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ABSTRACT

Propolis has constantly been utilized as useful food for its outstanding health
effect. However, limited literature is available regarding the antioxidant activity of
the stingless bee products in Malaysia especially for the propolis. This is due to its
variability in species and. chemical diversity of propolis produced by each stingleSs
bee. In order to improve the efficiency of antioxidant extraction of propolis, an
experiment was carried out to optimize the extraction conditions by varying the
amplitude, cycle and extraction time of a sonication technique which by several
antioxidant assays; DPPH Radical Scavenging Activity Assay (DPPH), Ferric
Reducing Antioxidant Power (FRAP) and Total Phenolic Content (TPC) were
analysed. The extraction process of bioactive compound from propolis was
optimized by using central composite rotatable design (CCRD) of Response Surface
Methodology (RSM) to evaluate the effect of factors investigated. DPPH Radical
Scavenging Activity, Ferric Reducing Antioxidant Power (FRAP) and Total Phenolic
Content (TPC) predicted by model for the propolis extract were 86.79%, 1015.63
mM FeSO4 /g and 13.66 mg GAE/g respectively. The suggested condition for
extraction of bioactive compounds was obtained in higher levels: amplitude 52.40%,
cycle 53% and extraction time 31. 37min. The validation experiments performed
gave radical scavenging activity of DPPH values 78.52% which is 10.53% deviation,
FRAP values of 722.76 mM FeSO4 /g which is 40.52% deviation and TPC values of

12.93 mg GAE/g which is 5.65% deviation respectively.



ABSTRAK

Propolis sentiasa digunakan sebagai makanan yang berguna untuk kesan
kesihatannya yang luar biasa. Walau bagaimanapun, agak terhad untuk mendapatkan
penulisan kajian mengenai aktiviti antioksidan produk lebah terutama untuk propolis
di Malaysia. Ini disebabkan oléh kepelbagaian spesies dan kepelbagaian kimia
propolis yang dihasilkan oleh setiap lebah kelulut. Untuk meningkatkan kecekapan
pengekstrakan antioksidan propolis, satu eksperimen telah dijalankan untuk
mengoptimumkan keadaan pengekstrakan dengan mempelbagaikan masa, amplitud,
kitaran, menggunakan teknik pengekstrakan sonication yang diuji oleh beberapa
ujian antioksidan; DPPH Aktiviti Pengendalian Radikal (DPPH), Kuasa Antioksidan
Meremehkan Feruat (FRAP) dan Jumlah Kandungan Fenolik (TPC) analisis. Proses
pengekstrakan kompaun bioaktif dari propolis dioptimumkan dengan menggunakan
reka bentuk berputar komposit pusat (CCRD) dari Response Surface Methodology
(RSM) untuk menilai kesan faktor yang diselidiki. Aktiviti Pengendalian Radikal
(DPPH), Kekuatan Antioksidan Meremehkan Ferit (FRAP) dan Total Kandungan
Fenolik (TPC) yang diramalkan oleh model untuk ekstrak propolis adalah masing
masing 86.79%, 1015.63 mM FeSO4/g dan 13.66 mg GAE/g. Keadaan
pengekstrakan yang dicadangkan untuk pengambilan sebatian bioaktif diperolehi
pada tahap yang lebih tinggi: amplitud 52.40%, kitaran 53% dan masa pengekstrakan
31.37min. Eksperimen pengesahan yang dilakukan memberikan Aktiviti
Pengendalian Radikal DPPH dengan nilai 78.52% iaitu sisihan sebanyak 10.53%,
nilai FRAP 722.76 mM FeSO4/g yang mempunyai nilai sisihan 40.52% dan nilai

TPC 12.93 mg GAE /g dengan sisihan sebanyak 5.65%.
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CHAPTER 1

INTRODUCTION

1.1  Background

In Malaysia, stingless bee is widely known as ‘Lebah Kelulut’. They have
been inhabited for over fifty million years in tropical forests and stingless bee honey
is used by old folks as a traditional remediation for disease and sickness. Stingless
bee is a huge monophyletic class of highly eusocial bees ordinarily found in
abundance in warm and humid climate forests around the world. They belong to the
family Apidae, subfamily Apinae and tribe Meliponini. Stingless bees can be found
in most tropical or subtropical parts of the world, such as Australia, Africa, Southeast
Asia and parts of Mexico and Brazil with over 600 recorded species and yet still
numerous undescribed species (Rasmussen & Cameron, 2010). Malaysia is believed
to have the most diverse Trigona species in this region and two well-known cultured
species in Malaysia are Heterotrigona itama and Geniotrigona thoracica
(Baharuddin, & Fisheries, 2014). To date, there are more than 35 variety of Trigona
species were recorded in Malaysia and Heterotrigona itama is the largely abundant

species found in Southern part of Malaysia (Akhir et al., 2017).

