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situations and accomplish what they may have initially 
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they could do it! Well done to all! Alhamdulillah.  
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OPSIS  

 

 

This Bioscience Symposium 2020 proceeding is a compilation of abstract and proceeding 

presented in an annual Final Year Undergraduate Project in Department of Bioscience, Faculty of 

Science, UTM. The project consists of several related fields such as Environmental Science, Plant 

Science, Animal Tissue Culture, Molecular and Genetic Engineering, Biochemistry, 

Bioinformatic, Microbiology, Food Science and Enzymology. 

  

  

SYNOPSIS 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           ix 

 

 

  
TABLE OF CONTENT 

I. INTRODUCTION       iii 

Foreword of Bioscience Department Director    iii 

Editors-in-Chief        iv 

Editorial Board        iv 

II. SYNOPSIS        viii 

III. TABLE OF CONTENT       ix 

IV. ABSTRACT        1 

Program Biology (SMBB)                      1 

Program Industrial Biology (SMBT)     67 

V. SELECTED PROCEEDING      106 

Optimization of Agrobacterium-Mediated Transformation of  

Justicia Gendarussa With Gus Gene      

Azri Aisyah Yusof and Azman Abd Samad                              107 

 

In vitro Shoot Regeneration and Antioxidant Activity of  

Persicaria Odorata             

Nur Aimi Aqilah Mohd Usri and Azman Abd Samad                     116 

 

Influence of Different Zinc Concentrations on Root  

Behaviour and Phytoremediation Potential of Melastoma  

Malabathricum L.      

Sasikumar Kovalan and Fazilah Abd Manan    126

  

Antioxidant Activity and Plant Biomass of Local Pineapple  

(Ananas Comosus L.)  

Syarifah Syamila Tuan Zakaria and Azman Abd Samad       139 

 

Study of Antimicrobial Plantaricin Cs Peptide from  

Coriandrum sativum using in silico Approach  

Maryam Fatimah Abu bakar and Syazwani Itri Amran   149 

 

vii 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study of Antimicrobial Peptides from Clitoria Ternatea using  

in Silico Approach   

Farah Wahidah binti Hairi and Syazwani Itri binti Amran  160 

 

PLIUS Accelerate the Wound Healing Activity in the  

Hyperglycemic Microenvironment 

Najwa Hanim Othman and Siti Pauliena Mohd Bohari   167 

 

Adsorption and desorption of methylene orange, methylene  

Blue and indigo carmine onto bacterial nanocellulose  

membrane 

Nurul Suhaili Amirah Mamat, Saiful Izwan Abd. Razak and  

Nurliyana Ahmad Zawawi      175 

 

Optimisation of Chlorella Culture in Open System for 

Animal Feed 

Nurul Izzati Binti Rusli, Farizal A. Kamaroddin and Razauden  

Mohamed Zulkifli        182 

 

Optimization of Shoot Frequency and Antioxidant Activity of 

Orthosiphon Stamineus (Purple Variety) 

Salwa Samat and Azman Abd Samad     194 

 

Isolation and Characterization of Antibiotic Resistant Bacteria  

from Rivers in Perak 

Haripriya Anparasan, Kam Kar Yern and Nor Azimah Mohd Zain  204 

 

Green Synthesis of Silver Nanoparticles from Banana and  

Citrus Peels 
Ku Nabilah Ku Nasir and Nurliyana Ahmad Zawawi    216 

 

In Silico Modeling and Characterization of Cocaine Esterase  

From Marinobacter litoralis 

Nur Amira Hidayah Ahmad, Haryati Jamaluddin and Shahir 

Shamsir Omar        225 

 

Optimization of Biocement Production from Locally 

Isolated Ureolytic Bacteria 

Nazura Nazri, Nurasikin Ihsan and Zarita Zakaria   233 

 

 

VI. ACKNOWLEDGEMENT      253

       

viii 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           xi 

 

 

 

 

ABSTRACT 

 

Program of Biology 

SMBB 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           2 

 

 

Characterization of Vitamins Produced by Thermophilic 

Cyanobacteria Isolated from Hot spring 

‘Iffah Nur Raihan Abdul Malek 1 and Nur Izzati Mohd Noh 1* 

1 Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: izzati@fbb.utm.my 

Abstract 

Thermophilic cyanobacteria are able to survive in a high-temperature environment. 

This thermophilic cyanobacterium has been found able to produce vitamins, however, 

there is limited research about the real vitamins’ producer in such an extreme condition 

ecosystem. In this research, thermophilic cyanobacteria were isolated from a hot spring 

in Malaysia. BG-11 media was used for pure culture isolation and 1% of agar was 

added for the agar plates. The standard plating and streaking method were used for 

screening of homogenous cyanobacteria cultures. The isolated strains were further 

identified using a light microscope for their morphological characteristics. The effect 

of the vitamins crude extract from the thermophilic cyanobacteria on the growth of 

Lactobacillus delbrueckii (L. delbrueckki) has been analysed. Based on the 

morphological observations, the isolated cyanobacterial strains were proposed to be 

Fischerella sp., Leptolyngbya sp., Geitlerinema sp., and Chroccocales sp.. For L. 

delbrueckki growth assay, the cultures supplied with the vitamins crude extract showed 

a slight increase in optical density reading (OD) at 640nm wavelength compared to the 

control without the vitamins crude extract. This was seen with Sample A, 

Thermocyanococcus sp., and Oscillatoria sp. cultures supplied with 0.1, 0.2, 0.3, 0.4 

and 0.5μg/ml of the concentration of the vitamins crude extract. Findings from this 

study suggested that the thermophilic cyanobacterial strains produced biological 

compounds including vitamins that are crucial for other organisms.  

Keywords: Cyanobacteria, Vitamins, Thermophilic, Isolation, Identification, 

Characterization 
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Pistia stratiotes for Treatment of Wastewater from Sungai 

Melana, Johor Bahru 

Afina Kinambura Mazlan 1 and Saleha Shahar 1* 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia  

*Correspondence to: saleha@fbb.utm.my 

Abstract 

Water lettuce (Pistia stratiotes) was analyzed to determine its effectiveness in 

wastewater treatment in Malaysia. Wastewater was sampled from main drain of Taman 

Damai Jaya in Johor Bahru, Johor, Malaysia and the parameters were determined, 

which includes temperature, pH, electrical conductivity (EC), salinity, total 

phosphorus (TP), nitrate (NO3
−), and total coliform (TC). Test tanks were set up with 

and without pump, and fresh Pistia stratiotes weights of 65 ± 5 grams were added for 

the 21 days experiment. The wastewater phytotreatment with Pistia stratiotes either 

with or without aeration had changes in pH from 7.14 to 9.46 and from 6.68 to 9.05. 

A significant amount of reduction was observed in other parameters treated with the 

phytoremediators as well. Highest percentage reduction of TP for Pistia stratiotes with 

and without aeration were 88.55% and 82.44% respectively. Reductions were also 

observed in EC and salinity. Based on the study, Pistia stratiotes is capable of 

removing nutrients from wastewater. Certain amounts of Pistia stratiotes need to be 

removed from time to time to control plant biomass in the water for efficient water 

purification. 

Keywords: Pistia stratiotes, Wastewater, Phytoremediation, Total phosphorus, 

Aeration 
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Isolation, Identification and Characterization of 

Lignocellulolytic Bacteria from Mangrove 

Ahmad Luqmanul Hakim Sani 1 and Chong Chung Shiong 1* 

1 Department of Bioscience, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: cs_chong@fbb.utm.my 

Abstract 

In Malaysia, tons of lignocellulose biomass are produced annually that leading to 

mismanage of lignocellulosic biomass wastes. Besides, research in bioconversion of 

lignocellulosic biomass through microbial enzymes and microbes seem promising to 

produce bioethanol, biofuel, and others high value products. Therefore, efforts in 

searching new lignocellulose degrading enzymes and microbes that can help in 

bioconversion could be one of the focusing keys. In this study, eighteen bacterial 

strains have been isolated from environmental samples collected from Tanjung Piai, 

Johor. Strain CS5 and CS9 showed positive degradation on mannan, lignin and xylan 

were selected for further identification and subsequently identified as Microbulbifer 

sp. and Halobacillus sp. based on 16S rRNA gene sequence analysis. Strain CS5 

formed irregular, undulate, pulvinate, large, smooth, dull, opaque, and brown 

pigmentation on the Artificial Sea Water agar after being incubated at 30°C for two to 

three days. Strain CS5 is Gram negative and grew at 37°C and with 2% sodium 

chloride (NaCl). Strain CS5 was positive for catalase, oxidase, mannanase, xylanase, 

ligninase, gelatinase and capable to hydrolyse lipid Tween-20, Tween-40, and Tween 

60. Strain CS9 formed circular shape, entire margin, convex elevation, punctiform 

size, smooth, moist, shiny appearance, has yellow pigmentation and is opaque on the 

Artificial Sea Water agar after being incubated at 30°C for two to three days. As for 

strain CS9, it is Gram positive, and grew at 37°C and with 2% sodium chloride (NaCl).  

Strain CS9 was positive for catalase, oxidase, mannanase, xylanase, and capable to 

hydrolyse lipid Tween-20, Tween-40, and Tween-60. The positive result for mannan 

and xylan degradation shown by strains CS5 and CS9 suggests that both strains have 

potential to degrade lignocellulosic biomass and further characterizations are needed 

for further investigations. 

Keyword: Lignocellulolytic Bacteria, Mangrove, Microbulbifer sp., Halobacillus sp. 
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Controlling Harmful Freshwater Algal Blooms through 

Fungal Flocculation 

Aimi Alina Hussin 1 and Mohd Farizal Ahmad Kamaroddin 1 

 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia. 

*Correspondence to: mohdfarizal@fbb.utm.my 

Abstract 

Globally, many of the freshwater lakes and reservoirs have been affected by freshwater 

harmful algal bloom (FHAB). Therefore, FHAB needs to be controlled effectively to 

prevent any more damages to the ecosystem, and the primary step is to identify the 

species causing FHAB. The screening of harmful microalgae present in Sembrong 

Barat Dam was conducted using a microscope with 400X and 1000X magnification 

while the isolation was conducted by applying a serial dilution and spread as well as 

streak plate technique. By specifically analysing its unique morphological shape, 

colour and characteristics, the dominant species was identified as Oscillatoria sp. 

Determination of growth performances of Oscillatoria sp. were then been carried out. 

The optimized aeration condition was when the culture cultivated with exact aeration 

rate of 1.0 L/min yielding 2.5 g/L. Next, provided with a light source of 6000 lux, the 

dry cell weight of the microalgal was optimized to produce 3.1 g/L. Lastly, 2.9 g/L cell 

concentration was obtained when the culture medium modified by altering phosphate 

mass to the ratio of 40 media composition compared to N:P ratios of 20 and 60 as both 

could only yield approximately 2.6 g/L. Flocculation of Oscillatoria sp. using both 

biological and chemical methods was successful, achieving above 90% flocculation 

efficiency when experimented using jar test method. Fungal bio-flocculation was 

started first by determining the growth of A. aculeatus at different pH (pH 2.0 to 6.0) 

and resulted in pH 4.0 as the optimized pH for the growth of mycelium with 8.73 g/L 

dry cell weight at the 4th cultivation. The highest flocculation efficiency was achieved 

by using 20% (v/v) cultured in pH 4.0 with 93.14% efficiency. Meanwhile, chemical 

flocculation shows that CuCl was the best flocculant compared to Al2SO4 and 

chitosan, achieving 93.40% efficiency with a low concentration of 4% (v/v) and the 

absence of fluctuation. But, as safety should be prioritized, rather than using CuCl that 

might harmful to use at drinking water and lake, A. aculeatus provides the best cost-

effective and harmless method to control freshwater harmful algal bloom. 

Keywords: Harmful algal bloom, Oscillatoria sp., Flocculation efficiency, Aspergillus 

aculeatus, Bioflocculation Chemical flocculation 
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Optimization of Protease Production by Bacillus mobilis 

Using Central Composite Design and Taguchi Method 

Ain Wahida Azmi 1 and Huszalina Hussin 1* 

1 Department of Bioscience, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor 

Bahru, Johor, Malaysia 

*Correspondence to: huszalina@fbb.utm.my 

Abstract 

Protease has a catalytic function to hydrolyze peptide bonds of the polypeptide into 

free amino acids. It can be found in microorganisms that commonly found in compost. 

Some microorganisms that produce protease are Bacillus, Pseudomonas and 

Streptomyces. The preliminary study is by a qualitative approach using skim milk agar 

to identify bacteria producing protease. Partial characterization of isolated bacteria is 

Bacillus mobilis. This study highlights on optimization of protease production by B. 

mobilis using Central Composite Design (CCD) and Taguchi Method. The efficiency 

of enzyme activity is determined by a quantitative approach which is protease assay. 

Software that use in this study are Design Expert 12 and Minitab 17. There are four 

selected parameters for experimental design:  incubation time (24 – 72 hour), agitation 

rate (50 – 150 rpm), pH (pH 6 - 8) and temperature (30 - 40°C) From the results, it 

showed that CCD and Taguchi have similar optimum  conditions which are 24 hour of 

incubation time, pH 6 and 40°C, except for agitation rate,  CCD (150 rpm) while 

Taguchi Method (50 rpm). Higher protease production observed in CCD optimization 

which is 0.0139 U/mL compared Taguchi Method 0.0125 U/mL. CCD has a lower 

error value in a validation process which is 5.39% while Taguchi Method has 7.75%. 

Overall, pH is the most significant factor and CCD is a suitable tool for optimization 

protease production of Bacillus mobilis.  

Keywords: Protease, Bacillus mobilis, Central composite design, Taguchi method 
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Isolation and Characterization of Bacterium from 

Freshwater Universiti Teknologi Malaysia Lake That Can 

Degrade 2,2-Dichloropropionic Acid 

Arina Aqilah Arbaain 1 and Fahrul Zaman Huyop 1* 
 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia. 

*Correspondence to: fahrul@utm.my 

Abstract  

The α-halocarboxylic acids (α-HCA) are potential carcinogens due to their toxicity and 

are commonly found in both aquatic and terrestrial ecosystem. Herein, this study is 

focused on the isolation and characterisation of a 2,2-dichloropropionate (2,2-DCP)-

degrading bacteria from a lake water sample located in Universiti Teknologi Malaysia. 

Isolation of the bacteria via the enrichment culture technique supplemented with 2,2-

DCP as the carbon source successfully isolated the strain AR1 bacteria. The 

microorganism grew well in 20 mM 2,2-DCP at 30 °C and exhibited a 9.16-hour cell 

doubling time. A partial biochemical and morphological examinations suggested that 

strain AR1 belongs to Genus Klebsiella and Species pneumoniae. Considering there is 

yet any literature on the role of dehalogenase from Klebsiella pneumoniae to degrade 

2,2-DCP, therefore, full genome sequence of the same isolated bacterial genus via the 

NCBI database was done. Pairwise sequence alignment of dehalogenase type II of 

Klebsiella pneumoniae with the haloacid dehalogenase L-DEX from Pseudomonas sp. 

strain YL successfully identified conserved amino acid residues that are known to 

partake in the dehalogenation mechanism. Subsequent ProtParam analysis on the 235 

amino acids of the type II Klebsiella pneumoniae dehalogenase protein gave a 

theoretical pI of 4.85 while the grand average of hydropathicity (GRAVY) of 0.003 

and aliphatic index of 93.91 collectively classifies the protein as hydrophobic. Most 

importantly, the study highlights the successful isolation of a Klebsiella pneumoniae 

bacterium with the novel ability to degrade 2,2-DCP, thereby signifying its possible 

use as an agent of in situ bioremediation of halogen-contaminated environments. 

Keywords: Freshwater bacterium, Dichloropropionic acids, Klebsilla pneumoniae, 

Bioremediation 
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Comparative Study of Alpha Amylase in Psychrophile 

Bushra Mohd Mokhar 1 and Huszalina Hussin 1 

 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia. 

*Correspondence to: huszalina@fbb.utm.my 

Abstract 

The purpose of this study is to investigate the possibilities for psychrophilic alpha 

amylase to be used vastly in industry. Due to psychrophile is being left out in industry 

compare to thermophilic and mesophilic enzyme, therefore we did a study to compare 

on the sequence, the structure and also the stability of the structure. The methods that 

we used are multiple sequence alignment that will be carried out using Clustal Omega. 

The second phase is structural analysis which has four steps; 3D structure retrieval, 

structural assessment, 3D structure labeling and superimposition of alpha amylase 

structure using RCSB PDB, MolProbity, SwissDock and PyMOL. The last step is 

structural stability which has two steps; molecular docking analysis and molecular 

dynamics simulation using AutoDock Vina and GROMACS. The alpha amylases that 

were used to compare are from Pseudoalteromonas haloplanktis (psychrophile), 

Bacillus licheniformis (thermophile) and Bacillus amyloliquefaciens (mesophile). In 

secondary structure comparison, psychrophilic showed they contain more alpha helix 

and more loops that suggests in high stability and more flexibility of the structure. 

While for 3D structure comparison also showed that Pseudoalteromonas haloplanktis 

(psychrophile) showed the highest of all residues were in favoured (98%) regions and 

100% of all residues were in allowed (>98.8%) regions. In binding affinity 

comparison, psychrophile also have the highest results when dock with three ligands 

proven with SwissDock. In terms of stability, from RMSF graph showed that 

psychrophile, has higher flexibility compared to the other two alpha amylases. Further 

experiement are required to investigate the ability of psychrophile to reduce the 

industrial cost. 

Keyword: Psyhcrophilic bacteria, Alpha-amylase, binding affinity, MDS, RMSF
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Antibiofilm and Antibacterial Activity of Different Types of 

Essential Oils against Staphylococcus aureus  

Chai Hui Yoon 1 and Nurzila Ab Latif 1* 
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Abstract 

Active ingredients such as chlorhexidine and fluoride are widely incorporated into 

current oral care products to effectively eradicate harmful oral pathogens. However, 

these active ingredients are proven to have adverse side effects to users after long term 

usage. Moreover, antibiotics prescribed to patients in dental clinics enhanced the 

chance of developing antibiotic resistance oral pathogens, thus making them strenuous 

to eradicate. Therefore, plant-derived essential oils as natural antimicrobial agent has 

been studied extensively, to substitute the use of active ingredients and antibiotics. 

This study aims to investigate the antibacterial activity of five selected essential oils, 

namely cinnamon essential oil, lavender essential oil, tea tree essential oil, clove 

essential oil and peppermint essential oil, against the oral pathogen, Staphylococcus 

aureus. The antibacterial activity of the essential oils was evaluated via MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay, where their minimum 

inhibitory concentration (MIC) was determined. The MIC value of cinnamon essential 

oil, lavender essential oil, tea tree essential oil, clove essential oil and peppermint 

essential oil were 0.0975%, 1.56%, 0.78%, 0.78% and 6.25% respectively. S. aureus 

was shown to be the most sensitive towards cinnamon essential oil as the oil has the 

lowest MIC value. From the MIC values obtained, only three essential oils, tea tree 

essential oil, clove essential oil and peppermint essential oil, were further studied for 

their antibiofilm activity. All three essential oils revealed antibiofilm activity in dose 

dependent manner. Generally, tea tree essential oil has a better antibiofilm activity than 

clove essential oil even though both oils have an equal MIC value. Tea tree essential 

oil was able to inhibit more than 60% of S. aureus biofilm. The antibiofilm activity of 

clove and peppermint essential oil were more than 58% and 52% respectively. This 

study demonstrated essential oils are potential candidates as natural agents useful in 

oral disease treatment due to their promising antibacterial and antibiofilm activity. 

Keywords: Essential oils, Staphylococcus aureus, antibacterial activity, antibiofilm 

activity 
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Abstract 

Thermophilic cyanobacteria proteins are less studied, but it is promised to be 

remarkable gram-negative prokaryotes species which possessed vital benefits for 

various biotechnology. In Malaysia, there are more than sixty hot springs have been 

discovered. This study was conducted to isolate thermophilic cyanobacteria strains 

from Lubuk Timah Hot spring, Perak. The isolated thermophilic cyanobacteria were 

identified as a filamentous with sheath and a filamentous without sheath based on 

morphological observation under light microscopy. Both isolated filamentous 

cyanobacteria resemble the Oscillatoriales. Furthermore, crude protein extraction from 

Leptolyngbya, Gloeocapsa, Fischerella, Cyanococcus, and Thermosynechococcus 

were conducted by using three different methods. The crude protein extracts were 

analysed using sodium dodecyl sulfate (SDS-PAGE). Protein bands were not seen on 

the gel probably due to low concentration of protein obtained from the extraction 

method, despite of high concentration of amount of protein acquired based on the 

Bradford assay. This study is a preliminary investigation for identifying novel 

thermophilic cyanobacterial strains and optimizing protein extraction from 

thermophilic cyanobacteria. 

Keywords: Thermophilic cyanobacteria, Isolation, Filamentous, Oscillatoriales, 

Extraction, SDS-PAGE, Bradford assay 
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Abstract 

Alpha-amylase inhibitor is important in the regulation of carbohydrate metabolism by 

slowing down the starch digestion. The inhibitor could be derived from the protein 

hydrolysate of herbal plant. Numerous studies suggested that O. aristatus is a 

medicinal herb that have many therapeutic properties including antidiabetic, 

antibacterial, antioxidant and anti-inflammatory properties. Different proteases could 

be used in hydrolysis of this plant to produce hydrolysates containing bioactive 

peptides of various inhibition capacity owing to their cleavage preference site. These 

hydrolysates which possess promising α-amylase inhibitory activity could be used as 

an ingredient for development of functional foods having anti-hyperglycaemic effect. 

However, the most suitable protease for the hydrolysis of O. aristatus and α-amylase 

inhibition activities of its hydrolysates remain unknown. This study focuses on the 

identification of the best enzyme among pepsin, trypsin and chymotrypsin to hydrolyze 

O. aristatus leaf protein and the evaluation of α-amylase inhibition capacity of each 

hydrolysate. Overall, pepsin was determined as the best hydrolytic enzyme for 

enzymatic hydrolysis of O. aristatus. Trypsin hydrolysate demonstrated the strongest 

inhibition activity against α-amylase at 53.57 ± 0.00 %. This study shows that the 

protein hydrolysate of O. aristatus were effective in inhibiting α-amylase, thereby 

proving to be potential hyperglycemic agents. 

Keywords: Alpha-amylase inhibitor, Orthosiphon aristatus, Trypsin, Pepsin, 

Chymotrypsin 
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Abstract 

Despite of having more cellulose-degrading LPMO that had been identified from 

fungi, there are not many research artiles about bacterial cellulose-degrading LPMO. 

Thus, bacterial cellulose-degrading such as Cellulomonas fimi was choosen due to its 

ability to degrade cellulosic material efficiently. Cellulomonas fimi is mesophilic soil 

bacterium because it can grow best in moderate temperature which is between 20°C 

and 45°C and it is found in the soil. For this study, Cellulomonas fimi DSM 20113 

strain was purchased in freeze dried form from culture provider, DSMZ-German 

Collection of Microorganisms and Cell Cultures GmbH. To achieve this goal, this 

study used microbiology and molecular biology approaches with the objective of 

amplifiying GC-rich sequence from Cellulomonas fimi that potentially to be new 

LPMO protein from bacteria. This revealed that unknown function of PKDP1 LPMO 

hypothetical protein from Cellulomonas fimi that contain PKD-domain, PA14 domain, 

and multidomain of GSDH and PQQ-dependent domain which is having potential 

function enzymatic cocktails for hydrolysis of lignocellulose. The growth rate and 

colony morphology characterization comparison of Cellulomonas fimi were obtained 

in two different media, Nutrient and Corynebacterium media. The validation of 

Cellulomonas fimi strain using Gram staining and 16S rRNA sequence analysis. The 

forward and reverse primers were designed for the next amplification step. The 

bacterial genomic DNA extraction was performed using commercial kit. Standard and 

optimized Polymerase Chain Reaction (PCR) protocols were also performed using 

commercial kit. The optimized PCR protocol was conducted with the effect of 

different GC enhancer, magnesium ion and Dimethyl sulfoxide (DMSO) concentration 

before unpurified PCR product was performed gel PCR product purification. The 

nucleotide sequence of PKDP1 gene needed to determine by using Sanger sequencing 

after gel PCR product purification. Due to the reason that the concentration of purified 

PCR product was low, sequencing was not conducted.  

Keyword: Cellulomonas fimi, PCR, 16S rRNA, DMSO, Cellulose-degrading 
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Abstract 

Medicinal plants have been used traditionally by the natives of various region to treat 

diseases. Researchers proposed that natural drugs obtained from plants are safer for 

consumption with minimal side effects. The purpose of this study is to investigate the 

potentials of the indigenous plant of Sarawak, Pterospermum kingtungense, known 

locally as Kupak, in treating various ailments. In Malaysia, the reliance on medicinal 

herb has been going on from generations to generations. This specifically occurs to the 

native people of Sarawak living in rural areas where road access is deemed impossible. 

Through these findings, these natives can have a better insight on the potential of the 

Kupak plant to treat different diseases. The Kupak plant extract was first obtained 

through a non-conventional method; Ultrasound-assisted extraction method, as it is 

more environmentally friendly, lesser time required for extraction, saves energy, and 

lesser amount of solvent needed. The phytochemical compound of the extract was then 

analyzed through Liquid Chromatography-electrospray Tandem Mass Spectrometry 

(LC-ESI-MS/MS). Then, the extract was tested for its anti-microbial properties against 

several bacteria through an anti-microbial assay which includes Minimal Inhibitory 

Concentrations test, Disc Diffusion Test, and Agar Well Diffusion Test. Although the 

plant extract showed no inhibition against the bacteria at low concentration, it is known 

that many medicinal plants possesses anti-microbial properties. Hence, the Kupak 

plant might possesses the anti-microbial properties when a higher concentration was 

used.  

Keyword: Medicinal plants, Pterospermum kingtungense, Identification, Anti-

microbial 
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Abstract 

Cyclotide is a cyclic antimicrobial peptide from plants that are tightly bonded by three 

disulfide bonds and has 3 subfamily which is Bracelet, Mӧbius, and trypsin inhibitor. 

They are made up of 27-34 amino acids and has the potential to be an alternative to 

antibiotics in further works. This study aims to build a cyclotide model from C. 

ternatea and to study the interaction between cyclotide and lipid membrane. Primary 

sequence and physicochemical analysis of cyclotides were performed by 

computational method. cT4 was analysed to have a molecular weight of 3123.74 Da, 

theoretical pI of 8.33, and grand average of hydrophobicity (GRAVY) of the cT4 

cyclotides is 0.653. Multiple sequence analysis using Clustal Omega confirm that 

cyclotides from other species and family has conserved regions. The 3D structure 

obtained from homology modelling of cT4 using Swiss model was been validated 

through PROCHECK and ERRAT to check for the quality of modelled peptides. cT4 

model is validated for its structure and hydrophobicity surface with existing cyclotide 

model from C. ternatea with PDB ID: 2LAM. The homology structure modelled gives 

the insight to test for the interaction of cyclotides and lipid membrane interaction in 

molecular docking. The hydrophobicity patches of cT4 that is a bracelet subfamily are 

located at loop 2 and loop 3, while 2LAM hydrophobic region is located at loop 5 and 

loop 6. Molecular docking by HPEPDOCK between cT4 and POPC membrane 

provides an insight of interaction between cyclotides and lipid membrane. So, cT4 

modelled structure can give information about bracelet cyclotide structure and its 

characteristics that can aid in further research of membrane penetration and disruption.  

Keywords: Clitoria Ternatea, Cyclotide, Clustal Omega, ERRAT, GRAVY 
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Abstract 

The purpose of this study is to assess the usability of the optical framework to 

determine Hematocrit (Hct) using actual blood samples for Point of Care Testing 

(POCT). This project is the continuation of Jalal et al (2017) on Hct determination via 

histogram analysis. The smartphone is the proposed device used for obtaining the 

optical image of Hct. An image viewer platform known as Image J is utilized for 

analyzing the optical images to generate the histogram. The utilization of the 

microcapillary film with 10 microchannels implies a combination of simple yet high-

performance microfluidic devices for Hct determination. The optical and graphical 

data generated for analysis from different patients’ blood samples are accelerated. The 

improved determination of Hct carries multiple important data relating to various 

diseases, and this technique may effectively assist with numerous amounts of human 

disease diagnosis and prevention. 

Keywords: Hematocrit, POCT, Whole Blood Optical Spectroscopy, Histogram 

analysis 
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Abstract 

Overuse of antibiotics certainly drives resistance development. Studies have shown a 

direct connection between the use of antibiotics and the development of resistant 

strains of bacteria. The purposes of the study are to isolate and characterize bacterial 

isolates and examine their pathogenicity. The severity of river pollution is our main 

concern in performing this project. In respect of that, two main rivers were chosen as 

they cover most of the parts in Perak. The Multiple Antibiotic Resistance index shows 

an increase in the rates of resistance among these organisms thus making antibiotic 

susceptibility testing more crucial for definitive treatment. A water sample from Perak 

and Kinta rivers were subjected to phenotypic identification, antibiotic susceptibility 

test and genotypic identification. Colony morphology, gram stain and biochemical 

tests were commenced at the primary stage. Out of 43 isolates, 17-gram positive 

bacteria and 26-gram negative bacteria were identified. As there are some similar 

isolates were found, the number of isolates to be tested was reduced to 30. Then, 

antibiotic susceptibility test was performed towards six types of antibiotics which are 

ampicillin, chloramphenicol, rifampicin, ciprofloxacin, gentamicin and tetracycline. 

Among the tested bacteria, resistance towards ampicillin, chloramphenicol, rifampicin 

and tetracycline was observed in the maximum number of isolates which is 100% 

whereas susceptibility to ciprofloxacin is 86.67%, followed by susceptibility to 

gentamicin which is also 100%. Only 29 isolates were forged ahead to 16S rRNA 

sequencing as one of the isolates was identified to be a yeast with exact similar 

morphology. The phylogenetic analysis manifests bacterial strains obtained in this 

study were closely related to the strains aligned in National Centre for Biotechnology 

Information (NCBI). This study has revealed the imprudent use of antibiotics in river 

water may pose high risk of antibiotic resistance and is crucial to raise public 

awareness on it. Therefore, there is a need to educate people about antibiotic resistance, 

disinfection, and antibiotic abuse. 

Keywords: Antibiotic resistance, Ampicillin, Chloramphenicol, Rifampicin, 

Ciprofloxacin, Gentamin, Tetracycline 
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Abstract 

A large connection between microorganisms and stingless bee honey was found, in 

which the microorganisms; bacteria and yeast play an important role in honey 

production and fermentation. Nonetheless, only a few of researches have been 

conducted regarding strains of bacteria residing in stingless bee honey. Thus, this 

research explores the content of enzymes cocktail and antimicrobial properties 

exhibited by microbes isolated from stingless bee honey from five different species 

located at Jerantut, Pahang. Stingless bee honey samples of Lepidotrigona terminata, 

Tetrigona apicalis, Heterotrigona erythrogastra, Heterotrigona itama, and Tetrigona 

binghami were stored in a glass jar at 4 °C. Isolation of bacteria and yeast were 

performed onto all five samples through serial dilution, spread plate, and streak plate 

method. The isolates were identified through sequence analysis of 16S rRNA gene and 

Gram staining. The isolates were further subjected for determination of extracellular 

enzymes including protease, amylase, cellulase, and lipase with screening on substrate 

agar plates followed by enzyme assay. Determination of antibacterial properties was 

carried out with isolates against common bacteria causing infections like 

Staphylococcus aureus, Mycobacterium tuberculosis, Pseudomonas aeruginosa, 

Enterococcus aerogenes, and Escherichia coli. A total of eight bacterial isolates were 

identified from the phylum Firmicutes with Bacillus being the major species found, 

which are Bacillus paramycoides, Bacillus amyloliquefaciens, Bacillus velezensis, and 

Bacillus stratosphericus alongside with one Staphylococcus kloosii. Gram staining 

revealed that all bacterial isolates are Gram-positive. Enzymatic screening and analysis 

revealed that most of the bacterial isolates can produce digestive enzymes, however, 

only Bacillus amyloliquefaciens were detected to demonstrate proteolytic, amylolytic, 

and cellulolytic activities, as determined by enzyme screening and assays. Meanwhile, 

none of the isolates were detected to exhibit antibacterial activities, which is consistent 

with previous studies. These findings suggest that the multienzymes activity expressed 

by these bacterial isolates might possess great potential as a source of enzymes for 

biotechnology applications comprising pharmaceuticals, food and beverage 

processing, pulp industry, and many more. 

Keywords: Stingless bee honey, Lepidotrigona terminata, Tetrigona apicalis, 

Heterotrigona erythrogastra, Heterotrigona itama, and Tetrigona binghami, Bacillus 

sp., Staphylococcus sp. 
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Abstract 

The purpose of this study was to synthesize a composite that can adsorb cations, anions 

and simultaneously remove bacteria in the environment. The commercialized zeolite 

Y composite with layered double hydroxide (LDH) was used to test its capabilities as 

an adsorbent and its antibacterial effect. The composite was firstly loaded with silver 

ions via ion exchange mechanism. The combination of the prepared silver loaded 

zeolite (AgZ) and LDH was done by treating the prepared AgZ with aluminium nitrate 

and magnesium nitrate via simultaneous co-precipitation method. The synthesised 

composite was characterised by using X-ray diffraction (XRD), Fourier transform 

infrared spectroscopy (FTIR), field-emission electron scanning microscopy with 

energy-dispersive X-ray spectroscopy ((FESEM-EDX). The results were compared 

between the native zeolite Y, silver loaded zeolite Y (AgZ) and the native LDH. The 

characterisation results showed the prepared composite was successfully loaded with 

silver ions and coated with LDH. The fully synthesized silver loaded zeolite with 

layered double hydroxide (AgZLDH) composite was then tested for its adsorptive 

capacity against cationic dye, methylene blue (MB) and anionic dye, acid orange 7 

(AO7) which represents the anionic and cationic compounds. The adsorptive capacity 

of the prepared composite was compared with the native zeolite Y, AgZ and LDH to 

better understand the adsorptive capacity of each individual components of the 

composite against multiple dye concentrations. The adsorption tests showed promising 

adsorbent results whereby the composite can adsorb both types of dyes which was 

prepared in different concentrations. On the other hand, the antibacterial study was 

conducted by using disc diffusion technique (DDT) against two types of bacteria, 

Gram-Negative (Escherichia coli) and Gram-Positive (Staphylococcus aureus). The 

synthesized composite was first transformed into eallets and tested with this technique. 

The halo-zone formed surrounding AgZ and AgZLDH pellet shows the inhibition of 

bacterial growth which proves the silver ions that was loaded inside the composite 

demonstrated its antibacterial activity. Subsequently, the composite was further tested 

for its simultaneous action and it can be concluded that AgZLDH composite can adsorb 

both cationic and anionic compounds while simultaneously act as an antibacterial 

agent. 

Keywords: Adsorption, Zeolite, Silver Nanoparticle, Layered Double Hydroxide, 
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Abstract  

Being one of the most nutritious plants in this world, Moringa oleifera is widely studied due 

to its medicinal and therapeutic properties especially for its antioxidant properties which are 

found abundantly in the leaves, seeds and pods. To date, only fewer researches were carried 

out on plant-based peptide as possible therapeutic candidate as well as antioxidant proteins 

and peptides from Moringa oleifera leaves although the efficacy of peptides in medicine world 

and rich antioxidant properties were reported in several studies. Apart from antioxidant 

proteins, other functional proteins could also be identified in the leaves which might offer 

various functional benefits to food and therapeutic industries. Hence, this study is performed 

to identify the proteins in the leaves of Moringa oleifera using trypsin in solution digestion.  

The protein content of the leaves was quantified using Bradford assay while the molecular 

weight and protein purity were determined using Sodium dodecyl-sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE). Following that, the proteins were digested using enzymes such 

as trypsin, pepsin and chymotrypsin but only trypsin hydrolysates were subjected to mass 

spectrometry (MS) analysis due to time constraint. A total of 595 proteins were identified 

based on functional groups using GoMapMan database and the most proteins identified are 

from the group of protein biosynthesis due to significant roles of the proteins in protein 

synthesis, protein refolding, transcription regulation and degradation. Then, antioxidant assays 

such as Ferric Reducing Antioxidant Power (FRAP) assay and 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH) assay were carried out using trypsin, pepsin and chymotrypsin hydrolysates to 

determine the antioxidant capacity of the hydrolysates. Trypsin hydrolysates exhibited highest 

reducing capability while chymotrypsin hydrolysates depicted highest radical scavenging 

activity. Antioxidant proteins which are NAD(P)H dehydrogenase 18 (NP_568629.1), Gamma 

interferon responsive lysosomal thiol (GILT) reductase family protein (NP_193026.1), 

Methionine sulfoxide reductase (MSS4-like) family protein (NP_187205.4), Glutathione S-

transferase phi 12 (NP_197224.1), Phytoene desaturase 3 (NP_001319934.1) and NAD(P)H 

dehydrogenase B2 (NP_001190678.1) were identified from the MS analysis for trypsin and 

were compared with peptides generated from in silico trypsin, pepsin and chymotrypsin 

digestion followed by peptide bioactivity prediction. From in silico trypsin and chymotrypsin 

digestion, NAD(P)H dehydrogenase B2 peptide sequence had the highest score in peptide 

ranker which proves to be the most bioactive peptide compared to other predicted peptides. 

Therefore, this study will be useful for further identification and characterization of proteins 

using various enzymes to provide better insights on protein molecular and physiological 

functions. 

Keywords: Antioxidant, Moringa oleifera, leaf, protein, trypsin 
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Abstract 

It is generally known that biofilm formation has become a major problem in 

nosocomial environments. It can inflict harm by causing infections in 

immunocompromised patients, infect multiple indwelling medical devices and 

interrupt the process of chronic wound healing. The presence of biofilm improves the 

survival of bacteria as it provides antimicrobial agent resistance and confer protection 

against host immune system. In this study, two model bacteria were chosen for biofilm 

production which were Acinetobacter baumannii and Staphylococcus aureus, a Gram 

negative and Gram-positive bacterium respectively. A. baumannii and S. aureus were 

grown to late exponential phase which took eight and five hours respectively. 

Meanwhile, serine protease derived from Bacillus pumilus was expressed and purified 

to degrade the biofilm as protein is the major component of extracellular polymeric 

substance in biofilm, which allowed disruption of the structural integrity of biofilm. 

Recombinant E. coli BL21(DE3) carrying vector pET-21b-SerPro was grown until the 

OD600nm reached 0.4 and followed by optimized induction conditions for the 

expression of serine protease; 37oC for 3 hours with 0.5 mM IPTG. Serine protease 

was subsequently purified using HisTrap HP 1ml column in AKTATM Pure Machine 

and buffer exchanged into Tris buffer. Based on SDS-PAGE analysis, crude extract 

had a molecular weight of 46 kDa, while purified and concentrated serine protease had 

a molecular weight of 36 kDa. This happened due to the removal of short N-terminal 

extension from the full-length proenzyme which acts as an inhibitor of serine protease 

activity. This was later confirmed by protease assay which showed that crude extract 

had no significant activity, while serine protease that was purified and concentrated 

had an enzyme activity of 0.446 U/mL and 0.504 U/mL respectively, with an overall 

yield of 72.32%. Microtiter assay concluded that purified serine protease was able to 

degrade biofilms of A. baumannii and S. aureus, with a total reduction of 56.53% and 

77.86% on the first hour respectively. The purified serine protease also showed higher 

efficiency to degrade biofilms of A. baumannii in comparison to commercial serine 

protease. 

Keywords: Bacterial Biofilm, Recombinant protease, Bacillus pumilus, A. baumannii, 

S. aureus   
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Abstract  

This study is aimed to establish a polyherbal mouthwash containing Aleppo oak, clove and 

turmeric as a healthy and to evaluate the antibacterial activity of the formulated mouthwash. 

Three mouthwash formulations were prepared. Formulation 1 contained Aleppo oak, clove 

and turmeric in the ratio of 3:1:2, while formulation 2 and 3 ratios were 1:3:2 and 2:1:3 

respectively. The main ingredients of each formulation were mixed with fixed amount of 

minor ingredients, including sterile water, salt solution, sweetener solution, sodium benzoate 

solution and peppermint oil. The formulations were split in half and stored at 12 °C and 25 °C 

in order to determine the optimum storage temperature. For the stability testing, each 

formulation’s appearance and pH were measured over 12 weeks period. The antibacterial 

activity of the mouthwash formulation was tested against different concentrations of a healthy 

person’s saliva by measuring the inhibition zones diameters (IZDs) of each formulation at each 

stored temperature. It was found that all the mouthwash formulations have maintained a good 

physical state and homogeneity when they were stored at 25 °C. Their appearance maintained 

the same dark brown color from the first time when it was prepared. The formulations stored 

at 12 °C maintained a good physical state and homogeneity, but experienced a color change to 

light brown. The formulations stored at 25 °C maintained a lower pH level ranging between 

3.71 and 4.85, while the formulations stored at 12 °C recorded a pH range between 3.84 and 

4.85. The antibacterial test results show that the mouthwash formulations stored at 25 °C had 

a better inhibition activity compared to the formulations stored at 12 °C. The IZDs of the 

formulations stored at 25 °C were large against all saliva concentrations, while the 

formulations stored at 12 °C did not result in any significant IZDs. Among active formulation, 

Aleppo oak with major ingredient (30% v/v) had the best inhibition zone against saliva bacteria 

compared to other formulations that had (30% v/v) clove and (30% v/v) turmeric as their major 

ingredients. This formulation showed antibacterial inhibition with IZDs up to 18 mm when 

stored at 25 °C, and 6 mm when stored at 12 °C. The results indicated that the mouthwash 

formulation 1 which consisted of 30% v/v Aleppo oak extract, 10% v/v clove extract and 20% 

v/v turmeric extract had the best bacterial inhibition zone and the best stability when stored at 

25 °C. It is suggested to increase the percentage of Aleppo oak extract and decrease the 

percentage of turmeric extract in future formulation. A ratio of 4:1:1 for Aleppo oak, clove 

extract, and turmeric respectively is recommended for better antibacterial activity. In addition, 

increasing the percentage of the total herbal extract volume from 60% to 70% may improve 

the mouthwash performance. The mouthwash formulated in this study has the potential to be 

improved and commercialized. The formulated mouthwash can be tested against certain 

pathogenic oral bacteria for better understanding of the herbal ingredients and their 

antibacterial mechanisms.  

Keywords:  Polyherbal, Mouthwash, Aleppo oak, Clove, Turmeric, Antibacterial 
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Abstract 

Chili crop is one of the important sectors which contribute to the economy in Malaysia. 

Fertilizer play its crucial role in providing nutrient to the plants. Farmers tend to give 

high amount of fertilizer especially nitrate content to give a better result in growth of 

plant and the crop production of the chili fruits. However, the excess amount of nitrate 

or nitrogen uptake can cause the chili plant susceptible towards disease. An experiment 

was conducted to identify the different concentration of nitrate supply to the disease 

outbreak on Capsicum frutescens which also known as “cili padi”. The three 

concentration of nitrate were used in this experiment. The first concentration has the 

constant value of the EC number (C1). The second concentration follow the standard 

EC value used (C2) and the third concentration was the EC value is higher than the 

standard (C3). The data collected are plant height, number of leaves, size of leaves, pH 

medium, chlorophyll content, number of fruits per plant, size of fruits per plant and 

weight of fruits per plant. The different concentration of nitrate has significant effect 

on all of these parameters (p<0.05). The disease occurrence was observed in all the 

concentration. The earliest plant that get infected is plant from C3 which is on week 4 

while C1 has the slowest rate of infection.  The symptoms of disease were observed, 

and the isolation was done which the results shows the plant are infected by 

Colleotrichum sp. and also the Rhizoctonia sp. Voltametric technique was done to 

determine the influence of nitrate uptake by different concentration of nitrate supplied. 

It is clearly show that the nitrate supplied are directly proportional with the uptake of 

nitrate by the plant. The high nitrate uptake by the plant, cause the plant to have high 

susceptibility towards disease because it disrupts the plant metabolism in producing 

low amount of lignin and phenolic which involve in defense system. 

Keywords: Capsicum frutescens, Colleotrichum sp., Rhizoctonia sp., Voltametric 

technique 
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Abstract 

The family of Orchidaceae had been very popular among Malaysian due to its unique 

features especially the flowers that blooming beautifully in many different tones of 

colours. The suitable climate in Malaysia contributed to the diversity of orchid species. 

However, more than 70% of family Orchidaceae had been listed in the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES). One of 

the factors is due to rampant smuggling exportation. Since the morphology of orchid 

plant during juvenile stages is similar, it is not easy to differentiate. Molecular 

approaches provide an early intervention for such activities by identifying the true 

species. Therefore, present study proposed the initial step of molecular work which are 

DNA extraction and ITS marker amplification on selective Dendrobium sp. Two 

different lysis buffers were used for determination of the best genomic DNA (gDNA) 

obtained. Prior to gel electrophoresis, gDNA obtained was spectrophotometrically 

read using nanodrop spectrophotometer and fluorometer machine. Then, the gDNA 

was subjected to PCR amplification using ITS primer. In this study, gDNA was 

successfully extracted from selective Dendrobium sp. leaves with different lysis buffer 

(PL1 and PL2) to obtain high purity of DNA. The finding suggested that CTAB based 

lysis buffer (PL1) from Nucleospin Plant II kit was effective in gDNA extraction for 

both selective Dendrobium sp. than SDS based lysis buffer (PL2) in term of purity and 

concentration. From PCR amplification, the ITS fragment was successfully amplified 

at ~800 bp in size at annealing temperature of 65oC with high intensity of band. The 

results revealed that gDNA obtained from lysis buffer PL1 shown the best intensity 

and sharp band compared to lysis buffer PL2 after PCR. The study suggested the use 

of lysis buffer PL1 for gDNA extraction of other orchid species in the future. 

Keywords: DNA extraction, Amplification, ITS, Lysis buffer, Dendrobium sp. 
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Abstract 

The pathogenesis of dengue viral infection is poorly understood and most of its studies 

rely on endothelial cell model, but the disadvantages of endothelial cell line hampered 

the progress of research. In vitro Vero cell could be potential alternative cell line in 

dengue infection research. The effect of TNF-α and dengue infection on permeability 

and mRNA level of tight junction gene in Vero cell line were studied and compared to 

reported endothelial cell. The changes in permeability of Vero cell was examined using 

trypan blue-labelled bovine serum albumin permeability in a transwell system. Semi-

quantitative RT-PCR was performed to determine changes on tight junction gene 

expressions after dengue infection and TNF-α exposure. Result of permeability assay 

did not show statistically significant differences in between experimental group and 

control, suggesting additional method required to confirm the establishment of tight 

junction in monolayer. In semi-quantitative RT-PCR analysis, presence of TNF-α and 

dengue infection synergistically reduced mRNA expression in ZO-1 and occludin, this 

result suggests its implication of underlying mechanism of permeability modulation in 

Vero cell. In conclusion, more research studies are required to support its potential as 

alternative to endothelial cell model in dengue infection study. 

Keywords: Vero cell, Dengue virus, TNF-α, Permeability, Semi-quantitative RT-

PCR, tight junction 
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Abstract 

Biosynthesized silver nanoparticles have now become an alternative method to 

physical and chemical methods. The term of “Green synthesis” is refer to the use of 

biological materials in the synthesis of silver nanoparticles which known to be an eco-

friendly method. In this study, silver nanoparticles were synthesized by using banana 

peel extract (BPE) and citrus peel extract (CPE). The phytochemicals contained in the 

fruit peels were used as a stabilizing agent and reducing agent for the reduction process 

of silver (Ag+) ions into silver nanoparticles (Ag0). The formation of silver 

nanoparticles was characterized by using visible spectroscopy, Fourier transform 

infrared spectroscopy (FTIR), Field Emission Scanning Electron Microscope 

(FESEM) and Energy-dispersive spectroscopy (EDX). The antioxidant activity of 

biosynthesized silver nanoparticles then was studied by using DPPH free radical 

scavenging assay with ascorbic acid as a control. The antioxidant activity seems to 

increase with the increase of AgNPs concentration which suggests its potential as a 

natural antioxidant agent. 

Keywords: Silver nanoparticles; Peel extract; Characterization; Antioxidant activity 

  



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           26 

 

 

Blocking of CD200 to CD200R Signaling in Murine Breast 

Tumour 

Loh Kar Min 1 and Khairunadwa Jemon 1,2* 

 

1 Department of Bioscience, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor 

Bahru, Johor, Malaysia 

2 Cancer and Infectious Diseases (CAID) Research Group, Health and Wellness Research 

Alliance, Universiti Teknologi Malaysia, 81310 Johor Bahru, Johor, Malaysia 

*Correspondence to: khairun_nadwa@fbb.utm.my 

Abstract  

CD200 is a widely distributed membrane glycoprotein that has an inhibitory role in 

regulating immune responses and homeostasis. The overexpression of CD200 is 

associated with immune escape and survival of various human cancers including breast 

carcinoma cells. Excessive CD200 signaling is reported to disrupt myeloid cell 

activities and induce the expansion of myeloid-derived suppressor cells (MDSCs) that 

contribute to immune suppression within tumour microenvironment. This study 

validates the upregulation of CD200 expression and MDSCs population in EMT6 

tumour in vivo. On the other hand, increased level of CD200 expression also implies 

that anti-tumour responses can be restored by blockage of the ligand-receptor 

interaction between CD200 and CD200R. Therefore, this study also explores the 

blocking effect of anti-CD200 monoclonal antibody treatment on EMT6 tumour 

progression and mice median survival. Each experiment involved subcutaneous 

inoculation of 5 × 105 EMT6 breast cancer cells into the right flank of female BALB/c 

mice. For the first two experiments, tumours were harvested and prepared for flow 

cytometric analysis at day 14 post tumour inoculation. From the statistical analysis, 

result supported that cells of EMT6 tumour growing in vivo expressed high level of 

CD200 as compared to other healthy tissues (P<0.001). Besides that, the representative 

density dot plot from the flow cytometric analysis also proved the proliferation of 

MDSCs population within tumour microenvironment. In another experiment, an anti-

CD200 monoclonal treatment was administered to each mouse at 100 µg at day 7 post 

tumour inoculation. Subsequent anti-CD200 administrations were performed at day 9 

and 11 post tumour inoculation respectively. The tumour progression was monitored 

every two days. Results demonstrated that anti-CD200 administrations were able to 

decelerate tumour progression and prolong the median survival of tumour bearing 

mice (P<0.01). Hence, it provides a promising future of anti-CD200 monoclonal 

antibody treatment as a new immunotherapeutic option for breast cancer. 

Keywords: Breast cancer, CD200, MDSCs, Immunosuppression, Immunotherapy 
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Abstract  

Leachate formed from the degradation of domestic waste gives serious environmental 

problems which lead to pollution. Composting of food and kitchen waste is an ideal 

solution for this problem. Food and kitchen waste are collected around the UTM area. 

Both these two types of wastes are pre-treated physically by manual sorting-out of 

removing any papers, metals, and bones. The two types of waste are then mixed, then 

blended using a hand-blender and chilled in 4°C with addition of bio-enhancer T (Bio-

T) to eliminate odour. This research will be focused on two parts, which focuses on 

the two objectives of this study, to obtain physico-chemical parameters of bio-

composting process which tests on pH and moisture contents, also macronutrients 

nitrogen, potassium and phosphorus. Compost soils are mixed with bacterial inoculum 

strain 7 and a bio-enhancer of algae-based product (Bio-A). During composting period, 

microbial diversity analysis of bacteria performed using cultivation method, with serial 

dilution and spread-plating technique applied onto Nutrient Agar (NA) for observation 

of bacterial diversity. In short, addition of algae-based product makes compost retain 

more nutrients because of better water retention which makes for better mineralization 

rate of the nutrients which prevents the nutrients from leaching out of the compost due 

to high temperature. Algae-based product also provide additional nutrient supplies for 

the microbes for their activities. Further studies to analyze the fungi composition 

would prove to be useful in terms of studying fungi involvements in composting. 

Isolation, characterization and identification of composting microbes are important as 

a way to shorten the composting period and maybe one day these microbes can be 

commercialized for all people to use. 

Keywords: Leachate, compost, food waste, kitchen waste, bio-enhancer, algae-based 

product, physico-chemical, cultivation method, microbial diversity  
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Abstract  

An increasing number of antibiotic microbial strain cases have caused the researcher 

to find a new antimicrobial compound to treat a microbial infection. Those cases may 

due to the overuse of antibiotic which leads to microbial mutation and causes microbial 

resistance to the conventional antibiotic. Therefore, this study was carried out to 

investigate the antimicrobial action mechanism of Plantaricin Cs peptide using in 

silico approach. This peptide derived from Coriandrum sativum or known as 

coriander, one of the popular herbs used widely in cooking and traditional medicine, 

has shown a high ability to fight against infection caused by bacteria and fungi. Since 

the production of a new antibiotic is a time consuming and required a lot of laboratory 

work, this study can give new insight to the researcher to understand the bactericidal 

mechanism of peptides, especially plantaricin. The studied peptide, Plantaricin Cs, 

extracted from coriander has been shown to have potential antibacterial activity 

elucidated by in silico computational analysis. Based on docking models produced, the 

binding of the peptide into the lipid bilayer was proven and further analysed. The result 

supports the previous hypothesis of the inhibition mechanism of AMPs where the 

AMP was reported to bind to the lipid bilayer, one of the essential components for 

bacterial membrane due to its amphipahaticity and hydrophobicity. 
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Abstract 

Carbon nanotube (CNT) is one of the novel nanoparticles that has been extensively 

studied in various fields due to their unique chemical and physical properties. In the 

biomedical field, CNTs have been widely researched as a potential candidate for 

carriers of drug delivery, vaccine, implants, gene therapy and biomedical imaging. 

However, pristine CNTs has limited application in the biomedical field due to it is 

hydrophobic and hence high toxicity. Hence, the functionalization of pMWCNTs into 

ox-MWCNTs aims to reduce its toxicity by increasing its hydrophilic properties. 

Before the application of ox-MWCNTs in real practice, the toxicity of ox MWCNTs 

should be evaluated. To date, there is insufficient and contradictory data regarding the 

toxicity profile of ox-MWCNTs due to differences in the experimental protocol. 

Therefore, in this study, in vivo toxicity studies of ox-MWCNTs was conducted. In 

line with that rationale, rats were exposed to a single intravenous injection of p-

MWCNTs (10mg/kg) and ox-MWCNTs at dosages of 1, 4, and 10 mg/kg. Behavioural 

and body weight changes of rats were observed every 3 days for 28 days post CNTs 

administration. After 28 days, few parameters were analysed to determine the toxicity 

of ox-MWCNTs, including serum biochemical parameters, organ indices and 

histological examination of vital organs. The data obtained shows that ox-MWCNTs 

did not bring significant changes to the behaviour, body weight, and serum 

biochemical parameters of rats. A consistent trend can be observed from the data, 

which provides information on the relative toxicity of the MWCNTs, which is in a 

dose-dependent manner. Furthermore, insignificant changes in the organ indices and 

histological examination of liver, lung and kidneys further prove that no significant 

toxicity caused by ox-MWCNTs towards the vital organs. In conclusion, ox MWCNTs 

do not induce significant toxicity at dosages of 1, 4, and 10 mg/kg. Detail evaluations 

such as subacute toxicity test and biodistribution and clearance determination using 

radiotracer are however needed to further support this observation. 

