reconstituted low-fat milk yoghurt resulted in a significant reduction of 
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Gunawardhanaet al [58]observed higher acidity and lower pH of yoghurt incorporated with apple juice 
such that an increase in apple juice concentration in yoghurt leads to increased acidity. It was noticed that 
the acid content and pH value of fruit yoghurt has an inverse relationship with each other, increasing 
acidic content leads to a lower pH value of fruit yoghurt. Yoghurt is an acidic dairy product with natural 
keeping quality. However, the quality deteriorates quickly with time as the acidity increases and pH value 
decreased over the storage period. 

Table 3. Effect of persimmon on acidity and pH of fruit yoghurt  

Parameters Samples 
Storage (days) 

0                         7                   14                  21                      28 

  

T0 1.10±0.04 1.31±0.04 1.45±0.04 1.57±0.06 1.60±0.06 
T1 1.11±0.03 1.37±0.05 1.42±0.06 1.48±0.07 1.53±0.08 
T2 1.14±0.05 1.41±0.07 1.46±0.07 1.51±0.05 1.56±0.07 
T3 1.19±0.06 1.47±0.05 1.56±0.05 1.59±0.05 1.69±0.05 

pH 

T0 4.66±0.16 4.62±0.14 4.46±0.14 4.38±0.18 4.32±0.1 
T1 4.64±0.14 4.61±0.19 4.54±0.18 4.38±0.22 4.34±0.22 
T2 4.52±0.18 4.50±0.22 4.38±0.22 4.26±0.13 4.31±0.12 
T3 4.44±0.22 4.42±0.15 4.37±0.13 4.35±0.14 4.30±0.17 

 

3.2.3 Ash (%) 

Ash is the remaining substance comprised of minerals after charring the fruit yoghurt. In other words, ash 
content is the measure of the total amount of minerals present within the food. Minerals are the amount of 
specific inorganic components present within food such as Ca, Na, K and Cl. Results have shown highly 
significant (p<0.01) interaction between treatments and storage. The mean values (fig. 2) for ash content 
of fruit yoghurt supplemented with persimmon pulp was recorded considerably in the range of 1.67%, 
1.65%, 1.84% and 1.77% respectively within treatments at zerodays. These values decreased along with 
the treatment with an increasing amount of fruit pulp as 5, 10 & 15%. The present outcomes indicated a 
reduction in ash content of yoghurt samples (T0, T1, T2 and T3) which were recorded as 0.47%, 0.20%, 
0.14% and 0.08% respectively during the 28thday of storage. The present work was found in agreement 
with the previous finding of Roy et al[51] and Bakirci et al [59] stating that the ash content decreases with 
the addition of fruit pulp.  

According to the study conducted by Ismail et al [60] who reported that the ash content increased in 
yoghurt developed with the fortification of apricot juice than red grape juice.These reports propose that 
the ash content in fruit fortified yoghurt is affected by the type of fruits. Those blended fruits having 
higher ash content will result in increased values of ash while lower ash containing fruits will have fewer 
values in the end product. Thus, the current results show that the ash content of fruit yoghurt blended with 
persimmon is low due to the lower ash contents of persimmon fruit.  The declining trend in ash content of 
fruit yoghurt was possibly due to the profound influence of persimmon pulp during the development of 
fruit yoghurt because persimmon has a low amount of ash content. Ash content reduced could be 

Table 3. Effect of persimmon on acidity and pH of fruit yoghurt 
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within treatments at zero-day of storage. On the 28th 
day of the storage study lowest protein content was 
recorded as 0.08% in the yoghurt sample with 15% 
of fruit pulp due to the low content of protein in 
fruit. The current study was supported by Bakirci 
et al. [59] and Mohamed et al. [61]. Brodziak                
et al. stated that the protein content of fruit yoghurt 
reduces during the storage study [62].

Ismail et al. researched fruit yoghurt and 
evaluated that the protein content decline during 
cold storage [60]. Similar results were reported 
by Roy et al. [51], Mbaeyi-Nwaoha et al. [63] 
and Desouky et al. [64] that protein content was 
decreased in the fruit-flavoured treatment with the 
accumulation of fruit juices because fruit juices 

are full of lower protein than milk. Escalating the 
amount of fruit juices significantly decreased the 
protein percentage. The declining trend in protein 
content was might be due to the proteolytic activity 
of microorganisms which degrades the protein 
content due to the high amount of acid content of 
fruit yoghurt during storage as demonstrated by 
[33, 50]. Scientists investigated that the addition 
of fruit pulp significantly reduced (p < 0.01) the 
protein content of yoghurt due to less content of 
protein in fruit [65]. 

3.2.5 Fat 

Fat content is considered an important component 
of milk, it builds up organoleptic characteristics 
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3.2.3 Ash (%) 

Ash is the remaining substance comprised of minerals after charring the fruit yoghurt. In other words, ash 
content is the measure of the total amount of minerals present within the food. Minerals are the amount of 
specific inorganic components present within food such as Ca, Na, K and Cl. Results have shown highly 
significant (p<0.01) interaction between treatments and storage. The mean values (fig. 3.1) for ash 
content of fruit yoghurt supplemented with persimmon pulp was recorded considerably in the range of 
1.67%, 1.65%, 1.84% and 1.77% respectively within treatments at zero days. These values decreased 
along with the treatment with an increasing amount of fruit pulp as 5, 10 & 15%. The present outcomes 
indicated a reduction in ash content of yoghurt samples (T0, T1, T2 and T3) which were recorded as 0.47%, 
0.20%, 0.14% and 0.08% respectively during the 28thday of storage. The present work was found in 
agreement with the previous finding of Roy et al [51] and Bakirci et al [59] stating that the ash content 
decreases with the addition of fruit pulp.  

According to the study conducted by Ismail et al [60] who reported that the ash content increased in 
yoghurt developed with the fortification of apricot juice than red grape juice. These reports propose that 
the ash content in fruit fortified yoghurt is affected by the type of fruits. Those blended fruits having 
higher ash content will result in increased values of ash while lower ash containing fruits will have fewer 
values in the end product. Thus, the current results show that the ash content of fruit yoghurt blended with 
persimmon is low due to the lower ash contents of persimmon fruit.  The declining trend in ash content of 
fruit yoghurt was possibly due to the profound influence of persimmon pulp during the development of 
fruit yoghurt because persimmon has a low amount of ash content. Ash content reduced could be 
attributed to loss, water carries off the mineral during refrigeration storage. During storage and processing 
operations, inorganic salt leach off due to inappropriate storage condition. 

