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Biosciences Symposium of the Final Year Undergraduate Project 2019
SYNOPSIS

This Bioscience Symposium 2019 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.
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FOREWORD OF THE BIOSCIENCE DEPARTMENT DIRECTOR

First and foremost, I'd like to congratulate our final year students for successfully presenting
and defending their projects during the annual Undergraduate Research Symposium held at the
Department of Biosciences (T02), Faculty Science for the 2018/2019 session.
Our undergraduate students carry out a substantial individual project in their final year as part
of the requirement to attain their Bachelor degrees. Each project is supervised and or cosupervised by an academic member of the faculty and challenges our students to demonstrate
their academic knowledge in an experiential way. The published proceedings and abstracts
from the Undergraduate Research Symposium documents the scientific research findings of the
bioscience based projects conducted by the students. It is sincerely hoped that this event will
develop students’ interest in research and further improve their communication skills in the
form of scientific writing and oral presentation.
Finally, I’d like to thank our Final Year Undergraduate Project committee members led by Dr
Zarita Zakaria for their hard work and commitment to ensure the success of the symposium. It
is hoped that the symposium will continue to be held annually and provide a platform for
nurturing great minds!

ASSOC. PROF. DR. SHAFINAZ SHAHIR
Director of Bioscience Programs
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SYMPOSIUM SCHEDULE

SESSION 1 (7TH MAY 2019)

7TH MAY
2019
TIME
9.00 AM
9.20 AM
9.40 AM
10.00 AM

BK 1 BACTERIA-FUNGUS-YEAST/PHAGE/BACTERIOLOGY/BACTERIA ISOLATION
STUDENT

SUPERVISOR

NURUL AQIDAH BINTI SALIKAN

NOR AZIMAH MOHD ZAIN

NURUL LIYANA BINTI HASSAN

NOR AZIMAH MOHD ZAIN

NUR HIDAYAH BINTI MOHD DZUKHI

NOR AZIMAH MOHD ZAIN

SOLEHA BINTI SABIRIN

ZARITA ZAKARIA

LEE TAU SHEN
NUR FATIN ATHIRAH BINTI SYED MOHAMAD
ANUAR

FAHRUL

NURUL BALQIS BINTI HUSIN

ZARITA ZAKARIA
NURLIYANA

10.20 AM
10.40 AM
11.00 AM
11.20 AM
11.40 AM

7TH MAY
2019
TIME
9.00 AM
9.20 AM
9.40 AM

NUR HIDAYAH BINTI MAIL
NURFATIHAH BINTI MOHD SHARIFF

NUR IZZATI

NURLIYANA

TITLE

PAGE

Isolation of Antibiotic Resistant Bacteria from Rivers in Terengganu

16

Isolation of Antibiotic Resistant Bacteria from Rivers in Kelantan

17

Isolation of Antibiotic Resistant Bacteria from Rivers in Kedah

18

Effect of Cold Plasma Treatment in Mushroom Decontamination

19

In Vitro Evaluation of Trichoderma harzianum for Antagonistic Activities
against Ganoderma boninense
Characterization of Thermophilic Cyanobacteria from Hot Springs in East
Peninsular Malaysia
Isolation and Characterization of Ureolytic Bacteria for Biocement

20
21
22

Antibacterial Effect of Silver Nanoparticle-Multiwalled Carbon Nanotubes
(AgNP-MWCNT) on Isolated Bioaerosol Bacteria
Development of Electrospun Poly (Vinyl Alcohol)/ Multi-walled Carbon
Nanotubes/Curcumin (PVA/MWCNT/Cur) Nanofiber for Anti-bacterial
Activity

23
24

BK 2 BACTERIA-FUNGUS-YEAST/PHAGE/BACTERIOLOGY/BACTERIA ISOLATION
STUDENT
MOHAMAD IZZAT BIN MOHAMAD
NUR ANISA BINTI SAPI'I
SALLINI A.P GUNASEGARAN

SUPERVISOR

TITLE

PAGE

SALEHA BINTI SHAHAR

Potential Source-Tracking Fecal Coliform from Goat Stool

25

SALEHA BINTI SHAHAR

Beneficial Phages: Characterizing Phages as a Tool of Pollution Marker

26

SALEHA BINTI SHAHAR

11.00 AM

-

NUR SYAZWANI BINTI RIZAL

ADIBAH

Biocomposting of Oil Palm Empty Fruit Bunch Using Premature Compost
and Palm Oil Mill Effluent.

RAHIMATUL AZIERA BINTI MOHAMAD

ADIBAH

Biocomposting of Oil Palm Empty Fruit Bunch Using Premature Compost
as Inoculum

11.20 AM

27
28

29
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11.40 AM
NORHAFIZA BINTI NORDIN

7th May
2019
TIME
9.00 am
9.20 am

Production of Oil Palm Empty Fruit Bunch Compost Using Mature
Compost as Inoculum

ADIBAH

30

PBL 2 PLANT-RELATED SCIENCES

STUDENT
NURUL IZATI BT AZMAN
INTAN NOR SALWA BINTI MAHADZIR

9.40 am

SUPERVISOR

Ameliorating Iron Toxicity by Using Zinc in Rice at Seedling Stage.

31

ALINA BINTI WAGIRAN

Effect of Amino acids and Desiccation treatment on Callus Induction of
Malaysian Wetland Rice

32

FAZILAH

Total Phenolic and Flavonoid Content of Elaeis guineensis Treated With
Different Amount of Nitrogen-Potassium Fertilizer

33

FAZILAH

Photosynthetic-Related Properties of Oil Palm Treated With Different
Amount of Fertilizer

34

ZAIDAH BINTI RAHMAT

Identification of Hydrolyzed Proteins from Orthosiphon stamineus

35

ZAIDAH BINTI RAHMAT

Antioxidant Activities of Protein and Protein Hydrolysates from
Orthosiphon stamineus sp.

36

NUR HANIS BINTI NOR KAMAL
10.20 am

PAGE

JAVED

HAZRINA BINTI HASAN
10.00 am

TITLE

FAHDA MELISSA BINTI MOHSIN
10.40 am

NURSYAHIRAH BINTI HAIZAN

11.00 am

ZAIDAH BINTI RAHMAT

Antioxidant Activities of Protein and Protein Hydrolysates from Moringa
oleifera

37

SALEHHUDDIN

Antibacterial, Antioxidant Activity and GC-MS Analysis of Citrus hystrix
Leaves Extract

38

SALEHHUDDIN

Antibacterial, Antioxidant Activity and GC-MS Analysis of Citrofirtunella
Microcarpa Leaves

39

TITLE

PAGE

NURUL FAJRINA NABILAH BINTI MOHD SUKARDI
11.20 am
NORBADRIYYAH BINTI AMRIN
11.40 am
UMI JAMILAH BINTI YAHYA

7TH MAY
2019
TIME
9.00 AM
9.20 AM
9.40 AM
10.00 AM
10.20 AM

PBL 1 ENVIRONMENTAL SCIENCES
STUDENT
NUR FAKHIRA BINTI MOHD ASRI
NURAINI BINTI IDRIS
IVORYMELISSA JOHNES
SITI HAJAR BINTI SARIF
NURUL AIN BINTI SALLEHHUDDIN

SUPERVISOR

Optimization of Microalgal Lipid Extraction via Ozone-Rich
Microbubbles

40

FARIZAL

In-Situ Sterilization of Microalgae Photobioreactor Via Ozone-Rich
Microbubbles

41

NURASHIKIN

Evolution Adaptive Study of Bacillus Cereus and Bacillus Subtilis in
Submerged-Liquid Biodegradation System of OPEFB

42

NURASHIKIN

Evolution Adaptive Study of Aspergillus Niger in Degrading Oil Palm
Empty Fruit Bunches (OPEFB) using Solid-State Biodegradation System

43

NIK AHMAD NIZAM

Biosorption of Anionic Dye by Cetyltrimethylammonium Bromide
Modified Oil Palm Leaf Powder

44

FARIZAL
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10.40 AM
11.20 AM
11.40 AM

7TH MAY
2019

AZMAN

Effect of Different Auxin Concentrations on Biomass Induction, Total
Phenolic and Total Flavonoid Content of Justicia Gendarussa

45

FATIN AMIRAH BINTI MD KASIM
NUR FATIN NAJIHAH BINTI MAT HUSIN

NURRIZA ABDUL LATIF

Antiadherence and Antibiofilm Activities of Juniperus Virginiana
Essential Oil against Oral Bacteria

46

NURRIZA ABDUL LATIF

Antibacterial Activity of Lavandula Angustifolia Essential Oil on Oral
Bacteria

47

TITLE

PAGE

NUR FATINI BINTI ZAKARIA

AAL-DINAWARI BIOINFORMATICS & PROTEIN STRUCTURAL ANALYSES

TIME
9.00 AM
9.20 AM
9.40 AM

STUDENT

SUPERVISOR

ARINAASNA BINTI MAT TAMIDI

RAZAUDEN

SITI HAJAR BINTI ABD RAHIM

RAZAUDEN

SITI KHALIJAH BINTI ANUAR

RAZAUDEN

10.00 AM

HUSZALINA
NASUHA BINTI ABDUL AZIZ

10.20 AM

3D Structural Prediction of Catechin Specific Aptamer
In Silico Evaluation of Luteolin Specific Aptamer
3D Computational Prediction of Kaempferol Specific Aptamer
Computational Study on Ferulic Acid Metabolism by Extracellular Enzymes of
Phanerochaete chrysosporium

48
49
50

51

SYAZWANI ITRI BINTI AMRAN

Production of Lactic Acid from Fermentation of Food Waste Using
Lactobacillus sp. for Bioplastic Material

52

AMAL BINTI MD NAEYEM
10.40 AM

MUHAMMAD AMIRUL BIN ABDUL RAZAK

FARIZAL

Cultivation of Nannochloropsis sp in Different Photobioreactor System

93

11.00 AM

NURSYAFIQAH BINTI ZALZALAH

SYAZWANI

In Silico Screening of Phytochemicals as Potential Anti-Obesity Agent

53
54

NURASHIKIN

Evolution Adaptive Study of Co-Cultures in Liquid and Solid State
Biodegradation Systems of Oil Palm Empty Fruit Bunches (OPEFB)

11.20 AM
NUR FATNIN BINTI MOHD KHAIRUZAMAN

7TH MAY
2019

AL HAZEN (LEVEL 2) MOLECULAR BIOLOGY/GENETIC ENG/METAGENOMICS

TIME

STUDENT

9.00 AM

SUPERVISOR

DNA Barcoding for Authentication Of Processed Fish Products Using
Cytochrome C Oxidase Subunit I Gene

55

FAEZAH MOHD SALLEH

DNA Barcoding Using Mitochondria Marker Cytochrome B for Processed
Fish Product Authentication

56

ALINA

Phylogenetic Analysis of ITS2 Marker in Whisker Cat Plant

57

ALINA

PCR Optimization and Amplification of rbcL Marker from Whisker Cat Plant

58

SIM KAH SHEAN
9.40 AM
10.00 AM

NABILA BINTI SHOKRI
NUR DHUHAA BINTI TAJUL ARIFIN

PAGE

FAEZAH MOHD SALLEH
FOO SHI XIANG

9.20 AM

TITLE
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10.20 AM

FATIN QURRATA'AINI BINTI RUSLAN

10.40 AM

Bioinformatic analysis and PCR amplification of azoreductase from
Lysinibacillus fusiformis.

HARYATI
SYAZWANI

Extraction and Characterization of Pectin from Pineapple (Ananas comosus)
Wastes

NURSYUHADA AKMA BINTI ABDUL KADIR

AZMAN ABD SAMAD

Optimisation of Plant Biomass of Orthosiphon Stamineus

MOHD HELMI SANI

Characterization of Cellonsphere™ 3 Microcarrier on Mesenchymal Stem Cell
Monolayer Culture

62

ADLIA ADHIHA BINTI MOHD NOOH

Anticancer Effects of Ginger And Retinoic Acid Treatment On Cervical
Cancer Cells

63

NURUL ASYIQIN BINTI KASSIM
11.00 AM

59

11.20 AM
11.40 AM

PRASEETHA
LIEW KHAI FENG

60
61

SESSION 2 (7TH MAY 2019)

7TH MAY
2019
TIME

BK 1 PLANT RELATED & BIOCHEMISTRY/ANALYTICAL CHEM-BIOCHEMISTY
STUDENT

2.00 PM

SUPERVISOR

NURLIYANA
SAFARINA BINTI HAMZAH

2.20 PM

SITI FATIMAH MASTURAH BINTI MUSA

3.20 PM

65

NORAHIM BIN IBRAHIM

The Effect of Aluminium, Magnesium and Calcium on Growth and Production
Yield of Capsicum Frutescens via Organic Approach

66

NORAHIM BIN IBRAHIM

Application of Compost and its By product in Capsicum frutescens Production

67

NUR IZZATI

Comparison of Four Genomic DNA Extraction Methods to Obtain DNA from
Citrus Sinensis and Amplification of Flavonoids Biosynthetic Genes

68

SITI SYAZWANI BALQIS BINTI MOHD NAIM

7TH MAY
2019
TIME

BK 2 BACTERIA-FUNGUS-YEAST/PHAGE/BACTERIOLOGY/BACTERIA ISOLATION & FERMENTATION TEHNOLOGY
STUDENT

2.00 PM

SUPERVISOR

TITLE

PAGE

CHONG CHUN SHIONG

Characterization of Plant Growth-Promoting and Plant Biomass-Decomposing
Bacteria from Mangrove

69

CHONG CHUN SHIONG

-

-

MUHAMMAD RAMZIUDDIN BIN ZAKARIA
2.20 PM

64

The Effect of Neem oil, Chili and Garlic as Organic Pesticides in Controlling
Pest and Diseases in Capsicum Cultivation

SITI KHADIJAH BINTI ZUBAIR
3.00 PM

Development of Electrospun Polyvinyl Alcohol- Multiwalled Carbon
Nanotubes (PVA-MWCNT) Nanofiber for Curcumin Delivery

PAGE

NORAHIM BIN IBRAHIM
SITI HAJAR BINTI MOHAMAD YUSOF

2.40PM

TITLE

WAN MUNIRAH BINTI WAN KAMARULZAMAN
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2.40PM

NUR AQILAH DAYANA BINTI MOHD AMIN DAVID

3.00 PM

CHONG CHUN SHIONG

Characterization of Xylanase Producing Microbulbifer sp. CL 15.

70

SHAFINAZ BINTI SHAHIR

Isolation and Characterization of Microorganisms Isolated From Explosive
Wastewater

71

SHAFINAZ BINTI SHAHIR

Biological Nanoparticles Production by Heavy Metal Resistant Bacteria

72

NUR NABILAH BINTI KAMARUDDIN
3.20 PM

7TH MAY
2019

SITI NURSYAHIRAH BINTI MAHAT

PBL 2 BIOCHEMISTRY/CHEMISTRY/FOOD/ANALYTICAL CHEM-BIOCHEMISTY

TIME

STUDENT

SUPERVISOR

2.00 PM

73

Antioxidant and Anticancer Properties of Extract from Locally Isolated Marine
Microalgae

74

SYAHIRA BINTI ZAKARIA

75

MOHD IRSYAD BIN SHARIF

In Silico Comparative Study Between Dehalogenase Gene From Bacillus
Cereus WH2 And A-Haloalkanoic Degrading Bacterial Strains That Can Act
On 3-Chloropropionic Acid

KHAIRUNADWA

Histological Evaluation of Wound Healing Activity using Essential Oils
Formulation

76

SALEHHUDDIN

Antibacterial, Antioxidant Activity and Gc-Ms Analysis of Clinacanthus
Nutans Leaves Extract

77

HARYATI

2.20 PM

HARYATI

2.40PM

3.00 PM

FAHRUL

YONG SIN YEE
3.20 PM
ARIZA HUSNA BINTI ROSLI

TIME

PAGE

Expression of Recombinant Intracellular Serine Protease from Bacillus
Pumilus

LOH YONG SHEN

7TH MAY
2019

TITLE

PBL 1 BIOCHEMISTRY/CHEMISTRY/FOOD/ANALYTICAL CHEM-BIOCHEMISTY
STUDENT

2.00 PM
FARAH EIZZATY BINTI AHMAD TAJUDDIN
2.20 PM
NURUL ATILEA AMALEENA BINTI ROSLI
2.40PM

SUPERVISOR

NADEERA SYAEERA BINTI AZLEE

PAGE

NIK AHMAD NIZAM BIN NIK
MALEK

Antibacterial Activity of Chlorhexidine Modified Kaolinite against Oral
Bacteria

78

NIK AHMAD NIZAM BIN NIK
MALEK

Antibacterial Activity of Silver Modified Synthesized Zeolite from Kaolinite

79

NUR IZZATI

Comparative Study of Black Pepper Plant Fungal Inhibition by Chemical And
Biological Fungicides Attached On Activated Carbon

80

ZARITA BINTI ZAKARIA

Isolation and Characterization of Ureolytic Bacteria from Dark Cave, Selangor
for Biocement Production

81

NABIHAH BINTI AZHARY
3.00 PM

TITLE
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3.20 PM

ZARITA BINTI ZAKARIA
NOR AYUNI BINTI JASNI

7TH MAY
2019

2.20 PM

STUDENT
KHAMISSIAH BINTI EHWAN
NURUL ASSHEQUEEN BINTI MOHD NAZAM

2.40PM

SUPERVISOR
HUSZALINA
HUSZALINA
NURRIZA ABDUL LATIF

ANIS FARIHAN BINTI ISMAIL
3.00 PM

PAGE

Identification of Protease Producing Bacteria from Food Waste Compost
Isolation and Identification of Composting Bacteria from Vegetable Waste

83
84

Antibacterial Activities of Elettaria Cardamomum Essential Oil against Oral
Bacteria

85

Production of Biobutanol by Clostridium Beijerinckii SR1 using Glucose as
Seawater Medium

86

MADIHAH
MADIHAH

Production of Bioethanol by Marine Yeast Strain A3P1 Using Seawater
Medium in Fed-Batch Culture

87

SYAMIRUL HAIDIL BIN SHARULNAHAR

AL-HAZEN (LEVEL 2) EUKARYOTES/ANIMAL CELL/CANCER/VIRUS

TIME

STUDENT

SUPERVISOR

2.00 PM

TITLE

PAGE

KHAIRUNADWA JEMON

Anticancer Activity of Carbon Nanotubes-Mediated Hyperthermia Treatment
in Murine Breast Cancer Model

88

MUHAMMAD REDZA BIN MOHD RADZI

MOHD HELMI SANI

Characterisation of Cytodex-3 Microcarrier on Mesenchymal Stem Cells
Monolayer Culture

89

LIM KHENG JIANG

MOHD HELMI SANI

Characterization of Cellonsphere 2 Microcarrier on Mesenchymal Stem Cells
Monolayer Culture

90

NURUL HUDA BINTI YUSRI

Anticancer Effects of Retinoic Acid and Ginger Treatment on Breast Cancer
Cells

91

2.20 PM
2.40PM
3.00 PM

PRASEETHA
LUU KAI SHIN

3.20 PM

TITLE

NURFADHILA NASYA BINTI RAMLEE
3.20 PM

7TH MAY
2019

82

AL-DINAWARI FERMENTATION TECHNOLOGY

TIME
2.00 PM

The Effect of Storage on the Stability of 13BN, MEA 01 and KW55P Protease
Enzymes

TAN HUIYI

PRASEETHA

Anticancer Effects of Cisplatin and Ginger Treatment on Breast Cancer Cells

92
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Isolation of Antibiotic Resistant Bacteria from Rivers in
Terengganu
Nurul Aqidah Salikan 1 and Nor Azimah Mohd Zain 1,*
1

Department of Biosciences, Faculty of Sciences, Universiti Teknologi Malaysia, 81310 Johor Bahru,

