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ABSTRACT

Fabrication of Nano Loaded Jackfruit Leaves Emulsion by Ultrasound Method

Nik Syazwani Binti Nik Haron (179565)

Supervisor: Dr. Nor Amaiza Binti Mohd Amin

Jackfruit leaves have recently attracted attention for its therapeutic
characteristics and cosmeceutical applications. It is believed that the artocarpin
compound in the jackfruit leaves possess anti — inflammatory effect that capable in
wound healing. Besides, it is reported that the jackfruit leaves also contain high amount
of antioxidant properties which will be beneficial to the skin (Haswani Maisarah,
2018). However, delivering the beneficial attributes of the bioactive ingredients into
formulation is challenging due to poor solubility and low bioavailability of bioactive
substances. Nanoemulsion system is an emulsion containing two phases (oil &
aqueous) and surfactant with droplet size in between 20-200 nm. This system have
been used widely in the cosmetic and pharmaceutical area as creams, lotions,
mqisturizers and also foundation. Since human skin pore size are approximately in the
range of 40-80 um, the nanoemulsion system is the best approach to improve the
efficiency of the bioactive extract in the jackfruit leaves. Therefore, nanoemulsion has
been chosen to ensure an effective transdermal delivery of bioactive ingredients in
jackfruit leaves extract for skin application. This study aimed to formulate an oil in
water (O/W) nanoemulsions containing Jackfruit leaves extract in a cream form as well
as to evaluate its physicochemical properties and the stability of nanoemulsions during

eight (8) weeks of storage at room temperature and 45°C by high energy method which



is ultrasound. In this work, Central Composite Design (CCD) was used to determine
the optimal composition of the nanoemulsions. The optimum formulation of the
nanoemulsions produces were at 80 % water content, 0.93 O/S, and 25 minute
ultrasonication time and 0.05 % of extract of jackfruit leaves with the optimum particle
size of 99.6 nm. The nanoemulsions possessed a pH compatible with skin pH (4.5-
6.0); droplet size varying from 99.6 nm to 127.8 nm; low viscosity of 1.72 mPa.s to
2.52 mPa.s and turbidity of 486 NTU to 521 NTU. Under the optimal conditions, the
average droplet size obtained was 99.6 nm. The optimal nanoemulsions composition
was observed to be stable under an accelerated stability study during storage at room
temperature and 45 °C for 60 days. The optimal formulation exhibit suitable
physicochemical properties and stability against phase separation and coalescence

which is desirable for skin products.
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CHAPTER 1

INTRODUCTION

1.1 Background

Medicinal plant products are widely used all over the world. Besides, their
potential phytochemical component is being actively studied for various purposes such
as for their pharmacological activities. Belonging to the Moraceae family, some
important species are Artocarpus heterophyllus, Artocarpus altilis, Artocarpus
hirsutus, Artocarpus lakoocha and Artocarpus camansi (Hari & Divya, 2014).
Jackfruit (Artocarpus heterophyllus Lam.) trees can be found widely in India,
Bangladesh, and in many parts of Southeast Asia (Swami et al., 2012). A study by Hari
& Divya, (2014) found that different parts of the Artocarpus species such as seeds,
fruits, leaves, roots, and barks can be used as a traditional remedy to cure various
diseases and used in various medicinal practices. From the journal (“Artocarpus
heterophyllus Lam . ( Moraceae ): Phytochemistry , Pharmacology and Future
Directions , a mini-review,” 2017) stated the plant is reported to possess antibacterial,
anti-inflammatory, antidiabetic, antioxidant and immunomodulatory properties.
Besides, the important compound such as sapogenins, cycloartenone, cycloartenol, B-
sitosterol, and tannins can be found in the leaves and stem of the jackfruit. The

compounds presence is traditionally used in healing fever, boils, wounds and skin



diseases. However, up to my knowledge the use of jackfruit leave extract in cosmetic

is still not widely studied.

In Malaysia, the cosmetic field has become an important field to be studied as
the consumers are becoming more environmentally conscious. The demand for natural
pharmaceutical and cosmetic product greatly increasing as they want products that are
safe to be consumed. However, to produce a product with the beneficial bioactive
ingredients is a great challenge due to poor solubility and low bioavailability of
bioactive substances which may affect their effective transdermal (Che Sulaiman et
al., 2016). Therefore, according to H. Chen et al., (2006) to enhance the permeation of
the bioactive ingredients, some formulation such as emulsion and gels have been
studied. Thus, nanotechnology is one of the method that can be practice to produce the
formulation. A study by Shen et al., (2011) found that Nano emulsion is the most
significant colloidal Nano system available as this system are able to increase the

solubility of bioactive ingredients.