1.2  Characteristics of Stingless Bee

Stingless bees are biologically different from honeybees in various significant

ways. Different from any other bee honey, stingless bees store pollen and honey in
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large egg-shaped pots made of beeswax, normally mixed with a variety types of
plant or called ‘propolis’ (Zabaiou et al., 2017). Besides, it is easy to distinguish
between stingless bees from the honeybee in terms of their sizes. In general, stingless
bees are slightly smaller in size compared to honeybees. With their body size scale
from 3mm to 13mm long, they are capable to sip nectar from most profound space
inside tiny flowers. Due to this benefit, their produced honey contains higher
vitamins and minerals compared to any other sorts of honey produced by other bees.
Stingless bees are active the entire year around, even though they are less active in
cooler climate. Dissimilar from other eusocial bees, they do not sting but will protect
by biting if their nest is disturbed. Despite being unable to sting, stingless bees may
have very huge colonies made frightening by way of numerous defenders (Roubik et
al., 2006). Stingless bees commonly nest in hollow trunks, tree branches, or rock
crevices but they have also been encountered in wall cavities, old rubbish bins, water
metres and storage drums (Norowi & Fahimie, n.d.). Stingless bee honey, propolis
and bee bread are the three products originated from stingless bee hives (Akhir et al.,

2017).

1.3  Propolis

The word propolis is derived from Greek, in which pro stands for “at the
entrance to” and polis for “city”, signifying this natural product is used in hive
protection (Sabir, Hasanuddin, & Sabir, 2016). Propolis is a resinous substance
collected by honeybees to seal honeycomb, which has been used in folk medication
due to its antimicrobial and antioxidant properties (Miguel et al., 2014). Propolis or
identified as bee glue is a sticky dark coloured material that honeybees collect from
living plants. Propolis, is a natural complex matrix that is synthesized by honey bees
from products collected in tree buds, saps, resins, mucilage, lattices and other plant

2



sources. Due to its waxy nature and mechanical properties, propolis is used by honey
bees as cement to retain moisture and temperature balanced in the hive all year
around, and to close up cracks or open spaces. At elevated temperatures, Propolis is
soft, pliable and very sticky; conversely, when cooled, and particularly when frozen
or at near freezing, it becomes solid and brittle. It will remain brittle after such
handling even at higher temperatures (Sforcin, 2016). Figure 1.1 show the example

of propolis of stingless bee hive.

Figure 1.1: Propolis

Propolis has numerous functions in beehives for example exclude draught,
protect against external invaders, and mummify their carcasses. In addition to these
functions, propolis is too essential for bees in the prevention of growth and
decomposition of microorganisms (Fitch, 2002). Propolis has been extensively used
by several civilizations to treat colds, wounds and ulcers because of its antiseptic and
local anaesthetic properties and have been used in complementary medicine because
of its antimicrobial, anti-inflammatory, antitumor, immuno- modulatory and

antioxidant activities, among others (Sforcin, 2016).



14 Problem Statement

Propolis are one of the products obtained from stingless bee hives other than
honey. As we all know, numerous amount of study has been done regarding the
antioxidant properties of Honey by various researchers. Besides, the chemical
composition and biological activities of propolis of numerous countries have been
studied widely by various scientific research 'groups. However, there are very limited
information available in the literatures regarding the antioxidant activity of the
stingless bee products in Malaysia especially for the propolis due to its variability in
species and chemical diversity of propolis produced by each stingless bee. Therefore,
the present study was conducted to applied modern extraction process which will
give the highest antioxidant activity in the propolis extracts of stingless bee in an

efficient way.

Thus, several extraction processes have to be designed in order to determine
the antioxidant properties of propolis from stingless bee’s (sp. heterotrigona itama).
Solvent extraction is most commonly used method for isolation of antioxidant
compounds. In this project, ethanol is used as the main solvent for the extraction of
antioxidants due t;) its capability to extract antioxidant compounds from numerous
food-based product. There is great prospective and opportunity for the determination
of antioxidant from propolis in order to develop new product as well as for future
research use and development purposes. However, the preparation of production of
product from propolis is still a challenging issue as the availability are very limited in

the Malaysian market besides the cost are quite pricey.
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1.5 Objectives

The purposes of this research are:

Q To evaluate antioxidants capacity from propolis of stingless bee’s (sp.

heterotrigona itama).

QO To optimize sonication extraction technique by using Response Surface
Methodology (RSM) to obtain maximum antioxidant activity from propolis

extract.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of Antioxidant

In general, antioxidants can be divided into soluble in water or we called as
hydrophilic and in lipids as hydrophobic. Water-soluble antioxidants react with
oxidants in the cell and the blood plasma while lipid-soluble antioxidants inhibit lipid
peroxidation in cell membranes (Sies, 1997). Certain of these molecules can be

synthesized within the body or provided with food (Vertuani et al., 2004)

Antioxidants are compounds that capable to either slow down or reduce the
oxidation processes which occur under the influence of atmospheric oxygen.
Antioxidants are involved within the defence mechanism of the organism in
opposition to the pathologies associated to the attack of free radicals (Pisoschi &
Negulescu, 2012). There is rising awareness in antioxidants, especially in those
aiming to avoid the harmful effects of free radicals in the human body, as well as the

deterioration of fats and other constituents of goods. (Molyneux, 2004).

Antioxidants lower the oxidative stress in cells and therefore effective in the
treatment of various human illnesses, including cancer, cardiovascular diseases and

inflammatory diseases.