Johor, Malaysia
*Correspondance to: norazimah@utm.com

Abstract
Infectious disease that cause by antibiotic resistant bacteria are more difficult to treat because
the ability of these bacteria to avoid the effect of antibiotic medication. Nowadays, water
environment especially river have become the reservoir for the dissemination of antibiotic
resistant bacteria due to antibiotic contamination derived from human activities. The exposure
to antibiotic resistance bacteria in water increase the health risks associated with the waterborne
bacteria in animals and humans. Therefore, this study was carried out to investigate the presence
of antibiotic resistant bacteria from two rivers water in Terengganu; Ibai River and Terengganu
River. A total of 24 bacterial strains were isolated from both rivers. Out of 24 bacteria strains,
22 of them were Gram-negative while the others were Gram-positive bacteria. The bacterial
species were identified using biochemical tests and predicted as Staphylococcus sp.,
Enterobacter sp., Proteus sp., Klebsiella sp., Salmonella sp., Pseudomonas sp., Bacillus sp., and
also Vibrio sp.. Antibiotic susceptibility of the bacteria isolates were assayed according to the
Kirby-Bauer disk diffusion method using six types of antibiotics; ampicillin, rifampicin,
gentamicin, tetracycline, ciprofloxacin and chloramphenicol. The results of this study indicate
that all of the bacterial strains were resistant to at least two antibiotics tested. The multiple
antibiotic resistant (MAR) index of these bacteria was calculated and 23 bacterial strains with
MAR index more than 20% were selected for 16S rRNA gene sequencing. This result showed
that both of the river water may expose to high level of antibiotics compound which may lead
the bacteria to develop mechanism of antibiotic resistant.
Keywords: Antibiotic Resistant Bacteria, River, Multiple Antibiotic Resistant (MAR) Index
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Abstract
Antibiotic resistant bacteria have been a major concern due to the problems that they may pose
in terms of public and environmental health. This present study aimed to investigate the
presence of antibiotic resistance among bacterial strains isolated from rivers and to determine
the impact of various human activities on the distribution of antibiotic resistant bacteria.
Bacteria were isolated from river water samples of Lebir River (Point 1 and Point 2) and
Kelantan River (Point 3 and Point 4). Antibiotic susceptibility test was conducted on the
bacterial isolates against six types of antibiotics (ampicillin, gentamycin, tetracycline,
chloramphenicol, rifampicin and ciprofloxacin) was performed, followed by characterization
and identification of the isolates using a series of biochemical tests and 16S rRNA gene
sequencing. The findings show the presence of antibiotic resistant bacteria in all four samples,
indicating the relationship between the resistance of isolates and the human activities within the
vicinity of the area. Out of 27 bacterial isolates that were successfully isolated from the rivers,
this present study has identified five bacterial isolates with high multiple antibiotic resistance
(1D, 2C, 3G, 3H and 4B) as Bacillus licheniformis (1D and 2C), Microbacterium testaceum
(3G), Lysinibacillus macroides (3H) and Bacillus cereus (4B). However, further analysis of the
antibiotic resistant bacteria is recommended to further identify and understand them due to the
potential risk that they may pose to human and environment.
Keywords: Antibiotic Resistant Bacteria, Multiple Antibiotic Resistance, River Water,
Kelantan
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Abstract
Antibiotic resistant bacteria is one of the biggest threats to public health as it’s threatening our
capabilities in order to cure infectious disease. This is due to, antibiotic become less effective
against antibiotic resistant bacteria. Therefore, aquatic system provide as an ideal surroundings
for the environmental release, mixing, spreading of antibiotic resistant genes (ARGs) and
antibiotic resistance bacteria. In this study, a total of 26 bacterial colonies were isolated from
water samples collected at the upstream (near to the residential area) and the downstream (near
to agriculture, fishing and industrial area) in Kuala Muda and Sungai Petani River, Kedah. The
isolated bacteria were tested for their susceptibility towards six antibiotics (gentamicin,
ampicillin, rifampicin, chloramphenicol, tetracycline and ciprofloxacin) by using Kirby-Bauer
disk diffusion method. Based on the test, 30.8% of the bacterial isolated were antibiotic
resistance (AR) and 57.7% were multiple antibiotic resistance (MAR). MAR index was
calculated for each isolates. The results revealed that 11 of the isolates have MAR index more
than 20% and were chosen for further identification using 16S rRNA gene sequencing. Based
on the conducted biochemical tests conducted, the isolated bacteria were predicted as Vibrio sp,
Salmonella sp, Pseudomonas sp, Bacillus sp, Staphylococcus sp, Enterobacter sp, Proteus sp,
and Klebsiella sp. Based on the study, the existence of antibiotic resistant bacteria in the rivers
indicated that Kuala Muda and Sungai Petani might has been contaminated with antibiotic.
Hence, this type of pollutant may lead to significant risk towards human health and
environmental.
Keyword: Antibiotic Resistant Bacteria, River, MAR Index
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Abstract
The purpose of this study is to evaluate the effect of the cold plasma treatment in mushroom
decontamination with various exposed times. Basically, cold plasma treatment is a method used
to kill and inhibit bacteria growth. In this case, oyster mushrooms are being used to be treated
with the plasma particles. Cold plasma treatment system used located in T05 which newly built
for studies. In order to identify the species contaminating the mushroom, isolation and screening
of bacteria from treated mushroom were performed. As results, two bacteria trains were
successfully isolated called as strain SOL4 and strain SOL22. Gram staining was performed to
determine the group and ensure the colony obtained was pure culture. Once the isolation has
been carried out, trend of bacterial colonies growth found to be reduced as the treatment times
increased and influenced by the serial dilution too. Then, 16s rRNA sequencing analysis for
both strains was carried out followed by phylogenetic analysis. According to the BLASTn
results of sequencing and phylogenetic tree, strain SOL4 is belong to Serratia ureilytica strain
NiVa 51 with 97% of percentage of identical while strain SOL22 is closely related to
Burkholderia gladioli strain LMG 2216 with 99% percentage of identical. Next, SEM analysis
was done by using bacteria pellets from both strains which treated for 5M and being compared
with control which is non-treated. The images obtained were not showing significance different
between two parameters stated above. In summary, this study showed that the cold plasma
treatment did not yet fully efficient in inhibiting the bacteria growth contaminating the
mushroom.
Keywords: oyster mushroom, cold plasma, decontamination, bacterial growth
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Abstract
Trichoderma spp. haven been commercially used as biological control agents (BCAs) to control
wide range of plant pathogens especially against basal stem rot (BSR) disease of oil palm trees.
However, the variation in the components of BCA produced by different strain of Trichoderma
causes the limitation to the approach of commercially formulated Trichoderma based BCA. At
the same time, Ganoderma boninense has been recognized as the main pathogenic fungi of BSR
disease, causing severe infection in oil palm plantation. In this study, the potential of
Trichoderma harzianum to control Ganoderma boninense was identified based on dual culture
assay and culture filtrate assay. The mechanisms involved in biological control was further
identified by the inhibition effect of volatile and non-volatile compounds produced by T.
harzianum. Results showed that T. harzianum exhibited antagonistic activity towards G.
boninense by overgrowing G. boninense in dual culture assay. In the culture filtrate assay, the
highest concentration of culture filtrate at 80 % (v/v) showed 40 % percentage inhibition of
radial growth (PIRG). Furthermore, the production of volatile compounds recorded PIRG value
at 31.74 % whereas the production of non-volatile compounds recorded PIRG value at 20.83 %.
The mechanisms of biological control involved are mycoparasitism, competition and antibiosis.
In conclusion, the ability of T. harzianum to inhibit G. boninense growth indicated that T.
harzianum is a potential BCA to control oil palm disease caused by G. boninense.
Keywords: Trichoderma harzianum, antagonistic activities, Ganoderma boninense
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Abstract
Increasing attention has been directed toward the potential of thermophilic cyanobacteria
creating medical properties due to their ability to produce bioactive products successfully
grabbed the interest of biotechnological industries especially pharmaceutical sectors.
Thermophilic cyanobacteria are an interest to this study due to their capability to grow at high
temperature and only required simple growth requirement. The aim of the present study was to
isolate thermophilic cyanobacteria available in Kerling Hot Spring which is located at Selangor,
Malaysia. Collected cyanobacteria samples from water and mat were enriched with native hot
spring water before further cultivated in BG-11 media. Sub-cultured method was conducted
repeatedly in order to get the homogenize culture. The structural properties of isolated
cyanobacteria were then observed under light microscope. Methanol, water and
dichloromethane extracts of isolated cyanobacteria were tested in vitro for their antibacterial
activity against Gram-negative (Pseudomonas aeruginosa and Escherichia coli) and Grampositive (Enterococcus fecalis and Staphylococcus aureus) bacteria by using agar disc diffusion
method. The antibacterial study was also conducted with extracts from other six cyanobacterial
strains identified in our previous study. Four commercial antibiotics including ampicillin,
kanamycin, streptomycin and spectinomycin were used as the positive control. In this study,
thermophilic cyanobacteria strains in filamentous form was successfully isolated into unicyanobacterial cultures and were morphologically identified as Oscillatorialean genera- LPP
group (genera Lyngbya, Phormidium, Plectonema). The isolated cyanobacteria possess
antimicrobial compounds due to production of the inhibition zone by the cyanobacterial extracts
against bacteria. Results showed that methanol was the best solvent for extraction compared to
water and dichloromethane. Findings from this study suggested that hot springs in East
Peninsular Malaysia is an ecosystem for various species of cyanobacterial that have potential
application as antibacterial agent.
Keywords: Thermophilic cyanobacteria, agar disc diffusion, antimicrobial test, inhibition zone
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Abstract
Despite of numerous concrete and buildings constructed worldwide, there are large number of
concrete structures that deteriorates over the time. Thus, ureolytic bacteria with autonomous
healing capability can be used effectively as it will continue to survive and grow within the
concrete structure after the initial use. Urease enzyme hydrolyze urea present in the environment
for mineralisation of calcium carbonate and emits carbon dioxide. Ureolytic bacteria used urea
as sole nitrogen source and produce ammonia which increases the pH in the proximal
environment causing Ca2+ and CO3+ to precipitate as Ca2CO3. The microbes isolated from the
soil and manure samples in Bos javanicus enclosure at Zoo Johor (1.4575° N, 103.7522° E)
were tested for their urea concentration tolerance capacities at different concentration of 0 to
20% and presence of urease enzyme on urea base agar. Three positive isolates at 20% urea
concentration were further undergo characterisation, extraction, purification and identification
via Gram staining and 16S rRNA gene sequence analysis. Polymerase Chain Reaction (PCR)
was performed to amplify bacterial partial genome using 27F and 1492R primer. The
phylogenetic tree was constructed to show the evolutionary relationship among bacterial
species. The three isolates were identified as Escherichia sp. and Kurthia sp. by 16S rRNA gene
sequence analysis. The identified bacteria were proven to produce biocement in vitro by
incubating it with urea, hard water samples and bacterial culture at 5:1:1 ratio for one week at
37oC. The precipitated calcium carbonate is filtered and dried before visualised using Scanning
Electron Microscope (SEM).
Keyword: Urease, Ureolytic, Biocement, Ca2CO3
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Abstract
Silver nanoparticles (AgNP) are one of the most attractive nanomaterials for commersialization
applications such as antimicrobial, electronic and biomedical products. This study aimed at
investigating combination of silver nanoparticle-multiwalled carbon nanoubes (AgNPMWCNT) for its ability to cause bactericidal effect on isolated bioaerosol bacteria. The
bioaerosol bacteria was first isolated from air conditioning filter and identified via Gram
staining and 16S rRNA gene sequence analysis. For AgNP-MWCNT preparation, ox-MWCNT
was reacted with AgNP via silver ion reduction method by sonication in ethanol. The structure
of AgNP-MWCNT was characterized using Fourier Transform Infrared Spectroscopy (FTIR)
and dispersion test in water. The compound was then further tested against isolated bioaerosol
bacteria, and compared with Gram negative Escherichia coli using disc diffusion technique
(DDT). From the results, two Gram positive bacteria were successfully isolated and were
identified as Bacillus and Staphylococcus sp. AgNP was successfully attached to the oxMWCNT proved by the noticeable peaks at 1966 and 1070 cm-1 in AgNP-MWCNT sample
which demonstrated the interaction between silver ions and functional group of ox-MWCNT.
Hundred µg/mL of the compound demonstrated antibacterial effect showed by the formation of
inhibition zone in Gram positive (Bacillus and Staphylococcus sp.) and Gram negative (E.coli)
bacteria. Overall, AgNP-MWCNT at low concentration can inhibit bacterial growth, hence
showed a future prospect as disinfectant to treat indoor air pollution.
Keywords: Silver Nanoparticle-Multiwalled
Antibacterial Agent, Bioaerosol Bacteria
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Abstract
Nanofiber mats produced by electrospinning have drawn increasing attention as wound dressing
due to its large surface area, high porosity and better oxygen exchange rate properties.
Therefore, electrospun nanofiber mats based on poly (vinyl alcohol) (PVA) and Multi-Walled
Carbon Nanotubes (MWCNT) loaded with Curcumin (Cur) was prepared by electrospinning.
Firstly, pristine MWCNT (p-MWCNT) was oxidized by using 3:1 ratio of sulphuric acid and
nitric acid to increase surface area for binding with Curcumin and PVA. The blending of
components for nanofiber mats fabrication were optimized using distilled water, 100% DMSO,
and 20% DMSO with different Curcumin concentration at 5,10 and 50 wt. %.The fiber
formation and complex content of PVA/MWCNT/Cur nanofiber mats were investigated by
Scanning Electron Microscope (SEM) and Fourier Transform Infrared (FTIR) and were
compared to PVA/MWCNT and PVA mats. Furthermore, the anti-bacterial efficiency of the
PVA/MWCNT/Cur mats were evaluated using Disc Diffusion Technique against S.aureus and
E.coli. The results were analyzed and compared to PVA and PVA/MWCNT nanofiber mats.
Results showed successful oxidation of p-MWCNT when treated with acids, indicated by the
presence of –OH and –COOH functional groups in FTIR spectrum at 3407 cm-1 and 1732 cm-1
respectively. This was further validated by dispersion test that showed stability of ox-MWCNT
in water up to 5 days incubation than that of p-MWCNT due to its hydrogen bonding formation
with water molecules .Electrospinning of 10% (w/v) PVA, 2 wt. % MWCNT and 5-10 wt. %
Curcumin using 20% DMSO has successfully fabricated a smooth and uniform
PVA/MWCNT/Cur nanofiber mats. The loading of higher Curcumin concentration up to 50 wt.
% resulted in bead formation which unfavorable for further experiment. It was also noticed that
increased Curcumin content in PVA/MWCNT/Cur mats increases its diameter from 203-634
nm. In anti-bacterial assay, PVA/MWCNT/Cur 5-10 wt. % mat displayed anti-bacterial
properties against S.aureus compared to E.coli. However, the nanofiber might possess
bacteriostatic effect in E.coli which requires further investigation for further confirmation.
Overall, the development of this nanofiber mats has showed good potential in anti-bacterial
efficiency which shed light into its relevance in wound dressing.
Keywords: Electrospinning, Nanofibers, PVA, MWCNTs, Curcumin, Anti-bacterial
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Abstract
Economy-generating premises such as palm oil mills, livestock farms, and factories are the most
commonly related into contributing of illegal discharge their wastes. Fecal indicator bacteria
(FIB) are used in monitoring fecal pollution in water. Most commonly used FIB used in the
world includes fecal coliform such as Escherichia coli and enterococci . However, the currently
used FIB does not necessarily indicate fecal contamination. Genomic DNA extraction from goat
stool sample were done and followed by Polymerase Chain Reaction (PCR) amplification of
the extracted DNA using 16s primers and Illumina metagenomic sequencing primers. This study
found instead the methods of optimizing the PCR for the extracted DNA and reduction of band
smearing in gel electrophoresis. The results suggested that the best annealing temperature for
the Illumina sequencing primers were at the range of 700C to 750C. This study also suggested
the addition of 1% SDS to the loading dye before running electrophoresis gel and utilizing the
alkaline gel electrophoresis to rule out true PCR artefacts. This study hopes that future work can
be done to accomplish the metagenomic sequencing of bacterial genomic DNA from goat stool
in obtaining source-tracking fecal coliform from goat stool.
Keywords: FIB, DNA extraction, PCR, electrophoresis
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Abstract
Phage has been shown effective in microbial source tracking (MST) in which it able to identify
source of fecal bacteria. This owes to the fact that phages infect specific bacteria, thus able to
differentiate bacteria of different host either human or other animals. Phage also has high
potential as fecal contamination indicator. Unfortunately, the relationship of phage with level
of fecal contamination is unknown. Therefore, the aim of this study was to determine the
relationship of phage infectivity with number of infected fecal bacteria, as measures of fecal
contamination. In this study, previously isolated Klebsiella pneumoniae and its phage was used
to determine relationship between phage infectivity and number of bacteria. Growth cycle of
K.pneumoniae and titration of phage were done using plate count and double layer method,
respectively. The burst size of phage from multiplicity of infection (MOI) equal to one was
determined through phage replication cycle. The relationship between phage infectivity with
the number of infected bacteria was identified using DLA method. Number of K. pneumoniae
at exponential growth phase and phage titre were found to be 2.8 × 108 CFU/ml and 2.77 × 108
PFU/ml, respectively. Burst size of phage was one particle produced per infected cells. Phage
infectivity showed proportional relationship between number of phage produced with number
of infected bacteria. In spite of phage has low burst size, this study provide a suitable data for
numerical analysis in order to measure the level of fecal contamination through phage
infectivity and the phage can be used as a tool of pollution marker.
Keyword: K.pneumoniae, phage, pollution marker,fecal contamination indicator.
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Abstract
Virus infection remains as the highest mortality cases in health issue by worldwide. Antiviral
drug development as a solution for virus infection faces certain challenges by the virus
resistance and the high demand for alternative antiviral drug developments leads to the
importance of in vitro antiviral screening method to determine the efficacy of antiviral
properties in a drug compound. The aims of this study is to improve the antiviral screening
method by reduce the overall time taken for in vitro antiviral screening assay by conducting
simultaneous antiviral and cytotoxicity activity in the same well plate as well as suggest a new
parametric value to standardized the antiviral parameters in determine the drug efficacy as
antiviral agent. In this study, Cinnamomun kanehirae is used against DENV2 virus on Vero cell
line. The cytotoxicity and antiviral activity were measures as IC50 value and CC50 value. The
findings shows C.Kanehirae did not demonstrate antiviral activity against DENV 2 virus by the
SI value of 0.372 with IC50 value of 170.7ug/ml and CC50 value of 63.53 ug/ml. However,
this study proves that the cytotoxicity activity and antiviral activity can be conducted
simultaneously in a well plate which reduces time taken for antiviral screening method which
improves the current antiviral screening method.
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Abstract
Oil palm empty fruit bunch (OPEFB) and palm oil mill effluent (POME) anaerobic sludge are
the most common waste at palm oil mill. OPEFB and POME have high commercialize value
due to high lignocellulose contents. Biocomposting of OPEFB and POME anaerobic sludge is
one of the way to produce value added product. It is a cost effective and sustainable way to
eliminate biomass residues in oil palm industry. In this study, the biodegradation of oil palm
empty fruit bunches (OPEFB) was observed using biocomposting process with palm oil mill
effluent (POME) anaerobic sludge as moisture agent. From this study, the profile of
lignocellulolytic enzyme activity of oil palm empty fruit bunches (OPEFB) during solid state
fermentation (SSF) was monitored. Beta-glucosidase, endoglucanase, xylanase and manganese
peroxide were significantly secreted 1.97U/g, 2.74U/g, 0.67U/g, and 0.84U/g respectively. The
weight of oil palm empty fruit bunches (OPEFB) during biodegradation process were analyzed
at the end of the biocomposting process. 37% reduction of OPEFB initial mass were observed
at the end of the process. The FT-IR analysis of OPEFB with POME observed reduction in
lignin-hemicellulose (I1511/1738), lignin-cellulose (I900/1234) and cellulose-hemicellulose
(I1248/1748) linkage. The study demonstrated successful biocomposting of oil palm empty fruit
bunch using premature compost with palm oil mill effluent anaerobic sludge under SSF
condition.
Keywords: Biocomposting, SSF, Lignocellulotic enzymes, OPEFB.
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Abstract
Oil palm empty fruit bunches (OPEFB) are the most abundant wastes from oil palm industries.
This lignocellulosic biomass helps in providing nutrients and producing various value-added
products. Bio-compost contained beneficial microbes to assist in the degradation and hydrolysis
processes. In this research, the composting of OPEFB obtained from FELDA Maokil were
added with premature compost aged of five weeks as inoculum. The enzymes profile of
lignocellulosic compounds was investigated using seven types of suitable enzymes assays. The
structural changes and presence of functional group of treated OPEFB were measured using
Fourier transform infrared (FTIR) spectroscopy. The highest ligninolytic enzyme activity was
yielded by lignin peroxidase with 0.631 U/g of enzyme been produced. In addition, the highest
xylanolytic enzyme activity was yielded by xylanase with 1.126 U/g of enzyme been produced.
For cellulolytic enzyme, the highest activity was yielded by CMCase with 2.017 U/g of enzyme
been produced. The maximum percentages of 18.693% achieved for the reduction of total dry
cell weight of OPEFB materials. While, a decreased in trend of total protein content were
observed throughout the process and the maximum value was achieved on the fifth day. Thus,
it is evident that the usage of premature compost can promote moderate potential of biocomposting of OPEFB hence the degradation of lignocellulosic biomass.
Keywords: Bio-composting, OPEFB, Premature compost, Lignocellulosic biomass, FTIR,
Ligninolytic enzymes, Xylanolytic enzyme, Cellulolytic enzymes.
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Abstract
Biocompost produced from Oil Palm Empty Fruit Bunch (OPEFB) waste inoculated with
mature compost was subjected to the efficiency degradation test throughout 60 days of
composting: (i) Lignocellulolytic Enzyme Assays (ii) Weight loss of biomass (%) (iii) Total
protein content by Lowry Assay and (iv) crystallinity reduction using Fourier Transform
Infrared Spectroscopy (FTIR). Lignin Peroxidase (LiP) had a maximum activity during the
initial time period which is 1.897 U/g compared to Laccase and Manganase peroxidase, then it
began to decrease day by day and remained low after day 20. In contrast to lignin peroxidase,
cellulase such as β-glucosidase started to show their activity after day 20 and remained at high
level and stabilize onward until day 60. β-glucosidase had a highest activity compared to other
enzymes and peaked at day 35 activity of 14.016 U/g on day 35. Xylanases had maximum
activity on day 35, which reached 2.5 U/g. It could be found at most of the time from day 0 until
day 60. The profile activities of these enzymes were significantly correlated with the substrate
availability. Total percentage of weight loss was 32.1%, which estimated that there are growth
of degradation microbes secreting their enzymes and utilized the organic matter. The total
protein content fluctuated throughout the composting process and peaked at day 10. It showed
the lowest absorbance at day 50 that corresponds with lowest activity of most lignocellulolytic
enzyme. The intensity of some peaks on FTIR spectra slightly differ at day 0, 30 and 60, and
the reduction of the degree crystallinity and polymerization of lignocellulosic compound were
further proven by the changes of percentage of ratio of intensity. The mature compost as source
of inoculum was proven to be able to replace the anaerobic sludge palm oil mill effluent that is
being used in the industry.
Keywords: oil palm empty fruit bunch (OPEFB), lingnocellulolytic enzyme, mature compost,
solid state fermentation (SSF)
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Abstract
Iron toxicity is common problem in wetland area due to the excessive reduction of ferric ion to
ferrous ion. This problems will lead to the problems like bronzing in the leaves of rice plant and
it can also cause the growth of the plant to be stunted. This problems will also cause the reducing
uptake for other nutrients like zinc, potassium and sodium. In this research, the effect of iron
toxicity on different plant parameters showing percentage reduction in stress condition (Yoshida
nutrient solution with 700ppm of ferrous ion) compared to control (Yoshida nutrient solution
only). The amelioration effect of zinc on reducing iron toxicity also has been studied. Different
parameters like seedling height (SH), stem length (SL), fresh and dry biomass of shoot (FBS)
(DBS) and fresh and dry biomass of root (FBR) (DBR) can be seen showing increasing trend
when treated with two levels of zinc which is 1.5ppm and 3.0ppm. By using statistical analysis
like Duncan’s multiple range test, correlation test and analysis of variance (ANOVA) the
relationship of the three varieties (Hitam. IR36 and Panderas) with the different treatment can
be determined.
Keywords: Lowland area, Iron toxicity, Seedling height (SH), Stem length (SL), Fresh and dry
biomass of shoot (FBS) (DBS) and Fresh and dry biomass of root (FBR) (DBR).
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Abstract
Plant tissue culture plays a crucial role in the development of efficient protocol for the sake
improvement of agronomic performance. This study shows the reproducible protocol for
Malaysia wetland rice cultivars which is MR 220 Clearfiled 2 via somatic embryogenesis. In
this present study, the MR 220 CL 2 rice cultivar was tested with different concentration of
amino acids and desiccation treatment in order to determine the effect on callus induction. At
first, MS media was supplemented with three different concentration of L-asparagine (100, 150
and 200 mg/L) and adenine hemisulfate (15, 25 and 35 mg/L) including 0 mg/L as control for
both experiments. For desiccation treatment, the sterile rice seed were cultured on MS media
after being desiccated for 24 until 72 hours. For control, the sterile rice seed were directly
cultured on the MS media without desiccation treatment. 2 mg/L of 2,4-D were supplemented
in the MS media used for these three experiments to enhance the production of callus. The
results showed the callus induced in MS media containing 100 to 200 of mg/L of L-asparagine
at range 90% to 100%. However, the frequency of callus induced on adenine hemisulfate
treatment decrease as the concentration increase. The frequency of callus induced from rice
seed without exposed to desiccation treatment is 90% compared to the rice seed that have been
desiccated for 24 up to 78 hours. This study observed that, the concentration of amino acids
influence the percentage of callus produced. These findings can be used to establish the suitable
protocol for the rice improvement research on the future work.
Keywords: MRR 220 CL 2, L-asparagine, Adenine hemisulfate, 2,4-D,
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Abstract
The amount of fertilizer used as source of nutrients play an important role for successful growth
of oil palm. In this study, the effect of different amount fertilizer of nitrogen (N) and potassium
(K) on the phenotype and biochemical properties of oil palm were studied. The NK fertilizer
consist of Bayovar rock phosphate (BRP), Kieserite (KS), Foliar Boron (F’Bor), muriate of
potash (MOP) and ammonium sulphate (AS). The treatment of fertilizer were labelled as T1,
T2 and T3. Six planting materials were tested indicated as A, B, C, D, E and F. The phenotype
was observed from the frond length, frond width, frond thickness, stem girth, leaf length, leaf