 

Fig. 3.1. Effect of persimmon on the ash of yoghurt  
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3.2.4 Protein   

It was revealed from the results that the persimmon had a noteworthy effect (p<0.01) on the protein 
content of yoghurt due to different concentration of fruit pulp along with treatments. The protein content 
showed a declining trend non-significantly along with the storage at 40C.  The mean value of protein of 
the control yoghurt sample was recorded maximum of 4.78% while the yoghurt sample with fruit pulp has 
a low content of protein within treatments at zero-day of storage. On the 28th days of the storage study 
lowest protein content was recorded as 0.08% in the yoghurt sample with 15% of fruit pulp due to the low 
content of protein in fruit. The current study was supported by Bakirci et al [59] and Mohamed et al [61]. 
Brodziak et al [62] stated that the protein content of fruit yoghurt reduces during the storage study. 

Ismail et al [60] researched fruit yoghurt and evaluated that the protein content decline during cold 
storage. Similar results were reported by Roy et al [51], Mbaeyi-Nwaoha et al [63] and Desouky et al [64] 
that protein content was decreased in the fruit-flavoured treatment with the accumulation of fruit juices 
because fruit juices are full of lower protein than milk. Escalating the amount of the fruit juices 
significantly decreased the protein percentage. The declining trend in protein content was might be due to 
the proteolytic activity of microorganism which degrades the protein content due to the high amount of 
acid content of fruit yoghurt during storage as demonstrated by [33, 50]. Scientist investigated that the 
addition of fruit pulp significantly reduced (p<0.01) the protein content of yoghurt due to less content of 
protein in fruit [65].  

 

Fig. 3.2. Effect of persimmon on the protein content of yoghurt 

3.2.5 Fat  

Fat content is considered an important component of milk, it builds up organoleptic characteristics like 
appearance and texture of milk as well as it plays a major role in products development. It was evaluated 
from the finding that persimmon had a considerable effect on yoghurt quality due to difference in 
concentration of fruit. The storage interval revealed a decline trend non-significantly (p<0.01) in the fat 
content of fruit yoghurt. The mean value of fat of control yoghurt was a maximum of 3.48% and the mean 
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like appearance and texture of milk as well as it 
plays a major role in products development. It was 
evaluated from the finding (Fig. 4) that persimmon 
had a considerable effect on yoghurt quality due to 
the difference in concentration of fruit. The storage 
interval revealed a decline trend non-significantly  
(p < 0.01) in the fat content of fruit yoghurt. The 
mean value of fat of control yoghurt was a maximum 
of 3.48% and the mean values of the fat content of 
yoghurt samples with fruit pulp decreased along 
with treatments at 0 days of storage. The lowest fat 
content 2.95% was recorded in the yoghurt sample 
with 15% fruit pulp at 28 days of storage study. 
 

These results agree with previous studies which 
confirmed these outcomes [66 - 69]. Increasing the 
number of fruit juices were significantly declined 
the fat percent for all yoghurt treatments because 
the fruit juices contain low-fat content than 
milk [60]. Palka and flis [70] stated that yoghurt 
formulated with various vegetable and fruit extracts 
and studied the storage period which shows lower 
fat content throughout the period.  

The researcher reported that the addition 
of pumpkin reduced the fat content [59] while 
on the other hand, another study observed that 
supplementation of apricot (3, 6 & 9%) reduced 
the fat content in fruit yoghurt [6]. Brodziak                       
et al. analyses that the fat content of fruit yoghurt 
gradually declines during the storage interval of 
21 days [61]. The declining trend in fat content 

of fruit yoghurt might be due to the formation of 
volatile fatty acids as a result of the breakdown of 
fat  content which caused to significantly reduce the 
fat content of fruit yoghurt, thus the fat is split due 
to the function of lactic acid bacteria in yoghurt. 
Another reason behind the low amount of fat 
content in fruit yoghurt might be due to less amount 
of fat in fruit.

3.2.6 Syneresis 

Syneresis is the collection of whey on the surface 
of the yoghurt. It was observed from the results 
(Fig. 5) that the addition of persimmon fruit had 
the potential effect (p < 0.01) on syneresis due to 
different concentrations of fruit. The syneresis 
for the control sample was noted as 2.49% which 
was greater as compared to yoghurt prepared with 
the addition of fruit as 2.45, 1.90 and 1.10%. The 
addition of persimmon fruit reduced the syneresis 
value along with the treatments and mean values 
gradually reduced during storage intervals.  The 
lowest value 3.00% for syneresis of yoghurt was 
found in sample (T3) after the 28th day of storage 
study because of the high concentration of fruit 
pulp.  

Literature showed that supplementation of 
H. sabdarifffa Calyx extract into the probiotic 
yoghurt resulted in syneresis 18.85 to 24.90 ml / 
50 gm of the sample [71]. Yoghurts enriched by H. 
polyrhizus resulted in a higher syneresis percentage                           
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values of the fat content of yoghurt samples with fruit pulp decreased along with treatments at 0 day of 
storage. The lowest fat content 2.95% was recorded in the yoghurt sample with 15% fruit pulp at 28 days 
of storage study.   

These results agree with previous studies which confirmed these outcomes [66, 67, 68, 69]. Increasing the 
number of fruit juices were significantly declined the fat percent for all yoghurt treatments because the 
fruit juices contain low-fat content than milk [60].  Palka and flis [70] stated that yoghurt formulated with 
the various vegetable and fruit extract and studied the storage period which shows lower fat content 
throughout the period.   

The researcher reported that the addition of pumpkin reduced the fat content [59] while on the other hand, 
another study observed that supplementation of apricot (3,6 & 9%) reduced the fat content in fruit yoghurt 
[6]. Brodziak et al [61] analyses that the fat content of fruit yoghurt gradually declines during the storage 
interval of 21 days. The declining trend in fat content of fruit yoghurt might be due to the formation of 
volatile fatty acids as a result of the breakdown of fat content which caused to significantly reduce the fat 
content of fruit yoghurt, thus the fat is split due to the function of lactic acid bacteria in yoghurt. Another 
reason behind the low amount of fat content in fruit yoghurt might be due to less amount of fat in fruit. 

