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CHAPTER |

INTRODUCTION

1.1 Background

Lipsticks have been u

,/”)osmetios for over 5,000 years. The

,theulrus@o paint on their lips as lipsticks

[1]. De Navarre [2] not ' , K\ iced in France in 1895 and was

\ - low and beeswax. However,

e First World War. Prior to this

ancient Mesopotamian w

time, lip coloring was availe , or, bott e\ as an alkaline solution of cochineal
il : r
or carmine. The carmine produ C ed : Ish color effect. With the development of
organic dyes during the [; 9™ century, the modern lipsti¢ formulations were possibly
- -\"

made.

o DAV ISR 1 e
R W"Tﬁhﬁﬁ SRR 7 %W

conventional lipsticks are generally formulated with hydrophobic ingredients such as
oils, waxes, coloring materials and additives. The physical properties of the conventional
lipsticks include a melting point, a dropping point and spreading ability that can be

modified by varying the proportion and type of oils and waxes in the formulation.



The lipsticks are prepared by mixing the suitable proportions of materials
already mentioned mostly being a hydrophobic ingredients. Therefore, the water and/or
hydrophilic ingredients are hardly to be added in the formulation. As a result, a number

of researchers have intensively studied the incorporation of water and/or water soluble

active ingredients into Iipstick.@’lk{/)vation to overcome this problem is
to create the w/o emulsiw

Conventional lipsii € ith hydrophobic ingredients

\

formula can be modified by
altering the proportion : 'g raxes 10, adj final product characteristics
such as melting points, spr ., 2 ong lasting and the amount of film on the

istics. The wax contributes to the

_ cks can be made from the
i

combination of several yaxes such as beeswax, candelilla wax, ceresin wax and
=

ansvvef] SN RIS I NS e s o
o TR T TR e e

applied. qFhe usually used oils and fats in lipsticks include castor oil, mineral oil, cocoa

butter and petrolatum.

The conventional emulsion lipstick is the type of lipstick formulated from the

water or water soluble ingredients in the hydrophobic parts to form the w/o droplets of



various sizes (generally in micro size) for improving the moisturizing and delivery the
water soluble active ingredients to the lips. However, several drawbacks of the
conventional w/o emulsion lipsticks have been shown, e.g., discoloration of the coloring
materials, non-uniform mixing of the coloring materials, undesirable softening, easy
breaking, bleeding of water soluble ingredienis and difficulty in molding [5]. Therefore,
the water or hydrophilic actives are harﬁly incorporated in the lipsticks. The maximum

adding is generally lower than?%. \

i

The nanoemulsion of submicron emulsion is the emulsion with the very small

)

droplet sizes. Generally'is lower than pm"f_agd‘_mostly in the nanometer between 20 nm
'-!f'J.r__

and 200 nm [6]. The particle size_of nanogmt}lsion depends on several factors, for

instance, preparation methods; type:and concentration of emulsifiers and oils. Unlike the

microemulsion, the r-ﬁa:npemulsion is metastable by whiohfﬂq-'e structure depends on its
preparation process. "-The nanoemulstion can be prepared by spontaneous
emulsification suchlas PIT emulsification ar ghase inversion [7] or by using a high shear
devicerwhich @allows , a better” contral [of) the™ droplet) sizesandyafilarge choice of
compositions. Nanoemulsions have been used in different applications, e.g. in chemical,
cosmetics, food and pharmaceutical industries. Nanoemulsions are kinetically stable
against sedimentation or creaming because their very small droplet sizes can reduce

the gravitational force. Therefore, the Brownian motion may be sufficient for overcoming



the gravitational forces resulting in non-occurrence of creaming or sedimentation during

storage. Due to their small droplet size, nanoemulsions can easily penetrate into the

deep skin to render it be used as topical drug delivery systems [8, 9].

Therefore, this study was to i r te water into anhydrous (waxes and oils)

& in the form of w/o emulsions in

—
nanoscale (w/o nanoe ubseque W anoemulsions were mixed with

the lipstick base to for S \- mean droplet size and size
- - \ - &0 -
: \ )

distribution of w/o nan

lipstick base. Water was fo

ncorporated into lipstick base.
The effects of formulation e hy \- emical properties of lipsticks
including the type of emul: and- the ¢ ‘ on of water and emulsifier were
evaluated. The physicocher mical -"’" tie ) dinglhardness, spreadability,
crystallinity and s Vi "J (nanosize range) were

investigated in compansgn to that of convent|onal w/o emulsion lipsticks (microsize

oo ars sk 8l n&m WBINS
matama\mm AN Y

The objectives of this study were as followings:



- To investigate the effect of emulsifier type, amount of water and emulsifier on

the physicochemical properties and stability of w/o nanoemulsions as well as w/o

nanoemulsion lipsticks

- To compare physicochemi erties including hardness, spreadability,

crystallinity and stability ano |st|cks (nanosize range) with
,ﬁ

e e nhydrous lipsticks

conventional w/o emulsi

1.3 Research scope

The study can
1. Select appropr Sdlsifiers th e different hydrophile lipophile
anoemulsions

TS Tt R
- A lipophilic ﬁ= 3.7) and PEG-30
v ]
dipolyhydr(m/s e m

- A hydrophlllo émulsifier = Polysorbate 60 (HLB 14.9)

AT ENINEINT

. Detetmine the effect of emuIS|f|ers and amount of water (water

a RARINTUHBAS B B o wo
nanoemulsions and w/o nanoemulsion lipsticks.

3. Determine the influence of emulsion droplet size on the physicochemical

properties and stability of w/o nanoemulsion lipsticks.



1.4 Research methodology

The methodology for the present research is shown in Fig. 1

Literature Review

Select a swt ble 6 ‘ stabilize w/o emulsion

by screen .q_\ - sta t the accelerate

ffe ;/ \ x er concentration
on v 4 Smica \\\\ ab|||tyofw/o

ion lipsticks

droplet size on the

physu:oc and stability of w/o

P
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X

y

« Gharacterize w/o panoemulsion using

ﬂw:asmamwanar i
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ARIaNT T8 e

Data analysis
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Conclusions

Fig. 1. Research methodology scheme.



CHAPTER Il

THEORY AND LITERATURE REVIEW

2.1 Nanoemulsions

Emulsions are the het ”#y of two or more immiscible liquids
dispersed in each other [ ple The International Union of Pure
and Applied Chemist w,‘um\\ ition of an emulsion: “In an

dispersed in a liquid” [12]. Emulsions

emulsion, liquid dropl
are thermodynamically u ‘ )‘ tio 1anism of emulsion is described by

Gibbs free energy of formatio f Wi equation (1).

(1)
7 X
Where y is the- and water phase and AA is the

change in the interfacial area which signifieantly increase during the formation of

g o Kot et TLEJ DV AINELIT) s e crarge o
a} AR T TR N P EAR B v

emuIS|on is greater than zero. Therefore, the formation of emulsion is non spontaneous

and the energy is required. The amount of energy required is given by

W =1AA (2)



Three types of emulsions are distinguished in principle, depending on the kind

of liquid form in the dispersed and continuous phase.

1. Oilin water (O/W) emulsions, oil droplets dispersed in the water phase.

2. Water in oil (W/O) em ‘droplets dispersed in the oil phase.

3. Multiple or co ulsions inc! ater in oil in water (W/O/W)
emulsmns/
év
In addition, the emulsi C ., fiet thel oplet size into 3 main types

1. Macroemulsions
The droplets sizes croemulsions are usually 2-10 ym
(generally more tha izes_are greater than the wave

length of light, the o?':'i

2. Mlcroemu|3|ons‘

ool Ik YLE.IJ’JJEM cflord T Quvemely smai rope
S'zesﬂe‘iﬁﬂﬁ@ﬂ‘im AN Y

3 Miniemulsions or nanoemulsions or submicron emulsions
The droplet size of miniemulsions is between the droplet sizes of
macroemulsions and microemulsions. Generally, their droplet size is lower than 1 um

(between 20 and 200 nm) [6]. According to the thermodynamic theory, microemulsions



are thermodynamically stable whereas nanoemulsions are thermodynamically unstable

but kinetically stable. The appearance of nanoemulsion is transparent or translucent,

depending on the droplet size and the difference between the refractive index of

dispersed and continuous phase [13]. As Compared to microemulsions, nanoemulsions

cannot be formed spontaneot f nanoemulsions generally requires

external energy from mec

small droplets in the n/v

Nowadays, na nlsions int . and widely used in many

emical potential to produce the

food and pharmaceutical

in non-occurrence of creammg or sedlmentatlon during storage. Due to their small

croplt size nﬂ ‘LJI&L’J umm&mtﬂlﬂﬁ.n ieretore, iy have
= IWTRN ﬂ"'ﬁ”fﬁ”imﬁ"‘ﬂw %) Tere 0

addition, nanoemulsmns are used in the pharmaceutical field as drug delivery system

[15].
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2.2 Preparation of nanoemulsions

Nanoemulsions can be prepared by emulsification methods by means of high
and low energy. High energy emulsification methods are the mechanical processes

generating nanometric scale emulsions

7 al devices have been used to diminish the

mean particle size of emulsi tor, ultrasound generator and high

"
_J
T —

N

intrinsic  physicochemical
properties and behavi stems [ e ods make use of changing the

spontaneous curvature of E#s‘if?ﬁw
Y2
il é’.‘:‘:“:."‘l o

e‘ﬁjlo
. BRI oo e

homogenization?HPH) has emergedrias a reliablesand powerful technique; hence, the
large sﬂeﬁoﬂc@nﬁfﬂn@%o&gMn:lrgomPﬂs’!ogbg HPH has been

used and applied in chemical, pharmaceutical and food fields in order to

(transitional phase inv

nanoemulsions. The principle of HPH is to force the fluid with high pressure through a

narrow gap (order 10-100 um). The fluid is accelerated in a very short distance to very

high velocity (over 1000 km/h) as shown in Fig. 2, causing a very high pressure drop in
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the homogenizing valve. The fluid droplets are broken up to the submicron range by the

high shear force in the gap [17]. Cavitations, turbulence and impact with solid surfaces

take place at the outlet of the valve gap [18].

pplications and is an alternative method to

&ation by ultrasound was introduced

ts of two processes, ultrasonic

Ultrasound has been usedvfo
produce nanoemulsions. The
by Li and Fogler [19]. E [ , un _5 .
waves which cause an_i ial’ instal '_ ~water interface and transient
cavitations bubbles whi v l ; j ate \ eaming, high-pressure shock
wave of about 100 MP [ ‘ \N- ) during their collapse. The
advantages of ultrasound in 610 “eon mption, use of less surfactant and
production of an emulsion more homogen 5_-_:  ) pared toe mechanical process [20].