width and number of pinnae. The phenotypic measurement was recorded in situ. In addition,
the biochemical properties was analyzed from total phenolic content (TPC) and total flavonoid
content (TFC). The total phenolic content was determined by Folin-Ciocalteu method while
total flavonoid content was analyze by aluminium chloride method. Planting material F with
T1 showed the highest TPC (729.20 ± 81.46 µg gallic acid/g) and the lowest TPC was recorded
at T3 on planting material C (210.19 ± 21.65 µg gallic acid/g). However, the highest TFC on
planting material F at T1 (70.74 ± 5.07 µg quercetin/g) and the lowest TFC planting material A
from T3 (17.26 ± 0.63 µg quercetin/g).
Keywords: Phenolic content, Flavonoid content, Elaeis guineensis, Nitrogen, Potassium
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Abstract
Today, 4.49 million hectares of land in Malaysia is used for oil palm cultivation, producing
17.73 million tons of palm oil and 2.13 tons of palm kernel oil. Oil palm trees need optimum
amount of fertilizer in order to grow better. Excessive or deficiencies of fertilizer will effect of
oil palm growth and productivity. Hence, this study focused on the investigation of
photosynthetic-related properties of oil palm treated with different amount of fertilizer. This
research also involved the measurement of morphological properties as well as the
determination of soluble sugar, starch and chlorophyll from different planting materials of oil
palm to determine whether the photosynthetic-related properties as above are sensitive towards
different levels of fertilizer. Morphological measurement includes frond length, frond width,
frond thickness, girth size, number of pinnae, leaf length and leaf width for six different oil
palm planting materials while tests for photosynthetic-related properties including
determination amount of soluble sugar, starch and chlorophyll using spectrophotometric
analysis. In the present study, it was observed that the use of T2 and T3 which contain
ammonium sulphate and muriate of potash in Planting Material A, B, C, D and E resulted to the
increase of frond length, frond width, frond thickness, girth size, number of pinnae, total soluble
sugar, total starch content and total chlorophyll. It was also found that Planting Material F was
able to grow at any amount of NK fertilizer based on all parameters tested. T1 was suitable for
Planting Material A, C and F while T1, T2 and T3 were suitable for Planting Material B, D and
E based on biochemical parameters tested. These results will be useful for oil palm industry
players as standard guide to treat each of their oil palm planting materials by supplying the ideal
amount of NK fertilizer.
Keywords: Oil palm, Planting materials, Photosynthetic-related properties, NK fertilizer
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Abstract
Orthosiphon stamineus is a medicinal herb belonging to the family of Lamiaceae, commonly
found in Southeast Asia region. The leaves of O. stamineus is widely consumed as herbal tea
and it is believed that the leaves exhibits diuretic properties, and able to treat kidney and bladder
inflammation. Numerous studies have also shown that the O. stamineus have several
pharmacological properties such as antioxidant, anti-bacterial and anti-inflammatory properties.
But, the medicinal importance of the plant are solely depends on studies on crude extract of
plant and little works were done on the protein content. This study focus on the optimization of
hydrolysis method for the extracted total protein of O. stamineus by employing hydrolysis
methods (acid, alkaline and enzymatic) and bioinformatics analysis to identify the proteins. The
identification of proteins from trypsin and pepsin digested sample was done by LC-MS/MS
with the help of bioinformatic tools (NCBI and Uniprot). Overall, acid hydrolysis was
determined as the best hydrolysis method for O. stamineus proteins. A total of 36 and 20
functional proteins were successfully identified respectively from trypsin and pepsin digested
sample. Among the identified proteins are Kinases, Transketolase, Chaperonin and Heat shock
proteins which each displaying unique functions. Comperative study of In-solution and In-gel
digested protein and optimization of hydrolysis method using more antioxidant assay such
ABTS and Hydroxyl radical scavenging assay can be conducted in future proteomic studies of
O. stamineus.
Keywords: Orthosiphon stamineus, Hydrolysis, Proteins
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Abstract
Orthosiphon stamineus has been incorporated into lot of beauty and health products due to its
medicinal benefits but most of them are using crude extract instead of protein. Crude extract
may have antioxidant compound but not guaranteed that the compound can be deliver to
consumer as antioxidants in the body unlike protein which directly absorbs into body. Previous
study has been shown that protein hydrolysates have higher antioxidant activity than total
protein. Thus, it is important to identify antioxidant activity of protein for beauty and health
products production. To achieve this, protein extraction method between Tris-HCl buffer, HbA
buffer and phenol SDS with three preliminary washes was compared and the best was chosen
through Bradford assay and SDS page analysis. Protein hydrolysis using acid, alkaline,
enzymatic and in-solution digestion was also compared and the best method was chosen based
on DPPH and FRAP assays. The findings of antioxidant activity varies between FRAP and
DPPH assay. However, the result from DPPH assay was more reliable and correlates to the
goals of analyzing antioxidant activity and discussed further. The results deduced that protein
hydrolysates do have higher antioxidant activity than total protein. Results also revealed that
the best protein extraction method is phenol/SDS with three preliminary washes while acid
hydrolysis is the best hydrolysis method for protein from O. stamineus. From plant protein
perspective, this study emphasizes that O. stamineus has high antioxidant activity and protein
hydrolysates from the plant have potentials and can give impact for medicinal products
development.
Keywords: Orthosiphon stamineus sp, protein hydrolysates, antioxidant, protein extraction.
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Abstract
Moringa oleifera belongs to the family Moringaceae, where in Asia and Africa this plants is
better known as drumstick tree. Leaves of M. oleifera are acknowledged to have various
biological activities, including antioxidant. Currently, this plant lacks information on protein
and protein hydrolysate of this plants. Early studies of antioxidant activity and absorption
between protein hydrolysates and total protein shows that protein hydrolysates have higher
antioxidant activity and effectively utilized than total protein. This study focus on protein
hydrolysates by using two different methods of extraction protocols to obtain total protein
which are Tris-buffer and HbA buffer methods. Three different methods of acid, alkaline and
enzymatic hydrolysis used to obtain protein hydrolysates. These protocols used to evaluate the
better protein extraction methods, the best hydrolysis methods and determination of the
antioxidant activity of total protein and protein hydrolysate. Overall, HbA buffer extraction
method result in a better protein quality and electrophoretic pattern. A clear protein bands were
detected at 50 kDa, 30 kDa and below 20 kDa with high intensity from protein extracted from
HbA buffer methods. For the antioxidant activity, acid hydrolysis showed the strongest DPPH
radical scavenging activity compared to other samples. However, total protein shows the
strongest reducing capacity compared to protein hydrolysates in FRAP assay. As a result,
among protein hydrolysates acid hydrolysis can be deduced as the best hydrolysis method of
protein of M. oleifera based on DPPH assay and have higher antioxidant activity compared to
total protein from the M. oleifera. The results from this study will provide a data on antioxidant
activity and information of extraction methods on total protein and protein hydrolysate for
further proteomics work on M. oleifera plant.
Keywords: Moringa oleifera, Protein, Protein Hydrolysates, Antioxidant
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Abstract
The emergence of antibiotic resistant bacteria threatened the efficiency of current antimicrobial
agents that cause wide range of infections which leads to high morbidity rates in worldwide.
The present study was designated to evaluate the antibacterial, antioxidant activities and GCMS analysis of Citrus hystrix (C. hystrix) leaves in vitro. A C. hystrix acetonic crude extract
was fractionate using solvents of varying polarity such as hexane, chloroform, ethyl acetate and
aqueous via liquid-liquid chromatography. All crude extract and fractionates were evaporated
via rotary evaporator and the yield was weighed. In vitro antibacterial was performed using disc
diffusion, minimum inhibition concentration (MIC) and minimum bactericidal concentration
(MBC). The antibacterial activities was evaluated against Escherichia coli (E.coli),
Staphylococcus aureus (S.aureus), Pseudomonas putida (P.putida) and Bacillus subtilis
(B.subtilis) Next, total phenolic content (TPC) of C.hystrix acetonic crude extract and
fractionates were evaluated. Further, antioxidant activity was measured using the stable radical,
DPPH. Gas-chromtography Mass-spectrometry (GC-MS) was used to identify bioactive
compounds which contribute for these activities. The highest yield of fractionates was hexane
(10.24%), followed by chloroform (3.64%), aqueous (3.26%), and ethyl acetate (2.53%) were
obtained from isolated C.hystrix acetonic crude extract which yield 67.56g. All tested bacteria
shown bactericidal properties against C.hystrix acetonic crude extract. However, S.aureus has
lowest MIC value at 7.5mg/ml compared to other bacteria. Therefore, S.aureus was further
tested with fractionates. Among various fractions, the active ethyl acetate fraction was exhibited
bactericidal effect with MIC value at 10mg/ml. Besides that, ethyl acetate fraction also
possessed the highest TPC value (520.01 mg GAE/g) and lowest IC50 DPPH value (22.00
µg/ml) that indicated strong antioxidant capacity. Both TPC and DPPH showed strong
correlation (p < 0.01) towards antibacterial activities of S.aureus (r = 0.728 and r = -0.500
respectively). Finally, GC-MS analysis led to identification of six compounds namely diphenyl
sulfone, cyclopentanaundecanoic acid/ methyl ester, 1,15-hexadecadiene, octadecanoic acid/
methyl ester, propiophenone 2-trimethylsiloxy and hexanedioic acid/ dioctyl ester. In,
conclusion, strong antibacterial and antioxidant potential of C.hystrix leaves may be due to the
contribution of bioactive compounds identified through GC-MS analysis.
Keywords: Antibacterial, Antioxidant, Citrus hystrix, Bactericidal
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Abstract
Antibiotic resistant bacteria has become a global public health crisis where it could diminish
the effectiveness of the current antibiotics. This study aimed to investigate the antibacterial,
antioxidant activities and GC-MS analysis of Citrus microcarpa (Limau kasturi) leaves in vitro.
Crude extract of C. microcarpa leaves was isolated using acetone solvent and it was further
fractionated using four different polarity solvents namely hexane, chloroform, ethyl acetate and
aqueous via liquid-liquid chromatography. Disc diffusion assay, minimum inhibition
concentration (MIC) assay and minimum bactericidal concentration (MBC) assay were used to
evaluate the antibacterial activity against four pathogenic bacteria which are Staphylococcus
aureus, Bacillus subtilis, Escherichia coli and Pseudomonas putida. Total phenolic content
(TPC) was determined and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was used to measure
antioxidant activity. Next, Gas chromatography-mass spectrometry (GC-MS) was used to
identify the bioactive compounds from the most effective fraction extract. Based on the results,
the highest yield percentage of fractions was hexane (11.02%), followed by chloroform
(4.12%), aqueous (3.3%) and ethyl acetate (2.63%) which were obtained from a total of 66.58g
acetonic crude extract isolated. The best antibacterial profile was observed by ethyl acetate
fraction specifically against S. aureus with MIC and MBC values of 5mg/ml and 10mg/ml
respectively and exhibited bactericidal effect among other fractions. The result also displayed
that ethyl acetate fraction has the highest TPC with 269.06mg GAE/g and the highest DPPH
scavenging activity with the lowest IC50 value 30.43µg/ml that indicated strong antioxidant
activity. The TPC and IC50 DPPH of all acetonic crude extract and fractions displayed a
significant negative correlation at p < 0.01 with r = -0.757. Finally, three major compounds were
identified in ethyl acetate fraction which are phthalic acid 2-cyclohexylethyl ethyl est er,
Hexanedioic acid bis(2-ethylhexyl) ester and Octasiloxane -hexadecamethyl. These findings
showed that the bioactive compounds of the ethyl acetate fraction may lead to the strong
antibacterial and antioxidant activities.
Keywords: Citrus microcarpa, antibacterial, antioxidant, GC-MS
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Abstract
Downstream process in the production of algal biodiesel consists of two steps; algal harvesting
and algal lipid extraction which hold the highest energy-intensive step such as centrifugation
need about 90% of energy during harvesting and 110% of energy for ultra-sonication during
lipid extraction. The cultivation optimization of Nannochloropsis sp. was carried out at
difference photobioreactor system followed by the study of growth performance at different
aeration rate. The best growth performance was in macrobubble column system with 27.09 ×
106 cell/mL and using 0.9 L/min aeration rate that produced maximum 37.02 × 106 cell/mL of
algal biomass. The microbubble column system produces 26.70% improvement as compared to
an airlift loop system. Then followed by optimization of algal lipid extraction was performed
using physical (sonication and maximal centrifugal force) and chemical (ozonation) methods.
Initially, several types of solvents were screened for the best solvent to be used in the algal lipid
extraction process. The sonication method combined with centrifugation (25 000 rpm) using
chloroform: methanol gained the highest total lipid content (65.06% g/g dry biomass). While
chemical method using ozonation assisted with chloroform: methanol resulted in 57.71% of
total lipid content nearing to the physical method lipid concentration. However, ozonation
method is more energy efficient with an estimated 2.16 MJ/kg energy used during the extraction
process as compared to the physical method (sonication) with 132MJ/kg. The morphology study
(SEM image) of Nannochloropsis sp. rigid cell wall structure before and after ozonation
confirmed that ozonation can be used to break the tougher microalgae cell wall. The
combination of ozonation with chloroform: methanol solvent demonstrates a promising and
energy efficient technique in reducing the cost of algal lipid extraction for biodiesel production.
Keywords: Microalgae, Downstream process, Photobioreactor, Ozone-rich microbubble,
Nannochloropsis sp., Cell Disruption, Lipid extraction.
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Abstract
Aseptic technique plays critical roles in determining high volumes of microalgae biomass
during the cultivation stage as the presence of a contaminant is one of the limiting factors. This
study focuses on developing an energy-efficient method in sterilizing the photobioreactor with
a medium culture of microalgae Nannochloropsis sp. prior to cultivation process. Initially,
seawater bacterial contaminant was successfully screened, isolated and identified as Kurthia
gibsonii genus (gram-positive) using 16S rRNA gene sequencing. The photobioreactor
sterilization using ozonolysis was optimized using one factor at a time (OFAT) with 3
parameters studied; ozone aeration rate, bacterial culture volume and ozonation time. Different
bacterial culture volumes (1.0 L, 1.5 L, and 2.0 L) were exposed to ozone gas at 0.5 L/min, 1
L/min and 1.5 L/min for maximum 180 min with 30 min interval. The ozonation technique at
optimum condition has reduced the contaminant up to 7 log reduction. The initial cells
concentration in 1 L culture containing 6.73 x 107 cells/ml was reduced to 6.67 x 100 cells/ml
after ozonated for 180 min. The morphology study of the bacteria before and after ozonation (at
1000 x magnification) confirmed that ozonation has shattered the cells into small pieces. This
study reveals the possibility of replacing energy-intensive sterilization technique such as
autoclave method with ozonolysis. Ozonation method is more energy efficient with 1.26 kW
energy used during the sterilization process as compared to autoclaved method with 3.565 kWh.
The study proves that the ozonation method is energy efficient, cheaper and easily applied to
large industrial scale as well.
Keywords: Aseptic technique, Microalgae biomass, Photobioreactor, Nannochloropsis sp.,
Kurthia gibsonii, Ozonolysis, Cell growth, Microscope
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Abstract
Palm oil industry in Malaysia has been increasing over the years which simultaneously generate
oil palm waste in abundance. Oil palm waste such as oil palm empty fruit bunch, palm kernel
shell, mesocarp fiber, oil palm trunks, oil palm leaves and oil palm fronds are examples of
lignocellulosic biomass. This lignocellulosic biomass contains high cellulose, hemicellulose
and lignin thus become a promising candidate to produce biofuel. Not only high in availability,
it is also renewable and cost-effective. Lignocellulolytic microorganism which can produce
enzymes such as cellulase, xylanase and ligninase plays an important role to degrade the
lignocellulose into sugar and biofuel. To produce biofuel efficiently, evolution adaptive
technique can be used to increase the production of lignocellulolytic enzymes. This work aims
to investigate the effectiveness of evolution adaptive method in improving the production of
lignocellulose degrading enzymes by using oil palm empty fruit bunch as substrate. After 8
times of continuous sub-culture, adapted Bacillus cereus and Bacillus subtilis were able to
increase the production of enzymes. Bacillus cereus was able to increase the yield of
exoglucanase and xylanase with 4.5 and 7.4 fold higher respectively compared to the enzyme
production before adaptation. Meanwhile, Bacillus subtilis strain shows high exoglucanase
(124.40 × 10⁻³ U/mL) and xylanase (527.16 × 10⁻³ U/mL) activities which is 3.5 fold and 20.4
fold higher compared to the enzyme production before adaptation. The finding indicates that
evolution adaptive technique can be used as a cost effective method to improve lignocellulosic
enzymes yield and activities.
Keywords: Evolution adaptive, Cellulolytic enzyme, Bacillus, Lignocellulose, Oil palm empty
fruit bunch
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Abstract
Oil Palm Empty Fruit Bunches (OPEFB) is one of the lignocellulosic waste biomass that are
being discarded either by burning in the open air, disposed in landfills, or composted to organic
fertilizer. However, burning OPEFB in the open air causes air pollution and other environmental
problems. In order to overcome this problem, it is an opportunity to utilize resource from
OPEFB to produce value-added products since it comprises of high sugar content. One of the
ways is by converting oil palm waste into bio-product such as biofuel. Yet, the complex and
irregular structure of lignocellulosic biomass is the main obstacle to extract the sugar. In this
research, an attempt to adapting well-known lignocellulosic degrader, Aspergillus niger has
been carried out to improve its enzymes production to break down the OPEFB. This study aimed
to develop a technique for a specific adaptive evolution approach by using solid- state
biodegradation of OPEFB by single culture of culture This research also aimed to compare the
degradation performance in terms of improvement of enzymatic activities of A. niger in
degrading OPEFB and biochemical composition changes of OPEFB after biodegradation by the
wild-type fungus and “adapted”-fungal strains. It has been proved that A. niger has been able to
grow and use OPEFB as substrate under solid state fermentation. From the enzymatic activities
experiment, A. niger showed highest activities of endoglucanase (2.2967 U/ml), exoglucanase
(3.3564 U/ml) and β-glucosidase (1.8524 U/ml). The highest xylanase activity (3.9207 U/ml)
was also observed. In addition, temperature, pH and moisture content significantly impacted
lignocellulolytic enzymes production. The increasing in both endoglucanase and exoglucanase
in week 8 corresponded to the increasing of reducing sugar assay. As conclusion, this work has
generated a microbial single culture that could be used for improved lignocellulolytic enzymes
and reducing sugars production using untreated OPEFB as substrate by solid-state degradation
system.
Keywords: Aspergillus niger, lignocellulolytic enzymes , endoglucanase, exoglucanase, βglucosidase
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Abstract
This research was conducted with the aim to study the capability oil palm leaf (OPL) and
surfactant modified oil palm leaf (SMOPL) to remove anionic dye in aqueous solution. The
SMOPL was prepared by treating the OPL with cetyltrimethylammonium bromide (CTAB)
solutions of different concentrations (1.0, 2.5, and 4.0 mM). All the samples were characterized
with Fourier Transform Infrared (FTIR) spectroscopy and dispersion behaviour test. The FTIR
analysis demonstrated that the modification of OPL with CTAB surfactant do not change the
chemical structure of the OPL, except some increasing in the intensity of C-H bond occurred
due to the hydrocarbon group in CTAB. Meanwhile, the result of the dispersion behaviour test
shows that the interaction with water was enhanced for SMOPL compare to the OPL. This is
because, the hydrophilic head of the CTAB can increase the hydrophilicity of the SMOPL.
Adsorption screening of samples was performed on acid orange 7 (AO7) anionic dye as an
adsorbate with a wide range of initial concentration ranging from 10 to 1000 mg/L. The effects
of dye initial concentration towards the adsorption capacity of samples were analysed and the
adsorptive potential of OPL and SMOPL adsorbents towards AO7 were compared. The result
shows that the highest adsorption capacity towards AO7 was exhibited by the SMOPL4.0 in
which OPL adsorbed CTAB having initial concentration of 4.0 mM while the raw OPL
demonstrated the lowest adsorption capability. The presence of the CTAB surfactant molecules
on the samples basically increase the adsorption site of adsorbent and thus, allowing more
attachment of dye molecules onto the OPL adsorbent. The Langmuir and Freundlich isotherm
models were used to further describe the adsorption isotherm of the samples. The equilibrium
data were better described by Langmuir isotherm with maximum adsorption capacity of AO7
was 138.89 mg/g. Thus, it is suggested that the adsorption of AO7 was taken place as single
monolayer on homogeneous OPL surface. From this study, it can be concluded that the
modification of OPL with cationic surfactant can enhance its adsorption process for dye
removal from aqueous solution especially for anionic dyes.
Keywords: Oil palm leaf, Cationic surfactant, Anionic dye, Biosorption
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Abstract
Justicia gendarussa is a medicinal plant belongs to the Acanthaceae family. It is widely used in
the treatment of hemiplegia, headache, arthritis, muscle pain, fever, diabetic and digestive
problem. The purpose of this study was to investigate the effect of different auxin concentrations
(IBA, NAA and IAA) on root biomass, total phenolic and total flavonoid content of Justicia
gendarussa. Adventitious roots of J. gendarussa were induced from leaf explant on MS plates
supplemented with different auxin concentrations (1mg/L – 5 mg/L). The adventitious root
biomass was analyzed for its total phenolic and total flavonoid content using Folin-Ciocalteu
and Aluminium chloride colorimetric methods, respectively. The result showed that no
adventitious root was formed in the control, medium-free plant growth regulators. Leaf explants
cultured at 3 mg/L of IBA demonstrated the highest rooting percentage (86.67%), a maximum
fresh weight gains of (0.786±0.33g) and dry weight (0.757±0.32g). Among NAA treatments, 4
mg/L NAA had a maximum adventitious root induction (80%). However, a maximum fresh
weight (1.027±0.18g) and dry weight (0.523± 0.16g) were obtained at 5 mg/L NAA. On the
contrary, IAA had the lowest percentage of root induction (13.33%), fresh weight (0.160±0.02g)
and dry weight (0.050±0.01g) compared to other treatments. In conclusion, IBA produced the
highest rooting percentage and adventitious root biomass as compared to NAA and IAA
treatments. The highest concentration of total phenolic (336.864±7.84 µg GAE/ g of extract)
and total flavonoids (63.861±2.27 µg QAE/ g of extract) were detected at 1 mg/L IBA. Even
though 3 mg/L IBA produced more root biomass compared to other treatment, but it showed
less total phenolic and flavonoid content than 1 mg/L IBA. Further optimization of other
parameters such as plant growth regulators concentrations, medium type and explant type should
be explored in order to optimise root biomass production of J. gendarussa.
Keywords: Auxin, adventitious root induction, total phenolic content, total flavonoid content
ni
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Abstract
Synthetic compounds such as chlorhexidine has been widely used as antibacterial agent in many
mouthwash products and has been proven to significantly reduce plaque formation. Although it
is extensively being used in treating dental problems, chlorhexidine tends to cause adverse
effects such as burning and disturbance in taste sensation, irritation on oral mucosa, and tooth
staining. Hence, nowadays, many studies are done in searching for natural compounds to
overcome its side effects. The objective of this study was to investigate the antibacterial activity
of Juniperus virginiana essential oil against selected oral bacteria, namely Staphylococcus
aureus, Streptococcus sobrinus and Streptococcus mutans. The antibacterial activity of the
essential oil was assessed via disc diffusion test and broth micro-dilution method to determine
the minimal inhibitory concentration (MIC). MIC determination was investigated based on the
reduction of 3-(4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT). It was
observed that the essential oil of J. virginiana effectively inhibit the growth of selected oral
bacteria. The MIC values against S. aureus, S. sobrinus and S. mutans were found to be 0.39%,
12.5% and 0.098% respectively. The MIC value obtained was used to further investigate the
antiadhesion and antibiofilm assays. The results reveal that this essential oil was found to
significantly inhibit the bacterial adhesion of S. aureus and S. mutans by 35.2% ± 1.5% and
16.7% ± 2% respectively. In addition, J. virginiana essential oil shows excellent antibiofilm
activity towards all oral bacteria tested. It was found that the highest antibiofilm activity was
over 85% for S. aureus. This study showed the potential effect of J. virginiana essential oil to
be a new natural agent that may be useful for the treatment of dental diseases.
Keywords: Chlorhexidine, Juniperus virginiana, Essential Oil, Oral Bacteria, Antibacterial
Activity, Antiadherence, Antibiofilm
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Abstract
Persistent usage of antibiotics may result in the emergence of drug resistance bacteria which
creates the urgency in finding novel therapeutic agents. Lavandula angustifolia essential oil or
lavender essential oil has been known to exhibit an excellent antibacterial activity against many
bacterial species. This study aims to examine the effect of L. angustifolia essential oil against
three oral bacteria oral bacteria: 1) Streptococcus mutans, 2) Streptococcus sobrinus and 3)
Staphylococcus aureus. L. angustifolia essential oil was obtained from doTERRA company.
The antibacterial activities of this respective oil were tested through disc diffusion test (DDT)
and minimum inhibitory concentration (MIC). This essential oil displayed inhibitory properties
onto all three bacterial strains. MIC was assimilated to quantify the minimum inhibitory
concentration demanded to completely inhibit the oral bacteria viability. The MIC value for S.
mutans and S. aureus was 0.39% v/v while 0.78% v/v for S. sobrinus. The MIC value obtained
was then utilized as guideline for further experiments in which to determine the essential oil
antiadhesion and antibiofilm activity. A significant antiadherence activity was documented
towards S. mutans and S. aureus while moderate activity towards S. sobrinus. Concurrently, L.
angustifolia essential oil illustrated an excellent antibiofilm activity onto S. aureus as
approximately 60% of antibiofilm activity was observed. L. angustifolia essential oil showed a
moderate antibiofilm activity towards S. sobrinus and insignificant activity towards S. mutans.
In conclusion, L. angustifolia essential oil demonstrated good antibacterial activities against oral
bacteria and as a possible beneficial substitute to combat antibiotic resistance.
Keywords: Essential Oil, Antibacteria, Antibiofilm, Antiadherence, Oral Bacteria
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Abstract
Catechin has been reported to possess many advantages for practical application due to its
distinctive antioxidant and anti-inflammatory performance. This study reports the in-vivo
selection and characterization of single stranded-DNA (ssDNA) aptamers speciﬁcally for
catechin. 28 sequences from DNA-aptamers library screened via systemic evolution of ligands
by exponential enrichment (SELEX) from previous research. Random docking was applied to
all 28 aptamers and resulted in 4 best aptamer which are aptamer 24, 18, 9 and 27 as catechin
specific aptamer as they demonstrated the highest affinity of binding due to the contribution of
a lot of factors such as the temperature, Mg2+ and Na+ ion concentration, Gibbs free energy and
the structural conformation of the DNA aptamers. The effect of environmental factors towards
Catechin specific aptamers was also studied. It was predicted that aptamer 24, 18, 9 and 27 were
the most potential aptamer for Catechin recognition tool at laboratory scale based on the docking