Nanoemulsions (NE) is emulsion with the droplet size of 20 nm - 200 nm and
it has smaller droplet than the optical wavelengths of the visible spectrum, which make
it appear visibly different from micro-scale (Ghotbi et al., 2014). Hence, Sugumar et
al., (2014) stated NE will appear nearly transparent due to its small size. Besides, a
smaller size particle will have an improved stability compared to larger size particle
such as an emulsion. A typical NE contains water, oil, and surfactant with the different
ratio to produce a stable NE. Nanoemulsions can be used in the pharmaceutical field
in the form of drug delivery system for topical, ocular, intravenous, internasal and oral
(Gupta et al., 2016). In addition, Yukuyama et al., (2016) reported that Nano emulsion
possesses the characteristic such as small droplet size for uniform permeation to the

skin, large surface area, drug carrier properties, firm formation to the skin, high

2



stability and pleasant aesthetic characteristics and skin feel. Due to its characteristic,

the NE is a suitable system to be applied in the cosmetic industry.

There are two primary methods in the preparation of NE which are the high
energy method and low energy method (Solans, Izquierdo, Nolla, Azemar, et al,,
2005). For low energy method, the Phase Inversion Temperature (PIT) method is the
most widely used method in the industry. For high energy method, NE can be achieved
by using high-pressure homogenizer and ultrasound method. In order to produce a NE,
one of the high energy method that can be used is ultrasonic agitation (Ghotbi et al.,
2014). By using ultrasound method, the particle size of emulsion is broken down by
the action of vibration of the sonicator probe. Therefore, the ultrasound method will

be used to produce emulsions with nanosized which are in the range of 20 - 200 nm.



1.2 Problem Statement

For many years, various plants are being used as traditional remedies to
prevent, treat and cure various illnesses and diseases before modern medicine takes
place. Realizing the natural benefits of the plant, various product with plant - based
emerged as the demands for organic products are increasing rapidly. In addition, World
Health Organization (WHO) reported that between 25-40% of pharmaceuticals drugs
are derived from plants. This is due to the reason that the bioactive compound in the
plants can provide various advantages when it is being consumed. However, up to my
knowledge, there is very little information have been reported about the approach can
be used to maximize the benefits of the jackfruit leaves phytocompounds in the area
of transdermal application. The compounds present in the leave is reported to have the
ability in healing fever, boils, wounds and skin diseases. Therefore, in this study, the
extract from the jackfruit leaves is chosen as the bioactive ingredients that will be
incorporated in the formulation to form nanoemulsion that will increase the efficiency

of the product.

Moreover, there are various products in Malaysia that use jackfruits as their
base. However, there is still no published work in the study of the formation of Nano
loaded jackfruit leave emulsion for cosmetic application. This emulsion will be in the
Nanoemulsion (NE) form which is the droplet size is in the range of 20 nm - 200 nm
(Ghotbi et al., 2014). A study by Teo et al., (2010) found that the small particle size of
nanoemulsion will provide advantages such that it improved the penetration of active
ingredients to the skin compared to the macrosized emulsion. Therefore, in this work,
high energy method which is ultrasound will be applied to produce nanoemulsion that

are suitable to be used as a transdermal application in the future.
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1.3 Hypothesis

The optimal composition of the nano loaded jackfruit leaves emulsion will be
produced by using the high energy method which is ultrasound; and the changes during
storage period of the physicochemical properties in term of particle size, pH, turbidity,
viscosity and, stability will be analysed. The stable nanosized emulsion will have

higher efficiency for skin application compare to the macrosized emulsion.

1.4 Objectives

The main objective of this study are as follow:
I.  To extract jackfruit leaves by maceration method.

II. To prepare and analyse the nano loaded jackfruit leaves.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will discuss in details the information in the research background
as described in Chapter 1. In order to give more understanding of the study, various
literature have been reviewed. This chapter includes Section 2.2 Jackfruit, Section 2.3
Nanoemulsions and Section 2.4 Selection of oil phase. In the meanwhile, Selection of
surfactant and Ultrasound method were discussed in section 2.5 and Section 2.6
respectively. The physicochemical properties of nanoemulsions were discussed in

Section 2.7.



2.2 Jackfruit (Artocarpus Heterophyllus)

2.2.1 Introduction to Jackfruit
Artocarpus heterophyllus belongs to the family Moraceae with large fruit about

49 kg (Moke et al., 2017).The family of Moraceae consists of about sixty genera and

nearly 1400 species, including Artocarpus, Morris, and Ficus. Figure 2.1 shows the

characteristic of cultivars found in Hawaii.

