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Lodichkeat und Stabilitat nattrlicher Lebensmittelfarbstoffein
Mikroemulsionen

Mohamed Awad Saad Abd El-Gale€l

Es wurden verschiedene Mikroemulsonssyseme hergestdlt unter Verwendung natiirlicher
Ole wie renes Pfefferminzdl und Mischungen mit anderen Speisslen (Sojadl, Erdnussdl,
Rapsdl), verschiedenen Emulgatoren , wie Lecithiny Monoolein oder Tween20 und ener
wassigen Phase (Wassr oder ene 20%ige Loésung von NaCl, Saccharose oder
Zitronensaure) ohne oder mit Ethanol ds Co-Emulgator. Es wurde die Lodichkeit von
Curcumin in diesen  Mikroemulsonssysemen untersucht. Dartber  hinaus wurde die
Sabilitdt des in den Mikroemulsionen gedsten Curcumins gegen ultraviolettes Licht (UV)
sowie gewohnliches elektrisches Licht gemessen. Die Abnahme des Curcumin-Farbtons
wurde mithilfe enes Farbmesgerdtes (L*a*b*-Sydem) bestimmt und ads Grole zur
Bewertung der Stabilitét herangezogen.

Die Ergebnisse zeigen, dass unter Verwendung geeigneter Komponenten Mikroemulsionen
zur Vewendung in Lebenamitten hergestelt werden konnen. Diese  Mikroemulsionen
erhthen die Ladichket von Curcumin erheblich. Die Lodichket von Curcumin in diesen
Mikroemulsionen i besser ds sane Lodichkat in Ethanol, Speisedlen und Pfefferminzdl.
Tween20/Pfefferminzol-Mikroemulsonen  zeigen die hochde Lédichket fir  Curcumin
sowie die grolde Wasseraufnahmekepazitét. Alle in den Stabilitdistests vermessenen
Mikroemulsonen ligferten gute Ergebnise fur die Stabilitéde von Curcumin gegen UV- und
normaes eektrisches Licht fir einen langen Zetraum, ausgenommen die Mikroemulsionen,
deren wéssrige Phase aus NaCl-L dsung bestand.

Die in dieser Arbet hegesdlten Mikroemulsonen scheinen vidversprechend fir die
Erhdhung der Lodichkeit und die Sabiliserung von Curcumin und anderer natirlicher
Lebenamittdfarbstoffe mit  vergleichbaren Eigenschaften  (unlédich in Wasser, schlecht
|6dich in Pflanzendlen und lichtempfindlich) zu sain.



Solubility and Stability of Natural Food Colorantsin

Microemulsions

Mohamed Awad Saad Abd El-Galeel

Sevad microemulson sysems were prepaed by usdng different naura oils such as
peppermint oil aone or mixed with a common edible oils (soybean, peanut or rapeseed ail),
different surfactants such as lecithin, monoolein or Tween20 and an aqueous solution (weter
or 20% solution of NaCl, sucrose or citric acid ) without or with ethanol as cosurfactant. The
solubility  of curcumin in these microemulson sysems was invedigated. The sability of
curcumin solubilized in these microemulsons againg UV light and normd dectric light was
dso dudied. The dability of curcumin was determined as the change in curcumin color
shade by usng Measuring Color Instrument.

The results obtained indicated that microemulsons can be prepared by usng a suitable
components for food gpplications. These microemulsons greetly enhanced the solubility of
curcumin. The solubility of curcumin in these microemulsons is more higher than that in
ethanol, edible odils and peppermint oil. Tween20/peppermint oil microemulsions exhibited
the highs solubility for curcuminn and optimum wae solubilization capacity.  All
microemulsons on the bads of the gability tests offered good results for curcumin gability
agang UV and norma dectric light for long period, except microemulsons prepared by
NaCl solution as agueous phase.

These prepared microemulsons are suggested to be promising for solubility and stability of
curcumin and other natura food colorants which have damilar characteristics (insoluble in

water, poorly soluble in vegetable oils and senstive to light).
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1 Introduction

Microemulsons ae generdly defined as isotropic, transparent, thermodynamicaly dsable
mixtures of a least three components a waer, an ol and a surfactant; usudly in
combination with a cosurfactant, typicadly a short chain dcohol [Aboofazeli and Lawrence
1994]. Microemulsons are isotropic systems of infinite Stability, where, the surfactant and
the cosurfactant are principaly located a the surface separating the two immiscible liquids
to dabilize ther mutud disperson [Bourrd and Schechter 1988]. An interesting
characterigic of microemulsons is that when even a smdl amount of a mixture of surfactant
and cosurfactant is added to biphasc water-oil sysem, a thermodynamicdly dable,
transparent and isotropic mixture spontaneudy forms[Ho et al., 1996].

When the components being used are safe for human consumption, microemulsions become

important in such fields as foods, cosmetics and pharmaceuticals [Kunieda and Shinoda
1982]. Microgtructural studies of microemulsons have been given great atention because of
their physicochemical properties and various gpplications of commercid importance [Zaks
and Klibanov, 1985]. Important in microemulsions is fundamenta because of thelr presence
in nature and gpplications in the food and pharmaceuticad indudtries. A microemulsion is a
dable and transparent solution of several components (usudly oil, water and surfactant) with
characterigtic wavelength less than 100 nm to 200 nm [J. Research Nationd Ingtit. Standards
Technol. 1994].
The use of a microemulson as reaction medium avoids the problem of insolubility
frequently occourred with triglycerides and other lipophilic subdrates. In addition, it opens
new synthetic posshilities [Holmberg and Osterberg 1987]. Recently, microemulsions have
been identified as potentid delivery systems for lipophilic agents due to their transparent or
tranducent agppearance, dability for long time, high solubilization capacity and ease of
formation [Mamsten 1996].

Since the firg microemulson sysem was described by Schulman and Hoar [1943] an
extensve number of papers have been published in this fidd. Mogt of the sysems published
are, however, unacceptable for pharmaceuticd use. A suitable oil phase for pharmaceutica
uses would be vegetable oils [Von Corswant et al., 1997]. Microemulsons prepared by
usng vegetable oils or faity acid esters could be used, for example, in cosmetics and food

products, where there is a demand towards environmentaly more acceptable formulations



[Abillon e d., 1986]. Qils from naurd sources and ther derivatives, triglycerides, are
consdered to be harmless to the environment [Busch 1992], such systems with naturd oils
are but infrequently described in the literature [Alander and Warnheim 1989]. Few studies
usng triglycerides as the lipophilic phase in a microemulson have been studied [Aboofazdi
et al., 1995]. The preparation of microemulsons with minerd oils, synthetic surfactants, and
-if necessary- dkanols as cosurfactants has been intensvely dudied in the literature.
Because, however, these components are harmful the proplem is how to prepare
microemulsons with nontoxic oils, surfactants and cosurfactants for possible gpplications in
phamaceuticd indudry [Kahlwet et al., 1997]. The naurdly occurring phospholipid
(lecithin) are biocompatible and legidatively acceptable for food agpplications [Svensson et
al., 1996].

There are very few acceptable examples of ingestible microemulsions for food uses, even
though much has been accomplished in recent years in the generd fidd of microemulsons.
microemulsons ae slitable as the ddivery sysem for wae soluble and oil soluble
nutrients, and flavors in foods. An ingedtible, cosurfectant free sysem, with no off-taste or
change in performance is suitable for this purpose [El-Nokaly et al., 1991].

The advantages of a microemulsons over emulsons, or other solutions are ether improved
dability or solubility characterisics Microemulsons dso have the potentid &bility to
solubilize both lipophilic and hydrophilic agents, which dlows for a variety of flavoring and
coloring maerids having vadly different physica properties to be dissolved in the system
[Friberg and Burasczenska 1978]. An additiona important feature of phospholipid-based
microemulsons in ther ability to solubilize larger guest molecules [Peng and Luis 1990].
From the above mentioned, the problem in the preparation of microemulsons generdly is to
find suitable components for food products.

Naturdl colorants are organic colorants that are obtained from naturd edible sources usng
recognized food preparation methods, for example curcumin (from turmeric). Naturd colors
have dways formed part of man's norma diet and have, therefore, been safely consumed for
countless generations. The dedrability of retaining the naurd color of food is sdf-evident
but dmost the demands of industry are such tha additiona color is important. Contrary to
many reports, natura sources can offer a comprehensive range of attractive colors for use in
the food industry. Food qudlity is first judged on the bass of its color.The color d a food
therefore influence not only the perception of flavor, but dso that of attraction and quality.
One of the advantages of usng naurd colors is that they are generdly more widdy
accepted in food-guffs than synthetic colors It is only in the last 100 years or so that



gynthetic colors have been added to food. For centuries prior to this, natura products in the
form of spices, berries and herbs were used to develop the color and flavor of food. During
this century, the use of synthetic color has gradualy increased at the expense of these
products of naturd origin, due manly to ther avalability and lower rdive cost. In the last
20 years following the ddiging of severad synthetic colors there has been an increase in the
use of colors derived from natura sources [Henry 1996).

The problem when usng naturd colors has been their lack of sability [Lauro 1998]. It
should remembered that naturd colors are a diverse group of colorants with widdy differing
solubility and stability preporties [Henry 1996]. Few plants have attracted the importance of
scientits and been the subject of scientific sudies. One from these plants has been
investigated is Curcuma longa Linn [Cooper et al., 1994]. Curcuma extracts have been
shown to give a number of functions. It has been reported that adminigtration of pure or
commercid grade curcumin in the diet decreases the incidence of tumors in mice and dso
reduces tomour sze. Histopathologica test of the tumors showed tha dietary curcumin
inhibits the number of papillomas and squamous cell carcinomas of the forestomach as well
as the number of adenomas and adenocarcinomas of the duodenum and colon [Azuine and
Bhide 1994]. Turmeric has been used as a spice for many thousands of years. Curcumin is
the principd color present in the rhizome of the turmeric plant. It is produced by
cryddlization from oleoresin, which obtained by solvent extraction of the ground turmeric,
and has a purity level of around 95% [Henry 1996].

It is important to note that the clinicd trids of curcumin in human cancer patients are in
progress [Ravindranath and Chandrasekhare 1980]. In addition, chemopreventive properties
in skin and forestomach carcinogeness and various pharmaceutical applications have been
reported [Rao et al., 1995]. Curcumin is an antioxidant that inhibits lipid peroxidation in rat
liver microsomes, and a scavenger of reactive oxygen species that reduces the formation of
inflammatory compouds such as prostaglandins and leukotrienes [Reddy and Lokesh 1992].
Curcumin has been extensvely used to color and flavor in foods. Phenolic pigment is
primarily caused the yellow color by curcumin [Cooper et al., 1994].

Curcumin is oil soluble but some blends of curcumin may be both oil and water insoluble,
Curcumin needs the addition of gums, dabilizers or emulsfiers in order to render its
miscibility in water. It is important that these ingredients are compatible with the food
sysem to which the color is being required [Henry 1996]. Specification for curcumin
[European Commission Document 111/5218/94-rev.4, April 1995] dtates that the dye content
must be not less than 90% when measured spectrophotometrically at 426 nm in ethanol, and



has ratio of curcumin to essentail oil 99:1. Curcumin is not an ided product for direct usein
the food industry dnce it is insoluble in water and has poor solubility in mogt ails used in
food products. Thus it important for curcumin to be converted into convenient gpplication
form. In many countries, this is achieved by disolving the curcumin in a mixture of food-
grade solvent and accepted emulsfier. In this form, the product contains 4 to 10% curcumin
and eadly disolve in water. Polysorbate 80 is the favoured emulsfier/diluent for such
products since it is an ided carier for curcumin. Curcumin is sendtive to light and this
factor isthe one that generdly limitsits use in foods [Henry 1996].

The problems for curcumin usudly are its solubility and Sability againgt light, because it is
insoluble in agueous solutions and poorly soluble in fats or ails that used in foods and it is
sengtive to light. Microemuldons have infinite gability and large solubility capecity for
lipophilic and hydrophilic substances as well as ability to solubilize larger guest molecules.
Microemuldors adso were used successfully to  solubilize and dabilize of some
pharmaceutica  components such as cyclosporin A by Gao et al., [1998] and to stabilize of
some nutrients such as ascorbic acid againgt oxidation by Gdlarate et al., [1999]. For these
reasons, microemulsons were chosen to invesigate the curcumin solubility in order to use it
with food products and study the posshbility of these microemulsons to protect the
curcumin againgt light during the storage.



2 Theoretical Background

2.1 Characteristic of microemulsions

The most chaacteridic difference between an emulson and a microemulsion is ther
gopearance. An emulson is turbid while the microemulson amog is transparent. The
reason for this difference in appearance is the sze of the droplets. For an emulson the
droplets are  amilar or gregter than the wave length of light and light is reflected off ther
droplets. The emulsion, hence, appears turbid because the light cannot penetrate through it.
On the other hand the sze of microemulson droplets is smdler than the wave length of
light, and the interaction with light is limited to scatering. The light beam passes through
with  but litle loss consequently the microemulson appears trangparent. The
microemulsons are thermodynamicaly dable with few exceptions, but the emulsons are
not thermodynamicaly dable because the interfacid energy is podtive and dominant in totd
free energy, where its droplet is of a Sze tha the bending energy is negligible and the
surface free energy is large and pogtive, a fev mN/m. The surface free energy of the
microemulson has two components dretching (podtive contribution) and bending (negetive
contribution). The two cancel each other and the total surface free energy is extremdy smdl
about 10° mN/m (figure 1). Moreover, The microemulsions form spontaneousy or need
gentle sheken to miscible the components for short time (few minutes). The most
characterigtic differences between an emulson and a microemulson are presented in Table 1
[Friberg and Kayai 1991]. These microemulsdions con take different forms which include
among others oil water and oil/water bicontinuous microemulsions. Phase change can occur
between these different forms due to changes in dther individuad component concentrations

or other thermodynamic conditions [Rosen 1989].

Table 2.1. Characteristics of Emulsions and Microemulsions [Friberg and Kayali 1991]

Emulson Microemulson
Appearance Turbid Transparent
Droplet Sze, um radius 0.15-100 0.0015- 0.15
Formation Mechanicd or Chemicad Energy Spontaneous

Thermodynamic Stability No Yes (No)




Figure 2.1. The curvature in an emulsion droplet (A) is extremely small and the bending component of surface
energy is not significant. A change in curvature does not lead to a change in the free energy. In the
microemulsion droplet (B), on the other hand, a change in curvature leads to a pronounced change in free

energy; e.g., the bending component of the surface free energy is pronounced [Friberg and Kaydi 1990].

The microemulsons possess gpecid characteristics of rdatively large interfacid area, ultra
low intefacid tenson and large solubility cepacity as compared to many other colloidd
sysems[El-Nokaly et al., 1991].

The surfactant to cosurfactant ratio greetly affected the physicochemica characteridtics of
the resultant microemulson systems obtained usng polyoxyethylated castor oil (Cremophor
EL) as a surfactant, Transcutol as a cosurfactant and carylic/capric triglyceride (Captex 355)
as an ail. The sable microemulson with its high solubility of cycdosporin A (poorly water-
soluble drug), smdl droplet Sze and fast disperson rate was obtaned from a mixture
composed of 10:5:4 raio of Cremophor EL:Transcutol:Captex 355. The enhanced
bicavalability of cyclogporin A loaded in this microemulson sysem might be aitributed to
the small droplet Sze of microemulson sysems[Gao et al., 1998].

2.2 Structure and for mation of microemulsions

Bansd et al., [1980] reported that the conditions necessary for microemulson formation are;

- large adsorption of surfactant or surfactant/cosurfactant mixture at the interface between
the oil and water which achieved by choosing a surfactant mixture with proper hydrophilic-
lipophilic-baances (HLB).

- high fluidity of the interface. The interfacid fluidity can be developed by using a proper

cosurfactant or an optimum temperature.



- optimum curvature. The importance of oil penetraion in the surfactant/cosurfactant film
and the appropriate surfactant/cosurfactant structures.

The microemulsons can take different types which include, among others, oil, water and
oil/water bicontinuous microemulsons. Phase change can occur between these different
forms due to changes in naure or concentrations of individua component or other
thermodynamic conditions [Rosen 1989].

A microemulson that contans a reatively low content of oil confined within smdl isolated
droplets dispersed in water is known as ail-inrwater (O/W) microemulsion, while the reverse
type (smdl amount of water disgpersed in large amount of oil) is a water-inoil (W/O)
microemulson. Upon continuoudy increesing the water-to-oil ratio in a W/O
microemulson, phase inverson occurs. An intermediate trangparent, isotropic bicontinuous
dructure may form during such an inverson, involving both ol and water-continuous
domains separated by intefacid surfactant film [Singh, et al., 1994]. Under appropriate
conditions the microemulson system is miscible with both oil and aqueous phase. However,
the microemulson sysem partitions into three phases, a surfactant-rich phase, a surfactant-
rich agueous phase and a surfactant-rich oil phase. The surfactant-rich phase is cdled a
middle phase microemulson [Abe, et al., 1986]. It is in the middle phase microemulson
where a surfactant shows the greatest solubilizing power for both water and oil; here it dso
gives ultra smal vaues of interfacid tensons between oil and water which are less than 10

mNmit

under proper conditions [Kunieda and Shinoda 1982]. The nature and structure of
the surfactant, cosurfactant and oil are important factors in the prepration of microemulsons
[Ho, et al., 1996]. The ability of phospholipids to form microemulsons with akanes has
been studied by severa authors [Shinoda and Kaneko 1988, Shinoda et al., 1991 and 1993,
Schurtenberger et al., 1993, and Kahlweit et al., 1995]. Shinoda et al., [1993] have shown
that it is possble to form microemulsons with equa amounts of hexadecane and agueous
phase with only 25% soybean phospholipid usng 1-propanol as the cosurfactant, and
Kahlweit et al., [1995] have sysematicdly sudied the influence of chain length of both the
phosphoalipid and the hydrocarbon on the microemulsion phase behavior.

Aboofazdi et al., [1994] studied patid phase diagrams of sysems contaning water, egg
lecithin, propanol and different polar oils such as Miglyol 812 and soybean oil, and found
that the influence of the oil and the ratio of egg lecithin to propanol on the microemulson
area is ggnificant. Due to the sdting-out effect, the addition of NaCl decreases the required
amount of pentanediol (as cosurfactant), but has only a smdl effect on the lecithin required
(as surfactant) [Kahlweit et al., 1995].