result as they have similarity in terms of binding affinity. However, further experimental study
in laboratory needs to be done to validate the in-vivo prediction.
Keywords: Catechin, Aptamer, Docking, Binding Affinity, Environmental factor
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ABSTRACT
Luteolin is a type of flavonoid that possessed many biological and pharmacological benefits
and is used in Chinese medicine since ages. However, the current method for determination and
detection of luteolin compound are using high-end method which possess difficulties, expensive
and time consumable. Recent studies showed that the usage of aptamer can be used as
biorecognition tool which give more fast and rapid result in detecting and characterizing
Luteolin in laboratory scale. To date, the 3D structure of Luteolin specific aptamer is not
available. Thus, the purpose of this study is to determine the 3D structure of Luteolin specific
aptamer using various bioinformatic tools and to evaluate the interaction of the predicted
aptamer structure and the compound that is specific to its, Luteolin. The evaluation of the effect
of temperature and ionic interactions toward the folding of aptamer are also being discuss in
this study.
Keywords: Luteolin, aptamer, bioinformatic tools
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Abstract
Kaempferol is natural flavonoids which commonly found in herbs, grapefruit, tea and beans. It
has numerous benefits especially in health, in which it able to acts as antioxidant, antiinflammatory and also displays potential in fighting cancers. Aptamers are single stranded
oligonucleotides that are antibody-like but more preferable than antibody due to its high binding
affinity properties and its production is much cheaper and easier. Aptamers able to act as
recognition tools in which its can bind to theirs target compound through specific 3Dconformation. Currently, there are no available software or bioinformatics tools that can be used
to directly predict the structure of Kaempferol specific aptamers. Thus nucleotide sequence of
aptamers been used in Mfold web server to construct the 2D structure before convert it to 3D
ssRNA through RNA Composer. Discovery Studio Visualizer helps in changing the 3D ssRNA
to 3D ssDNA before being minimized using Chimera UCSF to get closer to the minimum point.
The output of the structure then undergoes docking process using AutoDock Vina to find the
highest binding affinity between ligands (kaempferol) and its specific aptamers. The
kaempferol specific aptamers has been identified and screened throughout the finding.
Keywords: kaempferol, aptamer, antibody
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Abstract
Abundance of lignocellulosic waste from large-scale agriculture contributed to
the environmental issues. Lignocellulose contained ferulic acid that believed have potential
for bioconversion into vanillin from degradation by enzymes from fungi known as
Phanerochaete chrysosporium. Extracellular enzymes of P. chrysosporium have involved
in breakdown of the C-C linkage of ferulic acid into biovanillin during optimization of vanillin
production using lemongrass leaves hydrolysate. In this study, 5 extracellular enzymes
have been analysed which is acetyl xylan esterase, exoglucanase, putative beta-xylosidase,
cellulose-binding beta-glucosidase and beta xylosidase. The objectives of this study was to
predict the structure of extracellular enzymes of P. chrysosporium and study the metabolism
of ferulic acid toward the extracellular enzymes by determine the amino acid involved at the
binding site and determine the binding affinity. In-silico method have been used to
construct the predicted 3D structure of the enzymes by using homology modelling, while
SAVESv5.0 and Molprobity for predicted structure validation. Docking studies by AutoDock
Vina gives the results of binding free energy and amino acids responsible for the binding
of ligand-receptor. In this study, putative beta-xylosidase and exoglucanase possessed the
higher binding energy which is -7.1 kcal/mol at target active site of Glu 222, Trp 92 and
-7.2 kcal/mol at target active site at Asp 37 and Asp 151. While exoglucanase possessed
-7.1 kcal/mol at target active site of Glu 225 and Glu 230. Both extracellular enzyme
possessed higher binding affinity compared with intracellular enzyme vanillin synthase of
P. chrysosporium that only possessed 6.0 kcal/mol, gives the extracellular enzymes advantages as potential enzymes in bioconversion
of ferulic acid into bio vanillin.
Keywords: P. chrysosporium, metabolism, biovanillin, homology modelling, binding affinity
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Abstract
As well known, conventional plastics which made up from petroleum are non-biodegradable,
which cannot be decompose naturally and thus they remain as a waste in the environment for a
very long time and lead to environmental pollution. Therefore, the emergence of bioplastic
production is one of the ways to reduce plastic pollution. Bioplastic is a plastic that is derived
from bio-based materials or renewable resources. Lactic acid (LA) is one of bioplastic materials
that can be used to produce bioplastic from fermentation reaction by lactic acid bacteria (LAB)
using any carbon source that contain high amount of sugar in anaerobic condition. In this study,
Lactobacillus casei strain Shirota was used as inoculum and food waste was used as carbon
source or feedstock in fermentation reaction to produce LA. The objective of this study is to
synthesize LA via fermentation reaction using Lactobacillus sp. and to determine the optimum
fermentation condition for LA production. Then, the resultant LA were analysed using High
Performance Liquid Chromatography (HPLC) to detect the presence and amount of LA in the
samples. Food waste from a cafeteria was collected, blended and sieved. Lactobacillus casei
strain Shirota stock culture was prepared by serially diluted from cultured drink, Yakult. After
that, both were mixed together and undergo fermentation to produce lactic acid. The sample was
collected and filtered before analysed using HPLC. At the end of this study, it was found that
the optimum fermentation condition to produce high lactic acid are pH 3.4 – 3.8, with high initial
sugar concentration, high amount of inoculum, shaking at 145 rpm for 24h – 48h. The highest
LA concentration obtained in this study was 17.11 g L-1. Meanwhile, the highest overall and
maximum productivity is 0.21 g L-1 h-1 and 0.68 g L-1 h-1 respectively.
Keywords: Lactic acid, Lactobacillus sp., Food waste, Fermentation
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Abstract
Obesity recently becomes a worldwide health problem that has increased dramatically
contributes to severe chronic diseases such as diabetes, heart diseases, cardiovascular diseases
and some forms of cancer. Available pharmacotherapy treatment, orlistat, a drug designed to
treat obesity is the only convenient choice left due to its effectiveness to treat obesity problem.
However, Orlistat failed in providing long term solution, thus possess adverse side effect to
human health. Inhibition of fat mass and obesity-associated protein (FTO) and acetyl-CoA
carboxylase (ACC) is associated with anti-obesity properties hence become potential
pharmacological target in this study. The advancement of phytochemicals extract from natural
sources may be develop into alternative strategy could be safe and efficient alternatives to treat
obesity. AutoDock 4.2 program was used to dock the compound library with FTO and ACC.
Compounds with potential anti-obesity property were identified with lowest binding energy.
The binding conformations of the docking complexes were analysed in comparison to the
original crystal structures using Protein-Ligand Interaction Profiler (PLIP) server and PyMol
molecular visualizer. As a result, four out of 25 compounds demonstrated potential inhibitor for
FTO with lower binding energy from the control (C25<C2<C16<C23< 3DT & Orlistat). While
none of this compounds showed potential inhibitory effect against ACC. Compared to Orlistat,
compound 25 form five additional hydrogen bond with amino acid residues of FTO involving
Arg 96, Ala 227, Ser 229, His 231 and His 232. Among all of four compound, compound 25
was found to be the best FTO inhibitor with the free binding energy of -8.14 kcal/mol.
Keywords: Phytochemicals, obesity, anti-obesity, fat mass and obesity-associated protein
(FTO), Acetyl –Coa carboxylase (ACC)
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Abstract
Oil Palm Empty Fruit Bunches (OPEFB) comes from palm oil industry as biomass waste. The
waste by-product from palm oil extraction process could achieve 70–80 million tons per annum.
The chemical compositions of OPEFB make it difficult to degrade because it resistant to
chemical and biological hydrolysis. This contributes to pollution when discarded in landfill
areas. Therefore, the need to find an efficient technique to degrade OPEFB faster and better is
essential as a way to control pollution and to be used in biofuel production. Yet, the complex
structure of OPEFB is the main obstacle for biodegradation to take place because bacteria alone
do not have complete mechanism to degrade it. This study uses co-culture containing
Aspergillus niger and Bacillus cereus for solid state fermentation (SSF) and liquid state
fermentation (SmF) and OPEFB as substrate to enhance biodegradation process. Fermentation
process was done for seven weeks and SSF shown better lignocellulolytic enzyme activities
than SmF. The enzymatic activities (xylanase, lignin peroxidase, endoglucanase, exoglucanase,
and B-glucosidase) were measured by biochemical assays using spectrometry method. From
the finfings, lignin peroxidase, xylanase, endoglucanase, exoglucanase, β -glucosidase was
found to be higher in SSF (9.27×10-5 U/mL), (33.036×105 U/mL), (1.585×105 U/mL),
(9.443×104 U/mL), and (9.824×104 U/mL) In addition, temperature, pH and moisture content
significantly impacted lignocellulolytic enzymes production. The increasing of all enzymes
during week-6 corresponded to the increasing of reducing sugar assay. Higher population
growth of A. niger in SSF enable better degradation in SSF than in SmF. Based on these results,
the adaptive evolution study by the co-culture is possible to be achieved in order to improve
the lignocellulolytic enzymatic enzyme activities. However, the duration of the degradation
process need to be prolonged for the microbes adapting then breaking down the biomass
effectively.
Keyword: Co-cuture, Lignocellulolytic, SSF, SmF, Aspergillus niger, Bacillus cereus
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ABSTRACT
Incidents of mislabelling and species substitution in fish products have reported to increase
dramatically and have called for a more effective method to authenticate the origin of such
products. The emergence of DNA barcoding which relies on a short strand of DNA sequence
for species identification could serve as an efficient method to detect processed fish products
mislabelling and substitution. This work aims to study the level of mislabelling and substitution
among processed fish products in Malaysia market by targeting cytochrome c oxidase subunit
I (COI) gene of the products. A total of 10 samples with different typologies were analysed. Of
the 10 samples, five (50%) of the extracted DNA were successfully amplified with a COI
universal primer with amplicon size of ~295 base pairs. The amplicons were then direct
sequenced and successfully identified up to species level by comparing to GenBank databases.
Sequence analysis showed that three (60%) of the five amplified samples were substituted with
different species which can cause harmful effects to humans if consumed wrongly. In short, this
study has demonstrated the feasibility of COI gene and reliability of DNA barcoding as a
method for the identification of species of different processed fish products.
Keywords: processed fish products; COI; Genbank; substituted; mislabelling
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ABSTRACT
Fish fraud is a global issue due to the lack of regulations and limitation of conventional
authentication. High occurrence of mislabelling or species substitution in processed fish product
had increase the concern of researchers to develop a better way to authenticate the processed
fish product in order to ensure food safety and quality. The arising of DNA barcode that offers
a more reliable result, cheap and very effective in the traceability of fish products. DNA
barcoding relies on a short DNA sequence that often known as unique mitochondria marker
able to identify taxonomic to species level. In this study, a total of 10 processed fish products
with different processed properties were obtained from Malaysia market and successfully
extracted Then, genomic DNA were subjected to DNA barcode (Cytb) amplification and
sequencing. Out of 10 samples, six samples had successful amplification of Cytb barcode (287
bp). Sequence analysis showed that 83.3% of the six samples was mislabelled or substituted
with different species which can cause detrimental health effect to humans if consumed in large
quantity. In short, this study shows the Cytb gene marker in DNA barcoding could yield reliable
result and able to authenticate the processed fish product to species level.
Keywords: processed fish products; Cytb; Genbank; substituted; mislabelling
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Abstract
Herbaceous plant is rich with secondary metabolite which cause difficulty in extracting high
purity of DNA for PCR amplification. The aim of this study is to extract high quality DNA
from Misai Kucing leaves then amplify ITS2 barcode using Polymerase Chain Reaction (PCR).
Later, analysis the sequence obtains by blasting at BLAST by NCBI and compare it with
multiple sequence alignment and construct phylogenetic analysis with bootstrap percentage. In
this study, NucleoSpin® Plant Mini Kit II is used to extract high purity of DNA from fresh and
dried leaves. Then, four parameters were study for PCR optimization; temperature, the presence
of Bovine Serum Albumin (BSA), primer concentration and PCR cycles. After that, the
sequences were analyzed through BLAST to select references, identify the similarity in genbank
and proof the barcode is working using multiple sequence alignment and phylogenetic tree. The
results showed that DNA from dried leaves was able to obtain high purity (1.88) and the
optimize PCR condition is as followed, need BSA, primer concentration at 10 μM/L,
temperature at 55°C and run for 40 cycles. Last, the samples show 96% identification with
Orthosiphon aristastus and 99% bootstrap phylogenetic tree analysis. The present study showed
that amplification of ITS2 were successful by modification of several PCR parameters and this
method could be use as references to authenticate Whisker cat commercialize herbal medicinal
products in Malaysia market in future.
Keywords: Orthosiphon stamineus, ITS2, DNA extraction, PCR
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Abstract
Traditional plants such as Orthosiphon stamineus or also widely known as Misai Kucing have
lot of benefits to human which can be safely consume to treat disease such as edema, jaundice
and diabetes and also to improve health performance thus lots of herbal products derived from
this plant are now can easily access at the supermarket. However, the main concern of this study
is regarding the current issue which is plant adulteration where the authentic drug material from
the plant is replaced by harmful drugs which can lead to various health problems. Thus, an
informative technique by using rbcL marker is utilized in order to determine the authenticity of
the herbal products derived from Misai Kucing. Leaves from Misai Kucing were extracted to
get the high purity of DNA and later amplified using Polymerase Chain Reaction (PCR) with
specific primer. Bioinformatic analysis was then used to analyze the sequence obtained. The
sequences obtained were analyzed through BLAST to identify the similarity in Genbank and
phylogenetic tree was constructed to study the evolutionary relationship within plant species.
The study showed that extraction using Nucleospin® Plant II Kit able to obtain the highest
purity which is 1.80 meanwhile the highest purity obtained using CTAB method is 1.56. The
optimize PCR condition is at 52°C and run at 40 cycles with primer concentration of 10 μM/L.
The present study showed that rbcL were successful by modification of several PCR parameters
and could be used as references in the future to authenticate Misai Kucing commercialize herbal
product.
Keywords: Orthosiphon stamineus, rbcL barcode, polymerase chain reaction (PCR),
bioinformatic analysis.
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Abstract
Previously isolated mesophilic Lysinibacillus fusiformis strain ZB2 was reconfirmed through
morphological observation. This strain shows the ability to decolourize various types of
industrial dyes. Bioinformatics and molecular studies of the enzyme involved, which is FMNdependant NADH-azoreductase, strengthen the previous findings. At bioinformatics level, the
physico-chemical characteristic of the enzyme was analysed by using ProtParam tools. From
ProtParam result, it shows the instability index of this azoreductase is 38.22, which is lower than
cut off point 40. Therefore, it can be predicted that this azoreductase would be stable when used
in enzyme assay investigation. Besides, it has 36.04 aliphatic indexs, where the higher the
aliphatic index, will lead to higher thermostability of the enzyme. Throughout secondary
structure prediction by using Phyre2 server, it shows that this enzyme has 45% alpha helix and
16% beta strand structure. The α-helix is commonly the major structural element in proteins. In
addition, homology modeling methods were used for further understanding of the azoreductase
activity. By comparing it structure with the known activity of enzyme, would be an alternative
ways to study it binding site and molecular function. The template given by Swiss Model is the
FMN-dependant NADH-azoreductase from Bacillus sp. B29, which already has the details of
activity and mechanism stated in their journal. Based on the journal, the azoreductase (known
as AzoC) from Bacillus sp. B29 was characterized by enzymatic reaction assays using different
dyes. AzoC activity was highest in the presence of two cofactors, NADH and FAD. Through
superimposition of both azoreductases, it shows that the amino acid residues Tyr-142, Asn-179,
and Arg-11 of azoreductase from Lysinibacillus fusiformis play an important role as catalytic
site residues. Lastly, at molecular level, the FMN-dependant NADH-azoreductase gene was
extracted from its genome of Lysinibacillus fusiformis by PCR amplification. By designing the
primers deduced from it sequence, the amplification of the gene would be more accurate.
Keywords : azoreductase, Lysinibacillus fusiformis, PCR amplification, dye decolourisation.
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Abstract
The extraction of pectin from pineapple (Ananas comosus) peels under three different extraction
conditions was identified as an alternative source of commercial pectin. Acid extraction
followed by ethanol precipitation was used to extract pectin from pineapple peel in the present
work. The yields of pectin at different temperature, pH and solvent of extracts were determined.
The pineapple peel was treated separately with different pH (1.5, 2.0, and 2.5), temperature (70,
80, and 90o C) and extracts of inorganic nitric acid and organic citric acid. The results showed
that the pectin yield (1.2-3.08% based on dry weight), moisture content (9.86%), equivalent
weight (3.44.83), methoxyl content (2.40 %), anhydrouronic acid (48.6%) and the degree of
esterification (31.11%) with the various extraction conditions used. As a result, the optimal
conditions for pectin extraction were determined as temperature 80 °C and pH 2. Pectin extracted
with citric acid gave the highest yield of pectin, with low purity. Based on the value of methoxyl
content and the degree of esterification, pineapple pectin can be categorized as low-methoxyl
pectin.
Keywords: Pineapple; extraction conditions; pectin
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Abstract
Orthosiphon stamineus or cat’s whiskers are widely cultivated in Asia and are widely used as
traditional folk medicine in treating various human ailments such as diabetes, epilepsy, renal
calculus (kidney stone) and bladder inflammation. O. stamineus has been reported to have high
antioxidant activity due to their phenolic compound. The phenolic content is depends on type
of explants. It has been reported that, there is a proportional correlation between the
concentration of the phenolic content and the biomass production from explant cultures.
Different explant cultures provide different biomass enhancement value of O. stamineus.
However, there is a little knowledge on which explants through which culture had high biomass
production. In this study, the effect of the explant cultures on biomass content of O. stamineus
was investigated. Nodal segments and petiole explants were placed on MS medium
supplemented with combination of BAP+NAA and single NAA for shoot biomass and
adventitious root biomass respectively. All explants were cultured for 8 weeks. For shoot
biomass, combination of 2.0 mg/L BAP and 0.2 mg/L NAA produced maximum number of
shoots biomass (450.0 ± 70.16) mg fresh weight (FW) and (39.2 ± 6.09) mg dry weight (DW).
As for the adventitious root biomass, only 0.5 mg/L NAA produced the highest number of roots
(fish-bone structure) with (145.4 ± 51.52) mg fresh weight (FW) and (97.03 ± 66.7) mg dry
weight (DW). Due to no significance difference between the two biomass cultures, it can be
found out that shoot biomass is optimum at the combination of 2.0 mg/L BAP and 0.2 mg/L
NAA, meanwhile adventitious root biomass is yet to be optimised.
Keywords: Orthosiphon stamineus, Biomass production, Adventitious Root Induction, Shoot
regeneration
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Abstract
Microcarrier culture for the growth of anchorage-dependent cells provide advantages especially
in biopharmaceutical industry. Choosing a suitable microcarrier is vital to improve the potential
scalability of the anchorage-dependent cells especially human mesenchymal stem cells
(hMSCs) as it is quantitatively insufficient. This study aims at screening of microcarrier in the
multi-well plate and the growth rate of the hMSCs on the microcarrier. Cellonsphere TM 3 cell
culture has been studied and it is not significantly improved (application and growth) for the
hMSCs. 1 X 105 cell density of hMSCs were cultivated with 5 mg/mL chosen microcarrier,
CellonsphereTM 3 in 24 multi-well plate. Several analyses were performed to examine the cell
morphology, viability, density and metabolite consumption. These experiments were performed
in static condition for seven days for both monolayer (control) and microcarrier cell culture.
hMSCs were attached and proliferated on the microcarrier exhibited as a spindle-liked shape
morphology with enhanced bridging in this static condition. CellonsphereTM3 cell culture
showed a lower cell density compared to the control in which the maximum cell density was
recorded as (36.50±5.77) X 104 cell/mL and (4.58±1.63) X 105 cell/mL for microcarrier cell
culture and monolayer cell culture respectively. In spite of that, hMSCs in microcarrier cell
culture stayed in stationary phase longer before reached to death phase whilst the monolayer
cell culture reached the death phase later. By referring the cell density, the specific growth rate
in CellonsphereTM 3 cell culture was calculated and it was slightly higher whilst showed a
shorter doubling time with the value of 0.049 h-1 and 14.15 h respectively. The higher specific
growth rate and shorter doubling time indicating a good attachment and survival of hMSCs in
an extend period. In conclusion, the results provide a beneficial data as a preliminary upstream
result for further development of downstream steps.
Keywords: Human mesenchymal stem cells, CellonsphereTM 3 microcarrier, microcarrier cell
culture, monolayer cell culture
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Abstract
Cervical cancer is the second most commonly diagnosed cancer in developing countries and the
relapse after primary therapy is primitively due to existence of drug-resistant cancer stem cells
(CSCs) within the tumors. Thus, retinoid acid and ginger extract were used to enhance potency
and reduce chemotherapeutics concentration for minimal toxicity. This study was aimed at
identifying the anticancer effects of retinoic acid-ginger extract combined therapy on cervical
cancer HeLa cells. The cytotoxicity and apoptosis assay as well as Isobologram- combination
index analysis were conducted to examine anticancer effect of RA and GE on HeLa cell.
Retinoic acid at (5-50µM), ginger extract at (20-200µM) and combination of RA (5- 50µM)
followed by fixed GE at (55µM and 100µM) respectively were tested on HeLa cells for cell
viability inhibition. The combined RA-GE significantly reduced HeLa cell viability compared
to the single drug treatments respectively in a dose dependent manner by 9.44- 68.14% (RA),
7.07-82.60% (GE), 27.89-80.70% (combined RA-GE55), and 58.41-90.48%
(combined RA-GE100) respectively. In addition, the IC50 concentration of RA in HeLa cells
was significantly reduced from 25.08µM to 6.01µM when combined with GE 100µM.
Microscopic images of single RA-treated HeLa cells exhibited a more probably differentiated
phenotype up to 25µM while ginger extract-treated HeLa cells appeared dying due to apoptosis
from 40µM onwards. However, the combined RA-GE100 treatment demonstrated significant
apoptotic induction in HeLa cells compared to negative control and single treatments, with RA
(6µM: 1.03, 25µ: 1.06, negligible; 50µM: 1.33), GE (55µM:1.22, 100µM:1.57), RA (25µM) +
GE (55µM) (1.67) and RA (6µM) + GE (100µM) (1.77). The combined RA-GE100 also
emanated a clear synergistic effect (CI:0.94-0.62) on HeLa cells. In conclusion, these findings
altogether suggest that the RA-GE therapeutic strategy may be potent anticancer agent for the
targeted therapy of cervical cancer cells and other CSCs-enriched cancers.
Keywords: HeLa cells, Cancer stem cells, Cytotoxicity, Apoptosis, Synergy
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Abstract
The drug-loaded composite electrospun nanofiber has attracted attention as new wound
dressings that enhanced skin regeneration. Herein, a novel composite based on polyvinyl
alcohol combined with multiwalled carbon nanotubes (MWCNT) and Curcumin was prepared
by electrospinning. Pristine-MWCNT (p-MWCNT) was firstly oxidized in 3:1 acid mixture
containing sulphuric acid (H2SO4) and nitric acid (HNO3). The properties of MWCNT before
and after oxidation were evaluated by dispersion test and Fourier transform infrared (FTIR)
spectroscopy. The oxidized MWCNT was then blended with PVA and 5-50 wt% Curcumin
solution, and optimized for its blending composition using various solvents to produce smooth
fibrous structure. The morphology of the fibers were then analysed by scanning electron
microscopy (SEM) and its successful composite blending was determined using FTIR.
Curcumin desorption from PVA/MWCNT/Curcumin nanofibers were further studied using
Franz diffusion cell experiments and compared for its efficiency. From the results, MWCNT
were successfully oxidized, indicated by its increase stability in water through dispersion test
and the presence of –COOH and –OH groups in the FTIR spectra. The fabrications of
PVA/MWCNT/Curcumin nanofibers were successfully produced with concentration of 10 wt%
PVA, 2 wt% MWCNT and 5-10 wt% Curcumin using 20 wt% DMSO solvent. The electrospun
nanofiber showed uniform and smooth structure without any beads formation. The average
diameter of both PVA/MWCNT/Curcumin 5wt% and PVA/MWCNT/Curcumin 10wt%
structure were in the range of 336-439 nm. The results also indicated that average diameter of
the nanofiber increases as the concentration of Curcumin increase. Although, Curcumin was
able to desorb from both nanofibers, the graph release pattern was inconsistent, which require
further optimization. Overall, the PVA/MWCNT/Curcumin with 2 wt% MWCNT and 5-10
wt% offer enhanced drug stability and solubility, and therefore have the potential to be
developed in drug delivery and alternatives to existing wound dressings.
Keywords: Electrospinning, Nanofibers, PVA, Carbon nanotubes, Curcumin, Drug delivery
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Abstract
Chili crop is one of the crop that vastly planted around the world. However, there are many
limitation faced by the farmers in cultivating the chili crop. One of the major limitation is plant
diseases that mainly caused by plant pathogen such as bacteria, fungi, nematodes and virus.
Diseases caused by these pathogens has impacted vastly in the production yield of chili.
Anthracnose disease infected by Colletotrichum species is one of the diseases that contributed
vastly to the reduced marketable yield of the crop production. Using bio-agricultural practices,
neem extract has become one of the promising antifungal agent in combating Anthracnose
disease and an alternative to chemical approach. The research was conducted in viva and in
vitro. For in vivo, the effectiveness of organic pesticides were evaluated via the foliar spray
application. Neem oil and combined application of neem, garlic and chili (NGC) at different
concentration were sprayed at the chili plants and the result were observed 2 months after the
treatment. For in vitro, the efficacy of organic pecticides were examine via poisoned food
technique. Above all, the pathogen was isolated first from the infected leaves. The isolation
resulted with 3 different colony obtained; presumably characterize as C. capsici, C.
gloeosporioides, and C. truncatum. For foliar application result, after 2 months of treatment,
the plants showed less symptoms of Anthracnose disease and less occurrence of insect biting.
The treated plants showed defoliation of infected leaves and the newly formed leaves and fruits
showed fewer symptoms compared to the condition of the plants before applying organic
pesticides. For evaluation using poisoned food technique, the highest percentage inhibition of
mycelial growth of Colletotrichum spp. was recorded by NGC (1.5%) as compared to neem oil
and NGC with varies concentrations as well as control.
Keywords: Organic pesticides, Anthracnose, Colletotrichum spp., neem, chili, garlic