Keywords: Intravenous administration, Ox-MWCNTs, Toxicity 
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Abstract 

Soil contamination from zinc has been a significant cause of concern and appears to 

pose a severe health issue for both humans and natural processes around the world. 

Phytoremediation is a biological treatment used by plants for the elimination of 

environmental pollutants. To determine the phytoremediation potential of Melastoma 

malabathricum L. (known as ‘senduduk’), a research was conducted to observe its 

leaves' behavior in the absorption of zinc from soil contaminated with zinc sulphate. 

For a total of 49 days, the plants were exposed to zinc-contaminated soil. Various 

criteria including the number of leaves, height increment, and soil pH were recorded. 

There was no substantial change in the height increment, but leaves and the soil pH 

indicated a significant effect from the zinc addition (p<0.05). Both of the parameters 

showed a negative result as more zinc was applied. Plant height stress tolerance index 

(PHSTI) concludes that plants grown in 200 ppm had the highest tolerance to zinc 

while plants in 400 ppm had the least tolerance potential. Phenolic and flavonoid 

content also was determined using Folin-Ciocalteu (FC) reagent and aluminum 

chloride (AlCl3) method. The result from total phenolic and flavonoid content showed 

that plant that received 400ppm zinc treatment has the highest total phenolic and 

flavonoid value which are 18.93 mg GAE/g and 4.341 mg QE/g respectively and 

control plant produce the lowest phenolic and flavonoid content which are 8.93 mg 

GAE/g and 1.18 mg QE/g respectively. 

Keywords: Phytoremediation, Heavy metal contamination, Zinc toxicity, Melastoma 

malabatricum.
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Abstract 

Bacteria resistance towards antibiotics can cause major problems. Antibiotic resistance 

happens when bacteria develop the ability to defeat the drugs designed to inhibit them. 

Infections that caused by antibiotic-resistance bacteria are difficult to treat. The new 

approaches to overcome these limitations are to develop an alternative for antibiotics. 

Recently, nanoparticles have been used successfully for the delivery of therapeutic 

agents. The development of nanoparticles is widely studied on green synthesis of silver 

nanoparticles (AgNPs) which are less toxicity, low cost and wide range of sources 

available compared to physical and chemical synthesis. In this study, plant extracts 

from Persicaria odorata, Centella asiatica and Curcuma longa was used for the 

synthesis of AgNPs from silver nitrate solution. AgNPs were characterized by 

Ultraviolet-visible (UV-Vis) spectrometer to identify the λmax value. The formation and 

stability of the reduced AgNPs in the colloidal solutions were monitored by UV-Vis 

spectrometry analysis. The highest λmax value produced by AgNPs synthesized from P. 

odorata was 2.182 around 435 nm at pH 8, followed by C. longa was 1.228 around 

432 nm at pH 4 and C. asiatica was 1.088 around 450 nm at pH 8. Antibacterial activity 

of the AgNPs was performed by disc diffusion test (DDT) method against Escherichia 

coli. The antibacterial assay conducted showed that there were zones of inhibition for 

the AgNPs synthesized from these three types of plant extracts. Thus, AgNPs was 

successfully synthesized using P. odorata, C. asiatica and C. longa managed to prove 

antibacterial efficacy. 

Keywords: Bacteria, Silver Nanoparticles (AgNPs), P. odorata, C. asiatica, C. longa, 

Ultraviolet-visible spectrometer, Disc diffusion test (DDT)
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Abstract 

Medicinal plants have been widely used worldwide since the ancient time as an 

alternative therapy on not just ailments like fever, rashes or cough, but also various 

serious diseases like cancer, mutation or lipid peroxidation. The cause of these 

biological disorders has been highly connected to the action of oxidative stress by the 

reactive oxygen species (ROS) that targeting the vital biomolecules, weakening their 

functioning, and thus exacerbating the diseases. In order to overcome the oxidative 

stress-associated diseases, antioxidants play pivotal potential to retain the very reactive 

free radicals which in turn inhibit the propagation and formation of ROS in cellular 

level. In a recent preliminary study, Pterospermum kingtungense is a medicinal plant 

with elusive potential medicinal properties used by the people in Sarawak to treat 

breast cancer due to high amount of phenolics and flavonoids content by the plant. 

Therefore, in this study, further characterization of the plant antioxidant properties was 

conducted by quantifying the total phenolic and flavonoid contents of the plant 

methanolic extract as well as the 1,1-diphenyl-2-picryl hydrazine (DPPH) and 

hydroxyl radical scavenging activities. The results showed a high phenolic and 

flavonoid content of 4273.58 mg of GAE/g DW and 2925 mg of CAE/g DW, 

respectively, in the methanolic extract of the plant bark. These values are considerably 

higher as compared to several plants across the world. In addition, the activity of DPPH 

radical scavenging of the methanolic extract is equally high as the ascorbic acid 

standard at 1000 μg/mL (Methanolic extract: 94.545%; ascorbic acid: 95.09%). In 

addition, the hydroxyl radical scavenging activity of the plant methanolic extract and 

the standards is much lower than DPPH radical scavenging activity at 500 μg/mL 

(Methanolic extract: 43.56%; ascorbic acid: 26.72%; gallic acid: 28.22%). Both DPPH 

and hydroxyl radical scavenging activity increase as the concentration of extract 

increase. Findings from this study proposed the potential of P. kingtungense, an 

indigenous plant of Borneo Island, as the alternative medicine to treat breast cancer 

due to the presence of high amount of antioxidants and phenolic compounds. 

Keywords: Antioxidant, Radical scavenging activity, Alternative medicine, Phenolic 

compounds, Flavonoids, Pterospermum kingtungense, DPPH, Hydroxyl 
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Abstract 

Microbially induced calcium carbonate precipitation (MICP) using ureolytic bacteria 

has been used recently in fabrication of materials to improve sustainability and 

environmental issues. In this study, locally isolated Bacillus albus from Dark Cave, 

Selangor has been found to be able to produce urease. Urease is one of the enzymes 

that involve in biocement production mechanism. Optimization of biocement 

production by B. albus was carried out involving age of inoculum and urea 

concentration factors. Seawater and urea were used as the calcium source and the 

nitrogen source, respectively. A small scale bioconsolidation test on sand columns was 

performed using optimized conditions and the locally isolated ureolytic bacteria. The 

formation of biocement crystals on the surface of sand particles was observed and 

analyzed using scanning electron microscope (SEM) and energy dispersive x-ray 

(EDX). The results showed that biocement production were optimum at 72 hours of 

inoculum age and 12% (w/v) urea concentration with an average yield of 0.6249 ± 

0.0093 g. Both negative control and replicates with B. albus had white calcium 

carbonate precipitation for the bioconsolidation test. Therefore, further studies on 

factors that affect efficiency of MICP using B. albus need to be done in improving the 

bioconsolidation test for real-life application. 

Keywords: Ureolytic bacteria, Urease, Optimization, Biocement, Bioconsolidation 

test 
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Abstract 

Deficiency of alpha-L-iduronidase (IDUA) in human causes an autosomal recessive-

inherited lysosomal storage disorder known as mucopolysaccharidosis type I (MPS I) 

that could lead to fatality. The first U.S. Food and Drug Administration (FDA)-

approved treatment for MPS I is the enzyme replacement treatment (ERT) using 

Aldurazyme® (laronidase) which is expensive as it is an orphan drug as well as the 

generally high production cost using the eukaryotic host (Chinese hamster ovarian 

cells). In this paper, in-silico modeling of L-iduronidase from Chelatococcus 

assacharovorans was performed for analysis and comparative study with the human 

IDUA to provide an insight for its compatibility to be possibly applied in use for the 

ERT. This is to offer an alternative of lowering the ERT treatment cost burden by using 

the prokaryotic enzyme from C. asaccharovorans instead of the Aldurazyme®. 

Primary sequence analysis revealed the C. asaccharovorans iduronidase is classified 

under the same enzyme family 39 glycoside hydrolase with human iduronidase and 

shares much similar physiochemical characteristics, except for its lower theoretical pI 

of 5.37. Comparative study of the modelled structure of L-iduronidase from C. 

asaccharovorans confirmed that it consists of the similar three domains – a TIM-barrel 

catalytic domain, a β-sandwich domain and a type III fibronectin domain as well as 

with the corresponding predicted active sites of Glu-146 and Glu-265. From the study 

of molecular dynamic simulation (MDS) based on RMSD and RMSF plots, it was 

suggested to have a stable dynamic structure as that of human iduronidase. Hence, the 

C. assacharovorans iduronidase is prospective to be used in ERT and further pre-

clinical analysis on its functionality, effectiveness and immunological responses are 

demanded. 
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treatment, Mucopolysaccharidosis type I 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           35 

 

 

Antiproliferative Activity of Crude Protein Extract from 

Chlorella sp on Cervical Cancer Cells 

Nor Asyikin Che Husain 1 and Haryati Jamaluddin 1* 

 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310, 

Skudai, Johor, Malaysia 

*Correspondence to: haryati@fbb.utm.my 

Abstract 

Microalgae are increasingly becoming a focus of research due to its potential 

application as a renewable energy resource and a promising alternative plant protein 

source. Microalgae also contains potent bioactive compounds with various 

pharmacological benefits such as anticancer, antibacterial, antioxidant and anti-

inflammatory effects. Preliminary studies have shown that water soluble extracts of a 

mixed culture of marine microalgae, composing of Chlorella pyrenoidosa and 

sorokiana, obtained from Tenaga Nasional Berhad Research (TNBR) possessed 

inhibitory properties towards cervical cancer (HeLa cells) (Hassan, 2019). However, 

the exact active compound from the extract that is responsible for inhibition is still 

unknown. Therefore, the aim of this study is to examine whether the soluble proteins 

components of the extract is the active compound conferring the inhibitory activity. 

The soluble proteins were extracted from water soluble extract of Chlorella sp using 

ammonium sulphate precipitation at 80% saturation and resolubilised in water. The 

proteins were quantified using Lowry method and visualised using SDS-PAGE. The 

antiproliferative activity assay was conducted on HeLa cells using MTS assay. The 

outcome of this study showed that the crude protein extract had potential 

antiproliferative activity against HeLa cell, as morphological cellular changes were 

observed along with a reduction in the percentage cell viability by 87% at 10% extract 

concentration. The antiproliferative activity conferred by the extract was observed to 

be in a dose-dependent manner. The crude protein extract should be further purified 

and screened for activity in order to isolate and identify the exact protein responsible 

for inhibitory activity observed in this study. Although the preliminary results from 

this study demonstrated that protein extract from mixed marine microalgae culture 

could have the potential of antiproliferative properties, further studies are required to 

support this conclusion 

Keywords: Microalgae, Chlorella pyrenoidosa, HeLa cells, Lowry method, MTS 

assay 
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Abstract 

As the bioremediation industry is still developing over the years in Malaysia, the 

untreated waste of toxic chemicals is also on the rise due to heavy industries and 

factories activity. This study was conducted to isolate and identify the species of purple 

non-sulfur bacteria (PNSB) from Sungai Kim Kim, Pasir Gudang, Johor, Malaysia. 

Water samples were collected from 4 stations upstream of Sungai Kim Kim, isolation 

of PNSB was done. Purple Non-Sulfur Bacteria Enrichment Medium, G5 medium and 

Basal medium were used in this project for isolation of PNSB. Results showed that 

PNSB from Sungai Kim Kim only grew in PNSBEM with the temperature at 30 to 

35oC for 15 days and were incubated under an incubator equipped with tungsten bulb 

with a light intensity of 2000 to 3000 lux. The pure isolate sample was identified via 

16S rRNA PCR and was sent for sequencing. The sequence was analyzed by using 

FinchTV, BioEdit software, Basic Local Alignment Search Tool (BLAST), 

EzBioCloud.net and Molecular Evolutionary Genetic Analysis across computing 

platforms (MEGA X). The data analysis showed sample P3(P) is related to 

Rhodopseudomonas thermotolerans sp with 99.8% identity and total query of 99%. 

The finding in this study suggests that purple non-sulfur bacteria were successfully 

isolated from Sungai Kim Kim, Pasir Gudang, Johor with 99.8% similarities to R. 

thermotolerans sp. 

Keywords: Bioremediation, Sungai Kim Kim, PNSB, R. thermotolerans 
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Abstract 

The surplus use of herbicide Dalapon® contains 2,2-dichloropropionic acid (2,2-DCP) 

poses great danger to human and ecosystem due to its toxicity. The purposed of this 

study is to investigate the application of computational analysis using Bioinfomatics 

tools and software. Hence, this present study focused on the prediction of amino acids 

residue involves in dehalogenation mechanism of Klebsiella pneumoniae strain 

KLPN_25. Regarding the methodologies, amino acid sequence retrieval, primary and 

secondary structure prediction, pairwise and multiple sequence alignment, and 

homology modelling has been conducted in investigating this study. The study 

identified a type II dehalogenase gene from the genome of K. pneumoniae strain 

KLPN_25 (accession number RRE04903) in the NCBI database. Primary sequence 

analysis revealed that type II dehalogenase from K. pneumoniae strain KLPN_25 is 

generally hydrophobic. The protein structure of the type II dehalogenase of strain 

KLPN_25 was then pairwise aligned with the crystal structure of L-DEX 

Pseudomonas sp. strain YL as the template, revealing the existence of conserved amino 

acids residues, (D17, T21, R39, S125, K156, Y162 and D185), uniquely known to 

participate in the dehalogenation mechanism. The finding thus implies that the amino 

acid residues of type II dehalogenase possibly share similar catalytic functions with 

the L-DEX. 

Keywords: Haloacid dehalogenase, Klebsiella pneumoniae, Dichloropropionic acid, 

In silico 
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Abstract 

Cocaine esterase is a cocaine hydrolysing enzyme and has been proven to effectively 

degrade cocaine through cocaine metabolism in humans, rodents and nonhuman 

primates such as rhesus monkeys. Although the enzyme is being thought to be a 

solution for treating cocaine-induced effects, the widely studied cocaine esterase’s 

limitation is that it has a short half-life at physiological temperature. To date, mutating 

cocaine esterase in order to yield the enzyme with longer half-life and stable at 37°C 

has yet to be successful. An uncharacterised cocaine esterase (A0A3M2RJY0) from 

Marinobacter litoralis was selected due to its optimal growth temperature of the 

organism is 37°C. Having higher growth temperature presents an opportunity to 

prospect for a more stable version of the enzyme. Here, a comparative computational 

study was conducted to compare between the cocaine esterase from M. litoralis 

(MLCE) and a mutated variant of cocaine esterase from Rhodococcus sp. (RCE) 

through modeling of the protein, followed by physicochemical characterization, and 

molecular dynamic (MD) simulation of the 3D structure. The 3D model was generated 

by the SWISS-MODEL program and obtained acceptable validation scores, suggesting 

the structure is reliable. When this modelled structure is compared to RCE, both 

showed similar conserved catalytic triad, indicating similar enzymatic functions 

despite possessing low similarity between each other. The structural properties of the 

MLCE was observed to have higher flexibility due to the presence of more loop 

regions. The 10 ns MD of the model showed that the generated structure is stable albeit 

with higher fluctuations compared the RCE. This suggests that MLCE has greater 

overall flexibility necessary for catalytic functions, as these two factors are closely 

linked together as well as indicating lower thermal adaptation ability. In short, the 

modelled structure of MLCE was observed to be stable at the physiological 

temperature for a longer time when compared to the known protein structure RCE 

MB1. Further experimental analysis is required to test the in-vivo stability of the 

structure before proceeding to test if it is a viable candidate to be used in treating 

negative cocaine-induced effects in patients. 

Keywords: In silico, Cocaine esterase, Cocaine overdose treatment, Marinobacter 

litoralis, Thermostability 
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Abstract 

Sphingomyelinase D (SMase D - E.C 3.1.4.41) is an enzyme commonly found in 

spider venom of genus Loxosceles and is a causal agent for dermonecrosis in 

mammalian tissues. The venom from the Loxosceles laeta spider is used to study the 

mechanism in loxoscelism and in pursuing an effective therapeutic antiserum. 

However, it is difficult to obtain large amounts of venom and purify its components, 

making it a limiting factor in its study. A similar SMase D is also found in 

Trichophyton rubrum, a fungus that causes the athlete's foot fungal infection. The aim 

of this study is to model the structure of SMase D from T. rubrum as if it can be shown 

to be similar, it can be expressed and substitute the L. laeta venom in laboratory 

studies. Although the gene is found in the fungus, the enzyme does not seem to cause 

the same lethal effect as Loxosceles laeta to humans. This could be due to evolutionary 

changes in SMase D between the T. rubrum and L. laeta. SMase D structure (F2SCC4) 

was modelled using bioinformatics tools and is validated with high reliability. The 3D 

model is then superimposed and analysed using sphingomyelinase D of Loxosceles 

laeta (PDB ID: 2F9R) as a reference. The result showed that the structure 

sphingomyelinase D from T. rubrum share similar conformations with the metal 

binding sites in both enzymes which are identically placed for proper functioning of 

the enzyme. However, in T. rubrum, the orientation of the 2nd His residue (His-93) is 

different and may not have optimal orientation, causing it be a less effective toxin 

compared to the Loxosceles sp. Further study needs to be performed to experimentally 

determine the effect of these differences to efficacy of the toxin SMase D from the T. 

rubrum. 

Keywords: Sphingomyelinase D, Loxosceles laeta, Trichophyton rubrum, In silico 
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Abstract 

Purple non-sulfur bacteria (PNSB) have shown positive results in the treatment of 

various types of water contamination through bioremediation approach. PNSB is the 

best candidate for bioremediation of pollution as it is economically attractive and eco-

friendly. This research was done to further understand the PNSB isolated from 

chemical polluted water, Sungai Kim Kim, Pasir Gudang, Johor, Malaysia. A strain of 

PNSB which was isolated from water samples from 2 different stations were collected 

from the downstream area of Sungai Kim Kim. There were two types of enrichment 

medium used which were the purple non-sulfur bacteria enrichment medium 

(PNSBEM) and the basal medium for the inoculation and isolation of the PNSB. 

Following incubation in the oven for 8 days under and incandescent light bulb, culture 

in PNSBEM resulted to dark “purple bloom” while basal medium resulted to light 

“purple bloom” indicating growth of PNSB. Morphological characterization of the 

isolated PNSB from PNSBEM showed punctiform dark purple colonies with smooth 

surface, convex elevation and entire margin. The morphology of the isolated PNSB 

from the basal medium showed the same characteristic as the isolated PNSB from 

PNSBEM. However, the colonies shown on the basal medium are light purple 

compared to dark purple colonies on PNSBEM. The colony characterization was done 

through gram staining, and indicate that the colony isolated from PNSBEM and basal 

medium is a gram-negative and rod-shaped bacterium. Identification of PNSB was 

done by genomic DNA extraction, 16S rRNA Polymerase Chain Reaction (PCR) and 

DNA sequencing. The analysis of the DNA sequencing was done using bioinformatics 

tools such as FinchTV, BioEdit and MEGA X software followed by online BLASTn 

were used for DNA sequencing analysis and multiple alignment. Based on the DNA 

sequence analysis, the A1 strain showed 98.19% blast identity is related to 

Rhodobacter capsulatus sp., closely-related to Rhodobacter capsulatus strain HS-1. 

The gene sequence of PNSB has been deposited to GenBank under accession number 

MT634225 

Keyword: Chemical polluted water, Purple non-sulfur bacteria, Rhodobacter 

capsulatus sp., 16S rRNA 
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Abstract  

The application of compost fertilizer will improve and beneficial to crop production. 

The purpose of this study is to produce compost fertilizer from food waste, anaerobic 

EM bokashi, EM ceramic powder, and empty fruit bunch (EFB) and to compare the 

effect of compost fertilizer on Capsicum frutescens with chemical fertilizer. In this 

experiment, characterizing macronutrients and micronutrients of food waste was 

important to make sure that compost fertilizer was produced which gives some benefit 

to C. frutescens growth. Even though primary macronutrients are important, 

micronutrients also contribute to the plants’ growth. For this research, composting was 

carried out for 60 days and the compost fertilizer was pH from 5.00 to 7.00, N = 0.4 

%, P = 0.14%, and K = 0.50 %. At the end of this experiment, compost fertilizer was 

then mixed with aerobic EM bokashi and soil with a ratio of (1:1:3) and was used as a 

medium for the plantation. The performance of different types of fertilizer was 

measured by using a ruler, pH, and electrode meter in 9 weeks continuously. The data 

were analyzed using analysis of variance (ANOVA) and treatment means compared 

using Honestly Significant Difference (HSD). The aim of this study, to compare the 

performance compost with chemical fertilizer on C. frutescens. As a conclusion, the 

application plant under compost fertilizer gave a positive effect to all factors: plant 

height (63.00 cm), number of leaves (145), sizes of leaves (19.50 cm), number of 

flowers per plant (86), and number of fruits per plant (60). 

Keyword: Capsicum frutescens, EFB, Compost Fertilizer, Chemical Fertilizer, Food 

waste 
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Abstract  

The ineffectiveness of municipal solid waste (MSW) management has been one of the 

major problems in the country with 60% MSW represented by food waste. Biological 

composting is an effective way to dispose the over-production of food waste and the 

final product gives benefit to the agriculture sector. In this study, organic fertilizer was 

produced by using 5 different types of main ingredients (control, food waste, fruit 

waste, mixed waste, and vegetable waste via the bio-composting process. The study 

aims to produce organic fertilizer that has optimum essential nutrients and substances 

but able to maximize plant growth without a negative impact on the environment. The 

food waste (plant-fruit based) was collected from Skudai, Johor area. The physical 

parameter (pH value, temperature, and moisture content) was collected within 14 days 

of the composting process. Besides, the concentrations of nutrients (macronutrient and 

micronutrient) and humic substances of final composting products have also been 

analyzed. Following that, each type of compost product was applied to Cucumis 

sativus to determine the effectiveness of the compost toward plants. The height of the 

plant and the number of leaves were recorded for 5 weeks to analyze the plant growth. 

Overall, fruit waste shows to have a good sufficient amount of nutrients that is suitable 

to be used compared to other types of compost. However, vegetable waste compost 

displays to have the highest reading in plant height which can be related to the highest 

concentration of potassium (K) contained. Besides, mixed waste has the highest 

number of leaves due to the highest concentration of nitrogen (N) it contains. 

Keywords: Biological composting, Organic fertilizer, Macronutrient, Micronutrient, 

Humic substances, Cucumis sativus 
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Abstract 

River pollution caused by toxic chemicals from industrial wastes are difficult to be 

removed from the environment because of the non-biodegradable properties of the 

pollutants. The pollution brings harm to the river ecosystem and causes health 

problems to humans. Phototrophic purple bacteria have been applied in bioremediation 

method to treat water pollution due to their diverse metabolisms. The objective of this 

study is to investigate the presence of phototrophic purple bacteria and their diversity 

from the upstream and downstream regions of Sg. Kim Kim. Analysis of the pufM 

genes from the enrichment cultures and sediment samples were carried out by the 

amplification of pufM genes (229 bp) via polymerase chain reaction (PCR) by using 

557F and 750R primers. The agarose gel electrophoresis of PCR products showed that 

only upstream region pufM genes from the upstream region were successfully 

amplified. The PCR products were cloned and sequenced. A total of 10 sequences were 

obtained from cloning of pufM gene from enrichment culture and sediment sample. 

To identify the presence of phototrophic purple bacteria in Sg. Kim Kim and its 

diversity, clone sequences were analysed by using bioinformatics tools such as 

BLAST, ClustalW, and MEGA. BLAST queries showed pufM from enrichment 

culture was highly similar to purple non-sulphur bacteria of the Alphaproteobacteria 

class, Rhodopseudomonas palustris with an average of 98.51% identity. BLAST 

queries also showed that pufM clones from sediment samples matched with uncultured 

bacteria from the lake. The neighbour-joining phylogenetic tree results showed that 

pufM gene sequences from Sg. Kim Kim sediment was mostly related to the species 

Rubrivivax gelatinosus from the Betaproteobacteria class. This work concludes that 

phototrophic purple bacteria are present and diversely distributed in the upstream 

region of Sg. Kim Kim. 

Keywords: Phototropic PB, Sungai Kim Kim, Alphaproteobacteria sp., 

Rhodopseudomonas palustris, Rubrivivas gelatinosus  

mailto:alina@utm.my


Biosciences Symposioum of the Final Year Undergraduate Project 2020                           44 

 

 

Different Sulfates Concentration on Capsicum frusteschen 

Morphology, Sulfate-Reducing Bacteria Activity and 

Medium Fertility 

Nur Nadira Syuhada Mohd Zol 1 and Norahim Ibrahim 1* 

 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310, 

Johor Bahru, Johor, Malaysia.  

*Correspondence to: norahim@fbb.utm.my  

Abstract 

Usage of chemical fertilizers is a common practice in agriculture nowadays. It is well 

known for its effect on faster pace in harvesting agriculture product and in enhancing 

product’s quality and appearance. However, the effect of using chemical fertilizers 

seems to bring negative effect on environment especially when leaching of fertilizers 

from soil tend to affect the marine ecosystem as these chemicals causes accumulation 

of chemicals in rivers and ocean and lead to algal bloom phenomenon. This trend is 

going to be worst if the usage of excessive chemical fertilizers is going forward in the 

long term of period. In this study, the optimum amount of chemical fertilizers was 

studied focusing on sulfates element to find a balance in promoting crop production, 

while conserving the medium used in the fertility point of view. In this study also, the 

amount of the appropriate fertilizer that can promote sulfate-reducing activity by 

bacteria also being studied. These findings will be used to find the balance point in 

fertilizers usage and conservation of the environment. From the findings, it could be 

said that the sulfates in chemical fertilizers were important to sustain good crops 

production and quality, however, excess amount of fertilizers not only will lead to 

chemical leaching, it also causes stunted plant growth as it will inhibit many plant 

metabolisms and become toxic to the plant as well. In these findings, plant used was 

Capsicum frusteschen (locally known as ‘cili sentil’), the morphology of this plant was 

studied in the response to different sulfates concentration given. The optimum sulfate 

concentration was the one as suggested by ‘Jabatan Pertanian Malaysia’ with 

increasing concentration every week starting from 600 ppm to 1000 ppm in week 8. 

The excess sulfate elements also could cause a bad effect on the medium used as it will 

increase the acidity of the medium. In term of bacteria activity, even though the higher 

sulfates concentration will promote sulfate-reducing activity, the intermediate product 

will have a negative effect on the plant instead. In conclusion, that the optimum sulfate 

concentration given was the one with increasing concentration per week (600 ppm to 

1000 ppm), for the sulfates-reducing bacteria formation, the most concentrated system 

yields more bacteria and possess the highest sulfate-reducing bacteria activity. Lastly, 

the most minimal fertilizers given (600 ppm) every week caused the medium to have 

the best fertility. 

Keywords: Capsicum frusteschen, Chemical fertilizer, Sulfate concentration, Sulfate-

reducing bacteria 
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Abstract  

Chymosin is an oxidative enzyme, which is often responsible for curdling milk. Since 

it was discovered, wild type chymosin from bovine (Bos taurus), have been used in 

industry for cheese making. However, it is unsuitable for vegetarians and certain 

religious requirements. Similar chymosin can be found in a fungi species, 

Thanatephorus cucumeris, where this fungus can cause pathogenic effects or diseases 

to other plants. The aim of this comparative computational study is to compare 

between the chymosin from Bos taurus (4AUC) and T. cucumeris (M5C402) through 

modeling of the protein, followed by physicochemical characterization, and molecular 

dynamic (MD) simulation of the 3D structure. The 3D model was generated by the 

SWISS-MODEL program, which then was validated with good scores and compared 

with the 4AUC. A structural comparison was carried out between M5C402 and 4AUC 

to view the similarity and differences, and it shows that M5C402, which is thermophile 

chymosin, has the same active site, as 4AUC. The 10 ns MD of the model showed that 

the generated structure is stable with higher fluctuations compared the 4AUC. Besides, 

the chymosin structure of M5C402 became more rigid which is supported by Rg 

(radius of gyration) result and NH (number of hydrogen) bonds. Therefore, it would 

be a perfect replacement for bovine as a source of chymosin to meet the increasing 

global demand for cheese without any problem with dietary requirements as it is 

derived from the fungus. This study was carried out as general modeling and analysis 

of M5C402, which provides a reference for this uncharacterized protein for future 

research of chymosin from fungi species. 

Keywords: Chymosin, Thanatephorus cucumeris, Radius of gyration, Number of 
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Abstract 

The purpose of this study is to investigate the in-silico study the derivatives produced 

from the coumarin scaffold which could be used to treat mild Alzheimer’s disease in 

the hope to replace the current drug available (Donepezil). The current drug available 

such as Donepezil, Rivastigmine, Tacrine and Galantamine have their own 

shortcoming. This problem causes side effect towards the patient who consumes the 

drug leading to many other problems. Most of the patient with this disease are elderly 

and people with dementia due to natural causes or physical accident, hence consuming 

medication with side effects may affect them greatly which may also lead to death. 

The method used in this research is by using the computational approach of docking 

to identify chemical substituents with good binding affinity within the AChE binding 

pocket. Therefore, the structures are prepared by using Avogrado program and is 

optimised to a certain degree where the structures are most stable. Next, docking is 

done for the control ligand (Donepezil and Galantamine) into the protein PDB: 4EY7 

to verify that the docking procedure and parameters are correct and hence can be 

employed to dock other ligands. The protein structure PDB: 4EY7 was prepared by 

producing a new logfile (.pdb) which consists only the crystal structure of the AChE 

by removing other impurities. Then, the coumarin derivatives (3NO, 3R, 4OC, 4OM, 

and 4R) are prepared by taking sidechains from 12 candidate compounds available and 

was docked into the binding pocket of the PDB: 4EY7 by taking the x-axis, y-axis and 

z-axis gained from the docking of the control docking. The results gained from the 

docking in .dlg file are then analysed by using Protein Ligand Interaction Profiler to 

compare the interactions and bonds available of each derivative produced (3NO, 3R, 

4OC, 4OM, and 4R.) From the docking process, it could be concluded that the 

formation of hydrophobic interactions, hydrogen bonding and pi-stacking interactions 

help to stabilize the ligand:protein binding inside the binding pocket of the PDB:4EY7. 

Most of the bonds formed are the presence in the Amino Acids of Try (86A and 286A) 

and Trp (124A and 341A) for the control and the structure of the derivatives. 4OC 

coumarin derivative has the lowest binding energy amongst the other ligands produced 

with - 13.65 kcal/mol. This indicates that 4OC (model 14) has the best stability of the 

ligand:protein binding with PDB: 4EY7 compared to the other models. 

Keywords: Acetylcholinesterase, Alzheimer’s Disease, Coumarin, Binding pocket, 

Ligand 
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Abstract 

Glucoamylase is one of the primary enzymes used in the industry that capable to digest 

raw starch to produce various glucose syrups. Glucoamylase of Thermomyces 

lanuginosus reported having high stability at high temperature, 94C. Although there is 

laboratory information about its molecular properties, there are no details of its 3D 

structure. An uncharacterized glucoamylase of I (Q58HN1) has been selected to study 

the behaviour of protein structure at different temperatures. Next, a comparative 

computational study was conducted to compare between the glucoamylase from T. 

lanuginosus and glucoamylase from P. oxalicum through modelling of the protein 

structure, followed by physicochemical characterization, molecular dynamic 

simulation of the 3D structure. The 3D structure was generated by SWISS-MODEL 

database and obtained acceptable validation scores, proposing the structure is reliable. 

The modelled structure shows similar conserved catalytic sites when compared with 

P. oxalicum, indicating similar enzymatic functions despite possessing low similarity 

between each other. The structural properties of modelled glucoamylase were 

observed to have higher flexibility due to the presence of more loop regions and beta 

sheets. The 10 ns molecular dynamics simulation of the generated model showed more 

stability with higher fluctuation at 94C compared to P. oxalicum 6FHV structure even 

though 6fhv is known to function up to 70C. Further experimental analysis is required 

to identify whether glucoamylase of T. lanuginosus can be used in industry application 

at extreme temperature conditions, 94C. 
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Abstract 

Empty fruit bunches are easy to degrade, eco-friendly in nature and once composted, 

they can be categorized under nutrient-enriched biocompost. Biocompost is not only a 

good biofertilizer but also a good biocontrol agent against plant pathogens when 

inoculated with Bacillus species. In this research, experimental works on the 

composting of empty fruit bunches (EFB) and mature compost from the oil palm 

industry were conducted with palm oil mill effluent (POME) as Biocompost 1 

(control), EFB and mature compost with Bioenhancer as Biocompost 2, EFB and 

mature compost with inoculums as Biocompost 3 and EFB and mature compost with 

Bioenhancer and inoculums as Biocompost 4. Analysis of pH initially found the 

biocomposts to be slightly acidic. However, after composting, the biocomposts were 

found to be neutral. The highest final moisture content was obtained for Biocompost 

4 at 57.9%, followed by Biocompost 1 at 55.7%, Biocompost 2 at 55.2% and 

Biocompost 3 at 54.8%. The final ppm of nitrogen (N), phosphorus (P) and potassium 

(K) in Biocompost 1 (0.5,0.7,0.7), Biocompost 2 (0.4,0.8,1.0), Biocompost 3 

(0.2,0.9,0.7) and Biocompost 4 (0.3,0.7,0.5). The two highest production of reducing 

sugar were 6 mg/g in Biocompost 3 and 4. The highest protein content was 130 g/kg 

in Biocompost 3. Generally, Biocompost 3 produced the highest enzyme activities. 

Thus, the bio-composting of empty fruit bunches shows great potential for enhancing 

soil micronutrient, plant growth performance, and crop yield production. 

Keywords: Empty fruit bunch, Palm oil mill effluent, Co-composting, Biocompost, 

Cultivation method, Lignocellulolytic 
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Abstract 

This fungi-like Ganoderma is a type of white rot fungi that carries the same properties 

as fungi Ganoderma bonisense. They are known to have the ability to cause Basal 

Stem Rot disease mainly in palm oil plants. Therefore, the objective of this research is 

to study the inhibition of fungi-like Ganoderma towards a seaweed-based product 

which is known to have an antifungal property and also to screen the ligninolytic 

enzymes produced by this fungus. The inhibition study towards the mycelium of this 

fungi was conducted and it was found that the seaweed-based product could not inhibit 

the fungi efficiently. It was observed that they could only inhibit a slight of the fungal 

mycelium and it only starts at concentration of 300 g/L until 700 g/L. Then, the 

profiling of ligninolytic enzymes activity of this fungi-like Ganoderma during solid 

state fermentation was also studied. It was found that this fungus had successfully 

produced ligninolytic enzymes such as lignin peroxidase (LiP), manganese peroxidase 

(MnP) and laccase using sawdust as the substrate. It was found that highest production 

of enzyme was LiP with concentration of 0.0004 U/g, followed by MnP and laccase 

with concentration of 8×10^-06 U/g and 4.21×10^-6 U/g respectively. Despite that, 

the content of the seaweed-based product was also analyzed where a few types of fatty 

acid, macro and micro element was identified. The highest fatty acid found in the 

seaweed-based product are palmitic acid (C16:0) with concentration of 60.0 % w/w 

followed by oleic/elaidic acid (C18:1) with concentration of 23.6 % w/w. Other types 

of fatty acids were also present such as lauric acid, myristic acid, stearic acid, 

linoleic/linolelaidic acid, arachidic acid, beheric acid and erucic acid. For macro and 

micro element, the highest element found in the seaweed-based product is Sodium 

(Na) and Chloride (Cl) which are 879000 ppm and 23500 ppm respectively. Whereas, 

other important antifungal elements such as Zinc (Zn) and Manganese (Mn) were 

found to be absent in the seaweed-based product. In this case, this might be the reason 

why the seaweed-based product could inhibit only a slight of the fungal mycelium. 

Keywords: Ganoderma, ligninolytic enzymes, solid state fermentation, antifungal, 

seaweed-based product, mycelium 
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Abstract 

Microalgae species specifically Spirulina sp., is well-known and has been widely used 

as protein and vitamin supplement to an aquatic organism and as a complementary 

dietary ingredient of feed. Efficient biomass recovery or harvesting of different algal 

species is nevertheless a vital bottleneck for large-scale biorefinery processes. 

Therefore, chemical flocculation was performed to harvest Spirulina sp. due to its low-

cost and scalable harvesting process. Initially, Spirulina sp. were grown in 2 L 

photobioreactor with continuous illumination and different aeration rates. The 

optimum growth performance was achieved at aeration rates of 1.5 L/min, as it shows 

Spirulina sp.'s highest growth rates. The cultivated microalgae were then transferred 

into batch reactors with aeration supply and grown under two sessions: sunny and rainy 

reason. It was found that the biomass concentration in dry weight in the sunny season 

was higher than the rainy season, with 0.3515 g/L and 0.5758 g/L respectively. 

Chitosan, copper(I) chloride in hydrochloric acid, and aluminium sulphate were used 

as a flocculant to study their flocculation efficiency and OFAT (one-factor-at-time) 

was applied to optimize the parameters (flocculant concentration, pH, and time). An 

optimum concentration for chitosan, aluminium sulphate, and copper(I) chloride in 

hydrochloric acid was 50 mg/L, 60 mg/L, and 3% (v/v) respectively with 94.62%, 

95.57%, and 87.61% flocculation efficiency. The optimum pH for auto flocculation of 

Spirulina sp. was at pH 9 with 94.95% flocculation efficiency. Meanwhile, the 

optimum pH for chitosan, aluminium sulphate, and copper(I) chloride in hydrochloric 

acid over the settling time was at pH 9, pH 10, and pH 9 respectively for time 

parameters. Among the three flocculants, chitosan was found to be the most effective 

flocculant as they were not toxic, require a lower dosage, and more effective as 

compares to other flocculants. 

Keywords: Freshwater Microalgae, Flocculation, Spirulina sp., Efficiency 
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Abstract 

Marine harmful algal bloom (MHAB) is becoming more frequent in Malaysia as 

recorded cases are growing over the years. Harmful algal bloom (HAB), generally 

referred to as the "red tide," are aquatic events that caused water discolouration due to 

the rapid accumulation and proliferation of certain microalgae, which would then 

produce a high concentration of potent toxins in marine and freshwater environments. 

Previously, harmful algal blooms (HABs) event involving mass mortality of fishes in 

cage-farming at Tanjung Kupang, Johor occurred, resulting in a big loss to the 

aquaculture industry. The purpose of this study was to investigate the application of 

chemical flocculation towards harmful marine microalgae which is Synechococcus sp. 

that has been isolated from Tanjung Kupang, Johor. This chemical flocculation method 

is an effective, simple, and quick method for removing or separating microalgae from 

the growth medium and can, therefore, be widely used in microalgae biomass 

harvesting. Besides, Synechococcus sp. was cultured in Walne’s media and maintained 

at room temperature of 25ºC with fixed aeration at 1.0 L/min of the photobioreactor 

system. The growth performance of Synechococcus sp. has been studied at different 

parameters which showed the maximum growth performance at 6000 Lux of light 

intensity with a dry weight value of 1.1315 g/L. The maximum growth performance 

of Synechococcus sp. was found to be at the salinity of 10 ppt seawater and N:P ratios 

at (16:1) with the dry weight value of 1.431 g/L and 1.413 g/L. Apart from that, 

flocculation holds great potential as a low-cost harvesting method for microalgae 

biomass production. Three chemical flocculants (chitosan, aluminium sulfate, copper 

chloride) were compared and tested on Synechococcus sp. High dosage of chitosan 

(140 mg/L) and aluminium sulfate (120 mg/L) resulted in flocculation efficiency 

greater than 90%. Unpredictably, copper chloride resulted in worst flocculation 

efficiency which is lower than 20%. In turn, low flocculant dosages were highly 

variable towards Synechococcus sp. which shows that flocculation may not be good 

and efficient enough to floc this strain. Thus, a high dosage of chemical flocculants 

demonstrates to be effective and significant to floc Synechococcus sp. at high 

flocculation efficiency. Thus, chemical flocculation by chitosan and aluminium sulfate 

at a high dosage significantly can control the MHAB issue.  

Keywords: Harmful algal bloom, Synechococcus sp., Chemical flocculation 
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Abstract 

Green synthesis of silver nanoparticles (AgNPs) has gained enormous attention due to 

its rapid, simple and cost-effective routes. Vast reports shown that plants have the 

ability to provide a better platform in AgNPs synthesis due to their eco-friendly 

properties and act as natural reducing agent. Silver (Ag) has been known to have an 

effective bactericidal property for ages. This purpose of this study is to synthesize 

AgNPs using Persicaria odorata leaves extract, characterize and test for its 

antibacterial activity. The experiment was started by preparing aqueous extract of 

Persicaria odorata was allowed to interact with aqueous silver nitrate for 24 hours to 

form Persicaria odorata-AgNPs (PO-AgNPs). The formation of PO-AgNPs was 

confirmed by using a wide variety of analytical methods including ultraviolet-visible 

(UV-vis) spectrophotometer, Fourier transform-infrared (FTIR), field-emission 

scanning electron microscopy (FESEM) and Energy Dispersive X-Ray Analysis 

spectroscopy (EDX). Results from the characterization analysis revealed UV-vis 

spectrum showed a single peak at around 450 nm. FTIR spectrum showed the presence 

of functional groups that were responsible for the reduction process. Through FESEM 

images, the spherical nature of the synthesized PO-AgNPs was observed. Whereas 

EDX pattern has clearly projected a strong signals of Ag atoms and proven that Ag is 

the main component. These results confirmed that PO-AgNPs have been successfully 

synthesized using aqueous leaves extract of P. odorata which act as the reducing agent. 

Furthermore, the antibacterial efficacy of PO-AgNPs was conducted through disc 

diffusion technique and minimum inhibitory concentration to investigate the 

antibacterial properties of PO-AgNPs against Gram-positive bacteria, Staphylococcus 

aureus and Methicillin-Resistant S. aureus (MRSA). In this study, PO-AgNPs 

synthesized showed some indication for antibacterial activity against the tested 

bacteria, however further antibacterial study is needed to confirm this. 

Keywords: Silver nanoparticles, Green synthesis, Characterization 
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Abstact 

Phytoremediation is a type of biological treatment that use plants to remove 

contaminant such as heavy metals from the environment. The potential of Melastoma 

malabathricum (Senduduk) as phytoremediator and stem response towards zinc 

contaminated soil was evaluated by exposing the plants to soils contaminated to 

various zinc concentration for 49 days. During the experiment, morphological and 

chemical properties were monitored through different parameters including soil pH, 

plants height and stem biomass. From the result, only soil pH showed significant 

differences between treatments and control. After harvested, stem samples were 

ground and undergo methanolic extraction for total phenolic and flavonoid content 

test, conducted through spectrophotometric assay. The concentration of phenolic and 

flavonoid was calculated by using the regression equation of gallic acid standard curve 

(Y=0.0116x; R2=0.9932) and quercetin standard curve (Y=0.0119x; R2=0.9779), 

respectively. The production analysed as plant stress defence system, focusing in 

stems. The result shows a high production of phenolic and flavonoids detected in the 

treatment of high zinc contamination. For zinc determination, samples were extracted 

using Acid Digestion Method, then the zinc concentration was determined by using 

Atomic Absorption Spectroscopy (AAS). The results show a small amount of zinc was 

detected in stems under various treatments of zinc contamination range from 0.13ppm 

to 0.26ppm, whose highest zinc was detected in Treatment1. However, the amount of 

zinc accumulated in stems was found not significant between control and treatments. 

In this study, the effect of zinc on stems growth response was evaluated through stem 

biomass and length. Correlation study showed a negative relation between zinc content 

and stem biomass while zinc content and stem length show a weak positive relation. 

Translocation factor was calculated and show plants capability in translocating metals, 

wherein soil with zinc below 200ppm, stems show active transport of zinc meanwhile 

above than that, plants retained zinc in roots and reduced functions of stems. 

Keywords: Phytoremediation, Zinc contamination, Melastoma malabathricum 
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Abstract  

2,2-dichloropropionic acid (2,2-DCP) is a halogenated aliphatic acid that has been 

widely used as an herbicide and plant growth regulator in an agricultural sector. The 

problem arose because this compound is toxic to living organisms and persistent in the 

environment. The main objectives of the present study were to isolate and characterize 

a bacterium that can grow in a specific concentration of 2,2-DCP as a sole source of 

carbon and energy. Strain RN1 was isolated from seawater at Danga Bay. This 

bacterium was identified as Enterobacter sp., based on biochemical analysis. The 

strain RN1 was a Gram-negative rod. The growth of strain RN1 was studied in minimal 

medium containing 10, 20, 30 and 40 mM 2,2-DCP. The calculated cell doubling time 

for each growth condition at 10, 20, 30 mM 2,2-DCP were 5.71, 5.13, 7.05 hours 

respectively. However, growth was not observed when grown in 40 mM 2,2-DCP, 

suggesting that a higher concentration of 2,2-DCP was toxic to the cells. The bacterium 

could also grow in minimal medium supplemented with 20 mM pyruvate as a carbon 

source. Pyruvate is a product of 2,2-DCP dehalogenation. The percentage of identity 

of performed pairwise sequence alignment of the dehalogenase Enterobacter 

cancerogenus with other selected dehalogenases did not exceed 45% suggesting that 

the analysed Enterobacter cancerogenus does not fit into any previously reported class 

of dehalogenase. Thus, it is assumed that the analysed dehalogenase sequence of 

Enterobacter cancerogenus fall into a new class of dehalogenase, DehRN. 

Keywords:  Dichloropropionic acid, Enterobacter cancerogenus, dehalogenase 
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Abstract 

L-asparaginase is an enzyme that is primarily responsible for the degradation of L-

asparagine into aspartic acid and ammonia, which also has significant application in 

therapeutic as well as food technology. Bacterial sources have been useful in 

producing high L-asparaginase yields however, the therapeutic application of such 

microbial enzyme has been linked with acute toxicity and allergic reactions. This 

enzyme is commonly produced via submerged fermentation. However, submerged 

fermentation has shortcomings such as cost intensiveness, low yield of product, large 

volume of wastewater generation and difficulties in handling effluents. With the 

context of those aforementioned aspects, the purpose of this research is to screen 

extracellular fungi-free from urease for L-asparaginase production via solid state 

fermentation using four different types of substrates such as saw dust, paddy husk, rice 

husk and OPF. Two out of 20 fungal strains have shown a positive result for L-

asparaginase production, MCR OR1 and MCR CS2. Both have a similar enzyme index 

of 1.00cm. A maximum yield of L-asparaginase was obtained (0.0633U/gds) using 

rice husk and (0.1232 U/gds) using saw dust for MCR OR1 and MCR CS2 strain, 

respectively among those four substrates used. These findings indicate that both MCR 

OR1 and MCR CS2 strains have utilized carbon source in the sawdust and rice husk 

substrates to produce L-asparaginase. 

Keywords: L-asparaginase, Urease, Screening, Agricultural Residue, Solid State 

Fermentation 
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Abstract 

Microalgae is one organism that can be found either in freshwater and marine 

ecosystem or both. They are renewable bio-factories that are known to generate 

bioactive compounds with different pharmacological advantages including anticancer 

properties. Previous research focused mainly on the organic extracts from microalgae, 

which showed potent pharmacological abilities. However, limited studies are reported 

on the anti-cancer effects of microalgae especially on the mixed culture of organisms 

(Chlorella sorokiniana and Chlorella pyrenoidosa) which could produce different 

metabolites as compared when they are cultured singly. This study includes the 

cultivation in the appropriate temperature, aeration, and light intensity of the batch 

cultivation system of the mixed Chlorella sorokiniana and Chlorella pyrenoidosa 

microalgae culture in the Artificial Seawater (ASP2) media. Extraction of the mixed 

microalgae culture was conducted in deionised water (solvent) using sonication 

extraction method. The aim of this study is also to investigate the anticancer effects of 

mixed microalgae crude extracts on cervical cancer HeLa cells by reduction 

percentages of cell viability in parallel with observations on HeLa cells morphology 

changes and confluency by MTS assay. Other focus of the study is to investigate the 

ability of the mixed microalgae crude extracts to induce apoptosis on the cervical 

cancer HeLa cells by Caspase-Glo® 3/7 Assay (Promega). The outcome of this study 

found that the crude extracts from mixed microalgae culture had significant anticancer 

effects on HeLa cells with percentages of cell viability reduction of 13.52% at 10% 

concentration compared to the 100% of the untreated HeLa cells. The deionised water 

solvent was also tested to avoid false positive result and had an insignificant anticancer 

effect. This study further shows that the IC50 (5.031%) of the crude extracts 

significantly exerted its cytotoxic effect via inducing apoptotic cell death. There are 

diverse of novel bioactive metabolites from microalgae with a promising prospect 

especially in anticancer research studies with most of them are not being studied 

properly yet. 

Keywords: Mixed microalgae culture, Chlorella sorokiniana, Chlorella pyrenoidosa 
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Abstract 

Pectin is an acid-rich polysaccharide derives from plant cell wall. Pectin consists of 

galacturonic acid unit linked by alpha (1→4) linkages. Hot climate will decrease the 

shelf life of certain local fruits. Therefore, increasing fruit wastes can burden the 

environment. There is one way to overcome this problem is to utilize these wastes and 

short half-life fruits by turning them into useful products such as pectin. Acid 

extraction followed by ethanol precipitation was used to extract pectin from cabbage 

in the present work. There are three parameters that will affect the amount of pectin 

yield which are temperature, extraction time and pH. The cabbage was treated with pH 

2.52, temperature 85oC and time 1 hour 45 minutes. Pectin extracted with citric acid 

gave the highest yield of pectin, with low purity. Pectin analysis on acid extraction 

classified as low methoxy pectin which is less than 50%. The brownish colour pectin 

obtained is less pure as the AUA content less than 65%. 
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Abstract 

Orthosiphon stamineus is a medicinal plant in Malaysia that had been studied for its 

bioactive metabolites with antioxidative properties. To date, the shoot mass production 

from the regeneration of O. stamineus and the antioxidant activity of the shoot was not 

fully studied. Thus, this study aimed to determine the effects of PGRs and explant type 

on shoot regeneration of O. stamineus (purple variety) and compare the antioxidant 

activity of shoot biomass from PGR-treated shoots and the control. The explants were 

cultured on MS plates supplemented with various concentrations of 6-

benzylaminopurine (BAP) and naphthalene acetic acid (NAA) at culture conditions 

(25 ± 2°C, 16-h photoperiod at a light intensity of 22.85µmol/m2/s) for 8 weeks. The 

fresh shoot biomasses were subjected to extraction using a standard aqueous method. 

The antioxidant assay was performed using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) 

free radical scavenging and ferric reducing antioxidant power (FRAP) methods. 

Results showed that different concentrations of PGRs either individually or in 

combination and explant type did affect shoot regeneration in O. stamineus. The nodal 

explants showed a positive response in different concentrations of PGRs, individually 

and combination by exhibiting 100% shoot regeneration percentage. In contrast, calli 

were successfully induced from petiole explants. The nodal explants cultured at 1.0 

mg/L BAP produced the maximum percentage of shoot regeneration (100%) with the 

highest number of shoots produced per explant (12.00 ± 1.16), the shoot length (14.40 

± 0.96 cm) and fresh weight (0.82 ± 0.02 g) compared to other concentrations. There 

was no significant difference on the shoot produced per explant between (1.0, 2.0 and 

3.0) mg/L BAP and combination of (1.0 and 2.0) mg/L BAP with 0.2 mg/L NAA. The 

shoot extracts treated with 1.0 mg/L BAP possessed higher antioxidant activity 

(5507.84 µM Fe (II)/g ± 12.97) than the control extracts (3022.57 µM Fe (II)/g ± 

29.82). The same treated shoot extracts had the lowest IC50 value of radical scavenging 

activity of 76.73 ± 5.85 µg/mL. In conclusion, the 1.0 mg/L BAP treatment improved 

the shoot regeneration percentage, shoot biomass and antioxidant activity of O. 

stamineus. The antioxidant capacity in the shoot biomass extract of O. stamineus is 

beneficial for further investigation of silver nanoparticle synthesis, as bioactive 

metabolites act as stabilizing and reducing agents to reduce silver nitrate to silver.  

Keywords: Orthosiphon stamineus; In vitro regeneration; Shoot biomass; Antioxidant 

activity; DPPH assay; FRAP assay 
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Abstract 

Zinc pollution of the soil environment has become a major source of concern and 

continues to pose serious health problem to both humans and ecological systems 

worldwide. Phytoremediation is a biological treatment whereby plants are used to 

remove pollutant from environment. An experiment was conducted to evaluate the 

potential of Melastoma malabathricum L. (locally known as ‘senduduk’) as a 

phytoremediator and to study its root behaviour in absorbing zinc from soil 

contaminated with zinc sulphate. The cultivated plants were exposed to zinc 

contaminated soils for the total of 49 days. The morphological and chemical properties 

of the plants were monitored through different parameters including number of leaves, 

height increment and soil pH. There was no significant difference among the treatment 

from the morphological data obtained yet the soil pH had shown a significance effect 

from the addition of the zinc. Plant height stress tolerance index (PHSTI) concludes 

that plants grown in 200 ppm had highest tolerance to zinc while plants in 400 ppm 

had the least tolerance potential. The effect of zinc on root growth were assessed 

through root length and root biomass.  From this study, root length and root biomass 

of M. malabathricum L. compromised when grown in 400 ppm. Root length stress 

tolerance index (RLSTI) among the treatment does not have significant difference but 

it was slightly declining with increasing zinc concentration. Correlation study showed 

a strong negative relation between the zinc concentration in roots and the root length 

and root biomass.  Zinc was highly accumulated in roots for treatment 200 and 400 

ppm while the leaves in control and 100 ppm had accumulated higher zinc. Based on 

bioaccumulation and translocation factor, the study concludes that phytostabilization 

is the mechanism at work in M. malabathricum L.’s uptake of zinc at higher 

concentration, while phytoextraction is the dominant mechanism with zinc 

concentration below 200 ppm. 