2.2.1 Role of surfactant and cosurfactant:
Surfactant and cosurfactant are mainly located a the surface separating the two immiscible
liquids (usudly oil and water) to dabilize thar mutud disperson [Bourrd and Schechter
1988]. A hydrophilic surfactant adsorbs strongly to an interface toward the air or toward an
oil because of its dud dructure with a hydrocarbon tal with limited interaction with water
(the hydrophobic part) and a polar group with dsrong interaction with water (the hydrophilic
part). This adsorption acts a reduction of the interfacid free energy. An lipophilic surfactant
does not adsorb toward the oil/air interface, but does so toward an oil/water interface. For
aurfectant  concentrations above a catan limit in waer (the citicd micdlization
cocentration,c.m.c.) the added surfactant forms micdlles, figure 2(A), and the adsorption to
the interface does not increase with surfactant concentration. In an oil, the oil soluble
aurfactants and water form inverse micdles, figure (2B), in a sep-wise process. These two
dructures are epecidly dgnificant in sysems in which an ionic surfactant and a long chan
adcohol ae combined, because this sysem illudraes, with high darity, the fundamentd
difference between the dabilizing sysem for a microemulson and an emulson. Once this
difference is diginguished the difficulties with microemulsons in food products essy to
comprehend [Friberg and Kaydi 1991]. A cosurfactant is dmost a medium chain faity
acohal, acid or amines[Lang et al., 1984].
The role of the cosurfactant together with the surfactant is to reduce the interfacia tensgon
down to a very smdl even trandent negative vaue a which the interface would expand to
foom ulta smdl dispersed droplets, and consequently adsorb more surfactant and
surfactant/cosurfactant  until  their bulk condition is depleted enough to give interfacid
tendon podtive again. This process known as ,spontaneous emuldfication® forms the
microemulson. Thus, based on ability of the cosurfactant to affect the solvent properties of
oil and/or water and to penetrate the surfactant interfacia monolayer, it can:
- Reduce further the interfacia tenson. Increase the fluidity of interfaces.
- Degtroy liquid crygtaline and/or gd structures which prevent the microemulsion
formation.
- Adug HLB vdue and spontaneous curvature of the interface by changing surfactant
partitioning characterigtics.
- Decrease the sendtivity to dructure fluctuations and brings formulation to its optimum
date [Kuniedaet al., 1988].



(A) (B)

Figure 2.2.(A) normal micelle, in this case the surfactant hydrocarbon chains (blck) point toward the inner part

surrounded by the polar parts (unfilled circles).(B) inverse micelle in this case the hydrocarbon chains point

outward while the polar groups are concentrated in the center [Friberg and Kayali 1991].

The nature and concentration of the surfactant become of too importance to obtan an
optimum solubilization in a given W/O microemulson [E-Nokay et al., 1991]. Poly-
oxyethylene sorbitan trioleste (Tween 85) is a nonionic surfactant which has some important
properties for microemulson preparation and protein solubilization [Komives et al., 1994].
The cosurfactant can act by ether interchdating between surfactant molecules a the
interface between oil and water and/or by decreasing the aqueous phase hydrophilicity. In
the preparation of a baanced lecithin microemulsion, the cosurfactant has an additiond role
in that it can adso act to decrease the tendency of lecithin to form a highly rigid film [Binks
et al., 1989, thus dlowing the interfacid film to take up the different curvatures required to
prepare baanced microemulsons [De Gennes and Taupin, 1982]. Because dkanols are, in
generd, toxic, can subdituted by dkanediols. The inexpensive akanols can use in industry
as cosolvents and their toxicity can be toleranted, whereas in pharmacy one may have to use
nontoxic adkanediols [Kahlweit et al., 1995].
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2.2.2 Oilsused in the microemulsion preparation

The prepardion of microemulsons with minerd oils, synthetic surfactants, ether ionic or
nonionic, and -if necessary- akanols as cosolvents, has become a well-established practice
[Kahlweit 1995]. Because, however, mingd oils and synthetic amphiphiles, as wdl as
dkandls, in generd, harmful, the problem is how to prepare microemulsons with suitable
components for possble applications in pharmaceutical industry [Kahlwet et al., 1997].
Unfortunatdly, most work to date studying microemulsons has utilized oils, surfactants and
cosurfactants  unacceptable for pharmaceutical purposes. In order to make these systems
pharmaceuticaly acceptable, it is necessary to prepare such systems by using nontoxic and
safe components [Aboofazeli and Lawrence 1994].

Oils from naturd sources and ther deriveives, eg. triglycerides and faty acid methyl
eders, are eadly degraded by microorganisms and are consdered to be harmless to the
environment [Busch 1992]. The formation of bicontinuous microemulsons with minerd oils
has been intengvely investigated in modd experiments [Kahlweit et al., 1990] and for
goplication in indugtrid products [Schwuger 1995], such systems with naturd oils and esters
are but infrequently published in the literature [Alander and Warnheim 1989].

An acceptable lipophilic phase for pharmaceutical uses would be a vegetable oils [Von
Corswant et al., 1997]. The extenson of a microemulson region is generdly dependent on
the ol naure This is due to differences in oil peneratiion into the surfactant layer
[Monduzzi et al., 1997]. Reativdy few dudies usng triglycerides as the lipophilic phase in
a microemulson have been sudied [Aboofazdi et al., 1995]. Joubran et al., [1994] studied
microemulsons of soybean oil, polyoxyethylene(40) sorbitan-hexaoleate, and water-ethanol.
They found that the extendon of the waer-inoill (W/O) microemulson regions were
dgnificantly dependent on temperature. Moreover, water-ethanol ratios dso affected the
phase behavior. In these systems large amounts of the surfactant had to be used to form a
microemulson with equa amounts of triglyceride and agueous phase.

Triglycerides form bicontinuous microemulsons only a relatively high temperatures with a
high amount of hydrophobic surfactants owing to their high molecular weight. Egters of
faty acids, however, offer suitable phase behavior forming three phases a appropriate
temperature and moderate surfactant content [Monig et al., 1996].
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Alander and Warnheim [1989a] observed that microemulson phase diagrams for high-
molecular-weight  triglycerides exhibit smdler homogeneous regions than low-molecular-
weight esters and hydrocarbons. This effect has been attributed to better penetration of the
interfacid film by smdl oil molecules which ads in obtaining optima curvature of W/O or
O/W droplets [Wade et al., 1990].

Triglycerides, in paticular large triglycerides such as peanut oil, are dgnificantly more
difficult to solubilize into microemulsons than hydrocarbons or adkyl esters [Alander and
Warnheim 19894].

El-Nokay et al., [1991] eplaned the reasons which make difficults concerning to form a
triglyceride micoemulsons

- Triglycerides are semi-polar comparing with hydrocarbons.

- A surfactant of higher hydrophile-lipophile-baances (HLB) is thus needed to favor the
water-in-ail system, with lower solubility in bulk and increased adsorption a the interface.

- In case of triglyceride, theratio of surfactant/water is high.

-The surfactant efficiency is decreased if it log to the bulk and is unavalable to the
interface.

Edible triglycerides such as soybean, rapeseed, or sunflower oils contain long akyl chains
manly Ci6, C18,C20 and C2. The ol may be very bulky to penetrate the interfacid layer to
assig the formation of the optimum curvature, figure 2.3. Reports of oil being solubilized in
the aggregates pdisade layer may be due to the shortness of the dkyl chans in the
triglycerides used [Kunieda et al., 1988].

To increase the triglyceride microemulson regions, a different srategy was gpplied by usng
a suitable hydrotrope to destabilize the liquid crydtdline phase of the triglyceride, surfactant
and water, which leads preferentidly to the formation of the microemulsion [Joubran et al.,
1993]. The preparation of triglyceride microemulsons can be achieved by incorporating
sucrose and short chain dcohols such as ethanol. The dcohol acts synergidticdly with
sucrose to dedtabilize the liquid crysdline mesophase [Joubran et al., 1994]. Sucrose
enhanced the formation of the oail-inwater microemulsion phase while destroying the water-
inoil microemulson phase. Triglycerides containing unsaturated or  short-chain fatty acids
have improved <olubility in oil-inwaer microemulsons compared to triglycerides with
saturated or long-chain fatty acids[Parriset al., 1994].
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w~0 Co-Surfactant
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Figure 2.3. Optimum Curvature, Ro=Radius of Spontaneous Curvatures [Kuniedaet al., 1988].

2.3 Applications of microemulsions

As a consequence of ther unusud thermodynamic properties, microemulsons ae of
condgderable indudtrid importance in tetiary oil recovery [Langvin 1984], extraction of
biomolecules from fermentation broths [Goklen and Hatton 1985] and as liquid membrane
carier agents [Tonder and Xenakis 1982]. W/O microemulsons with little water content
exhibit the best deaning results for oil soil [Dorfler et al., 1995]. So far microemulsions
have not been exploited for pharmaceutical purposes [Aboofazeli and Lawrence 1994].

In recent years, microemulsons have been identified as potentid drug deivery systems for
lipophilic drugs due to their transparent or tranducent appearance, long term ability, high
solubilization capacity, and ease of preparaion [Mamsen 1996]. Water-in-oil (W/O)
microemulsons ae a paticulaly atractive sysem for biotechnologicd agpplications
[Stamatis et al., 1995]. Microemulsons of edible oils in a matrix of water and different
hydrotropes have been used as carriers for flavors or essentia oils [Wolf and Hauakotta
1989].

Snce doohols of medium chan length (generdly used as cosurfactant) tend to posses
unaccepteble toxicity/irritation profiles (see Table 2.2, ther use in foods is very limited.
Unlike, the ethanal ingestion is of known consequence. Thus in smdl amounts (5%), use of
ethanal is completely acceptable for food products [Osborne et al., 1991].
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Table 2.2 Safety considerations of Medium Chain Alcohols[Osborne et al ., 1991]

Alcohol Ord LDS50 in Rat Eyelrritation  SkinIrritation

(mgkg)
2-Butandl 6480 Moderate Threshold Conc. 7.8%
(lesst irritetion of 4 isomers)
Hexanol 720 Severe Mild
Octanol 1790 Moderate Threshold Conc. 12%
Decanal 472 Sereve Sereve

Ora LD50 for mouse, oral LD50 for humans 0.5-5 mg/kg

Microemulsons have the potentid &bility to solubilize both lipophilic and hydrophilic
gpecies, which dlows for a variety of flavoring and coloring agents having vadly different
physcal properties to be dissolved/solubilized within a sysem. A mgor disadvantage of
microemulson systems for ingestion is the traditional need for a medium chain acohol such
as pentanol to function as a cosurfactant [Friberg and Burasczenska 1978].

Microdructura sudies of microemulsons have been given consderable attention because
of ther interesting physicochemica properties and various gpplications of commercid
importance [Zaks and Klibanov 1985]. Interest in microemulsons is substantid because of
their ubiquitous presence in nature and applications in the food and pharmaceutica
industries. Further gtudies are under way with the god of ading development of improved
properties and dability of microemulsons used in many processed food products [J.
Research Nationd Ingtit. Standards Technol. 1994].

Microemulsons containing vegetable ails or fatty acid esters could be used, for example, in
cosmetics and food products, where there is a demand for environmentally more acceptable
formulations [Abillon et al., 1986]. Phospholipid-based (W/O) microemulsons have ability
to solubilize larger guest molecules such as enzymes [Peng and Luis 1990]. It has been
shown ealier that lipases in microemulsons can be successfully used to cadyze
ederification reections [Koliss et al., 1990].When ionic surfactants are used, the resulting
microemulsions are often called reverse micdles [Hatton 1989].



14

Many enzymatic reections require biphasc media, polar media for the solubilization of
enzymes, and organic media solubilization substrates. Reverse micdles provide a larger
polar/gpolar interfacid area, hence improving the interaction between enzyme and subdrate
[Hayes and Gulari 1990]. Use of reverse micdles have many advantages including esser
media and enzyme preparation, less mass-transfer limitations (due in part to its large degree
of intefacid ared), and smpler control and monitoring of water content [Hayes and Gulari
1991]. The use of a microemulson as reaction medium diminates the problem of
insolubility frequently encountered with  triglycerides and other lipophilic subgtrates. In
addition, it opens novd synthetic posshiliies For ingtance, lipase cadyzed
interesterification can be used to produce triglycerides, which is interest for the production
of synthetic cocoa butter [Holmberg and Osterberg 1987].

From an indudrid point of view, the microemulsons could be atractive sysems for making
dable products with low fa content [Friberg et al., 1990]. Monoglycerides are nonionic
aurfactants widdly used as emulsfiers in the food and pharmaceutical aress. Normally they
are produced by dcoholyss of corresponding triglyceride with two equivaents of glyceral.
The resction requires high temperatures (210-240 °C) and the use of a transesterfication
catalyst. After work-up the effective yidd of triglyceride to monoglyceride converson is 40-
50%. Monoglycerides have been obtained in 80% yidd by enzyme catdyzed hydrolyss of
the corresponding triglyceride. The reaction was caried out in an oil-rich microemulson
formulated without cosurfactant [Holmberg and Osterberg 1988]. The ability of W/O
microemulson to isolate and sdectively extract proteins is wel-known [Pires et al., 1996].
The use of nonionic surfactant microemulsions for protein extraction has attracted attention
recently [Vasudevan et al., 1995].

2.4 Food microemulsions

The food emulsons have dways generated great interest. However, little has been dne with
microemulsons gpplicable to the complex world of foods. Microemulsons have been the
subject of much fundamentd research that focuses on noningestible systems. For example,
applications to non-food uses such as tertiary oil recovery, fud, cosmetics, and household
have received condderable attention. Larsson's monoglyceride/water/oil system was the
firg practical system to be published [El-Nokaly et al., 1991].

Since the fird microemulson system was described by Schulman and Hoar [1943] an
extensve number of papers have been published in this area. Most of the systems described
are, however, not suitable for pharmaceutical use [Von Corswant et al., 1997].
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The yield from this search (Food micremulson) was a mere four references none older than
1987. The incluson of microemulsions is a matter of looking to the future [Becher 1991]. It
should point out that a recent review of applications of micremulsons contained but a single
reference to foods [Gillberg 1984]. In fact, a number of recent books on food emulsions,
edited by; respectively, Friberg 1976, Dickinson 1987, and Dickinson and Stainsby, 1988,
contain no ingance of food microemulsons (except for one minor reference in Dickinson
1987). This lack of interest may possbly be ascribed to a number of related factors. First,
the high levds of emulsfying agents normaly encountered in microemuldons quite Smply
saves as an economic barier. Second, this same high level of emuldfier might wel rase
legad problems in securing gpprova from the FDA. Third, of course, there is the smple fact
that it is goparently quite difficult to make microemulsons of the fats and oils used in foods
[Becher 1991]. From these condderations, food microemulsions, it follows automaticaly
that a surfactant/cosurfactant combination, which is optima for a microemulson, is of little
use in order to dabilize an emulson. This is aserious disadvantage when double emulsions,
W/OW, ae formulated. For a sygem of this kind a W/O microemulson emuldfied into
water would in princible be a very dtractive option, because the W/O part which is the
difficult pat to sabilize would now be thermodynamicdly stable. However, sabilization
usng surfactant combination has fundamentad difficulties. The surfactant combination for
the microemulson will rgpidly exchange with the one for the emulson, which leads to
detabilization for both the emulson and the microemulson. This dilemma has been
resolved in an degant manner by Larsson et al., [1980]. They used a sufactant to stabilize
the W/O microemulson but avoided the problem of emulson part by usng a polymer as its
dabilizing agent. The polymer, being water soluble, is virtudly insoluble in the oil part of
the microemulson and its dimensons prevents its incluson into W/O droplets. It will,
hence, not interfere with the W/O microemulsion stabilization system.

As pointed out ealier liquid triglycerides do not lend themsdves to microemulson
formulation with the traditiond technique. Addition of liquid triglycerides to the inverse
micelar solution results in a phase change to a lamdlar liquid crystd. Hence, a different
drategy must be employed in order to prepare a microemulson with triglycerides. One
solution is to atack the problem from the opposte Sde Redizing that the microemulsions
are obtained by destabilizing a liquid crysa, figure 2.4, it appears reasonable to approach
the problem with a liquid cydd as dating point indead. This means forming a liquid
cystd containing triglycerides and destabilizing it by addition of a suitable compound. This
compound should be consdered as a potent cosurfactant destabilizing the liquid crysdline
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phase. The common cosurfactants are, however, not useful because of ther toxicity. The
destabilization was instead obtained by the use of hydrotropes [Friberg and Rydhag 1971].
These are compounds, the action of which is the destabilization of liquid crystas as was
early demongrated [Lawrence and Pearson 1964]. A large number of them are alowed into
food products. The solution in the sysem of water/1-monocaprylin/sodium xylene sulfonate
is the largest one and it was used to dissolve a triglyceride, trioctanoin. The amount of
triglyceride dissolved was very indeed with a maximum of 13.5% by weight of triglyceride.
Other approaches have resulted in smilar results. So, for example, does the system
water/monocaprylin/tricaprylin which was prepared by Ekwal [1975], shows very litlle
water solubilization into the oil. To reach 15% by weight of water, 50% of the sabilizers
were needed [Friberg and Kayai 1991].

Long chain
Alcohol —=

LAMELLAR
LIguiD CAYSTAL

lonic Surfactant
—}

SPHERICAL MICELLES

Figure 2.4 In a combination of water, a surfactant and a long chain alcohol, the areas for solutions of normal

and inverse micelles, are separated by alamellar liquid crystal [Friberg and Rydhag 1971].
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Thee ae vey few avaladble examples of ingedible water-inoil or oil-inwater
microemulson sysems for food products, even though much has been accomplished in
recent years in the generd fiedd of microemulsons. A water-in-ail (W/O) microemulsion is
qitable as the ddivery sygsem for water soluble nutrients and flavors in foods. An
ingedtible, cosurfactant free sysem, with no off-taste or change in performance (soybean ail,
water and commercidly avallable food surfactants such as polyglycerol oleete, polyglycerol
linoleste monoglyceride and polyoxyethylene sorbitol oleate) was chosen for this purpose.
The surfactants are evauated based on their structures and performance in solubilizing water
in high triglyceride concentration range [El-Nokaly et al., 1991].

Microemulsons prepared by using triglycerides and other food components, poly-
oxyethylen(40) sorbitol hexaoleate, anonionic surfactant, were studied by Joubran et al.,
[1993], and soybean oil was used as atypicd triglyceride.