Benefit in getting antioxidants through food is that there are approximated

thousands of numerous antioxidants in the human diet and they are abundant in
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chemical types as shown in Table 2.1 (Mbata, 2005) . Antioxidants, including

phenolic compounds which mainly consist of flavonoids, phenolic acids and tannins

contain various biological effects, such as anti-inflammatory, anti-carcinogenic and

anti-atherosclerotic effects, as a consequence of their antioxidant action. The

antioxidant extracts were assessed in terms of their total phenols (TP), total

flavonoids (TFA), total flavanols (TFO), phenolic acids, catechins, lignans and

tannins (Litescu & Eremia, 2011).

Table 2.1: Antioxidant Components in Food

Components Compounds Food sources
Vitamins Vitamin C (ascorbic acid) Citrus fruit, berries,
papaya
Vitamin E (tocopherol Seed-like cereal grains,
and tocotrieno]s) nuts and oils derived from
plants
Beta carotene and other Orange pigmented, and
caroténoids green leafy vegetable
Elements Copper (as part of Cocoa, wheat bran, yeast
superoxide dismutase)
Selenium (as part of Grains, meats.
glutathione peroxidase

Macronutrient — derived

Peptides e.g. glutathione

Whey protein

Phytochemicals (food
components of plant
origin)

Isoflavone e.g. genistein
and daidzen

Flavonols e.g. quercetin
and kaempferol.

Polyphenols e.g.
rosmarinic acid

Catechins e.g.
epigallocatechin gallate

Soy

Tea, red wine, onions,
apples.

Herbs, oregano, thyme.

green tea, meats

Zoochemicals (food
components of animal

origin

Ubiquinone (coenzyme
Q10)

Meats especially meat
organs, fish




2.2  Composition of Propolis

The composition of propolis depends on the source of the numerous plants
used by stingless bees. Chemical of propolis is simply understandable as it is a
complex combination of compounds derived from variety of plants and prepared by
salivary enzymes of bees. Therefore, composition of propolis depends of the flora,
the seasons resins are collected, as well as the bee species. This chemical differences
brings a key question of standardization, yet bees, by themselves not change its
chemical composition. (Zabaiou et al., 2017). Crude propolis is normally composed |
of 50% plant resins, 30% waxes, 10% essential and aromatic oils, 5% pollens and 5%

other organic substances (Bankova, 2005).

The chemical composition of propolis can be classified into various which
include flavonoids, phenolics, terpenes, aromatic compounds, volatile oils and bee
wax. It is believed that the first 3 groups of compounds are the most important
contributors to the biological attributions shown by propolis. After a number of
noteworthy researches, researchers started to realize that the chemical composition is
vastly uneven and dependent upon some factors for example the season, lighting,
height above sea level, collector type and food accessibility through propolis

development.. (Yeo, 2015)

Propolis sample analyses from different parts of the globe have been
collectively reported to contain more than 300 different chemical compounds. By
means of the use of most recent separation and purification methods, additional
compounds have been identified in propolis including flavonoids, terpenes, phenolics
along with their esters and mineral elements. Nevertheless, common phytochemicals

compounds such as alkaloids, and iridoids have not been reported. 241 compounds



have been reported for the first time from propolis since years of 2000 and 2012(S.

Huang et al., 2014).

However, the major chemical groups present in propolis resin consist of
phenolic acids or their esters, flavonoids, terpens, aromatic aldehydes and alcohols,

fatty acids, stilbens and b-steroids (Watanabe et al., 2011).

2.3  Antioxidant Properties of Propolis

Basically, propolis bioactivities were primarily as an effect of substances
belonging to the phenolic group, especially flavonoids, which create propolis as a
crucial purpose of study for the majority various food and pharmaceutical
applications. Flavonoids are the fundamental compounds of propolis as they are
responsible for the main pharmacological. Surrounded by them it might be found
flavones, flavonols, flavanones, flavanonols, chalcones and dihydrochalcones,
isoflavones, isodihydroflavone, flavans, isoflavans and neoflavanoids (Bankova,

2005).

Others, it is found that bee items such as honey, propolis and pollen possess
active biological ingredients as well as antimicrobial, anti-inflammatory and
antioxidant activities. Studies showed that propolis and honey have a defensive effect

in aluminium toxicity (Bakour et al., 2017).

According to Gémez's (2006), more than 180 compounds, primarily
polyphenols, have been identified as constituents of propolis. The concentration of
phenolic compounds might be differ significantly based on the origin of the samples

and such differences are likely to influence its biological activities and as a result its
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clinical properties. For that reason, the assay and evaluation of these components is

of great value.

Antioxidant capacity is one of the mainly valuable properties of propolis. In
spite of the fact that there are some studies on the topic of the potential antioxidant
activity of propolis, there is no strong facts on the safe dosage in people. Therefore,
there is necessary for clinical studies using propolis and its biologically active

compounds, including studies of safety and bioavailability.

2.4 Solvent Extraction

Plant cells synthesize a wie range of natural compounds which are useful to
human beings. Even though the improvement in recent chemistry nowadays is able to
synthesize the compounds, it is still not straightforward to synthesis several
compounds as efficiently as mother nature does. Therefore, plant material is yet still
the ideal resource of these bioactive compounds. Extraction methods have been
extensively explored to gain such precious compounds from plant life for

commercialization.

