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ABSTRACT

Piper betle (daun sirih) extract and essential oil were reported to have multifunctional
biological effects including medicinal and antimicrobial functions. The main objectives of this study
were to extract bioactive compounds from the dried Piper betle leaves in order to determine the
bioactive compounds from the extract, formulate the Piper betle emulsion, investigate the antibacterial
activity and acute systemic toxicity of the Piper betle emulsion. The extraction of Piper betle leaves
was prepared by using three extraction methods namely Soxhlet extraction method, supercritical carbon
dioxide (SCOy) extraction method and probe type ultrasound - assisted extraction method. The probe
type ultrasound - assisted extraction was found to be significant in improving extraction efficiency,
reduce the consumption of extraction time and easy to be used. The extraction of Piper betle leaves
using probe type ultrasound - assisted can achieve a high yield in a very short time (15 minutes) as
compared to the Soxhlet extraction method (1440 minutes) and SCO; extraction method (120 minutes).
A total of 72 bioactive compounds from probe type ultrasound - assisted extraction and 84 bioactive
compounds from SCO; extraction were isolated and identified from the dried leaves of Piper betle by
using gas chromatography - mass spectrometry (GC - MS) method. The presence of various bioactive
compounds from Piper betle leaves justifies this plant contains medicinal properties and could be a
promising source for potential antimicrobial agents. In this study, Piper betle emulsion was formulated
using Piper betle essential oil, Tween 80, and water by using 20 kHz probe - type ultrasonic processor.
Ultrasonic emulsification of Piper betle essential oil, Tween 80 and water was carried out and the effects
of different concentration of surfactants (2.5 % w/v and 5 % wi/v), various emulsification duration (30
minutes, 60 minutes and 90 minutes) and ultrasound intensity on the droplets size of emulsion has been
studied. All of the parameters have significant effects on the diameter of droplets of Piper betle
emulsions. It was observed that at 30 minutes of sonication time with surfactant concentration of 2.5 %
wi/v in 200 mL of water, a stable Piper betle emulsion with a mean diameter of droplet approximately
250 nm could be formed. The antibacterial activity of formulated emulsion was evaluated in - vitro and
the minimal inhibitory concentration (MIC) was determined with the used of macrodilution method.
The bacterial Killing kinetic was also evaluated for this formulated emulsion. The MIC of the Piper
betle emulsion for Streptococcus mutans was 2.5 mg/ml and Staphylococcus aureus was 5 mg/ml. The
time kill Kinetic study revealed that the formulated emulsion could act as microbiostatic agents.
Meanwhile, the area under the curve for Piper betle emulsion against Streptococcus mutans and
Staphylococcus aureus revealed that the number of bacterial cells were significantly (p < 0.05) reduced
when compared to the control sample. This result proposed that, the formulated oil-in-water Piper betle
emulsion has the potential to be used as an antibacterial agent against Streptococcus mutans and
Staphylococcus aureus such as in the treatment of various oral diseases. Considering the
pharmacological relevance of Piper betle leaves, the acute systemic toxic effects of the Piper betle
emulsion were investigated. The overall findings of this study indicate that the Piper betle emulsion is
non-toxic at the dose of 50 mL/kg body weight and can be considered safe for traditional and medicinal
uses. From this study, the 20 kHz probe - type ultrasonic processor can be used to do the faster extraction
of Piper betle leaves and form the oil-in-water Piper betle emulsion. The formulated Piper betle
emulsion with mean diameter of 250 nm is confirmed non-toxic and can inhibit the growth of
Streptococcus mutans and Staphylococcus aureus.
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ABSTRAK