 —-— g

Limitation of ultraso V }-\J, nanoemulsions is suitable

for small batch because‘the distance between the probe tip and the single oil water

merace needﬂféu EJL’J.O‘VI,%J DIIEIAD T o s
°fem“'3’fW”1 ﬂ\ﬂﬂ‘im URNINYIAY
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2.3 Literature Reviews

Lipstick is the popular color cosmetics for most women. In the recent years, the

role of lipstick is beyond the function of coloring the lips but it provides the

moisturization, protective and therag ffects. Therefore, many innovations and

researches on w/o emulsion

\\\\ dients used in lipstick base

fo owings:

This is preferred to -u—-:;_x,} 3 nauba wax. This wax is obtained by

boiling the leaves wi JW'- ite sulfur erote” is skimmed from the

surface and further prooessed

wiou gra.n.nﬂ Tk &J I AT ot oot
- QEWTWTTTETJ TN TR o=

with 29—313 carbons), ester of higher molecular weight (20-29%), free acids (1-9%), free

It gives hlgh shine, rigidity and increasing hardness

acids (7-9%) and resins (12-14%, mainly triterpenoid ester). This wax is soluble in many

organic solvents such as acetone, chloroform, benzene etc.

Fatty acid esters
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These are very widely used in classically formulated lipsticks. Those popularly
used are isopropyl myristate and/or palmitate. The primary use of fatty acid esters is the
reduction of quantity of castor oil applied in lipsticks. These fatty esters are available in

varying viscosity. As a result and with their inherent stability, they are reasonable to

!&?’ement of the natural oils with these

—

ange its@will enhance the lip adhesion

replace the more sensitive natu
esters can provide the fo

and improve lip sprea It
Caster oll

Castor oil is used )ns on the account of its unique

-

property. It also functions as a s6h yestuffs and as a dispersing agent for

L
et

insoluble pigments. 7 S

3
U ININTNYNT
WAANAIUUIINY VY ot

acid and various long chain alcohols. Beeswax is a tough wax formed from a mixture of

several compounds. An approximate chemical formula for beeswax is C,;H,,COOC,H,
and has a high melting point of about 62-64°C. Beeswax can be used in the entire range

of cosmetic products, for example in W/O and O/W formulations, sticks, salves, make-up
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and hair care products. In sticks, beeswax helps improve structure, oil retention,
firmness, adhesion, pay-off and mould release. In emulsions, beeswax functions as a
consistency regulator and as a co-emulsifier that contributes to skin feel, emolliency,

barrier function and appearance.

Microcrystalline W

de—oiling petrolatum as a part

of the petroleum refini > familiar paraffin wax which

rvstal \\ ontains a higher percentage

ohthenic  hydrocarbons. It s

contains mostly unbra
of isoparaffin (branche

characterized by the fineness af f(w. ‘ ontrast to the larger crystal of paraffin

e " "‘—:,"‘ :")
wax. Microcrystallinewa le in warm a S other melted waxes. The

T — " 1

X
il

beauty products as a vis€asity agent, bindemand emollient, and is often considered an

ﬂw’mwwmm

ammn;;u 1A1INYIAY

The steps for basic processing are as followings:

is used in cosmetics and

melting point of mior

- Pigments are pre-wetted under agitation in twice their weight of the oily

portion of the lipsticks
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The wax of lipstick composition such as beeswax, candelilla wax, ceresin
wax and carnauba wax are heated while being agitated to a temperature 2-
3°C above the highest melting point of waxes.

The pre-wetted pigment dispersion is passed through a three-roll mill three

times or until there: ’ )es with full color development is

achieved.

The groun/ ’ e is “to the molten wax and oil

mixture while d-under tempera ‘u control.
& =

._\ ,- three roll mill as a rinse and
\w e other parts.
|

The batch is again : ‘ o temperature and mixed until the batch is

uniform AReful de-aeratede e
]

V.

The batch Epassed ough a 250 mesh sc@n to ensure that it is free of

WY ANYNINYINT

U

S RN N8 Y

Fujiyama et al. [5] produced the cosmetic stick which had an excellent

spreading property on the skin in the form of w/o emulsions. The stick contained water

from 1 to 50% w/w of lipstick, a gel which was prepared from polyhydroxyl compounds,

e.g. glycerol, mannitol, dulcitol and carbohydrates at 1 to 10% w/w of lipstick and the
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wax base at 20% w/w of the lipstick. The polyhydroxyl compound was mixed with the
nonionic surface agent, e.g. glycerol monooleate, sorbitol monooleate and propylene
glycol dioleate to obtain a gel which was effectively emulsified the water in the wax
base. The gel was incorporated into the wax base at the temperature of 70°C by stirring.
The accelerated stability of emulsion lipsticks#was investigated. It was found that the
emulsion lipsticks were not change. The rheological property was determined by
Ferranti-Shirley cone and plate visoometfr. It was reported that the yield stress of the

emulsion lipsticks was lower than/ that o:f~ the conventional lipsticks referring that the

- _—

hardness of emulsion lipstick was lower thajh that of the conventional lipstick.

¢ ..-'. ‘l-
b v ol
Singh [23] prepared the=lip-—care .{I_)Qi}sdturizing product in the form of w/o

emulsions in which the water was é:ntrappea'“iﬁuthe liposomes made from lecithin. The

liposomes were disp;e:rs_ed in the oily/ waxy phase and sta,_a'ized with emulsifier system
preferably based on béhenoyl stearate and sodium borate (borax). The compositions of
stable emulsion ¢ontain. 1 toi85% wiw of water, 0.2 to'30% wiwof liposomes dispersion
containing twater-glyecerin«mixture=andid] to (85% w/wi of ftotal“waXesiiand oils. In one
embodiment, the liposome dispersion contains 82% w/w of liposomes and 18% w/w of a
water-glycerin mixture. The size ranges of liposomes are between 25 and 75 nm.
Behenoyl stearate emulsifier was very effective to emulsify 33 to 55% w/w of water into

45 to 67% w/w of non polar oils. The best results were obtained by dissolving
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approximately 2 to 7.5% w/w of emulsifier in the oil phase, and buffering the system by

dissolving up to 4% w/w of borax in the water phase.

In 1997, lipsticks containing encapsulated water in a lamellar lipid vesicle were

,/t al. [24].

gfdmm
J
T—

introduced and patented by Chun The vesicle wall comprises

polyoxyethylene fatty acid etl t higher than wax and a steroid

a’s
9

y. Then, the water phase and

emulsion stick. The gelling agents, lacrylates, carbomers, celluloses, water
A
SN

swellable lucentite .‘§mN and Vee in the water phase at the

concentration range fr@ 1 () e ﬂ\ount of water was presented

from 1 to 35 %ﬁw of the"stiek. PolyglrcewlMﬁnﬁtﬁrate/behenyl alcohol was used

Ueld e

as an emulsifier'to stabilize the emulsion stick. The amount of emulsifier was presented
¢ o o/
rom 18) 946 Wik b bé ik, Thé e Heuebus) b cobiahdsl wases, ofs and
9
lipophilic polar solvent, e.g. C12-15 alcohol benzoate. Smectite clay was presented as
the gelling agent. Lipophilic polar solvent in formulation was used as solvent for gelling

Smectite clay. The ratio of water phase to lipophilic phase was 2:3 to 1:5.
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Shaikh and Bhise [26] produced the medicated lipstick of allantoin for treatment
and UV protection of the lip in the form of emulsion lipstick. Allantoin at the concentration
between 0.1 and 2% w/w was dissolved in 0.5% w/w of water containing 0.05% of
sodium lauryl sulphate as an emulsifier based on the lipstick formulation. In addition, the
natural ingredients, e.g. ghee and honey werefineorporated into lipstick as moisturizer
and natural emollient for substituting “the “conventional chemical ingredients, e.g.
isopropyl myristate, lanoin and cety! alco‘PoI. Lipstick containing 5% of honey and 75%

of ghee were considered i6 be optimum fér"breparing the medicated lipstick containing

- —

allantoin. The medicatedipsiick was prepéfea by addition of honey and cow ghee into
the molten wax based, after that added the'\}v@ger phase into the wax based. The mixture

Pt

was stirred until the emulsion was fermed. T@Qaluation parameters, e.g. melting point,

] =

o

softening point, breakhﬁg_pgmi_andﬁgtabmy_of_medicated_lipstick were investigated and
it was found that all required aspects, i.e., hardness, spread ability, smoothness, color,

taste and odoriwere achieved.

2.3.2 Development.of the emulsifier, of emulsion-lipsticks

Dunphy et al. [27] produced special mixture of emulsifiers used for stabilized
w/o emulsion lipsticks. The emulsifier system was composed of the first emulsifier as
phospholipids, e.g. phosphoglycerides, lysophosphoglycerides and sphingomyelins

and the second emulsifier having a melting point from -20°C to 80°C. The most preferred
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phosphoglyceride was lecithin, particularly soybean lecithin. The amount of
phospholipids presented is from 0.2 to 10% w/w preferably from 0.5 to 2% w/w. The
second emulsifier having a melting point from -20° C to 80° C, preferably from -5°C to
50° C, e.g. derivatives of glycerol and esters of fatty alcohols with hydroxy! acid such as
glyceryl citrate, cetyl citrate and cetyl lactate. Fheramount of the second emulsifier was
from 0.2 to 10 %. The w/o emulsion Iipsti?:"k in this invention was comprised of 30 to 97 %

w/w of oil, 1 to 25 % w/w'of waxes and 1 tgf 20% w/w of water.

IN1997, Wang and Lee [28] studield the effect of formulation parameters on the

physicochemical propertiesiof emulsion Ilpétlcks Emulsion lipsticks were prepared by
LA

addition of the emulsifier and Water_ to the c_(()_h.;f/ﬁntional lipstick. A lipophilic emulsifier,

e.g. Span60 (HLB 4.7) and Spanad (HLE 4.3) and a hydrophilic emulsifier, e.g. Tween20

(HLB 16.7) were us-‘ezj_as emulsifier systems to stabilizé;émulsion lipstick. Emulsion
lipstick was prepared by conventional stirrer. The waxes and oils were molten at 85°C,
followed by the addition. of water phase to the mixXture of imolten waxes and oils. Two
phases were mixed together homogeneously by stirrer: The physicochemical properties
including hardness and crystallinity of lipstick were investigated. It was found that the
hardness of lipstick did not change or slightly decreased as compared to that of
conventional lipstick (wax type) after addition of both emulsifiers. Besides, the effect of

water phase content (5, 10, 15% water content) on the physical properties of emulsion
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lipstick was investigated. The hardness of emulsion lipstick was increased with

increasing of the water content. The effect of formulation parameters on crystallization

was studied by DSC. The heat of transition of emulsion lipstick was lower than that of

conventional lipstick referring to the less crystalline of waxes in emulsion lipstick. When

the water content was changed '
Interestingly, no crystallization peak

15%. However, the effs/,

reported.
2.4 Particle size analysi

Particle size is one 3 -basic char: zation parameters for nanoemulsions.