Propolis cannot be utilized as a crude material where it must be purified by
extraction through solvents. This procedure has to eliminate the inert material along
with keep the polyphenolic fractions. A multi-step extraction with ethanol is mostly
suitable to attain dewaxed propolis extracts rich in polyphenolic components (Fitch,

2002).

Ethanol is mainly common solvent used in propolis extraction, but it results

with concentrated leftover flavor. Even if methanol as well showed exceptional
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extraction results, it is not possible to be practical in the production of safe to eat

propolis for the reason that its high level of harmfulness (Yeo et al., 2015).

A dual solvent system of water—ethanol is typically applied in the extraction
of propolis, mostly ethanolic solution containing 70% of ethanol. According to
Goémez-Caravaca et al.(2006), extraction with ethanol is mostly suitable to attain
dewaxed propolis extracts rich in polyphenolic'compound in addition this is the main
used solvent, mainly at concentrations of 70% and 80%. Compared with absolute
ethanol, extraction with aqueous ethanol produced wax-free tinctures, containing

higher amounts of phenolic substances.

Park and Ikegaki (1998) study used a range of concentrations of ethanol as
solvent and measured the absorption spectra of the several extracts. Based on the
result obtained, the 80% ethanolic extract showed highest absorption at 290 nm,
which means that the highest concentration of flavonoids was recorded from the

propolis when using this solvent concentration.

The ethanolic extract of propolis is one of the richest sources of phenolic
acids as well as flavonoids. Ethanolic extract of propolis and its phenolic compounds
have shown numerous biological activities, including antitumor effects,
immunomodulatory and chemo preventive (Watanabe et al., 2011). The most active
ingredients appeared to be soluble in ethanol and propylene glycol solvent. A small
number of constituents were soluble in water, but still water extracts showed slightest
certain bactericidal and fungicidal effects, as well as wound-healing properties. The

choice of the solvent depends on the purpose of the extract (Sforcin, 2016)

Sun et al (2015) study found that water extract of propolis result in the

smallest yield at the same time extracts with ethanol-water solvents got higher yields
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by increase in ethanol concentrations. In addition, the highest Total Phenolic Content
(TPC) and Total Flavonoid Content (TFC) value were both observed in ethanol
extract of propolis. Therefore, based on the results, water and low ethanol-water
concentration solvent seemed to be ineffective in extracting phenolics compounds

than those extracted with high ethanol-water solvents.

On the other hand, according to study conducted by (Woo et., al 2015)
reported that summary of the major results of the extraction of propolis by ethanol
tends to raise in extract yield and total flavonoid content when increase in ethanol
concentration used. Total phenolic content exhibited the highest value in the ethanol
concentration range between 50% -60%. Still, when the ethanol concentration is

high, there is a tendency to lower the total phenolic content.

2.5 Ultrasound assisted extraction

Ultrasound is a key-technology in accomplishing the aim of economical
green chemistry and extraction. Ultrasound is well-known to obtain an important
outcome on the rate of assorted processes in the chemical and food production. By
ultrasound, full extractions can currently be completed in minutes with high
reproducibility, lessening the utilization of solvent, giving higher purity of the final
result compared with other regular conventional extraction method. A number of
classes of food components such as pigments, antioxidants, aromas, and other pure
and mineral compounds have been extracted, examined and formulated well from a

range of networks (Chemat et al., 2017).

Ultrasound has been demonstrated to aid solvent extraction and have to verify

to be a potent tool for the phytopharmaceutical extraction industry as well as a
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flexible method that can be used both on small and huge scale. It is significance
noticing that after high frequency ultrasound is in use, the extraction yield did not
rise drastically conversely the degradation of the constituents was reduced. In the
case of small frequency sonication, degradation become valuable, especially when

alkaloids are being extracted (Vinatoru, 2001)

* Annegowda (2012) study found that sonication methods notably improved
numerous antioxidants in the methanolic extracts of the starfruit compared to
aqueous extracts. The results also emphasize the significance of the solvent system
used for ultrasound extractions. On the other hand, according to study by Woo et al.,
(2015), they found that the extraction of propolis by sonication showed similar
tendency as in extraction by ethanol concentration where the extract yield and total

flavonoid content are higher by increasing the ethanol concentration.

The advantage of ultrasound extraction is thought to be due primarily to the
mechanic impacts of sound cavitation. This technique has illustrated the possible to
decrease extraction times extensively and boost extraction yields in a number of
studies on therapeutic plants. Several extraction techniques consist of maceration
extraction, ultrasound extraction, and microwave assisted extraction were done in
order to clarify purely active constituents of poplar type in the propolis. Based on the
finding, ultrasound methods provided high extraction yield, requiring short
timeframes and less workforce. Ultrasound extraction was as well revealed to be the
most effective technique based on proportion of extracted phenolics (Trusheva et al.,

2007).

In conclusion, sonication methods being a physical form of food processing

that holds high prospective to be investigated for industrial applications as an
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efficient environment-friendly method for improving the extractability of natural
antioxidants, and thus might successfully play an important role in avoiding some

physiological and degenerative diseases in consumers.