2.4.1 Earlier work on food microemulsions applications:

Reports on milk fortified with vitamin A solubilized in a miccoemulson have been
published [Duxbury 1988]. Dissolving essentid oils in water with and without an acohol
cosurfactant for aromatization of beverage or pharmaceutical formulations, have been
reported [Wolf and Havekotte 1989]. A new system for hydrolyzing milk fat was developed
by usng a microemulson sysem contaning reversed micdles [Chen and Pa  1991].
Controlled hydrolyss of milk fat by lipase is agplied in the dary indusry to produce
lipolyzed milk fat with butter-like or cheese-like flavor [Kilara 1985]. The microemulson
gngle phase region of a peppermint oil/Tween20/water system which was Sudied by
Treptow [1971]. Friberg and Rydhag [1971] solubilized up to 15 wt% tricgprylin in an
isotropic  agueous solution of monocaprylin and a hydrotrope such as sodium  xylene
sulfonate. Treptow [1971] dissolved less than 10% soybean oil in water with a 30/70
surfactant mixture of Tween 20 and G1045 respectively. Ascorbic acid was added to the
emulsfied sysems, such as microemulsons, and its sability agangt oxidation was sudied
a 45 °C in aerobic conditions and compared with that in agueous solutions a different pH
vaues. All emulsfied systems provided protection to ascorbic acid, as its degradation rate,
was dower in emulsfied systems than in agqueous solutions [Gdllarate et al., 1999].

The rate of oxidation of linolic acid and ethyl linoleste in O/W microemulsons was studied
by Carlotti et al., [1995]. The results showed that the sructure of the interface in the

microemulsions was particularly important to protect the systems from auto-oxidation.
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An dcohal or acid cosurfactant was needed to form the microemulson, with the exception
of the work done by Gulik and Larsson [1984] and Troptow [1971]. Such cosurfactants are
usudly not acceptable for taste, safety, or performance reasons in ingestible ail
formulations. The sparcity of work avalable on waer solubilization in triglyceride for food
goplications is obvioudy due to difficulties inherent in the dructure of ail, in finding
gppropriate  cosurfactants, and the need to use minimum amounts of food approved
surfactants not to adversdly affect the oil properties[EIl-Nokaly et al., 1991].

2.4.2 Surfactantsin food microemulsions

When the surfactant being used is safe for human consumption, microemulson become
important in such fields as foods, cosmetics and pharmaceuticals [Kunieda and Shinoda
1982]. Surfactants in food are usudly cdled emulsfiers whether their intended use is
emulsfication or not. An Acceptable Daly Intake (ADI) vadue has been dlocaed to most
food emuldfiers by hedth authorities in many countries (FDA, FAO, EEC) [El-Nokaly et
al., 1991]. Chemicdly, most food surfactants are esers of faty acids with naurdly
occurring alcohols and acids. The primary raw materids for food surfactants production are
fas and oils which can be utilized directly or after having been hydrogenated, fractionated,
or split to fatty acids and glycerol [Lauridsen 1986], they have to impart no taste or smell on
foods. They are mostly nonionic surfactants with few exceptions such as succinic, citric, and
diacetyl tartaric acids esters of monoglycerides and sogps. Amphoteric ledithin is the only
food approved surfactant containing a podtive charge. Surfactants listed in Table 2.3, were
tested for W/O microemulsion formation a 12:1 surfectant/water by weight. The oleate and
linoleate groups were preferred for testing kecause of their unsaturation and its known effect
in increedng fluidity of intefacid film. The sorbitan and sorbitol esters of oleate and
linoleate did not give microemulsions at surfactant/water ratio below 12:1. Branching should
be another factor in increesng the intefacid fluidity. The specid kink in the linoleste
molecule which makes its dignment difficult, thus leading to an increase in the interfacid
fluidity. The presence of unsaturation was found to be important. The monooleste and
linoleate could act as cosurfactant since they are different in hydrocarbon moiety size
comparing with dilinoleste [E-Nokay et al., 1991]. For legidative reasons synthetic
aurfactants are in any case of limited use in food synthess gpplications. A group of
surfactants which possess no such limitaions are the naturaly occurring  phospholipid
(lecithin) surfactants which are biocompatible and legidatively acceptable [Svensson et al.,
1996].
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Table 2.3 Chemical Classfication of Food Emulsifiers and Legal Status (US FDA 21 CFR')

Generd Class Example ADI Vdues. mgkg
body wt/day
Partid Glycerides Mono- and diglycerides Not limited
Lactic acid esters of monoglycerides Not limited
Acetic acid esters of monoglycerides Not limited
Citric acid esters of monoglycerides Not limited
Diacetyl tataric acdd eders 50
monoglycerides
Succinic acid eders 3% by wt. of shortening;
monoglycerides 5% by wt. of flour

Faty Acid Edes of
Polydls

Ethoxylated Emuldfiers

Phosphatides,
Phosphorylated
Partid Glycerides

Miscdlaneous

Propylene glycol esters of fatty acids

Polyglycerol esters of faity acids
Sucrose esters of fatty acids
Sorbitan esters

Ethoxylated partid glycerides

Polysorbates

Lecithin

Fractionned phosphatides
Phosphorylated monoglyceride
Sodium strearoyl-lactylate
Cdcium searoyl-lactylate
Sdts of fatty acids (Na, K)
Sodium dodecyl sulfate

25

25
10
25

25
Not limited

20
Not limited

"CFR Code of Federa Regulations. ~ Acceptable Daily Intake (ADI) for man
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Lecithin is obtained for commercid purposes from oil seeds (in paticular soj@ and egg
yolk. It is a phosphatid and thus a fat-smilar subgtance. In the lecithin molecule phosphoric
acid is connected on the one hand to a primary hydroxy group of glycerin bound and on the
other hand with choline figure 25. Soybean lecithin contains only to a third lecithin. It
contains further 15% inigtphosphatids and approximatedy 25% kephdin  with  other
connections. The emuldfying agent effect of the lecithins is based on the fact that
hydrophilicdly and the faty acid remainders behave the zwitterion structure formed by the
phosphate and cholin hydrophob. Lecithin is used eg. during the margarine production, in

order to decrease of the surface tensgon afine digtribution of the water phase [Bates 1995].

@)
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Figure 2.5 : Lecithin (general structure)[Baltes 1995]. Ri, Re. typicaly norma aliphatic remainders

with 15 or 17 carbon atoms and up to 4 cis -doubl e bounds.

Phosphatidylcholine (PC) is a naurdly occuring surfactant which is excdlent in terms of
biodegradability and human safety. In fact, many PCs have been utilized as fa emuldfiers
[Ishii et al., 1990]. However, few studies have been made on preparation and properties of
microemulsions with phosphatidylcholine [Kaneko and Shinoda 1988]. None of studies have
invesigated the potentid of nonacohol cosurfactants to produce microemulsions with
lecithin. The most commonly used cosurfactants are smple low molecular weight acohols
[Aboofazdi et al., 1994]. The ability of phospholipids to form microemulsons with dkanes
has been studied by several authors [Kaneko and Shinoda 1988, Shinoda et al., 1991]. Leser
et al., [1993] have dudied the phase behavior and microstructure of soybean
phosphatidylcholine, medium chain triglyceride, and short chain acohols.
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Lecithin has a farly high criticad packing parameter (CPP) of around 0.8 [Corndl et al.,
1986]. If lecithin containing sysems ae to form microemulsons over a reasonably wide
range of oil and water concentrations, the effective CPP of lecithin needs to be reduced. One
way this can be achieved is the addition of a short chan cosurfactant. A short chan
cosurfactant can act to reduce the effective CPP in two ways, firdly by its incorporation into
the intefacid film and/or secondly by dissolving in the agueous phase thereby making it
less hydrophilic. In addition, in the case of a long hydrophobic chain surfactant like lecithin,
a short chain cosurfactant can aso act to increese the fluidity of the interfacid surfactant
layer, thereby reducing the tendency of lecithin to form highly rigid films [Binks et al.,
1989] and dlowing the intefacid film sufficent flexibility to teke up the different
curvatures required to form baanced microemulsons [De Gennes and Taupin 1982].

Soybean lecithin is both strongly hydrophobic, due to long hydrocarbon chains, and strongly
lipophobic due to zwitterionic polar head groups. At room temperature soybean lecithin and
water form a lamdlar liquid crystdline phase between 0.35 and 0.07 mass fraction of water
[Bergenstahl and Fontell 1983]. In water-oil sysems lecithin is dightly too lipophilic to
form microemulsions spontaneoudy [Backlund et al., 1994]. This means tha lecithin need
a cosurfactant such as a short-chain acohol to form microemulsons [Shinodaet al., 1991]

It is important to note that the differences between grades of lecithin are consderably less
than the effect of changing the dcohol as cosurfactant [Aboofazli and Lawrence 1994]. The
maor factor influecing the phase behavior of microemulsons prepared by lecithin as
surfactant is the nature and mixing retio of the cosurfactant used [Aboofazdi et al., 1995].

2.5 Natural colorants

Recently the safety of food colorants has been a very controversa topic but most of the
criticism has been directed towards the synthetic colorants. The naturd colorants have been
relatively free of criticism may be due to the blief that most are derived from food sources
tha have been consumed for many years [Francis 1996]. According to scientific
investigations humans take up the largest pat of therr information visudly. Also, food is
asess firgt on the basis their outsde appearance. A part from form and general presentation
the color contributes subgtatidly to the quality assessment by the consumer. For different
product groups a different expectation attitude developed concerning the chroma. Generdly
products with a more intensve coloring are preferred. Processing or storage of a product can
lead by oxidative or enzymatic influences to the impairment of the naturd colors. In order to
arange the product opticaly responding, in the context of the legd regulations coloring



22

materials can be added to food. Other food, which is colorless due to ther production
process, eg. lemonade beverages, is colored for the rise of benefit vdue. The synthetic
colorants used in the food-duffs industry possess an intengve coloring srength with at the
same time good solubility, are more stable and easier to process than naturd food colorants.
The application type of natura food colorants are however so far limited, snce they have
some disadvantages in comparing with the artificid colorants [Taufd et al., 1993]. They are
however reaively safe deding with toxicologicd check and incompetibility reactions
[Baltes 1995].

Natural colors are organic colorants that are derived from edible sources using reconized
food preparation methods. One of the advantages of usng naturd colors is that they are
generdly more widdy permitted in food-stuffs than synthetic colors. Contrary to many
reports, natural sources can provide a comprehensive range of attractive colors for use in the
modern food industry. However, dthough the color of fruits and vegetables can vary during
the season and processing can cause color loss, food manfacturers need to ensure uniformity
of product appearance [Henry 1996]. Also colors may be added to foods to give color to
certain foods such as sugar confectionery, ice lollies and soft trinks, which would otherwise
be virtudly colorless [Food Advisry Committee, FAAC/REP/4, London 1987].

2.5.1 Chemistry of natural colorants

The coloring of chemical connections is based on the absorption and emission of light. The
vigble light (goprox. 400-800 Nm) is dectromagnetic radition, by the wavdength ? and the
frequency ? to describe leavesitself (2.1) [Skoog and Leary 1996]:

2.2=¢ 2.1)
cisthe speed of light (in vacuum around 2,99 . 10'° cm . ).

E=h.? (2.2)

A light quantum has the energy (2.2) whereby h the Planck quantum of action is (6,626 .
1034 Jo) [Skoog and Leary 1996]. If light quantum of suitable frequency meets a molecule in
the initid date, it can become lively, i.e suitable dectron is raised to a higher energy levd.
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In order to arive again into the energy-poorer and thus more dable initid date, the
molecule is anxious to ddiver the taken up energy again. The put on condition must reman
received a cetan time, in order to cause coloredness. The materid appears in the
wavelength the corresponding complementary color. If a connection absorbs eg. in the
violet one (around 420 Nm), then it appears for the human eye yelow [Breitmaer and Jung
1983] figure. 2.6 shows a spectrum of the visble light.
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Figure 2.6: Spectrum of the visible light [Breitmaier and Jung 1983].

Regarding the orbit of molecule involved four different eectron trangtions can be
differentiated [Breitmaier and Jung 1983; and Skoog and Leary 1996] (Figure 2.7)

n? ?* -Trandtion

If eectron of a non-binding a few of éectrons becomes livdly on an anti-binding ?* -
orbitd of a double bond, one speaks of a n ? ?* -trandtion. These trandtions are in dl
connections with hytroatomen and neighouring double bond possble, eg. carbonyl or azo
connections. The n ? ?*-trandtion probability is only smal. Therefore the agppropriate
absorption bands are likewise small.
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? ? ?* -Trandtion

Trangtion is raised an dectron to a ?* -orbital, speaksone of a ? ? ?* -trangtion This type
from trangtions is in dl instiated connections possible, so in dkenes, dkines, aromatics
and further in trangtion probability is very high. Therefore the appropriate absorption bands

aeintensve.

n? ?*-Trandtion

If neectrons to anti-binding ?*-orbitds are a neighbouring linkage, one speeks lively of
n ? ?*-trangtions. Generdly, they can be caused by radiation of the region between 150

and 250 Nm. They ae in satisfied connections with heteroatomen possble, eg. with
acohals, amines or with akyl halides.

?7? ?*-Transition

If ?-eectrons become livdy to trandtion in the appropriate anti-bending ?*-orbita, one
speaks of ? ? ?*-trandtions. They ae possble in dl organic compounds. The energy
which can be spent is very large and corresponds to radiation frequencies within the vacuum

ultraviolet area.
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Figure 2.7: Electronic molecule energy levels [Skoog and leary 1996].
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Subdtituents, which shift the absorption to longer-wave light, are caled Chromophore
(chromophore groups). They posess bonding eectrons with rdatively low excitation
energies. When the absorption capecity is the larger, the eectron system is the more
expanded. One differentiates two types from chromophors (Figure 2.8).

O,

P c—3&  —N=N NO, —N

?-Chromophore (double- triple bonds, aromatics)

\ — / cC—c
/ c—c\ =

Figure 2.8: Examples for chromophor groups

Usudly, it requires severa chromophor groups in the molecule, in order to shift the light
absorption into the visble spectrd region [Taufd et al., 1993]. The conjugation of eectrons
leads to a further delocdization, which degrades the ?*-energy levels. Consequently the
absorption maxima shift to longer wavelengths [Skoog and Leary 1996]. The incresse of
?max One defines as red or bathochrom shift. Fewer dgnificantly is the shift absorption
maximum to shorter wavelengths. The so-called blue shift is probably due to an increase of
solvating the free par of dectrons, whereby the energy of the n-orbitd is lowered [Skoog
and Leary 1996]. Auxochrome (auxochrome groups) are subdituents with n-eéectrons,
however without linkages, which extend the conjugation sysem of the chromophors and
thus for an increase of the chroma contribute. Examples for this are hydroxyl and the amino

group (also substitutes) [Schroter et al., 1995].
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2.5.2 Stability of natural colorants

Naturd colorants are found in many plants and animds They fulfil different functions eg.
attracting from insects to dusting the blooms. Natural colorings were used since ever ago for
coloring (eg. in the dasdc anttiquity magenta for very vaudble textiles). Due to their
molecular dructure natural colorings are sengtive for the light and oxygen. The conjugation
of chromphors (Figure 2.9), frequently occurring in natural colorants, lead with appropriate
suggesion by light to the ddocdizaion of ?-eéectrons. From it results a theoretica

»turning* of the double bonds, due to whose different mesomer phases can be trained.

Figure 2.9: Natural colorings ([3-Carotin, a Carotinoid; Pelargonidin, an Anthocyanidin if R = H, an
Anthocyan if R = sugar remainder, X = halide, usudly Cl)

The developing patid charges favors a deposting of oxygen radicals. Thereby the
ddocdization of the dectrons is limited. The consequence is a reduced light absorption
readiness and thus a wesker color impression. The reaction mechanism wide on the bass the

molecular structure represented by curcumin (Figure 2.10).
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Figure 2.10: Suggestion of naturd colorings by UV-light and attack by acidity radika for the

example of curcumin.

2.5.3 Curcumin

The ydlow coloring curcumin originates from the roots of the turmeric plants resdent in
South-east Asa (bot.: Curcuma longd). It is produced by extraction of the degreased root.
Chemicd formula of curcumin is C21 H20 Oe, molecular weight is 368.4 and color shade is
lemon yelow a pH3, orange a pHi0 [Food Advisory Commettee, FAAC/REO/4, HM SO,
London 1987]. It is discussed that curcumin has an anti-carcinogenic effect [Falbe and
Regitz 1990]. Curcumin has been shown to inhibit lipoxygenase and cycloxygenase [Huang
et d., 1991] and thereby inhibits the superoxide generation and prevents tumour promotion
[Brian and Cizda 1989]. Curcumin has been successfully used in severd experimentd
carcinogenesis models. Recently, curcumin has adso been shown to inhibit protein kinase C,
and thereby inhibits oncogene activation [Reddy and Aggarwal 1994].
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It has been suggested tha the hydroxy groups on the benzene rings, double bonds in the
akene portion of the molecule and/or the central Bdiketone moiety could be responsible for
the high biologicd activity of curcumin [Ruby et al., 1995].

Curcumin dso increased the level of glutathione which would prevent thiol depletion
occurring during agpoptoss [Jaruga et al., 1998]. Curcumin is an interesing molecule
because of the variety of biologica effects. It possesses in addition to its potent anticancer
activity. However, its exact mechanism of action is not very clear. It suggested that its
anticancer activity could be mainly due to its ability to induce gpoptoss in tumor cdls [Khar
et al., 1999].

OH O

MeO ! N = O OMe
OMe

HO

Figure 2.11. Curcumin structure [Baltes 1995].

It has been shown that curcumin has a poor light stability. The dability of curcumin was
drongly improved by lowering the pH or by adding glutathione, N-acetyl-L-cysteine,
ascorbic acid and rat liver microsomes [Cooper et al., 1994]. The oral LD50 for curcumin in
mice is higher than 2g [Simd and Dhawan 1973]. Monkeys fed 500 mg/kg/day for 9
months of turmeric showed no adverse effects [Bhavanishanker et al., 1986].

The solubility is very different as a function of solvents Curcumin is solubly in vegetable
oils, however insolubly in water, in ethanol solve itsdf 3 gL . The light fastness is smdl,
particulaly in solve form in products with high water activity . The coloring agent is hedt-
proof until 150 °C. It possesses a good acid resistance. Above a pH vaue of 9 a color
changes from yelow to orange. The molecular Structure is represented in figure 2.11. The
coloring agent is certified only under marking for certan food. Curcumin uses among other
things for the coloring of curry, mustard, sweet goods, eis-crem, fruit and vegetable prepared
and fine pastry. The admissble in each case ae maximum quantites thereby to condder
(quiddine 94/36/EG) [Falbe and Regitz 1990]
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3 Objectives

In recent years, microemulsons have been given consderable atention due to their specid
important physicochemica properties such as their transparent or tranducent appearance,
long term gability, high solubilizetion capacity for lipophilic and hydrophilic substances,
and ease of prepardion. Because of that microemulsons are very important in various
applications of commercia industries.