Culttvarand Growthhabit Frultweight Fruit Yield pertree  Season and Comments

origin and rate shape months

‘Black Gold® Opcn, spread- 10 kg(221b)  Long, ss—90 kg Lace, Sept.—  Tree casily pruned to maintain small

Australia ing, fast tapered (120-200 Ib) Okct. tree (~2.5 m [8 ft])

‘Dang Rasimi® Open,spread- 89 kg Uniform (75-125 kg Mid, July- Vigorous tree; annual pruning nceded to

Thailand Ing, fast (18-201b) oblong (165—275 Ib) Aug. maintain modcrate size (~3.3 m [11 ft])

‘Gold Nugget” Densc,spread- 3—5.5kg (712 Round  60-8o kg Early, May—  Thinning number of fruit rccommend-

Australia ing, fast Ib) (132-176 1b) June ed; tree casily pruned to maintain small

tree (~2.5 m [8 ft)])

‘Honecy Gold' Sparse, spread- 4.5—5.5 kg Blocky 35—so kg Mid, July—- Thinning number of fruit recommend-

Australia ing, slow-mod- (10-121b) (77-110 Ib) Aug. ed; tree caslly pruned to maintain small
erate tee (~2.5 m (8 ft])

‘Lemon Gold’ Moderately 6 kg (13 Ib) Blocky 30-45kg Mid, July— Vigorous tree; annual pruning needed to

Australia dense, spread- (66—-100 Ib) Aug. malntain moderate size (~3.5 m [12 ft])
ing, moderate

‘NS1’ Dense, upright, 4—5.5 kg 9o kg (200 Ib) Early, May-  Thinning number of fruit recommended

Malaysia moderate (9—12Ib) Junc for young trecs; modcrately vigorous

trec; annual pruning to maintain moder-
ate slze (~3 m [10 ft])

Figure 2. 1: The characteristic of cultivars found in Hawaii. (Crane et al., 2002)

The tree is 8-25 m (2682 f.) in height a stem diameter of 30-80 cm (12-32

in) that is acknowledged by its large fruit. The trees are mostly planted at various

region such as Southeast Asia, India, Burma, China, Sri Lanka, Malaysia, Indonesia,

Thailand, and the Philippines (Elevitch & Manner, 2006). Jackfruit is often being

mistaken with the Cempedak. The difference between this fruit is jackfruit has a larger

size, more latex, and thinner rind. In different countries, jackfruits are known by

various name (Arung et al., 2006) and different availability which show in Figure 2.2

and Figure 2.3 below.



S/No Name Language Country/Region
1 Fakihat Al Jaka Arabic Middle East, North Afnica
2 Boluomi Chinese China
3 Jackfrut, Nangka Dutch Netherlands. south Africa
4 Jackfruit Enelish England. USA. New Zealand
D) Jacquier. Jaquier French France
6 Jackbaumfrucht. Jackfrucht German Germany
7 xapxroi [karpoi] Greek Greece. Cyprus
8 katahal Hindi India
9 Catala Italian Italy
10 Paranutsu Japanese Japan
11 Baramml Korean Korea
12 i Jaca Portuguese Portugal
13 Arbol de jack, Panapén, Yaca Spanish Spain

Figure 2. 2: Various name of jackfruit. (Trindade et al., 2006)

Country Month of the vear Major Varieties found
Australia June-Apnl Black gold. Golden mugget. cheena. cochun kappa. nahen Mutton
Bangladesh June-August Topa. Hazan. Chala. Goal Khaja
Brazl Jamuary-March  August-October Jaca-dura. Jaca-Mole
India Apnl-July Kimyja. ghila hazan gulabi vanka chanpa handia. Safeda
Indonesia Avugust-Jamary Nagakasalak. Tabouey. Kandel
Malayua Apnl-Angust. September-December J-31. J30. Nagakatrlulang. Na29. Na3l
Philippines March- August J01.J-02. TVC. Torres
Sn lanka February-November Vela. varala pemwaraka. knrunaraka
Thailand Jamary-May, October-December Dang Rashmn. Golden pillow
USA (Flonda) May-August, September-October Fair childfirst, Sweet Fawrchild, Black gold. Golden mgget, Dang

Rashmu_ J-31, J-30. Tabouvey

Figure 2. 3: Availability in different countries. (Baliga et al., (2011).

In Malaysia, the planted area and production has expanded. The good weather

condition and management of the crop aided the increment (Ismail & Kaur, 2013).

Figure 2.4 below shows the production of jackfruit in 2005-2011.