2.6 Response Surface Methodology (RSM)

Conventionally, optimization in diagnostic chemistry has been carried out by
observing the effect of one factor at a time on an experimental response. Its main
weakness is that it does not comprise the interactive impacts between the variables
studied. As a result, this method does not show the complete effects of the factor on
the response. Another disadvantage of the one-factor optimization is the raise in the
number of experiments essential to conduct the study, which leads to an increase of
time and costs as well as an increase in the consumption of reagents and resources

(Khoo et al., 2013)

Response surface methodology (RSM) is a collection of numerical and
statistical techniques effective for analysing the impacts of several independent
variables. In various processes, the correlation among the response and the
independent variables is commonly unknown, for that reason, the first action in RSM
is to estimate the response in terms of independent variables. This deal with
employing a low-order polynomial equation in a predetermined area of the
independent variables, which is later on examined to find the optimum values of

independent variables for the best response (Yuan et al., 2013).

The response surface methodology has been successfully optimized the
phenolic content and extract yield in fruit sample (Prasad et al.,2012). The use of

RSM also has effectively optimized the extraction conditions. Based on RSM

14



optimized extraction conditions of Propolis Flavonoids Liposome, additional use of
sonication-assisted  extraction has helped demonstrated the stronger

immunoenhancement activity. (Yuan et al., 2013).

Optimal extraction conditions were derived using response surface
methodology for bee pollen exerted tyrosinase inhibition and antioxidant activity was
well-matched with predicted values from optimization of RSM thus can be used to
optimize extraction process of bee pollen. These results provide useful information
about bee pollen as cosmetic therapeutics to reduce oxidative stress and
hyperpigmentation (Kim et al., 2015). It can obtain the most favourable condition
efficiently, particularly in the case of a number of variables. Hence, RSM is

extensively used for optimization of extraction conditions in many fields of study.

2.7 Antioxidant Assay
2.7.1 DPPH Radical Scavenging Activity Assay

DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical method is an
antioxidant assay based on electron-transfer that produces a violet solution in
ethanol. This free radical, stable at room temperature, is reduced in the presence of
an antioxidant molecule, appear to colourless ethanol solution. The use of the DPPH
assay provides a simple and quick way to assess antioxidants by spectrophotometry,
where it be practical to assess different products at a time. The molecule of 1,1-
diphenyl-2-picrylhydrazyl is characterised as a stable free radical by asset of the
delocalisation of the extra electron over the molecule as a whole, so that the
molecules do not dimerise, as would be the case with most other free radicals (Garcia
etal., 2012)
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Figure 2.1: Struqture of 2,2-diphenyl-1-picrylhydrazyl
The delocalisation as well gives rise to the deep purplish-blue colour,
characterised by an absorption band in ethanol solution centred at about 520 nm.
When a solution of DPPH is mixed with that of a substance that can donate a
hydrogen atom, in that case this gives rise to the reduced form with the loss of this

purplish-blue colour.

2.7.2 FRAP (Ferric Reducing Antioxidant Power)

The FRAP assay has been useful broadly in food science field. Apart from
measuring the total antioxidant content of various foods, the FRAP assay has been
used also to discover absorption of antioxidants from foods to examine the

consequence of processing and cooking on the antioxidant content of foods.

FRAP (ferric reducing antioxidant power) technique fundamentally relies on
the reduction by the antioxidants, of the complex ferric ion-TPTZ (2,4,6-tri(2-
pyridyl)1,3,5-triazine). Reduction of a ferric tripyridyltriazine complex to ferrous-
(2,4,6-tripyridyl-s-triazine), Fe(IIl) to Fe(I) can be checked by measuring
absorbance at 593nm. The absorbance can be measured to test the total of iron
reduced and can be linked with the total value of antioxidants where Trolox or

ascorbic acid are commonly being used as references (Pisoschi & Negulescu, 2012).
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2.7.3 TPC (Total Phenolic Content)

Total Phenolic Content (TPC) is one of the antioxidant assay commonly used
to find out the antioxidant value of certain types of food. The mechanism principally
based on reduction capability of phenolic functional group. Oxidation and reduction
reaction of phenolate ion takes place at base condition. The reduction of Folin—
Ciocalteu reagent, is reduced to blue oxides of tungstene and molybdene during
phenol oxidation. The reduction of complex will raise when the extract contains
more phenolic compounds. The concentration of blue colour reflects the amounts of
phenolic compounds, which can be measured using spectrophotometer. Thus, the

colour that display darker and higher absorbance showing higher antioxidant activity.
2.8  Summary

There has been rising concern in study into the function of antioxidants in
food and human health. The valuable effect of many foodstuffs and beverages on
human health has been recently recognized to originate from their antioxidant
activity. Propolis has become the subject of intense in pharmacological and chemical
studies for the last three decades but quite new in Malaysia environment. Numerous
studies have proven its versatile pharmacological capability such as antioxidant,
antibacterial, antifungal, antiviral, anti-inflammatory, antitumor and others. There are
many methods to extract antioxidants from food-based product. However, extraction
yield and antioxidant activity not only depend on the extraction method but also on
the solvent used for extraction. The existence of various antioxidant compounds with
various chemical characteristics and polarities may or may not be soluble in a certain
solvent. The most suitable solvents are aqueous mixtures containing ethanol,