Huge number of papers have been published in microemulson area. Unfortunately, most of
work to date studying microemulsions used oails, surfactants and cosurfactants unsuitable for
food applications and there are very few avalable examples of microemulson systems for
this purpose. In order to make these systems , it is necessary to formulate such systems
usng nontoxic and safe ingredients. The problem is how to prepare microemulsons with
harmless ails, surfactants, and cosurfactants for possible gpplicationsin food products.

The present invedtigation amed to prepare microemulsons by using inexpensve and
suitable components for food gpplications. The microemulsions can be used as medium for
water and oil soluble nutrients because they contain both agueous phase and oil phase.
Curcumin is very important since it can be used as anticarcinogenic, natural food colorant
and antioxidant. Curcumin is insoluble in water and sendtive towards. For these reasons this
sudy caried out dso to invedtigate the ability of these microemulsons for solubility of
curcumin and to dudy the gdability of curcumin solubilized in them agang light during
storage, making stress on the following items :

- The preparation of various microemulson systems.

- The determination of curcumin solubility in these sysems.

- Swudy the dgability of curcumin solubilized in these microemulsons agang light by
determination the effect of UV light and norma dectric light on its color shede during
storage.
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4 Materials and Methods

4.1 Materials

4.1.1 Chemicals used in microemulsion preparation
The chemicds generdly used in the preparation of microemulsions are four: surfactant,

cosurfactant, oil and water. The microemulsions are formed mainly by using at leaest three
components an oil, awater and a surfactant. Surfactants are necessary for the solubility of
water in ail, forming therefore amicroemulsion. Some surfactants are more solublein oil
than in water or vice versa, in which case the addition of a cosurfactant can assst the

obtaition of abaanced microemulson.

4.1.1.1 Surfactants

It is wdl known that oils are insoluble in weater. Surfactant or mixture of surfactant and
cosurfactant are usudly located a the surface separating two immiscible liquids for the
dability of the mutua disperson [Bourrd and Schechter, 1988]. A surfactant phase with a
bicontinuous dructure congsts of interwined water and oil lamdlae separated by a
aurfectant layer with low or zero curvaure, hence it has the highet mutud solubility
between oil and water [Sonesson et al., 1991]. Surfactants are nonionic, ionic or cationic.
All surfactants used in this study were nonionic, because as reported by Codtantinides the
nonionic surfactants are known to be less affected by pH and ionic dregth changes
[Cogtantinides and Yiv, 1995] and some data have observed that nonionic surfactants offer
the advantage of a high chemicd gability [Hofland et al., 1994]. Microemulsions stabilized
by nonionic surfactants may need no cosurfactants [Aboofazdli et al., 1994].

Three types of surfactants were used: lecithin, monoolein and Tween20. These surfactants
were selected because they are safe for food uses and with the exception of Tween20, the
acceptable dally inteke (ADI) is not limited. Moreover, they are inexpensve and available
compared to other surfactants.
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4.1.1.1.1 Lecithin

Phogphatidylcholine is a naurdly occurring  emulsfier  excdlent in teems  of
biodegradability and human safety [Ishii et al., 1990]. In this study 3sn-phosphatidylcholine
(lecithin) from soybean contaning 40% phosphatidylcholine was used as surfactant to
prepare the microemulsions. It was purchased from Fluka and was used as received.
Aboofazdli and Lawrence [1994] have invedigated the influence of purity of lecithin on
producing balanced microemulsons and they noted that the differences between grades of
lecithin are condderably littile Therefore, it is not unreasonable to use lecithin containing
40% phosphatidylcholine to prepare food microemulsons where it is commercidly

avallable and inexpengve.

4.1.1.1.2 Tween 20

Tween 20 (Polyoxyethylen-sorbitan-monolaurat) was obtianed from Fluka It was selected
because it can be used in food products with acceptable daily intake (ADI) 10 mg/k. It dso
has a high ability for solubility of agueous phas in peppermint oil to prepare trangparent
microemulsion without a cosurfactant. In addition it is able to dissolve curcumin which is

used as naturd coloring materid, easily available and economical.

4.1.1.1.3 Monoolein

Monoglycerides are nonionic  surfactants widdy used as emulsfiers in the food and
pharmaceutical industries [Holmberg and Osterberg 1988]. DL-? -Monoolein (Glycerin-1-
monooleate) used in this work, conssts of 38-40% diglyceride, 16-18% triglyceride and 4
5% free glyceral in addition to the essentall component (mono-olein). It was purchased from
Fluka. Its Sdection was due to the suitability of its uses in food, its low cost and could be
used both as surfactant and as ail.

4.1.1.2 Qils

The oils used in this dudy were vegetable oils such as peppermint, soybean, peanut and
rapeseed oil. As reported by Winkler [1992], oils obtained from natura sources and their
derivatives, eg. triglycerides, are eadly degraded by microorganisms and are consderd to
be harmless to the environment. Such microemulson sysems containing these oils are but
infrequently published in the literature [Paul and Moulik 1991]. Triglycerides are preferred
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as they have been used in intraveous fa emulsons for more than 20 years and are therefore
well characterized from the toxicological aspect [[Daviset al., 1983].

4.1.1.2.1 Pepper mint ail

This all is extracted from Menthe piperta L, plant and it was purchased from Fluka This is
a specid oil due to its contents of 30-40% menthol, 15-32% menthone and 3 10% menthyl
acetate. It was sdected for this work because due to its effectivness in microemulsion
preparation by usng lecithin or Tween20 as surfactants without or with cosurfactants. It
could used peppermint oil adone or mixed with a common edible ail as lipophilic phase. In
addition, it quickens the solubility of lecithin in edible oils where the lecithin solubility is
veay difficult.

4.1.1.2.2 Edibleails

Edible oils which used in this work are soybean, peanut and rgpeseed oil which were
purchased from Fluka. Soybean oil contains 41% saturated and 84% unsaturated fatty acids,
peanut oil 17% saturated and 83% unsaturated fatty acids, and rapeseed oil 7% saturated and
92% unsaturated fatty acids. These oils are a suitable oil phase in microemulsons for food
goplications. Microemulsons containing these oils are important and interesting where there

isademand for environmentally more acceptable formulations.

4.1.1.3 Cosurfactants

The most commonly used cosurfectants are smple low molecular weight acohols. To data,
however, very little work has investigated the use of other cosurfactants. The presence of the
cosurfactant in the interfacid region causes the dedruction of the liquid crystdline phase
(that prevents the formation of microemulsion) thereby adlowing the production of baanced
microemulsons [Aboofazdi et al., 1994]. Alkanols as cosurfactants dissolve mainly in the
interfacia film and thereby, change its properties. Hitherto, two models have been proposed.
The firda mode is based on the “wedge modd” suggested first by Langmuir [1916] who
assumed that the interfacid layer possesses a naturd curvature. On the bads of this modd,
Mitchel and Ninham [1981] assumed adkanol molecules to intrude the interfacia layer
thereby, changing its curvature. In the second mode, proposed by De Gennes and Toupin
[1982]. It is suggested that the adkanol molecules adsorb preferentidly a the region of
srong curvature of the interfacid layer, thereby reducing its rigidity [Kahlweit et al., 1995].
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The role of cosurfactant together with the surfactant is to lower the interfacid tenson down
to a very smdl even transet negdive vaue a which the inteface would expand to make
fine dispersed droplets, and subsequently adsorb more surfactant and surfactant/cosurfactant
until their bulk condition is depleted enough to make interfacid tenson pogtive again. This
process known as “gpontaneous emuldfication” forms the microemulson [Kunieda et al.,
1988]. In the production of a baanced lecithin microemulson, the cosurfactant has an
additiond role in that it can dso act to lower the tendency of lecithin to form a highly rigid
film [Binkset al., 1989].

Ethanol

Absolute ethanol was obtained from Merck. It was used in this work as cosurfactant to
prepare  microemulsons in paticular by usng lecthin or monoolen as surfactant. In
addition, udng it assgs the solubility of lecithin in edible oils. It is known dcohals, in
generd, are unsuitable for food uses, but usng a few amount (about 5%) of ethanol in food
products is acceptable [Osborne et al., 1991].

4.1.1.4 Water
Water was used after double dedtillation because the hard water may to be difficult in the

preparation of microemulsons. Water was used as agueous phase to form mogt
microemulsion systems.

4.1.2 Other Chemicals

4.1.2.1 Curcumin

Curcumin was used in this dudy as naurd coloring materid for the determinaion of its
solubility in microemulsons and dability of curcumin solubilized in these microemulsons
againg light. Curcumin was supplied by Dr. Marcus GmbH.

4.1.2.2 Sodium chloride, Sucrose and Citric acid
These chemicas were obtained from Merck and were used as dectrolyte to determine the
effect of them on the preparatiion of microemulsons and adso their effect on the solubility
and ability of curcumin dissolved in microemulsions.

All the chemicas were used as received.
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4.1.3 Equipmentsand I nstruments
4.1.3.1 Lamps

4.1.3.1.1 Normal electric lamp
Type: dite, q 528, 100 W, 230 V. This lamp was used to give a amilar light at dl times for
the samples stored under light and to know the effect of light on the curcumin dissolved in

microemulsions durnig storage.

4.1.3.1.2 Ultraviolet (UV) lamp
Luminous dement: OSRAM Dulux L; 24 W / 41. Thislamp was used to give Ultraviolet
light for the samples stored in order to determine the Stability of curcumin solubilized in

microemulsons.

4.1.3.2 Color Measuring Instrument

Minolta Chroma-Meter CR-310.

Type Remmissons-color messuring ingrument after three scales-processes for object
colors.

Measuring recaver: 6 dglizium-photodiodes (two flash processes) filtered for the primary
color sengtivy vaues of green, red and blau light.

Light saurce: Xenont-flash tube (PXA).

Measuring fidd ? : 50 mm.

This ingrument was used in this sudy to measure the color shade of curcumin solubilized in

microemulsions before and after orage under various light fields.

4.1.3.3 PH-Meter

Type: Knick, pH-Meter 765 Cdimatic

It was used to measure pH-vaue of prepared microemulsions to know the effect of pH-vaue
on the gability of curcumin.
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4.1.3.5Vortex mixer
Type: IKAMAG REO

It was used to shake the mixtures during the prepration of microemulsons. This mixer work
by usng a dectric magnetic Vortex. Another type of mixer (JANKE & KUNKEL, IKA-
L abortechnik, VF2) was used to shake the test tube during the solubility of curcumin.

4.2. Methods

4.2.1 Preparation of Microemulsions

Microemulsions were prepared in three systems defined on the basis of surfactant type:
?? Ledthin-microemulson

?? Monoolein-microemulson

?7? Tween20-microemulson.

4.2.1.1 L ecithin-microemulsion

Ledthinrmicroemulson was prepaed by usng edther peppermint ol or mixture of
peppermint and an edible ol as lipophilic phase and water as agueous phase without or with
ethanol as cosurfactant. In case of lecithin-microemulson contaning peppermint ol and
water, a three ratio of peppermint oil and lecithin were used (1.1, 2.1 or 3:1). A mass of 10g
of lecithin was weighed in a 250 ml besker and the appropriate amount of peppermint oil
(10, 20 or 30g) was added to it. In case of using ethanol, various percentages (2, 4, 6, 8 or
10%) were separately added to lecithin and oil mixture. The besker was then closed and
dlowed to gtand overnight to dissolve the lecithin in oil. To reduce or shorten the time of
lecithin dissolution in ail, the Vortex mixer can be used to shake the mixture. The use of
gthanol ds0 asdds in mixture time reduction. After dissolving lecithin in ail, the mixture
was titrated with water by usng a 10 ml syringe equipped with an injection needle (to
control the amount of added water) until onset of turbidity. The mixture was sheken after
each addition of water for a short time (about 1 min) by hand or by usng a Vortex mixer.
The amount of water which is used to prepare the microemulson was determined by
weighing before and after the titration. The experiment was carried out a room temperature
(20 ? 2 °C). Since only the single phase microemulsion region was of important no atempt

was made to obtain the other phases.
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Ledthin-microemulson containing peppermint oil mixed with an edible oil was prepared a
three ratios of peppermint oil, edible oil (soybean, peanut or rapeseed oil) and lecithin
(1:1:2, 1:1:1 or 1:2:1). In this case, the gppropriate amount of lecithin (10g) was weighed in
a 250 ml besker and a fixed amount of peppermint oil (59 in case of ratio 1:1:2 or 10g in
case of ratio 1:1:1 and 1:2:1) was added. An amount of edible oil (59 in case of ratio 1:1:2
or 10g in case of ratio 1:1:1 and 1:2:1) was then added to the mixture of peppermint oil and
lecithin. In case of usng ethanol an appropriate percentage (2, 4, 6, 8, 10, 12 or 14% by
weight) was added in this stage. Since lecithin does not easily dissolve in edible oils, and
the prepration of microemulsons by using these compounds with lecithin was difficult, the
addition of peppermint oil with the proper ratio was important. Moreover, using peppermint
ol favours the dissolution of lecithin, likewise is the use of ethandl. In addition, usng either
peppermint oil or ethanol increase the fluidity of the mixture and reduces the production of
foam during the addition of water to lecithin. After incorporating peppermint oil, edible oil
and lecithin in the proper ratio (1.2, 1:1:1 or 1:2:1) without or with ethanol, the besker was
closed and dlowed overnight or shaken by usng a Vortex mixer for about 2 hours to
dissolve the lecithin in cil. The mixture was then titrated with water by usng a 10 mi
gyringe equipped with an injection needle until the onst of trubidity. The mixture was
shaken for a short time (about 2 min) by the hand or by usng a Vortex mixer after each
addition of water. The amount of water required to prepare a trangparent microemulsion was
determined by weighing before and after titration.

4.2.1.2 Monoolein-microemulsions

Monoolein-microemulson sysems could not be produced by usng monoolein done or
mixed with soybean ail, but the addition of ethanol as cosurfactant is necessary to solubilize
the water for the preparation of a transparent and stable solution. Using Tween20 dso as
another surfactant was agpplicable for water solubility in monoolein aone without soybean
oil. In case of usng monoolein done as surfactant and as oil, an amount of 10g was weighed
in a 250 ml besker and different percentages of ethanol (4, 8, 12, 16% by weight) were
sgngly added to the monoolein. The mixture was then titrated with water by using a syringe
equipped with an injection needle and the titration was continued as long as the mixture was
trangparent. The mixture was sheken for a sufficiently long time after eech titration by a
Vortex mixer to solubilize the water. The amount of water was determined by weighing the

besker before and after titration. In case of using soybean ail, a fixed amount (5g) was added
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to a fixed amount of monoolein (5g) and the different pecentages of ethanol (4, 8, 12 or
16%) were then added. The mixture of monoolein, soybean oil and ethanol was titrated with
water by using asyringe until trubidity gppearance.

The mixture was shaken after each titration of water by hand or by usng a Vortex mixer for
a sufficient time (about 1 min.). When usng Tween20 with monoolein, a desred amount of
monoolein (5g) was taken in a 250 ml besker and a same amount of Tween20 was added.
The mixture was titrated with water by usng a syringe until the gppearance of trubidity. The
mixture was shaken dafter each addition of water for a short time and the maximum amount
of water required to form a transparent and stable mixture was determined by weighing the
mixture before and &fter the titration with water. The use of ethanol with the mixture of
monoolein and Tween20 lead to the increase of water solubility, in this case, different
percentages of ethanol (4, 8, 12 or 16%) were added to the mixture containing 5g of

monoolein and 5g of Tween20 and the titration was done with water.

4.2.1.4 Tween20-microemulsions

Tween20-microemulsions were prepared by usng peppermint il as lipophilic phase and
water or an aqueous solution of 20% of either NaCl, sucrose or citric acid. The ratios of
peppermint oil and Tween20 used in the preparation of micremulsonswere 11, 1.2, 1.3,
1:4, or 1:5. The agueous solution of NaCl, sucrose or citrc acid was prepared by dissolving
20g of the solid substance in 80g weter.

A known weight of peppermint oil (10g) was weighed in a 250 ml besker and different
amounts of Tween20 (10, 20, 30, 40, or 50g) were separately added to make the proper ratio
of peppermint oil and Tween20. The mixture of peppermint oil and Tween 20 was then
titrated with water or with an agueous solution which was prepared previoudy and the
titration was continued until production of trangparent microemulson with a maximum
amount of water or agueous solution and before the appearance of trubidity. It is to be
emphasized that there is a firg trubidity followed by a phase of clearness and then a next
trubidity. The mixture was shaken after each addition of agueous phase for a short time by
usng a Vortex mixer. The amount of agueous solution required to prepare microemulsion
was caculated by the difference between the weight of the mixture before and after titration.
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4.2.2 Solubility of Curcumin

Solubility of curcumin in this reseach means the maximum amount of curcumin dissolved in
the dissolution medium without sediment.

4.2.2.1 Solubility in solvents

Curcumin (1 mg) was added to a test tube with 10g of solvent ( water, ethanol, Tween20,
peppermint  oil, soybean ail,...etc). Curcumin weght was gradudly increased under
vigorous shaking effect of a Vortex shaker after each addition for a long time to dissolve the
curcumin. The addition of curcumin was continued until the agppearance of undissolved
curcumin in the bottom of the test tube. The amount of dissolved curcumin was quantified
by subtracting the weight of dissolution medium before the addition of curcumin from its
weight after dissolving the curcumin.

4.2.2.2 Solubility in mixtur es befor e aqueous phase addition

In this case, a stock solution of ail, peppermint oil aone or mixed with soybean, peanut, or
rapeseed oil and a surfactant such as lecithin or Tween20 at the gppropriate weight ratio was
prepared. This stock solution was used ether done or mixed with a known weght of
ethanol. Also, a gock solution of agueous phase, either water or an agueous solution of 20%
NaCl, sucrose or citric acid and Tween20 was prepared. In al cases, a certain amount of the
prepared stock solution (10g) was weighed into a test tube and then an a little amount of
curcumin (1 mg) was added as described previoudy.

4.2.2.3 Solubility in microemulsions

Firg the microemulson systems were prepared in a 250 ml besker by using a fixed ratio of
oil, surfactant, cosurfactant (if used) and various contents of agueous phase. A certain
weight of microemulson system (10g) was teken in a test tube and a little weight of
curcumin (1Img) was then added and the dissolution was caried out as previous. The
disolved amount of curcumin was edimaed by difference between the weght of
microemulsion before and after the dissolving of curcumin.

Note : All procedures for prepratiion of microemulsons and solubilization of curcumin were
carried out a room temperature (20°C + 2°C) dso were perfomed with three repetitions and
the average was ca culated.
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4.2.3 Deter mination of the pH-value

After the dissolution of curcumin in the microemulsion, 5 g was taken from each sample in a

test tube to measure the pH-vaue by usng pH-Meter.