Year Planted Area Pro;l:x:;ive A{,‘; ::' dge Production Production
(Hectare) (Hectare) (Mt/ha) (MT) Value (RM)
2005 3,133 1,754 100 17,624 44,137,080
2006 3,123 1,748 107 18,712 34 381,429
2007 3,201 1.836 100 18415 34 .986.420
2008 3340 1957 13.7 26,748 61519278
2009 3.359 1975 10.1 19934 45 847 554
2010 3516 2015 97 19,516 44 483 050
2011 3534 2012 97 19614 44707 339
Source: Perangkaan Agromakanan 2011, Ministry of Agriculture and Agro-based Industry
Malaysia

Figure 2. 4: Production of jackfruit in 2005- 2011



New jackfruit clones were produce in 2011.These clones were J32 known as
Mantin, J33 known as Tekam Yellow, and J35 known as Mastura. Figure 2.5 show

Difference between jackfruit clones (Ismail & Kaur, 2013)

Characteristics - Mantin Tekam Yellow Mastura

Reg. Number J32 J33 J35

Origin Negeri Sembilan Rawang,. Selangor Crossbreed of CJ1 &

o CJ6 varieties

Average Weight 15-20Kg 16 - 20 Kg 15 - 25 kg (The weight

(per fruit) can reach more than
40 kg with good
management)

Skin Colour of Yellowish green Yellowish green Yellowish green

Ripe Fruits

Shape Oblong Oblong Oblong with tapered
shoulder

Bulb Thick & firm Thin Thick

Colour of Bulb Orange Yellow Golden yellow

Taste/Texture Mildly sweet, Very sweet, Sweet & Firm

moist, a bit hard crunchy & soft
Production of High High Low

Latex

Source: Farmers' Organization Authority, 2011

Figure 2. 5: Difference between jackfruit clones.

2.2.2 Jackfruit Parts and Benefits

The fruit has the properties such as juicy, sweet-smelling and tasteful which
can be eaten fresh or preserved in various ways. It also has oblong-cylindrical in shape,
typically 3040 cm in length with weight around 50 kg have been reported by (Morton
1987). Then, the seed usually can be boiled, cooked in the dish and added as the baking
ingredient. Besides, the waste from the leaves and fruit may function as food for cattle,
pigs, and goats (Elevitch & Manner, 2006). Seeds are round in shape with 2-3 cm in
length by 1-1.5 in diameter with light brown colour. As the flowers grow, the colour
become darker compare to the younger flowers. The flower own male and female
spikes which the male are more dense and fleshy while the female is larger and rounded
in shape. Elevitch & Manner, (2006) also state that the leaves are in dark green in

colour, shiny, firm and large which up to 16 inches in length. Then, it is deeply lobed
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as it premature. Figure 2.6, Figure 2.7, and Figure 8 show the different parts of the

jackfruit plant.

Figure 2. 6: The leaves of jackfruit. (Kim
kam\on 7000)

Figure 2. 7: The fruit of jackfruit. (Kim
Winkinson, 2000)
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Figure 2. 8: Different parts of the jackfruit plant

A few jackfruit products can be found in the market such as jackfruit in can
and jackfruit flavours. Besides, diverse range of products can be found in the market
which are using jackfruit powders as the ingredients (Omar et al., 2011). According to
(Moke et al., 2017) various parts of the plant such as the bark, roots, leaves, and fruit
have the abilities as a traditional medicine to cure various illnesses.

In South-East Asia, Indonesia, Western part of Java and India. Artocarpus
species are widely used as food and traditional folk medicines (Hari & Divya, 2014).
This is due to the reason that certain diseases can be avoided by the action of the
bioactive compound in the fruits (Galaverna and others 2008). According to Azizur
Rahman et al., (1999) various beneficial sources such as carbohydrates, minerals,
carboxylic acids, dietary fibre, and vitamins can be found in the jackfruit plant. There
is a huge number of found flavonoid can be found in the jackfruit plant (Wei et al.,
2005).

Apart from that, Rama Rao et al., (1973) found that various chemical
compounds are present in the jackfruit plant such as colourings, morin, dihydromorin,
cynomacurin, artocarpin, isoartocarpin, cyloartocarpin, artocarpesin,
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oxydihydroartocarpesin,  artocarpetin,  norartocarpetin, cycloartinone, and
artocarpanone. Rich source of phenolic compounds in the jackfruit plant, provide
various benefits to be used in the application of food and improve the health benefits
(Jagtap et al., 2010). The Figure 2.9 shows the constituents of jackfruit plant and Figure

2.10 show the use of jackfruit parts in medicine.