Keywords: Zinc, Melastoma malabathricum L., Phytoremediation, Roots  
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Abstract 

This research aims to discover the effectiveness of homemade organic Bokashi 

fertilizer from food waste on chilli plant growth. The type of chilli plant used in this 

study is Capsicum frutescence L. or locally known as called “cili padi” or “cili 

burung”. Organic farming using Bokashi fertilizer is a holistic way of cultivation in 

producing high-quality crops without agrochemicals usage. This research used 

quantitative methods. Data collected include pH, temperature, and chilli plant growth 

were based on plant height (cm), total of leaves, leaves breadth (cm), and total number 

of chilli fruits which were recorded in 3 months. Data were taken from each replication 

every week in order probe the effectiveness of Bokashi fertilize on plant growth. At 

the end of study, morphological data are statistically compared to assess the 

performance of Bokashi fertilizers produced. The planting medium consists of Bokashi 

type 1 (horse manure-based), Bokashi type (chicken manure-based) and cocopeat 

without Bokashi fertilizer as controls. In this experiment, in total 15 plants were grown 

in 15 polybags which include each 5 replicates grown using Bokashi type 1, type 2, 

and control, respectively. All chilli plants were grown in the backyard of Faculty 

Science, T02 University Technology Malaysia, Skudai Johor. Plant growth observed 

and the data were analysed using statistically graph. The results showed that the most 

effective Bokashi on chilli plants. The results clearly show Bokashi 2 (chicken 

manure) fertilizer is the most effective Bokashi based on its performance growth of 

chilli plant height (cm), number of leaves, breadth of leaves (cm) and number of chilli 

fruits compared to that of Bokashi 1 (horse manure) and control (without fertilizer). 
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Abstract 

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is an x-linked inherited 

genetic mutation that is the most severe human polymorphism and enzyme disorder, 

affecting over 400 million people worldwide. This disease is responsible for numerous 

clinical manifestations, including favism, haemolytic anaemia, chronic non-

spherocytic haemolytic anaemia, premature abortion, and neonatal 

hyperbilirubinemia. Most research on G6PD variants are conducted using biochemical 

analysis, but details on structural mutation related modifications are still constrained 

to date. This research primarily focused on the determination of structural stability of 

G6PD variants in G6PD deficiency using Molecular Dynamic Simulation (MDS). The 

structural model of the native G6PD bound with glucose-6-phosphate (G6P) substrate 

and two NADP+ cofactors are developed using auto docking tool. In silico site-directed 

mutagenesis on developed G6PD enzyme structure have been conducted to produce 

three ASEAN G6PD variants from class I, class II, and class III. Molecular Dynamic 

Simulation (MDS) is used throughout this study to understand the significance of these 

mutations characterized for structural stability and flexibility based on protein 

backbones RMSD, RMSF, radius of gyration and hydrogen bond analysis. This study 

demonstrated that G6PD class I point mutation particularly affect the catalytic NADP 

site compared to another binding site.  

Keywords: G6PD deficiency, Structural stability, G6PD variants, Autodock, Site-

directed mutagenesis, Molecular Dynamic Simulation 
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Abstract 

The increment in the demand for “hot” food in the market brings a lot of opportunity 

to farmers and scientist to generate income. Capsicum frutescens are widely found in 

the south-east region. The primary metabolite in C. frutescens known as capsaicin is 

responsible for the spicy flavour in chilli. In this study, C. frutescens was grown in 

coco peat media for eight weeks. AB fertilizer was used throughout the planting phase 

of C. frutescens. Morphological of plant growth was done by observing the plant 

height, chlorophyll content, number and size of leaves weekly. Number, size and mass 

of C. frutescens harvested was also been observed. The pH of coco peat was taken 

weekly. Methanol is used for the extraction of capsaicin from fresh C. frutescens. 

Cyclic voltammetry was used for the detection of the capsaicin in the C. frutescens. 

The main objectives for this study are to determine the effect of different concentration 

of chemical fertilizer on plant growth and capsaicin content in C. frutescens. The 

concentration of chemical fertilizer does influence the plant growth and accumulation 

of capsaicin in C. frutescens. The high concentration of chemical fertilizer is good for 

plant growth to compare to the low concentration of chemical fertilizer. Accumulation 

of capsaicin also higher in the sample with a high concentration of chemical fertilizer. 

However, too much chemical fertilizer makes the plants more susceptible to diseases. 

Keywords: Capsicum frutescens, Capsaicin content, Chemical fertilizer, Cyclic 

voltammetry 
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Abstract 

Mannans are important polysaccharide present in softwoods and other plant sources. 

In recent years, microbial mannanases are key enzymes that used in biotechnological 

applications and one example is paper and pulp industry. Characterization of 

mannanase-producing bacteria is an important aspect as the enzymes from these 

bacteria could be further exploited for their potential applications. In this study, a 

bacterium strain Algoriphagus sp. CO5 was characterized in terms of morphology, 

biochemical tests, and its ability to produce β-mannanase. Morphologically, 

Algoriphagus sp. CO5 is a circular-shaped bacterium with pink pigmentation with an 

entire margin, smooth texture, convex elevation, moderate size, and a dull appearance. 

Moreover, it showed positive result for bile esculin biochemical test, which 

demonstrates its capability to hydrolyze esculin in the presence of bile. Negative result 

for egg yolk hydrolysis test, urease test, hypoxanthine test, gelatin hydrolysis test, 

ONPG (O-Nitrophenyl-β-D-Galactopyranoside) test, methyl red test and ligninase test 

were observed. For antibiotic susceptibility of strain CO5, the strain was found to be 

resistant to bacitracin, oxacillin, erythromycin, chloramphenicol, kanamycin, and 

susceptible to doxycycline, minocycline, rifampicin and clindamycin. Moreover, the 

qualitative screening of strain CO5 revealed the bacterium was able to produce 

extracellular mannanase as indicated by halo zone formation. Strain CO5 did not 

experience lag phase and reached its peak population after 8 hours of incubation. The 

mannanase activity of strain CO5 was found to be highest at 20th hour throughout the 

24 hours of incubation. In order to investigate the genes related to mannan degradation 

in genus Algoriphagus, the genome of Algoriphagus zhangzhouensis 12C11T 

(NR109472) was chosen for analysis. A gene encoding GH113 mannanase was found 

and further characterized bioinformatically. Sequence analysis revealed the presence 

of catalytic domain of glycoside hydrolase. This enzyme is predicted to be 

thermostable and working optimally at pH 5.06. As the characterizations of mannan 

degrading enzymes in bacterial strains from genus Algoriphagus are still scarce to date, 

the preliminary characterization and bioinformatics analysis of strain CO5 and its 

related gene sequence could contribute to a new knowledge. 

Keywords: Algoriphagus, Characterization, Glycoside Hydrolase, Mannanase 
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Abstract 

Microalgae harvesting such as by using flocculation method is one of the important 

downstream processes in the production of algal biodiesel. The objective of this work 

is to study the growth performance of Nannochloropsis sp. in a 10 L outdoor bioreactor 

system and the optimization of Nannochloropsis sp. flocculation process by using a 

chemical method. In this study, samples of marine microalgae (Nannochloropsis sp.) 

was screened, isolated, and identified from the mixed culture of marine water at 

Tanjung Kupang, Johor. After that, the microalgae were grown to study the best 

growth performance with different aeration rates (inside the laboratory) and different 

weather conditions (outdoor). The best growth performance of Nannochloropsis sp. in 

the 2 L photobioreactor system was at aeration rate 1.5 L/min with the highest dry cell 

weight 1.026 g/L. The sunny season was the best condition to grow Nannochloropsis 

sp. in a 10L outdoor bioreactor system by applying an optimum aeration rate 1.5 L/min 

with the highest dry cell weight of 0.891 g/L compared to the raining seasons (0.431 

g/L). Then, the flocculation process of Nannochloropsis sp. was performed by using 

the chemical method. Based on single-factor experiments, the optimization of the 

flocculation process was performed via different variables that are different 

concentrations of flocculant, pH, and times. Optimum flocculation conditions in this 

study were recorded by using 50mg/L (250μl) of Al2(SO4)3, pH9 with the time taken 

60 minutes by getting the highest flocculation efficiency reaching 99.02%. The 

optimum results and method gained from this study can be performed to a larger scale 

for the harvesting process of Nannochloropsis sp. in the future.  

Keywords: Microalgae, Nannochloropsis sp., Flocculation, Marine water, 

Photobioreactor system 
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Abstract 

Bacterial Nanocellulose (BNC) membrane is a bio-based polymer synthesized by 

bacteria that acts as natural hydrogels due its properties of high-water holding capacity, 

nanostructured morphology, biocompatibility and biodegradable. Dyes, namely 

methyl orange (MO), methylene blue (MB) and indigo carmine (IC) were used as drug 

models to load onto BNC membranes to study their dye release pattern. Dye loading 

was performed by immersion in dye/PBS solution in which drug loading percentage 

(%) of BNC membrane was calculated. MO and MB possessed relatively high drug 

loading capacity on BNC membrane as the property of low molecular mass allows 

entrance through the nanopores of BNC matrix without hindrance. Several 

characterizations tests were carried out for the dye-loaded BNC membranes for 

comparison with BNC alone, such as swelling test, Fourier Transform Infrared (FTIR) 

Spectroscopy and Scanning Electron Microscope (SEM). Dyes release studies of dye-

loaded BNC membranes were obtained from Franz Diffusion Cell experiment and the 

samples taken were tested by UV-Vis Spectrophotometer. The calculated cumulative 

amount of dyes permeated per unit area (µg/cm2) was compared and IC achieved the 

highest cumulative release among the three types of dyes. BNC-IC membrane 

experienced burst release of dyes for a long period while both BNC-MO and BNC-

MB membranes showed gradual release of dyes for a shorter time. IG with highest 

molecular mass tends to escape rapidly from entrapment in scaffolded matrix of BNC 

as time needed to permeate through nanopores is shorter than low molecular mass MO 

and MB. Overall, dyes release studies of BNC membranes suggested that drug with 

similar molecular characteristics with these dyes can be released and delivered to 

targeted site. BNC is a potential hydrogels material to advance drug release and 

delivery for wound management. 

Keywords: Bacterial nanocellulose, Methyl orange, Methylene blue, Indigo carmine, 

Drug loading, Characterizations, Drug release, Franz Diffusion Cell, Hydrogels 
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Abstract 

Xenobiotic halogenated compound such as 2,2-dichloropropionic acid is potentially 

toxic and widely spreading in the ecosystem. This study is focusing on the isolation 

and characterization of the bacterium that can degrade 2,2-dichloropropionic acid from 

the soil of palm oil plantation in Lenga, Johor. The bacteria were isolated in the 

enrichment media supplemented with 2,2-dichloropropionic acid. The bacteria grew 

well in the media containing 20mM of 2,2-dichloropropionic acid at 30˚C with 

doubling time of 2.00±0.005 hours. The partial biochemical tests and morphological 

examination presumed that the bacterium is from the genus Staphylococcus. A 

literature survey revealed no report regarding the role of Staphylococcus sp. that can 

degrade 2,2-dichloropropionic acid yet. A computational analysis of the dehalogenase 

from the same species concluded that it has only slight similarities with dehalogenase 

from other species. In conclusion, the bacteria isolated from the soil of palm oil 

plantation is believed to be from Staphylococcus sp. due to the gram staining and 

partial biochemical test carried out in the study. 

Keywords: Dichloropropionic acid, Staphylococcus sp., In silico, Dehalogenase 
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Abstract 

Disintegrin is a family of small, non-enzymatic, cysteine rich polypeptide that can be 

found in snake venom. A disintegrin and metalloproteinase (ADAM) is a disintergrin 

that can be found in mammalian including human (Homo sapiens). Disntegrin from 

snake and Homo sapiens are believed has the same ancestor. Disintegrin known of its 

ability as inhibitor platelet aggregation. However, disintegrin from ADAM cannot 

inhibit platelet aggregation. In this study, an uncharacterized disintegrin from Homo 

sapiens was selected and modelled using bioinformatic tools. The structure and 

sequence of disintegrin was derived from UniProt website. Using the sequence that 

derived from UniProt, the structure of disintegrin from Homo sapiens B4DWY7 was 

modelled using Swiss-Model and compared with the template Q698K8 for 

homologous modelling. The resulting model was validated using PROCHECK 

(83.8%), ERRAT (87.0801%), and Verify3D (82.60%). Superimposition and 

alignment of the sequence has been done to compare the difference and similarity 

between these two structures. The result shows that disintegrin from a snake contain 

RGD motif that can bind into integrin so that it can act as inhibitor for platelet 

aggregation. However, disintegrin derived from Homo sapiens do not contain RGD 

motif. Disintegrin has a lot of potential in pharmaceutical industries for example as 

anti-platelet agent and for cancer treatment. Further studies of disintegrin need to be 

done to expand the potential of disintegrin  

Keywords: Disintegrin, Snake venom, Homo sapiens, Platelet aggregation, ADAM, 

Superimpose, Sequence alignment  



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           69 

 

 

Modelling and Characterization of Actinidain from 

Anthurium amnicola 

Amirah Azman 1, Huszalina Hussin 1* and Mohd Shahir Shamsir Omar 1 

 

1 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia. 

*Correspondence to: huszalina@fbb.utm.my 

Abstract 

Actinidain, a cysteine proteinase, is widely used as a milk coagulant in cheese 

production, a meat tenderizer, and digestive aid. Actinidain used in industrial 

applications is mainly extracted from Actinidia chinensis (common name: kiwi). 

However, the kiwi enzyme exhibits allergen properties which makes it use dangerous 

to susceptible allergic individuals.  While Actinidia chinensis is the most common 

source for actinidain, other plants are known to possess similar genes but are not 

commercialized as enzymes from kiwi. In this study, an uncharacterized actinidain 

from an anthurium species flower, the epiphyte Anthurium amnicola was selected and 

3D modelled using bioinformatics to identify whether it is suitable as a replacement 

by not possessing the allergen protein domain found in kiwi's actinidain. The structure 

of actinidain from Anthurium amnicola was modelled from Swiss-Model sequence and 

compared with the template 3TNX for homologous modelling. The resulting model 

was validated for its quality using PROCHECK (91.3%), ERRAT (85.77%) and 

Verify3D (87.06%) indicated sufficient model quality. Superimposition of modelled 

Anthurium amnicola (A0A1D1XSM8) and Actinidia chinensis (P00785) showed that 

the modelled protein A0A1D1XSM8 had an additional helical structure while the 

template had an additional beta-sheet structure which known as the classification of 

protein folds in an allergen (Aalberse, 2000).  Despite having a different number of 

active sites at different amino acid locations, Cysteine active site in both 

A0A1D1XSM8 and 1AEC co-existed at the same location when both are aligned. The 

result of this study showed that an alternative to kiwi actinidain remains elusive for the 

present moment. The study revealed that actinidain from Anthurium is not suited for 

expression and potential industrial application. Future studies on actinidain enzyme 

replacement would be best focused on higher dicot plants instead of monocot 

flowering plants like anthurium. 

Keywords: Actinidain, Actinidia chinensis, Anthurium Amnicola, In silico 
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Abstract 

Paint mainly serves two purposes, as a decorative and protective coating. Deterioration 

of paint constituent could cause awful wall texture and indirectly brings bad effects to 

human health. In this study, bacterial strains that colonizing painted wall surfaces of 

T02 building were randomly collected from three different sites. These sites were 

chosen based on its visible discoloration, damaged wall and foul smell. These isolates 

were then identified and analyzed in order to evaluate their biodegradation activities 

towards paint components. The isolates were characterized by its colony morphology, 

Gram staining, biodegradation activities and 16s rRNA sequence analysis. All isolates 

were subjected to shake flask cultivation to assess the paint degradation ability of these 

microbes. Surface roughness and chemical changes occurs in paint samples were 

studied using SEM and FTIR-ATR analysis, respectively. Based on the results of this 

experiment, four strains were allocated to the species of Microbacterium paraoxydans, 

Bacillus cereus group, Chryseobacterium profundimaris and Ochrobactrum 

intermedium. Strain belongs to M. paraoxydans, C. profundimaris and O. intermedium 

were isolated for the first time from deteriorated painted wall. SEM analysis clearly 

showed increased in surface roughness on all of the colonised samples in comparison 

to the control samples, after 14 days. FTIR-ATR results revealed a shift in the 

functional groups of C. profundimaris and O. intermedium strains, due to degradation 

activity of microbes. The loss in intensity of the band at a wavelength of 1726.55 cm-

1 for ester linkages indicated that degradation of the paints through the breaking of the 

ester group in paint. This shows that the microbes utilized paint as a sole source of 

carbon for their growth and metabolic activities. Both strains of M. paraoxydans and 

Bacillus cereus group unable to induce chemical changes on the paint samples. This 

information could help paint manufacturers to make paint products integrated with 

effective biocides that could attack these biodeteriogens. Besides, there is also 

possibility of using these isolates in bioremediation of paint polluted site. 

Keywords: Biodeterioration of paint, Biodeteriogens, Biocides, Shake flask 

cultivation, SEM analysis, FTIR-ATR 
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Abstract 

Justicia gendarussa is a valuable medicinal plant that producing many important 

secondary metabolites such as flavonoids, alkaloids and flavanols. These secondary 

metabolites possess a variety of pharmacological and medicinal properties. The 

drawbacks are secondary product yield is very low and inconsistent. Metabolic 

engineering approaches provide a promising solution for manipulation of secondary 

metabolites production. Plant genetic modification such as Agrobacterium 

tumefaciens-mediated transformation offers high transformation efficiency and stable 

transformations. Establishment of the transformation method provides the first 

essential step in manipulating plant metabolic pathway. However, the transformation 

efficiency of J. gendarussa via A. tumefaciens is not yet to be exploited and optimised. 

Therefore, in this study Agrobacterium tumefaciens strain LBA 4404 harbouring 

binary plasmid pCAMBIA 1305.2 with containing ß-glucuronidase gene (GUS) as the 

reporter gene was used to optimize the transformation protocol. The nodal explants of 

Justicia gendarussa were selected as the receptors for Agrobacterium transformation 

due to certain aspects such as high regeneration efficiency. Parameters that affect the 

efficiency of Agrobacterium-mediated transformation, such as the concentration of 

Agrobacterium, infection time and acetosyringone were tested on the basis of GUS 

transient expression system. Results showed that the optimal condition with 100% 

transformation efficiency for the Agrobacterium-mediated transformation of J. 

gendarussa was obtained when nodal explants were infected at a bacterial 

concentration of OD600nm 0.8 for 20 minutes with the addition of 100µM acetosyringone 

(AS) and co-cultured for 2 days. In conclusion, an efficient Agrobacterium-mediated 

transformation of J. gendarussa was achieved with GUS histochemical assay. Thus, 

allowing further investigation of genes interaction and secondary metabolites 

accumulation in J. gendarussa.  
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Abstract 

The increasing human population in the world has caused food security a global issue 

in which the food production is unable to sustain and accommodate the blooming 

human population. In order to increase food production, chemical phosphorus fertilizer 

has been excessively applied onto agricultural lands due to low phosphorus availability 

in the soils. Chemical phosphorus fertilizer is ineffective as 80% of the phosphorus 

would rapidly turn into insoluble form which cannot be used by the plants. In addition, 

there is possibility that the phosphorus could leach into nearby rivers or ponds caused 

environmental problem such as algae bloom. Thus, microorganisms with ability to 

secrete extracellular phosphatase could serve as bio-fertilizer to release the phosphate 

ions from the soil. In this study, Algoriphagus sp. CO5 previously isolated from 

mangrove area was characterised. The phosphatase of Algoriphagus sp. CO5 was 

determined as extracellular enzyme and works at alkaline condition (pH 7.4-8.7) from 

the results of quantitative and qualitative measurement. The highest phosphatase 

activity and soluble phosphate concentration was recorded at 12th hours with 0.234 

Umol-1min-1ml-1 and 0.331 mg/L, respectively over 72 hours of incubation period. The 

phosphatase activity of Algoriphagus sp. CO5 increased approximately 3.6-fold when 

artificial sea water media was modified with additional of 1% (w/v) yeast extract and 

contains only 1% (w/v) of sodium chloride. Additional 1% (w/v) of urea completely 

inhibited the growth and phosphatase production of Algoriphagus sp. CO5. The 

bioinformatics analysis on phosphatase genes [PhoD-like alkaline phosphatase 

(SHO62449.1), nucleotide pyrophosphatase (SHO62583.1) and alkaline phosphatase 

(SHO64543.1)] of Algoriphagus zhangzhouensis DSM 25035 predicted that these 

phosphatases to be extracellular with high signal peptide probability. The phosphatases 

have relatively similar physio-chemical properties and all three phosphatases are 

determined to be stable and hydrophilic in nature. The active sites of nucleotide 

pyrophosphatase and alkaline phosphatase are highly conserved when compared to 11 

others Algoriphagus species. All three phosphatases were identified to be closely 

related with Algoriphagus vanfongensis.  

Keywords: Phosphatase, Algoriphagus sp., Characterization 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           73 

 

 

Evaluation of Antibacterial Efficacy of Commercial 

Toothpastes In vitro 

Chuan Jin An 1 and Nurriza Ab LAtif 1* 

1 Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: nurriza@fbb.utm.my 

Abstract 

Oral health is one of the major global health problems affecting more than half of the 

population worldwide. To deal with oral health problems, toothpaste has been used on 

a daily basis to improve oral health. Most of the toothpaste available on the market are 

formulated with sodium lauryl sulfate (SLS) as a surfactant due to its low cost and 

effective foaming ability. However, the use of toothpaste containing SLS has shown 

to increase the occurrence of aphthous ulcers. Due to the concern on the side effect of 

SLS, SLS-free toothpaste has been marketed as an alternative especially for those 

suffering from frequent aphthous ulcers. In this study, a series of experiments were 

carried out to evaluate the antibacterial efficacy of the SLS-containing and SLS-free 

toothpaste against selected oral bacteria which are Staphylococcus aureus, Escherichia 

coli and Pseudomonas aeruginosa. Agar well diffusion test was first carried out to 

assess the antibacterial activity of the toothpaste. Results showed that both SLS-

containing kinds of toothpaste (toothpaste A and B) have higher antibacterial activity 

than SLS-free toothpaste (toothpaste C and D) against S. aureus. All the tested 

toothpaste did not show any inhibition on E. coli and P. aeruginosa. Subsequently, 

anti-adherence and antibiofilm assay were done to investigate the anti-adherence and 

antibiofilm activity of all toothpaste. The results indicated that SLS-containing 

toothpaste exhibited better anti-adherence activity against S. aureus. However, 

toothpaste C, an SLS-free toothpaste showed highest anti-adherence activity against 

E. coli and P. aeruginosa. For antibiofilm activity, it was observed that SLS-containing 

toothpaste are better compared to the SLS-free toothpaste when tested against all the 

three bacteria. In conclusion, this study demonstrated that SLS-containing toothpaste 

remains as a more reliable and effective toothpaste over the SLS-free toothpaste tested. 

Keywords: Antibacterial efficacy, Commercial toothpastes, SLS, E. coli, S. aureus, 

P. aeruginosa 
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Abstract 

Massive amounts of banana pseudostems (BPS) are often dumped and incinerated, 

hence the disposal mismanagement of this lignocellulosic biomass has led to several 

environmental impacts and pollution. Other than the availability of the abundant 

resources, the fiber of banana pseudostems also constitute a great amount of cellulose 

which is up to 91%. This study explores the potential of cellulose derived from the 

banana pseudostem of Musa acuminata balbisiana cv. ‘P.Nipah’ as the natural 

biomaterial to be fabricated into skin tissue engineering scaffolds. Cellulose are 

extracted through several chemical pretreatments and further treated with 64% (w/w) 

sulphuric acid via acid-hydrolysis, to gain nanosize materials known as cellulose 

nanocrystals (CNC). CNC are well-known for its strong hydrophilicity, nontoxicity as 

well as excellent mechanical properties due to its microfibrillar nature, hence 

commonly reinforced in polymers. The utilization of CNC for the fabrication of skin 

tissue engineering scaffolds aims to regenerate skin at the site of chronic wounds that 

have the difficulties to heal naturally. Prolonged healing of chronic wounds might 

subsequently cause infections and amputations in severe cases. In this study, CNC 

scaffolds were fabricated via freeze-drying technique and further characterized by 

ATR-FTIR, SEM, wettability, swelling ratio and in vitro degradation testing to 

determine their structural and morphological properties. The results displayed 

interconnected irregular pores on the surface of scaffolds and promising water uptake 

capability that supported its strongly hydrophilic criteria. The scaffolds however 

needed some modifications to make it more encouraging for the applications in skin 

tissue engineering. 

Keywords: Banana pseudostem, cellulose nanocrystals, acid-hydrolysis, freeze-
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Abstract 

Pineapple waste is one of major agricultural wastes that can be found abundantly in 

Malaysia. There are challenges in managing this waste as it has high biochemical 

oxygen demand and extreme pH condition. However, bromelain which are widely 

used in medicinal application and industry can be isolated from pineapple wastes. In 

addition, bromelain also exhibited anti-microbial activity as it has potential to 

replacing chemical anti-microbial agent. In this study, different parts of pineapple 

wastes which are consisting of core, crown, peel, and mix were extracted to obtain 

crude bromelain extract. Extracts from different parts of pineapple waste were used to 

study physiochemical characteristics and bromelain activity. pH determination and 

reducing sugar assay were conducted as a part of physiochemical analysis. All pH of 

pineapple waste showed acidic value and the yield of reducing sugar for every 

pineapple waste were varied. In terms of bromelain activity, proteolytic activity assay 

and protein determination were completed for determination of bromelain specific 

activity for every part of pineapple waste. Core (85.01 U/mg) had the highest specific 

enzyme activity, followed by mix (49.15 U/mg), peel (43.45 U/mg) and crown (20.59 

U/mg). Prospecting for efficient bromelain activity, the optimal pH and temperature 

of bromelain were studied. It showed that most of pineapple wastes have optimum 

activity at the ranges of 50-70 ̊C and optimum pH of 7 and 9. Moreover, effect of 

temperature and pH on bromelain stability were analysed at 60 ̊C and pH 7. For anti-

microbial study, bromelain crude extracts were tested against two bacteria species of 

Escherichia coli (gram-negative) and Staphylococcus aureus (gram-positive) for anti-

bacterial activity. Meanwhile, four different species of fungi consisting of Ganoderma 

sp., ASP MS1, TRI C3 and PNC 5 were analysed for anti-fungal study. Results from 

this study showed that bromelain had anti-bacterial property only as it incapable to 

inhibit fungi growth. 

Keywords: Bromelain, Characterization, Pineapple waste, Anti-fungal, Anti-bacterial 
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Abstract 

Fossil fuels have been used globally as one source of energy for different types of 

application. However, the dependency on fossil fuels has been shifted gradually to 

biofuel due to its non-renewable characteristic. Among the biofuel generations, third-

generation biofuels which are derived from microalgae have been preferred by 

commercial industries. A third-generation biofuel is a promising option because it does 

not have issues in term of crops supply. Chlorella sp. is one of the freshwater 

microalgae that are being mass cultivated due to its unique characteristic in 

polyunsaturated fatty acids (PUFAs) production, particularly fatty acid methyl ester 

(FAME) which is the key element in third-generation biofuel production. Furthermore, 

Chlorella sp. are able to accumulate more fatty acid when cultivated under stress 

condition such as high aeration rate, pH and inoculum size. Hence, the focus of the 

study would be on the morphological identification, the growth profile of freshwater 

isolated Chlorella sp., and comparative studies on the growth performance between 

freshwater Chlorella sp. and coal-fired power plant isolated Chlorella sorokiniana. As 

a result, Chlorella sorokiniana, the coal-fired power plant has a relatively better 

performance in term of the specific growth rate of 0.023 within a short period of 

doubling time 30.58 hours. It is then selected and cultivated in the 2L photobioreactor 

with an optimised parameter to increase its biomass accumulation. Chlorella 

sorokiniana has the best performance at pH 10, 1.0L/min aeration and at 15% 

inoculum concentration with 0.095 specific growth rate at 7.305 hours doubling time. 

In a nutshell, the mass cultivation of Chlorella sp. would have a significant effect on 

the production of third-generation biofuels which is a new source of sustainable 

energy. Hence, through the mass cultivation of Chlorella sp., the raw material of the 

third-generation biofuel would be secure and ensure the sustainability of the energy.  

Keywords: Chlorella sorokiniana, Optimisation, Cultivation, Photobioreactor, 
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Abstract 

Probiotics are groups of microorganisms and commonly used to confer health benefits 

to human’s digestive system and used in the production of many fermented food. Non-

digestible carbohydrates are dietary fibers which are not digested and absorbed by the 

human’s small intestine. Therefore, the aim of this study is to analyse the ability of 

non-digestible carbohydrates (barley, yam, garlic, banana and sweet potato) to act as 

a carbon source in enhancing the growth activity of Lactobacillus acidophilus in vitro 

and to determine which type of non-digestible carbohydrate source produces a high 

biomass production. L. acidophilus was grown on de Man, Rogosa and Sharpe (MRS) 

medium since it is a selective medium used for the growth of different lactic acid 

bacteria. The optical density and pH of the cell biomass produced were measured and 

cell dry weight was determined. The highest biomass production recorded was for 

barley as 10.02 g. L-1 followed by yam 8.79 g. L-1, 7.17 g. L-1 for garlic, 6.81 g. L-1 

for banana and 4.86 g. L-1 for sweet potato, while positive control (glucose) recorded 

4.20 g. L-1 of cell biomass. Current results also show a decreasing in the pH values 

which indicated that L. acidophilus fermented the non-digestible carbohydrates 

samples in the medium after 24 h of incubation at 37°C on rotary shaker set at 200 

rpm. The overall results, confirmed that L. acidophilus helps in the hydrolysis of the 

non-digestible carbohydrates provided and subsequent conversion of the sugars to cell 

biomass and decrease the pH compared to the negative control (no carbon source). 

This shows that in future production of a synbiotic products using these non-digestible 

carbohydrates and probiotics strains is promising to offer many benefits to human’s 

health.  

Keywords: Lactobacillus acidophilus, Probiotics, Non-digestible carbohydrate, 
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Abstract 

The plant Leucas zeylanica commonly known as ‘Ketumbit’ has a wide variety of 

medical applications. This includes the traditional and Ayurvedic practice of L. 

zeylanica for the treatment of worm infections successfully, however till date the anti-

helminthic effect has still not been scientifically proven. Therefore, the aim of the 

present study was to evaluate the phytochemical and anthelmintic activity of L. 

zeylanica. The study began with the identification of phytoconstituents of methanolic, 

ethanolic and aqueous extracts using Liquid chromatography - Mass spectroscopy 

(LC-MS) analysis. The chemical study of the aerial part of Leucas zeylanica has led 

to the isolation of ten known compounds, including three flavonoids, two terpenoids, 

two flavonoid glycosides, and each one of phthalate ester, phenol ester and 

phenylpropanoids. Next, experiments were conducted to evaluate the possible in-vitro 

anthelmintic activity of various extracts of L. zeylanica against earthworms. Various 

concentrations (25, 50 and 100 mg/ml) of all extracts were tested and results were 

expressed in terms of the time of paralysis and time of death of worms. All extracts of 

the plant exhibited considerable anthelmintic activities in a dose-dependent manner. 

The order of the sensitivity of the extracts to the worms was that methanolic extract 

showed the best anthelmintic activity when compared to ethanol and aqueous extracts. 

Of them all, methanolic extract at 100 mg/ml showed the most effective anthelmintic 

activity that was comparable to the reference drug (albendazole, 25 mg/ml). This work 

may provide a framework for further study of L. zeylanica as an alternative treatment 

for worm infection.  

Keywords: LC-MS Analysis, Leucas zeylanica, Worm infection, Anti-helminthic 

effect 
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Abstract 

Bacterial nanocellulose (BNC) is an emerging multifunctional nanomaterial which has 

gained much interest because of its wide applications in the medical, cosmetic, food 

industries, bioremediation, biotechnology and in the pharmaceutical sector. 

Nanocellulose produced by bacteria or bacteria nanocellulose (BNC) do not contain 

lignin and hemicellulose thus, being a better alternative to plant 

cellulose.  Additionally, BNC produced by bacteria has excellent mechanical strength, 

a high degree of purity and good biocompatibility. The purpose of this study was to 

explore the potential of isolating nanocellulose producing bacteria from tapioca 

wastewater. A total of ten isolates were successfully isolated from tapioca wastewater. 

Screening of the isolates for BNC production using Hestrin and Schramm (HS) 

medium revealed only one isolate named BPNC 3 produced white gelatinous materials 

within the medium believed to be the nanocellulose. 16s rRNA analysis of BPNC 3 

identified the bacterium as Asaia sp. The BNC produced by Asaia sp. BPNC3 was 

characterized using Fourier transformed-infrared spectroscopy (FTIR) and Field-

emission scanning electron microscope (FESEM). The FTIR spectrum showed the 

presence of two signature peaks at 3276.69 cm-1 and 2923.99 cm-1 indicative for 

nanocellulosic material. The FESEM micrograph showed characteristics of network 

fibrils typically present in nanocellulose structure. This study has shown that BNC 

producing bacteria can be successfully isolated from tapioca wastewater. 

Keywords: Bacterial nanocellulose, Asaia sp., Tapioca wastewater 
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Abstract 

Breast cancer is known as the most frequently diagnosed cancer and also remains a 

major health problem among women. Chemotherapy is one of the current treatments 

used to treat breast cancer. However, toxicity caused by chemotherapeutic drugs has 

been a major challenge in human cancer chemotherapeutic as it could target both 

tumor, normal cell, and tissues thus causing major organ damages. Hence, highly 

sensitive and specific cancer treatments need to be identified in assuring their 

effectiveness. Nanoparticles (NPs) especially silver nanoparticles (AgNPs) offer 

several benefits and show good potential for anti-cancer based on their remarkable 

properties such as it has a high surface to volume ratio, unique optical, and 

physicochemical properties together with their biological effects. Green synthesis PO-

AgNPs also receiving increased attention due to their non-toxic, simplicity, high yield 

production along with their safer and eco-friendlier approaches towards the 

environment. In this study, Persicaria odorata is synthesized by using AgNO3 

following TPC assay and characterization using UV-Visible spectroscopy, Fourier 

Transform Infrared Spectroscopy (FTIR), Field Emission Scanning Electron 

Microscopy (FESEM), and Energy Dispersive X-ray (EDX) analysis. From here, it is 

proven that P. odorata has the potential to act as a reducing agent evidenced by the 

color changes and reduction peak shown in UV-Visible analysis. Next, the existence 

of P. odorata in synthesizing PO-AgNPs is proven using FTIR analysis evidenced by 

four important peaks resembling each P. odorata and PO-AgNPs respectively. Then, 

FESEM and EDX showing the spherical shape, size distribution, as well as the 

authenticity of synthesized PO-AgNPs tested. The cytotoxicity of previously 

characterized PO-AgNPs tested on the mammary carcinoma EMT6 cells with a 

different concentration used showing the decreasing of cell viability (%). Altogether, 

all the results presented in this study suggested that P. odorata is successfully acted as 

a reducing agent in synthesizing PO-AgNPs with its characterization tested which then 

conferred toxicity to the EMT6 cells. However, further investigation is required in 

testing their potential as an anti-cancer therapeutic agent for future treatment.  

Keywords: In vitro inhibitory activity, Breast cancer, Persicaria odorata, Green 

synthesis silver nanoparticles, Mammary carcinoma EMT6 cells 
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Abstract 

In the field of environmental microbiology, bacteria able to survive in harsh 

environmental conditions are highly desired for the bioremediation process to degrade 

environmental contaminants. Microorganisms with the ability to tolerate high salinity 

and polluted waters as well as capable of producing biosurfactant for better 

contaminants degradation efficiency have high potential to be used in bioremediation 

and biodegradation processes. Therefore, this study was conducted to isolate potential 

bacteria with halotolerant characteristic and biosurfactant producing ability from the 

previously contaminated river water. A total of eleven halotolerant bacteria were 

successfully isolated from a water sample collected from three different points of the 

river. Among these isolates, seven bacteria namely A1, A2, A5, B2, B3, C7 and C9 

showed positive results in both oil spreading assay and emulsification assay, indicating 

their ability to produce biosurfactant. The bacteria with the highest emulsification 

activity, specifically A1, A5 and C7 were further analyzed with surface tension 

measurement and the result showed that these three isolates had high surface tension 

reduction activity of 28%, 22% and 36% respectively. According to Bergey’s Manual 

of Determinative Bacteriology, the conducted biochemical test suggested that the 

possible identity of isolate A1 was Neisseria sp., whereas isolate A5 was Aeromonas 

sp. while isolate C7 was from the Enterobacteriaceae family. Isolation of these 

biosurfactant producing bacteria revealed that these microbes have potential in 

bioremediation and worth further exploration.  

Keywords: Biosurfactant, Halophile, Oil Spreading Assay, Emulsification Assay, 

Surface Tension Measurement 
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Abstract 

Conventionally, the identification of dragonflies and damselflies are done by 

taxonomists based on their morphology. However, morphology-based identification 

has a high possibility of errors if not done by a highly specialized taxonomist. 

Therefore, species identification through comparison of genomic DNA with reference 

barcode database is a more reliable and accurate method in species identification. 

Currently, both of the cytochrome c oxidase subunit I (COI) and cytochrome b (cytb) 

reference barcodes for dragonflies and damselflies are insufficient which will lead to 

the difficulties in species identification. In this study, a total of 5 samples (D1 – D5) 

collected from Johor National Park in Malaysia were successfully extracted by using 

QIAGEN DNeasy® Blood and Tissue Kit. The extracted DNA was then amplified by 

both mitochondrial COI and cytb universal primers followed by direct sequencing. Out 

of 10 amplicons, 6 sequences (4 COI and 2 cytb barcodes) with good sequence quality 

were further analysed for species identification through BLAST search in GenBank, 

BOLD database (COI barcodes only) and phylogenetic analysis. All the reference 

barcodes generated in this work supports the taxonomist’s identification except one 

species which was misidentified due to the similar morphology. All of the 6 barcodes 

(4 COI barcodes and 2 cytb barcodes) has been submitted to GenBank for verification. 

All the COI barcodes (MT266924, MT266925, MT266926 and MT269676) and cytb 

barcodes (MT210803 and MT210804) are now available for public use. In short, the 

novel mitochondrial barcodes generated in this work has helped to enrich the GenBank 

reference sequences and could help magnify the accuracy of species identification, 

particularly for a few underrepresented Malaysian dragonfly and damselfly species.  

Keywords: Species Identification, Reference Barcodes, Cytochrome c oxidase 

subunit I, Cytochrome b, Malaysian Dragonflies and Damselflies 
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Abstract 

Orthosiphon stamineus (Misai Kucing), has become the focus of commercialization in 

Malaysia due to its potential health treatment benefits that can attract huge consumers’ 

demand. Although herbal medicinal products (HMP) quality remains a major concern 

for consumers due to high adulteration rate, there is insufficient testing done to 

determine whether herb species used in HMP is as claimed in their ingredients. This 

study utilized DNA barcoding by a nuclear marker (ITS2) to authenticate O. stamineus 

HMP. In this work, genomic DNA of O. stamineus and its monoherbal HMPs were 

successfully extracted by using Nucleospin® Plant II Kit. The gDNA degradation rate 

was shown to be highest in gDNA extracted from the capsule, followed by tea and the 

least from fresh leaves. Amplification of ITS2 barcode from gDNA extracted had 

successfully led to PCR products with the size between 300bp to 400bp, indicating the 

efficiency of ITS2 primer used. PCR products were sequenced, followed by sequence 

editing, analysis and verification by bioinformatics tools such as BioEdit, BLAST, 

Clustal Omega and MEGA X. ITS2 amplicon from O. stamineus was verified to fulfil 

criteria of good barcode, hence deposited to Genbank database and being assigned with 

Genbank accession ID of MT251295.1, besides serving as internal reference barcode 

for HMP authentication. From the analysis of HMPs by DNA barcoding pipeline, both 

HMP studied were verified to be authentic as their percentage identity with O. 

stamineus sequences available in Genbank exceeded the minimum BLAST cut off of 

97% identity and formed a strongly supported monophyletic clade with O. stamineus 

sequences in neighbour-joining phylogenetic analysis with a bootstrap value of 97. 

This work has successfully generated the first O. stamineus ITS2 barcode originating 

from Malaysia that able to serve as public reference material and determined to be 

suitable for application in local O. stamineus HMP authentication via DNA barcoding, 

making it possible to complement conventional methods for O. stamineus HMP quality 

assurance testing in Malaysian herbal industry.  

Keywords: Orthosiphon stamineus, Monoherbal HMPs, Nuclear reference barcode, 

Herbal medicinal product 
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Abstract 

Dental plaque is the primary factor for the initiation and progression of oral infections. 

To maintain good oral hygiene, brushing alone is not sufficient especially to remove 

the dental plaque. Hence, an ideal mouthwash could be incorporated together with 

tooth brushing to eliminate plaque by inhibiting the growth and proliferation of 

pathogenic microbes. Chlorhexidine is among the most common antimicrobial agents 

used in many types of mouthwash but it appears to exist several side effects. Therefore, 

this study aims to evaluate the antimicrobial, antiadhesion and antibiofilm activity of 

five commercial types of mouthwash; Mouthwash A (with chlorhexidine) and 

Mouthwash B, C, D and E (without chlorhexidine) against selected oral bacterial 

which are Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa. 

Agar well diffusion assay was employed for antimicrobial screening of the selected 

mouthwashes while antiadhesion and antibiofilm assay were used for determining the 

percentage of antiadhesion and antibiofilm of these mouthwashes. It was observed that 

mouthwash C has the highest antimicrobial activity against S. aureus. No antimicrobial 

activity against E. coli and P. aeruginosa was observed for all mouthwashes tested. 

Nevertheless, antiadhesion and antibiofilm assay outcomes did not follow a similar 

trend. The results revealed that mouthwash B and E had achieved around 50% to 90% 

in anti-adherence and anti-biofilm activity against all the tested strains. When 

comparing between these two types of mouthwash, the overall antibacterial activity of 

mouthwash E was higher than mouthwash B. While mouthwash C was better 

inhibiting adhesion and biofilm of S. aureus compared to E. coli and P. aeruginosa. 

Roughly 20% to 40% reduction was observed in adhesion and biofilm activity of these 

three bacteria after the treatment of mouthwash D. Therefore, results from this study 

suggested that mouthwash E might serve as a potential substitute to chlorhexidine 

mouthwash to regulate the prevalence of the oral disease. 

Keywords: Mouthwash, Staphylococcus aureus, Escherichia coli, Pseudomonas 

aeruginosa, anti-adherence, anti-biofilm 
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Abstract 

Acinetobacter baumannii is a nefarious opportunistic pathogen of the skin and soft 

tissue accounting for over 10% of nosocomial infections. A. baumannii has been 

designated a priority 1, critical antibiotic-resistant bacteria by the WHO following the 

emergence of pan-drug resistant strains that are no longer susceptible to antibiotic 

therapy. Proteases which catalyze the breakdown of soft tissue components such as 

elastin, collagen, and fibronectin promote systematic tissue degradation and increased 

pathogen permeation. In this study, the uncharacterized staphopain peptidase C47 

family protein from A. baumannii (GenBank: KCZ17505.1) was modelled and 

characterized to assess its potential contribution to A. baumannii pathogenicity. No 

signal peptides were identified within the target sequence. However, it was predicted 

that KCZ17505.1 is a non-cytoplasmic protease which is postulated to follow a non-

classical secretory path. The target protease was determined to have a molecular 

weight of 18.5 kDa and a theoretical pI value of 8.94. The instability index (II = 33.57) 

indicates that the protease is stable. A homology model for KCZ17505.1 was generated 

using the SWISS-MODEL web server where the algorithm-assigned template was 

1CV8.1.A (Staphopain A), a papain-like cysteine protease secreted by Staphylococcus 

aureus implicated in pathogenic functions. The proposed model was validated for its 

quality using MolProbity (92.6%) and ERRAT (QF: 88.16) which indicated sufficient 

model quality. Pairwise sequence alignment and structural alignment of KCZ17505.1 

from A. baumannii and 1CV8.1.A from S. aureus confirmed the preservation of the 

classic Cys-His-Asn catalytic triad within active sites occurring at the same locus. 

There was little structural variance between both proteases but for an additional beta-

sheet within the 1CV8 template occurring outside the active site. As a result, it was 

concluded that the A. baumannii staphopain peptidase (KCZ17505.1) possesses the 

same protease and hydrolase catalytic functions likely employing the same catalytic 

mechanism as that of S. aureus. Therefore, it may be inferred that KCZ17505.1 would 

similarly contribute to A. baumannii pathogenesis.  

Keywords: Acinetobacter baumannii, Pathogen, Protease, In silico 
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Abstract 

Lignocellulose is one of the most abundant carbon sources in the environment which 

is an underexploited source of bioenergy. Cellulomonas fimi is a soil organism that is 

widely studied and is known for its potential to efficiently hydrolyse lignocellulosic 

materials, particularly cellulose. This mesophilic bacterium, which is gram-positive, 

facultatively anaerobic, coryneform rod with a high (74.7%) guanine-plus-cytosine 

content in deoxyribonucleic acid (DNA), can grow on numerous carbon source. The 

aim of this study was to optimize the Polymerase Chain Reaction (PCR) conditions for 

amplification of PKD-1 gene of C. fimi featuring a high GC content (74.8%) template. 

Although a few growth media are available for the growth of C. fimi, it is still unclear 

as to which is the most efficacious. Therefore, Nutrient agar media and 

Corynebacterium media was tested in this study. These media were prepared according 

to the respective manufacturer’s instruction. The results show that nutrient agar 

medium is the better choice based on the duration of colony growth and comparison 

of colony morphology. In order to obtain an enzyme with novel qualities from C. fimi, 

amplification of PKD-1 gene from C. fimi using PCR was done. PCR is an 

exceptionally sensitive method that often requires optimization, mainly when a 

difficult template is being amplified. PKD-1 gene was successfully amplified after 

several optimization steps which include factors such as GC enhancer concentrations, 

MgSO4 concentration and addition of dimethyl sulfoxide (DMSO). The attempt to 

amplify amplicon of PKD-1 gene was only successful with the addition of DMSO at 

6% and 8% concentrations. The results of this study suggest that addition of DMSO to 

the reaction at optimum concentration is vital in amplifying PKD-1 protein of C. fimi 

due to the ability of DMSO to make GC-rich template more heat-sensitive and reduces 

melting temperature of the reaction.  
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Abstract 

Three distinct strains of halophilic bacteria CF5, CF8 and CF27 were isolated from 

naturally fermented pickles using spread plate and streaking method after incubation 

at 30°C on Artificial Seawater (ASW) agar with 4% (w/v) of NaCl. All strains were 

identified using 16S rRNA gene sequence analysis and results revealed that strain CF5, 

CF8 and CF27 is a member of Labrenzia, Methylophaga and Halobacillus 

respectively. Three strains of bacteria were characterised morphologically and 

biochemically. All strains were aerobes that were oxidase and catalase-positive. Strain 

CF5 showed ability in degrading cellulose and esculin, while able to utilize and 

ferment glucose, sucrose, and mannose in producing acid. In addition, strain CF8 was 

able to degrade xylan and esculin, with positive result for utilization of glucose and 

sucrose or lactose. On the other hand, strain CF27 was found to be able to produce 

several hydrolytic enzymes, including the degradation of xylan, mannan, casein and 

starch. These bacteria showed potential in producing enzymes such as cellulases, 

mannanases and proteases. Therefore, the respective enzymes produced can be further 

characterised and analysed for future development.  

Keywords: Halophilic bacteria, Fermented pickles, Labrenzia sp., Methylophaga sp., 

Halobacillus sp. 
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Abstract 

Chronic wounds among diabetic patients have always been at a concerning state over 

the past years. The implementation of non-invasive procedures such as ultrasound 

techniques to accelerate the diabetic wound repair is believed can provide impressive 

benefit in terms of improving cells’ physiology mechanistically. This current study 

was focused on the effect of low-intensity therapeutic ultrasound as a mechanical 

stimulator towards human skin fibroblast cells (HSF 1184) for wound healing 

experiment under hyperglycemic microenvironment in vitro. In order to determine the 

optimum seeding density of HSF 1184 to be used in the wound healing experiment, 

the cells were first optimized in 6-well plates using several seeding densities. 

Afterwards, the optimized seeding density, 4 × 105 cells/mL, was used for wound 

healing experiment which was conducted via scratch assay. In this context, the 

experiment was centred on the migration of cells towards cells-free area after treated 

with several doses of ultrasound treatment for 5 minutes. The percentage of wound 

closure of HSF 1184 was analysed using ImageJ software at time intervals of 0, 0.5, 

1, 18, 20, 22, and 24 hours. The results from the scratch assay revealed that the cells 

treated with 1 MHz, 0.3 W/cm2, 50% of duty cycle showed the highest percentage of 

wound closure compared to the other two ultrasound doses which were 1 MHz, 0.2 

W/cm2, 20% duty cycle and 3 MHz, 0.3 W/cm2, 50% duty cycle. In short, from this 

study, low-intensity therapeutic ultrasound with a frequency of 1 MHz, intensity of 0.3 

W/cm2 and 50% of its duty cycle has the best potential for wound repair of HSF 1184 

under hyperglycemic microenvironment in vitro.  

Keywords: Ultrasound, Human skin fibroblast cells (HSF 1184), Diabetes, Wound 

healing 
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Abstract 

The adhesion of marine bacteria and the formation of biofilms on wooden surfaces has 

contribute to the degradation of the wood material and have a serious concern in 

marine industry. Hence, marine industries begin to develop fouling release coatings 

for wood substrate to prevent marine bacteria biofilm formation and biofouling. 

Therefore, the aim of this research is to investigate the effect of marine bacteria 

adhesion on wood surfaces with and without epoxy coating with different surface 

roughness under hydrodynamic conditions. The surface roughness of wood surfaces 

with and without epoxy coatings has been analysed with the range value of 133.67 ± 

5.41 μm and 127.96 ± 1.50 μm respectively by using ImageJ software. An isolated 

marine bacterium from seawater in Desaru, Johor, Malaysia known as Alteromonas 

litorea was used in this experiment as a model bacterium. The growth profile of A. 

litorea was determined by observing the optical density (OD600nm) and viable cell 

counts in CFU/mL. The grown biofilm and exopolysaccharides (EPS) formation on 

both wood surfaces were observed under Scanning Electron Microscope (SEM). The 

results showed that the biofilm formation of A. litorea has the ability to grow on wood 

surfaces with and without epoxy coating. Therefore, it can be concluded that the 

marine bacterium A. litorea are capable of forming a biofilm layer on wood surface 

with and without epoxy coating. 

Keywords: Marine bacteria, Alteromonas litorea, Epoxy, Wood, Surface roughness, 

Biofilm, Hydrodynamic, Exopolysaccharides 
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Abstract 

Persicaria odorata has been reported to contain valuable bioactive compounds with 

proven antioxidants. To date, effect of plant growth regulators on shoot regeneration, 

shoot biomass and its antioxidant activity was not fully studied. Thus, in this study, 

the effect of BAP and NAA on shoot regeneration, shoot biomass and its antioxidant 

activity of P. odorata was investigated. The nodal segments were cultured on MS plate 

containing different combination concentrations of BAP (0 – 4 mg/L) alone or in 

combination with NAA (0.05, 0.1, 0.2 and 0.5 mg/L) at culture condition (16h 

photoperiod; 25 ± 2°C; 3000-lux light intensity provided by cool white fluorescent 

tubes) for six weeks culture. Results demonstrated that 2 mg/L BAP produced the 

maximum percentage of shoot regeneration (93.33 ± 6.67) %, the shoot length (2.34 ± 

0.05 cm), number of shoots per explant (2.67 ± 0.07) and fresh weight (151.00 ± 1.00 

mg) compared to other BAP treatments. Even though, a similar shoot regeneration was 

achieved when treated with the combination of 2 mg/L BAP + 0.2 mg/L (93.33 ± 6.67) 

% but shoot length (3.22 ± 0.08 cm), number of shoots per explant (4.13 ± 0.13) and 

fresh weight (219.47 ± 1.50 mg) was higher than BAP alone. The antioxidant activity 

of shoot biomass of P. odorata was carried out using FRAP and DPPH assay. The 2 

mg/L BAP + 0.02 mg/L NAA treatment exhibited the higher antioxidant activity 

(1509.31 ± 54.59 µM Fe (II)) than the control, PGR-free shoot extracts (416.18 ± 8.49 

µM Fe (II)). Furthermore, the DPPH assay of the same treatment had the lowest IC50 

value of radical scavenging activity of 156.33 ± 4.70 µg/mL. In conclusion, the 2 mg/L 

BAP + 0.02 mg/L NAA treatment had improved shoot regeneration percentage, shoot 

biomass and FRAP activity of P. odorata.  

Keywords: Persicaria odorata; in vitro; tissue culture; shoot regeneration; antioxidant 

activity 
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Abstract 

In recent years, combination therapy has become one of the most effective clinical 

practices in treating infections because of the emergence of multi-resistant 

microorganism hence less effective to be treated with single antibiotics. Thus, the 

purpose of the study is to determine the minimum inhibitory concentration (MICs) of 

tested antibiotics including ampicillin, gentamicin, tetracycline rifampicin, 

chloramphenicol and ciprofloxacin on Bacillus cereus. Lower MIC value indicates that 

less of the drug is required to inhibit growth of the organism, drugs with lower MIC 

scores are more effective antimicrobial agents. Besides, we also want to study 

synergistic effect of combination of antimicrobial agents to combat multi-resistant 

organism. MICs are considered as basis diagnostic laboratories mainly to confirm 

resistance but most often to determine the in vitro activity of new antimicrobial and 

data from many studies have been used to determine MIC breakpoints. In this study, 

MICs were determined on six antibiotics including gentamicin, chloramphenicol, 

ciprofloxacin, ampicillin rifampicin and tetracycline against five B. cereus isolates 

named KS2, E2, F2, F6 and K2W2 from different sources including fish, water, and 

soil. Determination of MICs on tested antibiotics showed that all B. cereus were 

resistant towards ampicillin and rifampicin but most sensitive to chloramphenicol, 

ciprofloxacin and gentamicin. Apart from that, this investigation also provide 

synergistic effect of ampicillin and chloramphenicol against the B. cereus isolates. As 

for the susnergistic effect, KS2, F2 and E2 resulted in synergy. On contrary, K2W2 

resulted as an antagonism while F6 resulted as an indifference. In particular, synergy 

or double therapy of antibiotics may be required to treat multiresistant organisms. 

Furthermore, the observed synergy between ampicillin and chloramphenicol opens a 

new window of using bacteriocins and antibiotics in combination therapy of infections. 

Keywords: Minimal Inhibitory Concentration, Synergy, Multi resistant 
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Abstract 

The exceptional antibacterial properties of silver nanoparticles have fascinated many 

researchers to study and exploit this nanomaterial in various application as potential 

antibacterial agent. Nevertheless, it is significant to establish a safe and 

environmentally friendly approach for their synthesis. In this sense, green synthesis of 

silver nanoparticles was employed using Orthosiphon aristatus as reducing and 

capping agent. The brown colour formation with surface plasmon resonance peak 

between 410 nm to 480 nm confirmed the reduction of silver ion into silver 

nanoparticles. The involvement of secondary metabolites as capping agent was 

verified through Fourier Transform Infrared Spectroscopy (FTIR) analysis. The 

surface morphology and elemental composition of the biosynthesized silver 

nanoparticles was visualized through Field Emission Scanning Electron Microscopy 

(FESEM) and Energy Dispersive X-ray (EDX). Crystalline nature of the nanoparticles 

was characterized and confirmed from X-ray Diffraction Analysis (XRD), Selected 

Area Electron Diffraction (SAED) and Transmission Electron Microscopy (TEM). 