66
Biosciences Symposium of the Final Year Undergraduate Project 2019

The Effect of Aluminium, Magnesium and Calcium on Growth
and Production Yield of Capsicum Frutescens via Organic
Approach
Siti Khadijah Zubair 1 and Norahim Bin Ibrahim 1,*
1

Department of Biology, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor Bahru,

Johor Malaysia
*Correspondence to: norahim@fbb.utm.my

Abstract
The purpose of this study is to investigate the effect of trace elements or micronutrient
Aluminum (Al), Magnesium (Mg) and Calcium (Ca) on growth and production yield of
Capsicum Fructescens via organic approach. The source of micronutrient was obtained from
fermentation of anchovies and eggs. There were 24 chili plant has been used with different
dosage of plant booster. Foliar application of Al, Mg and Ca T0 (control), Treatment 1 was
using anchovies consist of K (once a week), T (three times a week), M (five times a week) and
X (five times a week). Treatment 2 was using eggs consist of N (once a week), O (three times
a week) and P (five times a week). The experiment were triplicate and conducted in greenhouse
completed with fertigation system to supply the water. Maximum number of leaves (197),
height of plants (43.934 cm) and diameter of leaves (9.175 cm), Number of flower buds (38),
number of flowers (4), and number of chili (11) were measured to analyse the effect of
micronutrients towards growth of chili plant while minimum was found in control treatment.
Therefore, foliar application of Al, Mg and Ca from anchovies for five times a week gives the
best result while others show the a slight effect.
Keywords: Capsicum fructescens, aluminium, magnesium, calcium, foliar
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Abstact
The use of chemical fertilizers and pesticides towards the plant will cause diseases such as
asthma, alzheimer, cancer, diabetes and learning disabilities. The alternative towards chemical
fertilizer is organic fertilizer. In this reasearch, the compost together with the leachate were used
to provide the better option for the consumer’s health and the environment. Leachate is a
byproduct of composting that contain nutrients to grow the C. frutescens. The leachate was
supplied by using the fertigation system to have a consistent flow rate to all the polybags. The
major nutrients content in the compost and leachate were measured using SprectroDirect
nutrient analysis pack (MERCK, Germany) and (SpectroDirect ® NOVA 60, MERCK,
Germany). The compost and leachate provide a slow release mechanism towards the nutrient
uptake for the plant growth. The plant growth was plot height (cm) vs days. The C. frutescens
with 100% compost (A) shows the most positive result compared to the others. The number of
flower buds were taken to measure the plant productivity.
Keywords: Compost, Leachate, Capsicum frutescens
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Abstract
Extraction of high quality DNA is a vital first step for any research that involves molecular
research analysis. However, it is challenging to obtain from a plant tissue that is high in
secondary metabolites such as Citrus sinensis leaves. Phenolic compounds can affect the
quantity and quality of DNA extracted. The present study compares four genomic DNA
isolation methods which includes Edwards extraction, Cetyltrimethylammonium bromide
(CTAB) extraction method and two CTAB protocols that was modified (CTAB I and II) applied
to young and mature leaves of Citrus sinensis. The aim of this research is to find the best method
that produce DNA of good quality. Genomic DNA was successfully extracted from modified
CTAB II with highest amount of DNA purity (2.08-2.11). However, gDNA of young leave
samples extracted via Edwards extraction methods recorded low purity ratio (1.54-1.58). From
the research, it was discovered that high quality DNA was obtained when extraction of gDNA
using modified CTAB II was applied to young leaves.
Keywords: DNA extraction, CTAB, Modified CTAB, Edwards Extraction
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Abstract
Agricultural crops are meant to feed all kinds of living things in this world and have high
demands for human needs. Due to increase in human population throughout the year, this results
in increase of environmental damage due to industrialization dominating the area of the crops.
Despite having many other uses as animal feeding and feedstocks for biofuel production, global
climate change such as drought and soil salinity also become the limiting factors that contribute
to the declination in the food production from crops nowadays. Therefore, with the needs to
restore back the availability of the crops and provide strength to them to cope with the extreme
condition like salinity stress, efforts in searching new bacteria capable of producing enzymes
that can promote plant growth as well as decomposing decayed plant biomass have become the
main purpose of this study. Ten bacterial strains designated as CO1 – CO10 have been isolated
from marine samples collected from mangrove area and only four of the strains showed some
of the abilities. Strains CO3, CO4, CO5 and CO9 showed positive fixation of nitrogen and
positive degradation on xylan and mannan which were then subsequently identified as
Mangrovimonas sp., Microbulbifer sp., Algoriphagus sp., and Mangrovimonas sp., respectively
based on 16S rRNA gene sequence analysis. Three of them which is Mangrovimonas sp. CO3,
Microbulbifer sp. CO4 and Algoriphagus sp. CO5 were selected for further characterization.
All selected strains (CO3, CO4 and CO5) have the ability to produce catalase, oxidase,
nitrogenase, casease, mannanase, xylanase, acid and alkaline phosphatase enzymes while
cannot utilise tryptophan, starch, cellulose and citrate as their carbon sources. Bacterial strains
CO3, CO4 and CO5 can promote the plant growth by solubilizing inorganic phosphate and
fixing the nitrogen while simultaneously recycling the decayed plant biomass as nutrients to
support their growth in the future.
Keywords: Agricultural crops, Environmental stress, Plant growth-promoting bacteria, Plant
biomass-decomposing bacteria
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Abstract
Lignocellulose is made up of lignin, cellulose and hemicellulose. Xylan is one of the major
components in hemicellulose. Nowadays, there are many industrial applications involving
lignocellulose degradation to produce value added compounds. Therefore, xylanase plays
important role in degradation the lignocellulose. In this study, Microbulbifer sp strain CL 15,
which was previously isolated was characterized and the extracellular xylanase was also
studied. Microbulbifer sp CL 15 is a rod shaped bacteria and showed negative result for spore
staining. Moreover, it showed positive result on few biochemical tests such as oxidase, indole,
Tween 20 and 40 hydrolysis, casein hydrolysis and tyrosinase. For the antibiotic resistance test,
the strain CL 15 susceptible on Ampicilin, Gentamycin and Polymyxin B. Furthermore, the
characterization of crude xylanase of strain CL 15 was tested on various conditions. Resulted
showed that xylanase achieved the highest activity at 40oC and 37oC for stability. The optimum
pH for the xylanase to work best was at pH 9 for activity and pH 8 for stability. For salt
concentration, the xylanase reach highest peak at 8%(w/v) of salt concentration for activity and
stability. Therefore, one of the best industrial application can be applied is pulp and paper
bleaching due to the preferred alkali environment. Furthermore, the xylanase from the
bacterium showed increase in the relative activity with the presence of Tween 20 and Tween 60
for constituents and Glo®, Breeze® and Tiger® for commercial in detergents. The xylanase
activity was found stable in presence of metal ions (Mn2+, Mg2+, Ca2+, Fe3+ and K+) and organic
solvent (DMSO, isopropanol, acetone, ethanol and methanol) respectively. Hence, the xylanase
that produce from CL 15 is suggested to be applied in detergent industries due to its high activity
in the presence of detergents.
Keywords: Microbulbifer sp. CL 15, lignocellulose, xylanase, activity and stability.
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Abstract
As agricultural and mining industries are developing over the years, the discharged of untreated
waste materials are also on the rise. Example includes the discharged of explosive wastewater
that contained high concentration of nitrate that caused harmful to the environment. Biological
removal of nitrogenous compounds from industrial wastewater is considered an alternative
process to physicochemical removal methods. In the study, nitrate-reducing bacteria were
successfully isolated from nitrate rich explosive wastewater obtained from Tenaga Kimia Sdn.
Bhd, Selangor. The nitrate reducing ability of the isolates was screened in potassium nitrate
broth using nessler’s reagent. Two bacteria from four isolated bacteria showed positive result
for nitrate reduction test which are bacteria B and C which further used for genomic DNA
extraction and 16S rRNA analysis. Genotypic characterization of the isolates using 16S rRNA
gene sequencing grouped them into Myroides sp. with 99.77% identity. A phylogenetic tree has
been constructed to show the relationship between Myroides sp B and C and its close relative
in the genus Myroides. Lastly, the potential of the bacterial isolates to biodegrade nitrate from
the explosive wastewater was tested using a batch scale process. The results indicated that the
concentration of nitrate successfully reduced to 40.7 mg/L from 51.3 mg/L for the first three
hour incubation. However, the activity of nitrate reductase was inhibited by the concentration
of the end product, ammonia that continuously increase from 130.0 mg/L to 250.7 mg/L
resulting increase in concentration of nitrate again due to feedback inhibition. This removal of
nitrate was positively related to pH as alkaline environment was more preferable for the activity
of the bacteria. In this study the pH continuously increased from 7.23 to 8.27 to ensure the
efficiency of nitrate reduction.
Keywords: explosive wastewater, nitrate, nitrate-reducing bacteria, ammonia
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Abstract
The synthesis of gold nanoparticles (AuNPs) has received great attention because of their wide
of application in biomedical engineering, electronics, and chemistry application. An increasing
interest is focused on biosynthesis of AuNPs by using bacteria in recent times owing to their
environmental friendly, low cost process and high yield production. In this study, biosynthesis
of AuNPs by heavy metal resistant bacteria Pseudomonas sp. and Bacillus sp. from mining
environment was studied. Biosynthesized of AuNPs were characterized by ultraviolet and
visible (UV/Vis) absorption spectroscopy, Scanning electron microscopy (SEM), Energy
dispersive X-ray (EDX) and Fourier transform infrared spectroscopy (FTIR). Screening of
Pseudomonas sp. and Bacillus sp. revealed that both microbial strains have the capability to
synthesize AuNPs from HAuCl4 solution. Bioproduction of AuNPs exhibited maximum
absorbance peak around 540-560 nm. Scanning electron microscopy (SEM) and Energy
dispersive X-ray (EDX) of pellet confirmed the presence of pure AuNPs deposited on the
bacteria cell surface. Data from FTIR showed protein biomolecules involved in the formation
of AuNPs and reduction of Au (III). The biosynthesised AuNPs also exhibited antibacterial
activity against gram positive and gram negative bacteria. The present work highlights the
potential of using heavy metal resistant bacteria Pseudomonas sp. and Bacillus sp. as biological
agents or ‘nanofactories’ for AuNPs biosynthesis.
Keywords: Gold nanoparticles, Biosynthesis, Pseudomonas sp., Bacillus sp., antibacterial
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Abstract
Cardiovascular disease has been emerging as the world number one killer recently. The statistics
hints that the number is still escalating at the alarming rate. Formation of thrombus has been
identified as the ultimate culprit contribute to the occurrence of cardiovascular disease. Serine
protease, a type of fibrinolytic protease that possess strong thrombolytic capability in cleaving
peptide bond in protein. It can be widely found in Asian traditional fermented food, plants,
animals, bacteria and fungi. In this thesis, serine protease was originated from Bacillus pumilus
that previously subcloned into vector pET21B(+) in host cell Escherichia coli BL21 (DE3). The
expression level of recombinant E. coli was studied different concentrations of isopropyl-β-Dthiogalactopyranoside and post induction period. Serine protease was highly expressed when E.
coli cells were incubated at 37oC for 3 hours after induction of 1.0mM of IPTG. The serine
protease was subsequently purified using immobilised metal affinity chromatography (IMAC)
by Histrap HP 1ml affinity column in AKTA pure 150 M Chromatography System. A single
band of 35 kDA was observed on SDS-PAGE stained with Coomassie Brilliant Blue portrayed
that the enzyme was successfully purified. Enzymatic characterisation of serine protease
indicated that the enzyme achieved optimum activity at pH 11 and 40 oC. Apart from that, serine
protease enzyme was tested on several metal ions such as zinc, magnesium, sodium, calcium,
potassium and copper. The activity of serine protease was activated by Mg2+, Na+, Ca2+, K+,
Cu2+ but further increased concentration will cause drastic reduced in activity by Ca2+, K+, Cu2+.
The serine protease was almost inhibited by phenylmethylsulfonyl fluoride (PMSF). The
enzyme activity was measured using 1% skim milk, casein, gelatine, keratin and 0.3% fibrin.
All of the substrates can be degraded well by serine protease.
Keywords: Serine protease, Overexpression, Purification, Characterization
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Abstract
The study was aimed to evaluate the antioxidant and anticancer activities from organic
compounds extracted from mixed culture of Chlorella sorokiniana and Chlorella pyrenoidosa
used by Tenaga Nasional Berhad (TNB) to cool a power plant in Manjung, Perak. The crude
organic extract was tested for its radical scavenging effect and cytotoxic effect on HeLa cells.
The percentage of radical scavenging activity was carried out using DPPH assay. Meanwhile,
the cytotoxicity of the crude organic extract on HeLa cells was evaluated by MTS assay. Crude
organic extract has low antioxidant activity but showed a significant cytotoxic effect on HeLa
cell line in concentration range between 0.1 μg/μL to 1.0 μg/μL. From the performed assays,
crude organic compound from the microalgae shows greater cytotoxic activity and a few
antioxidant activity. This proves that a mixed culture of Chlorella sorokiniana and Chlorella
pyrenoidosa can be a promising antioxidant and anticancer agents.
Keywords: Radical scavenging activity, cytotoxic activity, HeLa cells, DPPH assay, MTS
assay, Chlorella sorokiniana, Chlorella pyrenoidos
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Abstract
The purpose of this study is to investigate the application of computational simulation using
Bioinformatics tools and software. Thus, this present study aims to predict the significant amino
acid residue that forming the catalytic site of enzyme dehalogenase from Bacillus cereus WH2
(dehWH2), as well as from other bacterial strains (L-DEX, dhlB, dehIVa, dehCI and dehCII).
The catalytic site is prior to the dehalogenation of 3-chloropropionic acid (3-CP), which is
believed as one of xenobiotic substances that polluting the environment. Regarding to the
methodologies, amino acid sequence retrieval, pairwise and multiple sequence alignment,
homology modeling and docking study has been conducted in investigating this study. The
simulation of folding of catalytic site was investigated, and Tyrosine (12 th) and Asparagine
(118th amino acid) has been predicted to be the significant residue in forming the catalytic
residue of dehWH2. For enzyme dehalogenase from other strains, Serine and Arginine are
predicted to be significantly involved in the catalytic site formation. However, they are not
located on the same position. To conclude, dehWH2 is assumed to be efficiently bind to 3-CP
due to its high binding affinity.
Keywords: dehalogenase gene, 3-chloropropionic acid, computational simulation
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Abstract
Wound injury is a normal occurrence that occurs in almost all living organisms, which requires
a crucial process called wound healing to recoup it. Most wounds would normally heal within
2 weeks in a hygiene condition. A good wound healing agent is indeed important to prevent
wound exposed to bacterial infections that could contribute to chronic wound. Essential oils
(EOs) are said that they are good in treating wound healing due to their properties. This study
aims at investigating the effect of combination melaleuca EO, cinnamon EO and basil EO on
wound healing. In vivo wound healing activity was done by excising the full thickness of mouse
skin and applying the wounded area either with combination EO, silver sulphadiazine (positive
control), cream base (negative control) or left untreated. Wounds were monitored until they
achieved complete closure. Skin tissues were harvested at day 3, 5 and 7 of post wounding and
were subjected for histological analysis; Haematoxylin and Eosin (H&E) and Van Gieson
staining. Skin tissues were also immunostained with anti-PCNA for immunohistochemical
analysis. It was observed that the mice treated with combination EO showed a significant result
in accelerating wound healing as compared to other treatment groups, by achieving complete
wound closure within 12 days of post wounding. Histological analysis revealed that the wounds
treated with combination EO showed significant reduction in length of epidermal gap and welldeposited with organized and compact structure of collagen in the wounded region.
Immunohistochemical analysis revealed wounds treated with combination EO showed
increased cellular proliferation in the wounded region. These results showed that combination
EO is a good therapeutic agent that might useful in future treatment for wound healing.
Keywords: Wound healing, essential oils, in vivo, histological analysis, immunological
analysis
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ABSTRACT
Infectious diseases from pathogenic bacteria nowadays are too common and some of the
bacteria become resistance towards multi types of antibiotics. Therefore, this study was
attempted to investigate the antibacterial, antioxidant activity and GCMS analysis of
Clinacanthus nutans (belalai gajah) leaves extract. Hexane, ethanol,ethyl acetate and aqueous
were used to isolate its leaves extract by using maceration technique. All extracts were analysed
for their antioxidant activity (DPPH radical scavenging assay) and total phenolic content (TPC).
The extracts were then tested for antibacterial activity against Bacillus subtilis, Staphylococcus
aureus, Escherichia coli and Pseudomonas putida using disc diffusion assay, minimal
inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) test. Most
effective crude extract will undergo GC-MS analysis to identify active compound that contribute
to antibacterial properties. From the result, the aqueous extract of C. nutans exhibited the highest
percentage of yield at 24.16%, followed by ethyl acetate, ethanol and hexane at 20.65%, 14.57%
and 10.51% respectively. Ethyl acetate extract give the highest percentage for DPPH inhibition,
(157 2.50) μg/ml while hexane extract have the highest total phenolic content (36.08 ± 1.44)
mg of GAE/100g of extract. When TPC and DPPH were studied for their correlation through
Pearson’s correlation test, the significant is (p < 0.05) indicate that TPC contribute to the
antioxidant activity in C. nutans plant. In antibacterial test, only ethyl acetate extracts showed
to be effective against all four bacteria; B. subtilis, S. aureus, E. coli and P. putida. The highest
zone of inhibition was at (19.13 0.484) mm against E.coli. The best MIC value = 3.75 mg/ml
and MBC value =15 mg/ml. Finally, GC-MS analysis leads to three major compounds which
are Cyclotrisiloxane hexamethyl, Methyl octyl ether and 2,4,6- Cycloheptatrien-1-one. In
conclusion, C. nutans have strong antibacterial and antioxidant properties due to bioactive
compound identified via GC-MS analysis.
Keywords:
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Abstract
The objective of this study is to prepare and characterize chlorhexidine modified kaolinite (CK)
and to study the antimicrobial activity of the samples against oral bacteria. Chlorhexidine
modified with kaolinite was prepared using different chlorhexidine concentrations (100, 300
and 600 mg/L) respectively. CK 100, CK 300 and CK 600 were prepared through ion-exchange
interaction between positively charged chlorhexidine and negatively charged on kaolinite
surfaces. Characterization studies were conducted on kaolinite, CK 100, CK 300 and CK 600
using the X-ray diffraction (XRD) analysis, Fourier transform infrared (FTIR) spectroscopy and
dispersion behavior analysis. The modification of kaolinite with cationic chlorhexidine did not
distort the structure of kaolinite. This revealed the successful modification of chlorhexidine on
kaolinite. The antimicrobial activity of the samples was tested against Staphylococcus aureus
ATCC 6538 and Streptococcus sobrinus ATCC 33478 using the disc diffusion technique
(DDT). The samples were also tested against Staphylococcus aureus ATCC 6538 for the
minimum inhibition concentration (MIC) technique. Based on the results from the antimicrobial
assays, chlorhexidine modified kaolinite showed great antimicrobial properties against both oral
bacteria. In conclusion, the chlorhexidine which had been modified with carrier agent kaolinite
has a potential to be an effective antimicrobial agent which can sustain the delivery of
chlorhexidine in the oral cavity.
Keywords: Oral bacteria, chlorhexidine, kaolinite, antimicrobial agent
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Abstract
Current problem with the bacterial resistance towards antibiotic leads to the usage of silver ions
(Ag) as an antibacterial agent. However, the massive amount of Ag released to the environment
need to be overcome by immobilizing the Ag ions onto a suitable carrier system. Thus, this
work is focusing on the immobilization of Ag ions on the synthesized zeolite from raw kaolinite
via hydrothermal method and acting as antibacterial agent. The characterization of the
synthesized zeolite was performed using X-ray diffraction (XRD), fourier transform infrared
(FTIR spectroscopy) and scanning electron microscopy (SEM). The characterization results
showed sodalite type zeolite was the synthesized product with high purity. The Ag-loaded
sodalites were prepared with different Ag concentrations (50, 200 and 600 mg/L of AgNO3).
Based on the characterization results, no changes on the structure of the sodalite after loaded
with Ag as Ag ions are exchanged with the cations that neutralized the negatively-charged
sodalite structure. The antibacterial assay was also performed by the samples against Gramnegative Escherichia coli ATCC11229 and Gram-positive Staphylococcus aureus ATCC6538
based on disc diffusion technique (DDT). The antibacterial activity was proportional to the
amount of Ag loaded in the sodalite. S. aureus was more susceptible than E. coli due to the
membrane structure properties of the bacteria. This study proved that the synthesized zeolite
from natural kaolinite can act as a carrier system for Ag ions and can be used as an alternative
inorganic antibacterial agent.
Keywords: Zeolite, Kaolinite, Silver, Antibacterial Agent, Sodalite, Hydrothermal
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Abstract
The downfall experienced by black pepper plant (Piper nigrum L.) production yield in Malaysia
is due to the rises of diseases that is mainly caused by the fungal pathogen. Conventional
chemical pesticides and biological fungicides by direct spraying were practiced to overcome
the fungal pathogens. However, excessive usage of both fungicides promoted negative effects
to the environment and other non-targeted organisms due to leaching issues. In the present study
the antifungal properties of co-immobilized B. subtilis (NCIM 2063) and Kencozeb M45
(mancozeb) with activated carbon pellet against Fusarium sp. and fungi on leaf of black pepper
plants were evaluated. The powder and granule activated carbon were successfully compressed
into pellet and impregnated with B. subtilis and mancozeb. The B. subtilis spores and mancozeb
particle attachment between the activated carbon were observed by SEM. Next, the antifungal
activity of the co-immobilized activated carbon with B. subtilis and mancozeb were performed
using disc diffusion test (DDT) with some modification and observed up to 14 days. Among the
three methods proposed for DDT, the third DDT method is least recommended as there was no
significant inhibition observed. The activated carbon pellet attached with mancozeb shows a
significant but not consistent fungal inhibition and the activated carbon pellet attached with
B. subtilis does not show any significant fungal inhibition in the first and second DDT methods.
In conclusion, the observable fungal inhibition by activated carbon pellet attached with
mancozeb on Day 14th validates the slow release properties of activated carbon.
Keywords Activated Carbon, Bacillus subilis, Fungi, Mancozeb, Inhibition
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Abstract
The formation of minerals through the hydrolysis of urea catalyzed by urease-producing
bacteria is a simple and easily controlled mechanism, which has been extensively explored with
promising applications in industry especially in construction industry. This present study was
conducted to isolate urease-producing bacteria from Dark Caves, Selangor, Malaysia for the
production of biocement. Screening of potential bacterial isolates on different concentration of
urea broth showed positive results based on colony growth in the highest concentration of urea
(20%). These isolates were subsequently subjected to an increased urea concentration for the
maximum urease activity and survival ability in conditions containing high urea substrates. The
formation of colony on nutrient agar were identified as Gram-positive bacteria and observed as
a rod shape under light microscope with 1000x magnification. Based on the 16s rRNA gene
sequence and phylogenetic tree analysis, the strain is from genus of Bacillus. The data analysis
revealed that DC1 is much related to Bacillus albus with 99.81% identity. Biocement production
was carried out using sea water with 1643.28 ppm of hardness as a natural source of calcium.
The biocement was successfully produced with yield of 1.756 g. The morphology
characterization of the biocement was studied using Scanning Electron Microscopy (SEM). The
findings in this study suggest that the isolated ureolytic bacteria (DC1) have the potential to be
used as alternative microbial MICP agents for biocement applications.
Keywords: urease-producing bacteria, biocement, Bacillus albus, MICP agents
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Abstract
Protease serves as one of the most important groups of enzymes for industrial application due
to their high catalytic activity. However, their effectiveness as a catalyst might be affected by
the prolonged storage before eventual used in industry. Thus, it is important to identify the effect
of storage on the stability of protease enzymes, specifically, 13BN, MEA-01 and KW55P from
different protease producing bacterial at various range of temperature and different
concentration of glycerol as the storage stabilizer. Out of 12 storage conditions tested, it was
proved that 13BN protease worked the best when subjected to storage condition of room
temperature in 50% glycerol as 48% of the initial specific activity retained. This study revealed
that MEA-01 protease was able to retain 53% from its initial specific activity when subjected
to storage temperature of 37°C. It was also proved that KW55P protease suitable storage
condition is at 37°C in 50% of glycerol with remarkable retained percentage of 62% of the
initial specific activity. Considering only about half of the specific activity successfully retained
for each optimum storage condition for these enzymes, it can be concluded that a wide range of
other condition can be consider to improve the stability of the enzyme before application in the
industry.
Keywords: Protease, Enzyme stability, Storage condition
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Abstract
In this study, protease producing bacteria were isolated from Sekolah Tun Fatimah at Johor and
identified to be mainly Bacillus species. These Bacillus species strain has been identified
through molecular typing of 16S rRNA gene. Genomic DNA from bacterial strain was extracted
and PCR (Polymerase Chain Reaction) amplification was carried using the universal primer,
27F and 1492R. The information from the 16S rRNA sequence obtained was analysed using
online program, Local Alignment Search Tool nucleotide (BLASTn). The phylogeny was
constructed using software MEGA X. Skim Milk Agar test was done to check whether the
bacteria able to produce protease enzyme. The results from the analyses done showed that strain
3 poses 99% similarity with Bacillus coagulans while strains 1 and 7 poses 99% similarity with
Bacillus safensis. Skim milk agar test also shows these type of Bacillus coagulans protease
negative while Bacillus safensis are protease positive.
Keywords: Protease, compost, Bacillus coagulans, Bacillus safensis
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Abstract
There has been an increment in emergence of designing sustainable, fast and effective
composting procedure especially in industrial and commercial use. Thus it is important in
identifying type of microorganisms that may involve and evolve directly during the composting.
In this study, three bacteria (strain 3i, 5b and M) from composted vegetable waste have been
isolated and both phenotypic and genotypic identification were performed particularly through
Gram-staining and molecular identification by using 16S rRNA sequencing. Genomic DNA for
all isolated bacteria were extracted and purified to acquire pure and intact DNA. PCR
amplification was carried out by utilizing universal primer (pU1492r and pB27f) which
produced partial 16S rRNA sequences. Following that, these sequences were assembly by using
FinchTV software. Consensus sequences were aligned for highly similarity sequence from the
database by using online tools, Basic Local Alignment Search Tool nucleotide (BLASTn) and
then the phylogenetic trees were constructed from selection of closely related strains obtained.
Phenotypically, both strain 3i and M are Gram-positive bacteria meanwhile strain 5b is Gramnegative. Strain 3i happened to be related to Bacillus anthracis strain CP DE15 with 95.46%
identical. Additionally, strain 5b and M are most similar to Bacillus thermoamylovorans strain
9-4AIA and Micrococcus luteus strain DYPSBB RPF YRP01 respectively with 99.86% and
99.20% of identitical. However, further study is required to determine enzymatic activity for
each of the bacteria as well as identify the optimum condition for bacteria growth.
Keywords: composted vegetable waste, identification, Bacillus sp., Micrococcus sp., 16S
rRNA sequencing.
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Abstract
Globally, oral diseases are one of the complex pathologies in human health. Several factors
have been found that contributed to these oral diseases. In Malaysia, about 70-90% of children
faced this problem due to lower socioeconomic status and poor parental education background.
Other factors are the high consumption of free sugar, poor oral hygiene and bad lifestyle habits
such as smoking and drinking alcohol. In order to overcome this problem, research on finding
alternative compounds are extensively done, with many focusing on plant-derived natural
compounds. Elettaria cardamomum (cardamom) has been reported to have antibacterial activity
against pathogenic bacteria was used as a treatment for antioxidant, anticancerous agent and anti
-inflammatory agent. Therefore, a series of experiments were carried out to study the
antimicrobial activity of the cardamom against oral bacteria, Staphylococcus aureus,
Streptococcus sobrinus and Streptococcus mutans. In this study, the disc diffusion test (DDT)
assay was first carried out to screen the antimicrobial susceptibility for the bacteria. Following
to DDT assay, minimum inhibitory concentration (MIC) assay was performed in order to
identify the lowest concentration of EO used can inhibit the growth of the bacteria. Result from
this assay showed that 3.13 % (v/v) was the MIC value required to inhibit the growth of S.
aureus and S. mutans, while 6.25 % (v/v) was the MIC value for S. sobrinus. These
concentrations were used to further investigate the antiadhesion and antibiofilm assay. The
result indicated that E. cardamomum EO have a good antiadherence activity against S. aureus
at 6.25 % as compared to S. sobrinus and S. mutans with a low value of cells adhered, 13.23 %.
It was the same for antibiofilm assay, E. cardamomum possess a good antibiofilm activity
against S. aureus at 6.25 % with a value of biofilm formed is 12.96 %. In summary, it was proved
that the EO have an antibacterial activity against the oral bacteria being tested. Thus, it can be
developed as a potential antidote for toothache.
Keywords: Oral diseases, natural compounds, E. cardamomum, antimicrobial activity,
antibiofilm activity
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Abstract
Escalating crude oil prices worldwide as well as environmental concern facilitate the research
on biofuels. Thus, alternative fuels are being used as a replacement for conventional fuel. To
expand biofuel and feedstock production, large investments are needed as well as advancement
in technology. However, in the process of biofuels production abundant of fresh water are being
used during preparation of fermentation media. Hence, by substituting fresh water to sea water
based-media will be a great help. In addition, minerals available in sea water will reduce the
need of adding additives to the fermentation media. The analysis of sea water component shows
sea water consisted of macro and micro elements which is required for the growth and
biobutanol production as well other solvents by solvent producing anaerobic bacteria. ABE
fermentation was conducted by using different concentration of seawater and distilled water act
as positive control. The initial pH, temperature and inoculum size were controlled at fix
condition throughout optimization study. The highest butanol and total solvents production was
observed when using 80% (v/v) seawater with 0.617 g/L and 2.698 g/L with maximum
productivity 0.020 g/L/h and 0.064 g/L/h respectively. The result shows the yield of biobutanol
Y P/S and Y P/X were 0.035 g/g and 0.588 g/g. The effect of different glucose concentration were
performed using 80% (v/v) seawater. 20 g/L glucose shows the highest butanol production
0.220 g/L while 30 g/L glucose shows the highest total solvents production 3.025 g/L with
0.010 g/L/h and 0.095 g/L/h productivity respectively. The yield of biobutanol Y P/S and Y P/X
were 0.025 g/g and 2.715 g/g. The yield of total solvents Y P/S and Y P/X exceed the yield of total
acids with 0.378 g/g and 4.495 g/g. The potential application of sea water as a medium for
bioethanol production can be applied for replacement of fresh water during biorefinery
processing.
Keywords: Clostridium beijerinckii SR1, biobutanol, seawater
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Abstract
The uncertainty of crude oil reservoir and the increasing demand worldwide bring concerns to
the fate of the world. Thus, the emerging of biofuels as an alternative fuel source is recognized
and research are rapidly been carried out. However, new problems arise as the biofuels
production required the large amount of fresh water that is limited in some countries. Hence, the
usage of seawater as the replacement for fresh water is giving a big advantage in terms of cost
and availability of the seawater. Bioethanol production by strain A3P1 in batch culture was
conducted in 2L bioreactor using seawater medium. The depletion of glucose (S) in batch culture
and biomass reach maximum (X max) was at 12 hours with the specific growth rate (µ) of 0.263
h-1, maximum specific growth rate (µmax) of 0.526 h-1 and doubling time (t d) of 2.635
h. Furthermore, the Yx/s was recorded at 0.147 g/g with Yp/s and Yp/x were calculated at 0.138
g/g and 0.936 g/g respectively. The effects of different dilution rates of 0.025 h-1, 0.049 h-1,
0.073 h-1 and 0.097 h-1 were studied with optimum dilution rate (D) for highest bioethanol
production was at 0.049 h-1 with 4.534 g/L and productivity of 0.302 g/L/h. The Yx/s was
recorded at 0.035 g/g with Yp/s and Yp/x were calculated at 0.045 g/g and 1.292 g/g respectively.
Fold production of bioethanol compared to batch culture was recorded at 6.638 with dilution
rate of 0.049 h-1. The effects of different glucose concentrations of 50, 70 and 100 g/L were
performed using 0.049 h-1 dilution rate. Glucose concentration of 100 g/L gives the highest
bioethanol production of 4.534 g/L with productivity of 0.302 g/L/h followed by 70 and 50 g/L.
The Yx/s was recorded at 0.035 g/g with Yp/s and Yp/x were calculated at 0.045 g/g and 1.292 g/g
respectively. The kinetic comparison of batch and fed batch cultures were observed with fed
batch shows the highest bioethanol production with fold of 6.638 and ethanol percentage yield
of 663.8% compare to batch culture. Overall, bioethanol production in 2L bioreactor was
successfully analysed along with effects of different dilution rates and glucose concentrations
on bioethanol production in variable feeding mode as well as kinetics of batch and fed batch
with the later proved to be more efficient in bioethanol production.
Keywords: Marine yeast strain A3P1, Bioethanol, Fed-batch, Seawater
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Abstract
Breast cancer is one of the most virulent types of cancers that contribute to high mortality
worldwide. Hyperthermia (HT) therapy was introduced as one of the alternatives to treat breast
cancer. However, HT caused poor specific heat distribution in tumor during treatment which
lead to unintentional destruction of normal cells. Therefore, this study explores the integration
effect of multiwalled-carbon nanotubes (MWCNT) in combination with hyperthermia for breast
cancer therapy regime. MWCNT was recognized as the potential candidate for hyperthermal
therapy due to its thermal conductance and stability which generated a significant amount of heat
during hyperthermia. This subsequently will provide specific heat distribution in tumor, which
expected to improve the treatment outcome. In this study, 5 × 105 EMT6 breast cell was
inoculated subcutaneously into right flank of female Balb/c mice. At day 7 post- inoculation,
tumors were intratumorally injected with MWCNT and subjected to local HT for 3 consecutive
days. The tumor progression was monitored every 2 days. In another experiment, mice were
sacrificed after 24 hr post-treatment and tumors were harvested for pathological examination by
H&E and immunohistochemical analysis for PCNA and Hsp70 expression. Results from this
study demonstrated that mice from combined treatment displayed complete tumor eradication
and significantly prolonged median survival (P<0.001). Furthermore, histological analysis of
tissues from combined treatment showed that the tumor experienced cell necrosis. For Hsp70
expression, HT and combined treatment both showed expression of Hsp70 protein
corresponding to hyperthermia. In addition, significant reduction of PCNA- positive cells was
observed in treated group indicated that HT in combination with MWCNT treatment inhibited
tumor cells proliferation. Altogether, results presented in this study suggested that MWCNT
might have a potential as an anticancer therapeutic agent in future breast cancer treatment.
Keywords: Breast cancer, Hyperthermia, Carbon nanotubes
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Abstract
The ability to differentiate into mesoderm origin’s lineages has potentially enabled Human
Mesenchymal Stem Cells (hMSCs) to be used in cell therapies, and thus presenting a promising
function in autologous regenerative medicine application. Currently, researchers found that
microcarrier-based cell culture system benefit the anchorage-dependent cells’ growth, especially
in the industrial’s upscale process. However, the screening process has become a problem in
identifying the best microcarrier due to the high cost and abundant use of materials especially
in industrial sector. This research aims to characterize the Cytodex-3 microcarrier on hMSCs in
the 24-multi-well plate and the hMSCs’ attachment and growth rate were screened. In this work,
the trypan blue dye exclusion method was used to calculate the cell number, while the 3,5dinitrosalicylic acid (DNS) assay was used to measure the glucose consumption of the cells. In
this study, the seeding density of 1×105 cells/mL was chosen and seeded for 10 days incubation.
The maximum cell density of 2.7×105 cells/mL and 1.23 ×105 cells/mL for culture with and
without microcarrier were obtained after 10 days, and it was also found that the culture with
Cytodex 3 microcarrier have higher cell viability at 49.0 % (±1.9) when compare to the cell in
control condition at 33.3 % (±3.0) . For glucose consumption rate, this study showed the
efficiency of Cytodex 3 in enhancing the cell’s glucose uptake ability. Paired T-test was
conducted to all the collected data and the results showed there was a significant difference
between the two conditions where p value was less than 0.05 However, in morphological
analysis, it is noticeable that some of the cell tend to attach on the floor of the well as the
experiment was carryout in the static mode. In conclusion, some improvement must be done in
future to fully show the Cytodex-3 microcarrier efficiency in hMSCs cultivation especially in
the biopharmaceutical industry’s upscale process.
Keywords: Human Mesenchymal Stem Cells, Microcarrier, Cytodex-3, Cell Culture
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Abstract
Polystyrene-based cell microcarrier cultured systems are widely used in medical industry that
involve in the medical fields studies. Besides that, the unmodified feature of polystyrene based
microcarrier may give the inefficient cell attachment on the microcarrier surfaces. The aims of
this experiment was to optimize the mesenchymal stems cells (MSC) growth rates onto the
Cellonsphere 2 microcarrier, the modification of polystyrene-based microcarrier by Ultraviolet
Ozone (UV/O3) treatment from SoloHill products. The experiment was carried out by culturing
the monolayer culture and Cellonsphere 2 microcarrier culture under static condition. The cell
densities that used for seeding in each culture are 1×105 cell/mL. Trypan blue dye method with
haemacytometer were used in cell counting to determine the cell density and cell viability of
the growth rate of MSC. Moreover, the specific metabolite consumption or production rate were
measured based on the glucose concentration that were observed by using 3,5-dinitrosalicylic
acid (DNS) assay methods. The seeding of 1×105 cell/mL cell densities were seeded into 24well multi-well plate in both monolayer and microcarrier cultured for 7 days observation. For
the growth rate analysis, the observation have made through the statically analysis. In cell
density analysis, the specific growth rate for the monolayer culture was 66.41±2.27 cell/mL,
while for the Cellonsphere 2 microcarrier culture was 50.47±9.77 cell/mL. The doubling times
also shows that the Cellonsphere 2 microcarrier cultured was 48.94706 h, while monolayer
cultured 39.48605 h. For the cell viability, both declined gradually. After that, the glucose
consumption at day 1 in Cellonsphere 2 microcarrier culture was 7.52±2 mole/cell/day while
monolayer culture was 0.3± 13.63 mole/cell/day. Both glucose consumption gradually declined
until day 7.In conclusion, the MSC can still attach and proliferate onto the Cellonsphere 2
microcarrier surface but less efficiently compared than monolayer culture that have shown by
the cell growth rate.
Keywords: Mesenchymal Stem Cells, Cellonsphere 2 Microcarrier, Polystyrene-Based Cell
Microcarrier.
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Abstract
Triple negative breast cancer (TNBC) is the most invasive subtype which represents 15 to 20%
of all breast cancer and is characterized by the lack of estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor 2 (HER2) expression which makes
them generally associated with poor prognosis and low survival rate. The presence of cancer
stem cells in TNBC tumor and the development of resistance against usual treatment therapy
further deteriorate the disease condition. Retinoic acid (RA) has been shown to exert anticancer
effect in a variety of model system and clinical trials through the induction of cell growth arrest
and proliferation suppression. Ginger has been extensively studied for its excellent anticancer
effects in which it shows inhibition on the proliferation and metastasis of the cancer cells as
well as induce apoptotic death of the cancer cells, particularly breast cancer cells. Therefore,
this study was aimed at studying the anticancer effect of RA, GE and combined RA-GE in
TNBC cells. In this research, the cell viability assay was carried out by treating MDA-MB-231
cells with various concentrations of RA (0, 5, 10, 15, 20, 30 and 50μM), GE (0, 20, 40, 60, 80,
100, 120, 140, 160, 180, 200, 220 and 240μM) and a combination therapy of RA (0, 5, 10, 15,
20, 30 and 50μM) with 100μM of GE. From the findings, both RA and GE reduced cell viability
in a dose dependent manner by 19.46-73.42% (RA), 11.39-87.80% (GE) and 22.15-79.04%
(combination therapy). This study also revealed that the combined treatment was able to induce
apoptosis in MDA-MB-231 cells. Lastly, the findings of this study propose that both solo RA,
GE respectively and especially the combined RA-GE exerted potent anticancer effect in TNBC
cells.
Keywords: Triple negative breast cancer, MDA-MB-231 cells, Retinoic acid, Ginger extract,
Combine treatment
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Abstract
Triple Negative Breast Cancer (TNBC) is regarded as the most invasive breast cancer enriched
with cancer stem cells (CSCs). The CSCs play an important role in promoting tumour initiation,
metastatic dissemination, recurrence and treatment resistance. Also, the absence of estrogen
receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2
(HER2) reduces the efficacy of chemotherapy treatment and contributes to poor prognosis in
patients with TNBC. This study was aimed at looking into the sufficient anticancer effects of
combined ginger-cisplatin therapy in treating Triple Negative breast cancer cells. Both ginger
and cisplatin especially the combination treatment exhibited potent anticancer effects on MDAMB-231 breast cancer cells which represents the TNBC subtype. In this research, ginger
concentration at (0-200µM), cisplatin concentration at (0-50µM) and combination of cisplatin
concentration at (0-50µM) with ginger (100µM) were tested on MDA-MB-231 for cell
viability. The IC50 concentrations of mono ginger and mono cisplatin treatment was 100µM and
23.50µM, respectively. Present study indicates that mono ginger and cisplatin treatment reduced
cell viability in a dose-dependent manner and potentially induced differentiation of the surviving
cancer cells. Potent anticancer effects were seen in the combination therapy which not only
reduced the IC50 of cisplatin to 12µM but also significantly induced apoptosis in MDA- MB-231
cells. These findings altogether indicate the potential use of a new combined therapeutic
approach and may provide a means of new perspective in TNBC treatment.
Keywords: Triple Negative Breast Cancer (TNBC), Cisplatin, Ginger, Cell Viability,
Apoptosis
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Abstract
Growth performance of microalgae during cultivation period for biomass production is affected
by many environmental factors. The best growth performance of microalgae influences by
several parameters for example, the condition of photobioreactor which consists of different
aeration systems such as airlift loop and bubble column. The newly design photobioreactor
made from polycarbonate material can withstand high temperature for sterilization purposes
prior to cultivation. The photobioreactor used in the study were macrobubble column,
microbubble column and airlift loop system. Moreover, the invasion of foreign microorganism
(contaminant) cause low specific growth rate, μ which slowed down the growth performance
and causing microalgal death. The Nannochloropsis sp. favours the sterile condition with a
proper aseptic technique during cultivation period as contaminants (bacteria and fungus)
reduced its growth performance and biomass production. The Nannochloropsis sp. cultivation
requires a big bubble size (microbubble) to increase radial mixing in the photobioreactor. The
3 parameters optimized in this study were light concentration, aeration rate, and inoculum
concentration. The best growth performance was at 3000 lux of light concentration where it has
μ of 0.0021h-1. Additionally, aeration rate of 0.9 L/min that has μ of 0.0043h-1 that considered
as the best parameter. While the highest inoculum concentration (20% v/v) slowed down the
algal growth performance which have μ of 0.0003h-1 due to limited space and resources.
Instead of that, (5% v/v) of inoculum concentration is suitable parameter by having μ of
0.0035h-1 in growth performance of Nannochloropsis sp. The cultivation of Nannochloropsis
sp. needs a better photobioreactor design and structure to perform in a large scale in the future.
The microalgae cultures require carbon dioxide and other gases especially oxygen should be
restricted to flow into the photobioreactor during cultivation period.
Keywords:photobioreactor, airlift loop system, Nannochloropsis sp.
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ABSTRACT
Incidents of mislabelling and species substitution in fish products have reported to increase
dramatically and have called for a more effective method to authenticate the origin of such
products. The emergence of DNA barcoding which relies on a short strand of DNA sequence
for species identification could serve as an efficient method to detect processed fish products
mislabelling and substitution. This work aims to study the level of mislabelling and substitution
among processed fish products in Malaysia market by targeting cytochrome c oxidase subunit
I (COI) gene of the products. A total of 10 samples with different typologies were analysed. Of
the 10 samples, five (50%) of the extracted DNA were successfully amplified with a COI
universal primer with amplicon size of ~295 base pairs. The amplicons were then direct
sequenced and successfully identified up to species level by comparing to GenBank databases.
Sequence analysis showed that three (60%) of the five amplified samples were substituted with
different species which can cause harmful effects to humans if consumed wrongly. In short, this
study has demonstrated the feasibility of COI gene and reliability of DNA barcoding as a
method for the identification of species of different processed fish products.
Keywords: processed fish products; COI; Genbank; substituted; mislabelling