 

Fig. 3.3. Effect of persimmon on the fat content of yoghurt 

3.2.6 Syneresis  

Syneresis is the collection of whey on the surface of the yoghurt. It was observed from results that the 
addition of persimmon fruit had the potential effect (p<0.01) on syneresis due to different concentration 
of fruit. The syneresis for the control sample was noted as 2.49% which was greater as compared to 
yoghurt prepared with the addition of fruit as 2.45, 1.90 and 1.10%. The addition of persimmon fruit 
reduced the syneresis value along with the treatments and mean values gradually reduced during storage 
intervals.  The lowest value 3.00% for syneresis of yoghurt was found in sample (T3) after the 28th day of 
storage study because of the high concentration of fruit pulp.   
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(57.19 - 70.32%) compared to plain yoghurt 
(52.93%) [56]. Nguyen stated yoghurt developed 
with H. sabdariffa, H.polyrhizus and P. bivalvis 
extract that syneresis value increase during the 
storage time [57]. Similar results were found that 
the addition of fruit considerably reduced the 
syneresis value during the storage periods [51, 
59, 61]. While a study reported that the addition 
of concentrated grape juice in yoghurt caused to 
increase in the syneresis value at 4 oC after 15 days 
of storage period [72]. The increasing trend might 
be due to inappropriate storage condition that leads 
to increase the syneresis value of yoghurt during the 
storage period. The low pH and high acid content 
lose the water holding capacity in yoghurt with 
storage which possibly be the reason to increase the 
syneresis value in refrigeration conditions.

3.2.7 Total phenolic content

The menace of diseases such as cardiovascular 
diseases and cancer is reduced because of 
consumption of fruit and vegetables regularly 
because they are comprised of natural antioxidants 
like ascorbic acid, phenolic content. The natural 
antioxidant has proved to reduce the chances of 
occurrence of coronary heart diseases. The current 
findings (Fig. 6) revealed that the persimmon had 
a significant effect (p < 0.01) on the total phenolic 
content of yoghurt due to variation in concentration 
of fruit within treatments. The total phenolic 

content for the control yoghurt sample (T0) was 
lowest (157%) as compared to the yoghurt sample 
containing persimmon fruit (180, 214 and 250%). 
The addition of persimmon fruit caused to increase 
in the total phenolic content of yoghurt along the 
storage period at refrigeration temperature 4oC. 
The yoghurt sample with a high concentration of 
fruit pulp (T3) gained higher total phenolic content 
because of the higher amount of total phenolic 
content of persimmon fruit. 

Yoghurt supplemented with H. sabdariffa had 
the highest total phenolic content (9.4 - 9.7 mg GAE 
/ 100 gm). Meanwhile, the control yoghurt had the 
lowest total phenolic content (3.0 - 3.4 mg GAE 
/ 100 gm). H. sabdariffa L. flowers marmalade 
significantly increased total phenolic content (5.57 
- 14.69 mg GAE / 100 gm) of formulated yoghurt 
[73]. Dimitra et al. conducted a similar study and 
find out the results which show resemblance [74].  
The addition of different fruit leads to an increase in 
the total phenolic content of fruit yoghurt during the 
period [15, 75]. The high concentration of phenolic 
content in persimmon fruit could be the possible 
reason for the increasing amount of phenolic content 
in fruit yoghurt as well as the higher antioxidant 
potential caused to raise the total phenolic content of 
fruit yoghurt. The antioxidant potential is attributed 
to phytochemicals that scavenge the free radicals. 
Any fruit high in phytochemicals will show high 
activity. 
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Literature showed that supplementation of H.sabdarifffa  Calyx extract into the probiotic yoghurt resulted 
in syneresis   18.85 to   24.90   ml/50gm  of the sample [71]. Yoghurts enriched by H. polyrhizus resulted 
in a higher syneresis percentage (57.19-70.32%) compared to plain yoghurt (52.93%) [56]. Nguyen [57] 
stated yoghurt developed with H. sabdariffa, H.polyrhizus and P. bivalvis extract that syneresis value 
increase during the storage time.  Similar results were found that the addition of fruit considerably 
reduced the syneresis value during the storage periods [51, 59, 61]. While a study reported that the 
addition of concentrated grape juice in yoghurt caused to increase in the syneresis value at 4oC after 15 
days of storage period [72]. The increasing trend might be due to inappropriate storage condition that 
leads to increase the syneresis value of yoghurt during the storage period. The low pH and high acid 
content lose the water holding capacity in yoghurt with storage which possibly be the reason to increase 
the syneresis value in refrigeration condition. 

 

Fig. 3.4. Effect of persimmon on syneresis of yoghurt 

3.2.7 Total phenolic content 

The menace of diseases such as cardiovascular diseases and cancer reduced because of consumption of 
fruit and vegetables regularly because they comprised of natural antioxidants like ascorbic acid, phenolic 
content. The natural antioxidant has proved to reduce the chances of occurrence of coronary heart 
diseases. The current findings revealed that the persimmon had a significant effect (p<0.01) on the total 
phenolic content of yoghurt due to variation in concentration of fruit within treatments. The total phenolic 
content for the control yoghurt sample (T0) was lowest (157%) as compared to the yoghurt sample 
containing persimmon fruit (180, 214 and 250%). The addition of persimmon fruit caused to increase in 
the total phenolic content of yoghurt along the storage period at refrigeration temperature 4oC. The 
yoghurt sample with a high concentration of fruit pulp (T3) gained higher total phenolic content because 
of the higher amount of total phenolic content of persimmon fruit.  