Complementary, the antibacterial activities of the silver nanoparticles were evaluated 

by disc diffusion method and resazurin method against marine bacteria; Bacillus 

niabensis and Alteromonas litorea. The observed results signify the potential of 

synthesized silver nanoparticles using Orthosiphon aristatus as an effective 

antibacterial agent specifically for marine related applications. 

Keywords: Silver nanoparticles, Orthosiphon aristatus, Marine bacteria 
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Abstract 

The purpose of this study is to determine the growth profile of the isolated marine 

bacteria; Alteromonas litorea and Bacillus niabensis, to obtain the measurement of 

contact angle for the isolated marine bacteria and also to determine the total total free 

energy of isolated marine bacteria particularly on painted surfaces. The determination 

of the total free energy is determined based on the contact value measurement. The 

negative value of the total surface free energy indicates that the bacteria or the surface 

is hydrophobic, and the positive value shows that it is hydrophilic. The results show 

that the painted surface and Alteromonas litorea is hydrophilic while Bacillus 

niabensis is hydrophobic. The total free energy of adhesion is considered favourable 

when the value obtained is negative and unfavourable for adhesion if the value is 

positive. The value of total free energy of adhesion obtained in this study for Bacillus 

niabensis is -11.5978 during the exponential phase which means that the condition 

process for adhesion is favourable. However, the process condition for Bacillus 

niabensis during stationary phase shows that it is unfavourable for adhesion with the 

total free energy of adhesion value obtained is 3.0897. Alteromonas litorea shows that 

their process condition is unfavourable for both exponential and stationary phases 

where the value obtained is 15.5010 and 12.9814. 

Keywords: Marine bacteria, Contact angle, Hydrophobicity, Total free energy of 

adhesion 
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Abstract 

Escherichia coli and Staphylococcus aureus are common human pathogen found in 

kitchen surfaces that causing infection through cross contamination throughout the 

surfaces. Different types of food contact surfaces, such as glass, stainless steel and 

granite, show distinct patterns of microtopography but stainless-steel surface is the 

common surface used for kitchen and large-scale food industries. Many types of 

bacteria can form biofilm by adhere to the surfaces that become the main reason for 

the food contamination. This study investigated the total free energy of adhesion of 

two isolated bacteria, E. coli and S. aureus on stainless steel surfaces and determine 

the hydrophobicity of the bacteria on stainless steel surface at different growth phase. 

The total free energy of adhesion of E. coli in exponential phase and S. aureus in 

stationary phase were negative. The results tested negative indicated that both results 

are thermodynamically favorable. Other than that, the value of total free energy of 

adhesion of E. coli in stationary phase and S. aureus in exponential phase were positive 

that indicated that the results are thermodynamically unfavorable. From the results, 

bacterial adhesion can be influenced by several main factors, physicochemical 

properties of cell, material surface properties and environmental factors. Thus, by 

knowing the total free energy of adhesion of both bacteria, can help many industries 

to take precautions on preventing the growth of the bacteria on the surface.  

Keywords: Escherichia coli, Staphylococcus aureus, Stainless steel, Total free 

energy, Bacterial adhesion 
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Abstract 

In recent years, the development of wound dressing has changed from passive to active 

form by imparting antiseptic agent and nanoparticles to facilitate wound healing 

process. However, these substances have side effects which in return become harmful 

to the cells. Thus, a new approach using natural source from plant such as Hibiscus 

Sabdariffa Linn. is promising due to its phytochemical constituents. These bioactive 

compounds attribute to the capability of Hibiscus Sabdariffa Linn. to serve as a 

potential therapeutic agent in wound dressing. In this study, two types of 

alginate/gauze-dressings; Freeze-dried alginate/gauze (FDA/gauze) and Calcium 

alginate/gauze (CA/gauze) were developed by freeze drying and gelation methods, 

respectively. The aim of this study was to characterize the properties of alginate/gauze- 

dressings as a wound dressing. As observed, FDA/gauze dressings have higher water 

uptake ability than CA/gauze dressings. The percentage of water uptake ability 

increases as the concentration of alginate increases. However, the water uptake ability 

of CA/gauze decrease when increasing the concentration of alginate. Biodegradability 

of CA/gauze dressings was higher in 1% CA/gauze than 2% CA/gauze. In contrast, 

FDA/gauze dressings show increment in weight throughout the incubation in wound 

exudate-like solution, instead of degrading. The properties of alginate/gauze dressings 

were influenced by the presence of crosslinker, concentration of alginate and the 

methods used in preparation of the samples. Furthermore, human skin fibroblasts were 

able to attach on the alginate/gauze dressings that infused with Hibiscus Sabdariffa 

Linn. The clumps of human skin fibroblasts on alginate/gauze dressings proved that 

the cells were viable and proliferate. Therefore, the incorporation of Hibiscus 

Sabdariffa Linn. extracts have shown to assist the wound healing process.  

Keywords: Alginate/gauze-dressings, Freeze-dried alginate/gauze (FDA/gauze), 

Calcium alginate/gauze (CA/gauze), Human Skin Fibroblasts, Hibiscus Sabdariffa 

Linn. 
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Abstract 

There has been an increment composts generation by industrial production to be 

commercialized through designing sustainable, fast, effective composting within 

economical budget. Thus, it is vital to produce organic compost bioformulations by 

identifying the dominancy of microbial distribution in suitable type of compost that 

can achieve the optimum compost performance. In this study, eight samples (C1, C2, 

F1, F2, V1, V2, M1 and M2) have been run by using Amplicon library construction 

and Quantitative Analysis of PCR (16S rRNA in V3-V4 region and ITS 1) to recognize 

types of microorganisms involved during composting process. C1, F1, V1 and M1 

composts were the raw composts while the other exposed to the heat 55° until it 

obtained 25% of moisture content in order to pellet the composts. Phenotypic and 

genotypic identification were performed through Gram-staining and amplicon 

sequence analysis. The quantification analysis of genomic DNA was done by PCR 

amplification which using 341F and 805R primers. Following that, these sequences 

were assembly from database and from that the identification of exogenous bacteria 

Strain M in the composts was discovered which it did not showed any existence in all 

types of composts due to having a few limitations in adapting to the new environment 

in compost. Phylum Actinobacteria was the predominant and followed by 

Proteobacteria, Firmicutes and Bacteroidota. Meanwhile, phylum Ascomycota was 

leading among fungal community. Quantitative changes for every genera of both 

microbial and fungal community composition were controlled by those 

physicochemical parameters. However, various physicochemical parameters need to 

be included which contributes to the maturation of the composts in order to improve 

the quality of composting.  

Keywords: Composting, Food waste, Microbial diversity, Actinobacteria, 

Ascomycota 
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Abstract 

Population growth and the change of demographic lifestyle cause limited resources of 

arable lands and water which resulted in a food crisis. Despite the negative stigma that 

algae caused to human, algae are considered a promising “crop” with much potential 

application in facing global food security challenges as it contains pharmaceutical 

compounds and many beneficial effects to human, animal and environment. Algae has 

resulted as an alternative protein source because of their benefits and their ability to 

thrive in an extreme environment without having to compete for spaces with the 

traditional food crops. On top of that, the high-value ingredients from algae such as 

bioactive peptide and functional ingredient have been utilized in many applications 

viz. in human nutrition, animal feed, and aquaculture. This thesis discussed on the 

optimisation cultivation condition of microalgae species, specifically Chlorella sp. 

The research was conduct on two microalgae cultivation system. The first system was 

a closed algal cultivation system in batch culture condition to facilitate biomass harvest 

with improved biomass yield. In the system mentioned, the algal cell was cultivated in 

the flask culture supplied with the nutrient-rich liquid phase. The algal cells from the 

attached growth system were harvested by centrifugation method. The culture 

conditions of the attached growth system were optimised to improved biomass 

productivity before transfer into a more extensive system.  

Keywords: Microalgae, Chlorella sp., Optimum conditions, Open System, 

Optimisation, Cultivation, Biotechnological interest, Nutrients, Animal feed, 

Productivity 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           98 

 

 

Evaluation of Growth and Morphology Assessment of 

Chinese Hamster Ovary Cell Culture on Microcarriers In 

Ultra-Low Attachment Plates 

Nurul Najihah Abd Jalal 1 and Mohd Helmi Sani 1* 

1 Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: helmisani@fbb.utm.my 

Abstract 

Microcarrier-based culture for the growth of anchorage-dependent cells provides 

benefits and was widely used especially in biopharmaceutical industries. However, 

screening a suitable microcarrier and the growth rate of Chinese Hamster Ovary 

(CHO) cell attached on the microcarrier in the ultra-low attachment 24-multiwell plate 

is important to enhance the production of cell. In this project, two microcarriers were 

selected which are Cytodex-3 and Cultispher-G. Initially, the cell seeding of 5×104 

cell/mL was selected and was analysed for seven days. There are several analyses were 

performed to determine the morphology of cell, cell viability, cell density and 

metabolite cell consumption. The cell number was calculated using trypan blue 

exclusion method, whereas the glucose concentration was measured by using 3,5-

dinitrosalicylic acid (DNS) assay.These experiments were performed in static 

condition for both monolayer (control) and microcarrier (Cytodex-3 and Cultispher-

G) culture. Cytodex-3 showed the lowest cell density (8.0±2.25) ×105 cell/mL 

compared to monolayer culture (23.0±4.39) ×105 cell/mL and Cultispher-G 

(23.6±4.647) ×105 cell/mL. Based on calculation of cell density, the specific growth 

rate monolayer cell culture was obtained, and it was slightly higher whilst showed a 

shorter doubling time with the value of 0.0216 h-1 and 32.69 h respectively. The higher 

specific growth rate and shorter doubling time indicating a good attachment and 

survival of CHO cell in an extend period. For the cell viability, monolayer culture and 

microcarrier (Cytodex-3 and Cultispher-G) declined gradually. In conclusion, the 

CHO cell can still attach and proliferate onto the Cytodex-3 and Cultispher-G 

microcarrier surface but less efficiently compared than monolayer culture that have 

shown by the cell growth rate.  

Keywords: Chinese Hamster Ovary (CHO) cell, Microcarrier, Ultra-low attachment 

plate 
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Abstract 

Bacterial nanocellulose (BNC) membrane has received extensive interest in 

biomedical application especially in drug delivery system due to its outstanding 

properties such as hydrophilicity, high tensile strength and biocompatibility. In this 

study, the capability of BNC membrane as drug delivery system was investigated by 

using methyl orange (MO), methylene blue (MB) and indigo carmine (IC) as drug 

model. The MO, MB and IC loaded BNC were prepared by using the immersion 

method. The loading percentage of MO, MB and IC obtained were 87%, 36% and 20% 

respectively. The dye loaded BNC (MO-BNC, MB-BNC and IC-BNC) were 

characterized in terms of its morphology, chemical structure using scanning electron 

microscope and Fourier transform infrared spectrophotometry. Successful 

incorporation of MO, MB and IC within the BNC fibrillar network was observed from 

the results. BNC also shows high swelling ability at 419% in PBS solution (pH 7.4) 

after 24 hours at room temperature. The in vitro release profile of MO, MB and IC 

from BNC was evaluated by direct immersion of the dyes loaded BNC in PBS solution 

(pH 7.4) at 30°C under constant vibration of 50 rpm. The study indicated fast and 

sustained release profile from the BNC membranes. BNC membranes has high 

potential to be used in the drug delivery system in accordance to its ability for the 

loading and release of drug model, however further studies need to be carried out to 

support the evidence.  

Keywords: Bacterial Nanocellulose, Drug Delivery System, Diffusion, Immersion, 

Methyl Orange, Methylene Blue, Indigo Carmine. 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           100 

 

 

Generation of Reference Barcodes for Malaysian Butterflies 

Oon Jian Yeh 1 and Faezah Mohd Salleh 1* 

1 Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: faezah@fbb.utm.my 

Abstract 

Traditionally, scientists and taxonomists recognize the butterfly species based on the 

external morphological appearances to solve taxonomic problems. However, highly 

similar and ambiguous external morphologies can render the process of species 

identification arduous and problematic. Hence, DNA barcoding is developed for 

taxonomic identification of butterflies to species level. Nonetheless, this approach is 

challenged by the lack of a complete reference barcodes database encompassing 

butterflies of all families and species in Malaysia. In this study, a total of 5 butterfly 

samples collected from Taman Negara Endau-Rompin, Johor were successfully 

extracted by using QIAGEN DNeasy® Blood and Tissue Kit. The genomic DNA were 

subjected to PCR amplification using universal mitochondrial COI and cytb primers 

followed by direct sequencing. Out of 10 amplicons, only 4 amplicons (40%) exhibited 

satisfactory sequencing quality. The satisfactory amplicons were adopted for BLASTn 

search in GenBank database and phylogenetic analysis. One barcode supported the 

species identified by taxonomists, while the others were either unintentionally 

misidentified due to similar morphology or unidentified up to species level resulted 

from the lack of reference in GenBank. The four validated novel DNA barcodes (two 

COI, two cytb) generated were published in GenBank (Accession no.: MT210226, 

MT210227, MT210228, MT210229). This study demonstrated the importance of 

DNA barcoding as an auxiliary approach to provide molecular-based evidence and 

overcome limitations of morphological-based species identification method in 

developing a more reliable and accurate species verification particularly in the 

classification of Malaysian butterflies which is currently still highly underrepresented.  

Keywords: Reference barcode, Malaysian butterflies, PCR 
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Abstract 

Cervical cancer remains to be the primary cause of cancer-related deaths in low- and 

middle-income nation. Enhanced attention on the screening and vaccination program 

has helped in diagnosis at an earlier stage, however, prognosis for women with 

recurrent and metastatic cervical cancer persist to comprise limitations. Standard 

available therapeutic approach associates with severe side effects and the presence of 

cervical cancer stem cells may contributes to the development of resistance against 

usual chemotherapy drugs. Complementary and alternative medicinal compounds 

obtained from microalgae was reported to its anti-cancerous properties. There is a lack 

of research being conducted on the anticancer effect of resin-soluble from a mixed 

microalgae culture. Previous research mostly focused on the organic extracts of 

microalgae, extracted mainly from a pure culture. Therefore, in the present study, a 

resin-soluble extract from mixed culture of Chlorella sorokiniana and Chlorella 

pyrenoidosa was assessed for anticancer activities using MTS assay tested on a 

cervical cancer cell line, HeLa. The extraction method was first done using XAD16N 

resin from Sigma Aldrich which will specifically attract non-polar solute from the 

aqueous systems. The cytotoxicity effect was observed to be in a dose-dependent 

manner. The extract that has gone pre-fractionation with resin showed a potential of 

cytotoxicity activity against HeLa cells, as morphological cellular changes were 

observed along with a reduction in the percentage of cell viability of 77.19 % at 100 

μg/mL. The crude extract was observed to have lower minimal inhibitory 

concentration and more potent with a reduction in the percentage of cell viability of 

84.33 % at 100 μg/mL. The results of the present study also suggest that the anticancer 

effect from both of the extracts are based on inhibition via induction of Apoptosis. 

Further repeats and studies are required to support this conclusion.  

Keywords: Anti-cancer, Microalgae, Mixed Culture, Cervical Cancer Therapy, Resin-

soluble 
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Abstract 

Pineapple plants have shown a high demand in both local and international export 

market. Therefore, the mass propagation of pineapple through tissue culture technique 

has been intensively studied. Pineapple is known as one of the fruits that have high 

antioxidant content. The antioxidant property of plant biomass of local pineapple is 

still not fully investigated. The effects of 6-benzylamonipurine (BAP) alone or in 

combination with naphthalene acetic acid (NAA) on the shoot regeneration frequency 

and shoot biomass were studied. In this study, antioxidant activities of in vitro shoot 

biomass of Sarawak pineapple was carried out using Ferric Reducing Antioxidant 

Power (FRAP) and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay. Shoot explants were 

cultured on MS plates supplemented with BAP (1 - 4 mg/L) and NAA (0.25 mg/L, 0.5 

mg/L, 1.0 mg/L, 1.5 mg/L) for eight weeks. The results showed the highest shoot 

regeneration (100%) and the maximum number of shoots produced per explant were 

obtained when the explants were cultured with the combination of 2mg/L BAP + 

0.5mg/L NAA (9.33 ± 0.577 shoots per explant). FRAP assay revealed that non-treated 

shoot biomass exhibited the strongest antioxidant activity with 727.02 ± 15.604 

(μMFe(II))/ml. As DPPH assay, the shoot treated with 2 mg/L BAP had a higher 

antioxidant activity with an IC50 value of 3.75 ± 0.009 μg/ml than control and 2 mg/L 

BAP + 0.5 mg/L NAA treatment. However, there was no significant difference in 

antioxidant activity for both FRAP and DPPH assay. In conclusion, a combination of 

2 mg/L BAP + 0.5 mg/L NAA enhanced shoot regeneration percentage but did not 

affect the antioxidant activity of shoot biomass. 

Keywords: In vitro propagation, pineapple, 6-benzylamonipurine, naphthalene acetic 

acid, antioxidant, FRAP, DPPH 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           103 

 

 

Antibacterial Activity of Herbal Toothpastes Combined with 

Lavandula angustifolia Essential Oil Against Staphylococcus 

aureus 

Theng Hui Xin 1 and Nurriza Ab Latif 1* 

1 Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 

Johor Bahru, Johor, Malaysia 

*Correspondence to: nurriza@fbb.utm.my 

Abstract 

In recent years, people are leaning more towards herbal products due to the high 

toxicity of chemicals used in the conventional toothpaste formulation. As an 

alternative prevention and treatment option, the development of herbal toothpastes 

which are safe, economical and effective have drawn wide attention to improve oral 

health. Previous researches have suggested by adding essential oil in herbal toothpaste 

could improve the antimicrobial activity of the toothpaste. Hence, in this study, a series 

of experiments were carried out to evaluate and compare the effect of four commercial 

herbal toothpastes when combined with Lavandula angustifolia essential oil against 

oral bacterium, Staphylococcus aureus. The antibacterial activity of the test materials 

was determined using agar well diffusion method before and after the addition of L. 

angustifolia essential oil. The combination of this essential oil with all selected herbal 

toothpastes (A, B, C and D) displayed larger inhibition zones against S. aureus 

compared to the herbal toothpastes alone. Followed by agar well diffusion, anti-

adherence and antibiofilm activities of each combination were determined. A 

significant increase in anti-adherence activity (P < 0.0001) was documented towards 

S. aureus when the herbal toothpastes combined with L. angustifolia essential oil. 

Similarly, this combination also demonstrated remarkable antibiofilm activity on S. 

aureus (P < 0.0001) as approximately 98% of antibiofilm activity was observed for 

toothpaste B, C and D. In conclusion, the combination of herbal toothpastes and L. 

angustifolia essential oil exhibited better antibacterial activities against S. aureus 

compared to the herbal toothpastes alone and hence could be potentially used as 

promising toothpaste formulations for global oral health care.  

Keywords: Herbal toothpaste, Lavandula angustifolia, Staphylococcus aureus, 

Antibacterial activity 
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Abstract 

The influence of modern lifestyle along with enhanced consumer awareness about 

healthy lifestyle has drastically increased the global demand of Arthrospira sp. as a 

food supplement in food industries due to its promising therapeutic and nutritive 

values. Microalgae cultivation requires suitable inoculum strain, appropriate medium 

and controlled cultivation conditions for enhanced growth performance. This study 

aimed to present an experimental approach to maximise biomass production in a 2 

litres photobioreactor. In the present study, a comparative study of growth 

performance between helical (S1) and straight form (S2) Arthrospira platensis was 

conducted using Erlenmeyer flasks. The results revealed that morphological 

differences did not affect growth performance. Both forms shared similarities in 

growth performance. However, S2 appeared to grow faster on agarised Zarrouk’s 

medium (ZM). Through medium reformulation using three grades of nitrogen 

concentration representing 10%, 30% and 50% of ZM nitrogen concentration (29.42 

mM N), significant differences (p < 0.05) in the growth parameters were observed for 

all nitrogen sources and concentration. The maximum dry cell weight (1.305 ± 0.074 

g/L) was recorded in ZM amended with 2.94 mM N as ammonium nitrate, which was 

nearly 1.40 times as great as that was in ZM (0.919 ± 0.041g/L). Thus, cultivation in 

2.94 mM N as ammonium nitrate could be exploited to produce high biomass density 

of A. platensis in large scale cultivation. Lastly, under optimised cultivation conditions 

of aeration 0.5 L/min, at pH 9.0 under irradiance of 6000 Lux, A. platensis produced 

the highest biomass and maximum specific growth rate of 1.142 ± 0.037 g/L and 0.716 

± 0.018 1/day, respectively on Day 10. In conclusion, compared to before optimisation, 

biomass and maximum specific growth rate after optimisation was 137% and 24% 

increased, respectively.  

Keywords: Microalgae, Arthrospira sp., Photobioreactor, Large scale cultivation 
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Abstract 

Persistent usage of mouthwash containing chlorhexidine may result in temporary 

alteration of taste and stubborn brown staining of teeth. The side effects of 

chlorhexidine have created an urgency in finding a natural mouthwash with the ability 

to inhibit the predominant oral bacteria, Streptococcus mutans (S. mutans). This study 

aimed to formulate homemade mouthwash containing Lavandula angustifolia 

(lavender) essential oil which can successfully inhibit the pathogenic activity, adhesion 

and biofilm formed by S. mutans. In this study, lavender essential oil was mixed with 

other excipients to produce homemade mouthwash formulation 1 (F1), Cinnamomum 

zeylanicum (cinnamon bark) essential oil was incorporated together with lavender 

essential oil and other excipients into homemade mouthwash formulation 2 (F2). 

Formulation 3 (F3) was homemade mouthwash that only consisted of cinnamon 

essential oil and other excipients. The antibacterial activity of three different 

formulated homemade mouthwashes (F1, F2 and F3) were tested through disc 

diffusion test (DDT). Then, the anti-adherence and anti-biofilm activities were 

examined in order to further prove their effectiveness. In DDT, homemade mouthwash 

F1 and F3 were considered as non-sensitive against S. mutans as their inhibition zone 

were less than the acceptable range (9 mm). Nevertheless, they displayed a good anti-

adherence and anti-biofilm activities in the consecutive experiment. Homemade 

mouthwash F2 was excellent in terms of antibacterial, anti-adherence and anti-biofilm 

activities. It could be suggested that the greater ability of homemade mouthwash F2 to 

inhibit S. mutans was due to the synergistic effect between the combination of lavender 

essential oil and cinnamon essential oil in the formulation. Hence, in this study, 

homemade mouthwash F2 was considered as the most effective mouthwash followed 

by homemade mouthwash F3 and F1.  

Keywords: Homemade mouthwash, Lavandula angustifolia, Streptococcus mutans, 

Essential oil 
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ABSTRACT  

Justicia gendarussa is a valuable medicinal plant that producing many important 

secondary metabolites such as flavonoids, alkaloids and flavanols. These secondary 

metabolites possess variety of pharmacological and medicinal properties. The 

drawbacks are secondary product yield is very low and inconsistent. Metabolic 

engineering approaches provide a promising solution for manipulation of secondary 

metabolites production. Plant genetic modification such as Agrobacterium 

tumefaciens-mediated transformation offers high transformation efficiency and stable 

transformations. Establishment of transformation method provides the first essential 

step in manipulating plant metabolic pathway. However, transformation efficiency of 

J. gendarussa via A. tumefaciens is not yet to be exploited and optimised. Therefore, 

in this study Agrobacterium tumefaciens strain LBA 4404 harboring binary plasmid 

pCAMBIA 1305.2 with containing ß-glucuronidsase gene (GUS) as the reporter gene 

was used to optimize the transformation protocol. The nodal explants of Justicia 

gendarussa were selected as the receptors for Agrobacterium transformation due to 

certain aspects such as high regeneration efficiency. Parameters that affect the 

efficiency of Agrobacterium-mediated transformation, such as concentration of 

Agrobacterium, infection time and acetosyringone were tested on the basis of GUS 

transient expression system. Results showed that the optimal condition with 100% 

transformation efficiency for the Agrobacterium-mediated transformation of J. 

gendarussa was obtained when nodal explants were infected at bacterial concentration 

of OD600nm 0.8 for 20 minutes with addition of 100µM acetosyringone (AS) and co-

cultured for 2 days. In conclusion, an efficient Agrobacterium-mediated 

transformation of J. gendarussa was achieved with GUS histochemical assay. Thus, 

allowing further investigation on genes interaction and secondary metabolites 

accumulation in J. gendarussa.   
  

Keywords: Justicia gendarussa; Agrobacterium-mediated transformation protocol; Gus 

assay 
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1.0 INTRODUCTION  

Justicia gendarussa (J. gendarussa) is a valuable medicinal plant; various parts 

of this plant are pharmaceutically used for treatment of different diseases. It contains 

various types of secondary metabolites such as alkaloids, flavonoids, jucticine and 

steroids which can be used for treatment of various ailments such as inflammation, 

arthritis, fever and bronchitis (Jothimaniv et al., 2010). Despite that, the production for 

secondary metabolites of J. gendarussa is not yet explored as their production in wild 

type is very low and the chemical synthesis is not very efficient (Ayob. 2017; Amid et 

al., 2011). Therefore, plants genetic transformation methods are a promising solution 

of plant tissue culture that essential for quality and availability of secondary 

metabolites. Agrobacterium-mediated transformation is one of the methods that can be 

used in plant transformation as it is effective in wide range of plants. Agrobacterium 

transformation had several advantages such as high stability in expressed desired 

genes, precise transgene integration and low copy number of gene insertion into the 

plant genome (Tzfira and Citovsky, 2006). Establishment of plant transformation 

protocol provides the first essential step in plant tissue culture. However, the 

established Agrobacterium-mediated transformation protocol for J. gendarussa was 

limited (Wahyuni et al., 2017b). Thus, transformation protocols for J. gendarussa need 

to be established by based on the rate of transformation efficiency. Transformation 

efficiency can be increase through the manipulation of certain protocols. Previous 

studies on Agrobacterium transformation that clearly demonstrated the importance of 

various factors such as bacterial concentration (Kavitah et al., 2010), infection time 

(Kayani et al., 2016), acetosyringone (Srivasta et al., 2009) and co-cultivation period 

(Steffen et al., 1986). Meanwhile, at present only Ayob (2017) was focused on 

optimization of transformation factors in Justicia gendarussa but it only able to 

achieve 90% transformation efficiency. Thus, due to the limitation of transformation 

factors in J. gendarussa, more attention is required to optimize the parameters in order 

to obtain maximum Agrobacterium mediated transformation efficiency. Therefore, in 

this study, different factors affecting Agrobacterium-mediated transformation will be 

detected via transient gus expression and led to an effective protocol of Agrobacterium 

tumefaciens-mediated transformation of J. gendarussa using nodal segment as 

explants. 

 

2.0 MATERIALS AND METHODS  

The Agrobacterium tumefaciens-mediated transformation was performed by 

following the protocol described by (Sahu et al., 2014) with a few modifications. 

Nodal segment of Justicia gendarussa was used as an explant. In this study, 

Agrobacterium tumefaciens was used as a vector. Agrobacterium culture and 

maintenance was conducted by streaking onto freshly prepared solid LB agar 

supplemented with streptomycin and kanamycin antibiotic. The bacterial culture was 

allowed to grow at 28oC for 48 hours and subsequently stored at 4˚C for later use. 

Then, plasmid isolation was conducted to verify and identify the purities of an 

engineered binary plasmid by using Plsmid MiniPrep Kit (NORGEN BIOTEK 

CORP). Next, Agrobacterium suspension was carried out by inoculated single colony 

from the streaking plate into 200mL of LB broth and then cultured for 48 hours to get 

the starter culture which need to be centrifuged for obtained pellet that later will be 

mixed with 30mL LB broth for gained concentrated bacterial culture. After that, the 
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concentrated bacterial culture was diluted to form Agrobacterium suspension. 

Agrobacterium transformation was conducted by mixed the explants after surface 

sterilization with 50 mL of Agrobacterium suspension on different bacterial 

concentrations of OD600nm at 0.6, 0.8 and 1.0 with acetosyringone (0µM and 100µM) 

through gentle shaking for ensure all the explants have fully submerged. After 

immersed the explants in different infection times (10, 15, 20, 25 and 30 minutes) the 

suspension was then removed and blotted dry the infected explants on sterile filter 

paper for 5 minutes and transferred to the co-cultivation medium for 2 days. The 

transformation rate was determined by GUS histochemical assay by incubated the 

infected explants into GUS solution. GUS expressions for formation of blue stained 

and blue spots were visually observed under microscope. All data were analyzed 

statistically using SPSS software. 

 

3.0 RESULTS AND DISCUSSION  

3.1 Effect of bacterial concentration  

Table 1 shows explants that being immersed in concentration of OD600nm at 

0.8 has successfully obtained 100% transformation efficiency with high number of 

blue spots per explant (107.56 ± 3.94) as compared to other treatments. This finding 

was supported by Ayob (2017) and Yong et al., (2006) with OD600nm~0.8 as their 

optimal bacterial concentration. Figure 1 below shows the formation of blue stained 

and blue spots on all infected explants except at control explants. It also proved that 

formation of blue spots was more in OD600nm at 0.8 compared to other 

concentrations. However, according to Khan et al., (2015) when the bacterial 

concentration was increased to OD600 nm 0.8, the transformation efficiency of 

Ocimum gratissimum was reduced to 10% due to overgrowth of bacteria. From table 

3.1 shows that OD600nm at 0.8 gave a significant difference (p <0.05) between 

OD600nm at 0.6 and 1.0. Next through this study also, it found that if the bacterial 

concentrations were higher or lower than 0.8, it has resulted in low transformation 

efficiency. This might due to, if the concentration is too high it decreases the bacterial 

attachment which created from the effect of competitive inhibition (Yong et al., 2006). 

It also caused explants death due to Agrobacterium overgrowth (Koetle et al., 2017). 

Meanwhile, if bacterial concentration is too low, it decreased number of bacterial 

attachments to plant tissues (Kavitah et al., 2010). Hence, OD600nm~0.8 was the best 

concentration to increase the transformation efficiency of J. gendarussa. 
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Table 1 Effect of bacterial concentration on transient GUS expression 

 

Concentratio

n of A. 

tumefaciens 

(OD600nm) 

No. of infected 

explants 
Transforma

tion 

efficiency 

(%) 

No. of 

average blue 

spots per 

explants 

Concentrati

on of A. 

tumefaciens 

(OD600nm) 

0.6 25 80 ± 6.33a 13.60 ± 1.37a 0.6 

0.8 25 100 ± 0.00b 107.56 ± 3.94c 0.8 

1.0 25 72 ± 4.90a 34.72 ± 0.97b 

 

1.0 

Data presented as mean ± standard error mean (SEM) of analysis (N=5). 

Values with different letters were significantly different at *p <0.05. Results 

are ranked in ascending order a < b < c. 

 

 
 

Figure 1 Schematic diagram of transformed nodal explant of J. gendarussa in 

different bacterial concentration: (a) Control nodal explant, (b) Nodal explant in 

OD600 nm 0.6, (c) Nodal explant in OD600 nm 0.8 and (d) Nodal explant in OD600 

nm 1.0. Scale bar: 0.2 cm. Magnification power: 10x. 

 

3.2 Effect of infection time 

2 below shows explants that being immersed for 20 minutes have provided 100% 

transformation efficiency and high number of blue spots per explant (114.84 ± 2.48). 

This finding was similar to Ayob (2017) and Kayani et al., (2016) with 20 minutes as 

their optimal infection time. However, Yong et al., (2006) stated that the infection time 

at 20 minutes has contributed to low transformation efficiency on Melastomataceae 

spp due to limited time for Agrobacterium penetration. From figure 3.2 below, shows 

the formation of blue stained and blue spots on infected nodal explants except the 

control. Explants that immersed for 20 minutes shows high number of blue spots 
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compare to other treatments. Even though, there are no significant different in 

transformation efficiency between 20 minutes and other treatments but still if the 

infection times longer or shorter than 20 minutes, it has resulted in low transformation 

efficiency. This can be due to, if the infection time is too long it can be lethal to plant 

cells that caused from hypertonic conditions which burst the cells or may due to hyper 

activation from defence mechanism (Mannan et al., 2009). Meanwhile, if the infection 

time is too short, it has limited the time for bacterial penetration into plant genome 

(Kavitah et al., 2010). Thus, 20 minutes was used as an optimal infection time for 

Agrobacterium-mediated transformation of J. gendarussa. 

 

Table 2 Effect of infection time on transient GUS expression 

 

Infection time 

(minutes) 

No. of infected 

explants 

Transformatio

n efficiency 

(%) 

No. of average 

blue spots per 

explants 

10 25 80 ± 8.94a 29.84 ± 5.15a 

15 25 92 ± 4.90a 42.68 ± 2.81a 

20 25 100 ± 0.00a 114.84 ± 2.48bc 

25 25 88 ± 8.00a 53.68 ± 5.29ab 

30 25 84 ± 4.00a 33.72 ± 2.60a 

Data presented as mean ± standard error mean (SEM) of analysis (N=5). 

Values with different letters were significantly difference at *p < 0.05. 

Results are ranked in ascending order, a < b < c. (p>0.05). 
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Figure 2 Schematic diagram of transformed nodal explant of J. gendarussa at 

different infection time. (a) Control nodal explant, (b) Nodal explant at 10 minutes, 

(c) Nodal explant at 15 minutes, (d) Nodal explant at 20 minutes, (e) Nodal explant 

at 25 minutes and (f) Nodal explant at 30 minutes. Scale bar: 0.2 cm. Magnification 

power: 10x. 
 

3.3 Effect of acetosyringone 

Table 3 below shows that either with or without addition of acetosyringone, the 

infected explants had shown 100% transformation efficiency for both conditions. 

Figure 3.3 also shows the formation of blue stained and blue spots on infected explants 

except the control. As what been stated below, the number of blue spots per explant 

formed in addition of 100µM acetosyringone was significantly increased (128.04 ± 

1.66) compare to absence of acetosyringone. By means that with addition of 

acetosyringone the bacterial penetration is more efficient and effective to be used. This 

finding was supported by Srivasta et al., (2009) and Mishra et al., (2012) with 100µM 

acetosyringone as their optimal concentration. However, according to Koetle et al., 

(2017) Dierama erectum gave lowest transformation efficiency in concentration of 

100µM acetosyringone. The concentration of acetosyringone cannot be too low or too 

high, this is because if too low it could not help in increase the induction of bacterial 

virulence meanwhile if too high, it could be toxic and harmful to bacteria and plant 

growth (Mishra et al., 2012). Therefore, addition of 100µM acetosyringone has help 

in enhanced the transformation efficiency of J. gendarussa. 

 

Table 3 Effect of acetosyringone on transient GUS expression 

 

Acetosyringone 

 

No. of infected explants Transformation efficiency 

(%) 

0µM 25 100 ± 0.00a 

100µM 25 100 ± 0.00a 

Acetosyringone 

 

No. of infected explants 3.14Transformation 

efficiency (%) 

Data presented as mean ± SEM. Independent Student t-test between absence (0µM) 

group and 100µM acetosyringone group values with significant difference at *p < 

0.05. 
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Figure 3     Schematic diagram of transformed nodal explant of J. gendarussa with 

addition of 100 µM acetosyringone and without acetosyringone. (a) Control nodal 

explant, (b) 100µM acetosyringone and (c) 0µM. Scale bar: 0.2 cm. Magnification 

power: 10x. 

 

4.0 CONCLUSION 

In this study, nodal explants of J. gendarussa were successfully transformed with gus 

using A. tumefaciens strain LBA 4404 harboring pCAMBIA 1305.2. The optimal 

bacterial concentration was achieved at OD600 nm ~0.8 with 100% transformation 

efficiency and 107.56 ± 3.94 numbers of blue spots per explant. As for infection time, 

20 minutes was the best time to obtain 100% transformation efficiency and high 

number of blue spots per explant (114.84 ± 2.48). Other than that, addition of 100µM 

acetosyringone had increased the number of blue spots per explant. Therefore, OD600 

nm ~0.8, 20 minutes and addition of 100µM acetosyringone have provided an optimal 

transformation protocol on nodal explants of J. gendarussa which resulted in 

maximum GUS transient expression. In conclusion, A. tumefaciens-mediated 

transformation of J. gendarussa using nodal explants was successfully established. 

Lastly, the optimal transformation protocols that have been established can be opens 

up for future work such as genetic improvement for secondary metabolites production 

in J. gendarussa. Further investigation study such as gene expression i.e. real time-

PCR (qPCR) and regulation of novel gene in transformed tissues enables to elucidate 

mechanism involved in the biosynthetic pathway of secondary metabolites in J. 

gendarussa. 

 

ACKNOWLEDGEMENT  

The authors would like to thank Universiti Teknologi Malaysia (UTM; TDR Grant 

Vot No. 06G70), the Ministry of Education (MOE) for financial support and Plant 

Biotechnology Laboratory, Faculty of Science for laboratory facilities. 

 

 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           114 

 

 

REFERENCES 

 

Amid, A., Johan, N.N., Jamal, P. and Zain, W.N.W.M. (2011). Observation of 

antioxidant activity of leaves, callus and suspension culture of Justicia 

gendarusa. African Journal of Biotechnology, 10(81), pp.18653-18656. 

Ayob, Z. (2017). Evaluation of Justicia gendarussa crude leaf extract for enhancement 

of flavonoids production via adventitious root culture and genetic 

modification. Doctoral of Philosophy. Universiti Teknologi Malaysia. 

Jothimaniv, C., Kumar, R S. and Subramania, N. (2010). Anti-Inflammatory and 

Analgesic Activities of Ethanol Extract of Aerial Parts of Justicia gendarussa 

Burm. International Journal of Pharmacology, 6, 278-283. 

Kavitah, G., Taghipour, F. and Huyop, F. (2010). Investigation of Factors in 

Optimizing Agrobacterium-Mediated Gene Transfer in Citrullus lanatus cv. 

Round Dragon. Journal of Biological Sciences, 10(3), pp.209-216. 

Kayani, W. K., Fattahi, M., Palazòn, J., Cusidò, R. M. and Mirza, B. (2016). 

Comprehensive screening of influential factors in the Agrobacterium 

tumefaciens- mediated transformation of the Himalayan elixir: Ajuga 

bracteosa Wall. ex. Benth. Journal of Applied Research on Medicinal and 

Aromatic Plants, 3, 151-159. 

Khan, s., Fahim, n., Singh, p. and Rahman, l. U.  (2015). Agrobacterium tumefaciens 

mediated genetic transformation of Ocimum gratissimum: A medicinally 

important crop. Industrial Crops and Products, 71, 138-146. 

Koetle, M. J., Baskaran, P., Finnie, J. F., Soos, V., Balázs, E. and Van Staden, J.  

(2017). Optimization of transient GUS expression of Agrobacterium-mediated 

transformation in Dierama erectum Hilliard using sonication and 

Agrobacterium. South African Journal of Botany, 111, 307-312. 

Mannan, A., Syed, T.N. and Mirza, B.  (2009). Factors affecting Agrobacterium 

tumefaciens mediated transformation of Artemisia absinthium l. Pak J Bot, 

41(6), pp.3239-3246. 

Mishra, S., Sangwan, R., Bansal, S. and Sangwan, N. (2012). Efficient genetic 

transformation of Withania coagulans (Stocks) Dunal mediated by 

Agrobacterium tumefaciens from leaf explants of in vitro multiple shoot 

culture. Protoplasma, 250(2), pp.451-458. 

Sahu, l., Jena, S., Swain, S. S., Sahoo, S. and Chand, P. K. (2014). Agrobacterium 

rhizogenes-mediated transformation of a multi-medicinal herb, Boerhaavia 

diffusa L.: optimization of the process and anti-microbial activity against 

bacterial pathogens causing urinary tract infections. Frontiers in Life Science, 

7, 197-209. 

Srivastava, T., Das, S., Sopory, S. and Srivastava, P. (2009). A reliable protocol for 

transformation of Catharanthus roseus through Agrobacterium tumefaciens. 

Physiology and Molecular Biology of Plants, 15(1), pp.93-98. 

Steffen, A., Eriksson, T., and Schieder, O. (1986). Shoot regeneration of mesophyll 

protoplasts transformed by Agrobacterium tumefaciens, not achievable with 

untransformed protoplasts. Theoretical and applied genetics, 72(1), 135-140. 

Yong, W. T. L., Abdullah, J. O. and Mahmood, M. (2006). Optimization of 

Agrobacterium-mediated transformation parameters for Melastomataceae spp. 

using green fluorescent protein (GFP) as a reporter. Scientia Horticulturae, 

109, 78-85. 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           115 

 

 

Tzfira, T. and Citovsky, V. (2002). Partners-in-infection: host proteins involved in the 

transformation of plant cells by Agrobacterium. Trends in Cell Biology, 12(3), 

pp.121-129. 

Wahyuni, D. K., Hafida, S. N., Ermayanti, T. M., Wardoyo, B. P. E., Purnobasuki, H. 

and Utami, E. S. W. (2017b). Hairy Root Induction on Justicia gendarussa by 

Various Density of Agrobacterium rhizogenes strain LB 510. Biosaintifika: 

Journal of Biology & Biology Education, 9, 26. 
 

 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           116 

 

 

In vitro Shoot Regeneration and Antioxidant Activity of 

Persicaria odorata 

 

Nur Aimi Aqilah Mohd Usri 1 and Azman Abd Samad 2 

1,2 Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia Skudai, 

81310, Johor, Malaysia 

azmansamad@utm.my 

ABSTRACT  

Persicaria odorata has been reported to contain valuable bioactive compounds with 

proven antioxidants. To date, effect of plant growth regulators on shoot regeneration, 

shoot biomass and its antioxidant activity was not fully studied. Thus, in this study, 

the effect of BAP and NAA on shoot regeneration, shoot biomass and its antioxidant 

activity of P. odorata was investigated. The nodal segments were cultured on MS plate 

containing different combination concentrations of BAP (0 – 4 mg/L) alone or in 

combination with NAA (0.05, 0.1, 0.2 and 0.5 mg/L) at culture condition (16h 

photoperiod; 25 ± 2°C; 3000-lux light intensity provided by cool white fluorescent 

tubes) for six weeks culture. Results demonstrated that 2 mg/L BAP produced the 

maximum percentage of shoot regeneration (93.33 ± 6.67) %, the shoot length (2.34 ± 

0.05 cm), number of shoots per explant (2.67 ± 0.07) and fresh weight (151.00 ± 1.00 

mg) compared to other BAP treatments. Even though, a similar shoot regeneration was 

achieved when treated with the combination of 2 mg/L BAP + 0.2 mg/L (93.33 ± 6.67) 

% but shoot length (3.22 ± 0.08 cm), number of shoots per explant (4.13 ± 0.13) and 

fresh weight (219.47 ± 1.50 mg) was higher than BAP alone. The antioxidant activity 

of shoot biomass of P. odorata was carried out using FRAP and DPPH assay. The 2 

mg/L BAP + 0.02 mg/L NAA treatment exhibited the higher antioxidant activity 

(1509.31 ± 54.59 µM Fe (II)) than the control, PGR-free shoot extracts (416.18 ± 8.49 

µM Fe (II)). Furthermore, the DPPH assay of the same treatment had the lowest IC50 

value of radical scavenging activity of 156.33 ± 4.70 µg/mL. In conclusion, the 2 mg/L 

BAP + 0.02 mg/L NAA treatment had improved shoot regeneration percentage, shoot 

biomass and FRAP activity of P. odorata.   
  

Keywords: Persicaria odorata; in vitro; tissue culture; shoot regeneration; antioxidant 

activity 

 
 

1.0 INTRODUCTION  

Persicaria odorata is a local traditional plant in Malaysia also commonly 

known as kesum. Some of the ‘ulam’ have high capability in medicinal properties such 

as cardiovascular diseases, diabetes, high blood pressure and fever (Abas et al., 2006). 

According to Kris-Etherton et al. (2002), plants have possible medicinal properties due 

to the presence of bioactive components in their essential oils. This study focused on 

antioxidant activity of the P. odorata because it is rich in bioactive compounds with 
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proven antioxidants. The advantages using tissue culture technique are new plantlets 

are more likely to be free of contaminants and only small amount of initial plant tissue 

is required. In this context, the consistency in terms of antioxidant activity and active 

ingredient of P. odorata could be achieved via tissue culture techniques. For example, 

Rao and Ravishankar (2002) identified Papaver somniferum cell culture has been used 

to produce sanguinarine and Lithospermum erythrorhizon cell culture has been used 

to produce shikonin at industrial levels. The problem that is confronted is lacking study 

of in vitro regeneration of P. odorata. Therefore, in vitro regeneration of P. odorata 

can be developed for the effective use of in vitro grown plants that are used for many 

purposes in molecular biology. The regeneration of in vitro P. odorata can be done by 

doing the shoot induction from the nodal segment explants.  Moreover, PGR also act 

as an important role in in vitro regeneration. The cytokinins will stimulate plant cell 

division and contribute to the induction of adventitious bud formation while auxins 

exert a strong influence on the initiation of cell division, apical dominance and root 

formation. Besides, PGR also play an important role to produce maximum biomass 

and affects the antioxidant activity produced by the in vitro plants. According to Barz 

(1977), the formation rate of certain phenolic compounds depends on the growth rates 

of the cultured tissue and levels of auxin or cytokinin in the medium (Skoog and 

Montaldi, 1961). Through this technique, the large biomass production could be done 

with consistent and high antioxidant properties which will allow the commercialize of 

the plant in the pharmaceutical industry. In this study, nodal segment was used as an 

explant to determine the effect of BAP concentrations and effect of combination BAP 

and NAA concentrations on shoot frequency of P. odorata. The antioxidant activity of 

in vitro P. odorata was determined by using FRAP and DPPH assay. The significant 

different between all the treatments was analysed by using One-way ANOVA that 

conducted by SPPS software version 26.0. 

 

2.0 MATERIALS AND METHODS  

2.1 Plant materials 

Persicaria odorata plants were maintained in glasshouse at T02, Universiti 

Teknologi Malaysia (UTM). The plant was identified as Persicaria odorata (Lour.) 

Soják by Dr. Richard Chung Cheng Kong, FRIM with voucher specimen number; 

PID060120-05. 
 

2.2 Media preparation 

The basal medium which is MS medium was prepared according to Murashige 

and Skoog (1962), supplemented with 6-Benzylaminopurine (BAP) at the 

concentration of 0, 1, 2, 3 and 4 mg/L and combination of 2 mg/L BAP supplemented 

with various concentrations (0.05, 0.1, 0.2 and 0.5 mg/L) of NAA for shoot 

regeneration. The basis MS medium contained 30 g/L sucrose, 2.6 g/L phytagel and 

the pH was adjusted with 0.1 mol/L NaOH or 0.1 mol/L HCl to 5.7 before autoclaving 

at 121℃ for 15 min. 

2.3 Surface sterilization 
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The surface sterilization was done according to Mohd Nawi and Abd Samad 

(2012) with slight modifications on the percentage of Clorox. The nodal segments of 

P. odorata were cut into approximately 1.0 cm in size and soaked in detergent 

(Dynamo) for 5 minutes and rinsed under running tap water for 45 minutes to wash all 

contaminants. Then, the explants were surface sterilized with 70% ethanol for 30 

seconds. After that, the ethanol was discarded, 80% (v/v) commercial bleach (Clorox) 

and a few drops of Tween 20 were added. The explants were agitated on an orbital 

shaker at 170 rpm for 30 minutes. Next, the explants were rinsed with sterile distilled 

water for 6 times to remove the excess residue. All the sterilization works were done 

in laminar airflow. 
 

2.4 Shoot regeneration 

The nodal segment explants were taken from the in vitro P. odorata. The nodal 

explants were cut by 1.0 cm using a scalpel. Then, three explants of the nodal segments 

were placed onto the MS solid medium supplemented with BAP at 0, 1, 2, 3 and 4 

mg/L in the Petri dish followed by MS plates supplemented with 2 mg/L BAP 

supplemented with various concentrations (0.05, 0.1, 0.2 and 0.5 mg/L) of NAA. After 

that, they were sealed with parafilm. These treatment cultures were grown in a culture 

room at 25 ± 2℃ with a photoperiod of 16 hours at 3000‐lux light intensity provided 

by cool white fluorescent tubes. The cultures were observed periodically for six weeks. 

The effect of BAP on shoot regeneration will be evaluated based on shoot length (cm), 

the number of shoots produced per explant, fresh weight (mg) and the percentage of 

shoot regeneration (%). These experiments were done in triplicate with five explants 

for each treatment. 
 

2.5 Preparation of extract 

The shoots of in vitro P. odorata were collected at the age of six weeks. The 

fresh samples were cleaned with water and weighted. Then, 1g of the sample was 

soaked in deionized water in ratio 50 mL (1:50) in a conical flask for 30 minutes in 

water bath at 65ºC. After that, the mixture was filtered using a fine muslin cloth and 

later by WhatmanTM No. 1 qualitative filter paper. The filtrate was collected and stored 

in 50 mL falcon tube and kept under -20 ºC and freeze dried at -80 ºC. 
 

2.6 Ferric reducing/antioxidant power assay (FRAP) 

FRAP reagent was prepared from 300 mM acetate buffer (3.1 g sodium acetate 

and 16 ml acetic acid make up to 1L) (pH 3.6), 10 mM TPTZ solution in 40 mM HCL 

and 20 mM iron (III) chloride solution. The FRAP reagent was prepared fresh daily 

and was warmed to 37°C in an oven before use. A total of 1 mL sample extract was 

added to 2 mL of the FRAP reagent and mixed well. The absorbance was measured at 

593 nm using microplate reader spectrophotometers (Genesys 10S UV-VIS 

Spectrophotometer (ThermoScientific) after 30 mins under dark conditions. Samples 

were measured in three replicates. Standard curve of iron (II) sulfate solution (0, 5, 10, 

20, 40, 60, 80 and 100 µM) was prepared using a similar procedure. 
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2.7 Total Antioxidant activity with Free Radical Scavenging (DPPH) 

A total of 100μl of each extract was added to react with 100μl of 0.04% ethanol 

solution of DPPH in a 96-well microplate. Ethanol (100μl) was used as a control in 

place of the plant extract. Only ethanol and DPPH without test samples were used as 

blank and control respectively in triplicate. The plate then was incubated in darkroom 

temperature for 30 min and the absorbance (A) was measured at 517nm using a 

microplate reader (Biotek Epoch, USA). The ability to scavenge the DPPH radical was 

calculated using the following equation:  

 

DPPH scavenging effect (%) = ((A0 – A1) / A0) * 100  

Where A0 = the absorbance of the control  

             A1 = the absorbance in the presence sample. 

 

3.0 RESULTS AND DISCUSSION 

3.1 Effect of BAP concentrations on shoot frequency of P. odorata  

The rapid shoot multiplication from the nodal segment of P. odorata was 

investigated. Effect of PGR on the shoot length, number of shoots per explant, fresh 

weight and efficiency of shoot regeneration were determined. BAP was one of the 

types of cytokinins that has found to be the most successful plant growth regulator for 

shoot induction. Besides, cytokinins are necessary for maintaining both the cell 

division and the primordial formation of the leaves in plant tissues. Previous results 

from several researchers found that the concentrations of BAP that are lower than 6 

mg/L BAP gave the best shoot growth. Furthermore, higher concentration of cytokinin 

leads to a major decrease in shooting development causing dwarfism, late-flowering 

plants, enhanced root growth and reproductive development changes (Eckardt, 2003).  

Table 1 shows the effect of BAP concentrations on shoot frequency of P. 

odorata. 2 mg/L BAP produced the highest percentage of shoot regeneration from 

nodal segment explants (93.33 ± 6.67) %, the longest shoot length (2.34 ± 0.05 cm), 

the maximum number of shoots per explant (2.67 ± 0.07) and the highest fresh weight 

(151.00 ± 1.00 mg) compared to other BAP concentrations. On the other hand, BAP 

at concentration 0, 1, 3 and 4 mg/L recorded (73.33 ± 6.67)%, (53.33 ± 6.67)%, (66.67 

± 6.67)% and (66.67 ± 6.67)% of shoot regeneration, shoot length at 2.31 ± 0.18 cm, 

1.60 ± 0.09 cm, 2.04 ± 0.06 cm, and 1.65 ± 0.04 cm followed by number of shoot per 

explant at 1.87 ± 0.18, 1.40 ± 0.23, 1.40 ± 0.23 and 1.53 ± 0.07 with fresh weight at 

163.33 ± 14.89 mg, 131.33 ± 21.78 mg, 104.00 ± 1.15 mg and 126.00 ± 12.70 mg 

respectively. According to Thwe et al. (2012), 2 mg/L of BAP showed a higher 

percentage of shoot formation which was 96% on the nodal segment of P. tinctorium 

with 5.2  0.2 shoots per explant. Besides, the leaf explant of P. hydropiper L. 

showed 56% of shoot regeneration by using 2 mg/L of BAP and the number of shoots 

per explant was 4.0  1.0 (Hasan and Sikdar,2010). Figure 1 presents shoot 
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regeneration from nodal segment of Persicaria odorata at different BAP 

concentrations. All the leaves of the in vitro plant were observed to be grown as true 

leaves. Some of the leaves from the in vitro plant turned yellowish due to nutrient 

deficiencies in the medium. The results indicate that the percentage of shoot 

regeneration and number of shoots per explant between 2 mg/L BAP with control, 1 

mg/L BAP, 3 mg/L and 4 mg/L BAP showed significant difference at p<0.05. 

Nonetheless, the shoot length and fresh weight of 2 mg/L BAP showed no significant 

difference with 0 mg/L BAP (control). Therefore, the nodal segment in solid MS media 

supplemented with 2 mg/L BAP demonstrates the optimal concentration for 

production of number of shoots produced per explant. 

 

Table 1. The effect of BAP concentrations on shoot frequency of P. odorata 

 

BAP 

Concentration 

(mg/mL) 

% shoot 

regeneration 

(x̄ ± SE) 

 

Shoot length 

(cm) 

(x̄ ± SE) 

No. of shoot 

per explant 

(x̄ ± SE) 

 

Fresh weight 

(mg) 

(x̄ ± SE) 

Control 73.33 ± 6.67a 2.31 ± 0.18a 

 

1.87 ± 0.18a 

 

163.33 ± 

14.89a 

 

1 53.33 ± 6.67a 1.60 ± 0.09b 

 

1.40 ± 0.23a 

 

131.33 ± 

21.78a 

 

2 93.33 ± 6.67a,b 2.34 ± 0.05a 

 

2.67 ± 

0.07a,b 

 

151.00 ± 1.00a 

 

3 66.67 ± 6.67a 2.04 ± 0.06a,b 1.40 ± 0.23a 104.00 ± 1.15a 

 

4 66.67 ± 6.67a 1.65 ± 0.04b 1.53 ± 0.07a 126.00 ± 

12.70a 

 

Data were expressed as mean ± standard error mean (SEM) of analysis (N=3).  