4.2.4 Light stability of curcumin

Sability of curcumin solubilized in microemulson againg light was determined in this work
according to the change of color shade (h°) during storage under UV lamp, norma eectric
lamp or in the darkness.

The description of color by the use of the wavdength done is unrdiable because this
method gives insuficient informations. Part of the spectrum cannot be completely absorbed
and the rest is scattered or reflexed [Breitmaer and Jung 1983]. Severd systems were
developed for the precise determination of colors.

The L* & b* system describs the color by using of three dimensona coordinate systems.
The color shade (h°) can be determined from & b*-vaues according to the following
equetion:

h° = arctan (b* / a) 4.0

The L*-vaue indicates the lightness and it forms athird virticd axisto & and b* axis.
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Figure (4.1) showsthe a and b* of color dab for the L* a* b*-system.
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4.2.4.1 Determination of the color shade

The color shade of curcumin was measured by using the Color Measuring Instrument (L* &
b*-sysem) according to the above mentioned equation (4.1). The preparation of
microemulson systems was caried out as previous method which was described in section
preparation of microemulsions, with exception, the agueous phase content here was fixed.
Such content was 3% in case of lecithin- and monoolein-microemulsion, but in case of
Tween20-microemulsions, the agueous phase content was 11% or 54.5% in ratio 1:1 or 1:4
of peppermint oil and Tween20 respectivdly. When usng the ethanol with the
microemulsons basad lecithin, the content was 5%, and with the monoolein-microemulson
containing monoolein ether done, mixed with soybean oil or mixed with Tween20, the
ethanol content was 10%.

The solubilizetion of curcumin was pefomed as described method in section solubility of
curcumin in microemulsons with exception the curcumin content here was fixed (0.2% in
case of monoolein-microemulsions and 0.4% in other microemulsions

After that, each sample was divided into three pats in a smdl petri dishes each one
containing about 6 g and then the color shade (h®) was measured by using Color Messuring
Instrument before storage of the samples (Zero time).

The first pat of petri dishs was dored in the dark place and was tightly covered with
auminum sedsfor 60 days.

The second part was placed under norma dectric lamp (100 W) for 60 days

The third was kept under UV lamp (OSRAM Dulux L; 24 W/41) for 30 days.

The places for the second and third parts were equipped with vintilator to remove the warm
ar by the lampsto avoid generated temperatures increase during storage.

The samples were withdrawn to measure the color shade of curcumin solubilized in
microemulsons a gradudly increased intervals. The measurments of curcumin color shede
were carried out by usng Color Measuring Instrument which gives three vaues L*, & and
b* and from & and b* vaues the color shade can be caculated acorrding to the above
equation (4.1). The petri dishes were covered with their covers during storage and during
measuring of hue moreover, they were aso covered with additional black cover during the

measurment processing.
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The resultant vaue indicates the color of sample such as the range from 105 to 95 means
dight ydlow, from 95 to 80 is ydlow, from 80 to 70 indicate orange, from 70 to 60 is dight
red, and from 60 to 45 is deep red as shows in color dab (Figure 4.1). The vaues of color
shade for the samplesin this study ranged from 105 to 45.

Concerning the control was sdected two mediums for this reason , the first was prepared by
usng the ethanol diluted with water a 4:1 then the curcumin was olubilized in this medium
ather at ratio 0.4% and it was used with lecithin-microemulsions or at ratio 0.2% and it was
used with monoolen-microemulsons. The second medium of control was prepared by using
Tween 20 diluted with weter at ratio 1:1 and the curcumin was solubilized at ratio 0.4%and

it was used with Tween20-microemulsons.
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5 Resaults

Microemulsions were prepared in three systems defined on basis the type of the surfactant.
The fird sysem is lecithin microemulsons which prepared as the following content
formulaions. lecithin/pepperment  oil/water or  lecithin/peppermint  oil/an  edible oil/\weter
without or with ethanol in ether cases

The scond is monoolein  microemulsons which prepared as the following content
formulations: monoolein'water/ethanol, monoolein/soybean  oil/water/ethanol  or  monooleiry
Tween20/water without or with ethanol.

The third is Tween20 microemulsons which prepared by the following content
formulations: Tween20/pepperment  oil/water or  Tween20/peppermint  cil/an  agueous
solution 20% of NaCl, sucrose or citric acid.

Solubility of curcumin was determined in solvents which used in the prepration of
microemulsons and aso in the prepared microemulsons. Stability of curcumin dissolved in
microemulson sysems agang light was determined as the change in its color shade (h°)
during storage under UV-light, norma dectric light or in darkness a room temperature for
30 day in case of UV-light or 60 daysin other cases.

5.1 Preparation of microemulsions

5.1.1 L ecithin/peppermint oil microemulsions

Figure (5.1) shows tha microemulson can be prepared by usng peppermint ail, lecithin
(with various ratio; 1:1, 2.1 and 3:1) and water without or with ethanol. In case of the system
free ethanol, maximum amount of water required to prepare microemulson was 9, 15 and
11 in three various reaios of peppermint oil/lecithin respectively. In case of the system
prepared with ethanol, maximum amount of water increesed when using raio 1.1 of
peppermint oil and lecithin where was 18% by using 4% of ethanol after that the maximum
water decreased with increesng the ethanol. On the other hand, the maximum water
decreased in case of ratios 221 and 3:1 of peppermint oil and lecithin with increesing the
ethanol. The highest amount of water was obtained by usng raio 1.1 of peppermint ol :
lecithin (4% of ethanal), while the lowest amount of water was obtained by using ratio 3:1
of peppermint ail : lecithin
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Figure 5.1 Optimum amount of water to prepare microemulsion by using peppermint oil (Pe), lecithin (Le)
without or with ethanol

5.1.2 L ecithin/pepper mint/soybean oil microemulsions

It should be noted from figure 5.2 that microemulson was prepared by usng water,
peppermint oil mixed with soybean oil and lecithin with or without ethanol as cosurfactant.
The water content was relatively smdl in the system free ethanol. On the other hand, when
using ethanol the water content increased at first with increasing the ethanol content in three
ratios of peppermint oil/soybean oil/lecithin, after that decreased, where it reached 23%, in
case of raio 1:1:2 and usng 12% of ethanol, and 17% in case of ratio 1:1:1 and using 6% of
ethanol and 12% in ratio 1:2:1 and using 8% of ethanol after that decreased. It should be
adso shown that the highest water content was by using ratio 1:1:2 and the lowest content
was by usng raio 1:21 of peppermint oil/soybean oail/lecithin e@ther with or without

O Pe:So:Le(1:1:2)
Pe:So:Le(1:1:1)
Pe:So:Le(1:2:1)

Water %

0 2 4 6 8 10 12 14
Ethanol %

ethanol.

Figure 5.2 Optimum amount of water to prepare microemulsion by using peppermint oil (Pe), soybean oil (So)
and lecithin (Le) without or with ethanal.
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5.1.3 L ecithin/pepper mint oil/peanut oil microemulsions

From the results given in figure 53 shows that the water content required to prepare
microemulson without ethanol was smdl in case of raios 1:1:1 and 1:2:1 of peppermint
oil/peanut oil/lecithin, and it was somewhat higher in case of ratio 1:1:2. On the other hand,
by usng ethanol the water content increased at the firg with increasing the ethanol where
the maximum contents of water were 20%, 14% and 13% in case of ratio 1:1:2, 1:1:1 and
1:2:1, by usng 12%, 10%and 6% respectively, after that they decreased with increasing the
ethanal.

25

20 A

O Pe:Pn:Le(1:1:2)
Pe:Pn:Le(1:1:1)
Pe:Pn:Le(1:2:1)

15 1

Water %

10 1

0 2 4 6 8 10 12 14
Ethanol %

Figure 5.3 optimum amount of water to prepare microemulsion by using peppermint oil (Pe), peanut oil (Pn)
and lecithin (Le) without or with ethanol.

5.1.4 L ecithin/pepper mint oil/rapeseed oil microemulsions

The microemulsion could be prepared by using peppermint oil combined with rapeseed oil
as lipophilic phase, water and lecithin with or without ethanol as cosurfactant. The water
contents by using three raios of peppermint oil, rgpeseed oil and lecithin (1:1:2, 1:1:1 and
1:2:1) with or without ethanol were illustrated in figure 5.4. It should be observed that the
water content in sysem free ethanol was smdler in case of ratio 1:2:1 than that in other
raios. By usng ethanol, the water content increased a the firdt, after that decreased with
increasing the ethanol in dl ratios of peppermint oil/rapeseed ail/lecithin. It should be noted
aso that the maximum content of water was obtained by usng ratio 1:1:2 and by using 12%
of ethanol. While the maximum contents in raios 1:1:1 and 1:221 were obtaned by usng
10% and 14% of ethanol respectively.
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Figure 54 Optimum amount of water to prepare microemulsion by usng peppermint oil
(Pe), rapeseed ail (Rp) and lecithin (Le) without or with ethanol.

5.1.5 Monoolaein microemulsions

The data given in figure 55 indicated that the trangparent microemulson can be produced
by usng water, monoolein and ethanol. It can be dso produced when mixing the monoolein
with soybean oil or Tween20 at ratio 1:1 and ethanol. It should be noted that in case of
mixing monoolein with Tween20, the microemulson can prepared without ethanol but in
other cases the addition d ethanol was necessary. The optimum amount of water required to
prepare microemulson was markedly higher in case of usng Tween20 than that in case of
usng monoolein done or mixed with soybean oil, however in case of usng soybean ail it
was the lowest one.

30

25 1
20 A
X OMo and Tw
ET_-I 15 4 E Mo and Eth
g Mo and So
10 A
5 -4
0 .
0 4 6 8 10 12 14 16

Ethanol %
Figure 55 Optimum amount of water to prepare microemulson by usng ethanol (Eth) and
monoolein (Mo) aone, mixed with soybean oil (So) or Tween20 (Tw) at ratio 1:1.
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From this figure shows adso tha the maximum amount of water increased with incressing
the ethanol in dl sysems but this increment was remarkable in case of usng Tween20,
likewise a the firgt the increment was higher than that after addition 12% of ethanal.

5.1.6 Tween20 microemulsios

The microemulsions could be prepared by using peppermint oil, Tween 20 as surfactant and
an agueous solution without cosurfactant as shown in figure 5.6. The agueous solutions
which used were water, sucrose 20%, NaCl 20% and citric acid 20 %. It should be noted
adso that the microemulson prepared by usng various ratios of peppermint oil and Tween
20. The agueous solution content increased strongly with increasing of Tween20 and the
highest content of agueous solution was obtained in case of sucrose solution, while the
lowest content was obtained when using of NaCl 20% as aqueous solution and in case of
water or citric acid the agueous solution was gpproximatly smilar. The differences of

aqueous solution content between dl cases of using agueous solution were small.
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Figure 56 Optimum amount of agueous solution to prepare microemulson by using
peppermint oil (Pe) and Tween20 (Tw) a various ratios. NaCl=sodium chlorid, Suc=sucrose

and C.a=citric solution 20%.
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5.2 Solubility of Curcumin

5.2.1 Curcumin solubility in solvents

The solubility of curcumin in each solvent used to prepare the microemulson systems
(water, peppermint oil, soybean oil, peanut oil, rapeseed oil, ethanol, monoolein and
Tween20) was presented in table 5.1. From data in this table it can be showed that curcumin
could not be dissolved in the water, and aqueous solutions of 20% NaCl, sucrose and citric
acid. In case of soybean, peanut or rgpeseed ail it dissolved dightly where the solubility was
0.02% in these oils. The solubility of curcumin was more in case of peppermint ail, ethanol
and monoolein than that in previous components but the maximized solubilizetion was

achieved in case of Tween 20, whereit reached 6 %.

Table 5.1 Solubility of Curcuminin solvents used to produce the microemulsions

Component  water So Pn Rp NaCl Suc Ca FEth Pe Mo Tw20

cucumn% 000 0.02 0.02 0.02 000 000 000 045 055 025 6.00

So=soybean oil, Pn=peanut oil, Rp=raps oil, Suc=sucrose solution 20%, C.a=citric acid solution 20%, Eth=

ethanol, Pe=peppermint oil, Mo=monoolein and Tw20=Tween 20.
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5.2.4 Solubility of curcumin in microemulsions

5.2.2.1 Curcumin solubility in lecithin/pepper mint oil microemulsions

From the reallts in figures 57 and 58 shows tha the solubility of curcumin in
lecithin/peppermint oil/water (without or with ethanol) microemulsons ranged between 1.2
and 06. The solubility in case of ratio 2:1of peppermint ol and lecithin was somewhat
higher than those in other ratios and when usng ethanol the solubility was dightly higher
than that without ethanol. From the same figures can be noted that the solubility of curcumin
decreased gradually with increasing the water content.

1,2
1,1 4
1

Pe:Le(1:1)

0,9 A Pe:Le(2:1)
0,8 - O Pe:Le(3:1)
0,7 A
I
0,5 - T T T T

2 4 6 8

0

Curcumin %

Water %
Figure 5.7: Effect of water content on the solubility of curcumin in peppermint oil (Pe)/lecithin (Le)

microemulsions without ethanol .
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0 2 | 4 6 8

Water %
Figure 5.8: Effect of water content on the solubility of curcumin in peppermint oil (Pe)/lecithin (Le)
microemulsions with 5% ethanol.
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5.2.2.2 Solubility in lecithin/pepper mint oil/soybean oil microemulsions

The reaults in figures 59 and 510 indicaed that the solubility of curcumin in
microemulsions containing water, peppermint oil, soybean oil and lecithin without or with
ethanol ranged between 0.6 and 0.3%. In case of microemulsons prepared without ethanol
the solubility firdly increesed and no more increase with increesing the water content until
2% @after that decreased in case of ratios 1:1:2 and 1:1:1 of peppermint, soybean and lecithin
but in case of ratio 1:2:1 the solubility remained the same with increasing the water content.
On the other hand, when using of ethanol the solubility of curcumin increased with addition
of 2% water and no change with increasng the water content in case of ratio 1:1:2 of
peppermint oil, soybean oil and lecithin, while in case d ratios 1:1:1 and 1:2:1 the solubility
was dable with addition of 2% water and then decreased with increasing the water content.
From figure 5.9 can be observed that the solubility of curcumin was higher in case of ratio
1:1:2 than those in case of ratios 1:1:1 and 1:2:1.

0,65

0,6
0,55 A

0,5 Pe:So:Le(1:1:2)
0,45 A Pe:So:Le(1:1:1)

0,4 1 O Pe:So:Le(1:2:1)
0,35 1

0,3
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0,2 T T T T

0 1 2 3

Water %

Curcumin %

Figure 5.9 Effect of water content on the solubility of curcumin in peppermint oil (Pe)/soybean oil (So)/lecithin

(Le) microemulsions without ethanol.
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Curcumin %
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Figure 5.10 Effect of water content on the solubility of curcumin in peppermint oil (Pe)/soybean oil

(So)/lecithin microemulsions with 5% ethanal.

5.2.2.3 Solubility in lecithin/pepper mint oil/peanut oil microemulsions
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The results illugrated in figures 511 and 5.12 showed that the solubility of curcumin in
microemulsons containing water, peppermint oil, peanut oil and lecithin without or with
ethanol ranged between 0.6 and 0.4%. In case of microemulsons prepared without ethanol
the solubility increased with addition of 1% water and no more increase with increasing the
water content to 2% after that decreased especidly in case of ratios 1:1:1 and 1:2:1 of
peppermint oil, peanut oil and lecithin, while in case of ratio 1:1:2 the solubility decreased
with addition 1% of water and stabilized with increasing the weater content.

0,65
0,6 T
i 0,55 Pe:Pn:Le(1:1:2)
€ 05 Pe:Pn:Le(1:1:1)
§ 0,45 A O Pe:Pn:Le(1:2:1)
3 041
0,35 1
0,3 - T T
0 1 2 3

Water %
Figure 5.11 Effect of water content on the solubility of curcumin in peppermint oil (Pe)/peanut oil (Pn)/lecithin
(Le) microemulsions without ethanal.
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Pe:Pn:Le(1:1:1)
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Curcumin %
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Figure 5.12 Effect of water content on the solubility of curcumin in peppermint oil (Pe)/peanut oil (Pn)/lecithin
(Le) with 5% ethanol.

On the other hand, when usng ethanol, the solubility of curcumin in case of ratio 1:1:2

increased when addition of 2% water and then decreased with increasing the water. In case
of ratios 1:.1:1 and 1:2:1 as shows in figure 5.12.
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5.2.2.4 Solubility in lecithin/pepper mint oil/rapeseed oil microemulsions

As shows in figures 513 and 5.14 the solubility of curcumin in these sysems ranged
between 0.6 and 0.3. From figure 5.13 gpparent that, in case of no using ethanol the
olubility in case of ratioes 1:1:1 and 1:2:1 of peppermint oil, rapeseed oil and lecithin was
dable after addition 1% water then decreased gradualy with incressng the water.
Revershle results were found in case of ratio 1:1:2 where the solubility somewhat increased
with incressng the water. On the other hand, when using the ethanol and ratio 1:1:1 and
1:2:1(peppepmint oil/rapeseed ail/lecithin) the solubility decreased  after addition the water
until reached the water content to 4% after that it stabilized with incressing the water to 6%
as to be seen in figure 5.14. In case of ratio 1:1:2 the solubility decreased after addition of
2% water and the reduction continued with increesing the water content as shows in the
samefigure.
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0 1 Water % 2 3

Figure 5.13 Effect of water content on the solubility of curcumin in peppermint oil (Pe)/rapeseed oil
(Rp)/lecithin (L€e) microemul sions without ethanal.
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Figure 5.14: Effect of water content on the solubility of curcumin in peppermint oil (Pe)/rapeseed oil
(Rp)/lecithin with 5% ethanol.
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5.2.2.5 Solubility in monoolein microemulsions

Fgure 515 showed tha the solubility of curcumin in microemulsons containing monoolein
and 10% ethanol or monoolein mixed with soybean oil a ratio 1:1 and 10% ethanol was
rdativdy smdl where it ranged between 0.35 and 0.2, and in case of mixing soybean ail
with the monoolein the solubility was lower than that in case of monoolein without Soybean

all.
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Figure 5.15 Effect of water content on the solubility of curcumin in monoolein microemulsions. monoolein

(Mo)/ethanol (Eth), monoolein (Mo)/soybean oil (So)/ethanol (Eth)and monoolein (Mo)/Tween20 (Tw).

On the other hand, in case of system prepared by using monoolein and Tween20 at ratio 1:1
was condderibly great in comparing to that in case of monoolein ether done or mixed with
soybean oil where ranged between 2.8% and 2.3%. The same figure shoued that the
solubility decreased gradudly with increasing the water content in dl systems.