Yoghurt supplemented with H. sabdariffa had the highest total phenolic content (9.4 - 9.7 mg GAE/100 
gm). Meanwhile, the control yoghurt had the lowest total phenolic content (3.0 - 3.4 mg GAE/100 gm). 
H.sabdariffa  L. flowers marmalade significantly increased total phenolic content (5.57 - 14.69 mg 
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3.2.8 Total solid content 

The mean values for total solids of fruit yoghurt 
have shown that the addition of persimmon fruit 
highly affects (p < 0.01) the total solid content 
of yoghurt because of various concentrations of 
fruit within treatment (Fig. 7).  The mean value 
of total solid content of the control sample (T0) 
was found lowest at 15.70% than other yoghurt 
samples supplemented with persimmon fruit. The 
yoghurt samples were evaluated at 7 day’s intervals 
to check the effect of persimmon on the total solid 
content of yoghurt. The finding revealed that total 
solid content increased within treatments due to 
increasing amounts of persimmon fruit as 5%, 10% 
and 15% respectively. During the storage study, the 
total solid content was increased to 16.60%, 16.75% 
and 16.80% respectively. From current results                                                                                  
(Fig. 7), it was concluded that yoghurt containing 
15% persimmon pulp had a maximum concentration 
of total solids (16.80%) at the end day of storage.

Addition of apricot fruit in concentration           
(3, 6 and 9%) caused to raise total solid of yoghurt 
as 16.15% to 16.55%, 16.29% to 16.06% and 
16.44% to 16.88% [6]. These findings found a 
resemblance with the literature [58,71, 76, 77, 78]. 
It was analyzed that addition of fruit juice caused to 
increase in the total solid content of yoghurt. The 
researcher examined that total solid content was 
significantly increased (p < 0.01) by the treatments 

due to variation in quantities of fruit [15]. 
Another study supported the present study that the 
addition of banana caused to significantly increase                                                                     
(p < 0.01) in the total solid contents of yoghurt 
during storage [47]. Ritu et al. observed that the 
addition of 5% and 15% pineapple juice increased 
the total solid content of yoghurt as compared to 
plain yoghurt [79]. The total solid content was the 
increase in yoghurt developed with the fortification 
of red grape juice [60]. It was concluded that 
the addition of sweetened fruit might be one of 
the majors caused to increase total solid of fruit 
yoghurt. The reduction in the pH value of fruit 
yoghurt might be a possible reason to upraise the 
total solids contents of fruit yoghurt.

3.2.9 Lactose content

Mean values have shown the lactose content of 
yoghurt prepared with persimmon fruit (Fig. 8). The 
lactose content of simple yoghurt was 5.17% which 
was highest than other mean values of fruit yoghurt 
samples T1, T2 and T3 such as 5.11 5.03 and 4.86%. 
The lactose contents of the yoghurt sample fortified 
with persimmon fruit as 5%, 10% and 15% were 
noted as 5.11%, 5.03% and 4.86% respectively at 
0 days. Results have shown that the lactose content 
reduced considerably with the increasing amount of 
persimmon fruit in yoghurt.

On the 28th day of the storage study, the 
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GAE/100 gm) of formulated yoghurt [73]. Dimitra et al [74] conducted a similar study and find out the 
results which show resemblance. The addition of different fruit leads to an increase in the total phenolic 
content of fruit yoghurt during the period [75, 15]. The high concentration of phenolic content in 
persimmon fruit could be the possible reason for the increasing amount of phenolic content in fruit 
yoghurt as well as the higher antioxidant potential caused to raise the total phenolic content of fruit 
yoghurt. The antioxidant potential is attributed to phytochemicals that scavenge the free radicals. Any 
fruit high in phytochemicals will show high activity.  

 

Fig. 3.5. Effect of persimmon on total phenolic of yoghurt 

3.2.8 Total solid content  

The mean values for total solids of fruit yoghurt have shown that the addition of persimmon fruit highly 
affects (p<0.01) the total solid content of yoghurt because of various concentration of fruit within 
treatment (fig. 3.6).  The mean value of total solid content of the control sample (T0) was found lowest at 
15.70% than other yoghurt samples supplemented with persimmon fruit. The yoghurt samples were 
evaluated at 7 day’s intervals to check the effect of persimmon on the total solid content of yoghurt. The 
finding revealed that total solid content increased within treatments due to increasing amount of 
persimmon fruit as 5%, 10% and 15% respectively. During the storage study, the total solid content was 
increased to 16.60%, 16.75% and 16.80% respectively. From current results, it was concluded that 
yoghurt containing 15% persimmon pulp had a maximum concentration of total solids (16.80%) at the 
end day of storage. 

Addition of apricot fruit in concentration (3, 6 and 9%) caused to raise total solid of yoghurt as 16.15% to 
16.55%, 16.29% to 16.06% and 16.44% to 16.88% [6]. These finding found resemblance with the 
literature [58,71, 76,77, 78]. It was analyzed that addition of fruit juice caused to increase in the total solid 
content of yoghurt. The researcher examined that total solid content was significantly increased (p<0.01) 
by the treatments due to variation in quantities of fruit [15]. Another study supported the present study 
that the addition of banana caused to significantly increase (p<0.01) in the total solid contents of yoghurt 
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lactose contents were recorded in the range of 
5.02%, 4.89% and 4.80% noticeably.  A prominent 
reduction was observed in the yoghurt sample 
with 15% of persimmon fruit which was 4.80% 
(Fig. 8). The fruit yoghurt developed with 5% and 
15% pineapple juice has the maximum amount 
of carbohydrate along the storage period [79]. 
Carbohydrates content (CHO) was significantly 
diminished within the evolution of the cold storage 
period of all yoghurt treatments reaching the 
lowest values at the end of the storage period (21 
days). This decrease is due to the carbohydrate’s 
hydrolysis, which is attributed to the growth and 
activity of lactic acid bacteria and acid development 
that increased greatly throughout storage. These 
findings agree with the findings obtained by Kauser 
et al [6].

The lactose content of the sample with 3%, 
6% and 9% apricot pulp was reduced from 5.12%, 
5.04% and 4.96% to 5.04%, 4.92% and 4.82% 
respectively after 22 days of storage study [6]. The 
fruit yoghurt mostly has a negligible amount of 
lactose which was might be due to breaks down of 
lactose into lactic acid by the function of lactic acid 
bacteria during storage. The fermentation process 
and production of lactic acid bacteria minimized 
the amount of lactose content.