Ekstrak Piper betle (daun sirih) dan minyak pati daun sirih telah dilaporkan mempunyai
pelbagai fungsi kesan biologi termasuklah fungsi perubatan dan antimikrob. Objektif utama kajian ini
adalah untuk mengekstrak sebatian bioaktif daripada daun sirih dan mengenalpasti sebatian bioaktif
daripada ekstrak, menghasilkan emulsi daun sirih, mengkaji aktiviti antibakteria dan kesan toksik sistem
akut emulsi daun sirih. Pengekstrakan daun sirih dilakukan melalui tiga kaedah pengekstrakan iaitu
kaedah pengekstrakan Soxhlet, kaedah pengekstrakan superkritikal karbon dioksida (SCO,) dan kaedah
pengekstrakan kuar ultrabunyi. Kaedah pengekstrakan kuar ultabunyi telah terbukti dapat meningkatkan
kecekapan, mengurangkan masa pengekstrakan yang diperlukan dan juga mudah untuk dikendalikan
semasa pengestrakkan dijalankan. Pengekstrakan daun sirih dengan menggunakan kaedah
pengekstrakan kuar ultrabunyi, hasil yang lebih banyak dapat diperoleh dalam jangka masa yang pendek
(15 minit) berbanding dengan kaedah pengekstrakan Soxhlet (1440 minit) dan kaedah pengekstrakan
SCO; (120 minit). Sejumlah 72 Sebatian bioaktif yang diperoleh melalui kaedah pengekstrakan kuar
ultrabunyi dan 84 sebatian bioaktif yang diperoleh melalui kaedah pengekstrakan SCO; telah diasingkan
daripada daun sirih dan dikenalpasti melalui kromatografi gas spektrometri jisim (GC-MS). GC-MS
menjustifikasikan daun sirih sebagai tumbuhan mengandungi sifat perubatan dan berpotensi menjadikan
ia sebagai sumber agen antimikrob kerana daun sirih menunjukkan pelbagai sebatian bioaktif. Dalam
kajian ini, emulsi daun sirih telah diformulasikan dengan menggunakan minyak pati daun sirih, Tween
80 dan air melalui kaedah pengekstrakan kuar ultrabunyi 20kHz. Pengemulsian ultrabunyi terhadap
minyak pati daun sirih, Tween 80 dan air telah dijalankan dan kesan daripada kepekatan surfaktan yang
berbeza (2.5 % w/v dan 5 % w/v), jangka masa pengemulsian yang berbeza (30 minit, 60 minit dan 90
minit) dan intensiti ultrabunyi ke atas saiz titisan yang diperoleh daripada emulsi tersebut telah dikaji.
Setiap parameter yang dikaji mempunyai kesan yang signifikan terhadap saiz atau diameter titisan
emulsi daun sirih. la juga dapat dilihat bahawa emulsi daun sirih yang stabil dengan purata diameter
titisan pada 250 nm dapat dihasilkan dengan menggunakan kepekatan surfaktan pada 2.5 % dalam masa
sonikasi 30 minit. Fungsi antimikrob emulsi daun sirih ini telah dinilai secara in - vitro dan kaedah
pencairan makco digunakan untuk menilai kepekatan minima perencatan (MIC) bagi emulsi daun sirih.
Kinetik perencatan bakteria juga digunakan untuk menilai kesan perencatan terhadap emulsi daun sirih.
MIC bagi emulsi daun sirih terhadap Streptococcus mutans adalah sebanyak 2.5 mg/ml dan
Staphylococcus aureus adalah sebanyak 5 mg/ml. Kajian masa kinetik perencatan menunjukkan bahawa
emulsi daun sirih berpotensi untuk dijadikan sebagai agen mikrobiostatik. Dalam kawasan di bawah
lengkung graf masa-perencatan menunjukkan bilangan sel Streptococcus mutans dan Staphylococcus
aureus berkurang secara signifikan (p < 0.05) apabila dibandingan dengan sampel kawalan. Keputusan
kajian ini menunjukkan bahawa emulsi daun sirih ini berpotensi untuk sebagai agen antibakteria
terhadap Streptococcus mutans dan Staphylococcus aureus dalam rawatan terhadap pelbagai penyakit
di dalam mulut. Memandangkan daun sirih mempunyai kepentingan farmakologi, kesan toksik sistem
akut emulsi daun sirih dikaji. Penemuan keseluruhan kajian ini menunjukkan bahawa emulsi daun sirih
adalah tidak toksik pada dos 50 mL/kg berat badan dan boleh dianggap selamat untuk kegunaan
tradisional dan perubatan. Dalam kajian ini, kaedah pengekstrakan kuar ultrabunyi 20 kHz digunakan
bagi mempercepatkan pengekstrakan daun sirih dan memformulasikan emulsi daun sirih. Formulasi
emulsi daun sirih dengan diameter purata 250 nm adalah disahkan tidak toksik dan boleh merencatkan
pertumbuhan Streptococcus mutans dan Staphylococcus aureus.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Plants are one of the most significant sources for the production of natural
products available nowadays. The plants with bioactive compounds are consider as
medicinal or herbal plants. These bioactive compounds can easily be found and
identifiable in various parts of the plants such as in the leaves, stems, flowers and even
in fruits. The used of medicinal or herbal plants for the purpose of treatment has been
reported since thousand years ago. Apart from being used in medical or treatment
purpose, the medicinal herbs or plants are also being used as a part of flavouring,
aromatherapy and Ayurveda which are common among Asia countries. Even dental
and oral health products nowadays such as mouth freshener contained medical plants