This methodology is"@  Confirm jesifed colloidal size range is

obtained after preprl ior m:)oessing, e.g. spray drying,

freeze drying or sterilizations, Likewise, the data obtained from particle size are crucial

AUEANENINEN

information for q[ormu ato and optimize the'form:;ation during preliminary
=9 v 7
oy ) WIRANTIITUHNIINYTIQ Y
3 . . J

2.4.1 Photon correlation spectroscopy (PCS)

PCS is the most widely used method to characterize the particle size of

nanoparticles. Several advantages of this method are shown such as the requirement of
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small amount of sample, the ease to perform and the method'’s reliability. PCS is also

known as dynamic light scattering. It determines the fluctuation of the light intensity

scattered from particles caused by the Brownian movement of the particles in the

diluted dispersion medium. Compared to the large particles, the smaller particles

possess fast intensity fluctuati s du '/ her diffusion coefficient. The data
—
obtained from PCS is p rlng intensity and time curve.

Afterwards, they are a ; | ati 7 to obtain effective diameter

determines the particie ' ) ‘- cle and subsequently the

particle sizes are computed using Stokes- Emsteln equation as following:

ﬂ‘IJEI’J‘VlEJ‘VﬁWEJ']ﬂ‘i
QW’]ﬂ\ﬂﬂ‘im um'mma d

3zmd

Where D is the diffusion coefficient, k is Boltzmann’s constant, T is the absolute

temperature, n is the viscosity of the dispersing liquid and d is the particle size

diameter. The obtained data from PCS are evaluated based on the assumption that the
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particle shape is spherical. Therefore, the data obtained from PCS are meaningful and
reliable when the measured sample is spherical with narrow and monomodal particle
distribution in the nanometer range. On the other hand, artifacts of the particle sizes
measured by PCS occur when the measured samples are broad and the particle size

distribution is multimodal, especially containingboth nanoparticles and microparticles.

2.4.2 Laser light scattering (D)

i

|
In order to measure” thefparticle sizes of the samples composed of both

it

nanoparticles and microparticles, LD lis usually applied. This method is probably a
¢

better choice than the PCS#or the dispersion containing the particle sizes in the range of

s I
o

upper nanometer and/or the micrometer. LDife’ésures the angular intensity distribution

of the light scattered, from tkgw_efbarticles V|aa*n optical @rrangement to a series of
detectors recording a -eurrent proportional to the intensity of the scattered light falling
upon them. The higher intensity scattering at_high angle is obtained from small particle
in comparison tajthe larger ones. However, the intensity of scattered light decreases
tremendously. with l@n increase in. the scattering angles. As aresult;"LD was used to
determine the particle size in the range of micrometer to millimeter size. In addition, this
method is also used to determine nanoparticles. With using this technique for the

measurement of particle in nanosize range, it requires the information of the optical

parameters of the dispersed materials, e.g. the real and imaginary refractive indexes,
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which can be obtained from the experiment and/or literature. The accuracy of the

particle sizes distribution evaluation, therefore, may depend on the used optical

parameters.

2.4.3 Light microscopy

light microscopy is a usef! ar, light microscopic method cannot be applied
to determine the parti iz’ [ ;‘v A\ oss than 200 nm due to the limitation of

the light source (limit e y 200 nm). The resolution of

the microscope is based > light divided by the numerical

aperture of the microscop obje
“"-;g'[""f}j-’ ; .
determine the particle iz ' g at of nanopaticles.

Ve Z!

ré, this method is more reliable to

g
25 Diﬁerential@uaurgiirim\rﬂlﬂlg w EJ ’] ﬂ ‘j
QAR AL bbb o

sample and reference pans (empty pan). The obtained data from DSC reveal phase

transitions in the monitored temperature range, for instance, melting point, enthalpy,

crystallinity and polymorphism. Generally, two types of DSC instrumentation are

available on the market which are power compensated DSC and heat flux DSC. Fig. 3
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illustrates schematic diagram of power compensated DSC (a) and heat flux DSC. The

power compensated DSC composes of two individual furnaces. Difference in the

temperature between the sample and reference are compensated by supplying the heat

required to keep both pans at the same temperature In contrast to power compensated

DSC, heat flux DSC comprise eat flows into both sample and the

_/_-—r
Ily eat@thermoelectric disk and the

ofofe) '\ ur NS ecorded. Fig. 4 shows a DSC

reference material via
difference in output of
curve for an amorphous cg AdAwhieh-undergo a g ass transition (Tg), crystallization,

melting and degradation.;

DSC has been freq 1d monitor physical changes such

, . ; e . . .
as increase in the degree of erystaliinity ant orphism of lipid after production and

—

during storage [29]. ‘i c e Ied information about both

the physical and energeﬂg properties of the substances

ﬂ'lJEl’JVIEMﬁWEJ\’]ﬂ‘i
ammmm UA1AINYAY
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2.6 Polarized Light Microscopy (PLM)

Polarized light microscopy can mean any of a number of optical microscopy

techniques involving polarized light. Simple techniques include illumination of the

sample with polarized light. Directly tr itted light can optionally be blocked with a

polarizer orientated at 90 de& s to There are two polarizing filters in a
e —

polarizing microscope - r. The polarizer is positioned
beneath the specimen st / Wit azimuth fixed in the left-to-right, or

east-west direction, alt L , e rotated through 360°. The

HEATTY

and out of the light path as required. WWhen bo

into the optical path, their vibration azi at right angles to each other.
i )
In this configuration, the polarizer and analyzer are said to be crossed, with no light

o TR BN AT
g!;rwia’&"ﬂ ﬂ@mcﬂdc%&ﬂ@oﬂz&méi@ in the vertical

illuminator and the analyzer is placed above the half mirror. Most rotatable polarizers are

graduated to indicate the rotation angle of the transmission azimuth, while analyzers are

usually fixed into position (although advanced models can be rotated either 90° or 360°).
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The polarizer and analyzer are the essential components of the polarizing microscope,

but other desirable features include.

2.7 Texture analyzer

Characterization of text nl lls into two main groups, based on

analysis includes the senses of

smell, taste, sound es the | ental method is preferable to

assess texture rather th I alysis bec they ¢an be carried out under more

onditions. ‘\\ ore, problems of experimental
a'dlﬂ- L
- &

mple he erogeneity than by instrumental

analysis.

1l

AU INENTNEINS
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CHAPTER 11l

MATERIALS AND METHODS

3.1 MATERIALS

2.
3.
j‘d'-l'

4, Mineral born;;USA
5. Isopropy! mypista :gf'f;"%
6. Dipentaerythri %’ s (The Nisshin oil mills Ltd., Japan)
7. Hycroghnated polyiso rce)

‘l

|
8. Tocopher%L acetate (BASF, Netherland
; El k) nasmgmmn P!

"TW”TW% AT TITIN A

Polysorbate 60 (CRODA, USA)

12. Deionized water
3.2 EQUIPMENTS

1. High pressure homogenizer (APV 2000, Germany)
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2. Differential scanning calorimetry (Mettler Toledo, Switzerland)
3. Nanosizer (Malvern Instruments, UK)
4, Laser diffraction particle size analyzer (LA-950V2, HORIBA, USA)

5. Stirrer (Heidoh

6.

7.

8.

9. Polarized light microst ope | s €CX31, Olympus corporate, Japan).
3.3 METHODS '

3.3.1 Selectloﬂ uﬂ?ew H‘ﬂjw Ej’] ﬂ i
Sl bt DLURIZNYLE Yo oo

studying was done. Emulsifiers having different HLB values were chosen to study and
determine the stability of w/o nanoemulsions. Lipophilic emulsifiers, e.g. Span83 (HLB
3.7) and PEG-30 Dipolyhydroxystearate (HLB 5.5) and a hydrophilic emulsifier, e.g.

Polysorbate 60 (HLB 14.9) were selected to prepare w/o nanoemulsions. Span83 and
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PEG-30 Dipolyhydroxystearate were added in oil phase containing mineral oil and
isopropyl myristate (IPM) whereas polysorbate 60 was added in the water phase. The
amount of water and emulsifier in the lipstick formula was constant at 2 and 1% w/w,

respectively. The w/o nanoemulsions were prepared by addition of the water phase into

the oil phase and then mixed : /;&)r homogenizer at a speed of 3000

_J

rpm at 75-80°C for 5 ? W/@Were obtained. To reduce the

water droplet sizes to

for 3 cycles at the const S of - usi PV 2000 and temperature was

condition for predicti@ Iong—térm . The physi@ stability of developed w/o

nanoemu|sionﬂaﬁﬁdﬁeﬁﬂ%i%ﬁwﬁﬂlﬁ?rame of the samples

after storage for 8 hr and 12 days énder accelerated condition assmentioned above,
respec:ﬂfl;.WT’r]e @Ji&lt-]e‘rju sifier 3\/QVIaj&é;f]sc;gdvb]asécljlP(]h@veE!tability of w/o

nanoemulsions. The emulsifier providing a good stability of w/o nanoemulsions was

selected for further studies.
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3.3.2 Preparations of w/o nanoemulsions and conventional w/o emulsions

Comparing with other emulsifiers, w/o nanoemulsions which stabilized with PEG

30 dipolyhydroxy stearate showed the highest stability under accelerated storage

conditions. Therefore, PEG 30 dipolyh

7< stearate was chosen as the emulsifier for

preparing w/o nanoemulsio n emulsions with the different water

For conventional émulsions, the compositions of the formulations were similar to

ﬂ u ﬂ ’J ‘y] 8 3 w 8 ’]tﬂ :)rjeparation was different.

those of w/o na@emulsmns. However, the procedure for
=1 o/
Brieﬂy,Qv lels}lav!a ﬁ%m M r%qtéq @dﬂa@%@i&mm mineral oil
9
and tocopherol at the temperature about 75-80°C by rotor/stator homogenizer at 1000
rpm for 10 min in order to obtain w/o emulsion with the droplet size in the micro sized

range.