3.2.10 Moisture content 

The addition of fruit pulp has a highly significant 
effect on the moisture content of yoghurt during 

storage (Fig. 9). The incorporation of fruit pulp 
profoundly affects (p < 0.01) the moisture contents 
of yoghurt because of various concentrations of 
persimmon fruit pulp. The moisture content of 
the control sample (T0) was (52.32%) the lowest 
as compared to other treatments prepared with 
the addition of persimmon. The present finding 
revealed that the moisture content of fruit yoghurt 
increased with the increasing amount of persimmon 
fruit within treatments along with the storage 
at refrigeration temperature 4oC. The moisture 
content of yoghurt samples (T1, T2 and T3) with 5%, 
10% and 15% were recorded as 54.36%, 56.41% 
and 58.46% respectively at 0 days of study. During 
storage periods moisture contents of fruit yoghurt 
significantly increased to 88.61%, 89.48% and 
89.76% on the 28th day of storage respectively.  
Higher moisture content was found in the yoghurt 
sample with 15% persimmon pulp because of the 
high concentration of fruit in yoghurt (Fig. 9).  The 
yoghurt prepared with sweet lemon and apple juice 
(5%, 10% and 15%) had a higher concentration of 
moisture than the yoghurt prepared with pineapple 
juice 10%. 

The moisture content was slightly high because 
of fibres present in the yoghurt which holds the 
water and the setting time was similar to that of 
control, however, the setting time was less and it 
might be due to fast metabolizing culture [58]. The 
researcher explained a similar trend that the addition 
of fruit pulp significantly increased (p < 0.01) the 
moisture content of yoghurt and concluded that the 
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during storage[47]. Ritu et al [79] observed that the addition of 5% and 15% pineapple juice increased the 
total solid content of yoghurt as compared to plain yoghurt [79]. The total solid content was the increase 
in yoghurt developed with the fortification of red grape juice [60]. It was concluded that the addition of 
sweetened fruit might be one of the majors caused to increase total solid of fruit yoghurt. The reduction in 
the pH value of fruit yoghurt might be a possible reason to upraise the total solids contents of fruit 
yoghurt. 

 

 

Fig. 3.6. Effect of persimmon on total solid content 

3.2.9 Lactose content 

Mean values (fig. 3.7) have shown the lactose content of yoghurt prepared with persimmon fruit. The 
lactose content of simple yoghurt was 5.17% which was highest than other mean values of fruit yoghurt 
samples T1, T2 and T3such as 5.11 5.03 and 4.86%. The lactose contents of yoghurt sample fortified with 
persimmon fruit as 5%, 10% and 15% were noted as 5.11%, 5.03% and 4.86% respectively at 0 day. 
Results have shown that the lactose content reduced considerably with the increasing amount of 
persimmon fruit in yoghurt. 

On the 28th day of the storage study, the lactose contents were recorded in the range of 5.02%, 4.89% and 
4.80% noticeably. A prominent reduction was observed in the yoghurt sample with 15% of persimmon 
fruit which was 4.80%. The fruit yoghurt developed with 5% and 15% pineapple juice has the maximum 
amount of carbohydrate along the storage period [79]. Carbohydrates content (CHO) was significantly 
diminished within the evolution of the cold storage period of all yoghurt treatments reaching the lowest 
values at the end of the storage period (21 days). This decrease is due to the carbohydrate’s hydrolysis, 
which attributed to the growth and activity of lactic acid bacteria and acid development that increased 
greatly throughout storage. These findings agree with the findings obtained by Kauser et al [6]. 
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Fig. 7. Effect of persimmon on total solid content
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moisture content of fruit yoghurt increased because 
of the high moisture content in fruit pulp [51].

3.2.11 Textural profile

The texture is related to the appearance and 
consistency of the surface of any product. Hardness, 
or firmness, is the most important characteristic in 
determining yoghurt texture. It is regarded as the 
force required to attain a certain deformation and 
is considered as a measure of the hardness of the 
yoghurt [80]. The addition of fruit non-significantly 
affects (p > 0.05) the textural profile of yoghurt    
(Fig. 10). The mean value of textural profile for 
control sample was lowest 5.87 N than other yoghurt 
sample prepared with incorporation of persimmon 
fruit as 5.88, 5.89 and 5.90 N respectively at zero 
days of storage. During the storage study, the mean 
values of fruit yoghurt decreased to 5.74, 5.77 and 
5.75 N respectively at refrigeration temperature. 

The same trend was analyzed that dadih 
prepared with papaya and pineapple has a noticeable 
effect on the textural properties of yoghurt [81]. 
They investigated those values for hardness was 
greater for papaya dadih as compared to dadih 
made from pineapple. Another research conducted 
by Mohammad et al. [82] was also following the 
present study that strawberry yoghurt developed 
with the fortification of red beet extract 1.25%, 
2.5% and 4%. 

Jaglan et al. [2] also reported that the mango 
pulp incorporated at 15% concentration was best 
due to sensory acceptability and the pH at that 
level was slightly acidic as compared to the market 
sample and moisture content was greater than that 
of the market sample. The researcher concluded 
the possible reasons that fruit pulp plays a crucial 
role in the maintenance of textural characteristics of 
finish product [51]. The fruit pulp has higher solids 
and fibre content which results to increase viscosity 
thus improve the textural profile of fruit yoghurt.

3.2.12 Sensory characteristics of yoghurt

The consumer’s response in form of feedback can 
be gained by sensory or organoleptic characteristics 
such as aroma, colour, taste, the mouthfeel of the 
product which is an important factor for product 
acceptability. The mean value for the mouthfeel 
of fruit yoghurt was observed at different intervals 
to check the effect of persimmon fruit on yoghurt. 
The score of mouthfeel for the controlled sample 
was found highest compare to the yoghurt sample 
treated with fruit pulp at the storage study (Table 4). 
The incorporation of different fruit during storage 
influenced the characteristics of fruit yoghurt for 
mouthfeel [15, 16, 51].

The findings revealed that the addition of 
fruit has a considerable effect on the colour of 
fruit yoghurt. The various concentrations of 
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The lactose content of the sample with 3%, 6% and 9% apricot pulp was reduced from 5.12%, 5.04% and 
4.96% to 5.04%, 4.92% and 4.82% respectively after 22 days of storage study [6]. The fruit yoghurt 
mostly has a negligible amount of lactose which was might be due to breaks down of lactose into lactic 
acid by the function of lactic acid bacteria during storage. The fermentation process and production of 
lactic acid bacteria minimized the amount of lactose content. 