5.2.4.6 Solubility in peppermint oil/Tween20 (1:1) microemulsions

The results presented in figure 5.16 indicated tha the solubility of curcumin in
microemulson containing peppermint oil, Tween 20 & raio 1:1 and water, sodium chlorid
20%, sucrose 20% or citric acid solution 20% was high in comparing with previous systems

of microemulsions, whereit ranged between 3.5 and 2.5%.
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The same figure indicated that the solubility was highest in case of ditric acid solution while
it was lowest in case of water. Apparent dso from this figure that the solubility decreased
dightly after addition of 2% agueous solution and with increesing the agueous solution it
decreased gradudly.
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Figure 5.16: Effect of agueous solution content on the solubility of curcumin in peppermint oil/Tween20 (1:1)

microemulsions. NaCl=sodium chlorid, Suc=sucrose and C.a=citric acid solution 20%.

5.2.2.7 Solubility in peppermint oil/Tween20 (1:4) microemulsions

Microemulsons in this sysem were prepared by usng peppermint oil/Tween20 a ratio 1.4
and aqueous phase (water or 20% solution of NaCl, sucrose or citric acid). The results given
in figure 517 showed that the solubility of curcumin in this sysem was markedly high in
comparing with that in other prepared microemulsons, where the solubility in this case was
about 6% before addition the agueous solution and after addition of 5% aqueous solution
decreased to about 4%. It could be noted dso that the solubility of curcumin decreased

gradudly with incressing the agueous solution. The differences between the solublity of
curcumin in al cases of agqueous solution were smdl.
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Figure 5.17 Effect of aqueous solution content on the solubility of curcumin in peppermint oil/Tween20 (at

ratio 1:4) microemulsions. NaCl=sodium chlorid, Suc=sucrose and C.a=citric acid solution 20%.

5.3 Determination of pH value

The pH-vaue in microemulsons was measured and the data presented in table 5.2. From
this table it should be noted that the pH-vaue in MEs which prepared by usng peppermint
oil (or mixed of peppermint ol with an edible ail), lecithin and water ranged between 5.00
and 530 while in case of microemulsons contaning monoolein (or mixed of monoolen
with soybean oil), ethanol and water it was 6.56 (or 6.85). In case of microemulsions
containing peppermint oil, Tween20 at ratio 1:1 and water or sucrose solution the pH-vaue
was somewhat high where it was 7.8 or 7.4 respectivdly but in case of microemulsons
containing peppermint oil, Tween20 a ratio 1:4 and water or sucrose solution was 6.80.
From the same table gpparent that the pH-vaue in case of usng NaCl solution as aqueous
phase, peppermint oil and Tween20 either at ratio 1.1 or 1.4 was 6.50 or 6.20 while in case
of usng the citric acid solution as agueous phase to prepare microemulsons with
peppermint oil and Tween20 ether at ratio 1.1 or 1:4 the pH-vadue was smdl where it was
3.70 or 2.10.



Table 5.2 the pH-vaues of microemulsions
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System of microemulsons pH-vdue | Sysem of microemulsons pH-vaue
PeLe 1:1and water 5.30 Pe,Rp,Le 1:2:1 and water 5.00
Pe,Le 2:1 and water 5.26 Mo,Eth and water 6.56
PelLe 3:1 and water 5.20 Mo,So 1:1,Eth and water 6.85
Pe,So,Le 1:1:2 and water 5.30 Pe, Tw20 1:1 and water 7.80
Pe,So,Le 1:1:1 and water 5.27 Pe, Tw20 1.1 and NaCl 6.50
Pe,So,Le 1:2:1 and water 5.17 Pe, Tw20 1:1 and Suc 7.40
Pe,Pn,Le 1:1:2 and water 5.30 Pe,Tw20 1:1 and C.a 3.70
PePn,Le 1:1:1 and water 5.25 Pe, Tw20 1:4 and water 6.80
Pe,Pn,Le 1:2:1 and water 5.00 Pe, Tw20 1:4 and NaCl 6.20
Pe,Rp,Le 1:1:2 and water 5.30 Pe, Tw20 1:4 and Suc 6.80
PeRp,Le 1:1:1 and water 5.20 Pe,Tw20 1:4 and C.a 2.10
Pe=peppermint  oil, Le=lecithin, So=soybean oil, Pn=peanut oil, Mo=monoolen,

Tw20=Tween20, Eth=ethanol, NaCl=sodium chlorid, Suc=sucrose andC.a=citric acid
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5.4 Light stability of curcumin in microemulsons

Sability of curcumin solubilized in microemulsions agang light was determined according
to the change in color shade (h°) during storage the samples under UV light for 30 days, in
the darkness or under norma dectric light for 60 days. The color shade was measured by
using Measuring Color Instrument.

5.4.1 Light stability in lecithin/pepper mint oil microemulsions

Lecithin  microemulsons containing peppermint oil as lipophilic phase were prepared a
three ratios 1:1, 21 or 3:1 Of peppermint oil and lecithin, and 3% water without or with 5%
ethanol. An agueous solution 80% of ethanol was used as control. Curcumin was solubilized
in microemulson samples and in control a concentration 0.4%.The samples and control
containing curcumin were stored under UV light, in darkness or under normd dectric light
and the dability of curcumin was determined as the change in its color shade during the
storage.

5.4.1.1 Effect of UV light

Figures 5.18 and 5.19 shows that the changes in color shade of samples ether without or
with ethanol were very dight but in control the changes were reldively great where the color
shade decreased gradudly from 90 to 45. This Indicated that the color of curcumin
solubilized in the samples was dable (ydlow) while it in control changed from yelow to
red. Apparent from the same figures that the changes in color of curcumin solubilized in

microemulsons containing peppermint oil and lecithin at dl ratioswere smilar.

100 ~

90 A1

—O—Pe:Le (1:1)
—O—Pe:Le(2:1)
—4&—Pe:Le(3:1)

80 1
70 1

60 1 —X—Control

50 1

40 T T T T T T T T T T T 1
0 2 24 48 96 144 240 288 360 480 600 720

Time (Hours)

Figure 518 Changes in color shade of lecithin (Le)/peppermint oil (Pe) microemulsons
containing curcumin during storage under UV light.
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Figure 519 Changes in color shade of lecithin (Le)/peppermint oil (Pe)/5% ethanol
microemulsons containing curcumin during storage under UV light.

5.4.1.2 Effect of darkness
As showed in figures 520 and 5.21 the changes in hue of samples ather without or with

ethanol were unremarkable, but in case of control, these changes were smal where the color
shade decraesed from 90 to 82. These results shows that the color of curcumin solubilized in
control or in microemulsons stored in darkness was somewhat stable. It should be dso
noted that the changes in color shade were smilar in Al ratios of peppermint oil and lecithin
which used to prepare the microemulsion.
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— < [ —0—Peile(1:1)
90 1 —O0— Pe:Le(2:1)
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0 1 2 4 6 8 10 15 20 25 30 40 50 60
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Figure (5.20) Changes in color shade of lecithin (Le)/peppermint oil (Pe) microemulsons

Color shade

containing curcumin during storage in darkness.
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Figure (5.21) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/5% ethanol

microemulsons containing curcumin during storage in darkness.

5.4.1.3 Effect of normal electric light

The changes in color shade of samples in this case were very dight where it changed from
100 to 85 as in figures 5.22 and 5.23. These figures showed adso that the changes in lor
shade in case of control were higher than those in case of the samples. These results
indicated that the color of curcumin solubilized in microemulsons sored under normd
dectric light changed from dight ydlow to ydlow and in case of control from ydlow to

orange.
110
105 1
® 100 A —O— Pe:Le(1:1)
f_—-% 95 - —O—Pe:Le(2:1)
9 90 1 —— Pe:lLe(3:1)
<}
8 85 —>— Control
80 1
75 1
70

0 1 2 4 6 8 10 15 20 25 30 40 50 60
Time(days)
Figure (5.22) Changes in color shade of lecithin (Le)/peppermint oil (Pe) microemulsons
containing curcumin during storage under norma dectric light.
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Figure (5.23) Changes in color shade lecithin (Le)/peppermint oil (Pe)/5% ethanol

microemulsions and containing curcumin during storage under norma dectric light.

5.4.2 Stability in lecithin/pepper mint oil/soybean oil microemulsions

5.4.2.1 Effect of UV light
Alteration in color shade of samples and control stored under UV light were given in figures
524 and 5.25. The color shade of control changed greetly while it decreased from 90 at the
begining of storage period, to 46 after 30 days, this means the color changed from yellow to
red. The change in case of microemulsons was very dight in dl ratiios of peppermint ail,
soybean oil and lecithin..
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Figure (5.24) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/soybean oil (So)

microemulsons containing curcumin during storage under UV light
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Figure (5.25) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/soybean ail
(S0)/5% ethanol microemulsions containing curcumin during storage under UV-light.

5.4.2.2 Effect of darkness

It should be noted from figures 5.26 and 5.27 that the color shade of samples and control
sored in darkness for 60 days were somewhat stable. However, the color was remained
dight ydlow in case of samples a dl ratios of peppermint oil, soybean oil and lecithin ether
without or with ethanol and yellow in case of control.

105
100 1

@_% —o— Pe:So:Le(1:1:2)
95 1

[}
E —O— Pe:So:Le(1:1:1)
2 901 —— Pe:SoLe(1:2:1)
8 51 —%— Control

80 -

75

OI1I2I4I6I8I10I15I20I25I3OI40I50I60
Time (days)
Figure (5.26) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/soybean ail(So)

microemulsions containing curcumin during storage in darkness
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Figure (5.27) Changes in color shade of lecithin (Le)/peppermint il (Pe)/soybean oil (So)

microemulsions containing curcumin with5% ethanol during storage in darkness.

5.4.2.3 Effect of normal electric light

The resaults in figures 528 and 5.29 showed that the changes in color shade of samples
without ethanol were lower than those with ethanol where the differences in the color shade
between the zero time of storage and after 60 days were about 8 and 12 respectively. On the
other hand, the changes in color shade of control were higher than those in samples where
the color shade of control decreased fom 90 at the zero time to 72 after 60 days of storage.
These results indicated that the changes in the color of samples stored under norma dectric
light were dight where it changed from dight yelow to ydlow but in case of control it
changed from ydlow to orange. In addition, the differences between the various ratios of
peppermint oil, soybean il and lecithin which used to prepare microemulsion were dight.
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Figure (5.28) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/soybean ail (So)

microemulsons containing curcumin during storage under normal eectric light.
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Figure (5.29) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/ soybean ail
(S0)/5% ethanol microemulsons containing curcumin during dorage under norma  eectric

light.
5.4.3 Stability in lecithin/peppermint oil/peanut oil microemulsions

5.4.3.1 Effect of UV light

The presented results in figures 5.30 and 5.31 showed that the changes in color shade of
samples a ratio 1:21 of peppermint oil, peanut oil and lecithin were unremarkable either
without or with ethanol, while these changes in case of raios 1:1:2 and 1:1:1 were dight
where decreased from 95 to 85. On the other hand, reversible results were found in case of
control, where the color shade decreased from 90 to 46 after 30 days. Generdly, it should be
concluded that the color of samples was somewhat stable where it remained yelow in dl
cases, but the color of control changed from yellow at the begining of storage period to red
after 30 days.
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Figure (5.30) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)

microemulsions containing curcumin during storage under UV light.



64

110
100 -
90 —O—Pe:Pn:Le(1:1:2)
.8 NE
% 80 —O0— Pe:Pn:Le(1:1:1)
S 70 —4&— Pe:Pn:Le(1:2:1)
°
O
60 —>— Control
50
40 T T T T T T T T T T T

0 2 24 48 96 144 240 288 360 480 600 720
Time (hours)

Figure (5.31) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)/5%
ethanol microemulsons containing curcumin during storage under UV light.

5.4.3.2 Effect of the darkness

The results in figures 5.32 and 5.33 indicated that the color shade of samples stored in the
darkness was dstable and the color remained yellow after 60 days of Sorage at al ratios of
peppermint oil, peanut oil and lecithin either without or with ethanol. It can be observed
from the same figures that the changes in color shade of control were smal where it
decreased from 90 to 82 after 60 days of storage, in addition the color in this case remained
ydlow.
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Figure (5.32) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)

microemulsons containing curcumin during storage in darkness.
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Figure (5.33) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)/5%

ethanol microemulsions containing curcumin during storage in darkness.

5.4.3.3 Effect of normal electric light

In this case the color shade of samples ether without or with ethanol a dl ratios of
peppermint oil, peanut oil and lecithin was somewhat stable and it of control decreased from
90 at zero time to 72 after 60 days of storage as showed in figures 5.34 and 5.35. From these
results it can be sad that the color of curcumin solubilized in microemulson prepared by
usng peppermint oil, peanut ail, lecithin and water either without or with ethanol during the
dorage under norma eectric light for 60 days was sable where it remained ydlow while
the color of control which containing curcumin solubilized in ethanol 80% and dtored a the

same condations changed from yellow to orange.
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Figure (5.34) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)

microemulsions containing curcumin during storage under norma dectric light.
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Figure (5.35) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/peanut oil (Pn)/5%
ethanal microemulsions containing curcumin during storage under norma dectric light.

5.4.4 Stability in lecithin/pepper mint/r apeseed oil microemulsons

In this case microemulsons were prepared by usng pepprmint oil mixed with rapeseed oil
as lipophilic phase and lecithin a ratio 1:1:2, 1:1:1 or 1:2:1. The water was added a 3%
without or with 5% ethanol. Curcumin was sOlubilized & 04% in the microemulson

samples and in control which prepared by using 80% ethanol in water.

5.4.4.1 Effect of UV light

The changes in color shade of curcumin solubilized in  microemulsons  containing
peppermint oil, rapeseed oil and lecithin at ratios 1:1:2, 1:1:1, 1:2:1 and water without or
with ethanol as wdl as the changes in color shade of control during storage under UV light
for 30 days presented in figures 5.36 and 5.37. From these figures, it should be noted that
the changes in color shade of control were higher than those of samples. The color in case
of control changed gradudly from yedlow to red while in cae of samples it was
goproximatly stable in case of ratio 1:2:1 or changed dightly from ydlow to orange in other
raios. Apparent from the same figures that the changes in color shade were somewhat
higher in samples which with ethanol than those without it.



67

100 A

90 —0— Pe:Rp:Le(1:1:2)
()
S g0 —O0— Pe:Rp:Le(1:1:1)
5 —A— Pe:Rp:Le(1:2:1)
% 70 7 —— Control
© 60

50 1

40 T T T T T T T T T T T

0 2 24 48 96 _144 240 288 360 480 600 720
Time(hours)

Figure (5.36) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed oil (Rp)

microemulsons containing curcumin during sorage under UV light.
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Figure (5.37) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed il
(Rp)/5% ethanol microemulsions containing curcumin during sorage under UV light.

5.4.4.2 Effect of the darkness

The color shade was dtable in case of microemulson samples and it decreased dightly in
case of control where the color remained in range dight yellow (color shade 98) and ydlow
(color shade 90) of samples and control respectively after 60 days of storage in the darkness.
The changes in color shade were dmilar a dl ratios of peppermint oil, rapeseed oil and
lecithin ether without or with ethanol. These results were illusrated in figures 5.38 and
5.39.
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Figure (5.38) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed oil (Rp)
microemulsions containing curcumin during storage in darkness.
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Figure (5.39) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed il
(Rp)/5% ethanal microemulsions containing curcumin during storage in darkness.

5.4.4.3 Effect of normal electric light

It should be noted in figures 540 and 5.41 that the color shade of microemulson samples
was dable a dl ratios either without or with ethanol after 60 days of storage under norma
dectric light while in case of control it decreased from 90 at the begining of storage to 70
after 60 days. It is clear from these results that the color of microemulson samples was

stable comparing with that in case of control where it changed from yellow to orange.
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Figure (5.40) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed oil (Rp)
microemulsons containing curcumin during storage under normd dectric light.
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Figure (5.41) Changes in color shade of lecithin (Le)/peppermint oil (Pe)/rapeseed
(Rp)/5% ethanol microemulsions containing curcumin during storage under normd  eectric

light.
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5.4.5 Stability in monoolein microemulsions

The monoolein microemulsons were prepared by using 3% water, 10% ethanol and
monoolein ether done, mixed with soybean oil or with Tween20 at ratio 1:1. The control
used in this case was 80% of ethanol in the water. Curcumin was solubilized in these
microemulsons and in control a concentration 0.2%. The dability of curcumin was
determined as the change of color shade occurred during the storage under UV light, in
darkness or under normal eectric light. The results were illustrated in figures 5.42, 5.43 and
544. It can be observed that the color shade of al microemulson samples during storage
either under UV light, in darkness or under eectric light was stable and the color was lemon
ydlow a dl time of storage. In case of control the color shade changed during storage under
UV and normd eectric light but it was approximetly stable during storage in the darkness.
The change of control in case of sorage under UV light was higher than that under normd
eectric lignt where the color changed from yedlow to red and from ydlow to orange

respectively.
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Figure (5.42) Changesin color shade of monoolein microemulsions containing curcumin
during storage under UV light. Mo= monoolein, Eth=ethanol, Wa= water, Tw20=Tween20
and So=soybean ail.
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Figure (543) Changes in color shade of monoolein microemulsons containing curcumin
during storage in darkness. Mo=monoolein, Eth=ethanol, Wa=water, Tw20=Tween20 and

So=soybean ail.
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Figure (5.44) Changesin color shade of monoolein microemulsions containing curcumin
during storage under norma eectric light. Mo=monoolein, Eth=ethanol, Wa=water and
So=soybean ail.

5.4.6. Stability in peppermint oil/Tween20 (1:1) microemulsions

The microemulsions in this case were prepared by usng peppermint oil, Tween20 a ratio
1:1 and water or an aqueous solution of 20% NaCl, sucrose or citric acid. The curcumin was
dissolved in these microemulson a 0.4%(w/w). The samples were stored under UV light for
30 days, in darkness or under norma decric light for 60 days. The control (with Tween20

microemulsions) was solution of Tween20 and water at ratio 1:1.

5.4.6.1 Effect of UV light

It could be noted in figure 545 that the color shade of microemulson samples containing
water, sucrose or citric acid as agueous phase was somewhat stable and the color was yellow
to end of storage period but in case of microemulson smple prepared by NaCl solution as
aqueous phase the change in color shade was great where it decreased gradualy from 85 at
first to 65 a the end of storage period (720 hours), the color of this sample ranged between
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ydlow a zero time and orange brown at the end of storage. As for control the color shade
decreased gradudly from 77 a the begining of storage to 52 a the end, thus the color
changed from orange at first to red at the end of storage.