Different letters shown significant level between means at *p<0.05.  

Same letter indicates no significant different between the means (p>0.05). 
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Figure 1. Schematic diagram of in vitro plant in jar and shoot regeneration from nodal 

segment of Persicaria odorata at different BAP concentrations. (a) whole plant; (b) 0 

mg/L; (c) 1 mg/L; (d) 2 mg/L; (e) 3 mg/L; (f) 4 mg/L. Scale bars: 1cm. 

 

 

3.2 Effect of combination BAP and NAA concentrations on shoot frequency of 

P. odorata 

Previously cultured P. odorata nodal segments were grown for 6 weeks on MS 

basal medium supplemented with 2 mg/L BAP with various concentrations (0.05, 0.1, 

0.2 and 0.5 mg/L) of NAA to evaluate shoot regeneration of nodal segments. NAA 

was one type of auxins that was used for shoot development in combination with 

cytokinin. Generally, the concentration range of auxin needs to be below than 

cytokinin for shoot development. Auxin is also toxic to plant in large concentration 

and stimulates the production of ethylene which can inhibit elongation growth and can 

even kill the plant. Result of the effect of combination BAP and NAA concentrations 

on shoot frequency of P. odorata was presented in Table 2. Regarding to the results, 2 

mg/L BAP + 0.2 mg/L NAA produced the maximum percentage of shoot regeneration 

from nodal segment explants (93.33 ± 6.67) %, shoot length (3.22 ± 0.08 cm), number 

of shoots per explant (4.13 ± 0.13) and fresh weight (219.47 ± 1.50 mg) compared to 

all the other combined concentration of 2 mg/L BAP supplemented with various 

concentrations of NAA. On the other hand, MS media as control and 2 mg/L BAP 

supplemented with various concentrations of NAA at 0.05, 0.1 and 0.5 mg/L recorded 

(73.33 ± 6.67)%, (73.33 ± 6.67)%, (73.33 ± 6.67)% and (80.00 ± 6.67)% of shoot 

regeneration, shoot length at 2.51 ± 0.10 cm, 1.78 ± 0.06 cm, 1.96 ± 0.08 cm, and 1.76 

± 0.12 cm followed by number of shoot per explant at 3.40 ± 0.12, 2.13 ± 0.35, 2.47 ± 

0.29 and 1.93 ± 0.29 with fresh weight at 127.73 ± 4.64 mg, 83.07 ± 13.51 mg, 80.73 

± 7.73 mg and 66.07 ± 15.52 mg respectively. The leaf explant of P. hydropiper L. 

showed 70% of shoot regeneration by using combination of 2.0 mg/L BAP + 0.2 mg/L 

NAA with 6 number of shoots produced per explant (Hasan and Sikdar, 2010). 

Besides, according to Lin et al. (2003), the nodal explant of the P. multiflorum showed 

97% of shoot regeneration by using combination of 2.0 mg/L BAP + 0.2 mg/L NAA 

with 4.7 number shoots produced per explant. Shoot regeneration from nodal segment 

of Persicaria odorata at different combination of BAP and NAA concentrations was 
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shown in Figure 2. All the in vitro leaves from the treatment grown as true leaves. 

There were also in vitro leaves turned yellowish due to nutrient deficiencies in the 

medium or due to chlorosis symptoms. The results indicated that the shoot length, 

number of shoots per explant and fresh weight between 2 mg/L BAP + 0.2 mg/L NAA 

with control, 2 mg/L BAP + 0.0.5 mg/L NAA, 2 mg/L BAP + 0.1 mg/L NAA and 2 

mg/L BAP + 0.5 mg/L NAA showed significantly difference at p<0.05. Nonetheless, 

the percentage of shoot regeneration of 2 mg/L BAP + 0.2 mg/L NAA showed no 

significant difference with all the other treatments. Hence, the nodal segment in solid 

MS media supplemented with 2 mg/L BAP + 0.2 mg/L NAA is proven to be the most 

optimized concentration for shoot regeneration.  In a conclusion, the combination of 2 

mg/L BAP + 0.2 mg/L NAA showed better result in terms of shoot regeneration and 

biomass production of P. odorata compared to 2 mg/L BAP alone. 
 

 

Table 2. The effect of combination BAP and NAA concentrations on shoot 

frequency of P. odorata 

 

BAP + NAA 

Concentration 

(mg/mL) 

% shoot 

regeneration 

(x̄ ± SE) 

 

Shoot length 

(cm) 

(x̄ ± SE) 

 

No. of shoot per 

explant 

(x̄ ± SE) 

 

Fresh weight 

(mg) 

(x̄ ± SE) 

 

Control 73.33 ± 6.67a 2.51 ± 0.10a 3.40 ± 0.12a 127.73 ± 4.64a 

 

2 BAP + 0.05 

NAA 

73.33 ± 6.67a 1.78 ± 0.06b 2.13 ± 0.35a 

 

83.07 ± 13.51a 

 

2 BAP + 0.1 NAA 73.33 ± 6.67a 1.96 ± 0.08b 2.47 ± 0.29a,b 

 

80.73 ± 7.73a 

 

2 BAP + 0.2 NAA 93.33 ± 6.67a 3.22 ± 0.08c 4.13 ± 0.13a,b,c 

 

219.47 ± 1.50c 

 

2 BAP + 0.5 NAA 80.00 ± 6.67a 1.76 ± 0.12b 1.93 ± 0.29b 66.07 ± 15.52b 

Data were expressed as mean ± standard error mean (SEM) of analysis (N=3). 

Different letters shown significant level between means at *p<0.05. Same letter 

indicates no significant different between the means (p>0.05). 

 

 

 
 

Figure 2. Schematic diagram of shoot and shoot regeneration from nodal segment of 
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Persicaria odorata at different combination of BAP and NAA concentrations. (a) 

shoot; (b) 0 mg/L; (c) 2 mg/L BAP + 0.05 mg/L NAA; (d) 2 mg/L BAP + 0.1 mg/L 

NAA; (e) 2 mg/L BAP + 0.2 mg/L NAA; (f) 2 mg/L BAP + 0.5 mg/L NAA. Scale 

bars: 1cm 

 
 

3.3 Antioxidant activity by FRAP and DPPH assay 

In order to evaluate the antioxidant activity of in vitro P. odorata, the powdered 

form of 2 mg/L BAP + 0.02 mg/L NAA shoot biomass with control shoot biomass 

were chemically characterized in terms of ferric reducing/antioxidant power assay 

(FRAP) and radical scavenging activity by DPPH antioxidant assay. FRAP assay was 

used to determine the basis of the ability of antioxidant in this in vitro P. odorata 

powder to reduce ferric (III) iron to ferrous (II) iron in FRAP reagent (Wong et al., 

2006). This FRAP assay was generally used because it was simple and reproducible. 

Besides, the antioxidant activity of natural compound was also determined by DPPH 

radical that was used as a stable free radical (Ozturk et al., 2007). Plant extracts that 

containing polyphenol were capable to provide antioxidant activity since it donates 

atoms or electrons of hydrogen and able to capture free radicals (Stoivola et al., 2007). 

Therefore, 2-diphenyl-1-picryl hydrazyl (DPPH) which was purple coloured was 

reduced to the yellow colour of α, α-diphenyl-β-picrylhydrazine (Akowuah et al., 

2005). Thus, DPPH is considered a valid and simple evaluation of antioxidant 

scavenging. In this study, ascorbic acid was used as a positive reference for this assay 

because it is an electron donor and also a potent water-soluble antioxidant in humans. 

The IC50 value was evaluated to determine the concentration of sample required to 

inhibit 50% of radical. The lower the IC50 value, the higher the antioxidant activity of 

samples. Results of the antioxidant activity of in vitro P. odorata on FRAP (mM Fe 

(II)) and radical scavenging activity by DPPH (IC50) was shown in Table 3. The 

results indicated that the free radical scavenging power by FRAP between control 

treatment and 2 mg/L BAP + 0.02 mg/L NAA in vitro P. odorata shoot biomass 

extracts showed significant difference at p<0.05. The 2 mg/L BAP + 0.02 mg/L NAA 

in vitro P. odorata exhibit the higher antioxidant activity, 1509.31 ± 54.59 µM Fe (II) 

compared to control treatment, 416.18 ± 8.49 µM Fe (II). This analysis proves the 2 

mg/L BAP + 0.02 mg/L NAA in vitro P. odorata was more capable to reduce ferric 

(III) iron to ferrous (II) iron. This is because in vitro cultivation may have induced 

stress conditions during polyphenol production and plant growth regulator such as 

cytokinin and auxin treatment might have been responsible. According to Barz (1977), 

the formation rate of certain phenolic compounds depends on the growth rates of the 

cultured tissue and levels of auxin or cytokinin in the medium (Skoog and Montaldi, 

1961). Moreover, regarding the DPPH, 2 mg/L BAP + 0.02 mg/L NAA in vitro P. 

odorata (156.33 ± 4.70 µg/mL) had lower value of radical scavenging activity DPPH, 

IC50 compared to control treatment. However, IC50 between control treatment and 2 

mg/L BAP + 0.02 mg/L NAA in vitro P. odorata shown no significant difference. 

Thus, both control treatment and 2 mg/L BAP + 0.02 mg/L NAA in vitro P. odorata 

have the same capability to neutralize the oxygen with no increment in percentage of 

inhibition DPPH. In a conclusion, 2 mg/L BAP + 0.02 mg/L NAA in vitro P. odorata 

was proven to be better in reducing metal compared to control treatment. However, it 

had no significant difference in transferring free radical in DPPH assay. 
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Table 3 The antioxidant activity of in vitro P. odorata on FRAP (µMFe (II) and 

radical scavenging activity by DPPH (IC50) 

 

Treatment FRAP (µM Fe (II)) DPPH (IC50) 

Control 416.18 ± 8.49 

 

275.00 ± 3.00 

 

2 mg/L BAP + 0.02 mg/L 

NAA  

1509.31 ± 54.59* 156.33 ± 4.70 

Ascorbic acid  3.15±0.07 

Unpaired student’s t-test; comparison treatment between control in vitro P. odorata 

values of FRAP and DPPH respectively against the in vitro P. odorata that treated 

with 2 mg/L BAP + 0.02 mg/L NAA with significant levels at *p<0.05. 

 

4.0 CONCLUSION 

The result obtained demonstrated that in vitro P. odorata that treated with 2 

mg/L BAP + 0.2 mg/L NAA had the highest result in term of shoot regeneration of P. 

odorata compared to 2 mg/L BAP alone. The mixture of plants extracts of the in vitro 

P. odorata that treated with 2 mg/L BAP + 0.02 mg/L NAA exhibit the higher 

antioxidant activity and was more capable to reduce ferric (III) iron to ferrous (II) iron 

compared to control in vitro P. odorata. However, it had no significant difference in 

transferring free radical in DPPH assay. Due to its higher antioxidant activity and 

biomass production, this treated in vitro P. odorata can be used for silver nanoparticles 

synthesis in pharmaceutical research to reduce silver nitrate into silver in future work. 
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ABSTRACT  

Zinc pollution of the soil environment is a major concern and continues to pose serious 

health problem to both humans and ecological systems. Phytoremediation is a 

biological treatment whereby plants are used to remove pollutant from environment. 

An experiment was conducted to evaluate the potential of Melastoma malabathricum 

L. as a phytoremediator and to study its root behaviour in absorbing zinc from soil 

contaminated with zinc sulphate. The cultivated plants were exposed to zinc 

contaminated soils for the total of 49 days. The morphological and chemical properties 

of the plants were monitored through different parameters including number of leaves, 

height increment and soil pH. Plant height stress tolerance index (PHSTI) and root 

length stress tolerance index were assessed to study their tolerance potential. The effect 

of zinc on root growth were assessed through root length and root biomass. Correlation 

study showed a strong negative relation between the zinc concentration in roots and 

the root length and root biomass.  Zinc was highly accumulated in roots for treatment 

200 and 400 ppm while the leaves in control and 100 ppm had accumulated higher 

zinc. Based on bioaccumulation and translocation factor, the study concludes that 

phytostabilisation is the mechanism at work in M. malabathricum L.’s uptake of zinc 

at higher concentration.   
  

Keywords: Melastoma malabathricum L.; Zinc; Phytoremediation; 

 
 

1.0 INTRODUCTION  

High level of zinc may cause stress to plants although there are some species 

that can adapt very well with this condition. These plants are often regarded as bio-

accumulator and used for phytoremediation for heavy metal removal. Approximately 

there are 400 hyperaccumulator species that have the ability to absorb high levels of 

contaminants either in their roots, shoot or leaves. Among them are families such as 

Brassicaceae, Fabaceae, Euphorbiaceae, Asteraceae, Lamiaceae and 

Scrophulariacea (Ghosh and Singh, 2005). Plant roots are capable in responding not 

only to deficiencies but also to the excess availability of metals in the soil. When it 

comes to phytoremediation, roots play a major role as they are the closest element to 

the soil. Majority of heavy metals are build-up in the soil system and absorbed by 

plants mainly via root system and translocated to the shoots via the xylemic pathway. 
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Plants may react differently to the presence of heavy metals or stress conditions. The 

ability of the root system to pump heavy metals and to fit and colonise the 

contaminated zone are thus key factors for phytoextraction efficiency, along with 

translocation to the shoots and accumulation (Keller et al, 2003). Their tolerance and 

specific behaviour at the root level must be taken into account while choosing plants 

for phytoremediation of heavy metals. 

 

2.0 MATERIALS AND METHODS  

2.1 Preparation of Plant Samples 

Melastoma malabathricum L. were bought in polybags from a nursery in Jalan 

Pontian, Johor. There were 3 replicates for each treatment. The plants were placed in 

the greenhouse of Department of Bioscience (T02), Universiti Teknologi Malaysia and 

watered once a day. Zinc stock solution was prepared from zinc sulphate (ZnSO4) and 

then the stock was diluted into the designated Zn addition listed in Table 1. The diluted 

solutions were then used to contaminate the soil in each plant by manual 

homogenization. 

 

Table 1 Treatment levels of Zinc 

 

No. Treatment 

T0 Control 

T1 100 ppm 

T2 200 ppm 

T3 400 ppm 

 

2.2 Plant Harvesting and Growth Measurements 

After 7 weeks of treatments, the plants were harvested and washed with 

running tap water. It then was rinsed with deionized water to elute the bounded 

residues. The roots were separated, washed, and blotted with tissue to remove excess 

water. Then it was weighed to obtain the fresh weight. After that, the root was left to 

dry in the oven at 50°C for 4 days. Upon drying, the root was weighed again to obtain 

the dry weight. The roots were then ground into powdered form to carry out the 

subsequent tests. However, the soil samples were dried at 60°C for 24 hour which then 

sieved through a 2mm mesh. It then was ground using pestle and mortar (Visoottiviseth 

et al, 2002). 

Following two parameters; PHSTI and RLSTI were calculated as described by 

Hussain et al, (2017): 
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𝐏𝐥𝐚𝐧𝐭 𝐡𝐞𝐢𝐠𝐡𝐭 𝐬𝐭𝐫𝐞𝐬𝐬 𝐭𝐨𝐥𝐞𝐫𝐚𝐧𝐜𝐞 𝐢𝐧𝐝𝐞𝐱 (𝐏𝐇𝐒𝐓𝐈) 

=  
𝐏𝐥𝐚𝐧𝐭 𝐡𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐬𝐭𝐫𝐞𝐬𝐬𝐞𝐝 𝐩𝐥𝐚𝐧𝐭

𝐏𝐥𝐚𝐧𝐭 𝐡𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐩𝐥𝐚𝐧𝐭
 

 

𝐑𝐨𝐨𝐭 𝐥𝐞𝐧𝐠𝐭𝐡 𝐬𝐭𝐫𝐞𝐬𝐬 𝐭𝐨𝐥𝐞𝐫𝐚𝐧𝐜𝐞 𝐢𝐧𝐝𝐞𝐱 (𝐑𝐋𝐒𝐓𝐈) 

=  
𝐑𝐨𝐨𝐭 𝐥𝐞𝐧𝐠𝐭𝐡 𝐨𝐟 𝐬𝐭𝐫𝐞𝐬𝐬𝐞𝐝 𝐩𝐥𝐚𝐧𝐭

𝐑𝐨𝐨𝐭 𝐥𝐞𝐧𝐠𝐭𝐡 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐩𝐥𝐚𝐧𝐭
 

 

 

2.3 Translocation and Bioconcentration Factor 

Based on the results provided by GF-AAS, the Bioconcentration Factors (BCF) and 

Translocation Factor (TF) can be identified using the following equation according to 

Yoon et al, 2006; Ho et al, 2008: 

 

 

The equation 1.3 was used to determine the ratio of concentration of the zinc in an 

organism (roots of M. malabathricum L.) to the concentration of the chemical in the 

surrounding environment (soil) which infers the ability of the plant to accumulate zinc 

in its root from the soils. On the other hand, equation 1.4 indicates the competence of 

the M. malabathricum L. to translocate Zn from roots to the aerial part of the plant 

(shoots) (Patek-Mohd et al, 2018). 
 

2.4 Mass Balance Analysis 

Upon obtaining the Zn concentration accumulated in the various parts of M. 

malabathricum L. in each treatment, a mass balance analysis was carried out to infer 

the distribution and loss of the heavy metal during the experiment. The calculations 

are shown below: 

(1.1) 

(1.2) 
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2.5 Statistical Analysis 

The data was expressed as mean ± standard deviation of the 3 replicates for 

each treatment. Statistical difference among the treatments was determined using one-

way analysis (ANOVA) with post-hoc testing at significance level of (p < 0.05). Least 

Significant Difference (LSD) at the significance level of 5% also carried out with 

multiple letters indicating the variation between treatments. Pearson’s correlation 

between Zn concentration in roots and root morphological parameters (length and 

biomass) were performed. Correlation and linear regression analysis were done to 

determine the relationship between soil Zn levels and Zn concentration accumulated 

in roots of Melastoma malabathricum L. under different treatment. All these analyses 

were estimated using Microsoft Excel 2016. 
 

3.0 RESULTS AND DISCUSSION 

3.1 Morphological Parameters of M. malabathricum L.  

3.1.1 Number of Leaves 

The leaves in 400 ppm had shown a drastic fall from 5th to 9th week which 

explains that plants are struggling to tolerate the high Zn toxicity (Figure 1). This might 

be due to the fact that high concentration of heavy metals causes oxidative stress in 

leaves by primarily disturbing the cellular redox environment (Tamas et al, 2008).  The 

ANOVA showed that, the number of leaves does not have any significant effect on 

different level of Zn concentrations (p > 0.05). Hence, this shows the reduction in 

number of leaves is not significant even at higher concentration of Zn, which reflects 

the tolerating ability of the plant towards increasing concentration Zn. 
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Figure 1 Effect of different Zn concentration on number of leaves of Melastoma 

malabathricum L. Data represent means ± SEM (n=3). 

 

3.1.2 Plant Height 

From the result shown in Figure 2, it is observed that zinc concentration used 

between 100 to 200 ppm in this study did not cause severe toxicity to the plants as they 

were able to grow well, and no plant death were observed from the stress condition. 

Based on ANOVA, the height increment of the plant does not show any significant 

effect on various level of Zn concentration (p > 0.05). Upon initiating the treatment 

with Zn, the plants in 400 ppm showed a slower pattern in height increment compared 

to the plants in other treatments and control. This implies the ability of the plant to 

grow and tolerance to higher Zn concentration. The growth retardation in treatment 

400 ppm is most probably due to the excess amount of zinc which may cause the 

decreased uptake of nutrients, inhibition of various enzyme activities, and induction of 

oxidative stress including alterations in enzymes of the antioxidant defence system 

(Foy et al, 1978). 

 

Figure 2 Effect of different Zn concentration on height increment of Melastoma 

malabathricum L. Data represent means ± SEM (n=3). 

 

Besides that, the plant height stress tolerance index (PHSTI) was also identified 

and the results are shown in Figure 3. PHSTI is a useful tool for determining the stress 
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tolerance potential of the plant grown at different concentration of heavy metals. 

Figure 3 shows that a slightly higher PHSTI was noted in M. malabathricum L. at soil 

Zn level of 200 ppm. This indicates the greater tolerance of the plant towards that 

particular Zn concentration. Meanwhile, the plants grown at Zn level of 400 ppm had 

shown the lowest PHSTI implies that higher Zn treatment lowers the tolerance 

potential of the plant. 

 

 

Figure 3 Plant height stress tolerance index of M. malabathricum L. Data 

represent means ± SEM (n=3). Different letters indicate significant differences 

between means of each treatment at 5% level of LSD test. 

 

3.1.3 Soil pH 

According to Abdu et al, (2011), soil pH should be maintained in the range of 

6.4 to 7.0 for better plant growth yet when it comes to phytoremediating plants, they 

are well known to thrive in low pH condition. Figure 4 clearly shows distinction in 

terms of soil pH before and after the zinc treatment. There was also significant 

difference in the soil pH (p < 0.05) between each treatment and the control.  The soil 

pH was ranging from 6.4 to 6.68 before the treatment and right after the treatment 

done, the soil pH decreased to 5.5 in 100, 200 and 400 ppm treatments meanwhile, the 

soil pH for control plants were maintained in the range of 6.4 to 6.7 which further 

supports the fact that addition of the zinc had affected the soil pH. 
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Figure 4 Effect of different Zn concentration on soil pH of Melastoma 

malabathricum L. Data represent means ± SEM (n=3). (*) indicates 

significant differences between means of each treatment and control at 

5% according to LSD test. 

 

3.2 Zinc Effect on the Root Growth of Melastoma malabathricum L. 

Based on Figure 5 and 6 it is obvious that increasing concentration of zinc 

inhibits the root growth and root biomass. Inhibition of root elongation and reduction 

in root biomass is proved to be a sensitive parameter for assessing the response of 

plants to heavy metals. Plants with no added zinc had shown healthier root growth in 

terms of its length and mass. On the other hand, plants in 400 ppm treatment had 

achieved the least root growth and biomass which clearly depicts that the higher 

concentration of zinc negatively affects the growth of roots as well as the harvestable 

biomass. This is most probably due to the inhibition of cell division at the root tip (Eun 

et al, 2000). 

 
Figure 5 Root length of M. malabathricum L. grown in different zinc 

concentration. Data represent means ± SEM (n=3). Different letters 

indicate significant differences between means of each treatment and 

control at 5% level of LSD test. 
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Figure 6 Root biomass of M. malabathricum L. grown in different zinc 

concentration. Data represent means ± SEM (n=3). Different letters 

indicate significant differences between means of each treatment and 

control at 5% level of LSD test. 

 

 

Data in Table 2 also implies a strong negative relation between the Zn 

concentration in roots and the root length and root biomass. The greater the Zn 

accumulated in the roots, the lower the root growth. This further strengthens the idea 

that increasing Zn stress in the roots had a negative inhibition on the growth of the 

roots. The data from the table also proved a strong positive linear relationship between 

the root length and its biomass where increasing length of root had an increasing 

biomass which reflects the co-dependency of those two factors.  

 

 

Table 2 Pearson correlations between final zinc concentration in roots and  

root length and root biomass of M. malabathricum L. 

 

 Final [Zn] in Roots Root Length Root Biomass 

Final [Zn] in Roots 1 -0.880 -0.931 

Root Length -0.880 1 0.982 

Root Biomass -0.931 0.982 3.161 

 

To further strengthen the negative relation between Zn concentration and root 

growth, root length stress tolerance index (RLSTI) of M. malabathricum L.was also 

determined and the finding was illustrated in Figure 7. Root length stress tolerance 

index (RLSTI) is used to identify the stress tolerance potential of the roots exposed to 

different Zn concentration.  The RLSTI of the plant were slightly decreasing with 
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increasing Zn concentration. Treatment 100 ppm had recorded the highest RLSTI 

indicating greater tolerance to Zn at that concentration. However, there is no 

significant differences between treatment 100 and 200 ppm and 400 ppm (p > 0.05). 

The lowest RLSTI was attained by plants at 400 ppm indicating their reduced tolerance 

to higher Zn concentration 

 

 
 

Figure 7 Root length stress tolerance index of Melastoma malabathricum L. 

Data represent means ± SEM (n=3). Same letters indicate no significant 

differences between means of each treatment. (P < 0.05, LSD test) 

 

3.3 Concentration of Zinc in M. malabathricum L. and Soil 

From the metal analysis result, Zn was detected in all parts of M. 

malabathricum L. (roots, stem, and leaves) however the Zn was unequally distributed 

to all part of the plants. As shown in Table 3, M. malabathricum L. accumulated a 

relatively high concentration of Zn in the aerial part (leaves) in control and treatment 

100 ppm which are 48.3 ppm and 73.3 ppm, respectively. On the contrary, M. 

malabathricum L. grown in 200 and 400 ppm had accumulated highest concentration 

of zinc in the roots which are 113.3 ppm and 112.3 ppm, respectively. The stem part 

had stored the least Zn concentration in all treatments including the control. The Zn 

uptake by roots of the plant increased with increasing concentration of the spiked 

treatment except for treatment 400 ppm where the concentration of Zn accumulated 

was 1 ppm lesser than of treatment 200 ppm. Apparently, the phenomena of high 

accumulation of Zn in the roots occur as roots also allow metal ions to pass through 

their systems when absorbing water and nutrients from the soil (Clemens et al, 2002). 
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Table 3  Mass balance analysis for various Zn concentration. 

 

Treatment 

Total 

Initial 

[Zn] 

(ppm) 

Final [Zn] (ppm)  

Soil Root* Stem* Leaves* Plant Total 
Error 

(%) 

Control 100 40 
28.7 ± 

3.2a 

0.13 ± 

0.0a 

48.3 ± 

11.2a 
77.13 117.13 -17.13 

100 ppm 200 220 
54.7 ± 

15.3a 

0.26 ± 

0.1a 

73.3 ± 

28.4a 
128.26 348.6 -74.30 

200 ppm 300 95 
113.3 ± 

23.3b 

0.17 ± 

0.1a 

55.0 ± 

15.5a 
170.17 264.17 11.94 

400 ppm 500 90 
112.3 ± 

29.8b 

0.15 ± 

0.0a 

51.0 ± 

6.7a 
163.45 253.45 49.31 

Data represent means ± SEM (n=3). Means in columns of the same parameter 

followed by the same letters are not significantly different (p < 0.01, LSD test) 

 

 

Figure 8 shows the correlation coefficients (r) and coefficient of determination 

from linear regression analysis (R2) indicate that soil Zn levels and root Zn 

concentration had a positive relationship (r = 0.87 and R2 = 0.75). This suggests that 

with an increase in Zn levels in roil, root Zn concentrations also increased in the plant. 

 

 

Figure 8 Relationship between initial soil Zn levels and and root Zn 

concentration of Melastoma malabathricum L. under different soil Zn levels. 

 

 

 

‘ 
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3.4 Bioconcentration Factor (BCF) and Translocation Factor (TF) of Zinc 

The capacity of M. malabathricum L. to accumulate and transport Zn was 

characterised by determining their bioconcentration factor (BCF) and translocation 

factor (TF). The BCF and TF of Zn are shown in Table 4. Zn showed the highest BCF 

value (0.378) for treatment 200 ppm while the least BCF value (0.225) was found in 

treatment 400 ppm. The BCFs of Melastoma malabathricum L. ranged from 0.225 to 

0.383. The highest TF (1.686) was recorded in the control treatment meanwhile the 

lowest TF value (0.454) was recorded in treatment 400 ppm.  

 

Table 4 Translocation Factor (TF) and Bioconcentration Factor (BCF) of  

Melastoma malabathricum L. 

 

Treatment 

Control 
BCF TF 

100 ppm 0.287 ± 0.03a 1.686 ± 0.39a 

200 ppm 0.273 ± 0.08a 1.341 ± 0.52ab 

400 ppm 0.378 ± 0.08a 0.485 ± 0.14b 

Treatment 0.225 ± 0.06a 0.454 ± 0.06b 

Data represent means ± SEM (n=3). Means in columns of the same parameter 

followed by the same letters are not significantly different (p < 0.01, LSD test) 

 

TF and BCF values are important to indicate the potential of a plant for 

phytoremediation. Generally, the accumulation of heavy metals is higher in plants 

compared to soil and water. Plants should store heavy metals in plant tissue to be 

classified as phytoremediator plants.  The highest TF was found in control followed 

by treatment 100 ppm. It showed that, Melastoma malabathricum L. grown at Zn 

concentration of below 200 ppm have the ability to absorb more Zn and to transfer to 

aerial parts at the same time. The BCF and TF for treatment 400 ppm was the lowest 

out of all the other treatments. This indicates that M. malabathricum L. with higher 

zinc concentration as much as 500 ppm absorbs less Zn in plant tissue. 

 

4.0 CONCLUSION 

The roots of M. malabathricum L. had shown a negative relationship with 

increasing Zn concentration in the roots. Overall, the M. malabathricum L. had utilized 

two different techniques of phytoremediation which are phytoextraction and 

phytostabilisation at lower and higher Zn concentration, respectively. However, 

further studies need to be carried out to test the validity of the hypothesis for instance, 

microscopical anatomy of the root of the plant grown in various Zn concentration can 

be done to observe distinguishing characteristics of the roots exposed to zinc stress, 
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protein quantification and SDS-PAGE shall be done to determine the quality of protein 

and the electrophoretic pattern of the protein extracted from M. malabathricum L. as 

well as antioxidant assays can be carried out to study the plant’s defence system. 
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ABSTRACT  

Pineapple plants have shown a high demand in both local and international export 

market. Therefore, the mass propagation of pineapple through tissue culture technique 

has been intensively studied. Pineapple is known as one of the fruits that have high 

antioxidant content. The antioxidant property of plant biomass of local pineapple is 

still not fully investigated. The effects of 6-benzylamonipurine (BAP) alone or in 

combination with naphthalene acetic acid (NAA) on the shoot regeneration frequency 

and shoot biomass were studied. In this study, antioxidant activities of in vitro shoot 

biomass of Sarawak pineapple was carried out using Ferric Reducing Antioxidant 

Power (FRAP) and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay. Shoot explants were 

cultured on MS plates supplemented with BAP (1 - 4 mg/L) and NAA (0.25 mg/L, 0.5 

mg/L, 1.0 mg/L, 1.5 mg/L) for eight weeks culture. The results showed the highest 

shoot regeneration (100%) and the maximum number of shoots produced per explant 

were obtained when the explants were cultured with the combination of 2mg/L BAP 

+ 0.5mg/L NAA (9.33 ± 0.577 shoots per explant). FRAP assay revealed that non-

treated shoot biomass exhibited the strongest antioxidant activity with 727.02 ± 15.604 

(μMFe(II))/ml. As DPPH assay, the shoot treated with 2 mg/L BAP had a higher 

antioxidant activity with an IC50 value of 3.75 ± 0.009 μg/ml than control and 2 mg/L 

BAP + 0.5 mg/L NAA treatment. However, there was no significant difference in 

antioxidant activity for both FRAP and DPPH assay. In conclusion, a combination of 

2 mg/L BAP + 0.5 mg/L NAA enhanced shoot regeneration percentage but did not 

affect the antioxidant activity of shoot biomass.   
  

Keywords: In vitro propagation, pineapple, 6-benzylamonipurine, naphthalene acetic acid, 

antioxidant, FRAP, DPPH 

 
 

1.0 INTRODUCTION  

Pineapple or its scientific name Ananas comosus is known as one of the world's 

most famous tropical fruits which has gained so much interest within the world trade 

and shows high demand in the local and international export markets for their 

exceptional taste, juiciness and other benefits. For example, pineapple stems and fruits 

have immense potential for the production of protease and bromelain for commercial 

use (Liu et al., 2005). Malaysia, once ranked as one of the world's three leading 

pineapple manufacturers in the 1960s and early 1970s, has only comparatively small 

industries today. Pineapple is propagated traditionally through asexual techniques 
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from different parts of the plant like suckers, slips, and crown. Unfortunately, this 

conventional propagation technique is quite time consuming. Thus, a large number of 

pineapple plantlet can be produced through tissue culture technique (Danso et al., 

2008). Pineapple act as an important source of organic acid, sugar and some basic 

minerals for human nutrition. Previous studies have shown that pineapple produced 

flavonoid compounds and other phenolic compounds that can work as an antioxidant 

which are important indexes for the acceptability of fruit to consumers and processors 

(Fidrianny et al., 2018). Antioxidants are compounding that capable of delaying or 

inhibiting oxidation processes which take place under the influence of atmospheric 

oxygen or reactive oxygen species (Pisoschi and Negulescu, 2011). The antioxidant is 

active in the body’s defence mechanism against pathologies that related to the attack 

of free radical (Pisoschi and Negulescu, 2011).  Phenolic such as flavonoids, phenolic 

acids and other polyphenolic compounds are known to be crucial components to the 

antioxidant activity of vegetables and fruits (Lu et al., 2014). Ferric Reducing 

Antioxidant Power Assay (FRAP) is related to the ability of antioxidants to reduce 

Fe3+ to Fe2+ in the presence of TPTZ, which forms an intense blue Fe2+-TPTZ 

complex. In this study, the in vitro Sarawak pineapple shoots were used in order to 

determine the antioxidant activity. Higher FRAP values suggested that the compound 

is a good reductant since it is capable of reducing Fe(III) to Fe(II) and thus a good 

antioxidant. Ferrous sulphate has been used as a positive reference in this study. The 

standard curve of ferrous sulphate was shown in the Appendix section. Besides, the 

antioxidant activity of in vitro pineapple extract was also determined using DPPH 

radical scavenging assay. DPPH assay has been widely used for the analysis of 

antioxidant activity from plant extract due to their simple, rapid, sensitive, and 

reproducible procedure (Haripyaree et al., 2010; Lu et al., 2010). DPPH is a purple-

coloured free radical which will be reduced to α-α-diphenyl-β-picrylhydrazine which 

is yellow colour when in reaction with the antioxidant agent (Lu et al., 2010). This 

process occurred when antioxidant agents are donating their hydrogen to reduce the 

free radical DPPH. In this study, ascorbic acid is used as the positive references. The 

positive reference standard was tested in the form of IC50 (μg/ml) which can be 

extracted from the dose-response curve that is provided in the Appendix.In this study, 

the propagation of pineapple using tissue culture technology was investigated. This 

tissue culture technique comes into play to improve the desired traits selectivity 

together with a high multiplication rate (Dutta et al., 2013). The objectives of this study 

are to investigate the effect of different concentration of BAP and NAA on the shoot 

propagation and to determine the antioxidant content in the in vitro explant using Ferric 

Reducing Antioxidant Power (FRAP) assay and 1,1-Diphenyl-2-picrylhydrazyl 

(DPPH) assay. 

 

2.0 MATERIALS AND METHODS  

2.1 Plant materials 

Healthy Sarawak pineapple plants were used as the explant and culture on 

semi-solid MS media. The culture condition should be under the cool-white 

fluorescent lamp with the light intensity at 25±1 C with 16 hours of photoperiod where 

the photon flux density was about 60μ mol m-2s-1 at the Plant Biotechnology 

Laboratory, Faculty of Science (FS) Universiti Teknologi Malaysia (UTM). 



Biosciences Symposioum of the Final Year Undergraduate Project 2020                           141 

 

 

2.2 Media preparation 

MS medium was used as the culture medium according to Murashige and 

Skoog (1962) that is supplemented with plant growth regulator which BAP and NAA. 

The basic semi-solid MS medium composed of 30g/L of sucrose and 2.6g/L of 

phytagel while liquid medium contains 30g/L of sucrose only. The pH of the medium 

was adjusted to 5.7 before autoclaved at 121 C for 15 minutes (Danso et al., 2008). 

Different concentration of BAP (1, 2, 3 and 4 mg/L) and NAA (0.25, 0.5, 1.0 and 1.5 

mg/L).   were added in the MS media as to promote the shoot propagation. 
 

2.3 Shoot Induction using Semi-solid Medium System 

The in vitro shoot of Sarawak cultivar was cut into 1.0 cm-2.0 cm in size and 

rinsed with sterile distilled water. The shoot explants were placed in jam jar bottles 

containing MS semi-solid medium supplemented with different combinations and 

concentrations of BAP (1, 2, 3 and 4 mg/L) and NAA (0.25, 0.5, 1.0 and 1.5 mg/L). 

All the cultures were incubated under the cool-white fluorescent lamp with the light 

intensity at 25±1C with 16 hours of photoperiod where the photon flux density was 

about 60μ mol m-2s-1. All experiments were run in five replicates with one explant per 

jar. Data such as the number of shoots produced per explant and percentage of shoot 

induction were evaluated after 8 weeks. 
 

2.4 Analysis of Antioxidant Activity 

2.4.1 Preparation of Extract 

The shoots of in vitro Sarawak pineapple were collected at the age of eight 

weeks. The fresh samples have been cleaned with tap water and weighted. Then, 1g of 

sample was soaked in deionized water in ratio 50 mL (1:50) in a conical flask for 30 

minutes in water bath at 65ºC. Next, the mixture was filtered using a fine muslin cloth 

and followed by Whatman TM No. 1 qualitative filter paper. The filtrate was collected 

and stored in a 50 mL falcon tube and kept under -20ºC and freeze-dried at -80ºC. 

 

2.4.2. Ferric Reducing Antioxidant Power Assay (FRAP) of Extract 

 

FRAP assay was carried out according to the method of Benzie and Strain 

(1996). FRAP reagent was prepared from 300 mM acetate buffer (3.1 g sodium acetate 

and 16 ml acetic acid make up to 1L) (pH 3.6), 10 mM TPTZ solution in 40 mM HCL 

and 20 mM iron (III) chloride solution. The FRAP reagent was prepared fresh daily 

and was warmed to 37°C in an oven prior to use. A total of 1 mL sample extracts were 

added to 2 mL of the FRAP reagent and mixed well. The absorbance was measured at 

593 nm using microplate reader spectrophotometers (Genesys 10S UV-VIS 

Spectrophotometer (ThermoScientific) after 30 mins under dark conditions. Samples 

were measured in three replicates. Standard curve of iron (II) sulfate solution (0, 5, 10, 

20, 40, 60, 80 and 100 µM) was prepared using the similar procedure 
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2.4.3. Total Antioxidant Activity with Free Radical Scavenging Activity (DPPH) 

 

A total of 100 μl of each extract was added to react with 100 μl of 0.04% 

ethanol solution of DPPH in a 96-well microplate. Ethanol (100 μl) was used as a 

control in place of the plant extract. Only ethanol and DPPH without test samples were 

used as blank and control respectively in triplicate. The plate then was incubated in 

dark room temperature for 30 min and the absorbance (A) was measured at 517nm 

using a microplate reader (Biotek, Epoch, USA). The ability to scavenge the DPPH 

radical was calculated using the following equation:  

 

DPPH scavenging effect (%) = ((A0 – A1) / A0) * 100  

 

Where, A0 = the absorbance of the control  

A1 = the absorbance in the presence sample 
 

2.5 Statistical Analysis 

Data which include the mean number of shoots produced per explant, 

percentage of shoot regeneration and the antioxidant activity were analysed. Data were 

analysed by one-way analysis of variance test (ANOVA) and Post Hoc test (Sidak) at 

0.05 level of significant using SPSS Statistics 26 (SPSS Institute Inc., NC, USA) for 

Windows 10. All the results represent the means of at least three replications. 

 

3.0 RESULTS AND DISCUSSION 

3.1 Effect of 6-Benzylaminopurine (BAP) on the shoot induction of Sarawak 

cultivar  

Table 3.1 shows the number of shoots regenerated when treated with BAP after 

8 weeks of cultured. The shoots were successfully induced for all treatments after 8 

weeks of cultured (Figure 3.1). The results indicated that the maximum number of 

shoots produced per explant was obtained at 2 mg/L BAP (8.67 ± 0.667) with 100% 

of shoots regeneration followed by 1 mg/L BAP (4.33 ± 0.66) with 86.67% of shoots 

regeneration. It showed that 2 mg/L BAP was the most efficient treatment and 

significantly higher as compared to other BAP concentrations. As the concentration of 

BAP increased from 0 mg/L to 2 mg/L, the percentage of the shoot’s regeneration was 

increased up to 100%. However, there was a reduction in the number of shoots 

produced when the concentration of BAP exceeded 2 mg/L. In the previous study, both 

Al-Saif et al., (2011) and Hamad and Taha, (2008) showed that 2 mg/L of BAP was a 

desirable concentration for the propagation of pineapple shoots where it produced 12 

shoots per explant. They studied on the in vitro propagation of pineapple from Cayenne 

cultivar that had been cultured on semi-solid MS media for 8 weeks. 
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Table 1 Effect of different BAP concentrations on shoot regeneration of 

Sarawak cultivar. 

 

Treatment 

(mg/L) 

Mean no. of shoot 

produce per explant 

Percentage of shoot 

regeneration (%) 

0 3.00 ± 1.00a 60 

1 4.33 ± 0.667b 86.67 

2 8.67 ± 0.667ac 100 

3 2.00 ± 1.00a 40 

4 1.00 ± 0a 20 

 

 

Figure 1 Shoots regenerated from shoot explants when treated with different 

BAP concentrations after 8 weeks culture. A) control; B) 1 mg/L BAP; C) 2 mg/L 

BAP; D) 3 mg/L BAP; E) 4 mg/L BAP. Scale bars = 1 cm 

 

3.2 Effect of combination of BAP and NAA concentrations on shoot induction of 

Sarawak cultivar 

The effect of combination of 2.0 mg/L BAP and NAA concentrations (0.25 

mg/L, 0.5 mg/L, 1 mg/L and 1.5 mg/L) on shoot regeneration of Sarawak cultivar 

pineapple shoots were investigated. The multiplication of shoots from tissue and cell 

culture can be stimulated by raising or lowering the relative cytokinin-to-auxin ratio 

in the culture medium (Usman et al., 2012). NAA is being commonly used to stimulate 

in vitro development of direct shoots and embryogenesis (Usman et al., 2012). Table 

4.2 shows the number of shoots regenerated when treated with different combination 
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of BAP and NAA concentrations after 8 weeks of cultured. Figure 4.2 indicates the 

shoots were obtained for all treatments after 8 weeks of cultured. Based on the previous 

finding in Section 4.1, the most effective treatment for shoot regeneration was 2 mg/L 

BAP. Hence, the effectiveness of the combination of BAP (2 mg/L BAP) and NAA 

(0.25, 0.5, 1.0 and 1.5 mg/L) was assessed. The previous results indicated that the 

maximum number of shoots produce per explant was obtained at 2 mg/L BAP (8.67 ± 

0.667) with 100% of shoots regeneration. In the meantime, the highest number of 

shoots produce per explant for the combination of BAP and NAA was 2 mg/L BAP + 

0.5 mg/L NAA (9.33 ± 0.577) where the percentage of shoot regeneration is 100%. 

However, there was no significant different between these two treatments. In this 

study, NAA has shown the potential to promote the production of callus as the explants 

that have been treated with a combination of BAP and NAA had produced greenish-

white callus. Since there was no significant different between the two treatments, it is 

recommended that the inclusion of NAA did not give a big effect the propagation of 

the pineapple shoots. 

 

Table 2 Effect of different BAP and NAA concentrations on shoot egeneration 

of Sarawak cultivar 

 

Treatment (mg/L) Mean no. of shoot 

produce per explant 

Percentage of shoot 

regeneration (%) 
 

BAP NAA 

0 

2 

2 

2 

2 

0 

0.25 

0.5 

1.0 

1.5 

2.33 ± 0.333a 

3.00 ± 0.577a 

8.00 ± 0.577b 

3.33 ± 0.667a 

1.67 ± 0.333a 

46.67 

60 

100 

66.67 

33.33 

 

 

Figure 2 Shoot regenerated from shoot explants when treated with different 

concentrations of BAP and NAA after 8 weeks culture A) control; B) 2 mg/L BAP + 

0.25 mg/L NAA; C) 2 mg/L BAP + 0.5 mg/L NAA; D) 2 mg/L BAP + 1.0 mg/L NAA; 

E) 2 mg/L BAP + 1.5 mg/L NAA. Scale bars = 1 cm 
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3.3 Antioxidant activity by FRAP and DPPH 

Ferric Reducing Antioxidant Power Assay (FRAP) is related to the ability of 

antioxidants to reduce Fe3+ to Fe2+ in the presence of TPTZ, which forms an intense 

blue Fe2+-TPTZ complex. In this study, the in vitro Sarawak pineapple shoots were 

used in order to determine the antioxidant activity. Higher FRAP values suggested that 

the compound is a good reductant since it is capable of reducing Fe(III) to Fe(II) and 

thus a good antioxidant. Ferrous sulphate has been used as a positive reference in this 

study. The standard curve of ferrous sulphate was shown in the Appendix section. 

Besides, the antioxidant activity of in vitro pineapple extract was also determined 

using DPPH radical scavenging assay. DPPH assay has been widely used for the 

analysis of antioxidant activity from plant extract due to their simple, rapid, sensitive, 

and reproducible procedure (Haripyaree et al., 2010; Lu et al., 2010). DPPH is a 

purple-coloured free radical which will be reduced to α-α-diphenyl-β-picrylhydrazine 

which is yellow colour when in reaction with the antioxidant agent (Lu et al., 2010). 

This process occurred when antioxidant agents are donating their hydrogen to reduce 

the free radical DPPH. In this study, ascorbic acid is used as the positive references. 

The positive reference standard was tested in the form of IC50 (μg/ml) which can be 

extracted from the dose-response curve that is provided in the Appendix. Table 4.3 

indicates the result of the antioxidant activity for in vitro shoot biomass on FRAP assay 

(μM Fe(II)/ml) and DPPH radical scavenging assay (IC50). The result by FRAP assay 

showed that the control in vitro Sarawak pineapple exhibited the highest antioxidant 

activity, 727.02 ± 15.604 μM Fe(II)/ml compared to the BAP-treated sample, 407.20 

± 18.018 μM Fe(II)/ml and in vitro Sarawak pineapple shoots with 2 mg/L + 0.5 mg/L 

NAA treatment, 614.44 ± 9.00 μM Fe(II)/ml. This showed that control in vitro 

Sarawak pineapple shoots contain higher antioxidant activity which could act as an 

electron donor to the Fe3+ and produced more Fe2+. However, the antioxidant activity 

of all the three treatment for FRAP and assay did not show any significant different at 

p<0.05. It is suggested that the addition of plant growth regulators such as BAP and 

NAA did not affect the antioxidant activity of the in vitro Sarawak pineapple by FRAP 

assay. Based on previous research, Asniyati et al., (2018) stated that the control shoot 

had shown a significantly higher antioxidant activity compared to the in vitro sample 

that had been treated with different concentration of hormone. As for the antioxidant 

activity by DPPH assay, the lower the IC50 value the higher the antioxidant activity 

and capability to capture and inhibit the free radical. The result indicated that in vitro 

Sarawak pineapple shoots with 2mg/L BAP treatment had the highest and strongest 

antioxidant activity with IC50 value 3.75 ± 0.009 μg/ml compared to control (423.67 ± 

1.452 μg/ml) and in vitro Sarawak pineapple shoots with 2 mg/L BAP + 0.5 mg/L 

NAA treatment which was undetected. The zero value of IC50 as for in vitro Sarawak 

pineapple shoots with 2 mg/L BAP + 0.5 mg/L NAA treatment specify that the extract 

did not have the ability to become scavenging radical. However, there are no 

significant different of IC50 between control and 2 mg/L BAP treatment of in vitro 

pineapple shoots. It shows that both of the treatments have the same ability of electron 

transfer for the oxygen neutralization process. 
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Table 3 The antioxidant activity of in vitro Sarawak pineapple on FRAP 

(μMFe(II))/ml and radical scavenging activity by DPPH, IC50 (μg/ml) 

 

Treatment FRAP (μMFe(ll)) DPPH (IC50) 

Control 727.02 ± 15.604 423.67 ± 1.452 

2 mg/L BAP 407.20 ± 18.018 3.75 ± 0.009 

2 mg/L BAP + 0.5 mg/L 

NAA 

614.44 ± 9.00 0 ± 0 

Ascorbic acid - 3.14 ± 0.07 

 

4.0 CONCLUSION 

Shoots regeneration from in vitro shoot explant of Sarawak cultivar using semi-

solid MS media supplemented with different concentration of plant growth regulator 

and their antioxidant were successfully established. The best concentration of plant 

growth regulator that has produced the highest number of shoot per explant was the 

combination of 2 mg/L BAP with 0.5 mg/L NAA. However, there was no significant 

different between the shoot treated with 2 mg/L BAP and the shoot treated with 2 mg/L 

+ 0.5 mg/L NAA. In addition, the antioxidant activity of in vitro shoot explant of 

Sarawak cultivar was analysed using FRAP and DPPH assay. For FRAP assay, the 

control of in vitro shoot explant exhibit the highest antioxidant activity with 727.02 ± 

15.604 (μMFe(II))/ml. It means that the control sample has a higher ability to act as a 

reducing agent. On the other hand, in vitro shoot explant with 2 mg/L BAP treatment 

has the highest antioxidant activity with IC50 value 3.75 ± 0.009 μg/ml. It showed that 

shoot with 2 mg/L BAP treatment has a higher capability to inhibit the free radical and 

has a lower toxicity level. In the nutshell, FRAP and DPPH assays are suitable to be 

used in this project to generally evaluate the antioxidant activity of in vitro shoot 

explant of Sarawak cultivar. 
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ABSTRACT  

 

An increasing number of antibiotic microbial strain cases due to overuse of 

antibiotic have caused the researcher to find new antimicrobial compound to treat 

microbial infection. The antimicrobial peptides or AMPs can be a new prospect for 

antibiotic, hence, studying the inhibition mechanism of Plantaricin Cs peptide from 

Coriandrum sativum can give a new insight into medicinal approaches against 

pathogenic infection. Our result support the previous hypothesis of the inhibition 

mechanism of AMPs where the AMP was reported to bind to target membrane due to 

the amphipahaticity. In this study, the interaction between Plantaricin Cs and POPC 

lipid bilayer was further analyzed using docking analysis. 

 
Keywords Antimicrobial peptides; AMPs; Plantaricin Cs; pathogenic infection; 

docking analysis; POPC lipid bilayer. 

 

 

1. INTRODUCTION 

 

Antimicrobial peptides or AMPs are a small, linear peptide which can be found in 

insects, animals, microbes, and plants. It is amphipathic in nature, have 

membranolytic functions and usually involved in host defense mechanism against 

pathogenic and pest infection. Study of AMPs has become an interesting research to 

be considered as a new therapeutic agent as it has a numerous number of therapeutic 

potentials. Antimicrobial peptides or AMPs from various plants showed an effective 

result to overcome a variety of pathogens such as fungi and bacteria [18].  

 AMPs are also known to have a low side effect compared to other 

antimicrobial compounds [2]. Besides, it is a growing class of natural peptides with a 

variety of targets, including bacteria, fungi, viruses, and parasites. Only a small 

number of antimicrobial peptides have been discovered from various living organisms 

in our nature. There are several databases available for AMPs such as Antimicrobial 

peptide database-UNMC (APD) [15], Database of antimicrobial activity and structure 

of peptides (DBAASP), Collection of antimicrobial peptides (CAMP) [15], Data 

Repository of Antimicrobial Peptides (DRAMP) [6] and PhytAmp [4]. 

 C. sativum or commonly known as coriander was used extensively in preparing 

food either to enhance the flavor or to mask the odor of other ingredients. It also was 

found to produce the antimicrobial peptide. The previous study reported that a novel 

AMP had been derived from C. sativum named as Plantaricin Cs and it is active 

against various numbers of microbes including E. coli and S. aureus [7, 19].  
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 Plantaricin Cs is a type of Plantaricin peptides which belongs to the 

Bacteriocin and it is usually produced by all major lineages of bacteria and archaea. 

They are ribosomally synthesized compounds that exhibit bactericidal activity 

either of the same species (narrow spectrum) or across genera (broad spectrum) 

[9]. There are several types of peptides other than Plantaricin that belongs to 

Bacteriocin such as nisin, colicin, klebicin and lysostapin where all have been named 

by considering which type of organism they produced by. Various studies have 

reported that Plantaricin exhibited a broad spectrum of inhibitory activity against both 

Gram-positive and Gram-negative bacteria. These peptides retained bioactivity when 

exposed to a high temperature (121 °C) and remained stable at pH values ranging from 

2 to 8. They were also inactivated by proteinase and pronase, fully degraded by 

peptidase and trypsin and remained active after being treated with lipase, amylase, 

catalase and certain detergents [16]. 

 Current trend shows the increasing number of antibiotic resistant cases due to 

overuse of antibiotic which indicates that there is an urgent need to develop new 

therapeutic compound. However, the production of AMPs as a new antibiotic will 

involve a long and costly process, including a lot of experimental work and clinical 

trials. The first step must be started by understanding how the AMPs can inhibit 

microbial growth including the target site, the affinity of the interaction and the overall 

inhibition mechanism of AMPs. Hence, this study was attempted to explore the 

inhibition mechanism and therapeutic potential of Plantaricin Cs peptide using in 

silico approaches. Computer-aided designing method as used in this study also can be 

the initial step for screening the inhibition mechanism of AMPs. 

 

 

2. MATERIAL AND METHOD  

 

This research was conducted based on in-silico study of the antimicrobial 

activity of AMPs from Coriandrum sativum [8, 10]. In order to achieve the objective 

of the study, the procedures involved was started with the data mining of Plantaricin 

Cs sequence from database followed by 3D homology modelling using i-tasser [17] 

and Bactibase [5] modeler. The prediction and analysis of the binding site of 

Plantaricin Cs-lipid complex is carried out using peptide docking tools, Hpepdock 

[20].  

 

2.1 Data mining  

 

The sequence of Plantaricin Cs obtained from Antimicrobial peptide database-

UNMC (APD3) (http://aps.unmc.edu/AP/main.php)  was used in this study to 

investigate its therapeutic activity using in silico approach and the primary sequence 

analysis was done by using the Protparam tool (https://web.expasy.org/protparam). 

 

 

2.2 3D homology modelling 

 

3D models for targeted sequence was constructed using i-tasser 

(https://zhanglab.ccmb.med.umich.edu/I-TASSER/) and Bactibase 

(http://bactibase.hammamilab.org/main.php). All models will be generated based on 

the 3D homologous template available in the database. 

 

http://aps.unmc.edu/AP/main.php
https://web.expasy.org/protparam
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
http://bactibase.hammamilab.org/main.php
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2.3 3D model validation 

 

BLAST-P was performed in searching for any similar sequences with 3D 

structures of the Plantaricin peptide group in the database. Next, all 3D models of 

Plantaricin Cs are evaluated by default parameters based on satisfaction of spatial 

restraints. Two validation servers which is ERRAT 

(http://services.mbi.ucla.edu/ERRAT/) and Molprobity 

(http://molprobity.biochem.duke.edu) were used to assess the validity of the predicted 

3D models and analyse Ramachandran plot respectively.  The stereochemical quality 

of predicted model performed by inspection of the Psi/Phi Ramachandran plot 

obtained to validate the pattern of non-bonded atom interactions. 