Sr. Phytoconstituents Plant Part
1 | Carbohydrates- Starch, sugar, Dietary fiber Fruit. Seed
2 | Minerals- Calcdum Magnesium, Phosphorus. Potassium. Sodinm. Iron Seed. Fruit
3 | Fatty Acids- Capnic, Mynstic. Launc, Palmatic, Oleic, Steanc Fruit
4 | Organic Acids- Malic acid. Citnc acid Frmt
5 | Carotenoids- 2-carotene. 1-carotene. 1-zeacarotene, 2-zeacarotepe. Dicarboxylic Carotenoids Seed, Fruit
6 | Flavonoids- Artocarpine, Artocarpetin, Artonins A. Monn, Dihydromonn, Artocarpanone, Astocarpesin Frut
7 | Lectin- Jacalin Seed
8 | Volatiles- Isopentylisovalerate, Butyl isovalerate, Butyl Acetate Seed. Fruit
9 | Tannins Stem, Leaf
10 | Vitamins- Vitamin A, Thiamine, Riboflavin, Vitamin E Fruit

Figure 2. 9: Constituents of jackfruit plant. (Trindade et al., 2006).

No. Plantpart Use

1 Roots An extract ofroots is used in treating skin diseases,
asthma anddiarrhea.

2 Leaves An extract from leaves and latex cures asthma, prevents

ringworm Infestation and heals cracking of feet.

Leaf extract Is given to diabetics as a control measure.
Heated leaves are reported to cure wounds, abscesses
and ear problems and to relieve pain.

An Infusion of mature leaves and bark is used to treat
galistones.

Atea made with dried and powdered leaves is taken to
relieve asthma.

The ash of jackfrult leaves burned with maize and
coconut shells is used alone or mixed with coconut oil
to heal uicers.

3 Flowers Crushed J;morescences are used to stop bleeding in open
wounadas.

4 Fruits Ripe fruits are laxative.

S Pulp The jackfruit pulp and seeds are nutritious tonicand
use{:l in overcoming the influence of alcohol on the
system.

6 Seed The seed starch Is given to relieve biliousness. Roasted

seeds are regarded as an aphrodisiac.

Increased consumption of ripe jackfrult kernels alleviates
vitamin A deficlency.

Extract from fresh seeds cures dlarrhea and dysentery.

Extract from seeds (or bark) helps digestion.

7 8ark An extract from bark and rags (nonedible portion of ripe

fruits) or roots helps cure dysentery.

The bark is made into poultices.

Ash produced by burning bark can cure abscesses and
ear problems.

8 Latex Mixed with vinegar, the |atex promotes healing of
abscesses, snakebites and glandular swellings.

9 Wood The wogd has a sedative property: its pith is sald to aid
abortion.

Figure 2. 10: The use of jackfruit parts in medicine. (Haq
2006)
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2.2.3 Jackfruit Leaves as Medicinal Ingredient

Moke et al., (2017) claimed jackfruit contains several useful compounds like
flavonoids, sterols, and prenylflavone that beneficial for abundant of pharmacological
properties. Besides, Wetprasit et al., (2000) state that sapogenins, cycloartenone,
cycloartenol, S-sitosterol can be found in the jackfruit leaves. From phytochemical
studies, it is found that compound such as flavonoids, terpenoids, steroids, phenols,
glycosides, and saponin also exist in the jackfruit leaves (Moke et al., 2017).

Fernando et al., (1991) reported the leaves possesses the antibacterial and
antidiabetic properties. Several illnesses include high blood pressure, diabetes,
cancers, anaemia, asthma, dermatosis, and diarrhoea can be cure from the Artocarpus
heterophyllus leaves and stem barks (Fang et al., 2008). Moreover, ulcers and the
wound can be cured by using the leaves of jackfruit (Khan et al., 2003). Besides, the
production of collagen by the presence of vitamin C also able to strengthen the skin
structure (Babitha et al., 2004). The properties such as anti-allergic, antibacterial, anti
- inflammatory , antioxidant, antifungal and immunomodulatory in the plant make
them applicable in curing fever, boils, wounds, skin diseases, and snake bite (Prakash
et al., 2015).