methanol, acetone, and ethyl acetate. Ethanol has been known as a good solvent for
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antioxidant extraction and is harmless for human consumption. Several study on the
positive effects of ultrasound extractions have been published and the main reported
enhancements have been found to be improved efficiency and cut of extraction time.
A mainly mechanism for ultrasonic extraction is better mass transfer, the enhanced
penetration of the solvent into the molecular cell due to cell disruption. Response
Surface Methodology (RSM) offer cost-effective method of collecting data. The
strength of the method lies in capturing precise efficient smooth approximations for
accurate data gathered from numerical or functional experiments at discrete data

points.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, the sample preparation, experimental work, antioxidant
analysis identification is explained in detail. The propolis was extracted via
sonication extraction technique where the type of solvent used were 70% aqueous
ethanol concentration. The analysis was done by using Response Surface
Methodology (RSM) which comprise of three independent variables involve
(amplitude, cycle and time) with 5 levels range of reading with 20 experiments
including 6 replicates at the centre point. After the extraction process was done, the
sample was analysed for its antioxidant activity. The result obtained was optimized
by using Response Surface Methodology (RSM) software, Design Expert where the
best parameter of the optimized extraction conditions for extraction of propolis were
determined. The research was conducted based on studies done from the related

journal, book, manual and website.

3.2 Materials

Samples of the stingless bee propolis obtained from the Heterotrigona itama
species were collected from a bee farm located at Seksyen Ul0 Alam Budiman,

40170 Shah Alam Selangor. Harvesting process was done by removing the samples
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from the hive, separating between the bee bread and propolis. As shown in the figure
3.1, raw samples of propolis were stored in the bottle and placed in the freezer at -

20°C for future use.

. ke B

Prapolis
CYITY [ ®".

Figure 3.1: Types of Propolis used

3.3 Equipment

The equipment that will be use in this project are ultrasonic sonicator
(ultrasonic processor UP400S (400 watts, 24kHz)), and UV Spectrophotometer
(spectrophotometer UV/VIS Varian 50), weighing scale, stopwatch, thermometer,

spatula, scissor, beaker, pipette and freezer.
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Figure 3.2: Types of Ultrasonic Sonicator used

3.3 Experimental Work

The experimental works, antioxidant analysis and optimization process are
explained in detail. Basically, propolis was cut into small pieces in order to increase
the surface area exposed with the solvent extraction. The sample were extracted by
using 70% aqueous ethanol solvent with sonication extraction technique are applied.
The extract obtained was analysed for its antioxidant activity. Based on the
antioxidant analysis, optimization process was done by using the Response Surface
Methodology (RSM) software, Design Expert to determine the best optimized
extraction condition that gives the highest antioxidant value from propolis. Lastly,
the verification process was done with another set of experimental work in order to
determine the highest antioxidant value from propolis based on the optimized

extraction condition obtained.
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3.3.1 Sample Preparation

The propolis from species of Heterotrigona itama species were collected from
bee farm located at Seksyen Ul0 Alam Budiman, Shah Alam, Selangor. Raw
propolis were kept in laboratory fridge at a temperature of -20°C prior the
experiment. 2g of propolis sample was weighed by using a weighing scale. As shown
in the figure 3.3, the raw propolis sample were cut into small pieces by using a
scissors in order to increase the surface area exposed to the solvent during extraction
process. 100ml of 70% aqueous ethanol solvent was measured and mixed with the

propolis in a glass beaker.

Figure 3.3: Small cut of propolis

3.3.2 Sonication Extraction of Propolis.

In this experiment, the independent variables involved were amplitude (%),
cycle (%) and time (min) with five factorial levels. Amplitude and cycle variable

parameter was set directly on the sonicator while time was set by using a stopwatch.
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The complete design consisted of 20 experimental points, and the experiment was

carried out in a random order.

The samples were labelled with (SE1 — SE20) which stands for Sonication
with Ethanol. The beaker consists of mix of propolis and solvent was placed in the
sonicator. The beaker was placed constantly at the centre of the sonicator probe and
the depth of the probe are set to be 1.5cm from the top surface of the solvent. Each
set of samples was extracted based on the parameter of independent variable in the

Table3.1.

Table 3.1: Independent variables parameter and their levels used in the response
surface design

Sample Amplitude (%) Cycle (%) Time (min)
SEl 30.0 30.0 20.0
SE2 70.0 30.0 20.0
SE3 30.0 70.0 20.0
SE4 70.0 70.0 20.0
SES 30.0 30.0 40.0
SE6 70.0 30.0 40.0
SE7 30.0 70.0 40.0
SES8 70.0 70.0 40.0
SE9 20.0 50.0 30.0
SE10 83.64 50.0 30.0
SE11 50.0 20.0 30.0
SE12 50.0 84.0 30.0
SE13 50.0 50.0 13.18
SE14 50.0 50.0 46.82
SE15 50.0 50.0 30.0
SE16 50.0 50.0 30.0
SE17 50.0 50.0 30.0
SE18 50.0 50.0 30.0
SE19 50.0 50.0 30.0
SE20 50.0 50.0 30.0
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The summary from the independent variables parameter and their levels used in the

response surface design are shown table 3.2:

Table 3.2: Summary of independent variables parameter and their levels used in the
response surface design