34

3.3.3 Preparations of w/o nanoemulsions and conventional w/o emulsion lipsticks

The w/o nanoemulsions or conventional w/o emulsions with different water
contents were separately incorporated into the lipstick base containing beeswax,
candellila wax, ceresin wax, dipen

thr|tyl hexahydroxystearate, hydrogenated

polyisobutene and polyethyl formulat|on ingredients were given

in Table 1. For produci naI w/o emulsion lipsticks, all

ingredients of lipstick ‘ ' ere heated to 85-90°C and

subsequently, the w/o 1S Ot o0 emulsions were gradually

obtained

334Characteflq1jl1‘é8 ’J wﬂﬂjﬂﬂqﬂi
- AEAI TN INGIAY

The droplet size (z-ave) and polydispersity index (PI) of w/o nanoemulsions were
analysed by photon correlation spectroscopy with a Zetasizer NanoZS (Malvern
Instrument, UK). PCS yields the mean particle size (z-ave) and the polydispersity index

(P1) which is a measure of the width of the size distribution. The z-ave and PI values
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were obtained by averaging of 3 measurements at an angle of 173° at 25°C. IPM was
used as dispersant media. The refractive index and viscosity of IPM were 1.435 and 9.0
cps, respectively. The refractive index and absorption value of nanoemulsions were set
at 1.33 and 0.10, respectively. The drolt size analysis was determined using the Mie

theory.

arge particles; therefore, photon

: >

..KJ'\

correlation spectroscopy.e ol
F

’x tional w/o nanoemulsions, the laser
o %\\\\
%’ A-950V2, RIBA, USA. The w/o conventional
: b

C
\

dispersant media. The refractive

e droplet size of conventional

w/o emulsions. To det t 'si

Fy_f o il
index of w/o conventional emulsions were ¢ 33-0.1i. The mean particle size were

obtained by averagi "-"j‘

AU INENTNEINS
RINNIUUNIININY



Table 1. Compositions of all developed formulations (%w/w)

36

Compositions AQ A1 A2 A3 A4 B1 B2 B3
w/o emulsions part
Water 0.00 0.50 2.00 5.00 10.00 2.00 2.00 2.00
PEG-30 0.50 1.50 2.00
Dipolyhydroxy-
stearate
Mineral oil 21.26  21.04 20.93
Isopropyl myristate 3714  36.76  36.57
Tocopheryl acetate 0.10 0.10 0.10
Lipstick wax base
Microcrystalline wax 3.9 3.87 3.83 3.81
Beeswax \7Z 362 397 394 391
0 J
; 4
Hydrogenated 13.20 13.00 12.80 12.40 1.74 1286 1273 12.67
‘a o/
poveenensf®] 1 21 Y EIVITIWETTD
U
Dipen’ﬁar‘thritylf] a qa*ﬁa‘_j 3.05 gfﬁ ’] 31ﬂ 2E]5'] é@ﬂ 298  2.97
hexahydroxystearate
Polyethylene 9.48 9.34 9.20 8.92 8.44 9.25 9.15 9.10
Ceresin wax 6.19 6.09 6.00 5.81 5.51 6.03 5.97 5.94
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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3.3.4.2 DSC analysis

In order to determine lipstick crystallinity and thermal behavior, DSC was

performed using Mettler DSC 1 apparatus (Mettler Toledo, Switzerland). The lipstick

samples were weighed approximatel 0.mg in 40 pl aluminium pan. An empty pan

was used as a reference. Th’E mple rom 20°C to 100°C and cool down
er nitrogen gas flow. The DSC

parameters including on ' ' - vy were evaluated using STAR

software 9.3

3.3.4.3 Hardness and spreada

The hardness and sprea&{_@:ﬁ sticks were determined by using texture

- iy
LT

analyzer (Stable Micra'S - "ﬁ in diameter and 20 mm in
N

length were prepared.me lipst

measuring. Toﬂuﬂtﬁ ﬁdﬂﬁfwgw ETATﬁQ? was selected for the

measurement. Bweﬂy, the needle prope was press&d into the Iipsti% at the distance of
10 mm%ﬂgoﬁﬂanuﬁm&m&lg cnﬂ,\:ll(@ygl 1.0 mm/s. The

force-displacement curve was obtained and the maximum force in the force-

hen heﬁ at 25+0.1°C for 24 hr before

displacement curve was determined as the hardness. The spreading ability of lipsticks
was performed using a spherical stainless probe. The constant force of 30 g was

applied for penetrating the probe into the sample at constant velocity of 1.0 mm/s. When
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the 30 g load was reached, the distance traveled by 30g load was measured over a 5
sec period and was determined as the spreading ability. The experiment was done

triplicate for each formulation.

(PLM). The lipstick sample aced on a glass slide and then the glass cover slip
was placed over the of T o ample \ iewed using Olympus CX31

polarized light microscopg lymp : P ate, apan). The images of all lipstick

3.3.4.5 Stability test'- -

® Accelerated stag I|ty test

o 14 83 JIH mmm‘;m o
oo R TATAREWRAFHER B o

solar box is 295-800 nm and the average radiation received in solar box 550 W/m®. In a
cycle of the freeze-thaw condition, the sample were frozen at 5°C with the freezing time
was 24 hr. Thawing was carried out at temperature of 50°C for 24 hr. After a certain

time, the appearance of the stored samples were investigated.
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® [ ong-term stability test

The w/o nanoemulsions (dispersions), lipstick base and lipstick containing w/o

nanoemulsions were kept at the different temperatures (4°C, 25°C and 40°C) for 3

3.3.4.6 Statistics

!I fi
The reported dat rg pfesenied-as n \ exstandard deviation (S.D.). The

/, g‘}\\

significant of difference was gvalua e ' us 1\ OVA at the probability level of

dpwy
.
;

0.05.

ﬂUEJ’JVlEJVﬁWEJ’]ﬂ?
QW’]Mﬂ‘iﬂJllW]’JﬂEl']ﬂEl



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Selection of an appropriate emulsifier

of emulsifiers including sp EG 30-D ydroxy stearate and polysorbate 60.

These selected em'fi ic surfa rally used in cosmetics and

their HLB values are w/0 nanoemulsions containing

2% wiw of water with 1%gw/w of each emulsifier were prepared and stored in the solar

o ol T Einahﬂilm NEl 'lﬂ’ées I
condwasmewﬂﬁd@u H I ADY PR e v

showed that the w/o nanoemulsions emulsified by span 83 and polysorbate 60 were not
stable because the phase separation was observed under solar box and also under the

freeze-thaw cycles. On the contrary, the w/o nanoemulsions samples emulsified by PEG
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30 Dipolyhydroxystearate was observed of no separated phase under either

aforementioned condition or room temperature indicated the preparations were stable.

According to above results, it could be explained by the HLB theory as
described by Griffin [31]. HLB value is the function of the weight percentage of

hydrophilic portion of the molecules of non-jonic.surfactant for determining the HLB of
-

emulsifiers. Low HLB values are«classified as lipophilic:emulsifiers, whereas emulsifiers

with high HLB values are considered alls hydrophilic. emulsifiers. With regard to w/o

i

emulsion system, the suitabjé HLB vailues are in the range of 3-8. Concerning the HLB

value of Polysorbate 60; it ig"14.9 which adfs{ag_ o/w emulsifier instead of w/o emulsifier.
227200,

Generally, this nonionic emulsifi_le?r adsorbs ojr_l.-t?g,}he emulsion droplets and, although it

generally reduces zeta potential-it maintains:éfé’e‘ﬁity by creating a hydrated layer on the

hydrophobic particlé m _o/w emulsions. Due to the high HLB value of Polysorbate 60, it
could not stabilize the"\-/v/o emulsion system. This can be explained by the theory of
required HLB.[In general, stable emulsionsican be_prepared By selecting emulsifiers
havingrHLB Glose to theirequired«HLB value (rHLB) ofithe oils #The nHIEB) values for both
o/w and w/o emulsions have been determined empirically for a number of oils and oil-
like substances. Based on composition of the w/o emulsions, oils and oil-like substances
composed of mineral oil and isopropyl myristate. The rHLB of mineral oil is in the range

of 5-7 for w/o emulsions whereas that of isopropyl myristate is not available for w/o
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emulsions. However, we estimated that the rHLB value of isopropyl myristate for w/o
emulsions might be in the range of 5-7 as well. Therefore, the rHLB of developed w/o

emulsions should be in the range of 3-8.

Concerning the stability data mulsion stabilized with Span 83, instability

of system was also observ information of rHLB of isopropyl

myristate, two possibiliti w/o emulsion stabilized with
Span 83 are proposed an 83 is not suitable (too low).
he formulation is not enough.
(@ || an HLB range for optimum
nay not be reached. The optimum
d_error y increasing the amount of

esired degree of physical

stability was chosen.

AU INENINYINT

Regardifig to the stability study the w/o emulsion emuIS|f|ed with PEG 30

o3y ARSI INYAE B o e

investigation.

emulsifier. Usually,
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AL

Y
R 38 Y

Fig. 5. Separation of w/o nanoemulsions emulsified with Span 83, PEG 30
Dipolyhydroxystearate and Polysorbate 60 after keeping at the accelerated conditions

(a) solar box for 8 hr and (b) freeze-thaw for 6 cycles.
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4.2 Effect of water content on the particle size and polydispersity index of w/o

nanoemulsions

To investigate the influence of water content on the particle size and size

distribution of w/o nanoemulsions, all

30 Dipolyhydroxystearate. TE dose % ier was kept constantly at 1 % w/w
—

oped formulations were emulsified with PEG

while the water content w .59 w. The mean particle size (z-
ave) of all developed form : ation | .shown in the Fig. 6. The z-ave of
all developed formulations w dt ‘ 70-160 nm. It was noticeable

no significant difference was 99{,;#@,_{

A

1 ' ﬂ
has been reported by ;leranachaideekul et al [32]. This*study is likely to conclude that

e ncrease ﬂwuﬂéjf VBTN ARG e 1 voes, o

U

L BN TRTVE itk (1T 1

narrow size distribution.

Fig. 7 shows the relation between the ratio of water and PEG 30 dipolyhydroxy
stearate on the z-ave. The results indicate that the proportion of water to emulsifier at

2:1 did not affect the z-ave but instead, the proportion of water and emulsifier to 10:1
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increased this value. This may be due to the increase in surface area of dispersed

phase (with constant emulsifier).

AULINENINYINS
ARIANTANNINGIAY
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L1 Z-ave :After production (25°C) —#— PI : After production (25°C)

200.0 - 1.00
+ —+ 0.80
150.0 +
2 + 0.60
£ _
o 1000 + a
>
Wl
N —+ 0.40
50.0 +
+ 0.20
0.0 0.00
10.0
i - _IL -,
Fig. 6. Mean particle size (z-ave) and Pol dex (PI) of w/o nanoemulsions

G

with different water composition T

. %

.!l
W
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200
150
E
=
= 100
[
>
©
N
50
0 T T
0 8 10

Fig. 7. Particle sizes of nano uls ::-; 1 different contents of water with

constant dose of PEG 30 Dipolyhydroxyste
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4.3 Effect of emulsifier concentration on the particle size and polydispersity index of w/o

nanoemulsions

To investigate the effects of the emulsifier concentration on the particle size of

w/o nanoemulsions, the w/o nanoem samples were prepared from 2% w/w of

water with different doses of PEG 30 Dipolyhydroxystearate.

Results in Fig. 9 showed ( ion significantly influenced the z-
ave. The w/o nanoemulsio v ( ’ \\ £G 30 Dipolyhydroxystearate

- \ , 1.5.and 2%. It is probable
-1 duce the interfacial tension
between water and oils phas ! 32 | co guently, the water droplets can be easily

' i > |

reduced during the homogenp;_l es ever, the increasing amount of PEG
'\‘4')‘- on the z-ave (p>0.05).