1.0 INTRODUCTION
Food products mislabelling is a very common issue among both local and international markets.
Fish products, especially, have always been linked to frauds in their labels and descriptions. For
example, in Malaysian market, out of 62 fish samples, 16% were identified as mislabelled by
using DNA barcoding method [1] and this mislabelling could be caused by a limit in interest or
obligation in naming the fish accordingly and attempt to cover up illegal sourcing [2]. Frauds
in labels and misdescriptions of products can be regarded as one of the following: substitution
of ingredients with a cheaper one, extending food with a cheaper material, presence of
undeclared ingredients, extending food to increase value, false declaration of processes, overdeclaration of an ingredient and false information regarding products’ origin [3]. Traditionally,
detection and diagnosis methods of fish products has always depend on the proteins present in
the samples, including isoelectric focusing (IEF), capillary electrophoresis (CE), highperformance liquid chromatography (HPLC), sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) and enzyme-linked immunosorbent assay (ELISA) [4]. While
these protein-based techniques can provide accurate and reliable results, the protein samples
used in some of the methods can be destroyed by the high heat employed in the process. The
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use of DNA-based methods, on the other hand, offers several advantages over the protein-based
methods, including the use of universal assay formats, increased heat stability and improved
ability to differentiate between closely related species [5]. DNA barcoding is a method of
species identification where a short strand of DNA sequence is obtained from a specific gene
region of the sample and compared to a library of reference barcode sequence [6]. Since each
organism presents different unique DNA sequence, hence the use of DNA barcoding allows the
determination of a sample up to species level. In this work, focus is on the use of COI gene in
DNA barcoding as an authentication tool for the identification of processed fish products up to
species level.
2.0 MATERIALS AND METHODS

2.1 Sample collection and DNA extraction
Total 10 frozen processed fish products samples were purchased from local supermarkets in
Johor, Muar and Penang, Malaysia. Information on the package was recorded. QIAGEN
DNeasy Blood & Tissue Kit was used in the fish sample genomic DNA extraction according to
the manufacturer’s protocol. The extracted sample of the DNA qualitative analysis was
evaluated using Thermo Scientific NanoDrop ™ 1000 spectrophotometer by subsequent
measurements of absorbance value at 260nm with calculation of A260/A280 ratio. A DNA
concentration of 10-200 ng/µL and purity at range of 1.7-2.0 ratio (A260/A280) was expected.
The extracted sample of the DNA was stored at -20°C until further analysis.
2.2 Amplification of COI DNA barcode and Sequence Analysis
The optimal thermal cycling of COI primer pair were evaluated using a gradient PCR approach,
resulting in the selected condition: an initial denaturation at 95°C for 2 min, followed by 30
cycles of 95°C for 1 min, 59°C for 30 s and 72°C for 1 min, with a final extension at 72°C for
5 min and hold at 4°C. All the PCR reactions were performed in a final volume of 25 µl
containing 5 µl of 5X Green GoTaq Flexi Buffer (Promega, Madison, USA), 1 µl of each
forward and reverse primers (10 mM), 2 µl of 25 mM MgCl2 (Promega, Madison, USA), 0.5 µl
of 10 mM dNTPs mix (Promega, Madison, USA), 0.625 U of GoTaq Flexi DNA Polymerase
(Promega, Madison, USA), 10-50 ng DNA template and sterilised ultrapure water to final
volume. PCR amplifications were carried out using Mastercycle nexus Gradient Thermal Cycler
(Eppendorf, Germany). A negative control (without DNA template) was included in all PCR
runs to validate the reliability of PCR results. PCR success was verified on a 2% (w/v) agarose
gel electrophoresis and the size of PCR amplicons were accessed by comparison with the
standard marker 100bp Plus II DNA Ladder (TransGen). Successful PCR products were
purified and sequenced by Apical Scientific Sdn Bhd (Selangor, Malaysia) on an ABI 3730xl
Genetic Analyser (Applied Biosystems, Foster City, USA). Sequences obtained were queried
against the reference sequence in GenBank database (https://www.ncbi.nlm.nih.gov/) by using
the Identification System (ID’s) and the Basic Local Alignment Search Tool (BLAST). The
identified species is compared to the declared species to verify the product’s authenticity.
3.0 RESULTS AND DISCUSSION
3.1 DNA quantification
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Besides the 10 processed fish samples, a positive control containing fresh hard tail fish blood
and a negative control containing no DNA samples were prepared to check the reagents used in
this study and the performance of the primers used. In this study, different categories of
processed fish samples were collected, namely fish ball, fish sushi, marinated fish, canned fish
and minced fish (Table 1). All of the samples used have lost their morphological characteristics
and visual identification of the fish species is nearly impossible, which increases their chances
of mislabelling. Overall, most of the samples contained more than 10 ng/µL of DNA except for
sample S4 (fish ball) and sample S8 (canned fried dace). The poor DNA quality found in both
sample S4 and S8 could be contributed by their harsh preparation process (grinding and frying)
[7].
3.2 CO1 DNA barcode Sequence Analysis
Among all the samples that had their genomic DNA extracted, five (50%) of them successfully
had their COI gene amplified (S1, S2, S3, S7, S10). For the other samples (S4, S5, S6, S8, S9),
DNA degradation in archival specimens or processed food products often prevent the recovery
of PCR fragments longer than 200 bp. Furthermore, the addition of additives and preservatives
could contribute to their failed PCR amplification, especially in S6 (smoked salmon) which is
rich in phenolic compounds that are difficult to be removed and hence severely affected PCR
amplification [8].
Table 1: Species identification in 10 processed fish products
Product
Declared
GenBank
Percentag Query
ID
Label
Ingredients (BLAST)
e Identity Cover
Shiro
Ruvettus
S1 Maguro
White Tuna pretiosus
98.82%
98%
*
Zuke
(Oilfish)
Sushi
Oncorhynchus
Sake
S2
mykiss
Belly
Salmon
100.00%
96%
*
(Rainbow
Sushi
trout)
Anguilla
S3 Unagi
anguilla
Eel
98.37%
99%
*
Sushi
(European
eel)
Threadfin
S4 Fish Ball
Failed Amplification
Beam
Mackerel
S5 Otak-Otak
Failed Amplification
Fish
Smoked
S6
Salmon
Failed Amplification
Salmon
Thunnus
Maguro
thynnus
S7
Tuna
99.60%
98%
Sushi
(Atlantic
Bluefin Tuna)
Fried
S8
Dace
Failed Amplification
Dace

98
Biosciences Symposium of the Final Year Undergraduate Project 2019

S9

Tempura
Fish
Cocktail

Pollock

Failed Amplification

Seriola
quinqueradiat
98.85%
99%
a (Japanese
Amberjack)
*Samples marked with an asterisk are potentially mislabelled or substituted.

S1
0

Hamachi
Sushi

Japanese
Amberjack

From Table 1, the species of each PCR products (S1-S3, S7, S10) identified in GenBank was
consistent with species identified in BOLD system (data not shown), suggesting that the results
were accurate and reliable. Overall, the results of species identification of all five samples
validated that the declared ingredients were correct except for sample S1, S2 and S3 (marked
with asterisk). The declared ingredient of sample S1 was white tuna, which according to [9], is
usually albacore tuna (Thunnus alalunga), however, this contradicts with both the GenBank and
BOLD results which showed that the ingredient was oilfish (Ruvettus pretiosus). This result
suggests that sample S1 might have been substituted with another species. In fact, this
substitution could potentially bring harm to the consumers. Ruvettus pretiosus is poisonous to
most people as its flesh contains indigestible wax esters which can cause oily diarrhea to
consumers [10].
4.0 CONCLUSION
The result of this work implies that 50% of the processed food analysed are very low quality
and highly degraded mainly due to vigorous processing. The remaining 5 samples were
successfully amplified and 60% is potentially mislabelled or substituted with another species.
A large scale analysis is required to foresee the mislabelling rate in Malaysian fish products.
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ABSTRACT
Fish fraud is a global issue due to the lack of regulations and limitation of conventional
authentication. High occurrence of mislabelling or species substitution in processed fish product
had increase the concern of researchers to develop a better way to authenticate the processed
fish product in order to ensure food safety and quality. The arising of DNA barcode that offers
a more reliable result, cheap and very effective in the traceability of fish products. DNA
barcoding relies on a short DNA sequence that often known as unique mitochondria marker
able to identify taxonomic to species level. In this study, a total of 10 processed fish products
with different processed properties were obtained from Malaysia market and successfully
extracted Then, genomic DNA were subjected to DNA barcode (Cytb) amplification and
sequencing. Out of 10 samples, six samples had successful amplification of Cytb barcode (287
bp). Sequence analysis showed that 83.3% of the six samples was mislabelled or substituted
with different species which can cause detrimental health effect to humans if consumed in large
quantity. In short, this study shows the Cytb gene marker in DNA barcoding could yield reliable
result and able to authenticate the processed fish product to species level.
Keywords: processed fish products; Cytb; Genbank; substituted; mislabelling

1.0 INTRODUCTION
Over several decades, food trading particularly exchanging of fish products has expanded
dramatically in latterly and the total fishery yield in global had reached 171 million tons in 2016
[1]. According to Fisheries Development Authority of Malaysia, the generation from both
fishing and aquaculture was 656 thousand tons in 2016 though imports surpassed 526 thousand
tons around the same time. Subsequently, the authenticity of the origin of fish and seafood
products is essential for the fish trade in the globalization period. The rapid rate of technological
advancement of food production, handling, processing and distribution by a worldwide network
of operators make it important to ensure the authenticity and the origin of fish and seafood
products [2]. The mission of the Food Safety and Quality Division under the Ministry of Health
Malaysia is to ensure food safety and enhancing national integrity in food security, quality and
protect the consumer’s health. According to the Fisheries Act No. 317, 1985, it requires the food
product label with the scientific name of the species if the food product contains more than 3%
ingredients from one animal origin. Besides that, fish that are harvested, processed, and
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distributed as food in Malaysia must meet the quality of being safe, wholesome and properly
labelled. However, seafood still has drawn attention globally due to the incapability of food
authenticity and prompt the potential health-related risks associated with mislabelling of
species. Thus, in this work, using DNA barcoding [3], a mitochondrial marker, Cytochrome b
(Cytb) was used to assess the authenticity of 10 processed fish products available in Malaysian
market.
2.0 MATERIALS AND METHOD
2.1 Sample collection and DNA extraction
Ten frozen processed fish products samples were purchased from local supermarkets in Johor,
Muar and Penang, Malaysia. Information on the package was recorded. QIAGEN DNeasy
Blood & Tissue Kit was used in the fish sample genomic DNA extraction according to the
manufacturer’s protocol. The extracted sample of the DNA qualitative analysis was evaluated
using Thermo Scientific NanoDrop ™ 1000 spectrophotometer by subsequent measurements
of absorbance value at 260nm with calculation of A260/A280 ratio. DNA concentration of 10200 ng/µL and purity at range of 1.7-2.0 ratios (A260/A280) was expected. The extracted
sample of the DNA was stored at -20°C until further analysis.

2.2 Amplification of Cytb DNA barcode and Sequence Analysis
To amplify the Cytb barcode, a primer pair was designed. The sequences of the mitochondrial
Cytb region for 40 species of fish from various families and genera were aligned using Clustal
Omega (EMBL-EBI) and viewed with Jalview software to study the conserved regions
applicable for primer design.
The PCR was conducted in a final reaction volume of 25 µL comprising 17 µL of nuclease-free
water, 2.5 µL of 10X buffer, 1.0 µL of 50mM MgCl2, 0.5 µL of 10 µM forward primers, 0.5
µL of 10 µM reverse primer, 0.5 µL of 25mM dNTPs, 0.5 µL of Taq Polymerase and 2.5 µL
of genomic DNA. Gradient PCR was carried out according to the range of temperature for
primer in order to identify the optimum annealing temperature, followed by single PCR in order
to obtain the band of interest with the correct size and best intensity. The PCR cycle was carried
out with an initial denaturation at 94°C for 1 min, 35 cycles of denaturation at 94°C for 15 s,
annealing at 54°C for 15 s, extension at 72°C for 30 s and a final extension at 72°C for 10 min.
PCR products were verified on a 2% (w/v) agarose gel electrophoresis and the size of PCR
amplicons were accessed by comparison with the standard marker 100bp Plus II DNA Ladder
(TransGen). Amplicons were purified and sequenced by Apical Scientific Sdn Bhd (Selangor,
Malaysia) on an ABI 3730xl Genetic Analyser (Applied Biosystems, Foster City, USA).
Sequences obtained were queried against the reference sequence in GenBank database
(https://www.ncbi.nlm.nih.gov/) by using the Identification System (ID’s) and the Basic Local
Alignment Search Tool (BLAST). The identified species is compared to the declared species to
verify the product’s authenticity.
3. RESULTS AND DISCUSSION
3.1 DNA quantification
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In this study, 10 different processed fish sample had been collected, consisting of different types
which include sashimi, fish fillet, battered fish, marinated fish, canned fish and fried fish (Table
3.1). The morphological features of the samples used have been expelled and the visual
identification is nearly impossible. Total gDNA of sake belly sushi, smoked salmon and FZ
Butterfish Portion Cut extracted showed the highest concentration of 121.20 ng/μL, 241.57
ng/μL and 150.5 ng/μL respectively Meanwhile, the total gDNA of fish ball showed the lowest
concentration of 3.70 ng/μL among the samples. Genomic degradation might due to the
mechanical and chemical degradation such as drying, enzymatic degradation, high pressure and
high heat [4].
3.2 Cytb DNA barcode Sequence Analysis
From the sample S1-S10, eight samples (80%) successfully amplified their Cytb genes except
sample S6 and S7 (Table 1). The failure could be due to highly fragmented and degraded DNA
as well as presence of a variety of additives and PCR inhibitors especially high salt
concentration such as in sample S6 (Smoked salmon). Strikingly, only one sample (S3) was
found to match with the declared ingredient. Bacteria contamination was observed in two
samples (S9 and S10) which is highly surprising since bacteria dos not possess mitochondrial
gene. The remaining five samples (S1, S2, S4, S5, and S8) resulted in BLAST result of a
different species with very similar morphology, thus suggesting misidentification or intentional
substitution might occur at sourcing stage of raw materials [5]. For example in Japan, rainbow
trout was found to be used as a substitute for salmon and labelled as ‘salmon trout’ instead of
‘rainbow trout’ [6]. Therefore, this indicates the possibility of this sample being substituted
with another species as well due to their closely identical morphological characteristics and the
colour of their meat.
Table 1: Species identification of 10 processed fish products
Declared
Percenta
Product
GenBank
Query
ID
Ingredien
ge
Label
(BLAST)
Cover
ts
Identity
Shiro
Ruvettus
White
S1
Maguro
pretiosus
98.82%
98%
Tuna
*
Zuke Sushi
(Oilfish)
Oncorhynchus
S2 Sake Belly
Salmon
100.00% 96%
mykiss
*
Sushi
(Rainbow trout)
Anguilla
Unagi
anguilla
S3
Eel
98.37%
99%
Sushi
(European eel)
Decapterus
S4
Threadfin
Fish Ball
89.47%
95%
maruadsi
*
Beam
(Japanese Scad)
Siniperca
Mackerel
S5
chuatsi (Chinese 84.75%
Otak-Otak
94%
Fish
*
Perch)
Smoked
Failed
S6
Salmon
Salmon
Amplification
Maguro
Failed
S7
Tuna
Sushi
Amplification
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Lepidocybium
Fried Dace Dace
99.20%
99%
flavobrunneum
(Escolar)
Tempura
Psychrobacter
S9 Fish
Pollock
cryohalolentis
91.90%
95%
Cocktail
(Bacteria)
Japanese Psychrobacter
S1 Hamachi
91.90%
95%
Amberjac cryohalolentis
0
Sushi
k
(Bacteria)
*Samples marked with an asterisk are potentially mislabelled or substituted.
S8
*

4.0 CONCLUSION
Out of 10 samples, six samples (60%) had successful amplification of Cytb barcode (287 bp).
All products were successfully identified up to species level and the sequence analysis showed
that five (83.3%) of the six samples was mislabeled or substituted with different species of fish
which can cause detrimental health effects to humans if consumed in large quantities. In
conclusion, this study shows the Cytb gene marker in DNA barcoding could yield reliable result
and able to authenticate the processed fishery product to species level.
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ABSTRACT
Kaempferol is natural flavonoids which commonly found in herbs, grapefruit, tea and beans.
Known for numerous benefits especially in health such as antioxidant, anti-inflammatory and
displays potential in fighting cancers, it has been study vigorously for the past decades.
Techniques such as aptamer biosensor with high binding affinity and specificity will be an
advantage on kaempferol detection. Aptamers are oligonucleotides with high binding affinity
properties that bind target compound through specific 3D conformation. In this study, 3D
structure of DNA aptamers was predicted using multiple bioinformatics tools; in sequence
order; such as Mfold web server, RNA Composer, Discovery Studio Visualizer and UCSF
Chimera. The predicted structure of flavonoid aptamer library was then analysed using
molecular docking process using AutoDock Vina to find the highest binding affinity between
ligands (kaempferol) and its specific aptamers. The Aptamer 8 was identified as promising
kaempferol specific aptamers throughout this screening procedure.
Keywords: DNA aptamer, kaempferol, molecular docking

1.0 INTRODUCTION
Kaempferol (Kae) belongs to flavonoid class, a large group of polyphenolic antioxidant founds
in variety of fruits and vegetables, such as tomatoes, red grapes, strawberries, green tea and
gingko biloba (Chen and Chen, 2013). Consumption of antioxidants food helps in reducing
various type of disease. Apart from that, kaempferol also been studied recently due to their high
abilities to act as phytoestrogen in which helping reducing oxidative stress in plants or animal
cells. Due to their antioxidant, anti-inflammatory, anticoagulant and cardiovascular-protective
activities, it become potential protectors against a variety of disease including cancer and
therapeutic (Matei and Hillebrand, 2010). Figure 1 shows 2D structure of kaempferol.