5.4.6.2 Effect of darkness

In this case the color shade of microemulson samples containing water, sucrose or citric
acid was dable and the color was lemon ydlow in case of citric acid and ydlow in other
three cases as shows in figure 5.46. Likewise, in case of control the color shade was
somewhat stable. On the other hand, the color shade of sample containing NaCl solution
changed strongly where decreased from 95 at first to 45 after 60 days of storage, the color in
this case changed from yellow to red at the end of storage.
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Figure (5.45) Changesin color shade of peppermint oil (Pe)/Tween20 (Tw)
microemulsions containing curcumin during storage under UV light. Pe: Tw 1.1,
Wa=water, NaCl= sodium chlorid, Suc=sucrose, C.a=citric acid
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Figure (5.46) Changesin color shade of peppermint oil (Pe)/Tween20 (Tw) microemulsons

containing curcumin during storage in darkness. Pe: Tw =1:1, Wa=water, NaCl=sodium
chlorid, Suc= sucrose and C.a=citric acid
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5.4.6.3 Effect of normal dectric light

The reaultsillugtrated in figures 5.47 showed that the color shede of microemulsion samples
containing water, sucrose or citric acid as agueous phase was approximatly stable, whilein
case of microemulsion prepared by usng NaCl solution the color shade decreased strongly
from 95 at the first to reached 45 after 60 days of storage. In case of control the color shade
decreased gradudly from 90 at thefirst to 60 at the end of storage.

110 A
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—O— Pe,Tw and NaCl
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—X—Pe,Tw and C.a

Color shade
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Figure (5.47) Changesin color shade of peppermint oil (Pe)/Tween20 (Tw) microemulsons
containing curcumin during storage under norma eectric light. Pe: Tw =1:1, Wa=waer,
NaCl=sodium chlorid, Suc= sucrose and C.a=citric acid

5.4.7 Stability in pepper mint oil/Tween20 (1:4) microemulsions

5.4.7.1 Effect of UV light
It could be observed from figure 548 that the color shade of microemulsion samples was

somewhat stable, where the color remained yellow in al cases during storage, but in case of
control the color shade decreased gradudly from 85 at zero time to 50 after 30 days of
dorage, thus the color in this case changed from yellow & the begining to red a the end of
storage period.
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Figure (548) Changes in color shade of peppermint oil (Pe)/Tween20 (Tw) 1.4
microemulsons containing curcumin during dorage under UV light. Wa=water,
NaCl=sodium chlorid, Suc=sucrose and C.a=citric acid

5.4.7.2 Effect of darkness

In this case the color shade of microemulson samples containing water, sucrose or citric
acid was stable, where the color remained yelow to end of storage period and smilar result
was obtained in case of control as shows in figure 5.49. On the other hand, the color shade

of microemulson sample containing NaCl as agueous phase decreased gradualy from 90 a
the begining to 65 after 60 days of storage, thus the color in this case changed from yelow

to orange.
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Figure (549) Changes in color shade of peppemint ol (Pe)/Tween20 (Tw) 1.4
microemulsons containing curcumin during storage in darkness. Waswater, NaCl=sodium
chlorid, Suc=sucrose and C.a=citric acid

5.4.7.3 Effect of normal electric light

From the results presented in figure 550, it should be noted that the color shade of
microemulsion samples containing water, sucrose or citric acid as agueous phase was stable
during storage under norma eectric light for 60 days and the color remained ydlow. On the
other hand the color shade in case of sample containing NaCl solution as aqueous phase and
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a0 in case of the control the color shade decreased gradualy but the change was higher in
cae of sample containing NaCl solution then that in case of control where the color changed

from ydlow to red and from ydlow to orange respectively.
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Figure (550) Changes in color shade of peppermint oil (Pe)/Tween20 (Tw) 1.4
microemulsons containing curcumin during torage under norma  eectric light. Wa=water,
NaCl=sodium chlorid, Suc=sucrose and C.a=citric acid
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6 Discussion

This work investigaes the posshility of prepaetion microemulsons from  suitable
components for food uses. The microemulsons possess specia characteridics of high
solubility capacity, long term dability and esse of preparation. They dso have the potentiad
ability to solubilize both lipophilic and hydrophilic subgtances. Curcumin is a naurd
colorants and has problems for its uses direct in foods due to its insolubility in water and
poor solubility in vegetable oils as wdl as it is sendtive to light. This work dso investigates
solubility and dability of curcumin when dissolved in these microemulsons. It is expected
that the microemulsons due to ther previous characterigics will offer good results to

solubilize and gtabilize curcumin againg light during Storage.

6.1 Preparation of microemulsions

Microemulsons containing vegetable oils could be used in food products, where there is a
demand for environmentdly more safety formulations [Abillon et al., 1986]. When the
components used in the preparation of microemulsons (surfactant, oil and cosurfactant) are
safe for human consumption, they become important in such fidds as foods, cosmetics and
pharmaceuticals [Kunieda and shinoda 1982]. Since the firs microemulson sysem was
described by Schulman and Hoar [1943] an extensive number of papers have been published
in this area, unfortunately, most of the systems described are not suitable for human
consumption ether in foods or in pharmaceuticas [Von Corswant et al., 1997]. Aboofazdi
et al., [1995] dated that most of the microemulson systems investigated are unsuitable for
human hedth, mainly because of the ingredients used. By far the mgority of work to date
has involved the use of ionic surfactants, dcohol cosurfactants and oils such as hexane and
benzene. All of which ae unsuitable for the purposes of pharmaceuticd and food
formulations. Few gudies using triglycerides as the lipophilic phase in microemulsons
have been published. Although oils from naturd sources and their derivatives, triglycerides
ae condderd to be harmless to the human and the environment [Busch 1992], such
microemulson sysems with naturd oils ae but infrequently described in the literature
[Alander and Warnheim 1989a]. There are very few avalable examples of acceptable
microemulson sysems for food applications. The microemulson sysgem  without

cosurfactant, with avalable food surfactants and oils, and no off-tase or change in
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peformance is suitable for this purpose [El-Nokay et al., 1991]. The preparation of
microemulsons with minerd oils, synthetic surfactants and akanols has become a wdl
established practice and these components are, in generd, hamful. The problem arises how
to prepare microemulsions with nontoxic substances [Kahlweit et al., 1997]. So, the problem
is then to find suitable components with physologica compatibility in order to produce
microemulsions for possible applicactions in food products.

Vaious microemulson sysems were prepared by usng a number of naturd oils as
lipophilic phase such as peppermint oil aone or mixed with one of a common edible all
such as soybean, peanut or repeseed oil. A suitable food surfactant such as lecithin,
monoolein or Tween20 was used as emulsifier. The agqueous phase was ether water or an
aqueous solution of 20% NaCl, sucrose or citric acid in the absence or presence of ethanol as
cosurfactant. The microemulsons were defined on the bads of the surfactant type: lecithin-

microemulsons, monoolein-microemulsions or Tween20-microemulsons.

6.1 1 L ecithin/pepper mint oil microemulsions

Microemulsons could be produced by usng peppermint oil done as lipophilic phese,
lecithin as surfactant and water without ethanol as in figure 5.1. Microemulsions could aso
be prepared by usng these components with ethanol. It was observed that the use of high
quantity of ledthin is condderably difficult to solubilize in peppermint oil, due to the
formation of a high viscosty mixture. It has dso obsarved that the solubility of a grester
lecithin mass in peppermint oil needs a longer time. This problem is due to the waxy
semisolid dructure of soybean lecithin which used in this dudy. On the other hand, very
gndl water content could be solubilized in the mixture of peppermint oil and lecithin to
form microemulson, when usng a smdl amount of lecithin. This may be due to the
insufficient surfactant content, in particular, according to Bergenstahl and Fontell [1983]
soybean lecithin is both strongly hydrophobic due to long hydrocarbon chains, and strongly
lipophobic due to zwitterionic polar head groups.

From the same figure (5.1) it could be noted that microemulsons were produced by using
peppermint oil, lecithin and weater without cosurfactant. This result is very important
because the formation of microemulsons by usng lecithin as surfectant, naturd ails
(suitable for food products) and water is one of the objectives of this work. This result may
be due to the fact that, microemulsons sabilized by a nonionic surfactant can be produced
without cosurfectant as reported by Aboofazeli et al., [1994]. Therefore the common
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cosurfactant (short chain dcohols) are not useful because of ther toxicity [Friberg and
Rydhang, 1971]. Cosurfactants are not easy to find in foods and their addition is not a
theoreticd requirement [El-Nokaly et al., 1991]. Moreover, most work to date studying
microemulsons has utilised oils, surfactants and cosurfactants unsuitable for pharmaciutical
purposes [Aboofazdi and Lawrence 1994]. On the other hand this result is different from
that is obtained by Shinoda et al., [1991] where they found tha lecithin will not form
microemulsons without the aid of a short-chain dcohol as cosurfactant. Aboofazdi et al.,
[1994] dated that none of dSudies have investigated the potentid of non-acohol
cosurfactants to produce microemulsons with lecithin. Binks et al., [1989] sad that if
lecithin containing systems are to form microemulsions over a reasonably wide range of ol
and water concentrations, the effective a farly high critical packing parameter (CPP) of
lecithin needs to be reduced and a short chain cosurfactant can act to reduce the effective
CPP by its incorporation into the interfacid film, in addition a short chain cosurfactant can
dso at to increase the fluidity of the intefacid surfactant layer, thereby reducing the
tendency of lecithin to form highly rigid film.

This difference between the findings obtained in this sudy and those in above mentioned
references may be due to the peppermint oil which used in this work has specid dructure
which different from the gSructure of oils used in those dudies where it contains menthal,
menthyl acetate and menthone, the menthol may then act as cosurfactant.

The location and extenson of a microemulson region is generdly dependent on the ail
dructure, this is due to differences in oil penetration into the surfactant [Monduzzi et al.,
1997]. Alander and Warnheim, [1989b] found that the molecular weight of the oil affected
the stability of microemulsons.

El-Nokaly found that the nature and concentration of the surfactant are important to obtain a
maximum solubility of water in microemulson [E-Nokay et al., 1991]. The same result
was obtaned, where the maximum amount of waer solubilized in the sysem when the
prepration of microemulsions without ethanol, was higher in case of ratio 2.1 of peppermint
oil and lecithin than those in case of ratio 3:1. But the decresse of the water amount in case
of raio 1:1 compared to in case of ratio 2.1 may be due to the increasing of menthol in the
latter ratio (owing to the increasng of peppermint oil) which may act as cosurfactant and
this increases the eficiency of lecithin to solubilize a more amount of water as shows in the

same figure.
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The maximum amount of water decreased in generd, when udng the ethanol with
peppermint ol and lecithin. The maximum amount of water increesed only when usng a
high amount of lecithin  and a certan amount of ethanol (4%). This may be due to the
ethanol efficiency as cosurfactant depends on the ratio of lecithin to ethanol in the mixture.
Aboofazdi et al., [1995] reported that the mgor factor influencing on the lecithin based
microemulsons is the nature and mixing ratio of the cosurfactant used.

6.1.2 L ecithin/pepper mint oil/edible oil microemulsions

The posshility to form microemulsons by using edible oils such as soybean, peanut or
rgpeseed oil was invedigated in the initid experiments. Unfortunatdly, it was seen tha using
these oils to prepare microemulson was vrey difficult because the solubility of lecithin in
these ails needs a high amount of ethanol and this is unsuitable for food uses. In addition,
water is insoluble in such mixture containing edible oils and lecithin ether without or with
ethanol thereby, microemulson could not be obtaned. This result isin  agreement with
that reported by Alander and Warnhem [1989] where they found that triglycerides, in
particular long adkyl chain triglycerides such as peanut oil, are conaderably more difficult to
solubilize into microemulsions than hydrocarbons or akyl esers.

Kunieda et al., [1988] maintained that the edible oils such as soybean, rapeseed or sunflower
oil contan long akyl chains thereby the oil may be too bulky to penetrate the interfacid
film to as3¢ the formaion of the optimum curvatures. El-Nokay et al., [1991] explained
this problem on the basis that the triglycerides are semi-polar compared to hydrocarbons and
the emuldfier efficiency is decreased if it is lot to the bulk and is unavalable to the
interface. Friberg and Kaydi [1991], stated that as pointed out earlier, liquid triglycerides do
not lend themsdves to microemulson formation with the traditiond technique hence, a
different drategy must be employed in order to prepare a microemulson with these
compounds. The vegetable oils such as soybean and peanut oils are difficult to solubilize in
microemulsons because they contain long bulky akyl chains (mainly C16,C18 and C20)
and preferentidly form liquid cryddline mesophases which prevent the formation of
microemulsion [Joubran et al., 1994].

The peppermint oil has a srong flavor and usng of it in  high amount is unsuitable for taste
as well as it is rddively expensve comparing with the edible oils. Attempet was carried out
to make a mixture of peppermint oil and one suitable edible ail as a lipohhilic phase to avoid
or decrease the disadvantages of peppermint oil. The results obtaned from these
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experiments were recorded in figures 5.2, 5.3 and 5.4. The reaults indicate that the use of
high amount of lecithin gives a high viscosty mixture and needs a very long time for its
solubility. This problem  may be due to the waxy semisolid dructure of lecithin (Soybean
lecithin) and/or both strongly hydrophobic and lipophobic characters. The hydrophobic
nature due to long hydrocarbon chains on the other hand, lipophobic nature due to
zwitterionic polar head groups [Bergenstahl and Fontell 1983]. The usng a smal amount of
lecithin is difficult for the mischbility of waeater in the mixture contaning peppermint ol
and edible ol to prepare microemulsons, especidly when usng a high amount of
triglycerides used in this case. Triglyceride-microemulsons needs to a large ratio of
surfactant to water as usudly form microemulsons only with a high content of hydrophobic
surfactants according to the study by Monig et al., [1996].

Due to the edible oils need a high amount of surfactant to prepare microemulsons [El-
Nokay et al., 1991 and Mdéing et al., 1996] and these ails are difficult to doubilize in
microemulsons [Alander and Wanhem 1989 and Joubran et al., 1994], the optimum
miscible amount of water to prepare a microemulson was somewhat lower with the case in
which  peppermint / soybean oil system used as a lipophilic phase than the case in which
peppermint oil lone used (seefigure 5.1).

The water required to obtain the microemulson containing peppermint, soybean oil and
lecithin decreased dso with increasing the soybean oil and decressing the lecithin as shows
in figure 5.2. This attributed to as reported by, Kuneida et al., [1988] the edible triglycerides
contain long dkyl chains, therefore the ol may be too bulky to penetrate the interfacid film
and/or according to El-Nokay et al., [1991] in case of triglyceride microemulsions, the
emulsfier efficiency is decreased due to its incluson in the bulk and becomes unable to the
interface. Consequently, the mixture solubility capacity for water decreases with increasing
the soybean oil content.

The effect of ethanol addition into the mixture containing peppermint oil, soybean oil and
lecithin on the maximum amount of weater required to obtan the microemuldons was
investigated and the results were given adso in figure 5.2. From these results shows that the
required water increased with increesing the ethanol but this increment reached to a certain
limit after that decreased with increasing the ethanol. When using the ethanal, it should be
obsarved that the maximum amount of water increesed with increasing the lecithin content
in the mixture. The results obtaned by usng a mixture from peppermint mixed with
oybean ail, lecithin and water without or with ethanol were illudrated in figure 52. 1t is

clear from these results that the free cosurfactant microemulsions could be prepared. This
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result is important, where the cosurfactants are ,in generd, harmful [Kahlweit et al., 1997]
and usudly not accepteble for taste, safety, or performance [El-Nokay et al., 1991].
Moreover, in these microemulson sysems the peppermint oil content was rdativey smadl
comparing with that in the sysem containing peppermint oil and lecithin without edible all.
Thus, the strong flavor of peppermint oil could be reduced. This result different from these
obtained by severd outhers [Shinoda et al., 1991, Aboofazdli et al., 1994, Ho, et al., 1996]
where they found that the use of cosurfactant (short chain acohal) is necessary to produce
lecithin based microemulsons. This can be explan on the bads that the nature of oil affect
the efficiency of lecithin and/or the peppermint oil used (in this dudy) act as cosurfactant
because it contain an dcohol (menthal).

It should be observed dso thet, the optimun amount of water increased by addition a small
amount of ethanol after that the optimum amount of water decreased with increasing the
ethanol. The reaults in figure 5.3 demondrates that the microemulsons could be prepared by
usng water, a mixture of peppermint oil with peanut oil and lecithin without addition of
cosurfactant. The microemulsons were prepared by using the same components (peppermint
oil, peanut ail, lecithin and water) with ethanol as cosurfactant. The effect of ethanol on the
optimum amount of water required to prepare the microemulsons was illugrated aso in
figure (5.3). Concerning the comparison of results obtained by using peanut oil instead of
soybean oil which used in the previous experiment, it could be concluded that, the results in
ether cases were gpproximatly smilar with exception of few differences. These differences
induded that the maximum amount of water when usng soybean oil was dightly higher
than that when using peanut oil especidly with increesing the lecithin content (ratio 1:1:2)
a@ther without or with ethanol. The optimum amount of water when usng soybean ail in
case of ratio 1:1:1 needs amount of ethanol lower than tha in peanut oil under the same
conditions. This could be due to the differences in the chemicad <tructure between soybean
ol and peanut ail, where the fird oil contans unsaturated feity acids reatively higher than
the latter oil. This explain is agreement with that repored by Paris et al., [1994], where they
fount that the nature of ail affect the oil miscibility in microemulsons. They found aso that
triglycerides containing unsaturated or short chan faty acids had improved miscibility of ail
in microemulsions compared to triglycerides with saturated or long chain fatty acids.
Microemulsons free cosurfactant were adso prepared by using peppermint mixed with
rgpeseed oil as lipophilic phase, lecithin and water and the results were illustrated in figure
54. The effect of ethanol in this microemulson sysem was illusrated in the same figure
(5.4). It was observed that the effect of ethanol on the water miscibility in this sysem was to
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some extent amilar to the above case. The results obtained in this case (usng rapeseed oil)
compared to the results in case of usng soybean oil (fig. 52) or peanut ol (fig. 5.3)
indicated that the results in the three cases were dmost amilar with some exceptions. These
exceptions included that the optimum amount of water when usng rapeseed oil - without
ethanol was higher especidly in case of raio 1:1:1of peppermint oil, rapeseed oil and
lecithin than that when using soybean oil or peanut oil a the same conditions. On the other
hand, on addition of ethanol the maximum amount of water was somewhat higher in case of
using rapeseed oil than those in case of soybean or peanut oil. This is thought to be due to
the difference in the chemicad dructure of the used edible oils. Aboofazdi et al., [1994]
dudied patid phase diagrams of sysgems containing water, egg lecithin, propanol and
different polar oils such as Miglyol 812 and soybean oil, and they found that the influence
of the ol and the raio of egg lecithin to propanol on the microemulson area was
remarkable.