30 dipolyhydroxystegrate froi

Fig. 7 showed the relamn between the ratio of water to ém.llsifier and the mean particle

size. The opt.ﬂ w\@%@fﬂﬁ 146 fol 7 the surace of water
ﬁi W'] AINITUURIINYAY
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[ Z-ave :After production (25°C) —®— PI:After production (25°C)

- — 1.00
200.0 +
- + 080
150.0 +
E i 4+ 060
< i
= - o
& 1000 +
i 4 040
50.0 -+
i 4 0.20
0.0 0.00

Fig. 8. Mean particle si ity index/of w/o nanoemulsions at the
constant water co l g =d ncentrations of PEG 30

i

Dipolyhyd roxyﬁ rate.

‘NEJ’J‘V]EJVI?WEJ’Iﬂi
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4.4 Effect of water content on the microstructure of w/o nanoemulsion lipsticks

The microstructures of lipsticks were performed by using PLM. Fig. 9 shows the
microstructure of conventional lipsticks and w/o nanoemulsion lipsticks containing

various amounts of water content (a) 0% 0.5%, (c) 2% and (d) 10 % w/w. It was

water content in w/ ] | lation may accelerate the
crystallization of waxes leadi '1 0 | rge Crystal during molding lipstick at

the ambient condition. This also-affected the 2ss of lipsticks.

ﬂUEJ’JVIEJVI‘ﬁWEﬂﬂ?
QW’]@Nﬂ‘im UA1AINYAY
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Fig. 9. Polarized light m|crograph of ( convenhonal I|pst|cks (b) w/o nanoemulsion

st Coma.ﬂgum 1@ &lﬁlﬁ ezl 13
’QW’MNﬂiEM UANAINYA Y
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4.5 Effect of water and emulsifier concentration added in the w/o nanoemulsions on the

hardness and spreadability of lipsticks

The hardness and spreadability are the important physical properties to identify
and characterize fat products, e.g., margarine, butter, shortening and chocolate. A

number of studies revealed the physicochemical properties of fat was affected by the

2
crystallization process influeaeed by several factors including solid fat content (SFC),

polymorphism and microstracture of Cryst‘?l network [35, 36] and a cooling rate [37, 38].

a3 |

The influence of water content on ﬁ‘a[dness and spreadability is shown in Figs.
. ) 4

10 and 11, respectively. It was observed: that the hardness and spreadability of
,-'. |l-
o

emulsion lipsticks slightly inCreased. with-the increasing amount of water content. It

could be due to the fact that the increase oi‘“‘\}i)_éféf in the formulations might accelerate

the crystallization of solid lipid in the lipstick formulation, aé. Confirmed by PLM image as
said above, resulting ir; the.increase in the Jipstick hardr}ess. On the other hand, the
increasing amount “of “emulsifiers=did "not significantly’ affect the hardness and
spreadability, of w/e, nanagemulsion lipsticks ' (p>0.05) 'as’ shown=in Figs. 12 and 13,
respectively. Regarding the chemical structure of PEG 30 dipolyhydroxystearate, it
composes of hydrophobic group (hydroxystearate) and hydrophilic group (PEG-30). The
hydrophobic part of PEG 30 dipolyhydroxystearate (hydrocarbon chain) protrudes into

oily continuous phase. This leads to more imperfection in crystal or retards/disturbs the
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crystallization of solid lipids (waxes). In previous study, some research group reported
that the emulsifier can accelerate the nucleation rate but reduced the rate of growth of
crystallization process [39] which effect to the hardness of fat. However, the effect of

emulsifier on the hardness and spreadability of lipsticks in this study was neglectful.

This might be due to the low a : & ifier added to the system (0.5-2.0%

w/w).

AU INENTNEINS
MR TUNN NGNS Y
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70
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o

2 40

[0

-

g2

T 30
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0 T

Anhydrous & 405 F+ . 50 10.0
lipstick '
Fig. 10. Hardness of w/o nangemulsic red from different water contents
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0.7

0.6

0.5
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Spreading ability (mm)

0.2 +

Anhydrous 5.0 10.0

lipstick

Fig. 11. Spreadability of w/o prepared from different water
y A

contents.
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40 -+

Hardness (g)
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Anhydrous ¥ 15 2.0
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Fig. 12. Hardness of W/o f emulsion; \ cpared from different emulsifier

contents.
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4.6 Effects of water and emulsifier concentration on the crystallization of w/o

nanoemulsion lipsticks

DSC was performed to investigate the influence of water and emulsifier

concentration on the crystallization of /

the DSC parameters. These IE rame:

—

anoemulsion lipsticks. Tables 2 and 3 show

)eltlng point, onset and enthalpy of
s @d that the presence of water

affected the crystallizati ipid. as indi ated by the enthalpy of w/o

conventional and w/o na

i = ;Fl
4.5. The data from DS;are correlated with the data obtained from PLM, hardness and

spreadability. ﬂ u EJ ’3 ‘y] EJ (”lj tw EJ f] ﬂ Aj
aoPﬁ W@"ﬁ ﬂﬁﬂﬂmﬂj % G}@%tlﬂ ’1 & %Iystalllzatlon of

lipsticks, the varied emulsifier concentration from 0.5 to 2%w/w did not significantly
affect the enthalpy of w/o nanoemulsion lipsticks; the enthalpy of lipsticks was almost
constant although the concentration of emulsifier was increased. Therefore, the increase

in enthalpy of w/o nanoemulsion lipsticks was not due to the effect of emulsifier
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concentration but it would rather dominated by the concentration of water in the lipstick
formulations. Concerning the effects of water and emulsifier concentration on melting
point of lipsticks, it was found of no correlation. Because the lipstick formulation

composed of many types of wax which has the different melting point, therefore the

prepared from differentwat

Formulated water Enthalpy
(% wiw) (J/g)
Conventional lipsticks
L 7.46
(Nanoemulsified lip ),f
64.82 43.45 9.74

ﬂ'LlEJ’J VI%JWI‘?‘WEJ’]I]? 1022
Q“W’]Mﬂ‘iﬁmﬂﬂﬂmﬂﬂ o

10 0 84.51 78.87 12.79
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Table 3. Melting point, onset and enthalpy of w/o nanoemulsion lipsticks prepared from

different emulsifier concentration after preparation detected by DSC

Formulated mulsifier Melting point Onset Enthalpy
(% wiw) (’C) | (’C) (J/9)
0.5 7 13.71
1.0 13.77
1.5 13.66
2.0 13.70

4.7 Long-term physical stabili and w/o nanoemulsion lipsticks

]

0 tm w/0 nanoemulsions and w/o

v

To investigate -“ on

nanoemulsion lipsticks, lUhndeveloped forfulations were stored for a period of 3

PLUEINENITNEIND

months. The effécts of formulation parameters including the concentration of water and

o P AT BV I D B, o

properties in terms of the mean particle size and appearance of w/o nanoemulsion were

elucidated.
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4.7.1 Effects of water and emulsifier concentration on the long-term physical stability of

particle size and size distribution of w/o nanoemulsions

Figs. 14 and 15 depict the particle size (z-ave) of w/o nanoemulsions prepared

at various concentrations of water and sifier (PEG 30 Dipolyhydroxystearate). The z-

ave was analysed by dyna ique after preparation and storage

at 4, 25 and 40°C for t the z-ave of all developed

formulations were in the n s tha 200 nm with the PI value of lower than 0.3,

indicating a good physi

4.7.2 Effects of water and % l i >e long-term physical stability of

the appearance of w/o nano

L
-

57
Figs. 16 and 1 appearanc

25 and 40°C for 3 monlﬁs. a cﬂwulsions were homogeneous.

There was no pé]isije dratien in all develo ed formulations. This result agreed with the

e IVNENINEINT

particle size of w/6 nanoemulsions as mentioned above.

AN TUNNINGAY
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[ Z-ave :After production (25°C) [ Z-ave : 3Months (4°C)

[ Z-ave : 3 Months(25°C) [ Z-ave : 3Months(40°C)
—m— PI : After production (25°C) —— Pl : 3Months (4°C)
—a— PI: 3 Months(25°C) —e— PI: 3 Months(40°C) - 1.00
200.0 +
+ 0.90
+ 0.80
150.0 + +0.70
- + 0.60
E
£ - —
i 4 o
g 1000 _ I'44 0.50
N ' : 1 040
= , = || 1030
50.0 + e { e ‘
. N — + 0.20
’ /] X | +0.10
00 11 ‘ / o R 0.00
Fig. 14. Mean particle size of - ioemulsions formulated with different water
contents after beingik@pt at 4, 26 40 C for 3 months-com pared to the particle size after
. Ao
I
freshly prepared. ‘ il
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3 Z-ave :After production (25°C) [ Z-ave:3 Months (4°C)
—1Z-ave:3 Months(25°C) [ Z-ave:3 Months(40°C)
—m— Pl:After production (25°C) —»— P1:3 Months (4°C)
—a— PI:3 Months(25°C) —e— PI:3Months(40°C) T 1.00
200.0 +
+ 0.90
+ 0.80
E 100+ 1070
X
; + 0.60
L
= N o
g 10004 050
c
§ - 0.40
- 0.30
50.0 +
- 0.20
- 0.10
0.0 1 + 0.00
Fig. 15. Mean particle sizg of W/o“nanoe: \ ormulated with different emulsifier

concentration contents after beirig kept at 40°C for 3 months compared to the

particle size after fresk

R
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s

Fig. 16. Appearance of w/o nanoemulsions formulated with different emulsifier
concentrations (0.5, 1, 1.5 and 2%w/w) after being kept at (a) 4°C, (b) 25°C and (c) 40°C

for 3 months.
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(a)
‘Mnmm .aummm"..l,, ~"_‘WI_"“'”‘ Ry

(b)
lu"&w lu_ll“m
s, S . A
. gr:v 5 m %

(c)

N

Fig. 17. Appearance of w/o nanoemulsions formulated with different water contents (0.5,

20, 5 and 10%w/w) after being kept at (a) 4°C, (b) 25°C and (c) 40°C for 3 months.
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4.7.3 Effects of water and emulsifier concentration on the long-term physical stability of

the hardness of w/o nanoemulsion lipsticks

The effects of water and emulsifier concentrations on the hardness of w/o

nanoemulsion lipsticks after being kept _25°C for 3 months were investigated. The

results revealed that the har ion lipsticks after 3-month storage at

25°C increased (Fig. 18

during storage as confirmed i \\X detectlon as shown in Table

ould be-due to the recrystallization of waxes

Table 4. Comparison of ent oemulsion lipsticks formulated with

different water contents 3 reparation’anc en kept at 25°C for 3 months

. &
Formulated lips

with water (%\U\& Freshly prepared 3-minth kept
3.36

q ‘mmmm ANV
10.22 13.59
5.0 10.42 15.13

10.0 12.79 16.63
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Fig. 18. Hardness of w/o nanoe fsion lips ormulated with different water content
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after 3-month storag é""m}‘ >d preparation.
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4.7.4 Effects of water and emulsifier concentration on the long-term physical stability of

the appearance of w/o nanoemulsion lipsticks

To investigate the long-term physical stability, the appearance of w/o

nanoemulsion lipsticks was evaluated.

t was found that the appearance of all

and 21.