 The validation procedure continued in order to select the best 3D structure by 

aligning both 3D model of Plantaricin Cs from i-tasser and Bactibase with Plantaricin 

J based on Blast-P result. The best 3D structure was selected based on high structural 

similarity with Plantaricin J and was visualized on Delano Scientific’s PYMOL 

(http://pymol.sourceforge.net/). The PDB file format of the 3D structures of Plantaricn 

Cs was saved to be used in molecular docking studies. 

 

 

2.4 Structural analysis and energy minimization 

 

The 3D structure of Plantaricin Cs was viewed using PYMOL to identify N-

terminal, C-terminal and the motif of the structure. Other than that, the number of 

hydrophobic amino acid also was analyzed. Energy minimization of the structure was 

carried out by using Avogadro (https://avogadro.cc) to obtain a stable structure of the 

peptide with the lowest energy value. 

 

 

2.5 Peptide-lipid docking 

 

The blind docking of peptides into the bacterial lipid membrane was carried 

out to investigate the peptides-lipid interactions. Docking calculations have been 

carried out using Hpepdock (http://huanglab.phys.hust.edu.cn/hpepdock/) to 

investigate either the peptide has the ability to bind into lipid membrane or not. The 1-

palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine or POPC lipid structure used in this 

study was obtained from Bioinformatics lab 

(http://wcm.ucalgary.ca/tieleman/downloads). The lowest free binding energy value of 

the peptide-lipid complex indicates the highest antimicrobial activity of Plantaricin 

Cs. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Data mining 

 

From APD3 database [15], there is only one novel antimicrobial peptide have 

been found from C. sativum named as Plantaricin CS with a sequence: 

 

GGYKNFYGSALRKGFYEGEAGRAIRR 

 

http://services.mbi.ucla.edu/ERRAT/
http://molprobity.biochem.duke.edu/
http://pymol.sourceforge.net/
https://avogadro.cc/
http://huanglab.phys.hust.edu.cn/hpepdock/
http://wcm.ucalgary.ca/tieleman/downloads
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This sequence consists of 26 amino acid with the net charge of +4.00. APD analysis 

also revealed that this peptide belongs to Bacteriocin group and has similarity with 

Plantaricin J. It has the ability to be active against S. aureus (MIC 35.2 ug/ml), K. 

pneumoniae, P. aeruginosa, P. lilacinum, and A. niger (MIC 62-72 ug/ml). Prot param 

analysis also revealed that this sequence has a molecular weight of 2924.24 (Da) and 

the isoelectric point (pi) predicted to be 10.25 [11]. The instability index (II) is 

computed to be 47.5 which classified the peptide as unstable. The total number of 

negatively charge residue (Asp + Glu) is 2 and positively charge residue (Arg + Lys) 

is 6. 

 

3.2 3D homology modelling 

 

The 3D model of Plantaricin Cs generated by i-tasser consist of two short alpha 

helix connected by loop while the model generated by Bactibase consist of one 

polypeptide with one alpha helix (figure 1). The homology template used by i-tasser 

to construct the 3D structure of Plantaricin Cs is the structure of receptor binding 

domain of BoNT/B complex with PDB id: 5VID [5] while Bactibase used Plantaricin 

J structure with PDB id: 2KHF and 2KHG as a template. 

 
Figure 1: A) 3D model of Plantaricin Cs generated by i-tasser. B) 3D model of 

Plantaricin Cs generated by Bactibase. 

 

 

3.3 3D model validation 

 

From Blast-P result, the Plantaricin Cs has high similarity with Plantaricin J 

by 82.61%. Table 1 shows that both 3D models of Plantaricin Cs in figure 1 passed 

the ERRAT analysis with overall quality factor above 80%. Moreover, Ramachandran 

plot analysis (figure 2A and 2B) conducted also reveal that both 3D structure have no 

number of outliers and 100% of residues are in favored region. Hence, both 3D 

structures constructed are actually having a good quality. 

 

Table 1: ERRAT analysis for 3D models of Plantaricin Cs. 
 

Validation system i-Tasser Bactibase 

 

ERRAT 

Overall Quality 

Factor 

A: 100 

Pass 

Overall Quality 

Factor 

A: 88.889 

Pass 

 

   

A B 
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Figure 2A: Ramachandran plot analysis for i-tasser model. 

 

 

 

 
Figure 2B: Ramachandran plot analysis for Bactibase model. 
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 In order to choose the best 3D structure for Plantaricin Cs peptide, both models 

are then aligned with the Plantaricin J structure using PYMOL. The best 3D model 

was selected based on structural similarity with Plantaricin J (PDB id: 2KHF). From 

figure 3, the 3D model from Bactibase have high structural similarity with Plantaricn 

J and was selected as the best 3D structure of Plantaricin Cs. 

 

 
Figure 3: Superimposition of A) i-Tasser model (green) and B) Bactibase model 

(purple) with Plantaricin J (blue) using PYMOL. 

 

3.4 Structural analysis and energy minimization 

 

Cartoon representation of Plantaricn Cs in figure 4 shows amino acid residues in the 

3D structure and the blue color indicates the hydrophobic amino acid. The N-terminal 

is Gly-1 while the C-terminal is Arg-26 and the alpha helix formed from Tyr-3 to Arg-

22. 

 Energy minimization for this structure was done by using Avogadro 

(https://avogadro.cc) to provide the most stable molecule with the lowest structural 

energy value. This 3D structure have an energy value of 44,582.1 kcal/mol after 

geometrical optimization. 

 

 
Figure 4: Cartoon representation of Plantaricn Cs which show hydrophobic amino 

acid (blue). 

 

 

3.5 Peptide-lipid docking analysis 

 

Peptide-lipid docking was carried out using Hpepdock 

(http://huanglab.phys.hust.edu.cn/hpepdock/) for blind docking of the peptide into 

lipid membrane. The simple 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine or 

POPC lipid bilayer structure was used in this study obtained from Bioinformatics lab 

(http://wcm.ucalgary.ca/tieleman/downloads ). Out of 100 models generated, 10 were 

https://avogadro.cc/
http://huanglab.phys.hust.edu.cn/hpepdock/
http://wcm.ucalgary.ca/tieleman/downloads


Biosciences Symposioum of the Final Year Undergraduate Project 2020                           155 

 

 

picked up as the best based on their free binding energy and model 1 is the best out of 

10 models as it has the lowest free binding energy value which is  -269.171 (table 2).  

 

Table 2: Free binding energy of Plantaricin Cs-lipid POPC complexes generated by 

Hpepdock. 
 

Model number Free binding energy 

value 

Model 1 -269.171 (lowest) 

Model 2 -221.009 

Model 3 -217.337 

Model 4 -216.804 

Model 5 -210.167 

Model 6 -208.505 

Model 7 -208.076 

Model 8 -204.684 

Model 9 -204.326 

Model 10 -202.581 

 

 

 All models of Plantaricin Cs-POPC lipid bilayer complex as shows in figure 5 

where the peptide being docked into the lipid bilayer at different locations. This 

indicates that the Plantaricin Cs peptide has a high ability to bind on the surface of 

bacterial lipid membrane, insert itself into the cell and cause cell lysis. Plantaricin Cs 

(green in model 1) embedded successfully in a lipid bilayer which may due to the 

zwitterionic characteristic of the POPC lipid bilayer structure. According to Von 

Deuster, et al, [13] in vitro experiments on the antimicrobial peptide indicates that 

zwitterionic of phosphatidylcholine or POPC lipids exposed by eukaryotes plays an 

important role in the binding of AMP. The underlying mechanism is still not 

understood, but this might due to the electrostatic interaction between the positively 

charged Plantaricin Cs peptide with negatively charged of zwitterionic bacterial lipid 

membrane [13]. Next, figure 6 shows before and after the Plantaricin Cs being docked 

inside POPC lipid bilayer. Based on this figure, the peptide will first bind on the lipid 

surface, form a contact with the polar head of bacterial lipid membrane and move 

inside the cell which resulting in bacterial cell lysis. 
 

 
 

Figure 5: Models of Plantaricin cs-POPC complex from Hpepdock 

Model 4

Model 1

Model 10

Model 3

Model 7

Model 2

Model 5

Model 8

Model 6

Model 9 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/phosphatidylcholine
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/eukaryote
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Figure 6: Plantaricin Cs structure before (yellow) and after (green) being docked into POPC 

lipid bilayer. 

 

 

 Yellow dots in figure 7 represent the interaction between the hydrophobic 

amino acid residues with POPC lipid bilayer. The structure of Plantaricin Cs peptide 

being docked successfully into POPC lipid bilayer due to the hydrophobicity of the 

peptide itself which contribute by hydrophobic amino acid residues. These finding 

supported by Torroidal model pore theory which stated that AMP molecules insert 

themselves into the membrane perpendicularly upon contact with phospholipid head 

groups of the membrane [2]. Upon binding into the bacterial lipid membrane, 

plantaricin peptides were reported to create pores in the membranes of the target cells 

that can dissipate the trans-membrane electrical potential and pH gradient and disrupt 

peptidoglycan synthesis [9]. Moreover, the interaction between peptide and lipid 

membrane will also influence the bacterial membrane protein functions through 

conformational changes [1]. Hence, the interaction of Plantaricin Cs peptide with the 

bacterial lipid membrane is expected to cause bacterial cell lysis which appeared to be 

firstly preceded by depolymerization of the peptidoglycan layer in the cell membrane. 
 

 
Figure 7: The interaction between hydrophobic amino acid and POPC lipid bilayer. 
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4. CONCLUSION 

In the present study, the 3D structure of the Plantaricin Cs peptide have been 

successfully developed using Batcibase while energy minimization was successfully 

carried out by using Avogadro. From this study, we found that 

the antimicrobial  Plantaricin Cs peptide from C. sativum plant, has a unique sequence 

similarity with Plantaricin J which produced by Lactobacillus plantarum. Thus, not 

only bacteria and archea, but plant also has the ability to produce plantaricin peptide. 

Based on the result presented, Plantaricin Cs have a high ability to bind with the polar 

head of lipid membrane upon interaction with bacteria which lead to further insertion 

inside the cell aided by hydrophobic amino acid in the structure. This interaction is 

expected to cause degradation of peptidoglycan synthesis, which can lead to bacterial 

cell lysis. 

 The orientation of a peptide in a bacterial membrane depends on many factors, 

and lipid composition is one of them [12]. From a biophysical point of view, it is 

essential to understand the detailed molecular mechanisms involved in the lipid–

peptide interactions. It is also important to choose lipid systems most closely 

resembling the biological membrane of interest, when the biological aspects of 

membrane peptides and proteins are to be interpreted. Thus, POPC lipid bilayer used 

in this study can be the first step to understand the mechanism of action between the 

Plantaricin and the lipid membrane of bacteria. 

 Other studies of membrane-active peptides have also in some cases found high 

abilities of AMPs to bind into bacterial lipid membrane and causes cell lysis [2, 9, 13, 

16]. All previous findings are actually consistent with the hypothesis of Plantaricin Cs 

presented here. The simple docking model proposed here will very likely be a useful 

help in the interpretation of Plantaricin Cs–lipid interactions and can be used as a 

reference in future works of studying the Plantaricin group peptides. 

 

 

4.3 FUTURE WORKS 

 

As a new prospect for antibiotic, Plantaricin Cs have to attack bacterial 

membranes specifically and need to avoid the membranes of the host cells. Hence, the 

study of the lipid composition  and surface charge of the target cell can be carried out 

in future to determine selectivity of this peptide. Other than that, molecular dynamic 

simulation or MD also could be done in the next study to understand the interaction 

between peptide and bacterial lipid membrane at atomistic levels. 
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ABSTRACT  

 

Cyclotides is a cyclic antimicrobial peptides (AMP) that can be found in plants 

such as Clitoria ternatea, Olenlandia afinis and Viola odorata. Cyclotides can be 

divided into 3 subfamilies, which is bracelet, mӧbius and trypsin inhibitor. Moreover, 

cyclotides AMP are known to be a potential alternative to existing antibiotics. In this 

study, 3D structure of cliotide T4 (cT4) was modelled and analyzed using several 

bioinformatics servers, such as Swiss Model, RaptorX, ProtParam, Jpred, and 

Avogadro. The interaction between cT4 model and lipid membrane were studied in 

molecular docking process using HPEPDOCK to get the lowest free binding energy. 

 

 

Keywords Cyclotide; Antimicrobial Peptides; In Silico 

 

 

1. INTRODUCTION 

 

Cyclotides is a largest family of macrocyclic plant proteins that contains 28-34 amino 

acids with a unique head to tail cyclic backbone [1]. The cyclization of cyclotides were 

stabilized by three disulfide bonds that form the cyclic cysteine knot (CCK) which can 

withstand thermal, chemical, and biological degradation.  Based on their topology and 

structure, cyclotides can be divided into 3 subfamilies which is mӧbius, bracelet, and 

trypsin inhibitor. Mӧbius cyclotides are characterized by the presence of cis-Pro 

residue in loop 5 in the disulfide bonds, while for bracelet cyclotides subfamily is lack 

of properties that mӧbius has. Whereas, cyclotides of hybrid subfamily have a mӧbius-

like loop 2 or loop 3, but it is lacking in loop 5 [2].  

 

To date, cationic cyclotides from C. ternatea were supposed to give 

antimicrobial effects towards membrane due to its electrostatic attraction towards 

negatively charged membrane phospholipids. A previous study by [3], they tested the 

interactions of mӧbius and bracelet cyclotides with lipid membrane for membrane 

disruption activity. It shows that bracelet subtype, cycloviolacin (cyO2) demonstrated 

a more potent interactions against anionic liposomes because cyO2 has a net negative 

charge of +2 compared to mӧbius subfamily, kalata B1 (kB1) which carries a net 

charge of 0. So, the aim of this study is to model, validate and analyze bracelet subtype 

cyclotide from C. ternatea and its interaction with lipid membrane. 

  

 

mailto:1fwahidah22@graduate.utm.my
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2. MATERIALS AND METHODS  

 

2.1 Sequence retrieval and primary sequence analysis 

 

The peptide sequence from C.ternatea was retrieved from AMP database, 

APD3: AMP Search (aps.unmc.edu/AP/database/query_input.php). The amino acid 

analysis was carried out using ProtParam database 

(https://web.expasy.org/protparam/). This database was used to allow the computation 

of various physical and chemical parameters of a given protein. 

 

 

2.2 Homology Modelling  

 

cT4 sequence was submitted for homology modelling at SWISS-MODEL 

software and RaptorX. The 3D structure and template given were evaluated to get the 

best model among all models given. The peptide model was visualized using PyMol 

to check for their secondary structure and folding. Next, the selected ct4 model was 

validated using PROCHECK and ERRAT to check for its quality model. Finally, the 

model’s energy was minimized using Avogadro.  

 

 

2.3 Molecular Docking 

 

cT4 peptide structure that was obtained from Swiss Model was saved in a PDB 

file to use for docking. The POPC lipid membrane PDB file was obtained from 

(http://wcm.ucalgary.ca/tieleman/downloads) were used as the receptor in the docking 

process. In this study, docking server HPEPDOCK were used for docking between 

cT4 peptides and POPC lipid membrane. The server gives top 10 model peptides with 

lowest free binding energies. Molecular docking results of cT4 with POPC  lipid 

membrane were visualized using Pymol software. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1  Three-Dimensional structure of cT4 

 

Peptide sequence of C.ternatea was retrieved from AMP database, APD3: AMP 

Search (aps.unmc.edu/AP/database/query_input.php). Cliotide T4 (cT4) was chosen 

to be modelled compared to other cyclotide AMP because in vitro study stated that 

cT4 has higher a minimal inhibitory concentration (MIC) value against gram-negative 

bacteria, such as E.coli [2]. Amino acids that were analyzed using ProtParam shows 

that the total number of amino acids is 30 with a molecular weight of 3123.74 Da and 

a theoretical pI of 8.33. Moreover, the peptide was considered stable as its instability 

index (II) is 18.66, and aliphatic index is 78.00. Lastly, the GRAVY of the peptides 

was checked to be 0.643.  

 

The best model peptide obtained was from Swiss Model, with template of PDB 

ID: 2KUX (cycloviolacin O2 from Viola orodata). Figure 3.1 shows cT4 modelled 

peptide with three disulfide bonds forming between each cysteine that were presented 

in yellow stick. CT4 sequence displays 6 cysteines that will form 6 loops in the 

https://web.expasy.org/protparam/
http://wcm.ucalgary.ca/tieleman/downloads
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backbone between cysteine residue, which have been numbered from loop 1 to loop 6 

starting from cysteine number 1. Cyclotides have N- and C-termini that can bind post-

translationally and form a loop, making cyclotides with six loops. Cyclotides have a 

head-to-tail circular knotted a topology of three disulfide bonds, with one disulfide 

bond penetrating the macrocycle the two disulfide and interconnecting peptide 

backbone formed cyclic cysteine knot (CCK) [4]. CCK is known to have a high 

stability enzymatic, thermal, and chemical degradation. So, cT4 peptide model shows 

the same properties of CCK with three disulfide bonds with an interconnecting loop. 

 

 

 
 

 

 

 

 

 

Figure 1: Cliotide T4 model from Swiss Model, Model showing 3 disulphide bridges 

in yellow stick representation and loop formation. Loop 1: blue, Loop 2 : Pink, Loop 

3: Cyan, Loop 4: Orange, Loop 5: Red, Loop 6: Green  

 

 

 

3.2   Hydrophobicity of cT4 and cT3 

  

Next, the hydrophobicity of cT4 were compared with existing cyclotide 

structure, cT3. Cliotide T3 (cT3) have been deposited into Protein Database with a 

PDB ID, 2LAM. CT4 which is a bracelet type with a net charge of +2 has a  

hydrophobic region at loop 2 and loop 3 and they involve a formation of a short alpha 

helix in the model. While cT3 that is a mӧbius type, are composed of hydrophobic 

region at loop 5 and loop 6 with a net charge -1. The differences in hydrophobic loop 

between cT4 and cT3 were shown in Figure 3. Moreover, the hydrophobicity of  cT4 

and cT3 that were tested is 50% and 41% respectively using Protparam. The 

hydrophobicity of peptides affects the binding and entering of cyclotides into the cell. 

From a study that were tested for in vitro of cyclotides and membrane, the minimal 

inhibition concentration (MIC) of bracelet subtype is  lower compared to mӧbius 

subtype [3]. Figure 2 shows the overall localization of hydrophobic patches in cT4 and 

cT3. 

Loop 1

Loop 5

Loop 3

Loop 6

Loop 4

Loop 2

CT4 sequence :         

GIPCGESCVFIPCITAAIGCSCKSKVCYRN 

  Loop :     6         1          2            3           4       5   
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Figure 2: Two-sided view of localization of hydrophobic patches in cT4 and cT3. 

Hydrophobic residue (Ala, Leu, Pro,Ile, Trp, Phe, Val) shown in grey, charged 

residue (Arg, Lys, Asp,Glu) shown in blue and polar residue (Gln, Asn, His, Ser, 

Thr, Tyr, Cys) are shown in red. (A and B) hydrophobic surface of bracelet 

subfamily, cT4. (C and D) Hydrophobic surface of Mӧbius subfamily, cT3 

 

 

 

 
Figure 3 : (A) Green region shows loop 2 and loop 3 of cT4 with Bracelet subfamily 

(B) Green region of loop 5 and loop 6 in 2LAM that are involve in formation of 

Mӧbius subfamily 

 

 

 

The goal of this study is to check whether cT4 has an interaction with lipid 

membrane, so that the mechanism of which cT4 can enter the lipid membrane can be 

further studied. Moreover, the hydrophobicity of the cyclotides can affect the binding 

of cT4 and lipid membrane. Recent studies suggested that there is a binding of 

cyclotides and lipid membrane due to its hydrophobicity tested. Moreover, the 

hydrophobicity and electrostatic interactions of membrane and cyclotides were tested. 

Cyclotides have hydrophilic and hydrophobic patches at different surface regions 

which resemble as the amphipathic nature of antimicrobial peptides [5]. In addition, 

the electrostatic interactions between peptide-lipid interactions also contributes to the 

binding and entering of peptides into the membrane. CT4 peptides is a cationic peptide 
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with a total charge of +2 and can increase the peptide amphipathicity when interacting 

with anionic membrane.  

 

 

3.3   Molecular Docking  

 

  

Docking of peptide molecule using HPEPDOCK is a blind docking. The 

molecular docking between cT4 and lipid membrane were done by blind docking, 

where the docking structure was submitted without any specific binding regions [6]. 

Cyclotide model cT4 was used to dock with POPC lipid membrane using HPEPDOCK 

model (in .pdb format). Resultant docking poses were ranked from lowest to highest 

free binding energy as indicated in table 3.1.  

 

 

Table 3.1: The docking pose of peptide: lipid structure and its free binding energy 

 

Docking pose Free binding energy (kcal/mol) 

Model 1 -200.805 (lowest) 

Model 2 -200.042 

Model 3 -191.372 

Model 4 -190.267 

Model 5 -189.401 

Model 6 -188.357 

Model 7 -187.944 

Model 8 -185.925 

Model 9 -185.287 

Model 10 -185.252 (highest) 

 

 

Figure 4 shows the interaction of cT4 to enter lipid membrane. CT4 were 

placed at the water molecule of the membrane before being docked into the membrane. 

It reveals that cT4 can enter and interact with POPC lipid bilayer. Best binding model 

in HPEPDOCK, model 1 with the lowest binding energy -200.805 kcal/mol were 

studied for its hydrophobicity binding between peptides and lipid membrane. 

Subsequently, cT4 were found to enter and bound to the hydrophobic tail of POPC 

lipid membrane. In addition, the interaction of amino acids residue with lipid 

membrane was studied, and it was found that amino acid residue involved was around 

loop 3 and loop 2. Based on figure 3.5, amino acids that involved was in loop 3 were 

Pro 12, Cys 13, Ile 14, Thr 15, Ala 16, while Ser 21, and Ala 29 contains in loop 2. 

Moreover, bracelet subtype has a hydrophobic patch at loop 2 and 3, where loop 2 

consists of amino acid sequence FI and loop 3 sequences was ITAAIG such as 

suggested in Cybase [7]. This suggested that hydrophobic part of cT4 can enter the 

membrane due to its hydrophobicity properties. 
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Figure 4: (A) cT4 peptide in stick representation (yellow) before docking process 

and (B) cT4 peptide binding inside the membrane with the lowest binding energy. 

  

 

 

 
 

Figure 5: Interactions of model 1 cT4 with stick representation, demonstrating 

amino acids residue that involved in the binding process with lipid membrane. 

 

 

4.  CONCLUSION 

 

CT4 bracelet subtype cyclotides was identified for its the hydrophobicity 

patches located at loop 2 and loop 3 to assist the hydrophobic interaction with lipid 

membrane. Therefore, the structure hydrophobicity obtained indicates that cT4 can 

enter the lipid membrane by hydrophobic patches and electrostatic interaction between 

them. Overall, this work provides a characteristics and properties of a cT4 bracelet 

subtype of cyclotide and the interaction with lipid membrane. In conclusion, it was 

found that cT4 model had a high chance for cyclotides to enter, interact and disrupt the 

membrane and this was accomplished by in silico approach and molecular docking 

studies.  
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ABSTRACT  

 

The implementation of ultrasound techniques to accelerate diabetic wound repair is 

believed can improved cells' physiology mechanistically. Aforementioned, this study 

focused on the effect of Pulsed low-intensity therapeutic ultrasound (PLIUS) as a 

mechanical stimulator towards HSF 1184 cells under hyperglycemic 

microenvironment in vitro. Three doses of ultrasound were treated towards the 

scratched cells for the migration activity.  The results revealed that the cells treated 

with 1 MHz, 0.3 W/cm2, 50% of duty cycle showed the highest percentage of wound 

closure compared to the other doses. This showed the PLIUS has potential for wound 

repair under hyperglycemic microenvironment in vitro. 
 

Keywords: PLIUS; HSF 1184; Scratch assay 

 

1. INTRODUCTION 

Diabetes Mellitus (DM) is a common metabolic disease denoted by hyperglycemia 

(high blood sugar) resulting from the fault in either insulin production or the molecular 

mechanism of the secreted insulin1. In Malaysia, DM has become a dominant health 

problem among Malaysians where the statistic showed that type-2 diabetes (T2D) 

which is the most common type of DM had affected about 2.8 million people in the 

country2.  

On the other hand, a study once claimed that most of the diabetic patients are 

vulnerable to various diabetic complications such as microangiopathy, which is also 

known as microvascular disease and macroangiopathy, which is referring to the 

macrovascular disease2. Meanwhile, another study emphasized that patients with 

neuropathy problems or specifically peripheral neuropathy (impairment of blood 

vessels at the peripheral nervous system) are likely to experience many foot's issues 

such as foot deformities, foot infections, and foot ulceration3. In the meantime, foot 

ulceration has become the most significant health problem among DM patients since 

the effect can lead to impaired wound healing, amputation and even death4. Diabetic 

foot ulcers are chronic wounds that have a problem to heal by themselves and require 

stimulation from other chemical or physical factors to be able to undergo the healing 

process5.  

Today, various biochemical-based treatments have been introduced to treat 

chronic wounds, particularly diabetic wounds, including conventional wound 

dressings and drugs. However, conventional dressing such as non-adhesive dressing, 

foam and alginate dressing and hydrogel wound care cannot satisfy all the standards 

of an ideal wound dressing for chronic wounds, particularly diabetic foot ulcer6.  
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Current research critically focuses on how therapeutic ultrasound can be used 

as a mechanical stimulator for diabetic wound healing as an alternative treatment 

instead of keeping emphasizing biochemical-based treatments7. Ultrasound can be 

defined as a mechanical vibration caused by ultrasound waves with frequencies over 

20 kHz, beyond the normal range of human hearing8. A study highlighted that 

therapeutic ultrasound had been utilized to treat and promote the healing process of 

different types of chronic wounds, including diabetic foot ulcers7. A previous research 

has studied the effect of several doses of PLIUS on the activity of human skin 

fibroblast cells in the normal microenvironment9. Overall, many of previous studies 

have highlighted how therapeutic ultrasound has been a great help in stimulating the 

wound healing activity. However, there are lack focusing on how the ultrasound 

treatment would help the cells under hyperglycemic microenvironment.  In 

consequence, three of the doses of ultrasound used in the previous aforementioned 

study would also be used in this current study to comprehensively evaluate the 

potential doses of therapeutic ultrasound that could be used to stimulate the wound 

healing in hyperglycemic microenvironment9.   
 

 

2. MATERIAL AND METHODS   
 

2.1 Chemicals and Reagents 

 

Dulbecco's Modified Eagle Medium (DMEM), Fetal Bovine Serum (FBS) purchased 

from Capricorn Scientific whereas trypan blue solution was obtained from Sigma 

Aldrich (Selangor, Malaysia). Trypsin and antibiotic-antimycotic were purchased 

from Gibco Company. Phosphate Buffered Saline (PBS) Tablets pH 7.4 was obtained 

from Clontech Laboratories.  Other chemicals and reagents were acquired from the 

Department of Biosciences. 

 
2.2  Methods 

 

2.2.1  Cell Culture and Passage 

 

HSF 1184 were cultured in complete growth medium and maintained at 37°C in a 

humidified incubator with 5% CO2
10. The media was refreshed every three days to 

avoid nutrient depletion, toxic accumulation which can lead to cell death11.Observation 

of the cells was done periodically by using the inverted microscope (Nikon Eclipse Ti-

S microscope with a Q-imaging Retiga 2000R camera, Selangor). 
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2.2.2   Optimization of Seeding Density of HSF 1184 in Hyperglycemic 

Microenvironment  

 

HSF 1184 cultured in modified growth medium (150 mM glucose concentration) were 

seeded into 6-well plates with different cell seeding densities ranging from 2 × 105, 4 

× 105 cells/mL and 6 × 105 cells/mL. Cell counting was performed before the seeding 

process by using an automated cell counter.  Cells then were left to grow at 37°C in 

5% CO2 incubator and observed after 72 hours using an inverted microscope10. The 

observation and decision on optimized cell seeding density was made after 72 hours 

since the experiment duration lasted for only 3 days12. Cells that reached 

approximately 80% confluency after 72 hours were chosen as the optimized seeding 

density and proceed to the next experiment13. The experiment was done in triplicate 

for each seeding density. 

 

2.2.3 Scratch Assay 

 

Before starting the assay, a straight line which acts as a reference line was created at 

the bottom of each well of 6-well plates using a fine marker pen14. This is done to 

assist in creating a consistent straight line during the scratch assay14. Cells with 

optimized seeding density which was 4 × 105 cells/mL then were seeded into 6-well 

plates and grown into confluence by maintaining it at 37°C in 5% CO2 incubator for 

24 hours. After 24 hours, the cells then starved in culture medium without FBS for 6 

hours. The purpose of serum starvation towards the cells is to induce the cells to 

become more synchronized and homogenous in terms of their epithelial morphology 

and cell cycle15.  

Then, a sterile 200 µl pipette tip was used to create the scratch with consistent 

shape16. Following that, the culture medium without serum then was replaced with 

hyperglycemic medium and the cells were treated 5 minutes with three low-intensity 

therapeutic ultrasound; dose 1 (1 MHz, 0.3 W/cm2, 50% of duty cycle), dose 2 (1 MHz, 

0.2 W/cm2 ,20% duty cycle) and dose 3 (3 MHz, 0.3 W/cm2, 50% duty cycle). The 

studies for wound scratch assay were done in triplicate where each replicate has its 

control group and the control group were not exposed to the therapeutic ultrasound 

(Sonopuls 492 (JH Enraf Nonius, Petaling Jaya, Selangor). 

 

 
 

Figure 2.1: The setup of the ultrasound transducer in a water bath. 
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3. RESULTS AND DISCUSSION 

 

3.1  Optimization of Seeding Density for HSF 1184 in Hyperglycemic 

Microenvironment 

  

In this study, the seeding density of HSF 1184 was optimized in the hyperglycemic 

microenvironment. The optimization was done to determine the optimum cell seeding 

density for an experiment lasted for 72 hours. The optimum seeding density in this 

study is characterized by cells reaching approximately 80% confluency after 72 hours 

experiment12. In this experiment, observation of the confluency of the cells with 

seeding density ranging from 2 × 105, 4 × 105 cells/mL and 6 × 105 cells/mL were 

observed at 24, 48 and 72 hours. 

In hyperglycemic condition, a study highlighted that fibroblast cells were still able 

to proliferate but at a restricted rate17. This is because the over-production of reactive 

oxygen species (ROS) at high glucose concentration will affect the proliferative cycle 

of fibroblast cells17. According to Figure 3.1, there was an increasing trend of cell 

confluency from low to higher cell seeding density, indicating an increasing cells 

number in prior to the increase of cell seeding density. As observed in Figure 3.1, after 

72 hours, all three seeding densities labelled as A3, B3 and C3 were showing different 

ranges of cell confluency. Cells labelled A3 and B3 in Figure 3.1 showed 

approximately 70% and 80% confluency, respectively. On the other hand, C3 led the 

image of over-confluent cells after 72 hours. Hence, based on the observation 

recorded, the optimum seeding density for HSF 1184 under hyperglycemic 

microenvironment was 4 × 105 cells/mL and the optimized cell seeding density was 

used in the scratch assay experiment. 
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3.2 Scratch Assay of HSF 1184 in Hyperglycemic Microenvironment 

  
Cell migration can be characterized as the motion of cells either in the form of 

single cells or collective of cells from one location to another18. It is a vital step in 

many biological processes such as inflammatory and wound healing phases19. A 

previous research has studied the effect of several doses of ultrasound on the migration 

of human skin fibroblast cells in the normal microenvironment9. Hence, in contrast, 

this current study was conducted to evaluate the effect of ultrasound on the migration 

of fibroblast cells in the hyperglycemic microenvironment. In consequence, three of 

the doses of ultrasound used in the previous study of were used in this current study to 

comprehensively evaluate the potential doses of therapeutic ultrasound that could be 

used to stimulate the wound healing in the hyperglycemic microenvironment9. In 

comparison to the normal microenvironment, the cells grown in hyperglycemic 

microenvironment believed to migrate to the cell-free area at a slower rate17. A study 

stated that high concentration of glucose could cause abnormality in normal cell 

function including in terms of cell proliferation and migration17. 

  Figure 3.2 shows the graph of the percentage of wound closure for all the 

treatment and control groups of HSF 1184 cells. According to the observation for all 

of the experiments for the three ultrasound doses (images not shows), the motion of 

cells towards the cell-free area was not showing an impressive migration activity from 

0.5 to 1 hours. However, cell migration started to show a  migration trend from 18 to 

24 hours for all the ultrasound doses. According to the graph in Figure 3.2, the  treated 

groups showed a higher percentage of wound closure compared to their respective 

control groups. This indicates that ultrasound treatment has a positive effect on 

stimulating the cells' motility to move towards the cell-free area under hyperglycemic 

microenvironment. Likewise, a higher percentage of wound closure is parallel to 

higher cell migration activity.Also, the comparison of the cell migration for all three 

ultrasound doses showed that the second dose which was 1 MHz, 0.3 W/cm2, and 50% 

of duty cycle exhibited the highest percentage of wound closure. This was followed 

by the third ultrasound dose with the frequency of 3 MHz, intensity of 0.3 W/cm2, and 

50% of the duty cycle. At last, the first dose, which was 1 MHz, 0.2 W/cm2, and 20% 

of duty cycle demonstrated the lowest percentage of wound closure compared to the 

other two ultrasound doses. 

The difference in frequency of an ultrasound treatment can give rise to different 

cellular and molecular effects. A study suggested 1 MHz ultrasound which was used 

in the first and second doses can enhance cell proliferation which in turns will 

encourage the wound closure rate20.  
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Figure 3.2: Percentage of wound closure for all of the control and treatment groups of 

HSF 1184 cells cultured in hyperglycemic condition at a specific time interval. 

 

4.  CONCLUSION 

The results gathered from this study revealed that, HSF 1184 cells  treated with 

1 MHz, 0.3 W/cm2, and 50% of the duty cycle of ultrasound exhibited the most desired 

cell migration activity towards the cell-free area. In consequence, HSF 1184 exerted 

the highest percentage of wound closure when treated with the aforementioned 

ultrasound dose compared to the other two doses which were 1 MHz, 0.2 w/cm2, and 

20% of duty cycle and 3 MHz, 0.3 W/cm2, and 50% of the duty cycle. Hence, these 

results once again affirmed that 1 MHz, 0.3 W/cm2, and 50% of duty cycle was the 

ultrasound dose with the highest potential to stimulate the wound healing in the 

hyperglycemic microenvironment in vitro. However, a further study should be 

conducted to understand the role of cell proliferation in wound closure experiment. 
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ABSTRACT  

 

Bacterial nanocellulose (BNC) membrane has received extensive interest in biomedical 

application especially in drug delivery system due to its outstanding properties such as 

hydrophilicity, high tensile strength and biocompatibility. In this study, the capability of BNC 

membrane in drug delivery system was investigated using three types of dyes that includes 

methyl orange (MO), methylene blue (MB) and indigo carmine (IC) as drug model. All dyes 

were seperately loaded onto BNC by immersion method and characterized using in terms of 

its swelling ratio, morphology, chemical structure using scanning electron microscope and 

Fourier transform infrared spectrophotometry. The in-vitro release profile of MO, MB and IC 

from BNC was evaluated by direct immersion of the dyes loaded BNC in PBS solution (pH 

7.4) at 30°C under constant vibration of 50 rpm. From the results, the loading percentage of 

MO, MB and IC onto BNC obtained were 87%, 36% and 20% respectively. Successful 

incorporation of MO, MB and IC within the BNC fibrillar network was observed from the 

results. BNC also shows high swelling ability at 419% in PBS solution (pH 7.4) after 24 hours 

at room temperature. The study indicated fast and sustained release profile from the BNC 

membranes. BNC membranes has high potential to be used in the drug delivery system in 

accordance to its ability for the loading and release of drug model, however further studies 

need to be carried out to support the evidence.  

 

 

Keywords Bacterial nanocellulose, adsorption, release, drug delivery, Methyl orange, 

Methylene blue, Indigo Carmine. 

 

 

1. INTRODUCTION 

Bacterial nanocellulose (BNC) is a type of highly hydrated porous cellulosic soft 

materials and highly biocompatible material produced from bacterial cellulose nanofibrils. [1]. 

Bacterial cellulose membrane also has high water- holding capacity, high thermal stability, 

excellent biodegradability and strong biocompatibility [2]. Thus, recent study has focused on 

BNC membranes as the drug delivery system due to its suitability for accommodation and 

delivery of target drugs. The use of BNC membranes for transdermal delivery of drugs also 

has been approved by U.S Food and Drugs Administration [3].Apart from that, ineffective 

drug delivery system such as poor drug release control may cause significant effect in 

biomedical field.  
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Several drug-delivery system have been successfully developed using synthetic and 

naturally derived polymers. However, they were often indicated with poor mechanical 

strength, low water holding capacity and limited biological performance [4]. Thus, bacterial 

nanocellulose (BNC) can serve as an eco–friendly alternative that has been used in biomedical 

applications such as hydrogel wound dressing. The amazing physiochemical properties has 

attract significant interest from both research scientists and industrial in the field of food, 

paper, cosmetic, including its application in the medical and veterinary devices such as wound 

dressing, temporary skin, connective tissue replacements, implant, scaffolds for tissue 

engineering and also for  drug delivery system [5],[6],[7],[8]. Current study report the potential 

of BNC membrane drug delivery application, using three dyes that acts as drug models namely 

methyl orange (MO), methylene blue (MB) and indigo carmine (IC).  The BNC nano-sized 

3D network is expected to hold a large number of drug molecules due to its large surface area. 

Rather than selecting real drugs or bioactive compounds, dyes of different characteristic were 

employed as ‘drug model’ for the loading and release study. 

 

 

2. MATERIALS AND METHODS  
 

2.1 Preparation of the BNC membranes 

A4 size of BNC sheets was purchased from nata de coco (Happy Alliance) and cut 

into a size of 30mm x 20mm and three sheets obtained for triplicate testing. The rest of the 

BNC sheets were sealed in plastic bag and stored at room temperature for later use. 

2.2 Preparation of dye-loaded BNC  

The MO, MI and IC dyes solution were prepared by dissolving 100 mg (0.2 w/v %) 

of dye in  50 ml of phosphate buffer saline solution and then the solution was stirred until 

completely dissolved. Then, 1.5 ml of sample solution was taken. Next, the BNC membrane 

was added into the beaker. The BNC membranes were left immersed for 24 hours at room 

temperature to assure absorption of the dye. After 24 hours of dye loading, 1.5 ml buffer 

sample taken. The dyes-loaded BNC was removed from the solution and wiped with filter 

paper to remove the excess dye solution that was not absorbed by BNC. The experiment was 

run in triplicate for each dye. Then, the samples taken were analyzed by using UV-Vis 

spectrophotometer. UV-Vis spectrophotometer model Lambda 25, Perkin Elmer was used to 

determine the UV absorption of the sample. The UV absorption of MO, MB and IC were taken 

at 464 nm [9], 658 nm [10] and 602 nm [11] respectively. The amount of the absorbed dye in 

the BNC films were determined by comparing the difference between the concentration of dye 

in the loading solution before and after the BNC was soaked. Lastly, dye loading percentage 

of BNC film (EE) was calculated using the following (Equation 2.1) [10]:  

 

EE (%) = [(𝑊𝑜 − 𝑊𝑓/ 𝑊𝑜]  × 100                                    (2.1) 

 

where 𝑊𝑜 is the total amount of dye in the solution prior to loading and 𝑊𝑓 is the total amount 

of dye in the solution after loading. 

 

 

 

2.3 Characterization of dye-loaded BNC 
 

The methyl orange (MO-BNC), methylene blue (MB-BNC) and indigo carmine (IC-

BNC) loaded onto BNC membranes and unloaded BNC membranes was examined by swelling 
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ratio test and their differences of the morphology were observed by scanning electron 

microscope (SEM).  

 

 

2.4   Desorption of dyes from BNC  

 

The release of dyes from BNC membranes were investigated collecting data of 

immersing the dye-loaded BNC membrane into 50 ml of phosphate buffer saline solution (pH 

7.4) at 30°C under constant vibration of 50 rpm for three hours. 1.5 ml of the release medium 

sample was taken at predetermined intervals of 5 minutes, 10 minutes and 20 minutes for the 

first, second and third hours respectively. Then, 1.5 ml of PBS solution was replaced following 

sample collection to maintain a constant volume. The concentration of dyes in the release 

medium was quantified spectrophotometrically by using UV-VIS Spectrophotometer model 

Lambda 25, Perkin Elmer. The cumulative concentration of the dyes released was calculated 

as in (Equation 2.2) [12]. 

 

𝐶𝑐𝑢𝑚𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 =  𝐶𝑛 +  
(1.5 × 𝐶𝑛−1 )

50
                 (2.2)   

        where 𝐶𝑛 and  𝐶𝑛−1 are the dye concentration at the time n and n-1.     

 

 

3. RESULTS AND DISCUSSION 

 
 

3.1  Loading of Dyes onto BNC membranes. 

 

Figure 3.1 shows the loading percentage of three types of dyes into the BNC membranes. MO 

shows the highest loading percentage of 87% followed by MB with 36% and IC with 20%. 

The adsorption of each dyes onto the BNC showed significant difference between all three 

dyes. The ability of BNC to adsorb all dyes is attributed to the highly porous structure of the 

BNC membranes that provide sites for their incorporation into the polymer matrix. The results 

can be related to the drug adsorption onto BNC, where homogenous distribution of drugs 

within the BNC membranes are promoted by their solubility and nature of the BNC itself that 

has high hydrophilic surface area of network [13].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Loading percentage of three types of dye. 
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The differences of adsortption rate as observed in the findings can be due to several 

factors. They include the rate of dyes diffusion which are pH of solvent, functional groups and 

size of dyes [11]. For MO and IC, although they possess identical functional group which is 

the sulphonate group (SO3
-), it can be seen there is a big difference of the loading percentage 

between them two. The size of the dyes molecules could be one of the contributing factor as 

IC has the biggest weight as compared to MO and MB. This results to its lowest loading 

percentage of all dyes tested.  

 

 

3.2 Characterization of dye-loaded BNC  

 

The results in Table 3.2 indicated that BNC membrane able to absorb on average 419% 

of their weight in aqueous PBS solution. The BNC membranes show high swelling ability (up 

to 4 folds) of its initial weight. The swelling ratio obtained are in correspond with the results 

obtained by previous studies done by [14] and [10]. 

 
Table 3.2 Swelling ratio of BNC in PBS solution pH 7.4 for 24 h at RT. 

 

Solution The weight of 

dry BNC (g) 

The weight of 

swollen BNC 

(g) 

Swelling ratio 

(%) 

Phosphate 

buffered 

saline (PBS) 

0.030 

0.033 

0.028 

 

0.1215 

0.1830 

0.1670 

305 

456 

496 

Average 419 

 

 

The morphology structure of BNC and BNC loaded with dyes was analyzed by 

Scanning Electron Microscopy at 10,000x magnification. Figure 3.3 shows 

morphological structure of (a)BNC, (b)MO-BNC, (c)MB-BNC and (d) IC-BNC. The 

BNC membrane displayed an entangled structure, with void surface randomly 

distributed throughout the membrane matrix. After the incorporation of dyes 

molecules onto BNC, the void surface of the porous structure of BNC disappeared, 

instead it was filled with the dye molecules. The slight different in the morphological 

structure of BNC may be due to the structural changes cause by freeze-drying of BNC 

resulted in a dense flatter structure and decrease in networking [15]. However, there 

are minor dye molecules aggregates observed on the surface SEM analysis of the MB-

BNC and IC-BNC. This can be explained on the lower loading percentage of MB and 

IC obtained as discussed in Section 3.1 as compared to the MO that shows homogenous 

dispersion of MO into the 3-D nano-structure of the BNC membranes. 
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Figure 3.2 Scanning electron of (a) BNC, (b) MO-BNC, (c) MB-BNC, (d) IC-BNC 

at 10,000x magnification. 

 

 
3.3   Desorption of MO, MB and IC from BNC.  

 

  

The in-vitro release profile shown in Figure 3.3 showed an exponential curve with a rapid 

release in the first 60 minutes. It was then followed by a sustainable release of dyes until 

achieved plateau up to 3 hours.  

 

 
Figure 3.3 Dissolution of dyes from MO-BNC, MB-BNC and IC-BNC membranes 

into the phosphate buffer solution of pH 7.4 by direct immersion at 30°C and 50 rpm. 

Data shown as mean ± S.E.M; n=3. 
 

The rapid release in the first stage (60 minutes) may due to the stacking of dyes 

molecules on the structure and fast release of substance absorbed close to the surface 

of BNC membranes. However, the strongly bound dyes molecules resulted in 

sustainable release after 60 minutes of dissolution. The highest maximum 

concentration of dye released was achieved by MO-BNC with the highest release 

concentration of dye molecules at (5.047 mg/ml), followed by MB-BNC with (2.495 

mg/ml) and IC-BNC (1.945mg/ml). From the release pattern, it can be observed that 

the greater initial burst of dye molecules was obtained from the BNC membranes with 
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higher loading percentage of dyes molecules and lower percentage of dye loading led 

to slow down of the release. This situation occur due to the rapid membrane swelling 

and quick release of the molecules absorbed close to the surface of the BNC membrane 

[15]. Based on this release profile, it showed that BNC could be used as carrier system 

for fast and sustain release of drug or slow release of the drug over a period of time. 

 

 

4.  CONCLUSION 
 

 

Hydrophilic nature and porous structure of BNC membranes has shown its 

ability for the loading and release of drugs. This has been shown in the study whereby 

various types of dyes with different molecular weight, functional groups and chemical 

structure are able to be absorbed by the BNC. This was confirmed by swelling ratio up 

to 4 folds of its initial weight in PBS solution and the morphological structure that 

displayed fillings of dye molecules in BNC porous structure. BNC also capable of 

desorbing all dyes (MO, MB and IC) showed that regardless of size, charge and 

functional group differences, it can act as fast and sustained delivery of drugs for its 

further use in biomedical application. 
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ABSTRACT  

 

Population growth and the change of demographic lifestyle cause limited  resources of 

arable lands and water which resulted in a food crisis. Despite the negative stigma that 

algae caused to human, algae are considered a promising “crop” with much  potential 

application in facing global food security challenges as it contains  pharmaceutical 

compounds and many beneficial effects to human, animal and  environment. Algae has 

resulted as an alternative protein source because of their  benefits and their ability to 

thrive in an extreme environment without having to  compete for spaces with the 

traditional food crops. Regardless, many challenges  remain on the biomass algae 

production specifically open system cultivation method  such as it is prone to 

contamination with other bacteria and lower yield of dry biomass  could be harvest 

with this system. Therefore, the study aims to cultivate and optimise  the biomass 

production of microalgae, specifically Chlorella sp. in an open system and  formulate 

the adequate and balanced animal feed. The work will cover the validation  of the 

morphology of microalgae species, followed by the investigation of growth  profile of 

Chlorella sp. and the evaluation of the optimum conditions for Chlorella sp.  at 

different nitrogen concentration, pH and light intensity. Then, the efficient 

design  system which is cost-effective and the semi-automatic open system will be 

designed  and tested prior cultivation stage. The investigation shows that the optimum 

conditions  for higher biomass production for Chlorella sp. were at pH7, 4000Lux and 

¼ NaNO3 concentration level in BG-11 medium and the overall productivity is 0.023, 

0.060 and  0.074 g/L/day respectively. It can be concluded that biomass production 

was detected  during late exponential phase. Thus, harvesting process should be done 

on this stage with higher biomass production. Despite the challenges of optimizing the 

microalgal  productivity in an open system, it is the most economical approach for 

mass  cultivation. The valuable compounds from microalgae known to serve as 

nutrients that  promote the diet and facilitate the prevention of disease and disorder, or 

as associated treatment. With its known beneficial and promising potential, microalgae 

have  received increasing biotechnological interest and demands among industry 

players. 

 

 

Keywords: chlorella.; microalgae 
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1. INTRODUCTION  
 

The rise in global population has led to explorations of alternatives sources 

of  energy and food. The two main conventional feedstuffs like corn and soybean 

are  known to be among the staple food crops for human for its known benefits to 

provide  energy and their protein for the food-producing animals. However, it directly 

competes  with their allocation for human consumption. The expansion of animal 

production  presents a serious threat to nutrition security for both humans and animals 

(Lum et al.,  2013). The projected rise of global population increases the demand for 

food by 60%  higher than the present day. According to (Food and Agriculture 

Organization of the  United Nations, 2019), 843 million people worldwide were 

estimated to be in hungry  and suffer from nutrient deficiencies. Thus, it garners urgent 

needs for renewable  energy and alternative foods. 

According to (Caporgno and Mathys, 2018), plant-based protein are 

currently  the primary source of protein for human consumption and animal feed. By 

extending the cultivation area, changing the cropping frequency, and boosting yields 

could help  meet the increasing food demand. However, crop production may reach a 

dead-end in  terms of optimisation, while animal-source protein is dependent on the 

appropriate  supply and cost-effective plant-based proteins for feeds. Hence, 

microalgae specifically Chlorella sp. have arisen as a promising candidate for a 

sustainable  alternative source of protein. 

For centuries, microalgae have been used by humans and animal 

as  nourishment sources. However, only recently, they were being cultured widely 

and  harvested at mass industrial scale since it can grow fast, efficiently convert the 

light  energy, fixing the atmospheric CO2, and produce more yield in term of 

biomass  compared to vascular plants. On top of that, microalgae have attracted many 

interests  as a potential of energy sources, fuel, food and many other intriguing 

commercial  products due to their ability to utilise carbon dioxide (CO2) and water 

(H2O) and  convert them into lipid, carbohydrates and other industrial application. 

These microalgae are currently received increasing biotechnological interest 

as  many nutraceutical compounds were produced (Yaakob et al., 2014). 

These  compounds serve as nutrients that promote the diet and facilitate the prevention 

of  disease and disorder, or as associated-treatment (Bishop and Zubeck, 2012). 

Regardless, many challenges remain on the biomass algae 

production  specifically open system cultivation method. Therefore, the study aims to 

cultivate and  optimise the biomass production of microalgae, specifically Chlorella 

sp. in an open  system and formulate the adequate and balanced animal feed. 

 

 
  

2. MATERIALS AND METHODS  
 

2.1 Culture collection and preparation of inoculum 
 

 

Chlorella sp. culture was obtained from Culture collection, Universiti 

Teknologi Malaysia. The strain was maintained in 150 ml BG-11 medium at room 

temperature  (28±2oC). The inoculum was prepared by transferring stock culture into 

fresh media  at a ratio of 1:9 (inoculum media). The inoculums size was standardized 

at OD 0.50- 0.51 using a spectrophotometer at the measurement wavelength of 680 

nm  (Puspanadan et al., 2018)  
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2.2 Growth media composition for inoculum preparation 

 

The following chemical compositions of BG-11 medium was dissolved in 1L 

of  distilled water: Sodium nitrate (NaNO3 75.0g), Dipotassium phosphate (K2HPO4, 

2.0  g), Magnesium Sulfate Heptahydrate (MgSO4.7H2O, 3.75g), Calcium 

Chloride  Dihydrate (CaCl2.2H2O, 1.80g), Citric acid (0.30g), Ammonium ferric 

citrate green  (0.30g ), Disodium ethylenediaminetetraacetate dihydrate (EDTANa2, 

0.05g), Sodium  carbonate (Na2CO3, 1.00g) and 1 ml of trace element that were 

prepared separately.  The chemical compositions of trace element consisted of (g/L): 

boric acid (H3BO3,  2.86 g), manganese (II) chloride tetrahydrate (MnCl2•4H2O, 1.81 

g), zinc sulfate  heptahydrate (ZnSO4•7H2O, 0.22 g), Sodium Molybdate Dihydrate 

(Na2MoO4.2H2O,  0.39g), Copper(II) sulfate pentahydrate (CuSO4.5H2O, 0.08g) 

and Cobalt(II) Nitrate  Hexahydrate (Co(NO3)2.6H2O, 0.05g). Adjust pH to 7.1 with 

1M NaOH or HCl.  Autoclave at 15 psi for 15 minutes (Stanier et al., 1971). 

   

 

2.3 Cultivation and Growth profile of Chlorella sp. 

 

Chlorella sp. culture was cultivated using 250ml of Erlenmeyer flask with 

150ml of  the working medium. Inoculum (10%, v/v) which was previously prepared 

was  inoculated into the BG-11 medium. The sample was incubated at room 

temperature,  without aeration and placed under the illumination of white fluorescence 

lamps at 3000  Lux (42 μmol photons m-2s-1). The growth rate of Chlorella sp. was 

determined by  taking absorbance reading daily using a spectrophotometer at 680 nm. 

The Chlorella  sp. culture was harvested at different growth phase; early exponential 

phase, late  exponential phase and stationary phase, and the sample was analysed for 

biomass  production and cell density. The growth phase, which showed the highest 

biomass  production was used in future experiment unless otherwise stated. All the 

experiment  was conducted in triplicates, and the results obtained were presented as 

the mean of  triplicate results. 

  

 

 

2.4 Effect of different concentrations of nitrogen source, pH and light 

intensity on growth profile 

 

The hydrogen ion concentration (pH) of the culture medium is one of the 

most  important factors that seriously affect the optimal growth of algal cultures 

(Khalil et  al., 2010). The Chlorella sp. cultures were maintained in BG-11 nutrient 

media  (Stanier et al., 1971). Erlenmeyer flasks (250ml) each containing 150ml of 

nutrient  medium were prepared. Various pH values were adjusted to 5,7, and 9 using 

NaOH or  HCl solutions. Control and the treated flasks were inoculated with the algae. 

All the  culture flask were incubated at 28±2℃ under continuous illumination 

(using  fluorescent lamp) at 3000 Lux. The duration of each experiment was 18 days 

as  determined from the growth curves of microalgae. All the experiments were 

carried  out in tripilicate (Khalil et al., 2010). 

The effect of different nitrogen concentration on microalgal growth was 

investigated.  Different nitrates concentration was selected as the nitrogen sources. The 

original  nitrogen source concentration was 0.15 gL-1 NaNO3. The experiment was 

performed  in 0, ¼, ½ and double of the original nitrogen source concentration.   
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Chlorella sp. was cultured in an open system with three different light intensities (2,  3 

and 4) Klux and incubated under the standard condition mentioned earlier. The  light 

intensity was measured by using Lux metre. The cell density, biomass  production will 

be determined. 

 

 

2.5 Statistical Analysis  

 

The data was expressed as mean ± standard deviation of the 3 replicates for 

each treatment. All these analyses were estimated using Microsoft Excel 2016.  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Identification and maintaining Chlorella sp. 