Parameter Factor Levels
Low Level High Level
(A) Amplitude (%) 20.0 83.64
(B) Cycle (%) 20.0 84.0
(C) Time (min) 13.18 46.82

Thereafter extraction process, the extract obtained was filtered through a

Whatmann No. 1 filter paper and the samples were stored in tube and placed in the

freezer at -20°C until used.
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weighing and cutting

4

[ Raw propolis preparation, including]

solvent was mix in the beaker

9

Propolis and 70% aqueous ethanol ]

The sample was sonicate according
to the parameter value of

independent variables

9

[ The extract was filtered by using ]

Whatmann No. 1 filter paper and the
extract was stored into the store tube

9

Sample are stored in the freezer at ]

-20C until used

9
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with another sets of samples
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[Antioxidant analysis; DPPH, Ferric

Reducing Antioxidant Assay (FRAP)
and Total Phenolic Content (TPC)

4

[ Optimization by using Design

Expert software

9

Verification process by using the
optimized extraction condition

Figure 3.4: Flow chart of the whole process
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3.3.3 Antioxidant Activity

The extract of propolis were analysed for antioxidant analysis. Three types of
antioxidant assay were chosen in this study to analyses the antioxidant activity in the
propolis extract which comprised; DPPH Radical Scavenging Activity Assay, Ferric
Reducing Antioxidant Assay (FRAP) and Total Phenolic Content (TPC). All

procedure was carried out based on studies from related journal with slight

modification.

3.3.3.1 DPPH Radical Scavenging Activity Assay

The antioxidant activity propolis extract were determined using 1,1-diphenyl-
2- picrylhydrazyl (DPPH) radical base on the electron transfer reaction between
DPPH reagent and the plant extracts. The DPPH free radical of the propolis was
measured according to the standard method by with some modifications. Stock
solution (24 mg DPPH/100ml of ethanol) and antioxidant standard (gallic acid) was
prepared and then diluted to get five different concentrations. A 150uL of sample
extract was added into the bottle and 2850uL of DPPH working solution are mix in
the bottle tube. It was then left in the dark at room temperature for 30 minutes. All of
the sample were done triplicate. After 30 minutes, the absorbance of the mixture was
determined at 515nm by using the spectrophotometer (spectrophotometer UV/VIS

Varian 50). The ability of extract to scavenge DPPH free radical was calculated

using the following equation.

The DPPH value expressed as percentage scavenging of the DPPH value

synthetic antioxidant depending on the following calculation:
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Absorbance of control — Absorbance os sample

X
Absorbance of control 100

RSA (%) =

Each test was performed in triplicate and the mean percentage value was

expressed as radical scavenging activity (%).

150uL extract
amples/standard

4

+ 2850 uL DPPH
working solution

4

React 30 min in dark
condition

$
Read Abs 515 nm

Figure 3.5: Flow chart of DPPH antioxidant analysis

3.3.3.2 Ferric Reducing Antioxidant Power Assay (FRAP)

The reducing capacity of the propolis sample were determined by using ferric
reducing antioxidant power (FRAP) assay according to the procedure from the
previous experiment with slight modifications. The principle of this method is based
on the reduction of a ferric 2,4,6- tripyridyl-s-triazine complex (Fe** -TPTZ) to its
ferrous, coloured form (Fe 2* -TPTZ) in the presence of antioxidants. FRAP reagent
was prepared at 37 °C from 300 mmol/L acetate buffers (pH 3.6), 10 mmol/L 2,4,6-
tri[2-pyridyl]-s-triazine (TPTZ) in 40 mmol/L HCI, and 20 mmol/L FeCl3 in the ratio
of 1:1:10. Ferrous sulfate heptahydrate (FeSO4.7H20) was used as a standard and

TPTZ working reagent used as a blank solution.
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Each experiment was conducted in triplicate. A total of 150 pL of samples
extract and 2850 pL working solution were added to the bottle and vortex. The
sample extract was left in the dark at room temperature for 30 minutes. The

absorbance of the mixture was determined at 593nm by using the spectrophotometer.

A standard curve of FRAP values of each standard versus its concentration
was plotted and the final result was expressed as mM ferric iron reduction to ferrous
iron in samples extract (mM FeSO4/g). The final result was presented as the

concentration of antioxidant having a ferric reducing activity.

150pL extract
amples/standard

4

+ 2850 uL DPPH
working solution

4

Vortex

A 4

React 30 min in dark
condition

.
Read Abs 515 nm

e

Figure 3.6: Flow chart of FRAP antioxidant analysis

3.3.3.3 Total Phenolic Content (TPC)

The total phenolic compounds of propolis extracts were determined by the
Folin-Ciocalteu method with slight modifications. Samples was inserted into test tube
and mixed thoroughly with 5 ml Folin-Ciocalteu reagent. After 5 mins, 4 ml of 7.5%

sodium carbonate (Na2CO3) was added and allowed to react for 2 hrs at room
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temperature. The absorbance was measure at 765 nm using microplate reader
spectrophotometers. Samples were measured in triplicates. Standard curve of gallic
acid solution (0,20,40,60,80,100,120,140,160,180 and 200 ppm) was prepared using

the similar procedure. The results were expressed as mg GAE/ g extract sample.