According to Hari & Divya, (2014) cycloartenone, cycloartenol, B-sitosterol
and tannins found in the leaves are beneficial to function as wound healing,
antisyphilitic, and as an agent to destroy parasitic worms. Jagtap et al., (2011) state
that several studies found that the leaves of jackfruit have the wound healing
properties, anti-inflammatory and can act as cosmetic agent. Figure 2.11 shows the

pharmacological activities of jackfruit plant.
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Pharmacological Activities | Plant Parts Extracts | Phytoconstituent
1 Anti-infective
Asti-Fungal Leaf, Seed Alcoholic extract Chalcone
Anti-viral Seed Alcoholic extract Oxyresveratrol
Anti-bactenal Bark of stem and root. leaves. fruat Alcoholic extract Isopreny! Flavones
2 Anti-cancer Wood Alcoholic extract Isoprenoid Flavonoids
3 Inflammatory diseases
Anti-inflammatory Fruit Ethyl acetate extract Flavonoids
Wound Healing Leaf Alcoholic extract Lectin
4 Anti-Diabetic Leaf Aqueous extract Preayl Flavonoids
§ Miscellaneous
Anti-oxidant Fruit, Seed Alcoholic and aqueocus extract Prenyl Flavonoids
Anti-nalanal Bark of Root and stem Aenal part extract Prenvlated Flavones
Anti-diarthoeal Bark of Root and stem Artocarpusaintegnfolia extract | Prenylated Flavones
Anti-carcinogenic Leaf Alcobolic extract Flavonoids
Anti-platelets Root. Seed Alcoholic extract Flavonoids
Anti-tubercular Root. Stem Dichloromethane extract Prenylated Flavones
Aanti-atherosclerosis Fruit. Root Ethyl acetate extract Flavonoids
Anti-arthnitic Leaf Fruat Ethyl acetate extract Flavonoids

Figure 2. 11: Pharmacological activities of jackfruit plant. (Arora & Parle, 2016)
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2.3 Nanoemulsion
2.3.1 Introduction of Nanoemulsions

A Nanoemulsions (NE) is a mixture of oil, surfactant, and water with the
characteristics of low viscosity, transparent, high water content products (Salim et al.,
2012). NE has the properties such as small particle size and low interfacial tension.
This is due to the presence of the combination of surfactants in the formulation
(Heuschkel et al., 2008). According to Salim et al., (2012) NE contains oil, surfactant,
and water in specific proportions. Thus, suitable oil and surfactant must be chosen in
order to improve the topical permeation. To achieve desirable particle size, the ratio of
emulsion component must be conducted properly to produce a stable NE. Thus, the
stability of NE can be achieved by proper choice of system components, composition
and preparation method (Cheng et al., 2014).

Several Nanosystems such as microemulsions (ME), nanoemulsions (NE),
solid lipid nanoparticles (SLN), nanostructured lipid carriers (NLC), liposomes and
vesicles are reported to enhance the skin permeation (Roberts et al., 2017). The
advantage of Nanosystems is enhancing the solubility and bioavailability of the
molecules. Besides, others characteristics of NE are it prevent the drugs from
degradation under physiological condition and able to solubilize hydrophobic

compound (Musa et al., 2013). Figure 2.12 shows the Nano emulsion appearance

versus microemulsion appearance.

100 |

22 nm 3.5 um

40 b— a . a . .
300 400 500 600 700 800

Figure 2. 12: Nanoemulsions appearance versus microemulsions

15



2.3.2 Nanoemulsions for Cosmetic Application

Cosmeceuticals are cosmetic products with biologically active ingredients
which function to care and repair the skin condition (Gao et al., 2008). While Nano
cosmetics are the term used for application of nanotechnology in the cosmetics field.
There is various nanomaterial use in cosmetics such as liposomes, nanosomes and
solid lipid nanoparticle (Raj et al., 2012). The instability and bioavailability of
neutraceutical can be overcome by using NE as drug delivery systems. Therefore, there
is a growing interest to use NE in the food, cosmetic and pharmaceutical industries
(Peshkovsky et al., 2013). NE systems have been used widely in the field of
dermatological, cosmetic and transdermal for skin delivery.

Rocha-Filho et al., (2017) found that NE able to support the penetration of
active ingredients to the skin which increases the concentration in the skin compared
to liposomes. The advantage of using NE in cosmetic is no irritation to the skin, high
permeation ability and high drug-loading capacity (Salim et al., 2012). It also allows
the effective transport of active ingredients to the skin (Arunkumar et al., 2011).
Nastiti et al., (2017) state that the skin acts as the barrier to protect the body from
penetration of any molecules from the surrounding and to prevent excessive loss of
water from the body. Stratum corneum (SC) is the main skin barrier which constructed
by layers of flattened corneocytes surrounded by lipid bilayers composed primarily of
ceramides. Figure 2.13 shows the properties of Nanosystems determining skin

absorption and potential routes of penetration.
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Figure 2. 13: Properties of Nanosystems determining skin absorption and potential
routes of penetration. (Nastiti et al., 2017)