AULINENINYINS
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concentrations (

(c) 40°C.
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4.8 Effect of particle size on the physicochemical properties of conventional w/o

emulsion lipsticks

In order to investigate the influence of particle size on the physical properties of

lipsticks in terms of hardness, spreadahility, thermal behavior and microstructure, the

conventional w/o emulsion the similar compositions of w/o

Fig. 23 shows the ] Sles onventional emulsions analyzed
by volume- and number distrib -;--- od niques after freshly prepared and 3-

month storage at 4, ," :_m_________‘_._______i ‘ .' size of the above emulsion

analyzed by these twol'\jeoh qu e 21 mn and 3 pm, respectively. In

comparison oﬁwﬂwﬁ ?%eﬂeﬁe%-fﬁﬂv;itﬁ ﬁgo emulsions and w/o

nanoemulsions, e volume dIStrIbutIC‘)ﬁ diameter Was used to Compare with the z-ave in

coseAomirern | 3 B UA1AINYAY
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Fig. 22. Particle size distribution of conventional w/o emulsions analyzed by (a) volume-

based and (b) number distribution-based techniques after freshly prepared and 3-

month storage at 4, 25 and 40°C.
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4.8.2 Microstructure of conventional w/o emulsion lipsticks

The crystallization of waxes in the conventional w/o emulsion lipsticks was

influenced by particle size. The amount and size of crystals of conventional w/o

emulsions and w/o0 nanoemulsions rmined by using PLM. Fig. 23 shows the

difference in amount and size ‘ ipslieks containing the conventional w/o
emulsions and w/o na ‘ ! ‘ i tructure of continuous phase
(waxes) affects the pe'rfo‘ , i ins a lot of large crystals, the
texture of waxes will b , i , e ot nd, if the microstructure of
continuous phase conta ' Al s texture will be soft, sloppy and oily

[41,42]. In the present s gt -. U of conventional w/o emulsions

emulisions was predormnant as compared to w/o nanoemulsmns resulting in a higher

oo o S} AL W IR st svacoss
”etw"rQW’I SSRTI R iR (i ﬁ g

mlcrostrtﬂ:ture of the conventional w/o emulsion lipsticks contained a lot of small and

large crystals needed to be studied more as it could not be concluded in this study.
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Fig. 23. Comparison oﬂmcrostructure between ) w/o fanoemulsion lipsticks and (b)

conventor @uﬁ oty EJ\ Ny W BInN3
AN AINIURIINAE
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4.8.3 The hardness and spreadability of conventional w/o emulsion lipsticks

To compare the physical properties of lipsticks in terms of hardness and
spreadability among anhydrous lipsticks, conventional w/o emulsion lipsticks (microsize

range) and w/o nanoemulsion lipsticks size range), the texture analyzer was used

ess of conventional w/o emulsion
| ———

aydrous lipsticks, respectively. In

in the analysis. The results
lipsticks was higher th

contrast, the spreadabili was better than that of the

conventional w/o emulsi _— ous ok ‘\ spectively (Table 5).

Table 5. Comparison of Jrdness and spreadability of lipstick

formulated with 2% w droxystearate

-
Y |
»~

Formulated I|p

m ardness Spreadability
size(nm) (mm)
ﬂ‘lJEJ\’JVIEm‘ﬁWEJ’]ﬂ‘i
Convention 15+2.56' 0.46+0.06
ARl NIinIngsae
Convention w/o emulsion 20,101£1561** 69.23+2.69 0.47+0.01
w/0 nanoemulsion 71.56+2.98 59.85+4.69 0.57+0.06

* Not determined

**LD method



I

4.8.4 Thermal behavior of conventional w/o emulsion lipsticks

The effect of particle size on the melting behavior of the conventional w/o
emulsion lipsticks and w/o nanoemulsions was compared using DSC method. The

results revealed that the enthalpy of w/o nanoemulsion lipsticks was lower than that of

with the data from PLM

Table 6. DSC param | ticks and w/o nanoemulsion

lipsticks having the same fal ation processes

Formulated lipstick Enthalpy
(J/g)
™
Convention 7.46
Conventional wﬁeinjlsgjﬂq VI EJ VI 3 w Ej’] ﬂ i’ 14.58
W/O nanoemulsion 55.08 43. 84 10.22

QW’]Mﬂ‘iﬂJ UA1AINYAY
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4.8.5 Effects of particle size on the long-term physical stability test of conventional w/o

emulsions

Fig. 24 shows the appearance of conventional w/o emulsions after being kept at

4°C, 25°C and 40°C for 3 months. It was found the emulsion separation of the formulation

at storage conditions. This o the particle size from analysis as

shown in Fig. 23 By whic ntional w/o emulsion became

bigger and the uneven di : S € -month storage at all studied

might be due to the pregipi [ SR \ stem as shown in Fig. 25. This

might be due to the low solubility ....aéfm'x_L lliz
VIETR

ation of PEG 30 Dipolyhydroxystearate

in oil phase (mineral oil and isopropyl s \at 4°C. However, the conventional w/o

emulsion lipsticks s o“ -a good stal Sifity. N ' gisweating was observed at all

storage conditions (Fiﬂwot shown). Fig. 26 demonstraﬂ the appearance of 3-month

[ - u ‘
storage at 25°ﬂf%dn%l\’@v&1ﬂ/ﬁh%‘l}@ % M“ﬂrﬂnﬁsion prepared with the

U

VbR b e 1R ET
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Conventional w/o Conventional w/o Conventional w/o

emulsions emulsions emulsions
4°c 25°C 40°C

Fig. 24. Appearance of conven after 3-month storage at 4, 25 and

40°C.

AN TUNNINGAY

Fig. 25. Comparison of the appearance of conventional w/o emulsions and w/o

nanoemulsions after 3-month storage at 25°C.



CHAPTER V
CONCLUSION AND RECOMMENDATION
Conclusions

The present study can be concluded as followings:

1. The mean particle size and &.distribution of w/o nanoemulsions

varied with t

lipsticks g *— ————————————————— I;-"

)

4. The w/o nano?mulsmn lipsticks c&ﬂr’]talnlng water up to 10% w/w was stable

@Mﬂ%ﬂﬂﬂiﬂ B eldd
LR SRLURAINEIA Y e

long-term physical stability of lipsticks containing this emulsion.
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5.2 Recommendations

From the previous conclusions, the following recommendations for future studies

can be proposed.

1. ' >, 116§ C lla parameter, the amount of PEG 30

ticks. Itis interesting to study the
oroperties of w/o emulsion

an stabilize w/o emulsions.

ﬂUEJ’JV]EJVIﬁWEJ’Iﬂ?
ammﬂimwnﬂmaﬂ



REFFERENCES

[1] Johnson, R. Chemical & Engineering News. 77. 28. USA : CENEAR, 1999.

[2] Berg, R..Beauty: The New Basics. New York : Workman Publishing, 2001.

[3] Williams, D.F., and Schmitt, W.H._Chemistry and Technology of the Cosmetics and

Toiletries Industry. London : Chapman & Hall, 1996.
[4] Poucher, W.A. Perfumes, Cosmetics and Soaps. 7. London : Chapman & Hall, 1959.

[5] Fujiyama, Y., Kanda, Y., and Matsuda, H: Cosmetic stick comprising water-in-oil

emulsion. United States Patent 3,957,969. 1976.

[6] Solan, C., Esquena, JiForgiarini, A.M., Uson; NiMorales, D., and Izquierdo, P.

Nano-emulsion: formationyproperties and applications. Surfactant Science Series

109 (2003) : 525-554. |
[7] Izquierdo, P., Esquenay'J. Tadros, Th.EY Dederen, J.C., Feng, J., and Garcia, M.J.
Phase behaviorand nano—emuisiorffor,mation by the phase inversion temperature
method . Langmuir 20 (20Q4) ' 659:‘6598
[8] Izquierdo, P., Esquena, J., Tadf§;§, Th.F-.;f',d;P_‘e-deren, C., and Garcia, M.J. Formation

and stability of nano“emulsions. Advances in Colloid and Interface Science 108-

109 (2004) : 303-318, -~ T

[9] Sonnevile-Aubrun 20, Simonnet, J. T and UAlloret E l,xj.a.noemulsions a new vehicle

for skincare br'oducts. Advance in Colloid and Intetface Science 108-109 (2004) :

145-149.

[10] Gutierrez, d:Myg Gonzalez, €y Maestro,Ar, Solepl; Peys€ .My, and Nolla, J. Formation
and stahility of nano-emulsions prepared using the phase inversion temperature
methed.~Langmuir 48 (2002) ; 26-30,

[11] Solans, C., Izquierdo, P., Nolla, J., Azemar, N., and Garcia, M.J."Nano-emulsions.

Current Opinion in Colloid & Interface Science 10 (2005) : 102-110.

[12] International Union of Pure and Applied Chemistry. Manual of Colloid Science.

London : Butterworth, 1972.
[13] Anton, N., Benoit, J., and Saulnier, P. Design and production of nanoparticles

formulated from nano-emulsion templates-A review. Journal of Controlled Release

128 (2008) : 185-199.



83

[14] Gutierrez, J.M., Gonzalez, C., Maestro, A., Sole, |., Pey, C.M., and Nolla, J. Nano-

emulsions and optimization of their preparation. Current Opinion in Colloid and

Interface Science 13 (2008) : 245-251.

[15] Teeranachaideekul, V., Souto, E.B., Junyaprasert, V.B., and Muller, R.H. Cetyl
palmitate-based NLC for topical delivery of coenzyme Q10: development,

physicochemical characterization and in vitro release studies. European Journal

of Pharmaceutics and Biopharmaceutics 67 (2007) : 141-148.

[16] Uson, N., Garcia, M.J., and Solans, C./Formation of water in oil (W/O) nano-
emulsionns in a water/mixed non ionie surfactant/oil systems prepared by low-

energy emulsificatienmethods. JournalefColleid and Interface Science A:

Physicochemical and-Engineering Aspect 250 (2004) : 415-421.

[17] Tragardh, |.F. Visualixation‘of'drop d"ga formation and break-up process in a high

pressure homogenizer/Chemical Engineering & Technology 28 (2005) : 882-891.

[18] Deils, A., Callewaert, L4 Wuytack,LE., ;hd.Masschalc, B. Interactivation of
. )

Escherichia coliby highspressure homogenization is influenced by fluid viscosity

but not by water agctivity and produCgJ@omposition. International Journal of Food

Microbiology 101 (2005)/2281-291. )

[19] Li, M.K., and Fogler, H.S. Accustic emulé‘,i;‘jc’gtion. Part 2: Breakup of the large

primary oil droplets in a water medium. Journal of FJ:yi.d Mechanics 88 (1978) :

513-528.

[20] Abismail, B., Cansélier, J.P., Wihelm, A.M., Delmas, H., and Gourdon, C.
Emulsificationjby ultraseundadropisize distribution and stability. Ultrasonics
Sonochemistry 6 (1999) : 75-83.