1 mL extract
samples/standard into
test tube

. W

4

+ 5ml of diluted FC
reagent

4

Incubate 5 min

$

+4ml of 7.5% Sodium
Carbonatereagent

$

Incubate 2 hour in dark
condition

B
Read Abs 765 nm

Figure 3.7: Flow chart of TPC antioxidant analysis

3.4  Optimization by using Response Surface Methodology (RSM)

Response surface methodology (RSM) is an efficient tool for optimizing the
process, especially when many factors and interactions influence response. It has
been used for optimizing complex procedure, extraction technology, conditions and
so on. Amongst the benefit of RSM is that it can cut the quantity of experimental
trials and assess the relations between multiple parameters, which are less laborious

and time-consuming than other optimizing process, and more effective and accurate

than other approaches (Tang et al, 2011).
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The methodology includes three steps which firstly are experimental design, in
which the independent variables and their experimental levels are set using well-
established statistical experimental designs. Secondly, response surface modelling is
done through regression analysis and lastly optimization of process by using the

response surface models.

Design-expert software (Design Expert 6.0.6, Stat-Ease Inc) was used for the
experimental design and statistical analysis of the data. Optimization of extraction
conditions based on three responses; DPPH, FRAP and TPC was performed using
factorial design and analysed according to response surface methodology (RSM).
Independent variables of the process were amplitude (A), cycle (B) and extraction
time (C). The factorial design was selected for optimization process variable with 5
levels, 20 experixﬁents including 6 replicates at the centre point. The levels of the

independent variables and also their encoded values are presented in Table 3.1.

The fitted polynomial equation is expressed as surface and contour plots in
order to visualize the correlation among the response and experimental levels of each
variable and to figure out the optimum conditions. The regression coefficients were
then used to make numerical calculation to generate dimensional and contour plots.
Three-dimensional surface response contour plots were generated by varying two
variables within the experimental range and holding the other constants at the central

point.
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3.5 Sample storage

All of the samples are consisting of ethanol solvent which is it was easily
volatile and condense into the environment. Because of this, the samples produced
should be stored in an appropriate storage system as the storage condition will affect
the properties of the extract. There are many factors needed to be considered in
propolis extract such as type of storage container, presence of strong odour or
sunlight due to the reason that the quality of extract can be affected by physical and

chemical reaction and then affect the powder properties.

For this research, the propolis extract produced were stored in the closed
plastic bottles purposely for storage of extract right after the extract was taken out
from the sonicator and being filtered through filter paper. For secondary protection,
the sample extract was then put in the freezer at temperature approximately -20°C
and ensured not overexposing with sunlight in order to maintain its storage

temperature and the other effects on sample properties.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

Antioxidants properties of propolis extracts are affected by the amplitude,

cycle and extraction time of sonication treatment.

4.2 Propolis Extraction

Propolis of stingless bees obtained from species of Heterotrigona Itama were
extracted by using ethanol solvents. Ethanol is chosen as a bipolar solvent that is
highly volatile. Volatile solvents have higher penetration susceptibility. Several
studies have been conducted on the several solvents, and they predicted that ethanol
obtains a higher amount of crude extract due to its bipolar capacity (Kumar,
Maheshwari, & Singh, 2008).

Temperature of all the sample has been recorded right after the sonication

extraction process takes place. The results are presented in Table 4.1:
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Table 4.1 Temperature of samples after extraction

Sample Amplitude (%) Cycle (%) Time (min) Temperature (°C)

SE1 30.0 30.0 20.0 46.0
SE2 70.0 30.0 20.0 58.0
SE3 30.0 70.0 20.0 60.0
SE4 70.0 70.0 20.0 71.0
SES 30.0 30.0 40.0 54.0
SE6 70.0 30.0 40.0 63.0
SE7 30.0 ' 70.0 40.0 68.0
SE8 70.0 70.0 40.0 72.0
SE9 20.0 50.0 30.0 61.0
SE10 83.64 50.0 30.0 71.0
SE11l 50.0 20.0 30.0 45.0
SE12 50.0 84.0 30.0 73.0
SE13 50.0 50.0 13.18 58.0
SE14 50.0 50.0 46.82 69.0
SE15 50.0 50.0 30.0 67.0
SE16 50.0 50.0 30.0 67.0
SE17 50.0 50.0 30.0 67.0
SE18 50.0 50.0 30.0 67.0
SE19 50.0 50.0 30.0 67.0
SE20 50.0 50.0 30.0 67.0

Based on the value recorded, the highest temperature of the sample after
extraction is sample from SE12 with value recorded are 73°C while the lowest
temperature recorded are SE 11 with only 45°C. Based on the result, we can analyse
the findings according to the parameter for each sample. As shown in the table, the
highest temperature recorded was extracted with the highest cycle which is 84 %
while the lowest temperature was extracted with 20 % cycle while others variable;
amplitude and time have the same value. According to this finding, we can conclude
that the highest temperature is primarily affected by the value of the cycle (%) and

followed by the time (min) and amplitude (%) of sonication extraction.
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This is due to the cycle during the extraction will create ultrasonic vibrations
effect very well into solids and liquids where they can produce ultrasonic cavitation.
Ultrasonication cause the transmi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>