Figure 1 2D structure of kaempferol. Adapted from (Matei and Hillebrand, 2010)
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Current analytical methods are laborious as it possesses several steps such as extraction,
separation, purification and characterization. This limitation can be solved with a replacement
using oligonucleotides with highly structured molecules called aptamers as recognition tools.
Aptamer can bind to its target compound through specific 3-D conformation due to their high
binding affinity (Sharma et al., 2017). Aptamers are single stranded oligonucleotides (DNA or
RNA) molecules that can bind with specific target through specific 3-D conformation. They
hold identical function as antibodies and mostly can be much better in term of binding affinity
with the target molecules.
In previous study, the promising DNA aptamer against flavonoids specifically against luteolin has been
reported in vitro (Tuma Sabah et al., 2018). Using the primary sequence from flavonoid aptamer library,
2D and 3D structure were generated against kaempferol. Currently there is no direct program for
predicting single stranded DNA. Hence modification of RNA algorithm were conducted. The aims of
this study is to identify, predict and finally obtained the 3D structure of kaempferol specific aptamer
using multiple software approach.

2.0 MATERIALS AND METHODS
2.1 Structural Prediction of DNA Aptamers
The sequence of aptamers gained from previous research were converted into two-dimensional
structure (Tuma Sabah et al., 2018). This process was conducted by using the Mfold web server
(Zuker, 2003). The temperature, magnesium and sodium concentration were adjusted to 25℃,
2 mM and 100 mM respectively. The Vienna output from Mfold were used as an input for
further analysis of 3D structure prediction using RNA Composer. The modification method in
Discovery Studio Visualizer DSV) involved several steps which include the conversion of bases
(uracil into thymine) and sugars (ribose into deoxyribose). Finally, the structures were
optimized at 30,000 steps of steepest descent energy minimization method and followed by 10
steps of conjugate gradient using UCSF Chimera 1.13 (Pettersen et al., 2004).
2.2 Docking analysis using AutoDock Vina
Digital ligands files in pdb format of kaempferol (compound ID: 5280863) was downloaded from the
PubChem database. The receptors (ssDNA aptamers) that already optimized previously was used for
docking. Docking was performed in AutoDock Vina (Olson, 2012), which is able to predict interactions
between small molecules and nucleic acids.

3.0 RESULTS AND DISCUSSION
3.1

Three-Dimensional Structure and Docking of DNA Aptamers against kaempferol

The resulted structures of aptamers were all folded to its conformation with the adjustment
condition of the temperature (25℃), magnesium (2 mM Mg2+) and sodium (100 mM Na+) based
on previous in vitro experiment (Tuma Sabah et al., 2018). Besides of stabilizing effect, Mg2+
ion has crucial roles in facilitate the folding of single-stranded DNA constructed as it affects the
interaction of DNA with its ligands or other protein and as an essential cofactor in enzymatic
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system in DNA processing (Owczarzy et al., 2008). While, Na+ ion involves in controlling the
electric field of DNA surface which affects the charge neutralization and the ion binding of the
DNA structures gained (Tan and Chen, 2006). The temperature adjusted as its affect the
flexibility and compactness of the DNA fold by interfering the bending of chromatin (Driessen
et al., 2014). Conversion of ribose to deoxyribose caused the sugar backbone been modified by
the removal of oxygen at carbon-2 while alteration of uracil to thymine differ by the present of
methyl group (CH3) in thymine group.
3.2

Evaluation of the binding activity of aptamers to kaempferol via docking

The evaluation of the binding activity of each aptamer against kaempferol were done using
Autodock Vina. Throughout the process, the tools provided the information for H-bonds
position, binding affinity of the aptamers and nucleotides location of the ligand attachment.
Binding affinity in the complex is affected by the presence of Na+ and Mg2+ ion which control
the electric field of DNA surface hence affecting the charge neutralization and the ion binding
(Tan and Chen, 2006). The stem-loop structure of the aptamer can also contribute to affects
binding affinity by changing the structure of the aptamer (Hasegawa et al., 2016). Among 28
aptamers screened in silico, Aptamer 8 was shown to obtain the highest binding energy against
kaempferol. In the aptamer8-kaempferol complex, the presence of hydrogen bonding and
molecular interaction was predicted specifically at DC29 and DG17 with binding energy of 7.6 kcal/mol. Thus aptamer 8 is chosen as promising kaempferol specific aptamers.
Table 1. Structural prediction and docking energy of ssDNA aptamers against kaempferol
Aptamer

2D structure of
possible aptamer
candidates

APTAMER
8

Highest
binding
energy,
Kcal/mol
-7.6

Site of interaction

Hydrogen bond
location

DC29
DG17

4.0 CONCLUSION
The applications of DNA aptamers as biorecognition tools are expanded to its ability to detect
selected flavonoid, namely kaempferol. This study shows that the intermolecular interaction
between specific DNA aptamer against kaempferol can provide a basic understanding on
binding orientation in the complex. This was achieved by performing in silico approach in 3-D
structure prediction and docking analysis.
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ABSTRACT
Catechin has been reported to possess many advantageous for practical application due to its
distinctive antioxidant and anti-inflammatory performance. This paper reports the in-silico
characterization of single stranded-DNA (ssDNA) aptamers, speciﬁc for catechin. 28 sequences
from DNA-aptamers library screened via systemic evolution of ligands by exponential
enrichment (SELEX) from previous research were predicted and constructed into 3dimensional structural conformation using bioinformatics software and tools. Blind docking
was applied to all 28 aptamers and resulted aptamer 24 as catechin specific aptamer as it
demonstrated the highest binding energy. However, further experimental study in laboratory
needs to be conducted as validation of the in silico prediction.
Keywords: DNA aptamer, catechin; molecular docking

1.0 INTRODUCTION
The catechin is one of naturally synthesis polyphenol which is known as major component of a
few medicinal plant (Mbaveng et al., 2014) .This family of flavonoid is derived from catechu
component and can be found in various plants especially green tea and fruit-based products
(Zanwar et al., 2013). This compound structure has recognized to present in a few types of
isomers and stereoisomers. The most common isomer known is the (+) catechin. Since catechin
play crucial roles as an antioxidant, it has a very wide application which is extremely beneficial
in health and medicine.

Figure 1: The 2D structure of cathechin used in this study.
This compound generally can be detected using mass spectrophometry. However, the process
is laborious as it possesses several steps such as extraction, separation, purification and
characterization. Therefore, a technology called aptamers is proposed as it can bind to their
target compound through specific 3D conformation (Heiat et al., 2016). Aptamers are short
oligonucleotides with highly structured molecules which are ten times smaller than antibody,
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easily select, simpler and more robust than antibody-based probes. It is originated from in vitro
experiments termed as systematic evolution of ligands by exponential enrichment (SELEX).
This system is started from the libraries of random sequence and the optimization of nucleic
acids to increase the binding affinity to the expected ligands. Once associating with ligands,
aptamers start to fold into molecular architectures and the ligand becomes nucleic acid intrinsic
component (Hermann and Patel, 2000). They hold identical function as antibodies and mostly
can be much better in term of binding affinity with the target molecules.
Initially, the prediction of 2D structure involves the input of DNA sequences that were resulted
from post-SELEX procedure or PDB online database searching with a focus to the occurrence
of hairpin-like structure of single-stranded DNA (ssDNA). The process begins with prediction
of ssDNA’s secondary structures using Mfold web server (Zuker, 2003). The most
thermodynamically stable structures are selected from Mfold and all possible secondary
structures resulted are approximately based on Watson-Crick base pairing The most
thermodynamically stable structures are select from Mfold and all possible secondary structures
resulted are approximately based on Watson-Crick base pairing. Construction of 3-D structure
of ssDNA aptamers involved multiple software such as RNA composer (Popenda et al., 2012)
; Discovery Studio Visualizer and UCSF Chimera (Pettersen et al., 2004). In purpose to remove
deficiencies in geometric and maximize the structural parameter, the 3D RNA models then need
to be refined. The ssRNA is modify into ssDNA 3D structures by detecting every uracil residue
to substitute with methyl and the ribose sugar backbone replace is with deoxyribose. Final stage
of the procedure involves the refinement of ssDNA 3D structures, validation of structure and
the predicted structure are ready to be analyzed.
2.0 MATERIALS AND METHODS
2.1 Structural Prediction of DNA Aptamers
The sequence of aptamers gained from previous research were converted into two-dimensional
structure (Tuma Sabah et al., 2018). This process was done by using the Mfold web server
(Zuker, 2003). The temperature, magnesium and sodium concentration were adjusted to 25℃,
2 mM and 100 mM respectively. The resulted structures were saved in portable network graphic
format (png) and Vienna file. The structures produced was validated by using Mathew Lab web
server. The output from Mfold were used as an input for further analysis of 3D structure
prediction using RNA Composer. The modification method in Discovery Studio Visualizer
DSV) involved several steps which include the conversion of bases (uracil into thymine) and
sugars (ribose into deoxyribose). Finally, the structures were optimized at 30,000 steps of
steepest descent energy minimization method and followed by 10 steps of conjugate gradient
using UCSF Chimera 1.13 (Pettersen et al., 2004).
2.2 Docking analysis using AutoDock Vina
Digital ligands files in pdb format of catechin (compound ID: 73160) was downloaded from the
PubChem database. The receptors (ssDNA aptamers) that already optimized previously was used
for docking. Docking was performed in AutoDock Vina (Olson, 2012), which is able to predict
interactions between small molecules and nucleic acids.
3.0 RESULTS AND DISCUSSION
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3.1

Three-Dimensional Structure and Docking of DNA Aptamers against catechin

The resulted structures of aptamers were all folded to its conformation with the adjustment
condition of the temperature (25℃), magnesium (2 mM Mg2+) and sodium (100 mM Na+) based
on previous in vitro experiment (Tuma Sabah et al., 2018). Divalent ions such as Mg2+ has
crucial roles in facilitate the folding of ssDNA constructed as it affects the interaction of DNA
with its ligands or other protein. Furthermore, it is an essential cofactor in enzymatic system in
DNA processing (Owczarzy et al., 2008) with additional stabilizing effect. İn contrast, Na+ ion
involves in controlling the electric field of DNA surface which affects the charge neutralization
and the ion binding of the DNA structures gained (Tan and Chen, 2006). The temperature were
adjusted as its affect the flexibility and compactness of the DNA fold by interfering the bending
of chromatin (Driessen et al., 2014).
Table 1. Structural prediction and docking energy of ssDNA aptamers against catechin
Highest
Hydrogen
2D structure of possible
binding
Aptamer
Site of binding
bond
aptamer candidates
energy,
location
(kcal/mol)

24

-7.8

DC5:H42

The binding affinity of aptamers is thermodynamically related to the Gibbs free energy (∆G).
All the structural conformation of aptamer chosen from the generated structure by Mfold web
server was the one with the lowest ∆G since the more negative value is the most stable structure.
Thus, when aptamer bind to ligand with a perfect fit, binding affinity could be maximally
enhanced by entropic optimization. In contrast, small structural mismatches may lead to very
weak binding affinity due to a negative impact on enthalpy (Duss et al., 2014). The obtained
docking results confirmed the capability of DNA aptamers possess effective molecular
interaction with catechin.
4.0 CONCLUSION
The applications of DNA aptamers as biorecognition tools are expanded to its ability to detect
selected flavonoids; namely catechin. Our study shows that the intermolecular interaction
between specific DNA aptamer against catechin can provide a basic understanding on binding
orientation between aptamer and ligand in the complex. This was achieved by performing in
silico approach in 3-D structure prediction and docking analysis.
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ABSTRACT
Protease serves as one of the most important groups of enzymes for industrial application due
to their high catalytic activity. However, their effectiveness as a catalyst might be affected by
the prolonged storage before eventual used in industry. Thus, it is important to identify the effect
of storage on the stability of protease enzymes, specifically, 13BN, MEA-01 and KW55P from
different protease producing bacterial at various range of temperature and different
concentration of glycerol as the storage stabilizer. Enzyme stability test consist of Lowry and
caseinolytic assay were used in this experiment. Out of 12 storage conditions tested, it was
proved that 13BN protease worked the best when subjected to storage condition of room
temperature in 50% glycerol as 48% of the initial specific activity retained. This study revealed
that MEA-01 protease was able to retain 53% from its initial specific activity when subjected
to storage temperature of 37°C. It was also proved that KW55P protease suitable storage
condition is at 37°C in 50% of glycerol with remarkable retained percentage of 62% of the
initial specific activity. Considering only about half of the specific activity successfully retained
for each optimum storage condition for these enzymes, it can be concluded that a wide range of
other condition can be consider to improve the stability of the enzyme before application in the
industry.
Keywords: Protease, enzyme stability, storage condition

1.0 INTRODUCTION
The application of protease in industrial processes had been increasing due to their exceptional
catalytic activity, high degree of substrate specificity, environmental friendly, available for
modification and optimization, constant availability due to non-existence of seasonal
fluctuations and rapid growth of microbes on low-cost media [1]. Proteases constitute one of
the most important groups of the industrial enzymes. Thus it is worth to screen new habitat of
protease with novel properties in order to meet the rapidly growing need of the industry.
Industry such as detergent, leather and food focused more on hydrolytic properties of the
protease for the degradation of various substances [2]. The action of the proteolytic enzyme is
essential in industry processes where the proteolytic enzyme will degrading proteinaceous
stains, involve in dehairing process for leather production and coagulate milk in food industry.
Proteolytic properties of protease capable of hydrolysis the peptide bonds that link amino acids
together in the polypeptide chain through protein catabolism [3]. A broad range of microbial
proteases available with diverse specificities and applications. This study focused on 13BN,
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MEA 01 AND KW55P bacterial strain that capable of producing protease. This bacterial strain
mainly belong to Bacillus genus that were obtained from various sample such as Belacan
fermented food, La Hotspring Terengganu and Kuala Woh Hot Springs, Perak respectively.
However, the application of the enzyme in the industry processes can only be practical if the
enzyme are stabilized to maximize their potential as catalyst. Many industrial processes involve
prolonged storage duration before eventual use [4]. For economic purposes, most of the industry
expected the enzyme to be stable all along the storage period but most enzymes are easily
inactivated. Each enzyme may have specific requirements to remain active once it is extracted
from its normal biological environment. Temperature and the used of stabilizer such as glycerol
are the few important factors that contribute to the enzyme stability during storage.
Inappropriate temperature and concentration of stabilizer used during the storage duration may
lead to enzyme losing their biological activity due to the alteration of enzyme structure.
Therefore, it is crucial to evaluate the effect of storage on the stability of 13BN, MEA 01 and
KW55P protease enzymes for a successful commercial application.
2.0 MATERIAL AND METHODS
The experimental design was outlined in a schematic flow in Fig.1. Firstly, stability of proteases
produced from Bacillus sp. was assessed with different range of temperature and concentration
of glycerol. Followed by conducting Lowry assay to determine the protein concentration.
Finally, caseinolytic assay was performed to determine the proteolytic activity where casein
was used as a substrates.

Growth of Bacterial Strains

Supernatant

Enzyme Stability Test:

1) Lowry Assay

2) Caseinolytic Assay
Fig. 1 Schematic flows of experimental activities conducted in this study
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3.0 RESULTS AND DISCUSSION
It was proved that 13BN protease worked the best when subjected to storage condition at room
temperature with 50% glycerol as 48% of the initial specific activity retained (Fig. 2). With a
difference of 14% specific activity retained, when subjected to storage temperature of 37°C and
-20°C with 50% glycerol only 34% of the specific activity successfully retained. This study
revealed that MEA-01 protease able to retained 53% from its initial specific activity when
subjected to storage temperature of 37°C (Fig. 3). While, only 34% of the initial specific activity
retained when subjected to room temperature with 50% glycerol. This value is 19% lower than
the specific activity retained at 37°C. It was also proved that suitable storage condition for
KW55P protease is at 37°C with 50% of glycerol with remarkable percentage of 62% of the
initial specific activity retained (Fig. 4). Compared to when subjected to room temperature only
28% of the initial specific activity retained with a total decrease of 34%. Considering only about
half of the specific activity successfully retained when subjected at their respective suitable
storage condition for all the proteases. It can be concluded that a wide range of measures that
can be adopted to improve the stability of the enzyme before application in the industry.

Fig.2 Specific activity of 13BN protease retained after 30 days at different storage condition
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Fig.3 Specific activity of MEA-01 protease retained after 30 days at different storage
condition

Fig.4 Specific activity of KW55P protease retained after 30 days at different storage condition
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4.0 CONCLUSION
This research study proved that a lot more improvement needed in order for an enzymes to be
stable during storage before eventual used. Many methods are available for stabilizing pure
proteins during storage, such as inclusion of solvent additives that include osmolytic stabilizers
and ionic stabilizers. Moreover, stabilization of unstable enzymes can be further improved by
methods such as protein engineering, chemical modification, and immobilization. Last but not
least, other parameter such as pH storage on the stability of the enzyme need to be further
evaluated for practical used in industry. Information provided in this brief review shows the
basic description on the effect of storage on the stabılıty of 13BN, MEA 01 and KW55P
protease enzymes
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ABSTRACT
Antibiotic resistant bacteria is one of the biggest threats to public health as it’s threatening our
capabilities in order to cure infectious disease. This is due to, antibiotic become less effective
against antibiotic resistant bacteria. In this study, a total of 26 bacterial colonies were isolated
from water samples collected from the upstream (near to the residential area) and the
downstream (near to agriculture, fishing and industrial area) in Kuala Muda and Sungai Petani
River, Kedah. The isolated bacterial were tested for their susceptibility towards six antibiotics
(gentamicin, ampicillin, rifampicin, chloramphenicol, tetracycline and ciprofloxacin) by using
Kirby-Bauer disk diffusion method. Based on the findings, 30.8% of the isolated bacterial is
antibiotic resistance and 57.7% is multiple antibiotic resistance. Meanwhile, 11.5% of the
isolated bacterial does not resistance towards any tested antibiotic. Multiple antibiotic resistant
(MAR) index value was calculated for each of the bacterial isolated and 11 bacterial colonies
were selected due to MAR index value more than 20% were chosen for further identification
by 16S rRNA gene sequencing. The bacteria identified from sequencing result are Bacillus
cereus, Achromobacter insuavis, Enterobacter cloacae, Atlantibacter hermannii, Lysinibacillus
contaminans and Bacillus wiedmannii. Based on the study, the existence of antibiotic resistant
bacteria in the rivers indicated that Kuala Muda and Sungai Petani has been contaminated with
antibiotic. Hence, this pollutant may lead to significant risk towards human health and
environmental.
Keywords: Antibiotic resistance bacteria, river waters, Kedah.

1.0 INTRODUCTİON
Antibiotic is known as the most triumphant drug for human therapy in the history of medicine.
Besides that, antibiotic were outstandingly effectively in clearing pathogenic bacteria during
their introduction into clinical practise in 1940 where antibiotics have saved a million of lives
and put some of infectious disease under control [1]. Antibiotic is also used in agriculture and
animal farming for treating and preventing plant infections plus encourage the growth. Since,
antibiotic can challenge microbial population in terms of bacterial physiology. Hence, it also
must be considered as pollutants [2]. Most of antibiotic utilize to treat the infection in plants,
animal and human are discrete into the environment via enormous pathway such as human
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waste, leaching, runoff from land to which agricultural and also wastewater effluent discharge
from industrial [3].
In addition, the antibiotic resistant phenotypes in human and animal pathogens associated with
outbreaks of human disease have developed into antibiotic resistant (AR) subsequent to the
usage of antibiotics in large scale production of clinical, agriculture, veterinary medicine and
other human activities [4]. Antibiotic resistance happens due to the bacteria have evolved
mechanism in order to overcome their action for survival. Thus, these strains are considered
intrinsically resistant to one or more antibiotics [5]. The genes that encode these defence
mechanisms are placed on the chromosome of the bacterial or in extrachromosomal plasmids
and transfer to the next generation through vertical gene transfer. Besides, plasmid of the
bacteria also can be exchanged among bacteria by horizontal gene transfer through conjugation
[6].
Meanwhile, the occurrence of antibiotic resistant genes in human pathogens were drives from
the overuse and misuse of antibiotics. [7] stated that World Health Organization (WHO)
classified the occurrence of antibiotic resistant bacteria as one of the massive threats to the
public health in the 21st century. The exposure of multidrug resistant (MDR) bacteria have
impacted in clinical practise. The most significant infectious disease occur in health care caused
by antibiotic resistant bacteria were Acinetobacter, Enterobacteriaceae and Pseudomonas
aeruginosa. Hence, antibiotic resistant bacteria (ARB) also increasingly becoming prevalent in
the community [8].
Studies stated that the present issue has currently reported by the Centres for Disease Control
and Prevention (CDC) revealed more than 2 million people in the United States are affected
with antimicrobial resistance (AMR) causing 23 000 people die due to it. As an example, each
year almost 250 000 people affected with Clostridium difficile infections due to precipitated by
usage of antibiotic. This disease are related to antibiotic resistant and will lead to disability and
death due to Clostridioides difficile invulnerable to antibiotic [9]. From the recent report, its has
been estimated that every year, 700,000 people die due to antibiotic resistant strains of common
bacterial infections, tuberculosis (TB), malaria and Human Immunodeficiency Virus (HIV).
Shockingly, almost 200,000 people die due to multidrug resistant bacteria and extremely drug
resistant TB each year [10].
2.0 MATERİAL AND METHODS
2.1 Study site and sampling
The sample was collected from two sites in each selected rivers in Kedah, which were the Kuala
Muda river (5.564073, 100.428082); (5.582418, 100.374749), and Sungai Petani river
(5.634242,100.504987); (5.639848, 100.475997) . The sampling process took place at both
upstream and downstream (residential and industrial area). Moreover, 500 ml of water samples
were taken from both river at each point. The water samples were collected using sterile Scott’s
bottles and the samples were then stored in icebox to maintain its temperature at 4°C during
transportation while transferring to the laboratory and stored in cold room until further analysis
[11].
2.2 Isolation of pure bacterial isolates
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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 [12].
2.3 Antibiotic susceptibility testing
The bacterial isolates were tested for antibiotic susceptibility testing by using the standard
Kirby-Bauer disk diffusion method [13] . 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 were tested in two different concentrations, which are 10 µg/ml and 30 µg/ml. 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
[13].
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) [14].
MAR Index Value = No of antibiotic of isolates were resistant (a)

Equation (1)

No. of antibiotic tested (b)
2.5 Characterization of the bacterial isolates by 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 utilizing agar,
catalase, oxidase, indol, Macconkey agar, urease, mannitol salt agar and oxidase 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 [15].
3.0 RESULTS AND DİSCUSSİON
3.1 Isolation of Bacterial Strain from Both Rivers Water Samples
About 26 pure colonies were successfully isolated from the water samples from both rivers in
Kedah. Based on the results, 6 pure colonies were isolated from the first sampling point (Point
1) and 9 pure colonies were isolated from the second sampling point (Point 2) in Kuala Muda
river. As for Sungai Petani river, 7 pure colonies were isolated from the first sampling point
(Point 3) and 5 pure colonies were isolated from the second sampling point (Point 4). The
isolated bacterial colonies and its gram stain viewed under 100X magnification were tabulated
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in the Table 1 while the morphological characteristics of the bacterial isolated from both rivers
water samples were summarized in Table 2.
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Table 1 The bacterial colonies isolated from both Kuala Muda and Sungai Petani river together with the Gram stains viewed under 100X magnification
Kuala Muda River

Sungai Petani River

Point 1
Strain

Point 2
Gram Stain

Strain

Point 3
Gram Stain

Strain

Point 4
Gram Stain

Strain

1A

2A

3A

4A

1B

2B

3B

4B

1C

2C

3C

4C

1D

2D

3D

4D

Gram Stain
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1E

2E

3E

1F

2F

3F

2G

3G

2H

4E
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Table 2 The morphological characteristics of bacterial isolated from Kuala Muda and Sungai Petani River
Kuala Muda River
Opacity