[21] Cueheval; A., and Chow, R.C.X. A study onthe-emulsification of oil,by power

ultrasound. Ultrasonic Sonochemistry 15 (2008) : 916-920.

[22] Wolfmeier, U. et al. “Waxes” in Ullmann’s Encyclopedia of Industrial Chemistry.

Weinheim : Wiley-VCH, 2002.
[23] Singh, M. Lip care moisturizer. United State Patent 6,663,853 B2. 2003.

[24] Chung, K., Keeler, T., and Tan, M. Water containing wax-based. United State Patent

6,039,960. 1997.
[25] Travkina, I., Raouf, M., and Pahlck, H. Cosmetic stick. United State Patent 1, 018, 333




84

A2.2000.
[26] S. Shaikh, S., and Bhise, K. Formulation and evaluation of medicated lipstick of

allantoin. Asian Journal of Pharmaceutics (2008) : 91-95.

[27] Dunphy, P.J., Meyers, A.J., and Rigg, R.T. Cosmetic water-in-oil emulsion lipstick
comprising a phospholipids and glycerol fatty acid esters emulsifying system.

United State Patent 5, 085, 856. 1992.

[28] Wang, T.S., and Lee, G. The effect of formulation on the hardness and crystallization

of emulsion lipsticks. Journal of Cosmetic 48 (1997) : 51-76.
[29] O'Neill, M.J. The analysis.of a Temperature=Coatrolled Scanning Calorimeter.

Analyical Chemistry36+(1964) : 1238-1245:

[30] Saito, Y., Saito, K., and Atake;T. Theoretical analysis of heat-flux differential scanning

calorimetry based on a.general mépdel. Thermochimica Acta 99 (1986) : 299-307.

[31] Griffin, W.C. Classification/ofthe surface-active agents by HLB. Journal of Society of

Cosmetic ChemistsA(1949) ; 31 1—326.-
: § 4
[32] TeeranachaideekulyV., Junyaprasert,V.B., Souto, E.B., and R.H. Muller. Development
of ascorbyl palmitate nanocrystals a-pﬁlying the nanosuspension technology.

International Journal of Pharmaceutids_'.é_!SA (2008) : 227-234.

]

[33] Santini, E., Liggieri,L., Sacca, L. Clausse, D, and Ravera, F. Interfacial rheology of

o il

Span 80 adsor_bed layers at paraffin oil-water interfe‘gloe and correlation with the

correspondin‘g' emulsion properties. Journal of Colloid and Interface Science A:

Physicochemical and Engineering Aspect 309 (2007) : 270-279.

[34] Peng, L.Cy iy C.H.yKwamy €.H.; and Huang; KiF..Optimization of water-in-oil

nanoemulsions by mixied surfactants. Journal of Colloid and Interface Science A:

Rhysicochemical and Engineering, Aspect 370 (2010),: 436142,

[35] Sabine, B.D., and Claude, 'D."Influence’of SFC, microstructureand-polymorphism on
texture (hardness) of binary blends of fats involved in the preparation of industrial

shortenings. Food Research International 37 (2004) : 941-948.

[36] Vereecken, J., Meeussen, W., Lesaffer, A., and Dewettinck, K. Effect of water and
monoglyceride concentration on the behaviour of monoglyceride containing fat

systems. Food Research International 43 (2010) : 872-881.

[37] Tippets, M., and Martini, S. Effect of cooling rate on lipid crystallization in oil-in-water



85

emulsions. Food Research International 42 (2009) : 847-855.

[38] Campos, R., Narine, S.S., and Marangoni, A.G. Effect of cooling rate on the structure

and mechanical properties of milk fat and lard. Food Research International 35

(2002) : 971-981.
[39] Kaneko, N., Horie, T., Ueno, S., Yano, J., Katsuragi, T., and Sato, K. Impurity effects
on crystallization rates of n-hexadecane in oil-in-water emulsions. Journal of

Crystal Growth 197 (1999) : 263-270.

Isions (3" edition). New York : S.E. Friberg

iy

J
[41] Haighton, A.J. Blendi >hilling I Tempering-of Margarines and Shortenings.

[40] Buchheim, W. and Dejmek, P. F
and K. Larsson, 199

Journal of American Qil' Chemists!: m\ ciety 53 ( 76) 1 397-399.
[42] Wright, A.J., and Marg al r ~ ) Rheologlcal Properties of Milk
Fat. Advance Dai Springer,2006.

[43] DeMan, L., DeMan, J.M., & B ey j. \ 5,2 I and textural characteristics of

some North America rter -mo 3,,; f al o merican Qil Chemist’s Society

% _
68 (1991) : 63-69.4 ..Mff"? “

VT

7Y

ﬂ'lJEl’JVIEMﬁWEJ\’]ﬂ‘i
ammmm UA1AINYAY



AULINENINYINS
ARIANTANNINGIAY



87

APPENDIX A

15

Volume

Number

25 50 75 100 125 150

Particle size (microns)

Fig. A.1. The particle size distribution of conventional w/o emulsions (microsize range) in

term of (a) volume and (b) number distribution after preparation.
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Fig. A.2. Mean particle size by volume of w/o microsize range after 3 month at (a) 25°C,

(b) 4°C and (c) 40°C.
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Fig. A.3. Mean particle size by number of conventional w/o emulsions after 3 months at

(a) 25°C, (b) 4°C and (c) 40°C.
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Size Distribution by Intensity

Intensity (%)
=

1000 10000

iz 2.0 % w/w water
B\ \ 10.0 % w/w water

oemulsion composed of 1 %w/w of

PEG 30 Dipolyhydroxys d differer rcontent (0.5, 2.0, 5.0 and 10.0% w/w)

=

—
wn

QW’]Mﬂ‘iﬂJ umaﬂma d

0.5 % w/w water 2.0 % wiw water

Intensity (%)
tn =
!
°-i"*

— 5.0 % w/w water — 10.0 % w/w water

Fig. A.5 Particle size and size distribution of w/o nanoemulsion composed of 1 %w/w of
PEG 30 dipolyhydroxystearate and different water content (0.5, 2.0, 5.0 and 10.0% w/w)

3-month after preparation at 25°C storage condition.
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Size Distribution by Intensity
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Fig. A.7 Particle size and size distribution of w/o nanoemulsion composed of 2 %w/w of
water content with different emulsifier concentration (0.5, 1.0, 1.5 and 2.0% w/w) 3

months after preparation at 25°C storage condition



TABLE B-1

APPENDIX B

Statistic data of studying the effect of water content on the particle size of w/o

nanoemulsions prepared at the constant concentration of PEG 30 Dipolyhydroxy

stearate 1% w/w after preparation

n J) Mean Difierence | +Std. Efror Sig. 95% Confidence Interval
Water  water (I-9)
content content Lower Bound Upper Bound
0.5 2 2405000 2.67418;’ 465 -4.1167 8.2167
5 -39.09333" 2.67418-"_ J .000 -45.2600 -32.9267
10 -87.02667 267418 - %.000 -93.1933 -80.8600
2 0 -2.05000 2.67418 ‘?‘ .465 -8.2167 41167
5 -41.14333 2.67418 "J.'E)OO -47.3100 -34.9767
10 -89.07667 267418 - -."'“:'000 -95.2433 -82.9100
5 0 39.09333 2.67418 .00C 32.9267 45.2600
2 4114333 2.67418 .000 34.9767 47.3100
10 -47.93333 2.67418 .000 -54.1000 -41.7667
10 0 8702667 2.67418 000 80.8600 93.1933
2 89.07667 2.67418 .000 82.9100 95.2433
5 47.93333 2067418 .000 41.7667 54.1000

*»The mean difference is significant at the 0:05 level.
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TABLE B-2

Statistic data of studying the effect of water content on the particle size of w/o

nanoemulsions prepared at the constant concentration of PEG 30 Dipolyhydroxy

stearate 1% w/w after 3 months at 25°C

93

() (@) Mean Difference | Std. Error Sig. 95% Confidence Interval
Water  Water (I-3)
content content Lower Bound Upper Bound
0.50 2.00 474000 5.94700 .229 -5.9738 21.4538
5.00 -28154000' 5.94700 .004 -37.2538 -9.8262
10.00 65477338 5.94700, j .000 -79.4871 -52.0595
2.00 .50 -7.74000 5.94700) 229 -21.4538 5.9738
5.00 -31.28000° 594700 . .001 -44.9938 -17.5662
10.00 -73.51333 5.94700% 1, .000 -87.2271 -59.7995
5.00 .50 23.54000° 5:94700 4= 004 9.8262 37.2538
2.00 31.28000° 5.94700: - _;5001 17.5662 44.9938
10.00 -42.23333" 5.94700 .000 -65.9471 -28.5195
10.00 .50 65.77333" 5.94700 .000 52.0595 79.4871
2.00 7351333 5.94700 .000 59.7995 87.2271
5.00 42.23383 5.94700 .000 28.5195 55.9471




TABLE B-3

Statistic data of studying the effect of water content on the particle size of w/o

nanoemulsions prepared at the constant concentration of PEG 30 Dipolyhydroxy

stearate 1% w/w after 3 months at 4°C

() J) Mean Difference | Std. Error Sig. 95% Confidence Interval
water  Water (I-3)
content content Lower Bound Upper Bound
0.50 2.00 9186667 141787 .000 -13.1351 -6.5982
5.00 -46142000 £.41737 .000 -49.6885 -43.1515
10.00 -12785333 1.41737;, j .000 -131.1218 -124.5849
2.00 0.50 9.86667 1.41737 ¥ Yool 6.5982 13.1351
5.00 -36.55383° 141737 ,+.000 -39.8218 -33.2849
10.00 -117.98667 1.41737% 4+, -000 -121.2551 -114.7182
5.00 0.50 46.42000° AL TIVESS 000 43.1515 49.6885
2.00 36.55333 T43 7375 _OOO 33.2849 39.8218
10.00 -81.43333 1.41737 .000 -84.7018 -78.1649
10.00 0.50 ¥27.85333 1.41737 .000 124.5849 131.1218
2.00 117.98667 1.41737 .000 114.7182 121.2551
5.00 81.43383" 1.41737 .000 78.1649 84.7018

*. The mean difference is'significant at the 0.05 level.
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TABLE B-4