 

Fig. 3.7. Effect of persimmon on lactose content 

3.2.10 Moisture content  

The addition of fruit pulp has a highly significant effect on the moisture content of yoghurt during 
storage. The incorporation of fruit pulp profoundly affects (p<0.01) the moisture contents of yoghurt 
because of various concentration of persimmon fruit pulp. The moisture content of the control sample (T0) 
was (52.32%) lowest as compare to other treatments prepared with the addition of persimmon. The 
present finding revealed that the moisture content of fruit yoghurt increased with the increasing amount of 
persimmon fruit within treatments along with the storage at refrigeration temperature 4oC. The moisture 
content of yoghurt samples (T1, T2 and T3) with 5%, 10% and 15% were recorded as 54.36%, 56.41% and 
58.46% respectively at 0 day of study. During storage periods moisture contents of fruit yoghurt 
significantly increased to 88.61%, 89.48% and 89.76% on the 28th day of storage respectively.  Higher 
moisture content was found in the yoghurt sample with 15% persimmon pulp because of the high 
concentration of fruit in yoghurt.  The yoghurt prepared with sweet lemon and apple juice (5%, 10% and 
15%) had a higher concentration of moisture than the yoghurt prepared with pineapple juice 10%.  

The moisture content was slightly high because of fibres present in the yoghurt which holds the water and 
the setting time was similar to that of control, however, the setting time was less and it might be due to 
fast metabolizing culture [58]. The researcher explained a similar trend that the addition of fruit pulp 
significantly increased (p<0.01) the moisture content of yoghurt and concluded that the moisture content 
of fruit yoghurt increased because of the high moisture content in fruit pulp [51]. 
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Fig. 3.8. Effect of persimmon on moisture content 

3.2.11 Textural profile 

The texture is related to the appearance and consistency of the surface of any product. Hardness, or 
firmness, is the most important characteristic in determining yoghurt texture. It is regarded as the force 
required to attain a certain deformation and is considered as a measure of the hardness of the yoghurt 
[80]. The addition of fruit non-significantly affects (p>0.05) the textural profile of yoghurt. The mean 
value of textural profile for control sample was lowest 5.87 N than other yoghurt sample prepared with 
incorporation of persimmon fruit as 5.88, 5.89 and 5.90 N respectively at zero day of storage. During the 
storage study, the mean values of fruit yoghurt decreased to 5.74, 5.77 and 5.75 N respectively at 
refrigeration temperature.  

The same trend was analyzed that dadih prepared with papaya and pineapple has a noticeable effect on 
the textural properties of yoghurt [81]. They investigated those values for hardness was greater for papaya 
dadih as compared to dadih made from pineapple. Another research conducted by Mohammad et al [82] 
was also following the present study that strawberry yoghurt developed with the fortification of red beet 
extract 1.25%, 2.5% and 4%.  

Jaglan et al [2] also reported that the mango pulp incorporated at 15% concentration was best due to 
sensory acceptability and the pH at that level was slightly acidic as compared to the market sample and 
moisture content was greater than that of the market sample. The researcher concluded the possible 
reasons that fruit pulp plays a crucial role in the maintenance of textural characteristics of finish product 
[51]. The fruit pulp has higher solids and fiber content which results to increase viscosity thus improve 
the textural profile of fruit yoghurt. 
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Fig. 3.9. Effect of persimmon on the textural profile of yoghurt 

3.2.12 Sensory characteristics of yoghurt 

The consumer’s response in form of feedback can be gained by sensory or organoleptic characteristics 
such as aroma, colour, taste, the mouthfeel of the product which is an important factor for product 
acceptability. The mean value for the mouthfeel of fruit yoghurt was observed at different intervals to 
check the effect of persimmon fruit on yoghurt. The score of mouthfeel for the controlled sample was 
found highest as compare to the yoghurt sample treated with fruit pulp at the storage study. Incorporation 
of different fruit during storage influenced the characteristic of fruit yoghurt for mouthfeel [16, 51, 15]. 

The findings revealed that the addition of fruit has a considerable effect on the colour of fruit yoghurt. 
The various concentrations of fruit in yoghurt effectively influence the colour of yoghurt within 
treatments (p<0.01). During storage condition the colour of fruit yoghurt. it was revealed that the 
reduction in the colour value of fruit yoghurt might be due to activities of bacteria with low pH and higher 
syneresis value of fruit yoghurt along the research period. The addition of fruit in various concentration 
(T1, T2 and T3) during yoghurt development considerably effect (p<0.01) on the aroma of fruit yoghurt 
within treatments. The best score was found for treatment T2 as compared to other treatments. Best score 
gained by the treatment T2 while least score gained by T3 with the maximum concentration of fruit (15%). 
The same results were presented that the mean values of yoghurt with cactus pear in the concentration of 
(5%, 10%, 15%) for aroma was decreased during storage [40, 75]. The lowest mean value for aroma was 
might be due to the reduction of pH value within the storage period which might be most likely leads to a 
lower flavour and aroma of fruit yoghurt.  

The present study revealed that addition of persimmon fruit on yoghurt considerably effect (p<0.01) taste 
of developed yoghurt because of various concentration of fruit along with treatments. The taste of the 
yoghurt sample reduced considerably during storage condition. Most excellent scores were observed for 
treatment T2 with 10% of persimmon fruit supplementation. The reduction in values of taste for fruit 
yoghurt possibly due to the purification of milk protein because of the proteolytic activities of bacteria. 
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fruit in yoghurt effectively influence the colour 
of yoghurt within treatments (p < 0.01). During 
storage conditions the colour of fruit yoghurt. 
it was revealed that the reduction in the colour 
value of fruit yoghurt might be due to activities of 
bacteria with low pH and higher syneresis value 
of fruit yoghurt during the research period. The 
addition of fruit in various concentrations (T1, T2 
and T3) during yoghurt development considerably 
effect (p < 0.01) on the aroma of fruit yoghurt 
within treatments. The best score was found for 
treatment T2 as compared to other treatments. Best 
score gained by the treatment T2 while least score 
gained by T3 with the maximum concentration of 

fruit (15%). The same results were presented that 
the mean values of yoghurt with cactus pear in the 
concentration of (5%, 10%, 15%) for aroma was 
decreased during storage [40, 75]. The lowest mean 
value for aroma was might be due to the reduction 
of pH value within the storage period which might 
be most likely leads to a lower flavour and aroma 
of fruit yoghurt. 