or herbs as they contain the important bioactive compounds.

There are few methods that can be used in the preparation of herbs.
Traditionally, the methods may include the following : infusion (hot teas), decoction
(boiled teas), tincture and cold soaking (Tan et al., 2020). For the method infusion, it
normally applies only to flowers or leaves, where they will need to be brewed with hot
water for a few minutes. The next method will be decoctions in which the seeds, barks
or roots of the herbs will be boiled with hot water. Duration taken for this method is
much longer than infusion method. Cold soaking is a traditional method that involves
only mixing a solvent with herb at room temperature. Beside the above mentioned
methods, some of the traditional medical practitioners will dry the herbs under the hot
and bright sun and then, mix the herbs with hot bath or even powdered the herb to
become capsule, tablet and pills to be consumed (Wang et al., 2012).

There are also traditional medical practitioners that believe that some herbal or

medicinal plants can be helpful to cure certain diseases if they are being used



appropriately. For this purpose, they usually prepare the crude plant extracts together
rather than isolating them out as one single plant compound as all the bioactive
compounds can work together to produce therapeutic effect. Some herbs can be very
effective to humans’ body systems when consumed in small quantity. However, some
herbs can be poisonous and toxic to humans’ body systems when consumed in a large
quantity. For the same plant, the traditional medical practitioner may need to know the
different preparation methods for different treatment conditions. For an example,
preparing a hot ginger tea (infusion) can be helpful with treating insomnia or even
relieve stress, while a different methods such as boiling ginger with alcohol can be
used to treat various fungal and bacterial infections (Anosike et al., 2009).

In different parts of the world, various uses of medicinal or herbal plants to
meet the health care needs are very common nowadays such as in oral health care. In
some parts of the developing countries, 70 % to 95 % of the populations are still
depending on the traditional medicines as their primary cares while about 80 % of the
world’s populations are still relying on herbal remedies because they are unable to
afford the expensive western drugs (Ahmad and Othman, 2013). With the long history
of herbal medicines usage of more than 3000 years, they have made a better public
acceptance nowadays. For those medicinal plants that are non - toxic and non -
poisonous, they are safe to be used or consumed and are much cheaper than chemical
drugs in terms of pricing. In terms of the availability or continuous supply of medicinal
plants, this is also not a main concern as those medicinal or herbal plants are renewable
sources as they are easy to grow and can be found anywhere within the rainforest. In
return, this can help to make the cost to become a lot cheaper. Moreover, the processing
of medical or herbal plants and production of health products are considered to be
environment friendly and by products are bio - degradable with no major contribution
to earth pollution.

Generally, bioactive compounds can be divided into three main categories that
are: (1) terpenes and terpenoids; (2) alkaloids; and (3) phenolic compounds. The
specific functions of many bioactive compounds may still require a lot of research and
discovery in order to better understand. However, many studies and research have

shown that some of the bioactive compounds have the functions of anti-oxidant and



antimicrobial activities, antifungal, anti-inflammatory, anticancer and antimalarial (Ha
et al., 2020). These medicinal values of the herbal plants are due to the presence of
various bioactive chemical compounds such as alkaloids, fatty acids, tannins,
flavonoids and phenolic compounds. Therefore, the plants with the medicinal values
have to be investigated in depth in order to know their properties and efficacy better.