Statistic data of studying the effect of water content on the particle size of w/o

nanoemulsions prepared at the constant concentration of PEG 30 Dipolyhydroxy

stearate 1% w/w after 3 months at 40°C

95

() (@) Mean Difference | Std. Error Sig. 95% Confidence Interval
water  water (I-3)
content content Lower Bound Upper Bound
0.50 2.00 3127333 2.16566 .169 -1.7207 8.2674
5.00 -24139338 2.16566 .000 -26.3874 -16.3993
10.00 -61479338 2.1656@, | .000 -66.7874 -56.7993
2.00 0.50 -3.27333 2.16566) .169 -8.2674 1.7207
5.00 -24.66667 2.16566 .+ .000 -29.6607 -19.6726
10.00 -65.06667 2165667 | .000 -70.0607 -60.0726
5.00 0.50 21.39383 2:16566 {4000 16.3993 26.3874
2.00 24.66667 2:16566 - _;5000 19.6726 29.6607
10.00 -40.40000" 2.16566 .000 -45.3940 -35.4060
10.00 0.50 61.79333" 2.16566 .000 56.7993 66.7874
2.00 6506667 2.16566 .000 60.0726 70.0607
5.00 40.40000 2.16566 .000 35.4060 45.3940

*. The mean difference is'significant at the 0.05 level.
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TABLE B-5

Statistic data of studying the effect of emulsifier concentration on the particle size of w/o

nanoemulsions prepared at the constant water content 2% w/w after preparation

Mean Difference | Std. Error Sig. 95% Confidence Interval
0] ©) (-9)
Emusifier emulsifie Lower Bound Upper Bound
content I content
0.50 1.00 18.09000" 1.85722 .000 13.8072 22.3728
1.50 2205833, 1:85722 .000 17.7706 26.3361
2.00 2044333 1.85722 .000 16.1606 24.7261
1.00 0.50 -18.09000" 1.85722 .000 -22.3728 -13.8072
1.50 3.96333 1.85722\ |4 1065 -.3194 8.2461
2.00 2:35338 B2 28 241 -1.9294 6.6361
1.50 0.50 -22.05833' JIesT22 ) .000 -26.3361 -17.7706
1.00 -3.96333 1.85722 065 -8.2461 .3194
2.00 -1.61000 1285722 411 -5.8928 2.6728
2.00 0.50 220.44333" 1.85722 - 1)00 -24.7261 -16.1606
1.00 ;2.35333 1.85722 241 -6.6361 1.9294
1.50 1.61000 1=85722 411 -2.6728 5.8928

* The mean difference is significant at the 0.05 level.



TABLE B-6
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Statistic data of studying the effect of emulsifier concentration on the particle size of w/o

nanoemulsions prepared at the constant water content 2% w/w after 3 months at 25°C

storage condition

() J) Mean Difference | Std. Error Sig. 95% Confidence Interval
emulsifie emulsifie (I-9)
r content  content Lower Bound Upper Bound
0.50 1.00 124813334 1116635 .000 10.1237 15.5029
1.50 25101333 1.16635 .000 22.3237 27.7029
2.00 2681333 1.16635, | .000 24.1237 29.5029
1.00 0.50 -12.81833) 1.16635) .000 -15.5029 -10.1237
1.50 12.20000 1.16635 ,+.000 9.5104 14.8896
2.00 14.00000° 1,16635% |, .000 11.3104 16.6896
1.50 0.50 -25.01333 116635 = 000 -27.7029 -22.3237
1.00 -12.20000 1.166354 % _OOO -14.8896 -9.5104
2.00 1.80000 1.16635 161 -,8896 4.4896
2.00 0.50 -26.81333 1.16635 .000 -29.5029 -24.1237
1.00 -14.00000" 1.16635 .000 -16.6896 -11.3104
1.50 -1.80000 1.16635 161 -4.4896 .8896

*. The mean difference is'significant at the 0.05 level.



TABLE B-7
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Statistic data of studying the effect of emulsifier concentration on the particle size of w/o

nanoemulsions prepared at the constant water content 2% w/w after 3 months at 4°C

storage condition

() (@) Mean Difference | Std. Error Sig. 95% Confidence Interval
Emulsifier Emulsifier (I-9)
content content Lower Bound Upper Bound
0.50 1.00 18107333 277798 .000 11.6673 24.4794
1.50 16148000 2.77798 .000 10.0740 22.8860
2.00 23.47667 2.77798, | .000 17.0706 29.8827
1.00 0.50 -18.07333/ 2.7/798) .000 -24.4794 -11.6673
1.50 -1.59383 277798 -_"582 -7.9994 4.8127
2.00 5.40333 2.77798% |, .088 -1.0027 11.8094
1.50 0.50 -16.48000° 277798 000 -22.8860 -10.0740
1.00 1.59333 T LTOBNS _582 -4.8127 7.9994
2.00 6.99667 2.77798 .036 5906 13.4027
2.00 0.50 -23.47667 2.77798 .000 -29.8827 -17.0706
1.00 -5.40333 2.77798 .088 -11.8094 1.0027
1.50 -6.99667.. 2.77798 .036 -13.4027 -.5906

*. The mean difference is'significant at the 0.05 level.
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Statistic data of studying the effect of emulsifier concentration on the particle size of w/o

nanoemulsions prepared at the constant water content 2% w/w after 3 months at 40°C

storage condition

() (@) Mean Difference | Std. Error Sig. 95% Confidence Interval
Emulsifier Emulsifier (I-9)

content content Lower Bound Upper Bound

0.50 1.00 136670004 1/693%9 .000 9.6641 17.4759

1.50 19146333 1.69379 _ .000 15.5575 23.3692

2.00 27 44333 1.69379, | .000 23.5375 31.3492

1.00 0.50 -13.57000" 1.69379) .000 -17.4759 -9.6641

1.50 5.89338" 1.69379 4 4008 1.9875 9.7992

2.00 13.87333 1,693797% |, .000 9.9675 17.7792

1.50 0.50 -19.46333 169379 = 000 -23.3692 -15.5575

1.00 -5.89333" 16937945 _008 -9.7992 -1.9875

2.00 7.98000° 1.69379 .002 4,0741 11.8859

2.00 0.50 -27.44333 1.69379 .000 -31.3492 -23.5375

1.00 -13/87333 1.69379 .000 -17.7792 -9.9675

1.50 -7.98000" 1.69379 .002 -11.8859 -4.0741

*. The mean difference is'significant at the 0.05 level.
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Statistic data of studying the effect of water content on the hardness of w/o

nanoemulsions lipsticks formulated with the different water content after preparation

n J) Mean Difference | Std. Error Sig. 95% Confidence Interval
water  water (1-9)

content content Lower Bound Upper Bound

.00 .50 -.01525 1.25815 .990 -2.6969 2.6664

2.00 1.08350 1:25815 .403 -1.5982 3.7652

5.00 -6.86180 1425815 .000 -9.5432 -4.1798

10.00 -10.25975 1:25815 4 .000 -12.9414 -7.5781

.50 .00 101525 1.25815 .990 -2.6664 2.6969

2.00 1.09875 125815 .396 -1.5829 3.7804

5.00 -6.84625 1.25815 44 .000 -9.5279 -4.1646

10.00 -10.24450 125315, = .000 -12.9262 -7.5628

2.00 .00 -1.08350 e i :'-403 -3.7652 1.5982

.50 -1.09875 1.25815 | 396 -3.7804 1.5829

5.00 7.94500 1.25815 .000 -10.6267 -5.2633

10.00 -11,34325° 1.25815 .000 -14.0249 -8.6616

5.00 .00 6.86150° 1.25815 .000 4.1798 9.5432

.50 6:84625 1.25815 :000 4.1646 9.5279

2.00 7:94500" 1:25815 .000 5.2633 10.6267

10.00 -3.39825 1.25815 .016 -6.0799 -.7166

10.00 .00 10.25975 1.25815 .000 7.5781 12.9414

.50 10.24450 1.25815 .000 7.5628 12.9262

2.00 11.34325 1.25815 .000 8.6616 14.0249

5.00 3.39825° 1.25815 .016 .7166 6.0799

*. The mean difference is significant at the 0.05 level.
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Statistic data of studying the effect of particle size on the hardness of w/o

nanoemulsions lipsticks formulated with the same composition

Mean Std. Error, Sig. 95% Confidence Interval
0] J) Difference
Formulas Formulas (1-3) Lower Bound | Upper Bound
Conventional  Conventional | -12:79375 1.38490 .000 -15.9266 -9.6609
Jlipsticks emulsion
lipsticks
Nanoemulsiong” 1.08350 1.38490 454 -2.0494 4.2164
lipsticks
Conventional  Conventional | 12079375 1.88490 .« .000 9.6609 15.9266
emulsion lipsticks
[ipsticks Nanoemuision | 13187725 “ 1.38490 " | 000 10.7444 17.0101
lipsticks '
bt 0y
Nanoemulsion Conventional | -1.08350 1.38490— " 454 -4.2164 2.0494
Jlipsticks lipsticks -
Conventionials | -13.87725 1.38490 .000 =17.0101 -10.7444
emulsion
lipsticks

*. The mean difference is significant at the 0.05 level.

APPENDIX C
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— Conventional — 0.5% water
— 2.0% water — 5.0% water
. | — 10.0% water
(% \
s .
E
o
3
T
20 80 90
Fig. C.1. The DSC thermogram ulsion lipsticks composed of 1 %w/w of
PEG 30 Dipolyhydroxyste nd differen nt (0:5, 2.0, 5.0 and 10.0% w/w)

after preparation (initial).
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— 0.5% emulsifier — 1.0% emulsifier
— 1.5% emulsifier — 2.0%emulsifier
=
=
2
o
[V
3
T
20 d0 4 [/ /50 N\ W\, N 100
Fig. C.2. The DSC thermogram anoen lipsticks composed of 2 %w/w of
) . ! A -
water content with different emulsifier on (0.5, 1.0, 1.5 and 2.0% w/w) after

preparation (initial). -
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— Conventional — 0.5% water_3 months
— 2.0% water_3months — 5.0% water_3months

— 10% water_3months

Heat Flow (W/g)

20

;\ 100
Fig. C.3. The DSC thermogar 'i %\
PEG 30 Dipolyhydroxystearatg nd g

ter t (0.5, 2.0, 5.0 and 10.0% w/w)
after being kept at 25°C for ‘fm

ticks composed of 1 %w/w of
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— 0.5% emulsifier_3months — 1.0% emulsifier_3months
— 1.5% emulsifier_3months — 2.0% emulsifier_3months
o
=
=
o
[
©
(0]
T
20 30 80 90 100
Fig. C.4. The DSC thermog - W/O , ' icks composed of 2 %w/w of
water content with different ~~-—-¥_—<-=.-=-—-_ ation (0.5, 1.0, 1.5 and 2.0% w/w) after

being kept at 25°C for 3 mo
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— Conventional emulsion lipsticks — Nanoemulsion lipsticks

=
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2
o
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©
(]
T

20 30 80 90 100

Fig. C.5. The DSC thi gran ' co al w/o emulsion lipsticks and w/o

nanoemulsion lipsticks composed oj-.f{;_ '.,‘_'; f‘P Dipolyhydroxystearate and 2%

w/w after preparation (initial) @
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— Microcrystalline wax — Ceresin
— Beeswax — PE
. \/
=
B3
o
L
©
9]
T
20 30 80 90 100

/ %\
Fig. C.6. The DSC thermogram o e \ ax, ceresin wax, beeswax and

polyethylene wax.
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