The present study revealed that the addition 
of persimmon fruit on yoghurt considerably effect      
(p < 0.01) the taste of developed yoghurt because of 
various concentrations of fruit along with treatments 
(Table 4). The taste of the yoghurt sample reduced 
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considerably during storage conditions. Most 
excellent scores were observed for treatment T2 
with 10% of persimmon fruit supplementation. The 
reduction in values of taste for fruit yoghurt possibly 
due to the purification of milk protein because of 
the proteolytic activities of bacteria. The present 
finding revealed that the addition of persimmon 
has a highly significant influence (p < 0.01) on 
the overall acceptability of yoghurt due to various 
concentrations of persimmon during storage. It 
was noticed from the mean value that the yoghurt 
sample with 10% fruit pulp has the best overall 
acceptability than other samples with 5% and 15% 
persimmon. These current results were following 
Arslan and Bayrakci (2016) [15] that mean value 
of yoghurt with persimmon puree with (10, 12%) 
reduced from 6.30% to 6.00% and 6.10% to 5.50%, 
while yoghurt with persimmon marmalade with 
(10, 12%) reduced from 7.60% to 7.30% and 7.70% 
to 7.80% respectively. The declining trend in the 
overall acceptability of fruit yoghurt might be due 
to the low values of colour, aroma, and taste of fruit 
yoghurt considerably. 

4.    CONCLUSION

The current study supported the conclusion that 
supplementation of persimmon Diospyros kaki 
fruit leads to develop enriched yoghurt with the 
most desired features in comparison with yoghurt 
prepared without the addition of fruit. It was 
analyzed from the present study that the syneresis 
value declined effectively and total phenolic 
content increased with the increasing amount of 

persimmon fruit along with treatments. The total 
solid content also increased significantly with the 
increased amount of persimmon fruit. Furthermore, 
the organoleptic characteristics of fruit yoghurt (T2) 
prepared with 10% persimmon fruit have gained 
better acceptability as compared to other fruit 
yoghurt prepared with 5% and 15% fruit
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bacteria.The present finding revealed that the addition of persimmon has a highly significant influence 
(p<0.01) on the overall acceptability of yoghurt due to various concentration of persimmon during 
storage. It was noticed from the mean value that the yoghurt sample with 10% fruit pulp has the best 
overall acceptability than other samples with 5% and 15% persimmon. These current results were 
following[15] that mean value of yoghurt with persimmon puree with (10, 12%) reduced from 6.30% to 
6.00% and 6.10% to 5.50%, while yoghurt with persimmon marmalade with (10, 12%) reduced from 
7.60% to 7.30% and 7.70% to 7.80% respectively. The declining trend in the overall acceptability of fruit 
yoghurt might be due to the low values of colour, aroma, and taste of fruit yoghurt considerably.  

Table 4.Effect of persimmon on sensory characteristics of yoghurt 

Parameters Samples 
Storage (days) 

0           7 14  21       28 

Appearance 

T0 7.54±0.26 7.39±0.22 7.34±0.22 6.94±0.28 6.44±0.26 
T1 6.54±0.20 6.49±0.26 6.24±0.25 6.09±0.30 5.94±0.30 
T2 8.24±0.33 8.20±0.41 7.93±0.40 7.43±0.25 7.12±0.21 
T3 4.39±0.22 4.84±0.16 4.69±0.14 3.29±0.10 3.53±0.14 

Taste 

T0 7.4±0.25 7.39±0.13 7.34±0.22 6.84±0.27 5.79±0.23 
T1 6.44±0.19 6.39±0.26 6.29±0.25 5.89±0.29 4.79±0.24 
T2 8.29±0.33 824 ±0.41 8.09±0.40 7.79±0.26 6.89±0.21 
T3 4.79±0.24 4.74±0.16 4.69±0.14 3.64±0.11 2.44±0.10 

Overall 
acceptability 

T0 7.51±0.26 7.46±0.22 7.41±0.22 6.91±0.28 5.86±0.23 
T1 6.66±0.20 6.51±0.26 6.36±0.25 5.96±0.30 4.86±0.24 
T2 8.46±0.34 8.41±0.42 8.16±0.41 7.86±0.27 6.96±0.21 
T3 4.86±0.24 4.81±0.16 4.66±0.14 3.76±0.23 2.51±0.10 

4. CONCLUSION 

The current study supported the conclusion that supplementation of persimmon fruit leads to develop 
enriched yoghurt with the most desired features in comparison with yoghurt prepared without the addition 
of fruit. It was analyzed from the present study that the syneresis value declined effectively and total 
phenolic content increased with the increasing amount of persimmon fruit along with treatments. The 
total solid content also increased significantly with the increased amount of persimmon fruit. 
Furthermore, the organoleptic characteristics of fruit yoghurt (T2) prepared with 10% persimmon fruit 
have gained better acceptability as compared to other fruit yoghurt prepared with 5% and 15% fruit.  
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contributions as a 
researcher was The 
Flora of Pakistan — the 
most comprehensive 
and authentic 
scientific work ever 
on Pakistan’s flora. 
Initiated over four 
decades ago and 
completed in 2020, the 
book has 224 volumes 
containing details of over 6,000 indigenous and 
commonly cultivated plants. He has contributed 
to the field of plant sciences at the national and 
international level and provided basic information 
on the plant wealth of Pakistan, which is widely 
used by phytochemists, pharmacists, ecologists, 
agriculturists, and foresters. 

For his contribution and distinguished career, 
he was conferred with Sitara-e-Imtiaz in 1988 and 
honored with the Emeritus status in 2011. He was 
also awarded the title of the Higher Education 
Commission Distinguished National Professor in 
2004. He will be missed by the PAS Fellows.

May the departed soul rest in eternal peace. 
Aameen!

Proceedings of the Pakistan Academy of Sciences:	  Pakistan Academy of Sciences
B. Life and Environmental Sciences 58(1): 129 (2021)
Copyright © Pakistan Academy of Sciences
ISSN (Print): 2518-4261; ISSN (Online): 2518-427X

Obituary 
Prof. Dr. Syed Irtifaq Ali 

(1930-2021) 

Prof. Dr. Syed Irtifaq Ali was a renowned botanist, 
Fellow PAS, former Vice Chancellor of Karachi 
University (KU), and Professor Emeritus. Prof. Ali 
passed away on February 18, 2021, after a brief 
illness. He was born in Lucknow, India, in 1930, 
completed his matriculation from Allahabad in 
1946. In 1950, he received his Bachelor of Science 
degree and Master’s degree in botany in 1952 
from Allahabad University and later migrated to 
Pakistan. He completed his Ph.D. in botany in 1958 
and DSc in 1979 from the University of London. 