. 

3.1.1 Morphological identification of Chlorella sp. 

 

 
Figure 3.1 Morphology of the Chlorella sp. under 400x magnification of Leica 

DM750 microscope 

 

It was observed that the sample of Chlorella sp. are green in colour with 

spherical or ellipsoidal shape and the cell varies from 2 to 15µm in diameter and it is 

nonmobile (Liu and Chen, 2014). Cell morphology is essential for identification of cell 

shape, structure, shape and size. The morphological identification of the specimens 

was achieved with the aid of microscopes according to previous descriptions of the 

studied species. 

. 
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3.1.2 Marine Chlorella sp. grown in blue-green algae (cyanobacteria) nutrient media. 

 
 

Figure 3.2 Chlorella sp. growing in BG-11 media 

 

The fastest-growing microalgae grow under optimum conditions and can be interpreted as 

having the shortest doubling time or the highest biomass yield per day per unit area. In this study, 

the Chlorella sp. is grown in BG-11 media, a universal medium to grow and maintain blue-green 

algae (cyanobacteria). This medium promotes the growth of photoautotrophic algae that need light 

as a source of energy. This medium includes synthetic sources of N and C and other inorganic salts. 

Exposure to the luminous intensity of 3000 lux at a room temperature range between 20-28°C is 

optimum for growing microalgae. In figure 3.2, it shows a significant colour change of the culture 

from a transparent green colour into the more intensify green colour sample. This indicates the 

cultures are growing robustly while doing photosynthesis. 

 

 

3.1.3  Growth profile of Chlorella sp. at a different phase 

The growth profile of Chlorella sp. microalgae was differentiated into four phases; lag phase 

or early exponential phase (t1); log phase or late exponential phase (t2); stationary phase (t3) (Figure 

4.3) and death phase (t4). According to (Blair et al., 2014), the chemical composition of the algal 

growth medium can affect the growth rate and biomass of microalgae. Hence, the chemical 

composition of growth media in this experiment was maintained constant to prevent the 

dissimilarities between the growth profiles of Chlorella sp. From Figure 3.3, it can be seen that the 

early exponential phase occurred between 0 to 4 days (t1); t2 indicated the late exponential phase 

which was occurred between 4 to 18 days. On the other hand, the stationary phase started from 18 

days and above (t3). Followed by, death phase (t4). 

 

During the experiment in batch culture, a typical microorganism growth curves show 4 

distinct growth phases: lag phase, or early exponential phase – the delay before the start of 

exponential growth; log phase or late exponential phase- where cell division proceeds at a constant 

rate; stationary phase – when conditions become unfavourable 
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Figure 3.3 Growth profile of Chlorella sp. t1 =early exponential phase; t2 = late exponential 

phase; t3 = stationary phase. Arrow bar indicates means with the standard error of triplicates. 

 

Figure 3.4 shows the standard curve constructed based on dried biomass harvested at the 

stationary phase of Chlorella sp. The optical density at 680nm against dry cell weight is plotted. The 

R2 value obtained is 0.9287, showing a high correlation between the optical density and the dry cell 

weight. Both dry cell weight and optical density have their limitation as both methods cannot 

distinguish the viable cells from the dead ones. 

 

The processes of cell division occurred in the log or exponential phase. From figure 3.3, log 

phase occurred between 4 to 18 days. During the exponential phase, the cell requires several factors 

to be present in excess in the growth medium, including sources of carbon, nitrogen, phosphate and 

some micronutrients to replicate.  

 

 

3.1.4 Correlation between the optical density of Chlorella sp. and biomass concentration. 

A correlation between the optical density of Chlorella sp. and biomass concentration was 

carried out. The samples were taken from the culture medium and diluted and the optical density was 

measured at 680 nm with a UV-vis spectrophotometer. The samples were then centrifuged and the 

top layer of the supernatant was removed and the remaining biomass was placed in the oven at 80℃ 

for 48 hr. Subsequently, the dry weight of the microalgal biomass was measured. This correlation is 

depicted in Figure 3.4. 
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Figure 3.3 The standard curve constructed based on dried biomass harvested at the stationary 

phase of Chlorella sp.  

 

According to the graph, the equation generated is y = 1.0424 + 0.015 where y represents the 

weight of dry cells that can be found after replacing the optical densities with x in the equation. In 

addition, the R2 generated in the graph is 0.9287 which indicates that the graph is at a near positive 

linear association. The closer the R2 value is to 1, the better the predicted result. High R2 (coefficient 

of determination) values mean that the growth rate adheres strongly to the linear function indicating 

the growth trend to be linear within the trial period for the given experimental conditions. Dry cell 

weight (g/L) is determined by the dry weight method, which very briefly involves filtering a given 

volume of sample and drying it to calculate the weight of the dry matter in the sample. OD is a direct 

and easy method to apply but does not provide the typically wanted value, the concentration value 

in the sample. As a result, the standard curve equation can be used to find the algal concentration in 

the sample later. 

 

 

3.2 Effect of pH towards microalgae growth 

 

3.2.1 The growth performance of Chlorella sp. in different pH 

 

Each microalgae species has its own optimum pH range to achieve maximal growth. 

Furthermore, the pH changes will impact on nutrient availability and therefore growth rate. Most 

microalgal species can grow well in the range pH 7-9 with some species can adapt to more acidic or 

basic environments (Khalil et al., 2010). Only a few microalgae species are pH sensitive and can 

withstand a broad pH range (Khan et al., 2018; Rachlin and Grosso, 1991)     

 

The highest cell density, 0.457, observed in pH7 was greater than the lowest cell density 

obtained in pH5. (Figure 3.5) Chlorella sp. grow well under all pH conditions. However, the higher 

growth rate was found in pH7 than pH9 and pH9 than pH5.  
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Figure 3.5 Growth performance of Chlorella sp. at different pH; t1=early exponential phase; 

t2=late exponential phase; t3=stationary phase. Arrow bar indicates means with the standard error of 

triplicates.The value of specific growth rate (µ), maximum specific growth rate (µmax), doubling 

time (d-1) and overall productivity at different pH 

 

 

Table 3.1 shows that over some range of pH tested, the highest values of maximum specific 

growth rate (µmax) was obtained at pH 7 (0.182) followed by pH5 (0.179) and pH9 (0.147) 

respectively. The doubling time (d-1) at pH7 (3.809) was the shortest while at pH9 (4.715) was 

highest. It was assumed that the higher the specific growth rate, the higher the doubling time. Hence, 

it shows that pH9 has the highest doubling time compared to pH7 and pH5. Apart from that, the 

highest overall productivity (g/L/d) was observed at pH 7 (0.023) followed by pH9 (0.020) and pH5 

(0.015) respectively.   

 

Table 3.1 Growth performance of Chlorella sp. at different pH 

 

 

 

3.3 Effect of nitrogen 

content towards 

microalgae growth 

3.3.1 The growth performance of Chlorella sp. at different nitrogen level 

The growth performance of Chlorella sp. microalgae at different content differentiated into 

four phases; lag phase or early exponential phase (t1); log phase or late exponential phase (t2); 
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Parameter pH5 pH7 pH9 

Specific growth rate (µ) 0.179 0.182 0.147 

Maximum specific growth rate (µmax) 0.358 0.364 0.294 

Doubling time (d-1) 3.872 3.809 4.715 

Overall productivity (g/L/d) 0.015 0.023 0.020 
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stationary phase (t3) (Figure 3.6) and death phase (t4). From Figure 3.6, it can be seen that the early 

exponential phase occurred between 0 to 4 days (t1); t2 indicated the late exponential phase which 

was occurred between 4 to 14 days. On the other hand, the stationary phase started from 14 days and 

above (t3). Followed by, death phase (t4). 

 

Table 3.2 The value of specific growth rate (µ), maximum specific growth rate (µmax), doubling 

time (td) and overall productivity at different nitrogen concentration. 

 

 

 

 

 

 

 

 

 

 

Table 3.2 shows the result of data of biomass of Chlorella sp. grown mixotrophically in BG-

11 medium with different NaNO3 concentration. The original nitrogen source concentration in the 

medium was 1.5gL-1 NaNO3. Different sets of nitrogen concentration – 0, ½, ¼ and double of control 

were used to investigate the effect of nitrogen on microalgal growth. Growth of alga increased after 

a short lag phase of 4days followed by log phase and attained stationary phase about 14 days. 

 

Researches have been performed on nitrogen concentration due to its vital roles in regulating 

cell growth and metabolism of the lipid production (Daliry et al., 2017). All algae species have the 

same basic nutrient requirements to grow and achieve a healthy culture with higher biomass 

productivity which include macronutrients, vitamins and trace elements (Daliry et al., 2017; Gross, 

2013; Khan et al., 2018). Nitrogen, phosphorus, and carbon were classified as macronutrients 

required for algal growth. 

 

 

 

 

3.4 Effect of light intensities towards microalgae growth 

3.4.1 The growth performance of Chlorella sp. at different light intensities 

Illumination consists of intensity and wavelength of light which helps in cell proliferation, 

cellular respiration and photosynthesis (Daliry et al., 2017). During photosynthesis, light involved in 

the carbon metabolism process to convert carbon dioxide, inorganic carbon into organic compounds 

such as carbohydrates and protein, in which water and oxygen are released (Blair et al., 2014; Daliry 

et al., 2017). However, during the light limitation condition, the carbon will be converted into amino 

acid and other essential compounds for cells. On the other hand, saturated illumination will increase 

starch and sugar production (Daliry et al., 2017). Hence, light plays vital roles in biomass 

productivity as well as producing the chlorophyll and other metabolites. 

 

Parameter O 1/4 1/2 2 

Specific Growth Rate (µ) 0.245 0.234 0.236 0.233 

Maximum Specific Growth 

Rate (µmax) 0.490 0.468 0.472 0.466 

Doubling Time (D-1) 2.829 2.962 2.937 2.975 

Overall Productivity (G/L/D) 0.045 0.060 0.049 0.036 
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Table 3.3 The value of specific growth rate (µ), maximum specific growth rate (µmax), doubling 

time (td) and overall productivity at a different light intensity. 

 

 

 

 

 

 

 

 

 

In this experiment, the different light intensity of white wavelength was used. Microalgae 

absorbed different types of wavelength depending on the species (Blair et al., 2014; Puspanadan et 

al., 2018). The intensity of each wavelength of light in this experiment was set at approximately 

2000, 3000 and 4000 Lux to measure the growth and the optimum condition. According to 

(Puspanadan et al., 2018) light intensities could affect the microalgae cell growth, biomass, lipid and 

starch production. The results obtained indicated that Chlorella sp. grown well at 4000 Lux with the 

highest overall productivity 0.074 g/L/d, followed by 3000 Lux with overall productivity 0.070 g/L/d 

and the least overall productivity 0.053 g/L/d detected at 2000 Lux (Table 3.3). Although the growth 

performance of the culture at 4000 Lux was the highest, there is no significant difference with 3000 

Lux. Thus, the optimum light intensity achieved in this study for Chlorella sp. is at 4000lux which 

fall in the optimum range for green microalgae reported in previous studies which were in the range 

of 1000-10000 Lux particularly in the range 2500-7000 Lux (Nithyanandam, 2015; Simionato et al., 

2013). 

 

In conclusion, the optimum light intensity for growth and biomass production varies in 

different microalgae species and depends on other factors as well, such as temperature and 

availability of nutrients in the culture medium. Different algae species require different sets of light 

intensities 

 

 

4.  CONCLUSION 

 

Optimum Biomass production observed during late exponential phase. with pH7, with light 

intensity at 4000Lux and ¼ NaNO3 concentration level in BG-11 medium. However, the 

modification on solely nitrogen content are not able to enhance the potential of the biomass 

production with specific valuable product desired.  
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ABSTRACT 

 

Orthosiphon stamineus is known to possesses bioactive metabolites that associated to antioxidant 

property. However, effect of plant growth regulators on the shoot biomass and its antioxidant activity 

were not fully studied. Thus, this study aimed to determine the effects of PGRs and explant type on 

shoot regeneration of O. stamineus (purple variety) and compare the antioxidant activity of shoot 

biomass from PGR-treated shoots and the control. The explants were cultured on MS plates 

supplemented with various concentrations of 6-benzylaminopurine (BAP) and naphthalene acetic 

acid (NAA) at culture conditions (25 ± 2°C, 16-h photoperiod at a light intensity of 22.85µmol/m2/s) 

for 8 weeks. The fresh shoot biomasses were subjected to extraction using a standard aqueous 

method. The antioxidant assay was performed using (DPPH) free radical scavenging and ferric 

reducing antioxidant power (FRAP) methods. Results showed that different concentrations of PGRs 

either individually or in combination and explant type did affect shoot regeneration in O. stamineus. 

The nodal explants exhibited 100% shoot regeneration percentage in all treatments. In contrast, calli 
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were successfully induced from petiole explants. The nodal explants cultured at 1.0 mg/L BAP 

produced the maximum shoot regeneration (100%) and the highest number of shoots/explant (12.00 

± 1.16) compared to other treatments. There was no significant difference on the shoot 

produced/explant between (1.0-3.0) mg/L BAP and combination of (1.0 and 2.0) mg/L BAP with 0.2 

mg/L NAA. The 1.0 mg/L BAP shoot extract exhibited higher antioxidant activity with moderate 

DPPH radical scavenging activity, IC50 (76.73 ± 5.85 µg/mL) and with FRAP value (5507.84 µM Fe 

(II)/g ± 12.97) than the control extracts (3022.57 µM Fe (II)/g ± 29.82). In conclusion, the 1.0 mg/L 

BAP treatment improved the shoot regeneration percentage, shoot biomass and antioxidant activity 

of O. stamineus. For further investigation, the antioxidant capacity in the shoot biomass of O. 

stamineus is beneficial for silver nanoparticle synthesis, as bioactive metabolites act as stabilizing 

and reducing agents to reduce silver nitrate to silver. 

 

Keywords: Orthosiphon stamineus, shoot regeneration, antioxidant assay, DPPH, FRAP 
 

1. INTRODUCTION 

1. INTRODUCTION 

 

O. stamineus (Misai Kucing or Java Tea) is an important medicinally plant belonging to the 

Lamiaceae family. It is widely grown in tropical countries and Southeast Asia and has been widely 

used in pharmaceutical, food as well as cosmetic industries. This plant is in high demand due to its 

bioactive compounds which important as the antioxidant, anti-inflammatory and antidiabetic agents. 

Several compounds such as rosmarinic acid, sinensetin, eupatorin and 3’-hydroxy-5,6,7,4’-

tetramethoxyflavone have been identified from leaves of O. stamineus [1].  

 

To overcome the increasing demand for this plant from industries, in vitro propagation 

technique has been used as an alternative over the conventional method as it can produce a large-

scale yield with uniform quality and quantity of bioactive compounds. A previous study reported 

that PGRs (1.0 mg/L BAP and 2.0 mg/L KIN) were utilized in the in vitro propagation method to 

rapidly propagate multiple shoots (90%) and proficiently stimulate the production of secondary 

metabolites such as flavonoids, phenols, coumarins and tannins, and the in vitro of O. stamineus 

extract had significant DPPH radicals scavenging activity compared to in vivo extract with % 

inhibition of 81.80 µg/mL and 69.22 µg/mL, respectively. This indicates that the in vitro extract 

(1000 µg) had strong antioxidant activity [13]. Furthermore, the antioxidant activity of O. stamineus 

were mostly evaluated by DPPH radical scavenging activity assay but not by FRAP assay. 

 

This plant is classified into two varieties based on the floral color which is a white variety 

and purple variety [2]. Most published studies utilize O. stamineus (white var.) to study the bioactive 

components and the antioxidant activity [4, 14] but less research on O. stamineus (purple var.). The 

purple variety was expected to contain higher bioactive compounds compared to the white variety 

since it is pigmented. The purple color represents the anthocyanins compound belongs to the 

flavonoids family which is known to have antioxidant properties [9]. This can be supported when 

the purple Ocimum basilicum L. (Lamiaceae) variety had a significant antioxidant activity than the 

green one based on a higher radical scavenging and ferric reducing capacities [15]. The antioxidant 

capacity in cultures depending on the types and concentrations of cytokinin used [8].  

 

Hence, the aim of this study was to determine the effect of PGRs on shoot regeneration 

percentage of O. stamineus (purple var.) (i) from petiole explant, (ii) from nodal explant and (iii) to 
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compare antioxidant activity of in vitro shoot biomass of PGR-treated shoots and PGR-untreated 

shoots. 

 

2. MATERIALS AND METHODS 

2. MATERIAL AND METHODS 

 

2.1 Isolation and surface sterilization of explants 

 

The purple variety of O. stamineus plants were bought in polybags and maintained in the 

glasshouse. The shoots (1-1.5 cm) were used as explants. The explants were first weighed and then 

washed under running tap water for 30 minutes [10]. Surface sterilization of explants was performed 

in laminar air flow chamber and under aseptic conditions. The shoots were immersed in 70% ethanol 

(v/v) for 30 seconds, surface sterilized with 30% Clorox for 30 minutes with addition of three drops 

of Tween 20. The shoots were deeply immersed in the Clorox solution, and were agitated at 180 rpm 

for 45 minutes in the orbital shaker. Sterilized shoots were then rinsed with sterile distilled water for 

at least 7 times to remove any bleach traces. The sterilized shoots were kept on sterile filter paper in 

the glass petri dish inside the laminar air flow chamber to remove water from surface of explants. 

The sterilized explants were excised to 0.5-1 cm [13] using sterile scalpels and forceps.  

 

2.2 Shoot induction and regeneration 

 

For shoot induction, the sterilized shoot explants were cultured on MS basal medium 

(Murashige and Skoog’s, 1962) containing 30g/L sucrose, 8.0g/L plant agar and finally adjusted to 

pH 5.7-5.8 before autoclaving. All cultures were incubated in culture room (25 ± 2°C, 16-h 

photoperiod at light intensity of 22.85µmol/m2/s) for 8 weeks [10]. The explants were subcultured 

into fresh medium every 2 weeks and observation was carried out once a week. However, due to the 

Covid-19 pandemic, the in vitro plantlets only subcultured until 6 weeks and kept it growing in the 

culture room. The 4-month-old of in vitro plantlets were used for all treatments. 

 

The petiole and nodal explants were cut to 1-1.5 cm from the plantlets. The petiole explants 

were cultured on MS basal medium supplemented with BAP concentrations (1.0 and 2.0) mg/L 

individually and BAP in combination with 0.2 mg/L NAA. Each treatment consisted of 6 replicates. 

The nodal explants were cultured on MS basal medium supplemented with a range of BAP 

concentration (1.0, 2.0, 3.0 and 4.0) mg/L and BAP in combination with 0.2 mg/L NAA. Each 

treatment consisted of 7 replicates. All the cultures were incubated in the culture room. The 

observation was carried out once a week. The shoot regeneration percentage, number of 

shoots/explants, length of shoots and callus fresh weight were recorded after 8 weeks of culture.  

 

2.3 Preparation of extract 

 

Fresh shoot biomasses were collected and ground by using mortar and pestle. The extracts 

were then mixed with deionized water in a ratio of 1:50, were stirred and boiling for about 30 minutes 

at 65°C. After cooling, the extract was filtered by using a plain muslin cloth and later by Whatman 

No.1 filter paper. The filtrates were collected in falcon tubes and kept at -20°C and then frozen at -

80°C. The frozen extracts were freeze-dried to obtain concentrated, aqueous extracts in powder form.   
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2.4 DPPH radical-scavenging assay 

 

The method used was based on the method described by Nooraini et al., (2015) [11] with 

slight modification. Sample stock solution (2 mg/mL) of shoot extracts were freshly prepared. 

Ascorbic acid was used as a standard control. 100 µL ethanol was added to each 96 well microplate. 

100 µL shoot extract were diluted in the ethanol in each well. An aliquot of each dilution (100 µL) 

was added with 100 µL of 0.04% DPPH reagent to each well to give final volume of 200 µL equally 

in each well in a 96 well microplate. The microplate was incubated in dark for 30 minutes at room 

temperature. The absorbance (A) was measured at 517 nm using SPECTROstar Nano microplate 

reader against ethanolic solution as blank.  

 

The percentage of DPPH inhibition was calculated by the following equation:  

 

% of DPPH inhibition = [(A of control – A of sample)/ A of control] x 100 

 

The % of DPPH inhibition was plotted against the shoot extract concentration (µg/mL) to determine 

the concentration of extract required to scavenge 50% of the DPPH free radicals (IC50).  

 

 

2.5 FRAP assay 

 

The method used was based on the method described by Benzie and Strain (1996) [3] with minor 

modification. The solution used in this assay was 300 mM acetate buffer (3.1 g sodium acetate 

trihydrate and 16 mL acetic acid) pH 3.6, 10 mM TPTZ (2,4,6 tripyridyl‐S‐triazine) solution in 40 

mM HCl (hydrochloric acid) solution and 20 mM FeCl3.6H2O (ferric chloride hexahydrate) solution 

in the ratio of 10:1:1 at 37 ̊C. 10 mL acetate buffer, 1 mL TPTZ and 1 mL FeCl3.6H2O were mixed 

to prepare the working FRAP reagent; and 10 mL acetate buffer, 1 mL TPTZ and 1 mL deionized 

water were mixed to prepare standard FRAP reagent. Under dark conditions, 50 µL of the shoot 

extract, 950 µL of deionized water and 2 mL of working FRAP reagent were mixed together; and 1 

mL deionized water, 2 mL of standard FRAP reagent were mixed as blank in test tubes at room 

temperature. After 30 minutes, 100 µL of the FRAP reagents and control solutions were placed into 

96 well microplate. The absorbance (A) was recorded using SPECTROstar Nano microplate reader 

at 593 nm. Ferric reducing antioxidant power of all extracts was determined in comparison with iron 

(II) sulfate heptahydrate standard curve. The FRAP value of the sample was calculated by the 

following equation: 

 

FRAP value of sample (µM) = [A of sample x FRAP value of Std (µM)]/ A of Std 

 

 

2.6 Statistical analysis 

 

The experimental data were analyzed using one-way analysis of variance (ANOVA) followed by 

Post-hoc test (Sidak) to determine significant differences (p<0.05) between multiple comparing 

groups for shoot regeneration of O. stamineus. The data of DPPH radical scavenging and FRAP 

assay were analyzed using independent t-test to determine significant differences (p<0.05) between 

PGR-treated shoots and PGR-untreated shoots. All data analysis was expressed as means ± standard 

error means (SEM) using SPSS statistical software (version 26). 
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3. RESULTS AND DISCUSSION 

4. ESULTS AND DISCUSSION 

3.1 Effect of different concentrations of PGRs on shoot regeneration percentage  

 

This study aims to determine the effect of various concentrations of PGRs on shoot 

regeneration percentage of O. stamineus (purple var.) from petiole and nodal explants; (1.0 and 2.0) 

mg/L BAP alone and combination of BAP with 0.2 mg/L NAA and (1.0, 2.0, 3.0 and 4.0) mg/L BAP 

alone and combination of BAP with 0.2 mg/L NAA, respectively based on the method described for 

O. stamineus (white var.) with slight modification. The described surface sterilization methods of 

shoot explants were able to produce 100% aseptic explants. 

 

After 3 weeks of culture, petiole explants formed greenish compact callus at (1.0 and 2.0) 

mg/L BAP with 0.2 mg/L NAA (Figure 1B, C). The petiole explants produced maximum callus fresh 

weight (0.42 ± 0.06 g) when cultured at 2.0 mg/L BAP + 0.2 mg/L NAA with the highest percentage 

of explants inducing callus (100%); while at 1.0 mg/L BAP + 0.2 mg/L NAA, 66.67% were observed 

inducing callus with 0.30 ± 0.02 g callus fresh weight (Table 1). There was no significant difference 

between the combination of 0.2 mg/L NAA with (1.0 and 2.0) mg/L BAP on the callus fresh weight. 

However, after 8 weeks the petiole explants were cultured on MS medium containing BAP only and 

in combinations with NAA, failed to produce shoots. 

 

As shown in Table 1, for control, 1.0 mg/L BAP and 2.0 mg/L BAP did not give any response 

towards callus formation. Initially, no changes appeared on the petiole explants, but after 3 weeks 

the explants turned light brownish and eventually turned to dark brownish after 8 weeks of culture 

(Figure 1A). In a previous study, petiole explants of O. stamineus were produced 100% of shoot 

regeneration with the maximum number of shoots produced per explants (4.33 ± 0.33), when cultured 

at 1.0 mg/L BAP + 0.2 mg/L NAA [10]. The present study failed to induce any shoot at that 

concentration.  

 

Table 1. The effect of plant growth regulators on shoot frequency of O. stamineus using petiole 

explant. 

Growth regulators Shoot 

regeneration 

(%) 

Explants 

inducing 

callus (%) 

Fresh weight 

(g) 

Callus fresh 

weight (g) BAP 

(mg/L) 

NAA 

(mg/L) 

0 0 0 0 0.03 ± 0.00a 0.00 ± 0.00a 

1.0 0 0 0 0.03 ± 0.00a 0.00 ± 0.00a 

2.0 0 0 0 0.03 ± 0.00a 0.00 ± 0.00a 

1.0 0.2 0 66.67 0.30 ± 0.02b 0.30 ± 0.02b 

2.0 0.2 0 100 0.42 ± 0.06b  0.42 ± 0.06b 

Data were expressed as mean ± standard error mean (SEM) of analysis (N=3). Different letters shown 

significant level between means at *p<0.05. The same letter indicates no significant different 

between the means (p>0.05).  
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Figure 1. Callus formation from petiole explants of O. stamineus after 8 weeks of culture. A; MS 

medium without hormone (control), B; 1.0 mg/L BAP + 0.2 mg/L NAA, C; 2.0 mg/L BAP + 0.2 

mg/L NAA 

 

 Initiation of shoots from nodal explants occurred within 5-7 days. The nodal explants showed 

100% shoot regeneration for all treatments after 8 weeks of culture (Table 2). Among all treatment 

tested, nodal explants were cultured at 1.0 mg/L BAP showed the highest number of shoots/explant 

(12.00 ± 1.16) and a maximum length of shoots (14.40 ± 0.96 cm) (Table 2, Figure 2A). A similar 

result was reported that nodal explants were effective for rapid shoot regeneration (86%) at 1.0 mg/L 

BAP with the highest number of shoots/explant (12.9 ± 0.10) compared to a combination of BAP 

and NAA [13]. The effectiveness of BAP in shoot induction has been reported in the medicinal plant 

such as Perovskia abrotanoides Karel. [7]. 

 

 

 

Table 2. The effect of plant growth regulators on shoot frequency of O. stamineus using nodal 

explant. 

Growth regulators Shoot 

regeneration 

(%) 

No. of shoots 

per explant 

Length of 

shoots (cm) 

Fresh weight 

(g) BAP 

(mg/L) 

NAA 

(mg/L) 

0 0 100 2.00 ± 0.00a 6.87 ± 0.38a 0.35 ± 0.05a 

1.0 0 100 12.00 ± 1.16b 14.40 ± 0.96b 0.82 ± 0.02b 

2.0 0 100 10.00 ± 1.00b 13.10 ± 0.91b 0.89 ± 0.12b 

3.0 0 100 9.00 ± 1.53b 6.00 ± 1.19a 0.50 ± 0.07a 

4.0 0 100 6.00 ± 0.58a 3.23 ± 1.04a 0.52 ± 0.14a 

1.0 0.2 100 11.33 ± 0.88b 13.80 ± 1.14b 0.77 ± 0.06b 

2.0 0.2 100 9.33 ± 0.33b 7.90 ± 0.57a 0.74 ± 0.09a 

3.0 0.2 100 7.00 ± 1.53a 6.03 ± 1.43a 0.62 ± 0.01a 

4.0 0.2 100 3.67 ± 0.88a 4.03 ± 1.37a 0.46 ± 0.05a 

Data were expressed as mean ± standard error mean (SEM) of analysis (N=3). Different letters shown 

significant level between means at *p<0.05. The same letter indicates no significant different 

between the means (p>0.05).  

 

 However, the nodal explants were cultured at 1.0 mg/L BAP + 0.2 mg/L NAA also produced 

a higher number of shoots/explant (11.33 ± 0.88) and a higher length of shoots (13.80 ± 1.14) 

compared to other combinations (Table 2, Figure 2B). There was no significant difference on the 

shoot produced/explant between 1.0 mg/L BAP and 1.0 mg/L BAP + 0.2 mg/L NAA. Besides, for 

the treatments of BAP alone, there was no significant difference on the shoot produced/explant at 

(1.0, 2.0 and 3.0) mg/L BAP. Therefore, above 3.0 mg/L BAP caused declination in the shoot 
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produced/explant. On top of that, the combination of BAP and NAA in the MS medium did not 

improve the shoot production/explant.  

 

 
 

Figure 2. Shoot regenerated from nodal explants of O. stamineus. A; 1.0 mg/L BAP after 8 weeks, 

B; 1.0 mg/L BAP + 0.2 mg/L NAA after 8 weeks, C; Formation of true leaf and root (arrows) on 

MS medium without hormone (control) after 3 weeks. 

 

 

 

As shown in Figure 2C, after 3 weeks of culture, nontreated explants started producing dark 

greenish true leaves and initiation of root occurred in the same week. All treatments did not produce 

root except for the control. The nodal explants cultured at 2.0 mg/L BAP + 0.2 mg/L NAA showed 

the highest callus fresh weight followed by 2.0 mg/L BAP alone; (0.39 ± 0.04 g) and (0.36 ± 0.07 

g), respectively (Table 3). The callus appeared at the base of the nodal explants in 4 weeks of culture. 

The callus initially appeared dark greenish, later light greenish and eventually turned to light 

brownish after 8 weeks of culture. The use of NAA and BAP combination in the MS medium induced 

the formation of callus at the base of the nodal explants thereby decreasing the initiation of shoots. 

The combination of auxin and cytokinin can promote the growth of calli and regulate plant 

regeneration as shown in the shoot regeneration and callus formation of O. stamineus from petiole 

explant when treated with a combination of BAP and NAA [10]. In this study, the combination of 

BAP and NAA did not induce more shoot regeneration comparable to individual BAP. 

 

Table 3. The effect of plant growth regulators on callus induction of O. stamineus using nodal 

explant. 

Growth regulators Explants inducing 

callus (%) 

Callus fresh weight 

(g) BAP 

(mg/L) 

NAA 

(mg/L) 

0 0 0 0.00 ± 0.00a 

1.0 0 100 0.29 ± 0.02b 

2.0 0 100 0.36 ± 0.07b 

3.0 0 100 0.21 ± 0.03b 

4.0 0 85.72 0.21 ± 0.06b 

1.0 0.2 71.43 0.23 ± 0.01b 

2.0 0.2 100 0.39 ± 0.04b 

3.0 0.2 100 0.34 ± 0.02b 
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4.0 0.2 71.43 0.25 ± 0.04b 

Data were expressed as mean ± standard error mean (SEM) of analysis (N=3). Different letters shown 

significant level between means at *p<0.05. The same letter indicates no significant different 

between the means (p>0.05).  

 

 The differences in the response of petiole and nodal explants towards different concentrations 

of PGRs could be due to the physiological stage of the donor plant and the plant genotype. The 

petiole and nodal explants were excised from the 4-month-old in vitro plantlets. Generally, the plant 

genotypic specificity is usually affected by media and cultural environment, even the closely related 

varieties of plants can have differences in their cultural requirements [6]. From the previous studies, 

BAP alone is better in shoot regeneration of O. stamineus from nodal explant compared in 

combination with NAA [13]. Therefore, the most suitable conditions to regenerate the shoot of O. 

stamineus (purple var.) from nodal explant was 1.0 mg/L BAP alone. 

 

3.2 Antioxidant activity 

 

 The optimum shoot regeneration percentage of O. stamineus (purple var.) extracts, 1.0 mg/L 

BAP and the control were evaluated for antioxidant activity by DPPH radical scavenging and FRAP 

assay. The DPPH radical scavenging activity of aqueous extracts was set against ascorbic acid and 

the results are expressed in IC50 value for each sample. A lower value indicates a potent free radical 

scavenging activity. As shown in Figure 3, the 1.0 mg/L BAP shoot extract produced slightly higher 

scavenging activity at a concentration of 500 µg/mL (98.09%) than the standard and other extracts. 

The 1.0 mg/L BAP shoot extract showed strong activity on scavenging DPPH radicals with IC50 of 

76.73 ± 5.85 µg/mL when compared to the control and 1.0 mg/L BAP + 0.2 mg/L NAA extracts with 

IC50 of 77.83 ± 1.73 µg/mL and 78.33 ± 1.53 µg/mL, respectively (Table 4). There was a significant 

difference between 1.0 mg/L BAP shoot extract with control and 1.0 mg/L BAP + 0.2 mg/L NAA 

extracts. All the shoot extracts possessed moderate antioxidant activity when IC50 value >50-100 

μg/ml [12]. 

 

 
Figure 3. DPPH radical scavenging activities of O. stamineus PGR-untreated shoot (control) and 

PGR-treated shoot extracts compared to ascorbic acid as a standard control. 
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Table 4. The antioxidant activity of in vitro O. stamineus of shoot explants on DPPH radical 

scavenging activities and FRAP assay 

Treatment  DPPH (IC50) (µg/mL) FRAP (µM Fe (II)/g) 

Control 77.83 ± 1.73 3022.57 ± 29.82 

1.0 mg/L BAP 76.73 ± 5.85* 5507.84 ± 12.97 

1.0 mg/L BAP + 0.2 mg/L NAA  78.33 ± 1.53 5478.43 ± 4.90 

Ascorbic acid 4.02 ± 0.28 - 

Unpaired student’s t-test; comparison treatment between control in vitro O. stamineus of shoot 

explants values of DPPH and FRAP respectively against 1.0 mg/L BAP and 1.0 mg/L BAP + 0.2 

mg/L NAA in vitro O. stamineus with significant levels at *p<0.05.  

 

 The highest FRAP value was found from 1.0 mg/L BAP shoot extract (5507.84 µM Fe (II)/g ± 

12.97) followed by 1.0 mg/L BAP + 0.2 mg/L NAA shoot extract (5478.43 µM Fe (II)/g ± 4.90) and 

the least FRAP value from control extract (3022.57 µM Fe (II)/g ± 29.82), with no significant 

difference (Table 4). Therefore, 1.0 mg/L BAP shoot extract exhibited a strong FRAP value which 

has high reducing power to reduce Fe3+ ions to Fe2+ ions compared to control extract. However, it 

had no significant difference in transferring free radicals in the DPPH assay. The 1.0 mg/L BAP 

shoot extract has a different capability to neutralize oxygen with increment in the percentage of 

inhibition DPPH. Cytokinin (BAP) was proven its effectiveness in increased accumulation of 

bioactive compounds and the antioxidant potential in the in vitro shoot cultures of Scutellaria alpina 

[8]. Besides, the purple variety of O. stamineus contained more sinensetin and rosmarinic acid in the 

callus than the white callus variety [5]. This indicates that the O. stamineus (purple var.) have a high 

potential to be a potent source for antioxidants comparable to the white variety.  

 

5. CONCLUSION 

4. SION 

 For plant regeneration studies, the nodal explant treated with 1.0 mg/L BAP achieved 

100% shoot regeneration of O. stamineus (purple var.). The combination of BAP and NAA produced 

calli and low percentage of shoot regeneration. The BAP at 1.0 mg/L also exhibited higher FRAP 

activity (5507.84 µM Fe (II)/g ± 12.97) than nontreated sample but did not affect the DPPH value 

(IC50 of 76.73 ± 5.85 µg/mL). In nutshell, the 1.0 mg/L BAP treatment improved the shoot 

regeneration percentage, shoot biomass and antioxidant activity of O. stamineus. For further 

investigation, the antioxidant capacity in the shoot biomass of O. stamineus is beneficial for silver 

nanoparticle synthesis, as bioactive metabolites act as stabilizing and reducing agents to reduce silver 

nitrate to silver. 
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ABSTRACT 
Overuse of antibiotics certainly drives resistance development. Studies have shown a direct 

connection between the use of antibiotics and the development of resistant strains of bacteria. The 
purposes of the study are to isolate and characterize bacterial isolates from two polluted river and 

examine their pathogenicity. The Multiple Antibiotic Resistance (MAR) index shows increase in 
the rates of resistance among these organisms thus making antibiotic susceptibility testing more 

crucial for definitive treatment. Water sample from Perak and Kinta rivers were subjected to 

phenotypic identification, antibiotic susceptibility test and genotypic identification. Based on 
preliminary data, 30 different bacterial isolates were subjected to antibiotic susceptibility test over 

six types of antibiotics (ampicillin, chloramphenicol, rifampicin, ciprofloxacin, gentamicin and 
tetracycline). Among the tested bacteria, resistance towards ampicillin, chloramphenicol, 

rifampicin and tetracycline were observed in the maximum number of isolates (100%) whereas 
susceptibility to ciprofloxacin is 86.67%, followed by gentamicin (100%). Isolates with MAR 

index more that 20% (29 isolates) were forged ahead to 16S rRNA sequencing. The phylogenetic 
analysis manifests bacterial strains obtained in this study were closely related to the strains aligned 

in National Centre for Biotechnology Information (NCBI). This study has revealed the imprudent 

use of antibiotics in river water may pose high risk of antibiotic resistance and is crucial to raise 
public awareness on antibiotic resistance, disinfection and antibiotic abuse. 
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1. INTRODUCTION (Title Times New Roman, 12 font size, bold) 

1. INTRODUCTION 

 

Overuse of antibiotics drives resistance of bacteria against the effects of antibiotics treatment 

which might cause very serious infections to living things. Epidemiological studies have shown a 

direct connection between the usage of antibiotics and the development and spread of resistant 

strains of bacteria. In bacteria, genes on mobile genetic elements such as plasmids can be inherited 

from parents. Horizontal transfer of gene (HGT) may allow the transfer of antibiotic resistance 

between distinct bacterial species. Resilience can also happen through mutation naturally. 

Antibiotics remove prescription-sensitive rivals, leaving natural selection of resistant bacteria 

behind to reproduce [1]. 

Despite repeated warnings about excessive use, antibiotics are globally widely prescribed. 

Thus, it is possible to determine the quantity of antibiotic resistant bacteria and its influence on the 

river water by doing antimicrobial susceptibility test. Consequently, protecting watersheds and 

their related reservoirs is essential for offering adequate and secure drinking water for both rural 

and urban regions [1]. Therefore, this research sought to compare the upstream and downstream 

water characteristics with the objective of evaluating the amount of the Kinta River and Perak 

River antibiotic-resistant bacteria. 

Usage of pharmaceuticals in peoples’ everyday lives could be seen thru the evidence 

downstream. Human body do not break down the drugs, thus the excessive antibiotics comes out 

in urine or waste. In many developed countries, the waste and its load of antibiotics passes through 

a wastewater treatment plant. In those places with no treatment plants, the antibiotics can flow 

even more directly into rivers and streams [2]. 

The modern age of antibiotics began with Sir Alexander Fleming's discovery of penicillin 

in 1928. Antibiotics have changed modern medicine since then, and have saved millions of lives. 

In the 1940s antibiotics were first used for treating serious infections. Penicillin has helped to 

suppress bacterial infections among soldiers of the Second World War. Resistance to nearly all of 

the antibiotics that have been produced, however, was eventually seen. In the late 1960s through 

the early 1980s, the pharmaceutical industry developed several new antibiotics to address the issue 

of resistance, but soon after that, the antibiotic supply started to dry up and released fewer new 

medicines. As a result, several decades after the first patients sought antibiotic treatment in 2015, 

bacterial infections have again become a concern again [3]. 

 
 

2. MATERIALS AND METHODS 

 

2.1. Study Site and Sampling 

 

The river water samples were collected from Kinta River and Perak River, Perak, Malaysia. 

The sampling points were determined accurately. Gloves and life jacket were worn prior to the 

sampling. Samples were collected three times at each sampling point with three different sterile 

falcon tubes. The tubes were labelled and stored in the polystyrene box filled with dry ices which 

were being brought to the laboratory within 24 hours and kept at 4°C prior to bacteria isolation. 

Four different locations in Perak which are two points at upstream and another two points at 
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downstream of Perak River and Kinta River which were chosen for collection of water sample. 

These are the main two rivers in Perak whereas we have chosen these two points with the aid of 

google maps to find out the upstream and downstream. Minimal interruption by branch of the rivers 

were the main concern in choosing these sampling points. The samples were collected in triplicate 

at the four locations so that the common bacterial colonies were not missed out during the sampling. 

Upstream Point A; Riverside Teluk Intan (Coordinate: 4.0250532, 101.017188), Downstream Point 

B; Waterfront Bagan Datuk (Coordinate 3.992741, 100.785972), Upstream Point C; Ulu Kinta 

Waterfall (Coordinate: 4.670895, 101.197965), Downstream Point D; Riverbank Ipoh (Coordinate: 

4.593873, 101.079879) respectively.  

 

 

2.2. Isolation of Bacterial Isolates 

 

A series of serial dilution was prepared and the diluted sample was spread on the nutrient 

agar followed by incubation at 37°C for 24 hours. The isolated bacterial was characterized based 

on their morphological characteristics and Gram staining was performed [4]. 

2.3. Antibiotic Susceptibility Test 

 

The bacterial isolates were tested for antibiotic susceptibility testing by using the standard 

Kirby-Bauer disk diffusion method [5]. The antibiotic susceptibility testing was performed by using 

Mueller-Hinton agar against six types of antibiotics. The antibiotic used were gentamicin, 

ampicillin, rifampicin, chloramphenicol, tetracycline and ciprofloxacin. All these antibiotics discs 

were purchased ready-made with fixed potency to be tested on the bacterial isolates. The bacterial 

inoculums were prepared by suspending the freshly overnighted bacteria culture into 5 ml of sterile 

nutrient broth to a 0.5 McFarland turbidity. The suspension were spreaded on Mueller-Hinton agar 

plates using sterile cotton swab. The different antibiotic impregnated disks was placed over agar 

and all the plates are incubated at 37°C for 24 hours. The zone of inhibition are measured and 

compared with Clinical and Laboratory Standard Institute (CLSI) guidelines [6]. 

 

2.4. Multiple Antibiotic Resistant (MAR) Index Value 

 

MAR index value was calculated for each of the bacteria according to the formula. The antibiotic 

resistant bacteria that have the MAR index for more than 20% was selected to be further analysed. 

The MAR index value was calculated using Equation (1) [7]. 

 

𝑴𝑨𝑹 𝑰𝒏𝒅𝒆𝒙 𝑽𝒂𝒍𝒖𝒆 =  
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒕 𝒂𝒏𝒕𝒊𝒃𝒊𝒐𝒕𝒊𝒄 (𝒂)

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒂𝒏𝒕𝒊𝒃𝒊𝒐𝒕𝒊𝒄 𝒕𝒆𝒔𝒕𝒆𝒅 (𝒃)
 Equation (1) 

 

2.5. Characterization of Bacterial Isolates via Biochemical Test 

 

The antibiotic resistant bacteria were further characterized by the biochemical test since that 

bacterial physiology were differ from one species to another. The biochemical tests that are used to 

determine the biochemical characteristics of the bacteria are Citrate test, Catalase test, Oxidase test, 

Indole test, MacConkey agar test, Urease test, and Mannitol Salt agar test. The biochemical test 

results were compared to Bergey’s Manual of Determinative Bacteriology to predict the possible 

bacteria species based on the biochemical activities of the bacteria [8]. 

 

3. RESULTS AND DISCUSSION 
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3.1. Isolation of Bacterial Strain from Rivers Water Samples 
 

The water samples were inoculated and cultured on Nutrient agar. There is a total of 43 bacterial 

isolates obtained from all the four sites, at which 7 isolates from Ulu Kinta Waterfall, 19 isolates 

from Riverbank Ipoh, 9 isolates from Waterfront Bagan Datuk, 8 isolates from Riverside Teluk 

Intan. The isolated bacterial colonies and its gram stain viewed under 400X magnification (Table 

1) and the morphological characteristics of the bacterial isolated from both rivers water samples 

were summarized (Table 2). 
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Table 1. Gram Stains of Bacterial Colonies Isolated from Perak and Kinta River under 400X Magnification. 

 

Perak River Kinta River 

Point 1 Point 2 Point 3 Point 4 

Strain Gram 

Stain 

Strain Gram 

Stain 

Strain Gram 

Stain 

 Strain Gram 

Stain 

18 

  

24 

  

1 

  

7 

  
19 

  

25 

  

2 

  

8 

  
20 

  

26 

  

3 

  

9 

  
21 

  

27 

  

4 

  

11 

  
22 

  

28 

  

5 

  

12 
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23 

  

29 

  

6 

  

13 

  
 30 

  

 14 

  
 15 

  
16 

  
17 

  
 

 

 

 

 

 

 

Table 2. The Morphological Characteristics of Bacterial Isolated from Perak and Kinta River. 
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Perak River Kinta River 

 Opacity Form Elevation Surface Color  Opacity Form Elevation Surface Color 

Point 1 Point 3 

18 Punctiform Convex Entire Smooth White 1 Circular Convex Entire Smooth White 

19 Filamentous Raised Filamentous Smooth Yellow 2 Punctiform Umbonate Undulate Rough Colourless 

20 Punctiform Convex Entire Smooth Yellow 3 Circular Raised Entire Smooth Yellow 

21 Circular Raised Entire Smooth Yellow 4 Circular Raised Entire Smooth White 

22 Filamentous Raised Filamentous Smooth White 5 Circular Pulvinate Entire Smooth White 

23 Punctiform Convex Entire Smooth Colourless 6 Circular Raised Entire Smooth Yellow 

Point 2 Point 4 

24 Filamentous Flat Filamentous Smooth White  7 Punctiform Raised Undulate Smooth White 

25 Circular Raised Entire Smooth White 8 Punctiform Convex Undulate Rough White 

26 Irregular Flat Entire Smooth White 9 Circular Raised Entire Rough White 

27 Circular Flat Entire Smooth White 11 Circular Convex Erose Smooth White 

28 Punctiform Convex Entire Smooth White 12 Circular Convex Erose Smooth Colourless 

29 Circular Convex Entire Smooth White 13 Punctiform Convex Entire Smooth Colourless 

30 Punctiform Raised Entire Smooth Yellow 14 Filamentous Convex Undulate Smooth Colourless 

 15 Punctiform Convex Entire Rough Colourless 

16 Circular Convex Entire Smooth Colourless 

17 Circular Umbonate Entire Smooth Yellow 
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3.2. Antibiotic Susceptibility Test 
 

Resistance to antibiotics were tested for 29 out of 43 samples of the isolated bacteria as some 

of them were discovered similar. The bacteria's resistance to antibiotics has been accessed by 

calculating the diameters of inhibition zones obtained according to the CLSI model. Antibiotic 

susceptibility test were tested for Point 1 and Point 2 in Perak River (Table 3) and for Point 3 and 

Point 4 for Kinta River (Table 4). Among the isolated bacteria, resistance to ampicillin, 

chloramphenicol, rifampicin and tetracycline was observed in the maximum number of isolates 

(100%) and susceptibility to ciprofloxacin (86.67%), followed by susceptibility to gentamicin 

(100%). In the case of Tagoe et al., the isolates obtained from the water sample were typically 

100% ampicillin resistant and none of them were gentamicin resistant [9]. Antibiotics are 

presumed to contaminate the marine ecosystem and, they can reach the coastal ecosystem by river 

water [10]. Hence, in this research, increased resistance to antibiotics were observed in the 

bacterial isolates. Such impacts may be attributed to the abundance of antibiotics used in river 

streams.  Thus, agricultural and industrial development with higher human activity in the 

surrounding areas cause the breeding of antibiotic resistant in the river water resulting in the 

reduction of the water quality. 

 

Table 3. Antibiotic Susceptibility Tests of Bacterial Isolated (Point 1 and Point 2) in Perak River. 

 
 Antibiotics Ampicillin Gentamicin Chloramphenicol Tetracycline Rifampicin Ciprofloxacin 

Bacterial 

Colonies 

Potency  

(10 µg) 

Potency  

(10 µg) 

Potency  

(30 µg) 

Potency  

(30 µg) 

Potency  

(5 µg) 

Potency  

(5 µg) 

Point 

1 

1 R S R R R S 

2 R S R R R I 

3 R S R R R S 

4 R S R R R I 

5 R S R R R I 

6 R S R R R I 

Point 

2 

7 R S R R R S 

8 R S R R R S 

9 R S R R R S 

11 R S R R R S 

12 R S R R R S 

13 R S R R R S 

14 R S R R R S 

15 R S R R R S 
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16 R S R R R S 

17 R S R R R S 

 

 

Table 4. Antibiotic Susceptibility Tests of Bacterial Isolated (Point 3 and Point 4) in Kinta River. 

 
 Antibiotics Ampicillin Gentamicin Chloramphenicol Tetracycline Rifampicin Ciprofloxacin 

Bacterial 

Colonies 

Potency  

(10 µg) 

Potency  

(10 µg) 

Potency  

(30 µg) 

Potency  

(30 µg) 

Potency  

(5 µg) 

Potency  

(5 µg) 

Point 

3 

18 R S R R R S 

19 R S R R R S 

20 R S R R R S 

21 R S R R R S 

22 R S R R R S 

23 R S R R R S 

 

 

Point 

4 

24 R S R R R S 

25 R S R R R S 

26 R S R R R S 

27 R S R R R S 

28 R S R R R S 

29 R S R R R S 

30 R S R R R S 

 

 

 

 

 

 

 

 

 

3.3. MAR Index Analysis 
 

In this study, the water samples obtained from Perak and Kinta river were collected near 
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residential, agricultural and industrial areas. Based on our findings, it can be concluded that 

existence of antibiotic resistant bacteria in the sampling areas. 

 

3.4. Biochemical Test 
 

The biochemical test conducted for all the bacterial isolates from Perak and Kinta rivers were 

showed in Table 5. Based on the biochemical test, it can be concluded that the population for 

different point in the same river can be varied. This may due to the human, animal and agricultural 

activity near to the sampling areas. 
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Table 5. Biochemical Test Conducted for Samples from Perak and Kinta River. 

 

Perak River Kinta River 

Point 1 Point 2 Point 3 Point 4 
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Biochemical Test 
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1
8
 

+ - - - - - + Salmonella sp. 

2
4
 

+ - + - - - + Vibrio sp. 

1
 

- - - + - - - Bacillus 

sp. 

7
 

- - - + - - + Streptomyces 

sp. 

1
9
 

+ - - + - - + Proteus sp. 

2
5
 

- - - + - - + Pseudomonas 

sp. 

2
 

- + - + + - - Staphyloco

ccus sp. 

8
 

- - - + - - + Streptococcus 

sp. 

2
0
 

+ + - - - - - Neisseria sp. 

2
6
 

- - + - + - + Proteus sp. 

3
 

- - - - + - + Klebsiella 

sp. 

9
 

- - - - - - + Clostridium sp. 
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2
1
 

+ + - - - - - Shigella sp. 

2
7
 

- - - - + - - Staphylococcu

s sp. 

4
 

- + - + + - - Proteus 

sp. 

1
1
 

+ + - - + - + Neisseria sp. 

2
2
 

+ + - - + - - Enterobacter 

sp. 

2
8
 

- - - - + + + Vibrio sp. 

5
 

- - + + + - + Staphylococ

cus sp. 

1
2
 

- - + - + - - Staphylococcus 

sp. 

2
3
 

+ + - - - + + Escherichia 

sp. 

2
9
 

- - + - + - + Pseudomonas 

sp. 

6
 

- - + + + - + Pseudomo

nas sp. 

1
3
 

- - - - + - - Shigella sp. 

 

3
0
 

+ - + + + - - Klebsiella sp. 

 

1
4
 

+ - + + + - - Enterobacter 

sp. 

 

1
5
 

- - + - + - + Pseudomonas 

sp. 

1
6
 

- - + + - - + Bacillus sp. 

1
7
 

- - + + + - + Klebsiella sp. 
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4. CONCLUSION 

 

Based on MAR index value, 29 antibiotic resistant bacteria that have MAR index value 

more than 20%. The antibiotic resistant bacteria were characterized by biochemical test to 

determine the biochemical characteristics of the isolated bacteria. The selected bacteria were 

proceeded for further analysis by 16S rRNA gene sequencing for identification and the bacterial 

species found thru BLASTn analysis are Aeromonas spp., Shigella spp., Enterobacter spp., 

Bacillus spp., Staphylococcus spp. and Leclercia spp. 

 
 

ACKNOWLEDGEMENT 

 

We sincerely thank the staff and administration of the Universiti Teknologi Malaysia for their 

assistance and support in this study. This study is funded by the Geran Universiti Penyelidikan 

(GUP) sub vote 17H74 and UTMShine Grant sub vote 04G97, which is supported by the 

Universiti Teknologi Malaysia. 

 

 

REFERENCES 

 
1. Maloo, A., Borade, S., Dhawde, R., Gajbhive, S.N., Dastager, S.G., (2014). Occurrence and 

distribution of multiple antibiotic-resistant bacteria of Enterobacteriaceae family in waters of 
Veraval coast, India, Environmental and Experimental Biology, 12, 43-50. 

2. Borunda, A., (2019). First global look finds most rivers awash with antibiotics, National 
Geographic. Retrieved from: 

https://www.nationalgeographic.com/environment/2019/05/hundreds-of-worlds-rivers-
contain-dangerous-levels-antibiotics/. 

3. Ventola, C. L., (2015). The antibiotic resistance crisis: part 1: causes and threats, P & T: a 
peer-reviewed journal for formulary management, 40, 4, 277–283. 

4. Razin, S., (2012). Methods in Mycoplasmology V1: Mycoplasma characterization, Elsevier, 
2012. 

5. Kam, K.Y., (2019). Antibiotic Resistance Bacteria in Aquaculture Sources in Johor, Malaysia, 
Universiti Teknologi Malaysia, Skudai Johor. 

6. Clinical and Laboratory Standard Institute, CLSI., (2018). M100S: Performance Standards for 
Antimicrobial Susceptibility Test. Retrieved from: 
http://ljzx.cqrmhospital.com/upfiles/201601/20160112155335884.pdf. 

7. Krumperman, P.H., (1983). Multiple antibiotic resistance indexing of Escherichia coli to 

identify high-risk sources of fecal contamination of foods. Appl. Environ. Microbiol., 1983, 46, 

165-170. 

8. Bergey, D.H.I., Holt, J.G., (2000). Bergey’s manual of determinative bacteriology, 9th ed, 
Lippincott Williams & Wilkins, Philadelphia. 

9. Tagoe, D. N. A., Nyarko, H., Arthur, S.A. & Birikorang, E., (2011). A study of antibiotic 
susceptibility pattern of bacteria isolates in sachet drinking water sold in the cape coast 
metropolis of Ghana, Research Journal of Microbiology, 6, 153-158. 

10. Maloo, A., Borade, S., Dhawde, R., Gajbhive, S.N., Dastager, S.G., (2014). Occurrence and 

distribution of multiple antibiotic-resistant bacteria of Enterobacteriaceae family in waters of 

Veraval coast, India, Environmental and Experimental Biology, 12, 43-50. 
 