Form

Elevation

Sungai Petani River
Surface

Color

Opacity

Form

Point 1

Elevation

Surface

Color

Point 3

1A

Opaque

Filamentous

Flat

Smooth

Whitish

3A

Opaque

Irregular

Flat

Smooth,
glistening

Whitish

1B

Translucent

Circular

Raised

Smooth

Whitish

3B

Transparent

Filamentous

Raised

Rough

White

1C

Translucent

Circular

Convex

Rugose

Yellow

3C

Transparent

Irregular

Convex

Rough

Yellowish

1D

Opaque

Circular

Flat

Rough

White

3D

Transparent

Irregular

Flat

Smooth

Brown

1E

Transparent

Irregular

Umbonate

Rough

Brownish

3E

Translucent

Irregular

Flat

Rough

Whitish

1F

Translucent

Filamentous

Umbonate

Rough

Whitish

3F

Transparent

Circular

Cateriform

Rugose

Brownish

3G

Transparent

Circular

Raised

Smooth,
glistening

Green

Point 2

2A

Translucent

Filamentous

Raised

Smooth

Whitish

Point 4

2B

Translucent

Filamentous

Flat

Smooth

Whitish

4A

Transparent

Filamentous

Flat

Rough

Greenish

2C

Opaque

Irregular

Flat

Smooth

Whitish

4B

Translucent

Filamentous

Convex

Smooth

Whitish

2D

Transparent

Circular

Raised

Smooth

Yellowish

4C

Transparent

Irregular

Raised

Smooth,
glistening

Brownish

2E

Transparent

Irregular

Convex

Rough

Brownish

4D

Transparent

Irregular

Convex

Rough

White

2F

Transparent

Irregular

Umbonate

Rugose

Yellow

4E

Transparent

Irregular

Umbonate

Rough

White

2G

Transparent

Irregular

Flat

Rugose

White

2H

Translucent

Filamentous

Raised

Smooth

Whitish
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3.2 Antibiotic Susceptibility Testing
About 26 pure colonies were successfully isolated from the water samples from both rivers in
Kedah. Kuala Muda and Sungai Petani river were chosen in this study because Kuala Muda
river is natural boundary with Penang state and it provides water resources to the states of Kedah
and Penang. The outcome of antibiotic susceptibility test of bacterial isolated from both river
water samples showed most of the bacterial colonies from both rivers are resistant towards at
least one of the concentrations of the antibiotic which were ampicillin, gentamicin,
chloramphenicol, tetracycline, rifampicin and ciprofloxacin as showed in Table 3 and Table 4.
Besides, almost all of the bacteria shows resistance towards 10 µg/ml concentration of the
antibiotics while only some of the bacteria showed the least resistance to 30 µg/ml concentration
of the antibiotics in both Kuala Muda and Sungai Petani rivers. Thus, its can be indicated that
there were least of contamination caused by the antibiotic compound in both rivers. This can be
supported by that Sungai Petani was near to the industries and urban areas. Thus, agricultural
and industriaal development with higher human activity in the areas causing the breeding of
antibiotic resistant in the river resulting the decreasing the quality of water in the areas.
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Table 3 The summary of antibiotic susceptibility tests of bacterial isolated for Point 1 and Point 2 in Kuala Muda River
Antibiotics

Point 1

Point 2

Ampicillin

Bacterial
Colonies

10
µg/ml

30
µg/ml

1A

S

S

1B

R

1C

Gentamicin
10
µg/ml

Chloramphenicol

Tetracycline

Rifampicin

Ciprofloxacin

30
µg/ml

10
µg/ml

30 µg/ml

10
µg/ml

30
µg/ml

10
µg/ml

30
µg/ml

10
µg/ml

30 µg/ml

R

S

S

S

S

S

S

S

S

S

S

R

S

S

S

S

S

R

S

R

S

S

S

S

S

S

S

S

S

S

S

S

S

1D

S

S

R

R

S

S

S

S

R

S

S

S

1E

S

S

S

S

S

S

S

S

S

S

R

S

1F

S

S

S

S

S

S

S

S

R

R

S

S

2A

S

S

R

R

S

S

S

S

R

R

R

R

2B

S

S

S

S

S

S

S

S

R

R

R

R

2C

S

S

R

R

S

S

S

S

S

S

R

R

2D

R

S

R

R

R

S

S

S

S

S

R

R

2E

S

S

S

S

S

S

S

S

S

S

S

S

2F

S

S

R

R

S

S

S

S

S

S

R

R

2G

S

S

S

S

S

S

S

S

S

S

R

R

2H

S

S

R

R

S

S

R

R

S

S

R

R
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Table 4 The summary of antibiotic susceptibility tests of bacterial isolated for Point 1 and Point 2 in Sungai Petani River
Antibiotics
Bacterial
Colonies
Point 3

Point 4

Ampicillin
10
µg/ml

30
µg/ml

Gentamicin
10
µg/ml

30
µg/ml

Chloramphenicol
10
µg/ml

30
µg/ml

Tetracycline
10
µg/ml

30
µg/ml

Rifampicin
10
µg/ml

30
µg/ml

Ciprofloxacin
10
µg/ml

30
µg/ml

3A

S

S

S

S

S

S

S

S

S

S

R

R

3B

S

S

S

S

S

S

S

S

R

R

S

S

3C

S

S

R

R

R

R

S

S

R

R

R

R

3D

S

S

S

S

R

R

S

S

S

S

R

R

3E

R

S

R

R

R

S

R

R

R

R

S

S

3F

S

S

S

S

S

S

R

S

R

R

S

S

3G

S

S

S

S

S

S

S

S

S

S

R

S

4A

S

S

S

S

S

S

S

S

S

S

R

R

4B

S

S

R

R

S

S

S

S

S

S

R

R

4C

S

S

S

S

S

S

S

S

S

S

S

S

4D

R

S

R

S

S

S

S

S

S

S

R

R

4E

S

S

S

S

R

R

S

S

S

S

R

R
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3.3 MAR Index Analysis
From Figure 1 a), 6 bacterial isolated from Kuala Muda river show MAR Index more than 20%
whereas for Sungai Petani river in Figure 1 b), 5 bacterial isolates out 12 bacterial isolates show
MAR Index more than 20%. Based on the antibiotic susceptibility test, 30.8% of the bacterial
isolated were antibiotic resistance (AR) where they were resistance at least one antibiotic while
57.7% were multiple antibiotic resistance (MAR) that resistant to at least two antibiotics and
11.5% bacterial isolated that does not resistance towards any antibiotic that has been tested.
Studies stated that local urban surface waters in Malaysia were contaminated with antibiotic
resistant bacteria probability emergence from agriculture, farming, domestic and hospital waste
[16]. Besides that, based on study in Semenyih river, it can be deduced that agricultural
activities, livestock farms and untreated sewage were source of pollution where it can create
antibiotic resistant traits in the environment [17]. In this study, the water samples obtained from
Kuala Muda and Sungai Petani river were collected near residential, agricultural and industrial
areas. Based on our findings, it can be concluded that existence of antibiotic resistant bacteria
in the sampling areas.

80

90 MAR INDEX for 10μg/ml
MAR INDEX for 10μg/ml
MAR INDEX for 30μg/ml

MAR INDEX for 30μg/ml

80

70
70
MAR INDEX (%)

MAR INDEX (%)

60
50
40
30
20

60
50
40
30
20

10

10

0

0
1A 1B 1C 1D 1E 1F 2A 2B 2C 2D 2E 2F 2G 2

H

Antibiotic Resistant Bacteria in Kuala Muda
River

a)

3A 3B 3C 3D 3E 3F 3G 4A 4B 4C 4D 4E
Antibiotic Resistant Bacteria in Sungai Petani
River

b)

Fig 1 MAR Index for bacteria isolated from a) Kuala Muda river and b) Sungai Petani river
3.4 Biochemical Test
The biochemical test conducted for all the bacterial isolated from Kuala Muda and Sungai
Petani rivers were showed in Table 5. From Point 1 (Kuala Muda river), 4 colonies are Gram
positive coccus bacteria and 2 colonies are Gram positive rod bacteria. Meantime, for Point 2
(Kuala Muda river), 3 colonies are Gram positive rod bacteria, 1 colony is Gram positive coccus
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bacteria, 1 colony is Gram negative coccus bacteria and 2 colonies of Gram negative cocci
bacteria. On the other hand, for Point 3 (Sungai Petani river), 3 colonies are Gram positive
coccus bacteria, 1 colony is Gram positive rod bacteria, 1 colony is Gram negative rod bacteria,
1 colony was Gram positive cocci bacteria and 2 colonies were Gram negative cocci bacteria.
Lastly, Point 4 (Sungai Petani river), 2 colonies are Gram positive rod bacteria, 2 colonies are
Gram negative cocci bacteria and 1 colony is Gram positive cocci bacteria.From the result of
biochemical tests, its can be concluded that the population for different point in the same river
can be different. This may due to the human, animal and agricultural activity near the sampling
areas.
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Table 5 Biochemical test conducted for samples from Linggi and Jempol river
Sungai Petani River

Kuala Muda River

-

-

Proteus sp.

-

+

-

-

-

Escherichia
coli

Proteus sp.

-

-

+

+

+

-

-

Staphylococcus
sp.

-

+ + -

Staphylococcu
s sp.

-

-

-

+ -

-

+

Pseudomonas
sp
Proteus sp.

3B

+

-

Oxidase

Indol

Catalase

Urease

Citrate

Strain

Mannitol Salt Agar
-

+ +

-

-

-

Proteus
sp.

Vibrio sp.

2B

1B

-

Proteus sp.
Enterobacter
sp.

Staphyloc
occus sp.

Proteus sp.
Escherichia
coli

Mc Conkey Agar

Indol

Oxidase

Catalase

Urease

Citrate

Mc Conkey Agar

Strain

Oxidase

Indol

Catalase

+ +

Klebsiella
sp.

4A

+ -

Conclusion
(Family Type)

Klebsiella sp.

-

-

+

-

+

-

-

Klebsiella
sp.
Enterobac
ter sp.

Proteus sp.
Enterobacter
sp.

4B

-

Biochemical test

Proteus
sp.

3A

-

Conclusion
(Family
Type)

Escherichia coli

2A

1A

Bacillus sp.
-

Point 4

Biochemical test

Conclusion
(Family Type)

Citrate
Urease

Mannitol Salt Agar

Mc Conkey Agar

Oxidase

Indol

Urease

Catalase

Strain

Biochemical test

Conclusion
(Family Type)

Citrate

Mannitol Salt Agar

Strain

Biochemical Test

Mc Conkey Agar

Point 3

Point 2

Mannitol Salt Agar

Point 1

-

-

+ +

-

-

+
Bacillus sp.
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-

-

-

+ +

-

+

-

+ + -

-

Proteus sp.

+

-

-

-

-

+

-

+ + + -

+

Klebsiella sp.

-

+ +

-

+

-

Proteus sp.

+

Klebsiella sp.
Staphylococcu
s sp.

-

-

-

-

+ +

+

-

+

Proteus
sp.

+

-

+

-

+

-

-

Klebsiella
sp.

Enterobacter
sp.

-

-

-

+

+

-

Enterobacter
sp.
Klebsiella sp.

Klebsiella sp.
+

-

+ -

-

-

-

Klebsiella
sp.
-

-

+

-

+

-

+

Staphylococcus
sp.
+

Proteus sp.

Bacillus sp.

Staphyloc
occus sp.

Enterobacte
r sp.

Staphylococcu
s sp.

2F

1F

+ + + -

+

Proteus sp.

Proteus sp.
-

Bacillus sp.

+

Staphylococcu
s sp.

-

-

Enterobacter
sp.

2E

1E

Proteus sp.
-

-

Enterobacter
sp.

Bacillus sp.

-

-

Klebsiella sp.

2D

1D

+

-

Shingella
sp.

Staphylococcu
s sp.
-

Staphylococcus
sp.

4C

Pseudomona
s sp.

Klebsiella sp.

4D

+

Staphylococ
cus sp.

Proteus sp.

Klebsiella
sp.
-

-

+

+

-

-

+

Enterobacte
r sp.
Proteus sp.

Bacillus sp.
Enterobacter
sp.

4E

+ -

3C

-

Vibrio sp.

3D

-

Staphylococcu
s sp.

Escherichia
coli

3E

-

Proteus sp.

3F

-

Vibrio sp.

2C

1C
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+

-

+ +

-

-

Proteus sp.
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-

-

+ +

-

-

+

Klebsiella sp.
Proteus sp.

Staphyloc
occus sp.

3G

2G

Enterobacter
sp.
-

-

+

+

+

-

+

Klebsiella
sp.
Enterobacte
r sp.

2H

Klebsiella sp.
-

-

-

-

+

+

-

Staphylococcu
s sp.
Escherichia coli
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4.0 CONCLUSİON
Based on MAR index value, 11 antibiotic resistant bacteria that have MAR index value more than
20% for both concentrations of antibiotic. 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 bacteria identified from sequencing result were Bacillus cereus, Achromobacter insuavis,
Enterobacter cloacae, Atlantibacter hermannii, Lysinibacillus contaminans and Bacillus
wiedmannii. for 6 antibiotic resistant bacteria.
Abbreviations
AR: Antibiotic Resisrance; ARB: Antibiotic resistance bacteria, CDC: Centres for Disease Control
and Prevention (CDC); WHO: World Health Organization; MDR: Multidrug resistant; AMR:
antimicrobial resistance; TB: Tuberculosis; HIV: Human Immunodeficiency Virus; CLSI: Clinical
and Laboratory Standard Institute; MAR: Multiple antibiotics resistance
ACKNOWLEDGEMENTS
We sincerely thank the staff and administration of the Universiti Teknologi Malaysia for their
assistance and support in this study.
FUNDİNG
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.
AVAİLABİLİTY OF DATA AND MATERİAL
Please contact the corresponding author for any data request.
REFERENCES
1. Aminov, R.I., The role of antibiotics and antibiotic resistance in nature. Environmental
microbiology, 2009. 11: p. 2970-2988.
2. Martinez, J.L., Environmental pollution by antibiotics and by antibiotic resistance determinants.
Environmental pollution, 2009. 157: p. 2893-2902.
3. Tahrani, L., et al., Isolation and characterization of antibiotic-resistant bacteria from
pharmaceutical industrial wastewaters. Microbial pathogenesis, 2015. 89: p. 54-61.
4. Allen, H. K., et al., Call of the wild: antibiotic resistance genes in natural environments. Nature
Reviews Microbiology, 2010. 8: p. 251.

133
Biosciences Symposium of the Final Year Undergraduate Project 2019
5. Munita, J. M. and C.A. Arias, Mechanisms of antibiotic resistance. Microbiology spectrum,
2016. 4.
6. Schwartz, T., et al., Detection of antibiotic-resistant bacteria and their resistance genes in
wastewater, surface water, and drinking water biofilms. FEMS microbiology ecology, 2003. 43: p.
325-335.
7. Rodriguez-Mozaz, S., et al., Occurrence of antibiotics and antibiotic resistance genes in hospital
and urban wastewaters and their impact on the receiving river. Water research, 2015. 69: p. 234242.
8. Ventola, C.L., The antibiotic resistance crisis: part 1: causes and threats. Pharmacy and
therapeutics, 2015. 40: p. 277.
9. Hampton, T., Report reveals scope of US antibiotic resistance threat. Jama, 2013. 310: p. 16611663.
10. Neill, J.O., Tackling Drug-resistant Infections Globally: Final Report and Recommendations.
In Review on Antimicrobial Resistance, 2016.
11. American Public Health Association, A., Standard methods for the examination of water and
wastewater, 1995. American public health association Washington DC.
12. Razin, S., Methods in Mycoplasmology V1: Mycoplasma characterization, Elsevier, 2012.
13. Hudzicki, J., Kirby-Bauer disk diffusion susceptibility test protocol, 2009.
14. Krumperman, P.H., Multiple antibiotic resistance indexing of Escherichia coli to identify highrisk sources of fecal contamination of foods. Appl. Environ. Microbiol., 1983. 46: p. 165-170.
15. Vos, P., et al., Bergey's manual of systematic bacteriology: Volume 3: The Firmicutes, 2011.
Springer Science & Business Media.
16. Tissera, S. and S. M. Lee, Isolation of extended spectrum β-lactamase (ESBL) producing
bacteria from urban surface waters in Malaysia. The Malaysian journal of medical sciences, 2013.
20: p. 14.
17.
Al-Badaii, F. and, M. Shuhaimi-Othman, Water pollution and its impact on the prevalence
of antibiotic-resistant E. coli and total coliform bacteria: a study of the Semenyih River, Peninsular
Malaysia.Water Quality, Exposure and Health,2015. 7: p. 319-330.

134
Biosciences Symposium of the Final Year Undergraduate Project 2019
SILVER NANOPARTICLES-MULTIWALLED CARBON NANOTUBES (AgNP-MWCNT)
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ABSTRACT
Silver nanoparticles (AgNP) are of current attractive nanomaterials for commercialization
applications such as antimicrobial, electronic and biomedical products. This work aimed at
investigating combination of AgNP and multiwalled carbon nanotubes (AgNP-MWCNT) for its
ability to cause bactericidal effect on isolated bioaerosol bacteria from air-conditioning filter. To
prepare AgNP-MWCNT, ox-MWCNT was reacted with AgNP via silver ion reduction method and
characterized using Fourier transformed infra red spectroscopy (FTIR) and dispersibility test. The
antibacterial efficiency of the Ag-MWCNT at 50, 100 and 200 μg/ml were tested on the isolated
bacteria using disc diffusion technique (DDT). From the results, AgNP molecules were found to
successfully attached to ox-MWCNT, confirmed by the new peaks arose in the FTIR spectra at 1966
and 1070 cm-1. The AgNP-MWCNT was also found stable in aqueous solution through dispersion test
up to 5 days of incubation. Antibacterial effect against Gram positive isolated strains using 100 μg/ml
of AgNP-MWCNT demonstrate minimum inhibition zone to approximately 5 mm. The increased
stability and bactericidal behavior showed by this nanocomposites suggests its potential as
antimicrobial agent towards bioaerosol bacteria with lesser toxicity than that of pure AgNP.
Keywords: silver nanoparticles; carbon nanotubes; Ag-MWCNT; antimicrobial; bioaerosol

1. INTRODUCTION
The air conditioning system is commonly used to provide a comfortable environment inside the
building. However, air conditioning systems with contaminated filters can contribute to the source of
bioaerosol [1] which responsible for 5 to 34% of air pollution in the indoor air environment.
Consequently, the effect of long exposure to such bioaerosol can cause various diseases for instance
pneumonia, influenza, measles, asthma, allergies, and gastrointestinal illness [2]. The bioaerosol that
consist of microorganisms such as virus, bacteria and fungi can attach to wet surfaces which lead to
biofilms formation. This condition will further promote bacterial growth and generate foul odor.
Although several chemicals and antibiotic compounds such as chlorine, phenol, penicillin and
cephalosporin have been used to eliminate those biofilms, these chemicals were too toxic [3]. There
is also occurence of antibiotic resistance of several bacteria towards certain antibiotics due to its wide
usage [4]. Silver has long been known for its antibacterial efficacy and has been incorporated in the
variuos field of bioscience and biotechnology. Silver nanoparticles are of the current types of
nanomaterials explored for antibacterial studies, especially in water sterilization, therapeutic
applications such as osteo-implantation, drug delivery, biochips and medical device. Silver
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nanoparticles (AgNP) however, has several drawbacks where it tend to oxidize easily in aqueous
solution and form aggregation [3]. It also can caused toxicity for human and animal cells due to the
release of silver ions into the environment [5]. In this research, we aimed at combining carbon-type
nanomaterials, multi-walled carbon nanotubes (MWCNT) with AgNP to to increase its stability and
enhance its antibacterial ability. This study reports the antibacterial assessment towards bacteria
isolated from the air-conditioner filter and to evaluate species that was effective from the treatment.
2. MATERIALS AND METHODS
2.1 Preparation of AgNP-MWCNT
Pristine MWCNT (p-MWCNT) was firstly treated with 3:1 ratio of concentrated HNO3 and H2SO4
following method by [6]. The oxidized MWCNT (ox-MWCNT) was then washed, filtered and dried.
For preparation of AgNP-MWCNT, ox-MWCNT and silver nitrate solution were immersed
separately in 96% of ethanol. Both of the solutions were then mixed and sonicated for 1 hour. The
resulting AgNP-MWCNT was washed with deionized water, filtered and freeze dried under a vacuum
for 10 hours [3]. Characterization of AgNP-MWCNT was carried out using Fourier transformed
infrared spectroscopy (FTIR) and colloidal dispersion analysis.
2.2 Isolation and identification of bioaerosol bacteria
Bacteria samples were collected from three different air-conditioning filter at three random areas in
Building T02, Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia. The
samples were taken using a sterilize cotton swab, grew in NB medium and spread on NA plates. After
incubated overnight at 37˚C, the bacteria colonies were isolated for species identification. The
identification were performed by 16S rRNA PCR sequencing. The bacterial isolates were first
subjected to genomic DNA extraction followed by PCR amplification using universal primer (Table
1) which target the conserved regions of 16S rRNA gene [7]. The PCR products were run on gel
electrophoresis and sent to First Base Laboratory for sequencing. Finally, phylogenetic tree was
constructed using MEGA-X software.
Table 1: Universal primer used for PCR amplification

Universal primer

Primer sequences

Forward Primer (27F)

5’- AGA GTT TGATCA TGG CTC AG -3’

Reverse Primer (1492R)

5’- ACG GTT ACC TTG TTA CGA CTT -3’

2.3
Antibacterial analysis of AgNP-MWCNT
The antibacterial analysis was evaluated against isolated bioaerosol bacteria and Gram negative
E.coli using disc diffusion technique (DDT). The AgNP-MWCNT sample at different concentrations
(50, 100 and 200 μg/ml) were compared with negative control (untreated), positive control (10 μg/ml
Ampicillin), ox-MWCNT and AgNP. Sterilized cotton swab was used to inoculate bacteria culture
(105 CFU) on nutrient agar (NA) while sterilized Whatman number 1 filter paper discs with 5 mm
diameter were immersed in each sample. The discs were then placed on the segmented area of NA
plate containing bacteria culture. Subsequently, the plates were incubated overnight at 37°C and the
diameter of inhibition zone formed was measured by subtracting the total inhibition zone with
diameter of disc [5].
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3. RESULTS AND DISCUSSION
3.1 AgNP-MWCNT synthesis and characterization
Preliminary synthesis of AgNP-MWCNT was confirmed when the dispersion of the AgNP-MWCNT
in deionized water was better than that ox-MWCNT and p-MWCNT (Figure 3.1). The images were
captured after 5 days of incubation. The homogenous suspension of AgNP-MWCNT was influenced
by the functional groups on the ox-MWCNT, the –OH and –COOH to form stable interaction with
water molecules [8]. Results from FTIR also confirm successful attachment of AgNP with oxMWCNT. Two noticeable peaks at 1966 and 1070 cm-1 appeared on the FTIR spectra after the
reaction. These new peaks could be due to the interaction between silver ions of AgNP and functional
groups of ox-MWCNT (C=O or -OH) through electrostatic attraction [5].

(a)

(b)
p-MWCNT

ox-MWCNT

AgNPMWCNT

Figure 1.1: (a) FTIR spectra of AgNP-MWCNT compared to ox-MWCNT and p-MWCNT. New
peaks at 1966 and 1070 cm-1 in AgNP-MWCNT sample were indicated in red boxes.AgNP also
showed improved dispersibility compared ro p- and ox-MWCNT after 5 days of incubation (b).
3.2 Identification of isolated bacteria from air-conditioning filter
In this experiment, two types of strains have been successfully isolated from the air-conditioning
filter. The results from 16S rRNA sequence (1500 bp) and BLAST analysis showed that Strain 1 and
Strain 2 shared similarity with Staphylococcus warneri (99.86%) (Figure 1.2a) and Bacillus cereus
ATCC 14579 (98.2%) (Figure 1.2b), respectively. This finding is supported by previous study which
investigated that bacterial species from Staphylococcus and Bacillus genera were predominant strains
presence in the air conditioning system [9].
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(a)

(b)

Figure 1.2 : Neighbour-joining tree based on nearly complete 16S rRNA gene sequences of Strain 1
(a) and its closest relatives. Micrococcus bohemicus CCM 7100 was chosen as an out group species.
In (b), the neighbour-joining tree between Strain 2 with other members of the genus was listed.
Bacillus luteolus YIM 93174 was chosen as an out group species. Bootstrap values are labelled at the
branching points followed by the Latin name of each organism.

3.3 Antibacterial activity of AgNP-MWCNT
The antibacterial activity of AgNP-MWCNT at various concentrations (50, 100 and 200 μg/ml)
against Strain 1 and Strain 2 were determined by disk diffusion method. From the results, lower
concentration of AgNP-MWCNT at 50 μg/ml did not show any inhibitory effect for both strains
(Figure 1.3), including E.coli, a Gram negative strain that was used for the purpose of comparison.
AgNP-MWCNT at 100 μg/ml resulted in an inhibition zone of 5 mm in Staphylococcus sp (Strain 1),
4 mm in Bacillus sp (Strain 2) and E.coli. As the concentration increases at 200 μg /ml, the inhibition
zone increases to 7, 6 and 5 mm in Staphylococcus sp., Bacillus sp. and E.coli. These values suggested
that as the concentration of AgNP-MWCNT increases, the size of inhibition zone also increases. The
efficacy of AgNP-MWCNT against bioaerosol bacteria in this study was found in agreement to other
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study done by [5]. However, the concentration of AgNP-MWCNT used was lower than the ones in
this experiment, which was at 10, 20, 30 and 50 μg/ml.
In contrast, no inhibition zone was observed for 5 mg/ml ox-MWCNT for all bacteria. This
result gave the same outcome as in other previous study by [3] that the ox-MWCNT alone failed to
show any antibacterial effect. The use of CNT in this study is only to provide as an effective template
to deposit AgNP on its surface and exhibited enhanced antibacterial effects. Other than that, our
overarching aim to reduce the amount of use AgNP was nearly met, since 100ug/ml of AgNP and
MWCNT mixture can kill the cells. Although the concentration of 100 ug/ml AgNP-MWCNT is not
as effective as AgNP alone, this information provide an insights to its potential for use as antimicrobial
agent. Nevertheless, careful optimization steps are required to find its optimal amount that efficient
for killing cells.
Other observation is that bacteria Gram positive Staphylococcus sp. was found to show
increased susceptibility towards AgNP-MWCNT compared to Bacillus sp. and E. coli. This result is
mainly due to their difference of cell wall composition which makes it more sensitive to AgNPMWCNT. According to [10], the cell wall of Gram positive bacteria binds more silver ions than in
Gram negative bacteria. It is believed that direct physical contact between bacterial cell and AgNPMWCNT had cause the bacterial membrane to rupture [3].

Figure 1.3: Images of inhibition zones formed around sample discs on NA containing Staphylococcus
sp., Bacillus sp. and E. coli. Concentration of AgNP-MWCNT: 100 ug/ml, ox-MWNCT: 5mg/ml,
and AgNP: 100 ug/ml).
4. CONCLUSION
In conclusion, MWCNT serves as excellent templates for adhesion of AgNP to cause antibacterial
effect with increased stability, as compared to AgNP alone. The synthesized AgNP-MWCNT also
was proven effective in killing both Gram positive and Gram negative bacteria where minimum
inhibitory concentration can be found at 100 μg/ml. With its increased stability, this AgNP-MWCNT
could play an important role as one of antibacterial agent for bioaerosol bacteria, with lesser toxic in
environment.
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