Since NE is less sensitive to temperature, pH changes, and dilution, it makes
them suitable to use in food and cosmetic sectors (Gupta et al., 2016). The small size
of NE ensures a close contact with the skin barrier. Thus, the amount of active
compound penetrate to the skin layer can be maximized which make NE suitable for
cosmetics (De Azevedo Ribeiro et al., 2015). Shah et al., (2010); Sharma et al., (2010)
state that NE is suitable to be formulated as cream and moisturizer since there is no
creaming and flocculation is observed which make them more attractive and stable
product to be formulated as cosmetic. Moreover, according to L. Yang, (2017) the
pleasant aesthetic properties and skin feel of the O/W Nano emulsion is due to its
characteristic of the absence of thickener, good fluidity and the transparent nature.

Today, a majority of the cosmetics manufacturers are using nanomatenal in
producing their products. The world’s largest cosmetics company, L’Oreal investing
its revenue about $17 billion in producing their Nano-related product into the market

(Ozgiin, 2013). Besides, Cosmetics giant Estee Lauder also entered the Nano-Market
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in 2006 with a range of products containing “Nanoparticles”. Others manufacturers
include Freeze 24/7, DDF (Doctor's Dermatologic Formula), and Colorescience (Raj
et al., 2012). Figure 2.14 shows the ranking of companies that use Nano-related

products.

Figure 2. 14: Ranking of companies that use Nano-related products.

2.4 Selection of Oil Phase

2.4.1 Caprylic Capric Triglycerides

The oil phase function is to facilitate the dissolution of the bioactive compound.
The components that can act as an oil phase are fatty acids, esters of fatty acids and
alcohols, medium chain triglycerides (MCT), triacetin, terpenes and other penetration
enhancers. They can be used as single components or mix together to be an oil phase
(Nastiti et al., 2017). According to De Azevedo Ribeiro et al., (2015). The of oil phase

must be chosen wisely as their properties such as molecular weight, type of chain and
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polarity will affect our final products in term of oiliness, sensory properties, and spread
ability.

According to Nandi et al, (2005) the by-products from hydrolysed
triglycerides by re-esterification of glycerol and fatty acid distillates which is improved
by fractional without additional processing will produce the Medium Chain
Triglycerides (MCT). MCTs are used in most application because it has distinctive
characteristics such as absorption ability, transport and metabolism ability that make
it extraordinary than typical fats and oils (Medical & Applications, 1981). MCTs
suitable to be incorporate in cosmetic and toiletries industries as they are able to
function as a solubiliser and carrier for oil and water-soluble components.

The well-received ingredients to be used in the cosmetic and pharmaceutical
application are triglycerides which is the ester. In skin care, they function as the
moisturizer, solubiliser, improve penetration to skin and lipophilic vehicle (Jaworska
et al., 2014). The example of triglycerides which is approved to be used as cosmetic
ingredients are vegetable oil and artificial ester including Caprylic / Capric
triglycerides. Caprylic / Capric triglycerides have are fully saturated triglycerides with
exceptional soothing ability, easy to spread and prevent water loss from the skin.
Besides, they are not toxic and non-skin irritant.

De Azevedo Ribeiro et al., (2015) further state that in formulating cosmetic
products, the characteristic of dry, non-oily touch and skin conditioning properties
make Caprylic / Capric Triglyceride (MCT), Ethylhexyl Palmitate and C12-15 Alkyl
Benzoate often to be chosen in cosmetic ingredients. Schwarz et al., (1995) reported
that MCT can successfully integrate into skin lipid more readily Long chain
Triglycerides (LCT) which is less polar to the water. Hippalgaonkar et al., (2010) state

that the advantages of using Medium chain triglycerides such as Caprylic/Capric
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triglycerides are they are resistant to oxidation high and own good solubility
properties.

As they are less reactive to chemically, they are often favourable to be used as
oil phase in drug delivery system such as to transport ketoprofen (Paolino et al., 2002)
and in NE of oil in water (O/W) containing lidocaine (Sadurni et al., 2005), also as
based emulsions for danazol (Serajuddin, 2012). Several studies that have been
conducted in obtaining NE for cosmetic formulation are limonene oil (Li & Chiang,

2012), sunflower oil (Leong et al., 2009) and medium - chain (Y. Yang et al., 2012).
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Figure 2. 15: Chemical structure of caprylic/capric triglyceride.
(Jaworska et al., 2014)