Plants synthesize phytochemical compounds such as phenolic compound,
essential oil, terpenoids and others as these compounds help to protect the plants from
ultraviolet (UV) light damage, oxidation, bacteria, fungi, insects and animals
(Ogunnupebi et al., 2020). The phytochemical compounds also can be used to protect
from any bacteria infection and to inhibit bacterial growth through with the used of
different mechanisms. Other bioactive compounds will have different protection
mechanisms to bacteria too. However, the most important thing is that the mechanism
is workable and can help to protect the herbal or medicinal plants from different

diseases.

Due to the values, different functions and various bioactive compounds from
the herbal plants, phytochemical studies in developing various techniques for
extraction are important. Many researchers have conducted extraction by using
multiple different methods. The conventional techniques of medicinal plants extraction
include maceration, hydro - distillation and soxhlet extraction. The ultrasound assisted
extraction, enzyme - assisted extraction, microwave - assisted extraction, pulsed
electric field assisted extraction, supercritical fluid extraction and pressurized liquid
extraction are considered as non-conventional techniques (Azmir et al., 2013).

Plant-derived compounds are mostly secondary metabolites. Secondary
metabolites refer to bioactive compounds produced via other metabolic pathways, with
no direct involvement in the normal growth of a plant. The main role of secondary
metabolite is relatively straightforward which is for the defence of the plant against
microorganisms such as bacteria, fungi, and viruses. There are numerous examples of
secondary compounds isolated from plants that have been effective as antimicrobial
agents. Major groups of compounds that are responsible for antimicrobial activity from
include essential oils, phenolics, flavonoids, terpenoids, and alkaloids (Guerriero et



al., 2018). An example of an alkaloid is berberine. Berberine is the main antibacterial
compound extracted from rhizoma Coptidis and cortex Phellodendri. Resveratrol is a
phenolic compound extracted from grapes and Itadori plants. Resveratrol act as
bacteriostatic agent on Gram-positive and Gram-negative bacteria. Essential oils are
natural mixtures of hydrocarbons (terpenes), oxygen-containing (alcohols, aldehydes,
ketones, carboxylic acids, esthers, lactones) and other sulphur-containing organic
compounds. Essential oil from cinnamon, thyme, rosemary, lemongrass and ginger can
directly use as preservation agent into food. According to World Bank report, the
global herbal medicinal market was valued at USD 71.19 billion in 2016 and is
expected to exhibit profitable growth over the forecast period until 2024 (Hexa
Research, 2017). However, it is estimated only around 10% of the herbal plant derived

have been examined for antimicrobial properties.
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Figure 1.1 Global herbal medicine market revenue, by product, 2014 - 2024 (USD
Billion) (Hexa Research, 2017)

Piper betle plant is a tropical herbal plant. It is a native plant located at central
and eastern part of Peninsular Malaysia. Piper betel plant is believed to be very useful
in treating various diseases such as asthma, skin diseases, halitosis, anti-allergic, anti-
malaria, cuts and injuries (Patra et al., 2016). In my research, Piper betle is selected
because of its traditional usage in treating the antibacterial infection. This is because
Piper betle is one of the valuable medicinal plants with a lot of medicinal values and
purposes. This study can be used to provide some new insights on the scientific basis

of the traditional use of the Piper betle plant. The Piper betle plant contains a lot of



secondary bioactive compounds. Various properties contained in its leaves can be used
for antioxidant, antifungal, antidiabetic, anti-inflammatory, antimicrobial,

chemopreventive and antifertility purposes (Bandaranayake et al., 2018).

Soxhlet extraction method easy to use and still being applied in almost every
analytical laboratory. The Soxhlet extraction method is the main reference when
comparing performance of different extraction methods. The equipment of Soxhlet
extraction method is inexpensive and no filtration is required for the extraction after
the leaching step. The solvent using in Soxhlet extraction system is recyclable and

repeatedly in contact with the sample in order to displace the transfer equilibrium.

Supercritical fluid extraction (SFE) is green extraction method of bioactive
compounds from different plant materials. When using the SFE, the system does not
use any toxic solvents and the product obtained from SFE is better in quality, less
degradation of bioactive compounds and can obtain higher yield. The selection of
supercritical fluid is very important in the extraction process. The carbon dioxide
(CO2) is the most frequently used supercritical fluid solvent and can solubilize
lipophilic substance (Pieczykolan et al., 2019). The carbon dioxide is not harmful to

humans’ health and does not pollute the environment.