 

 

https://www.nationalgeographic.com/environment/2019/05/hundreds-of-worlds-rivers-contain-dangerous-levels-antibiotics/
https://www.nationalgeographic.com/environment/2019/05/hundreds-of-worlds-rivers-contain-dangerous-levels-antibiotics/
http://ljzx.cqrmhospital.com/upfiles/201601/20160112155335884.pdf


 

Biosciences Symposioum of the Final Year Undergraduate Project 2020                                            216 

 

 

 

Green Synthesis of Silver Nanoparticles from Banana and Citrus 

Peels 
 
 

1 Ku Nabilah Ku Nasir and 1Nurliyana Ahmad Zawawi 

1
Department of Biosciences 

Faculty of Science, Universiti Teknologi Malaysia, 

81310 Johor Bahru, Johor, Malaysia. 

 

e-mail: nurliyana@utm.my 

 

 

ABSTRACT 
 

Biosynthesized silver nanoparticles have now become an alternative method to 

physical and chemical methods. The term of “Green synthesis” is referred to the use 

of biological materials in the synthesis of silver nanoparticles which known to be an 

eco-friendly method. In this study, silver nanoparticles were synthesized by using 

banana peel extract (BPE) and citrus peel extract (CPE). The phytochemicals 

contained in the fruit peels were used as a stabilizing agent and reducing agent for the 

reduction process of silver (Ag+) ions into silver nanoparticles (Ag0). The formation 

of silver nanoparticles was characterized by using visible spectroscopy, Field 

Emission Scanning Electron Microscope (FESEM) and Energy-dispersive 

spectroscopy (EDX). 

 

Keywords silver nanoparticles; AgNPs; peel extract; characterization; antioxidant activity 

 

 

1. INTRODUCTION 

 

Silver nanoparticles (AgNPs) have size in range of 1 nm and 100 nm [1] with 

various of shapes that can be developed depends on the application. For instance, 

spherical silver nanoparticles are commonly used however diamond, octagonal and 

thin sheets are also prominent to be used in nanotechnology [2]. They have been in 

high demand because of their properties, arrangement to form superstructures and 

applications to their bulk counterparts. The properties itself are regulated by the rules 

of quantum mechanics rather than classical physics [3]. Due to that, it has been widely 

used in biomedical, textile, agriculture, and electronic fields [1]. In nanomedicine 

area, the unique properties of AgNPs as antimicrobial, antifungal, anticancer, 

antiplatelet, targeted drug delivery, as well as in wound healing properties has 

attracted great attentions among researchers. 

 

Conventional preparation of silver nanoparticles mainly used technically may 

have considerable environmental effects as they are technically laborious and 

economically expensive. Both physical and chemical methods may have toxic 

substances onto them, hence they are not favorable for the synthesis of AgNPs [1]. 

Biological method on the other hand, holds better chances as it is environmentally 
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friendly and economical [4]. The method mainly uses microorganisms or medicinal 

plants for the production of the nanomaterial. It is regarded as environmentally friendly 

compared to the other methods due to the natural reducing agents extracted from the 

organic sources [5]. The natural reducing agent in need for the reduction process of 

Ag+ ions into Ag0 nanoparticles during synthesis of AgNPs [1]. 

 

Although many studies elaborated the extraction methods of reducing agents 

using microbes and plants, the use of fruit peels is of common interest too [5]. Banana 

and citrus are common fruits consumed all over the world, and after consumption of 

the pulp, the peels are generally discarded. The present studies aim to synthesize 

AgNPs using green biological route, using extracts derived from banana and citrus peel 

waste. The successful formation of the banana-peel extract AgNPs (BPE-AgNPs) and 

citrus-peel extract AgNPs (CPE-AgNPs) were analyzed using Field Emission 

Scanning Electron Microscope (FESEM) and Energy-dispersive spectroscopy (EDX). 

The best optimization conditions for the synthesis of AgNPs were BPE-AgNPs and 

CPE-AgNPs were determined for future study purposes. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Extraction of natural reducing agents 

 

Both fruit peels from banana and citrus were firstly washed with distilled water 

and cut into smaller pieces. 100 g of banana peels and 25 g of citrus peels were then 

boiled in distilled water for 30 minutes at 90 °C. The banana peels were crushed in 

100 mL distilled water and the extract was filtered through cheese cloth to remove 

insoluble fractions and macromolecules. This filtrate was treated with equal volume 

of chilled acetone and the precipitate was centrifuged at 1000 rpm for 5 minutes. 

Meanwhile, citrus peels were filtered through Whatman No.1 filter paper after boiling 

and both extracts were stored at 4 °C for further use. 

 

2.2 Synthesize and optimization of silver nanoparticles 

 

Silver nitrate (AgNO3) was used as a precursor in the synthesis of silver 

nanoparticles. The production of silver nanoparticles was optimized based on 

different parameter such as (i) volume of peel extract, (ii) temperature, and (iii) 

concentration of AgNO3. The effect of extract volume was determined by adding 

different volume of peel extract (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 mL) 

into 25 mL of 1.0 mM AgNO3 solution and were incubate at 60 °C for 55 minutes.  

By keeping 3 mL of peel extract and 25 mL of 1.0 mM AgNO3 solution, the mixtures 
were incubated at different temperature from (30, 40, 50, 60, 70, 80, 90 and 100 ºC) 

as to determine the effect of temperature on the synthesis of silver nanoparticles. The  

effect of AgNO3 concentration were determined by adding 3 mL of peel extract into 

25 mL of AgNO3 solution with varied concentration from (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 
3.5, 4.0, 4.5 and 5.0 mM). The AgNPs obtained were purified by centrifuging at 10 

000 rpm for 30 minutes and the pellets obtained were dispersed in deionized water to 
remove water soluble [6]. 
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2.3 Characterization of silver nanoparticles 

 

The characterization of silver nanoparticles was performed using visible 

spectrophotometer, Field Emission Scanning Electron Microscope (FESEM) and 

Energy-dispersive X-ray spectroscopy (EDX) to confirm the presence of silver 

nanoparticles based on its morphology, quantities of trace elements and size of silver 

nanoparticles that have been formed. The visible spectrophotometer was carried out 

to characterize and monitoring the formation of silver nanoparticles in the solution. 

3 mL of sample contained were measured by using JENWAY 7200 UV-visible 

spectrophotometer with 10 mm optical path length quartz cuvettes at resolution of 1 

nm between 350 and 700 nm. FESEM was used to estimate the size, shape of silver 

nanoparticles while EDX was carried out to identify and calculate the quantities of 

trace elements contained in the formation of silver nanoparticles. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Optimization on AgNPs 

 

3.1.1 Effect of peel extract volume 

In this section, the formation of BPE-AgNPs and CPE-AgNPs were confirmed 

by visible spectrophotometer, as silver nanoparticles have free electrons resulting in 

the absorption bands of surface plasmon resonance (SPR). From the results (Figure 

1a), the progress reaction between silver ions from AgNO3 in 8.0 mL of BPE showed 

the highest absorbance peak at wavelength 445 nm. This peak represents the 

characteristics of SPR peak of BPE-AgNPs which can further determine its size, 

shape and particles that formed [7]. The peak started to decrease when the volume is 

increased further. Meanwhile, the peak of CPE-AgNPs was detected at 430 nm 

wavelength regions with the highest peak at 6 mL of CPE (Figure 1d). The reduction 

process of Ag+ ions was constantly increased from 1 mL to 6 mL of CPE, and the 

absorption peak starts to fall from 7 mL to 10 mL. In general, the results indicated 

reduction process of Ag+ ions to Ag0 was maximum in 8 mL of BPE and 6 mL of  

CPE. The bioavailability of functional groups in the solution was higher than Ag+ 

ions make the reduction process of Ag+ ions to Ag0 become slow when the volume 

of peel extract exceeds that volume [8]. 

 

 

3.1.2 Effect of temperature 

 

Temperature also was found to play important role in influencing reduction 

process of silver ions. BPE-AgNPs showed a sharp narrow peak at wavelength 427 

nm at temperature of 80 °C whereas, at 30 °C, the reaction peak was broad at 

wavelength region of 434 nm (Figure 1b). For the CPE, the maximum synthesis of 

CPE-AgNPs was observed at 70 °C with wavelength region of 435 nm but dropped 

sharply when the temperature above 80 °C (Figure 1e). The absorption peak was 

shifted from 439 nm at temperature of 30 °C to 435 nm at temperature of 70 °C. The 
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shift of wavelength regions revealed that the formation of BPE-AgNPs was smaller 

with the increase of temperature [9] and generally, reactants are rapidly consumed at 

higher temperature results in the formation of smaller AgNPs [10]. 

 

 

3.1.3 Effect of silver nitrate concentration 

 

Figure 1c showed the absorbance peak of BPE-AgNPs with 4.0 mM and 4.5 

mM concentration of silver nitrate has the maximum peak at wavelength regions 429 

nm. However, the optimum concentration of silver nitrate has been proved at 
concentration 4.0 mM which suggests that the natural reducing agent contained in the 

extract reduced the precursor entirely into silver nanoparticles [11]. Besides, the 
maximum absorbance of CPE-AgNPs was recorded at 1.5 mM silver nitrate 

concentration followed by 3.0 mM with absorption bands at 443 nm (Figure 1f). 
There was a rapidly increase from concentration 0.5 mM to 1.0 mM and this can be 

assumed that the reduction of Ag+ was slow at low concentration of AgNO3. In 

particular, a variation of silver nitrate concentration would affect the synthesis of both 

AgNPs as well as the size and shape of the AgNPs [12]. 
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Figure 1 Visible spectra of BPE-AgNPs; (a) at different BPE volume, (b) at 

different temperature, (c) at variation of AgNO3 concentration; Visible spectra of 

CPE-AgNPs; (d) at different CPE volume, (e) at different temperature, and (f) at 

variation AgNO3 concentration. 
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Figure 2       FESEM   image of 

BPE-AgNPs at various 

resolutions (a) 500x, (b) 

10000x, (c) 60000x, (d) 

120000x 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 FESEM image 

of CPE-AgNPs at various 

resolutions (a) 500x, (b) 

10000x, (c) 60000x, (d) 

120000x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 EDX spectra of CPE-AgNPs (a) and BPE-AgNPs (b) 

 

(a) 

(a) (a) (b) 
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3.4 Characterization of biosynthesized silver nanoparticles 

 

 

The shape of the synthesized AgNPs was analyzed by FESEM. The FESEM image of 

BPE-AgNPs and CPE-AgNPs at various resolutions were shown in Figure 2 and Figure 3, 

respectively. It was clearly depicting that the particles for both BPE-AgNPs and CPE-AgNPs 

were spherical in shape with agglomerates of small grains and some dispersed particles which 

indicate the possibility of sedimentation afterwards [6]. There are also a few traces of AgNPs 

clusters which may contribute to the variation of particles size. As a result, the BPE- AgNPs 

have size ranging from 23.7 to 27.1 nm with more agglomeration whereas CPE- AgNPs have 

slightly larger size of particles ranging from 24.4 to 31.4 nm with least agglomeration. The 

general feature of nanoparticles is the small size of the nanoparticles can enhance the effect as 

it provides a greater surface area compared to the others [1]. In addition, the nanosize of the 

particles also increases the penetration potential of the silver particles, thus allowing the metal 

properties to be fully used. For example, in the medical field, nanoparticles have the ability to 

penetrate the circulatory system and translocate even the blood–brain barrier in the human 

system due to its smaller size. 

 

Energy Dispersive X-ray (EDX) was used to obtain the elemental constituents and 

relative abundance of the biosynthesized BPE-AgNPs and CPE-AgNPs as presented in Figure 

4 separately. The presence of silver was confirmed from the Ag peaks with other elements 

obtained in both EDX spectra. The reduced BPE-AgNPs was subjected to EDX analysis with 

an optical absorption characteristic peak at 3 keV clearly indicates that the silver has been 

correctly identified [13] with a few element compositions such as Carbon (C) 20 %, Oxygen 

(O) 5.1 %, Chloride (Cl) 2.1 % and Silver (Ag) 72.8 %. Likewise, the reduced CPE-AgNPs 

also showed the signal for silver at 3 keV but different in element composition. About 90.8 % 

of silver, 5.9 % of Carbon, 2.3 % of Oxygen, 0.5 % of Chloride and 0.4 % of Sulphur were 

detected in CPE-AgNPs. Carbon and oxygen in both AgNPs confirm the presence of stabilizers 

composed of alkyl chains [14]. The formation of silver chloride in both AgNPs was suggested 

that silver chloride binding on nanoparticles surface is more likely than silver chloride 

precipitation. Meanwhile, the presence of Sulfur in CPE-AgNPs might reflect the binding of 

silver to cysteine residues [15]. 

 

 

4. CONCLUSION 

 

Banana peel and citrus peel were successfully utilized in the synthesis of silver 

nanoparticles. The best optimized condition for BPE-AgNP preparation is 8 mL of BPE mixed 

with 4 mM of silver nitrate solution incubated at 80 °C, while CPE-AgNP are at 6 mL of CPE 

mixed with 1.5 mM silver nitrate solution incubated at 70 °C. The reduction activity of silver 

ions in UV-Vis spectrophotometer was obtained in the wavelength range of 427-445 nm and 

430- 443 nm for both  
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BPE-AgNP and CPE-AgNPs, respectively. The presence of AgNPs were confirmed in EDX, 

and that they were spherical in shape. The size of BPE-AgNPs is smaller than CPE-AgNPs 

with the average size of 25 nm and 28 nm respectively. In short, the optimized conditions of 

both AgNPs using this simple biological method would be suitable for its large-scale production 

in future studies. BPE-AgNPs and CPE-AgNPS will be very useful for medicinal properties 

evaluation as such antioxidant, antimicrobial, antifungal, and anti-cancer. 
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ABSTRACT  

Cocaine esterase is a cocaine hydrolysing enzyme present in humans and is used for 

treating cocaine-induced effects. However, it has a short half-life at physiological temperature and 

mutating it to extend its half-life and stability at 37°C has yet to be successful. An uncharacterised 

cocaine esterase from Marinobacter litoralis (MLCE) was modelled and compared with a mutated 

variant from Rhodococcus sp. (RCE). Result showed conserved catalytic triad despite possessing 

low similarity and higher flexibility due to increased loop regions in MLCE with a longer stability 

at 37°C. Further in-vivo testing is needed to confirm its use for treating cocaine-induced patients.   
  

Keywords: Bioinformatics, Cocaine esterase, Cocaine overdose treatment, Marinobacter litoralis, 

Rhodococcus sp., Thermostability 

 
 

1.0 INTRODUCTION  

Cocaine is a powerful stimulant which has been highly used as a recreational drug for 

decades. This drug can cause several issues in the human body, such as interfering with the 

dopamine intake by blocking dopamine transporters, rising of noradrenergic signaling, as well as 

altering cardiac conductivity and its anaesthetic effects [1]. This is because of the ability of cocaine 

to bind to countless sites in the human body, such as the cardiac and neuronal sodium channels 

[2]. This simply becomes a major public health concern in many countries. Due to the increase in 

cases of cocaine toxicity in humans and having no effective pharmacotherapeutic drugs available 

to treat this problem [3], there is a need to research for methods to treat and manage cocaine 

toxicity. Over the years, it was found that an alternative approach to this problem was by 

metabolizing the cocaine into inactive components which are safe in the human body, or even alter 

the behaviour and toxic effects of cocaine [4]. This approach can be achieved with a promising 

protein, cocaine esterase. Studies have shown cocaine esterase from Rhodococcus sp. present a 

challenge in the aspect of stability at physiological temperature 37°C, despite numerous attempts 

in mutating it to achieve desired thermostability at such temperature. The thermostability is 

important to ensure the effectiveness of the protein when being used as treatment in a human body. 

Alternatively, a cocaine esterase from Marinobacter litoralis which has been shown to grow at a 

greater temperature range of between 30°C to 50°C with 37°C as the optimum temperature for 

growth, and stable at a broad range of between pH 7.0 to 9.0. These properties, when compared to 

other recorded organisms that possess similar protein, has a better opportunity to prospect for a 

more stable version of the enzyme. The research aims to model and characterize an alternative 

cocaine esterase enzyme to investigate if the cocaine esterase from M. litoralis has the structural 



 

Biosciences Symposioum of the Final Year Undergraduate Project 2020                                                226 

 

 

characteristics that is suitable to be a candidate for further laboratory work, as part of a future 

cocaine treatment in patients. 

 

2.0 MATERIALS AND METHODS  

2.1 Sequence-Based Analysis 

The sequence of cocE from M. litoralis (MLCE) in FASTA format was obtained from 

Uniprot database under the accession number A0A3M2RJY0. The entry is labelled as 

‘Unreviewed’ with no recorded structure. The reason for choosing this sequence is because the 

organism is known to optimally grow at the desired temperature 37°C and pH 7.0-8.0, out of 69 

organisms listed in Uniprot database having similar protein. The primary structure of MLCE was 

analysed by using the ProtParam tool (https://web.expasy.org/protparam/) for physicochemical 

characterization such as the amino acid composition and theoretical isoelectric point. The sequence 

of MLCE was submitted to p-BLAST (https://blast.ncbi.nlm.nih.gov) against UniprotKB and the 

most similar sequence is collected. The obtained sequences were sent to the Jalview program 

(https://www.jalview.org/) for multiple sequence alignment analysis. 
 

2.2 Structure Prediction and Validation 

The sequence of MLCE (Uniprot ID: A0A3M2RJY0) was submitted to Chou and Fasman 

Secondary Structure Prediction (CFSSP) server (http://www.biogem.org/tool/chou-fasman/) to 

predict the percentage and location of alpha helix, beta sheets, turns and coils of the enzyme. The 

domain and important sites of the sequence were also predicted by using InterPro 

(http://www.ebi.ac.uk/interpro/). The sequence was submitted to online modellers such as SWISS-

MODEL (https://SWISS-MODEL.expasy.org), Phyre2(http://www.sbg.bio.ic.ac.uk/~phyre2), I-

Tasser (https://zhanglab.ccmb.med.umich.edu/I-TASSER), and Lomets program 

(https://zhanglab.ccmb.med.umich.edu/LOMETS) for protein structure prediction. A known 

structure of a homologous protein will be chosen as the template structure based on the highest 

sequence identity and score values. The predicted 3D model obtained was submitted to the 

Molprobity web service (http://molprobity.biochem.duke.edu/) and SAVES v5.0 server 

(http://nihserver.mbi.ucla.edu/SAVES/) to evaluate the model quality and accuracy of the 

predicted 3D model of cocE. Molprobity includes the Ramachandran plot specifically used to 

assess the chemical backbone and angles in the most favored region are preferred. SAVES v5.0 

server includes Verify 3D and ERRAT to determine the accuracy and compatibility of the 

structures predicted. 
 

2.3 Structure Analysis 

The predicted model of MLCE is superimposed to the template chosen previously using 

PyMol software for comparative study. The predicted 3D model and the template structure were 

subjected to GROMACS 5.7.1 software for molecular dynamic simulation (MDS) to study the 

strength and features of protein behavior, interactions, and conformational changes of the protein 
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structures [5]. The stability of the structure in RMSD graph is determined by having a stable 

equilibrium forming a straight line from one point towards the end of the graph. The acceptable 

RMSF values of the modelled structure is 0.25 nm and lower from the RMSF values of the template 

structure. Also, having smaller RMSD and RMSF values nearer to 0 indicates higher rigidity of 

the protein structure while higher values indicates higher flexibility. 

 

3.0 RESULTS AND DISCUSSION 

3.1 Sequence-Based Analysis  

From the UniprotKB database, the fasta format for the sequence MLCE has the length of 

678 amino acids under accession number A0A3M2RJY0. The physical and chemical parameters 

of the sequence obtained from ProtParam in which the sequence has the instability index of 33.54 

which is below 40.0, classifying the protein as stable, and an aliphatic index of 86.81, providing 

information on the volume of the protein occupied by aliphatic side chains which contributes to 

the thermostability of the protein sequence [6]. The amino acid residues important for 

thermostability found in thermophiles such as glutamic acid and proline were found to be higher 

in the protein sequence of MLCE compared to the RCE. The MLCE sequence displays 25.12% 

identity to RCE MB1 sequence under PDB id 3I2H which is the highest percentage among the 

other hits, making the sequence to be used as the template for comparative studies. Amino acid 

residues 117Ser, 259Asp, and 287His of RCE are aligned to 212Ser, 343Asp, and 371His of 

MLCE. This shows that the active sites are conserved regions despite very low similarities between 

the two sequences. 

 

3.2 Structure Prediction and Validation 

Secondary structure of A0A3M2RJY0 was predicted using CFSSP server, showing 72.2%, 

49.7% and the remaining 12.1% of the amino acid residues to be alpha-helix, beta-sheets, and 

random coils formations, respectively. The constructed model from MLCE has a higher number 

of alpha helices which suggests more amino acid residues are involved and longer length of helices. 

This may confer to higher stability of the protein structure. Additionally, the constructed model 

has slightly lower beta sheet and loops formations, suggesting more rigidity to the structure. The 

quality of the modelled structures was assessed, where the GMQE, QMEAN and sequence identity 

values were used to compare the quality of the models. These parameters indicate the reliability 

and accuracy of the generated model, where higher GMQE and QMEAN values suggest a structure 

has considerably good quality. The model generated based on RCE under PDB id 3I2H shows the 

value of -4.53 for QMEAN, 0.53 for GMQE and 22.04% sequence identity. These values were 

observed to be the highest and overall better than the values for other generated models, making 

the predicted 3D model of MLCE based on the template 3I2H as shown in Figure 1 is the best 

model to be used to proceed for this study. 
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Figure 1: Generated model in cartoon representation and respective colors representing helices 

(red), beta sheets (yellow) and loops (green). 

 

Structural validation using SAVES server shows the modelled structure based on 3I2H 

having the best scores than the rest. VERIFY 3D analysis showed 80.40% of the residues had an 

average 3D-1D score of more than 0.2 and the score is above 80%, indicating that the modelled 

structure has good primary sequence to tertiary structure compatibility. In other words, the analysis 

predicted that the model is compatible with its sequence [7]. ERRAT analysis showed the 

generated model of MLCE with quality factor of 76.8061 and 80.8989. The generally accepted 

score is above 50% but requires the score above 90% to be a highly accurate and reliable structure, 

with only 5 red colored regions of less quality. However, these regions are loops which would not 

affect or alter the overall conformation of the enzyme. Hence, this analysis indicates that the 

structure is satisfactory for reliability. Ramachandran plot computed by Procheck showed 83.4% 

of the residues in the favorable regions, while 14% and 2% of the residues in the additional and 

generously allowed regions, respectively. 

 

 
 

Figure 2: Ramachandran plot of the SWISS-MODEL generated model based on 3I2H. 
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3.3 Structure compatibility analysis 

The predicted model of MLCE is superimposed to the template chosen previously and 

visualized using PyMol software for comparative study as shown in Figure 3. Several differences 

can be visualized between the structures, where most of the differences are the generated model 

having extra loops or different secondary structures compared to the template model. Extra loops 

of the generated model can be found at residues 59-65, 120-122, 315-317, 429-438 and 510-540. 

The catalytic triad of both the generated model and template model are aligned with similar amino 

residues, which are serine, aspartic acid, and histidine. This concludes that the catalytic sites for 

the enzyme are conserved regions nevertheless the hypothesized phylogenetic tree showing the 

two species have evolved more compared to other listed species previously. The residues include 

glycine, proline, valine, leucine, methionine, tryptophan, and phenylalanine. This indicates that 

the generated model is more rigid and thermostable than the RCE. 

 

 
 

Figure 3: Superimposition of catalytic sites of generated model in yellow and catalytic site in 

red, both in sticks in representation, with labels on top for residues of template model and labels 

below for residues of generated model. 

 

Molecular dynamic simulation (MDS) for the generated MLCE structure and template 

protein structure was performed to study the dynamic stability and structural behavior of the 

protein [8]. The data trajectory files of the two structures were collected over a simulation period 

of 10 ns at 310.15K. In Figure 4, analysis based on the RMSD graph with C-alpha backbone atoms 

showed the template model in red initially fluctuated and start to stabilize with an initial small drift 

of ~0.22 nm at approximately 0.2 ns, while for the generated model in black initially fluctuated 

with initial drift of ~0.44 nm at approximately 1.4 ns. The stable equilibrium of the generated 

model maintained up to the end of the simulation time of 10ns, even so, the template model seems 

to slowly divert from its initial stable equilibrium and starts to slightly increase after approximately 

6.4 ns. These results imply that the MLCE protein structure is relatively more stable at 310.15K 

than the template structure. However, smaller RMSD values of a protein indicate the structure 

having conformations that is more thermostable [9], which shows that the RCE protein is more 

thermostable than the generated model. Overall, the result mentioned above shows stable dynamic 

behaviour [8] of the protein model MLCE. Analysis from the fluctuation scores and higher overall 

RMSF values in Figure 5 depicted that higher degree of flexibility was observed in the MLCE 
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protein model compared to the template model, which is influenced by the loops in which the 

protein model has more loops, thus higher structural flexibility which may contribute to the 

functional properties of the protein [10,11]. Several residues within the template model showed 

low fluctuations of approximately 0.04 nm, suggesting these residues are relatively more 

thermostable compared to the other residues of the same model. The overall pattern and location 

of fluctuations are similar, indicating similar dynamic behavior thus similar in-vivo functions. On 

another note, the acceptable value to indicate a stable structure is 0.25 nm from the RMSF value 

of a template. This can be observed for both structures with an average of 0.11 nm and 0.12 nm 

for the template model and protein model respectively, hence the protein model is still within the 

acceptable range, suggesting that the protein model is stable. The results from RMSD and RMSF 

graphs conclude that the MLCE protein model is a stable structure, however with higher flexibility 

than RCE. 

 

 

Figure 4: Plot of time versus RMSD trajectory of model MLCE (black) and template (red).  

 

Figure 5: RMSF plot for generated model MLCE in black and template model RCE in red. 
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4.0 CONCLUSION 

The 3-dimensional structure of cocaine esterase from Marinobacter litoralis (MLCE) 

under accession number A0A3M2RJY0 was successfully modelled and characterized. The 

similarities and differences between the generated model and template model from Rhodococcus 

sp. (RCE) were identified through sequence and structural analysis. From here, the catalytic sites 

were observed to be located identically to each other when superimposed, suggesting identical 

enzymatic functions as the active sites were conserved during evolution. Additionally, the number 

of non-polar residues contributing to greater thermostability of the protein such as Pro, Gly, Val 

and Leu were higher in the model compared to RCE suggesting greater structural rigidity to 

function at higher temperatures. The 10 ns MD of the modelled MLCE has shown it to be a stable 

structure with greater flexibility than the template structure, which are due the presence of more 

loops and necessary for catalytic functions. Future experimental analysis should be carried to 

express the MLCE and test its efficacy in vitro before proceeding with in vivo potency test. Success 

in this future phase would determine if it can proceed further as a viable candidate for treating 

cocaine-induced effects in patients. 
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ABSTRACT  

Microbially induced calcium carbonate precipitation (MICP) using ureolytic bacteria has 

been used recently in fabrication of materials to improve sustainability and environmental issues. 

In this study, 16S rRNA was used to identify and validate the locally isolated Bacillus albus from 

Dark Cave, Selangor and the bacteria has been found to be able to produce urease. Urease is one 

of the enzymes involved in biocement production mechanism. Optimization of biocement 

production by B. albus was carried out involving age of inoculum and urea concentration factors. 

Seawater and urea were used as the calcium source and the nitrogen source, respectively. A small 

scale bioconsolidation test on sand columns was performed using optimized conditions and the 

locally isolated ureolytic bacteria. The formation of biocement crystals on the surface of sand 

particles was observed and analyzed using scanning electron microscope (SEM) and energy 

dispersive x-ray (EDX). The results showed that biocement production were optimum at 72 hours 

of inoculum age and 12% (w/v) urea concentration with an average yield of 0.6249 ± 0.0093 g. 

Both negative control without B. albus and replicates inoculated with B. albus exhibited white 

calcium carbonate precipitation for the bioconsolidation test. Therefore, further studies on factors 

that affect efficiency of MICP using B. albus is needed to improve the bioconsolidation test for 

real-life application. 
  

Keywords: ureolytic bacteria; urease; optimization; biocement; bioconsolidation test 

 
 

1.0 INTRODUCTION  

The population of the world is increasing each year. Therefore, there are high demands for more 

construction of buildings especially in the urban areas and cement concrete is the commonly used 

material to build a house. In 2050, the usage of cement is expected to reach 3.7 to 4.4 billion tons 

as the production of cement is growing at 0.8% to 1.2% each year [1]. The advantages of using 

concrete to make buildings are it can withstand heavy loads without breaking and inexpensive. 

However, plain concrete have low tensile strength, low durability and form cracks easily. Cracking 

can be due to chemical attack, overloading, earthquake and differential settlement (uneven 

structure at the foundation of a building). Steel bar or rebar is used in concrete to increase its 

strength. Concrete is used in Malaysia to make buildings and the concrete is exposed to various 
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environmental conditions which make the problems in the construction such as cracking becomes 

more complicated [2]. For example, rebar oxidation and corrosion as well as damage of the 

concrete structure can occur from the cracking in the buildings. In the process of manufacturing 

cement, carbon dioxide is released from burning of fossil fuels at very high temperature such as 

1500℃ and thermal decomposition of calcium carbonate. Thus, cement industry contributes to the 

greenhouse effect which shows that it is a material that is not eco-friendly besides consuming high 

energy. About 7% of global carbon dioxide emissions are contributed by the cement production in 

the world to the atmosphere of the earth [3]. In addition, rework in construction is not necessary if 

the building is design properly in the first place. Besides, rework of a building is cost consuming. 

This is because the rework cost about 12% of the contract value [4]. Microbially induced calcium 

carbonate precipitation (MICP) is studied in order to reduce the environmental and improve the 

sustainability issues of concrete [5]. MICP is a process where the microorganisms and their 

biochemical activities induce the precipitation of calcium carbonate. The cementitious material 

produced by the bacteria is called biocement. Microorganisms such as sulphate reducing bacteria, 

photosynthetic organisms, organisms that used organic acid and in nitrogen cycle are involved in 

the production of calcium carbonate [6]. Ureolytic bacteria are also able to produce calcium 

carbonate as a byproduct of urea hydrolysis [7]. The advantages of using biocement are it requires 

less energy and an eco-friendly material as the biocement consist of naturally occurring 

microorganisms and the reaction of urea hydrolysis releases less carbon dioxide. Besides, it is 

more durable than concrete because it can seal the cracks of the concrete automatically. A new 

isolated ureolytic bacteria from a local place, Dark Cave, Selangor has not been studied yet as this 

bacterium was just found recently. In addition, this bacterium was proved too has urease enzyme 

and was able to produce biocement in the previous study by Nadeera Syaeera Binti Azlee from 

Faculty of Science, UTM. However, the optimum conditions for the bacteria to produce a good 

yield of biocement has not been investigated yet. Therefore, this project focused on the 

optimization of biocement production from locally isolated ureolytic bacteria. In addition, the 

effectiveness of using this locally isolated ureolytic bacteria in real-life application such as for 

bioconsolidation of sand is not known. Moreover, there are limited exploitation on ureolytic 

bacteria isolated from limestone cave regions for effective application of biocement. Generally, 

this is because of the extreme environments of the cave which create unfavourable conditions for 

microbes to grow [8]. Thus, the effectiveness of this bacteria in producing calcium carbonate in 

bioconsolidation of sand was determined in this project. 

 

2.0 MATERIALS AND METHODS  

2.1 Validation of Bacterial Strain 

2.1.1 Gram Staining 

A circle about 2 cm diameter was drew on a slide and one end of the slide was labeled with 

the name of organism. The slide was turned over and 1 loopful of sterile water was placed on the 

slide. A small amount of single colony from Bacillus albus was taken using sterilized inoculating 

loop. Then, the colony was mixed with water on the slide. The smear was allowed to air dry at 

room temperature for 10 minutes. The slide was passed over the flame to heat fix the sample. Next, 

the smear was covered with crystal violet for 1 minute. The crystal violet was washed with distilled 
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water. The smear was covered with iodine for 1 minute. The iodine was washed with distilled 

water. Then, the smear was decolorized with alcohol and it was washed with distilled water. The 

smear was covered with safranin for 30 seconds. The safranin was washed with distilled water. 

Finally, the smear was blotted dried with filter paper and the slide was examined under the oil-

immersion objective using a microscope. 

 

2.1.2 Sample Preparation of Bacteria for 16S rRNA Sequencing 

The laminar flow cabinet was used to carry out this procedure for maintaining a sterile 

condition. About 0.5 cm × 0.5 cm of single colony from the overnight nutrient agar plate that had 

been streaked was cut using a sterilized blade. Then, the agar that had been cut was placed inside 

a 1.5 mL centrifuge tube. These steps were repeated to obtain three replicates of cut agar with 

single colony. The centrifuge tubes were sealed with parafilm and labeled after cut agar was placed 

inside it. Therefore, three centrifuge tubes with single colony inside each tube were prepared. The 

bacterial colony sequencing was sent to 1 st BASE (Apical Scientific Sdn Bhd). 
 

2.1.3 Urease Test Media Preparation 

Christensen’s urea agar powder (Merck brand) comprised 1.0 g/L of peptone from meat, 

1.0 g/L of D(+) glucose, 5.0 g/L of sodium chloride, 2.0 g/L of potassium dihydrogen phosphate, 

0.012 g/L of phenol red and 12.0 g of agar-agar. Christensen’s urea agar powder (5.25 g) was 

weighed using a weighing scale and poured in a conical flask in order to prepare a 250 mL of 

Christensen’s urea agar solution. Then, 250 mL of distilled water was added into the conical flask. 

The conical flask was swirled slowly to mix the solution. The solution was autoclaved for 20 

minutes at 121 oC. The solution was allowed to cool down to 45 oC-55 oC. Next, 12.5 mL of 40% 

urea (QREC brand) was added into the mixture. Urea was filtered through 0.20 µm filter since it 

is unstable and breaks during autoclaving. The Christensen urea agar was poured inside several 

sterilized universal bottles and tilted to form slant agar. The surface of the agar in a universal bottle 

was inoculated with Bacillus albus (positive urease) and another universal bottle was inoculated 

with Escherichia coli (negative urease) using a sterilized inoculating loop. Both of the universal 

bottles were incubated at 37 oC for 7 days. The remaining universal bottles with slant agar were 

kept inside a refrigerator at 4 oC. 
 

2.2 One-Factor-At-A-Time (OFAT) Method 

2.2.1 Age of Inoculum 

Bacillus albus (10µL) was inoculated and incubated at 37 oC, 175 rpm for 5 different ages 

of inoculum which were 24 hours, 48 hours, 72 hours, 96 hours and 120 hours in different conical 

flasks containing 100 mL of nutrient broth. For optimization of inoculum ages, three replicates 

were prepared for each age of inoculum. Then, 500 mL of seawater from Pantai Stulang,, Johor 

Bahru and 10% (100 mL) of urea by syringe filter with 100 mL of inoculum that was incubated at 
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different time were added in different 1 L beaker. The beakers were incubated at 37 oC incubator 

without shaking for 7 days. After 7 days, calcium carbonate deposits in the beakers were filtered 

using filter paper and it was kept inside hot air oven for 6 hours at 35 oC in petri dishes. The 

production of biocement using different age of inoculum were weighed using a weighing scale. 

The phase of growth that promoted the highest biocement production was used for subsequent 

steps of the optimization process. 
 

2.2.2 Urea Concentration 

Bacillus albus (10µL) was inoculated and incubated at 37 oC, 175 rpm using the optimized 

age of inoculum in conical flasks containing 100 mL of nutrient broth. Then, 500 mL of seawater 

from Pantai Stulang, Johor Bahru and 100 mL of inoculum with 100 mL of 5 different urea 

concentrations (6%, 8%, 10%, 12% and 14% urea) were added in different 1 L beaker. The urea 

was added by syringe filter. The beakers were incubated at 37°C incubator without shaking for 7 

days. For optimization of urea concentration, three replicates were prepared for each urea 

concentration. After 7 days, calcium carbonate deposits in the beakers were filtered using filter 

paper and it was kept inside hot air oven for 6 hours at 35°C in petri dishes. The production of 

biocement using different urea concentration were weighed using a weighing scale. The urea 

concentration that promoted the highest biocement production was used for validation of 

biocement production from Bacillus albus using the optimized factors. Then, three replicates were 

done for validation of biocement production using optimized factors. The production of biocement 

using the optimized age of inoculum and urea concentration were weighed using a weighing scale. 

 

2.3 Bioconsolidation of Sand Test 

Surface percolation technique was used to treat the sand columns with bacteria and 

cementation solution [9]. The bacterial culture was incubated at 37°C, 175 rpm using the optimized 

age of inoculum in conical flasks containing 50 mL of nutrient broth. The cementation solution 

used to treat the sand columns consist of the optimized urea concentration and seawater from 

Pantai Stulang, Johor Bahru. The components of cementation solution were filtered using syringe 

filter before the solution was used. The set-up of sand columns which used 200 g of autoclaved 

construction sand in each plastic container and placed on a polypropylene sheet with a few holes 

made on the surface of the sheet and bottom of the plastic containers for the effluents of the 

cementation solution to pass through were shown in Figure 1. 
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Figure 1: The set-up of sand columns before treated with Bacillus albus and cementation 

solution. 

The MICP treatment was performed by introducing 50 mL of bacteria culture to fill the 

sand columns in Set 2 only as shown in Figure 2. Then, 50 ml of cementation solution was 

introduced to each sand column in both Set 1 and Set 2 after 6 hours. These steps were repeated 

for 4 days. Both the bacteria and cementation solution were applied on top of the sand columns 

and allowed to percolate by capillary forces and gravity. Next, all the sand columns were left at 

room temperature for 14 days after the treatments were completed. Then, scanning electron 

microscopy (SEM) (Hitachi TM3000) and energy-dispersive X-ray spectroscopy (EDX) 

(SwiftED3000) analysis were carried out on the crushed sand samples of negative control without 

B. albus and replicates with the presence of B. albus after the biocementation test was done. These 

analyses were carried out by a science officer at V01, UTM. 

 

 

Figure 2: The top view of the set-up of sand columns. 
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3.0 RESULTS AND DISCUSSION 

3.1 Validation of Bacterial Strain  

3.1.1 Gram Staining 

Bacteria can be divided into two large groups which are Gram-positive and Gram-negative. 

The method to determine the group of bacteria is by Gram staining. The different responses by the 

bacteria are based on cell wall structure and composition. From the Gram staining analysis (Figure 

3), the shape of bacteria was rod, and it was violet in colour. This shows that the bacteria were 

Gram-positive. The crystal violet stain was retained by the thick layer of protein-sugar complexes 

called peptidoglycan in Gram-positive bacteria. However, the pink safranin counterstain the 

peptidoglycan layer in Gram-negative bacteria as the thin peptidoglycan layer in the periplasm did 

not retain the crystal violet. The uniform shape of bacteria cells also confirmed that the culture was 

pure. 

 

Figure 3: The Gram stain image of Bacillus albus under oil-immersion objective of light 

 

3.1.2 DNA Sequencing Analysis 

Colony of bacteria was cut from agar plate and sent to 1st BASE (Apical Scientific Sdn 

Bhd). Results of gel electrophoresis, DNA sequencing, BLAST (Basic Local Alignment Search 

Tool) and phylogenetic tree were obtained from 1st BASE. 
 

3.1.2.1 Gel Electrophoresis 

Gel electrophoresis separate DNA fragments based on their molecular weight. The result 

of the gel electrophoresis in Figure 4 was obtained from 1st BASE (Apical Scientific Sdn Bhd). 
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According to the DNA ladder, a band was observed at the size of approximately 1500 bp as shown 

in Figure 4. The result showed a good band as the band was clear and bright. 

 

 

Figure 4: The size of Bacillus albus genome compared with the DNA ladder (marker) 

 

3.1.2.2 Nucleotide Sequence Analysis 

The DNA sequence and peaks obtained from results of DNA sequencing can be seen using 

Molecular Evolutionary Genetics Analysis (MEGA) software. Figure 5 shows all the peaks in the 

chromatogram were sharp and clear.  

 

 

Figure 5: The result of DNA sequencing. 
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BLAST (Basic Local Alignment Search Tool) was used to compare nucleotide or protein 

sequences to large sequence databases. The statistical significance of matches are calculated and 

results such as query coverage, total score, max score, e-value and maximal identity are given [10]. 

The top result which was Bacillus albus strain MCCC 1A02146 16S ribosomal RNA, partial 

sequence had the highest percentage identity (100%) with the accession number, NR_157729.1 as 

shown in Table 1. Phylogenetic tree was used in this study to show the evolutionary relationship 

among organisms based on the similarities and differences in their genetic or physical 

characteristics. Based on Figure 7, the position of Bacillus albus was highlighted in yellow colour. 

The phylogenetic tree analysis shows close positioning of B_1439bp to Bacillus albus strain 

MCCC 1A02146 16S ribosomal RNA, partial sequence. Therefore, it showed that the bacterial 

strain was related to Bacillus albus with percentage identity of 100% as conducted by the previous 

study according to 16S rRNA gene sequencing and phylogenetic tree analysis. 

 

Table 1: Determination of bacteria species using BLAST. 

Description Percentage Identity Accession 

Bacillus albus strain MCCC 1A02146 16S 

ribosomal RNA, partial sequence 
100.00% 

 

NR_157729.1 

Bacillus paramycoides strain MCCC 1A04098 

16S ribosomal RNA, partial sequence 
99.93% 

 

NR_157734.1 

Bacillus cereus ATCC 14579 16S ribosomal 

RNA (rrnA), partial sequence 
99.93% 

 

NR_074540.1 

 

 

Figure 7: Phylogenetic tree analysis of B. albus. 
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3.1.3 Urease Test 

Christensen’s medium allow organisms with a slight or delayed urease activity to be 

detected [11]. The essential nutrient in the medium is peptone while dextrose is the source of 

energy. The function of sodium chloride in the medium is to maintain the osmotic equilibrium 

while the phosphate serve as the buffer to the medium. Phenol red will detect the alkaline medium 

and changes colour from orange to pink. In urea hydrolysis, one molecule of ammonia and 

carbamate are produced. The carbamate molecule spontaneously converts into second ammonia 

molecule and carbonic acid in water solution. Then, ammonia is protonated and results in the 

increase of pH which result in the medium to be alkaline [12]. Based on Figure 8 (a), the urea agar 

had a pale orange colour while the urea agar was in yellow colour as shown in Figure 8 (b) after 

incubation at 37 ℃ for 7 days. Figure 8 (c) shows that urea agar had turned to slightly pink in 

colour in the presence of Bacillus albus after incubation at 37 ℃ for 7 days. The urease test need 

to be carried out for about 7 days to obtain a pink colour for the whole urea agar. However, the 

urea agar had turned slightly pink after 7 days but had turned completely pink in colour after 2 

weeks as shown in Figure 8 (d). This is because weakly positive organisms may take several days 

to turn the entire medium pink in colour [13]. Christensen’s medium will turn from pale yellow to 

pink color by the bacteria isolates which are considered as potential positive urease enzyme 

producers during the period of incubation [14]. Therefore, urease enzyme was detected in Bacillus 

albus as the pink colour started to form in the urea agar after 7 days as shown in Figure 8 (c). On 

the other hand, Escherichia coli had negative results for the urease test using Christensen’s 

medium. This is because most Escherichia coli had no urease in it and only about 1% of E. coli 

strains had urease enzyme [15]. 

 

 

Figure 8: a) Urea agar as control, b) urea agar streaked with Escherichia coli and c) urea agar 

streaked with Bacillus albus after 7 days and d) urea agar streaked with Bacillus albus. 

 

3.2 Optimization of Biocement Production 

Different types of bacteria have different optimum factors in precipitating the maximum 

amount of biocement. Therefore, one-factor-at-a-time (OFAT) was done to optimize the optimum 

factors for the locally isolated ureolytic bacteria, B. albus. 
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3.2.1 The Effect of Inoculum Age 

The time points such as 24 hours, 48 hours, 72 hours, 96 hours and 120 hours represented 

different stages of bacteria growth or age of inoculum. Based on Figure 9, the weight of biocement 

production for the bacterial culture reached its maximum value at 72 hours (0.4022 ± 0.0209 g) 

inoculum age. The weight of biocement production reduced after further incubation at 96 hours 

(0.2814 ± 0.0103 g) and 120 hours (0.2726 ± 0.0045 g). The reduction of biocement production 

might be due to the decrease in essential nutrients or inadequate sugar contents in the medium 

which lower the urease enzyme production [16]. In addition, the active sites of the microbial 

enzyme are saturated by the substrate molecules and might reduce the urease activity [17]. This 

state occurs when ureolysis has been completely used up. 

 

 

Figure 9: The effect of inoculum age on biocement production. 
 

3.2.2 The Effect of Urea Concentration 

Urea is hydrolyzed by urease enzyme in bacteria to increase the ambient pH for carbonate 

precipitation that favors the formation of supersaturated conditions [18]. Urea is used as a source 

of energy and nitrogen by the bacteria. Nitrogen is a key building block of protein, enzymes and 

nucleic acids. Therefore, it is needed to support the maximal growth of the bacteria [19]. Figure 

10 shows that B. albus has the ability to grow and produce biocement on 6% (0.2810 ± 0.0084 g), 

8% (0.2920 ± 0.0325 g) and 10% (0.3415 ± 0.0308 g) urea concentration. However, the average 

weight of biocement production at 12% (0.6339 ± 0.0407 g) urea concentration was the highest. 

Therefore, higher concentration of urea is recommended to cultivate ureolytic bacteria for MICP 

process [9]. In urea hydrolysis, the release of ammonia is advantageous to ureolytic bacteria which 

uses ammonia for Adenosine triphosphate (ATP) generation. ATP generation by higher 

concentration of ammonia can lead to more metabolic and enzymatic activities [20]. The average 

weight of biocement production decreased at 14% (0.2510 ± 0.0544 g) urea concentration. The 

increase in urea concentration can lower the biomass production by bacteria [21]. This is because 
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the energy utilized by ATP would be reduced for microbial replication and growth. Then, it is used 

to generate and supply energy enzymatic reactions [20]. 

 

 

Figure 10: Effect of urea concentration on biocement production. 

 

3.2.2 The Effect of Urea Concentration 

Urea is hydrolyzed by urease enzyme in bacteria to increase the ambient pH for carbonate 

precipitation that favors the formation of supersaturated conditions [18]. Urea is used as a source 

of energy and nitrogen by the bacteria. Nitrogen is a key building block of protein, enzymes and 

nucleic acids. Therefore, it is needed to support the maximal growth of the bacteria [19]. Figure 

10 shows that B. albus has the ability to grow and produce biocement on 6% (0.2810 ± 0.0084 g), 

8% (0.2920 ± 0.0325 g) and 10% (0.3415 ± 0.0308 g) urea concentration. However, the average 

weight of biocement production at 12% (0.6339 ± 0.0407 g) urea concentration was the highest. 

Therefore, higher concentration of urea is recommended to cultivate ureolytic bacteria for MICP 

process [9]. In urea hydrolysis, the release of ammonia is advantageous to ureolytic bacteria which 

uses ammonia for Adenosine triphosphate (ATP) generation. ATP generation by higher 

concentration of ammonia can lead to more metabolic and enzymatic activities [20]. The average 

weight of biocement production decreased at 14% (0.2510 ± 0.0544 g) urea concentration. The 

increase in urea concentration can lower the biomass production by bacteria [21]. This is because 

the energy utilized by ATP would be reduced for microbial replication and growth. Then, it is used 

to generate and supply energy enzymatic reactions [20]. 

 

3.2.2 Biocement Production using Optimum Factors 

Different types of ureolytic bacteria have different optimum factors that affect their weight 

of biocement production. Based on Figure 11, the average weight of biocement production using 
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the optimum factors was 0.6249 g and the standard error (0.0093) was small. Standard error is a 

measure of the standard deviation of its sampling distribution. This shows that the optimum factors 

represent an accurate representation of the true population mean as the means are less spread out. 

Therefore, the optimum factors for biocement production of Bacillus albus were 72 hours 

inoculum age and 12% urea concentration. 

 

 

Figure 11: The average weight of biocement production using optimum factors of 72 hours 

inoculum age and 12% urea concentration. 

 

3.3 Bioconsolidation Treatment on Sand 

The formation of white precipitates at the sand columns indicate that there may be 

formation of biocement or calcium carbonate precipitation at the sand columns. Based on the 

observation of bioconsolidation tabulated in Table 2, there were absence of white precipitates on 

the surface of the sand columns for both columns untreated (negative controls) and treated with 

ureolytic bacteria, B. albus on Day-4. The surface of the sand columns were smoother and more 

compact but there were still absence of white precipitates after 14 days for both controls and 

replicates treated with bacterial solution. The negative controls were done to show the chances of 

the precipitates forming at the sand columns were due to microbial urea hydrolysis and not from 

other process. However, the negative controls had more white precipitates on the surface of sand 

columns than the replicates treated with bacterial solution after drying in the oven. 
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Table 2: Comparison of biocement production on sand columns without and with the presence 

of bacterial solution. 

Qualitative analysis 
Negative controls 

(without bacterial solution) 

Biocement production 

(with bacterial solution) 

Day 4 

Upper View 

 

Day 4 

Side View 

Day 14 

Upper View 

Day 14 

Side View 

Day 14 

After Drying 

Upper View 

Day 14 

After Drying 

Side View 
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The white precipitates formed on the surface of negative controls may be due to process 

other than urea hydrolysis or the presence of organisms with high urease activity in the sand 

columns. In the production of biominerals, there are 3 different mechanisms. The first mechanism 

is the organisms control the nucleation and minerals growth [22]. At a specific location within or 

on the cell, the minerals are directly synthesized but under certain conditions. The second 

mechanism is the presence of organic matter such as cell surfaces or extracellular polymeric 

substances associated with biofilms that caused passive mineral precipitation [23]. The last 

mechanism is the biological activity that caused chemical modification of an environment which 

results in supersaturation and the precipitation of minerals. The white precipitates on negative 

controls may be contributed by the formation of soluble salts as reaction by-products [24]. The 

small amount of white precipitates formed on sand columns treated with bacterial solution 

indicated that there were still presence of nucleation sites for attachment of calcium [9]. The 

addition of bacterial solution will promote more urease enzyme. The calcium attaches more readily 

to the bacterial cell surface as the electronegative characteristic of the bacteria increases which 

induce precipitation of calcium carbonate [25]. In addition, the urease activity in B. albus may 

decreased during storage at 4°C refrigerator for several days. According to Stabnikov et al. (2013), 

Bacillus sp. VUK5 and VS1 loss 31% of urease activity of initial value after 24 days of storage at 

4°C refrigerator [26]. This shows that for practical applications, the bacterial culture should be 

used directly after preparing it or probably stored as dry material. The bacterial culture and 

cementation solution were easily transported inside the sand particles with the help of gravity and 

capillarity using surface percolation method on the sand columns [27]. The advantage of this 

method is that it does not require heavy machinery due to the free draining of water movement 

[28]. However, this method can distorted the surface of the sand columns as shown in all the side 

view of the sand columns for Table 2 and not suitable for fine-grained soil such as clay due to the 

low rate of permeability. 

 

3.3.1 SEM and EDX Analyses 

Scanning electron microscopy (SEM) analysis gives a magnified image of a sample using 

an electron beam while energy dispersive X-ray analysis (EDX) analysis shows the elemental 

composition present in a sample. Based on Figure 12, replicates 1, 2, 3 and negative control showed 

crystals formed on the surface of the sand particles. Generally, small, round and scattered crystals 

were precipitated on the sand particles. The appearance of the samples with B.albus were less 

porous compared to control visibly. 
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Figure 12: SEM analysis of a) replicate 1, b) replicate 2 and c) replicate 3 treated with Bacillus 

albus while d) negative control treated with cementation solution only with formation of crystals 

indicated by the black boxes. The magnification of the SEM micrographs used were 3000×. 

 

Based on EDX analysis, elements of calcium and magnesium in the sand columns for the 

samples with B. albus and negative control were analyzed through the differences between atomic 

percentage of calcium and magnesium of samples and control as shown in Figure 13. Both calcium 

and magnesium can be detected by EDX which shows the precipitation of calcium carbonate and 

magnesium carbonate in many possible conditions [29]. However, the value for both calcium and 

magnesium elements were negative. This may be due to low concentration of calcium ions in 

seawater at about 10 mM [30]. This might also happened due to low concentration of magnesium 

in the seawater. Nevertheless, seawater can still be considered as calcium source for MICP. The 

cementation solution consists of urea as the nitrogen and energy source while seawater as the 

calcium source. Seawater was used because it allow savings in cost of chemicals. In addition, it 

opens up novel ways for soil stabilization in marine and coastal applications as naturally occurring 

calcium and urea (urine) enables biocementation in marine environments. Moreover, the seawater 

used for this project was from the same location (Pantai Stulang, Johor Bahru) as previous study 

and the study showed that the seawater had the highest water hardness (1643.28 ppm) compared 

to drinking water (28.056 ppm) and tap water (10.981 ppm). This was supported by a finding 

which showed that the seawater has more calcium, magnesium and mineral ions than soft water as 

the total hardness in 20 ml of seawater (55 mg/ml) was greater than in 20 ml of soft water (17.5 

mg/ml) [31]. 
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Figure 13: Chemical elements profile during bioconsolidation application on sand by Bacillus 

albus. 

 

4.0 CONCLUSION 

The isolated bacterial strain identified in previous study was validated by morphology of 

bacteria and the DNA sequence. The bacteria was Gram-positive, had urease enzyme and 

annotated as Bacillus albus with 100% identity. The biocement production from Bacillus albus 

using one-factor-at-a-time (OFAT) method was optimized. The optimum factors for biocement 

production were 72 hours inoculum age and 12% urea concentration with an average yield of 

0.6249 ± 0.0093 g of biocement production. The effectiveness of biocement production using the 

optimized conditions for bioconsolidation of sands treated with Bacillus albus was not given 

significantly positive result as there were biocement in both negative control and replicates with 

Bacillus albus. Therefore, further studies on factors that affect efficiency of MICP such as 

temperature, calcium source and storage of bacteria culture are required to improve the 

bioconsolidation of sand using Bacillus albus. Next, the need for controls in optimization of 

biocement production experiment to verify the results obtained. This study also allow further 

exploration of genomic study involve in biocement. In addition, the methods involved in 

bioconsolidation of sand need to be improved to obtain a better result. 
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APPENDIX 

 

 

Figure 14: EDX spectrum of replicate 1 (with bacterial solution). 

 

Figure 15: EDX spectrum of replicate 2 (with bacterial solution). 

 

Figure 16: EDX spectrum of replicate 3 (with bacterial solution). 
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Figure 17: EDX spectrum of control (without bacterial solution). 
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