2.5 Selection of Surfactant

Surfactant is a group of substances that have the properties of good surface
performance and have the availability to form the condensed interfacial film.
According to Shahavi et al., (2015) surfactant is an amphiphilic molecule that has a
polar region, which has a high affinity for water, and a nonpolar region, which has a

high affinity to oil.
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The use of the surfactant is vital in the formulation NE to produce a stable
droplet size (Shahavi, Hosseini, Jahanshahi, Meyer, et al., 2015). Lane (2013) stated
that surfactant has the function as skin penetration enhancer of the drugs. They were
reported to improve the penetration of drugs by improving the skin permeability and
solubility if they are present in the form of NE (Chen et al., 2012; Varshosaz et al.,
2013). Selection of a suitable surfactant is an important aspect to be conducted in order
to make sure that the active ingredients are chosen will effectively soluble for better
permeation of the drugs (Fini et al., 2008; Javadzadeh & Hamishehkar, 2011).

Compare to ionic surfactant, non- ionic surfactants are considered safe to be
used as cosmetic formulation as it is less irritating. A study by Nastiti et al., (2017)
also found that non- ionic surfactants are able to ensure a minimum skin irritancy.
According to Choi et al., (2014); Modi & Shelat, (2012) non- ionic surfactant are not
sensitive to electrolyte concentration and pH as they have good biological acceptance
properties. Besides, these surfactants are not harmful and known as biocompatible
products because any alteration in the pH of the mixture will not affect them (Lv et al.,
2014, Fini et al.,2008; Sakeena, et al., 2011). A Hydrophile-Lipophile Balance (HLB)
value of more than 10 is needed in order to form NE when choosing the surfactant.
The hydrophilic and lipophilic properties must be balanced in order to produce a stable
NE (Shahavi, Hosseini, Jahanshahi, Meyer, et al., 2015). Hence, the right mixture of
surfactant with a high and low value of HLB will help in the formation of a stable NE
formulation (Azeem et al., 2009).

Apart from that, Vilasau et al. claimed that the stability of the emulsion system
can be boosted up by using the mixture of surfactants. (Pey et al., 2006) also state that
for a large number of applications, the use of surfactant mixture will lead to a better

formulation of NE compare to when using an only pure surfactant. Various studied
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that have been done reported that the emulsions with a mixture of surfactant will
distribute and solubilize more readily into the continuous phase ( Peng et al., 2010).
Moreover, according to the study reported that the minimum size of NE can be
achieved when we add another surfactant as it will provide better stability to the NE.
Porras et al., (2004) state that mixtures of surfactants can provide better performance
than pure surfactants from the result of various studies conducted previously.

A mixture of Tween 80 and Span 80 have the quality of high compatibility
when it is being formulated with other materials and they are less toxic to be consumed
compared to other surfactants. Span 80 has the properties of viscous, lipophilic and act
as emulsifying liquid agent. However, Tween 80 is a subsidiary product of Span 80
which is hydrophilic in nature (Shahavi, Hosseini, Jahanshahi, Meyer, et al., 2015).
Therefore, oil in water (O/W) interface layer and higher stability of NE can be achieved
by using a mixture of Span 80 and Tween 80 as they possess an oleate-chain with 18
carbon atoms and one unsaturated bond. Which will provide more stability to the

emulsion.

2.6 Ultrasound Method

Generally, there is two step in preparing NE which initially prepared the
macroemulsion (ME) before NE can be produced which require high-energy or low-
energy (Nastiti et al., 2017). The high energy method involves high-shear stirring using
ultrasonication, a high-pressure homogenizer, microfluidization, and membrane
emulsification. Besides, Musa et al., (2013) state that the high energy method uses the
mechanical device to generate the force needed to break the oil and water phase which
result in smaller oil droplet to be produced. The low-energy methods are phase
inversion temperature (PIT), phase inversion composition (PIC) and spontaneous

emulsification (Solans, Izquierdo, Nolla, Azemar, et al., 2005).
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One of the method in NE preparation for pharmaceutical is ultrasound since
the maintenance and production cost is minimized (Sivakumar et al., 2014). Recently,
the high energy method which is ultrasound is widely being reported in the literature
for cosmetic field involving oil in water (O/W) compare to water in oil (W/O). This
method is based on the cavitation mechanism. The interfacial area of the droplet
increase due to the collapse of cavitation bubble in the emulsion. From Yukuyama et
al., (2016) studies found that once the optimum limit achieved, the sonication time no
longer affects the droplet size. According to Nakabayashi et al., (2011) NE is produced
from the agitation of vibration at the ultrasonic frequency which the particle size is
broken down from the emulsion. Peshkovsky et al., (2013) further explained that
ultrasound method possesses the advantages <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>