The use of ultrasound technology (clean and green extraction method) can
significantly increase the efficiency of the system and will obtained the extraction yield
in higher amount from the extraction process. The ultrasound extraction method is
easily obtained higher purity of the final product and the system can make the solvent
greater penetration into plant cell with shorter processing time. For the shorter
processing time, ultrasound extraction able to reduce the use of water, energy and the
consumption of solvent during the bioactive compounds extraction process
(Khadhraoui et al., 2021).



1.2 Problem Statement

In recent years, the use of natural plants to make drugs in order to control the
microbial infections has become very popular throughout the world. The Piper betle
plant is selected in this study is to investigate the potential of antimicrobial activity
due to its ability in treating microbial infections. The bioactive compounds extracted
from Piper betle leaves can provide an important information for the treatment of
various microbial infections. Due to the high costs and side effects to human health in
the formation of the synthetic drugs, extraction of bioactive compounds from Piper
betle leaves to treat microbial infection can be a new alternative to replace the
conventional drugs. This is because of the Piper betle leaves are much cheaper than
conventional drugs, easy to obtain and contain variety of bioactive compounds needed
(Nayaka et al., 2021).

The selection of the appropriate extraction method is very important in the
discovery of the antimicrobial compounds. The conventional method used in the
extraction of bioactive compounds from Piper betle plant is generally a time
consuming process and the solvent used in the extraction process can be harmful to
humans and environments. Moreover, some of the conventional extraction methods
being applied are not suitable to be used to extract the thermo-sensitive compounds
due to high chances of degrading the targeted compounds. Thus, to overcome the
problem of conventional extractions applied, green technology such as probe type
ultrasound - assisted extraction method and supercritical CO2 (SCO2) method are used
in the extraction and isolation of valuable compounds from Piper betle plant. Both of
these methods perform better than conventional methods as they consume less time,
safe to humans and environments, cost effective, nontoxic and great recovery of
bioactive compounds from plant. Supercritical fluid extraction that use carbon dioxide
as a solvent has provided an excellent alternative to replace the non-environment
friendly chemical solvents used in the conventional extraction methods. Even though
both green technology methods are good, probe type ultrasound - assisted extraction
method is more preferable in this study as compared to using SCO:2 extraction method
because of lower yield and soxhlet extraction method due to need longer time to

completed the Piper betle leaves extraction (Zhang et al., 2018).



One of the problem for most bioactive compound found in Piper betle leaves
such as essential oils has poor water solubility. Therefore, formulating an oil-in water
emulsion is one of the most promising strategies to overcome the poor water solubility
problem. The formulated emulsion based delivery system can increase the water
solubility of hydrophobic bioactive compounds and can also increase the absorption /
diffusion rate of the targeted compounds. This Piper betle emulsion delivery system
can help in the protection of the bioactive compounds from light, temperature, pH and
oxidation. With this, the formulated emulsion can directly improve the bio -

availability of Piper betle extract in many applications.

Piper betle leaves is popularly consumed as a mouth fresheners and can use as
an oral care product. One of the main problems found for this medicinal plants is lack
of toxicological evidence to increase the human confidence in their safety uses,
particularly for use in the development of pharmaceutical products. The finding from
this study can provides important information and data on toxicological properties of
Piper betle emulsion formed from probe type sonication method and increase the
confident use in development of new product. Therefore, this research was aimed to
evaluate the acute systemic toxicity study of Piper betle emulsion in animal model by
using swiss albino mice for the acute systemic toxicity study of Piper betle emulsion.

1.3 Objectives

General Objective

This study aims for extraction, identification of bioactive compounds,
formulate of emulsion, investigate the antibacterial activity and acute systemic toxicity

of Piper betle leaves.



Specific Objectives

(@)

(b)

(©)

(d)

14

To investigate the best extraction method among soxhlet extraction method,
supercritical CO2 extraction method and probe type ultrasound - assisted
extraction method in order to obtain bioactive compounds from Piper betle
plant.

To determine the isolated bioactive compounds of Piper betle leaves using Gas

Chromatography Mass Spectrometry.

To prepare oil in water emulsion from Piper betle extracts by using probe-type
ultrasound and determining the structure and morphology of the Piper betle

emulsion droplets.