Dr. Irtifaq Ali also worked as a Professor of 
botany at the University of Tripoli, Libya from 1972 
to 1976. He was also the pioneer and co-editor of 
Flora of Libya. The distinguished professor joined 
KU in 1958 as a lecturer at its botany department and 
later served as its chairman. He continued to work 
at KU’s Plant Conser¬vation Centre till his death. 
The professor also served as the Director General 
of Dr. A.Q. Khan Institute of Biotechnology and 
Genetic Engineering and the dean of KU’s science 
faculty (1981 to 1990).

He was a renowned top-ranking (plant) 
taxonomist in the region and considered an 
authority on the plants of Southeast Asia in general 
and Pakistan in particular. One of Prof Ali’s greatest 
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students, published 
325 journal research 
articles, 51 Book 
chapters/monographs 
& more than 100 
abstracts, and explored 
35 New Genes/
Nucleotide Sequences 
in his career. He 
visited more than 15 
different countries in 
the world for various academic purposes. One of his 
collaborative research projects with US researchers 
‘Ethnogenetic elaboration of NWFP through dental 
morphology and DNA analysis’ gave rise to one of 
his prominent research articles in the prestigious 
journal of Science (IF = 41.84) titled “The first 
horse herders and the impact of early Bronze Age 
steppe expansions into Asia”.

For his splendid research career, he was 
awarded the Presidential award Tamgha-e-Imtiaz 
(2010), KP R&D efforts award (2015), PAS Gold 
Medal (2019), HEC Best Teacher Award (2015), 
Productive Scientist of Pakistan Award (2011, 2012, 
2013, 2014, 2015 & 2016), IBC Cambridge Leading 
Scientist Award 2011, UNESCO Teacher of the 
Year Award 2007, and Best Researcher of Hazara 
University Award 2006. He remained Fellow of the 
Pakistan Academy of Sciences, President Pakistan 
Botanical Society, President Society Conservation 
Biology of Pakistan, Chief Patron Crying Sky 
Ambassadors Kennesaw State University (CSA-
Pakistan Chapter), Honorary Fellow Zoological 
Society of Pakistan, member of many national as 
well as international scientific societies including 
International Association for Plant Biotechnology 
(UK), Pak-US Working Group for Science and 
Technology (Biology/Biotech), Biotech Advisory 
Committee, DoST Khyber Pakhtunkhwa, National 
Core Group in Genetics, Government of Pakistan, 
National Testing Services, Government of 
Pakistan, Member: Board of Directors Society of 
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Obituary 
Prof. Dr. Habib Ahmad 

(1959-2021)

The remarkable Prof. Dr. Habib Ahmad left this 
mortal world on 7th April 2021 for his journey to 
the hereafter. He was an Eminent Scientist, Distinct 
Teacher, great Cyto-geneticist, eminent Plant 
Taxonomist, Fellow of the Pakistan Academy of 
Sciences, and above all a best Human Being. He 
was serving as Professor Emeritus of Genetics in 
the Department of Genetics, Hazara University 
Mansehra Pakistan. He was born on 13th July 
1959 in Matta Swat in the home of his father 
Muhammad Saeed (known as Serae Mulvi Seb)– 
the first teacher of the Swat State and a pronounced 
philanthropist and educationist in the era of Swat 
State. He passed his SSC & FSc from Matta Swat 
and BSc from the historical Post Graduate Jahanzeb 
College Saidu Sharif Swat in 1982. He got his MSc 
and MPhil degrees from the Department of Botany, 
University of Peshawar in the years 1985 and 1991, 
respectively. He did his Ph.D. from the University of 
the Punjab Lahore in 2003. He remained on various 
positions including Scientific Officer, Cytogenetics 
Program NARC, Islamabad(1986 - 1990), Lecturer 
Botany Higher Education Department, Khyber 
Pakhtunkhwa  (1990 - 2002), Technical Coordinator 
WWF-Pakistan (2002 - 2005), Professor of Botany, 
Hazara University (2005 - 2010), Tenured Professor 
of Genetics, Hazara University (2010 - 2019), and 
Professor Emeritus of Genetics, Hazara University 
(2019 - 2021). He also remained Vice Chancellor, 
Islamia College Peshawar (2016 to 2020), Vice 
Chancellor, Hazara University (2015 - 2016), Dean 
of Sciences Hazara University (2006 - 2010 & 2013 
– 2016), and Chairman Botany & Genetics (2006-
2010). 

Based on his MPhil and Ph.D. studies and the 
initial job at NARC, he was able to introduce a 
Rapeseed Variety ‘Hasnain-2013’ that was approved 
by the Seed Council Government of KPK on March 
5, 2013. This variety is being sown widely in 
Pakistan and is one of the popular rapeseed variety 
in Pakistan. He completed 28 research projects, 
supervised 47 Ph.D., 148 MPhil & 84 MSc/BS 
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Conservation Biology (USA), Genetics Society 
of America (USA), International Association of 
Ecology (USA), Society of Conservation Biology 
(Asian Group), Society of Conservation Biology 
(North America), Genetics Society of Pakistan, 
Ethnobotanical Association of Pakistan, Pakistan 
Botanical Society, Weed Science Society of 
Pakistan, Environmental Protection Society Swat, 
Board of Advisors Ethnobotany Project, WWF.

People like Prof. Habib Ahmad him born once in 
centuries. It will not be an exaggeration if we claim 

him as one of the perfect human beings. He was 
candlelight for many in the field of education and 
research, especially, the deprived masses of society. 
We are sure that all his students and followers will 
take his noble cause ahead in society to educate 
people and work for the welfare of people. 

We pray to the almighty ALLAH that best 
blessings may shower upon his gallant soul and may 
he is in the eternal Peace of the best of paradises. 
Aameen summa Aameen!

Khan Bahadar Marwat (PhD)
Fellow, Pakistan Academy of Sciences

Shujaul Mulk Khan (PhD)
Quaid-i-Azam University Islamabad
Member Pakistan Academy of Sciences
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