To evaluate the antimicrobial activity of Piper betle emulsion against
Staphylococcus aureus and Streptococcus mutans and investigate acute

systemic toxicity of the Piper betle emulsion.

Scope of Study

Raw material used in the study is the Piper betle leaves. The extraction of Piper

betle leaves using Soxhlet extraction method, supercritical carbon dioxide (COz2)

extraction method and probe type ultrasound - assisted extraction method. After review

the extraction yield, the simple, safe and good extraction method was chosen for

phytochemical evaluation.

The extraction of Piper betle leaves consists of complex mixture of bioactive

compound. The extract of Piper betle leaves was analysis by using Gas

chromatography mass spectrometry (GC/MS). After review the GC/MS result, Probe

type ultrasound - assisted extraction method is chosen to form the Oil-in-Water (O/W)

emulsion because ultrasound processer is a device easy to operate, widely used for the

formulating stable emulsions with small droplets diameter and frequently reported the



produced emulsion can enhance antimicrobial activity. This study will focus on the
parameter of Piper betle emulsion — effect of sample to surfactants ratio, droplets size,
polydispersity index, and ultrasonic power intensity. The High Resolution
Transmission Electron Microscopy (TEM, JEOL, JEM-2100) with a working voltage
of 200 kV is use to determine the structure and morphology of the Piper betle

emulsion.

The antimicrobial activity of Piper betle emulsion was evaluated by using
minimum inhibitory concentration (MIC) and time-kill Kinetics test. Staphylococcus
aureus and Streptococcus mutans, were used in this study. MIC of the Piper betle
emulsion was determined by the macrodilution technique. Time-kill Kinetics tests were
compared with the normal growth curve for each bacterial. The data was statistically
analyzed by using student t - test. A p value of less than 0.05 was considered

statistically significant.

The safety of the herbal plants is very importance. Therefore, this research also
evaluates the acute systemic toxicity study of Piper betle emulsion in animal model.
Selected of 10 healthy Swiss albino mice for weighing about 21-24 g used for the
study. The control group only give water whereas the treated groups received a single
dose of 50 mL/kg body weight of the oil in water Piper betle emulsion in toxicity
study. The toxicity symptoms and mortality of the mice were observed for 4, 24, 48,

and 72 hours after dosing.

1.5  Significance and Original Contributions of This Study

Plants serve an important role and purpose in every human life. They act as
food and medicine for human beings. Most of the bioactive compounds found in
medicinal plant can be used for therapeutic purpose and synthesis of useful drugs. The
Piper betle plant is selected in this study because of its ability in treating the microbial
infections and there are still a lot of bioactive compounds from Piper betle are largely
unexplored. Furthermore, this study also aims to provide scientific basis regarding

traditional use of the Piper betle plant.



Selection of appropriate extraction method of bioactive compounds from Piper
betle leaves is very important. The probe type ultrasound assisted extraction method
used in this study is the first extraction method applied to Piper betle leaves. This
extraction method is a green method, as it uses water as a solvent. This extraction
method is simpler as compared to other conventional methods. In addition, the cost of
this novel extraction process is significantly less expensive than the conventional
extraction processes. The utilization of the probe type ultrasound assisted extraction
can also increase the yield of Piper betle leaves with less extraction time spent (Sridhar
etal., 2021).

Emulsions based delivery system has shown multiple benefits in encapsulating
hydrophobic bioactive compound. Challenges for reducing antimicrobial effectiveness
of hydrophobic compound from Piper betle can be solved by forming emulsion
solution. Low frequency, high power ultrasound is used for the Piper betle emulsion
formation. Ultrasonic emulsification using probe type ultrasound has been
successfully applied in the formation of oil in water Piper betle emulsion. The
formation of Piper betle emulsion with particle size less than 250 nm is very novel and
has not been published before. This novel emulsion delivery system can increase the
antimicrobial efficacy and reduce the concentration of extract for the Piper betle
leaves. The Piper betle emulsion solution from this research can be used for

antimicrobial drug development as the solution is natural and environment friendly.

The finding from acute systemic toxicity study provides important information
and data on toxicological properties of Piper betle emulsion. The result can increase
the confidence in safe uses, particularly for use in the development of pharmaceutical

products using Piper betle emulsion.

10
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