6.1.3 Monoolein microemulsions

The monooleate and linoleste could act as cosurfactant since they ae different in
hydrocarbon moiety sze. The oleate and linoleate groups are suitable as surfactant because
of thar unsaturation and its known effect in increasng the interfacia fluidity [El-Nokaly et
al., 1991]. The pure mono-or di-glycerides are very expensve, therefore its use in food
industry is not economic. Monoolein used in this sudy contains mixture of mono- and di-
glycerides as wdl as triglycerides, therefore it can be used as surfactant and oil © prepare
the microemulsons. The addition of any amount of water into either monoolein done or
mixed with soybean oil could not produced a microemulson. But when usng either
additionad surfactant such as Tween20 or ethanol (as cosurfactant) the microemulson could
be formed as shows in figure 55. This means usng of monoolein ather done or mixed
with soybean ail is insufficient to prepare microemulsions, this is attributed to the surfactant
content (mono-and di-glycerides) present in monoolein ae smdl and the triglyceride
microemulsions need a high amount of surfactant [El-Nokaly et al., 1991 and Méing et al.,
1996]. Friberg and Kayali [1991] reported that triglycerides do not lend directly to
microemulson formulation with the traditiona technique hence, a different strategy must be
employed to prepare a microemulson with these compounds. In this exepriment triglyceride
microemulsions were prepared by using two surfactants (monoolein and Tween20) or with
rdaivey high content of ethanol as cosufactant. Troptow [1971] used two surfactants
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(Tween20 and G1045) to prepare soybean oil microemulson and found that less than 10%
of oil could be dissolved in water with a30/70 of surfactant mixture respectively.

It should be dso noted that from this figure (5.5) the maximum amount of water to obtain
microemulson was higher in case of usng monoolein aone than thet in case of mixture of it
and soybean oil. The addition of Tween20 as another emulsfier with monoolein dlowed to
incresse the amount of water required to form the microemulson. This indicates that the use
of a high amount of surfactant has a great effect on waer miscibility in monoolein
microemulsons. The nature and concentration of the surfactant become of utmost
importance to obtain a maximum solubility in a given water/oil microemulson [E-Nokaly
et al., 1991]. Apparent also from the results in the same figure (5.5) that the water solubility
increased gradudly with increesing of ethonol in al cases. This may be ascribed to the
effect of cosurfactant on surfactant efficiency, where the role of cosurfactant together with
the surfactant is to lower the interfacid tenson down to a very smal even transent negeative
vadue a which the interface would expand to form fine dispersed droplets, and subsequently
adsorb more surfectant and  surfactant / cosurfactant  until  ther  bulk  condition is
depleted enough to make interfacid tenson postive again, this process known as
goontaneous  emulsfication forms the miceoemulson [Kunieda et al., 1988], and it is
assumed that the adkanol molecules adsorb preferntidly at the region of strong curvature of
the interfacid film, thereby reducing itsrigidity [Kahlwelt et al., 1995]

6.1.4 Tween20 microemulsions

Polyoxyethylene sorbitan faity acid eders have some interesting characterisics for
microemulson formation and macro-molecules such as protein solubilization [Komives et
al., 1994]. Troptow [1971] prepared microemulson by usng Tween20, peppermint oil and
water without cosurfactant. Ayda et al., [1992] described the ability of a polyoxyethylene
sorbitan fatty acid esters (Tweens)-isopropanol microemulsion in hexane to solubilize pure
proteins and they found that this type of the surfactants forms stable reverse micelles which
can solubilize large amounts of protein and water in hexane. Accorrding to these data,
preparation of microemulsons by usng Tween20 was tried. In this work Tween20

microemulson was used to solubilize and stabilize curcumin.
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Microemulsions were prepared by usng peppermint oil and Tween20 a various ratios with
water or 20% agueous solution of NaCl, sucrose or citric acid. The results were illustrated
in figure 5.6, showed that when usng a high amount of peppermint oil (more then in ratio
1:1), the microemulson could not formed, snce waer was insoluble in such mixture. This
may be due to inefficiency of the emulgfier content. The optimum amount of agueous phase
much increesed and linearly with increesing the Tween20 in the mixture as seen in figure
55. It should be dso noted that the maximum amount of agueous phase solubilized to
produce Tween20-microemulson was dightly lower only in case of NaCl rddive to other
cases which were gpproximatly smilar. This is possbly due to the sdting out effect of
NaCl, snce the dektrolyte lowers the solubility of nonionic surfactants in water [Brandt et
al., 1997]. The much and linear increase of maximum amount of agueous phase with
increesing the Tween20 content is may be due to the high hydrofilicity of Tween20. This
result in agreement with that obtained by Oshorne et al., [1991], where they found that the
surfactant concentration has a dgnificant influence on the water solubility capacity of the
microemulson sydem containing dioctyl sodium  sulfosuccinate-sorbitan monolaurate as
surfactant.

The results obtained from these atempets showed that the use of this sysem (peppermint
oil/Tween20/water) exhibit great ability to incorporate a high amount of water within the

microemulsion system without cosurfactant.

6.2 Solubility of curcumin

Curcumin is insoluble in agueous solutions and has poor solubility in other solvents [Henry
1996]. Microemulsons have the potentid ability to solubilize both lipophilic and
hydrophilic species, which dlows for a vaiety of flavoring and coloring agents having
vadly different physca propeties to be dissolved within a sysem [Fribeg and
Burasczenska 1978]. In recent years, microemulsons have been identified as potentid
deivery sysems for lipophilic subdrates due to their transparent gppearance, long term
dability, high solubility capacity and ease of preparaion [Mamsen 1996]. This study
describes atempt to formulate microemulsons containing suitable components for food
gpplications and use them to devolop solubility and stability of curcumin.

Curcumin solubility was determined on the bass of the maximum amount of curcumin
solubilized in the dissolution medium without sedment. The solubility was meassured as
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percent of curcumin in the dissolution medium by weght. Dissolution mediums were dther
esch solvent used to prepare microemulsions, each mixture contained the oil, surfactant and
cosurfactant (if used) or each microemulsion system prepared in this study.

6.2.1 Curcumin solubility in solvents

Curcumin is not an ided product for direct use with food products since it is insoluble in
water and has poor solubility in other solvents. Thus it is usud for curcumin to be changed
into a convenient application form. This is achieved by dissolving the curcumin in amixture
of food-grade solvent and accepted emulsifier [Henry 1996].

The results were recorded in table 5.1 It could be noted that the curcumin is insoluble in
water and other agueous solution of 20% NaCl, sucrose or citric acid, while the solubility
was very dight in case of edible oils. On the other hand, the curcumin solubility in case of
ethanol, pepperment oil or monoolen was higher than that in edible oils The curcumin
olubility in Tween20 was condderably high comparing with other solvents This may be
due to the curcumin is soluble in the emulsfiers owing to its nature, where they contain both

alipophilic and hydrophilic group.

6.2.2 Solubility of curcumin in microemulsions
The solubility of curcumin in microemulsons containing oil, surfactant and oil in absence or
presence of ethanol was determined. The effect of water content in microemulson system

on the curcumin solubility was invistigated and the results recorded in figures from 5.7 to
5.17.

6.2.2.1 Curcumin solubility in lecithin/pepper mint oil microemulsions

The curcumin solubility in sysem prepared by usng peppermint oil and lecithin decreased
dightly after addition the water as shows in figure 5.7. This may be due to the curcumin is
inoluble in water and/or the water decreases the solubility cepacity of oil. From a
formulation viewpoint, the increesed oil content in microemulsons may provide a grester
opportunity for the solubility of poorly water soluble agents [Gao et al., 1998]. Comparing
the results in figure 5.7 with those in figure 5.8 could be noted that the solubility increased
dightly after addition of the ethanol. This is thought to be due to the ethanol act to reduce
the tendency of lecthin to form a highly rigid film [Binks et al., 1989], thus lowering the
interfacid fluidity thereby increases the olubility cepacity of the mixture. A Smilar result
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was obtained by Gao et al., [1998],where they found that the solubility of cyclosporin A
increased  dightly with increesing the cosurfactant when  dissolving cydosporin A in
microemulsons based on triglyceride, polyoxyethylated castor oil as surfactant and
Transcutol as cosurfactant and they suggested that this dight increase may be due to the
excess of cosurfactant exists in the water phase and increased the solubility.

Microemulsons containing peppermint  oil/lecithinweter  offered a good results  for
curcumin solubility where the solubility increased to 2 folds or 50 folds comparing with that
in peppermint oil or edible oil respectively. The effect of ethanol addition as cosurfactant on
the curcumin solubilty was dight. The use of raio 21 of peppermint oil and lecithin
exihibted better result for curcumin solubility compared to that with 1.1 or 31 The
increesing of water content in the peppermintoil/lecithin miccoemulson led to dight

decreasing the solubility of curcumin.

6.2.2.2 Solubility in lecithin/pepper mint and soybean oil-microemulsions

It could be observed tha the solubility increesed with increesing the lecithin in mixture
contained peppermint and soybean oil as lipophilic phase as seen in figure 5.9. This is can
be explaned due to the effect of lecithin as emulsfier on the solubility of curcumin. Peng
and Luis [1990] dated that an important feature of phospholipid microemulsons in ther
ability to solubilize larger guest molecules. The solubility increased dso with adding a few
amount of water but after adding more than 2% the solubility amost decreased. The increase
of solubility a the fird may be due to the solubility capacity of microemulsons containing
al components (required to their producing) is higher than that in case of absence one or
more of essential component [Gao et al., 1998]. But the decreasing after addition more than
2% of water may be ascribed to the excess of water decreases the lecithin efficiency, in
addition the curcumin is insoluble in water. On the other hand, the solubility increased
dightly when addition the ethanol into the sysem contained lecithin, peppermint mixed with
soybean oil and water (fogure 5.10) compared to the same system without ethanol. This is
posshble due to the effect of ethanol on the mixture interfacid fluidity. From the same figure
(5.10) gpparent dso the solubility decreased when usng ethanol with a high amount of
water content. This may be due to the excess of water incorporates with ethanol and

decreases its efficiency.
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6.2.2.3 Solubility in lecithin/pepper mint and peanut oil-microemulsions

It could be noted that the solubility increased after addition a few amount of water into the
mixture contained a lower content of lecithin and decreased with increasng the water as
shows in figure 5.11. The increment (at the first) may be due to the microemulsons possess
high solubilization capacity compared to many other solutions [Friberg and Burasczenska,
1978; EI-Nokaly et al., 1991 and Von Corswant et al., 1997] owing to extremely smdl of
their sze droples [Goa et al., 1998]. The decreasng of solubility with incressng the water
content than 3% may be ascribed to the curcumin insolubility in water.

The curcumin olubility in the mixture contaning a high content of lecithin decreased
dightly with addition a few amount of water and no more increase with increesing the water.
This may be due to the water decreases the lecithin efficiency on the curcumin solubility
because a pat of lecithin dissolve in the water, but the no change in curcumin solubility
occurred with increasng the water can be explain on the bass, the water dthough decreases
the lecithin efficency, leads to lowering the viscodty thereby increases the mixture
olubility.

The solubility of curcumin decressed dightly when using ethanol with incressng the weater
in mixtures containing a smdler content of lecithin as to be seen in figure 512. This
decrease may be due to the curcumin is insoluble in waer and/or the excess of water
incorporate with a part of ethanol. In contradt, in case of usng a higher content of lecithin
and afew amount of water, the solubility of curcumin increesed when using ethanol. Thisis
thought to be the ethanol increases the mixture fluidity consequently, the solubility capacity
increased. With increasing the water, the solubility decreased dightly in the same mixture,
this may be due to a part of ethanol dissolve in the excess water.

6.2.2.4 Solubility in lecithin/peppermint and rapeseed oil-micr oemulsions
The solubility of curcumin decreased dightly with increesing the water in case of the sysem
containing a smdler lecithin content, this may be atributed to the combination of water with
lecithin, SO decreases its efficency for solubility of curcumin. In case of the sysem
containing a higher lecithin and a lower rgpeseed ail, the solubility increased dightly after
addition the water and this incresse continued with increasing the water as to be seen in
figure 5.13. This is thought attributed to decreasng the mixture viscodty thereat increased

curcumin solubility.
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The curcumin olubility increesed dightly when usng the ehanol as cosurfactant with
peppermint and rapeseed oil/lecithin microemulson as to be seen in figure 5.14. This may
be ascribed to that the ethanol  increases the mixture fiuidity.  Kahlwet et al., [1995]
dated  that dkanols adsorb preferentidly a the region of strong curvature of interfacia
layer, thereby lowering its rigidity. As shows in the same figure (5.14) the solubility
decressed dightly with incressing the water, this may be due to a part of ethanol dissolved in
the excess water, thereat decreased the available amount of ethanol.

The curcumin solublity in edible oil microemulson was more better than in edible oil itsdf,
where the solubility increased from 0.02% in edible ol to 0.5% in case of edible oil
microemulson. The curcumin solubility was however, lower when usng the edible oil with
peppermint oil to prepare microemulsons than that when usng peppermint oil  without
edible oil. The curcumin solubility decreased with increesing the edible oil content in
peppermint-edible oil microemulson, but in case of use a higher content of peanut ail the
solubility of curcumin increesed dightly. The increese of weater content in - microemulsons
containing peppermint oil mixed with edible oil has dightly effet on the curcumin solubility.
Likewise, the effect of ethanol addition as cosurfactant on the curcumin solubility was

unremarkable.

6.2.2.5 Curcumin solublity in monoolein microemulsions

The solubility of curcumin in monoolen microemulsons containing ethanol, and waer was
higher then that in monoolein dngly. While the solubility of curcumin in monoolein
microemulson containing oybean oil, ethanol and water was dmilar with that in monoolein
done as shows in figure 515. This indicates that microemulsons possess high solubility
capacity [Madmsten 1996] due to their ultra low interfacid tenson and extremdy smdl sze
droplets. As reported by Gao et al., [1998] the solubility of cyclosporin A ( poorly soluble in
the water ) in a system containing al components for producing microemulsons increased
markedly compared with those of system without surfactant or cosurfactant. It should be
dso noted that the solubility of curcumin increesed srongly when usng Tween20 as
additiond surfactant with monoolein to prepare microemulsons comparing with that in
other monoolein  microemulsions as shows in the same figure (5.15). This is thought to be
due to the effect of Tween20 as emulsfier on the mixture solubility capecity.

Ayda et al., [1992] described the ability of a polyoxyethylene sorbitan triolate (Tween85) -
isopropanol  microemulson in hexane to solubilize pure proteins and they found that the
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nonionic surfactant Tween85 forms dable reverse micdles in hexane which can solubilize
large amounts of protein and water in hexane. It could be noted from the same figure (5.15)
that the solubility in monoolein microemulsons contained soybean oil was the lowest one,
this indicates that the curcumin is poor soluble in a long chan triglycerides. It could be
shown tha the solubility of curcumin decreased dightly with increesing the water content
due to insolubility curcumin in water. The previous results showed that, the solubility of
curcumin in ledthin microemulson was higher than that in monoolen microemulsons (with
exception of monoolein microemulson containing Tween20). The use of Tween20 with
monoolein to prepare microemulson enhanced the solubilization capacity water and

curcumin in microemulsons.

6.2.2.6 Curcumin solubility in Tween20 microemulsions

The curcumin solubility was determined in Tween20 microemulsons and the results were
illugrated in figures 516 and 5.17. From these results apparent that the solubility in
Tween20 microemulsions was congderably high compared to tha in lecithin- or monoolein-
microemulsons. This indicates that Tween20 has a high ability to solubilize the curcumin,
this is due to its dtructure where it contain polyoxyethylene which may have high ability for
solubility of macro-molecules[Komiveset al., 1994].

The curcumin solubility in the sysem containing a high content of Tween was higher than
that in the system containing a smdler content, indicated that the Tween content has a great
influence on the curcumin solubility. Apparent dso from the results in figure 5.16 tha the
solubility in case of microemulson containing dtric acid as agueous phase was the highest
one. The dight increment of solubility when using ditric acid is thought attributed to its
effect on the interficid tendon of sysem. The effect of water addition on the curcumin
solubility is dependent on the content of Tween, where the solubility of curcumin decreased
dightly with increasing the agueous phase in the sysem containing a smdler content of
Tween (figure 5.16). The solublity of curcumin decressed condderably with incressing the
aqueous phase when producing microemulson with higher Tween20 content as shows in
figure 5.17. This may be due to the decrease of ail content in such system. Asreported by

Gao et al., [1998] from a formulation viewpoint, the increased oil content in microemulsions

may offer agreater opportunity for the solubilization of poorly water-soluble agents.
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6.3 Light stability of curcumin in microemulsions

Safety of food colorants has been a very controversa topic in recent years but most of the
criticism has been usudly towards the synthetic colorants. The naturd colorants have been
rdaively few of criticism may be due to the bdief that most are derived from wdl known
food sources that have been consumed for many years [Francis 1996]. Curcumin is an
interesting molecue because of the variety of biologica effects, it possesses in addition to
its potent anticancer activity [Khar et al., 1999]. The advantages of using natural colorants
are that they are generdly more widdy permitted in food-stuffs than synthetic colorants and,
contrary to many reports, natural sources can provide a comprehensve range of atractive
colors for use in the modern food industry [Henry 1996]. The problem with natural colorants
has been ther Ik of dability for the light and oxygen, which limits its use [Lauro 1998].
Curcumin changes in the light and its senghility to light is a factor that usudly limits its use
in foods [Henry 1996].

Microemulsons possess long term sability [Friberg and Burasczenska 1978, Bourrd and
Schechter 1988, and Mdmdaen 1996]. So, the attmpt for curcumin stability agang light by
usng microemulsons was dudied. Microemulsons containing curcumin were stored under
UV light for 30 days, in darkness or under norma eectric light for 60 days to investigate the
dability of curcumin  solubilized in microemulsons agang light. The dability wes

measured as the change in color shade during the storage.

6.3.1 Curcumin stability in lecithin/pepper mint oil microemulsions

The curcumin color shade was measured in the samples and control before and during
dorage. The results were illustrated in figures from 5.18 to 5.23. From these results, it
should be noted that the color shade was stable in al samples stored ether under UV light,
in darkness or under norma eectric light, but it decreased markedly in case of control
praticularly, during <orage under the light. The illudrated results indicated that the
microemulsons increased the dability of curcumin againg light. This atributed to the
infinite  dability of microemulsons [Bourrd and Schechter 1988], microemulsons ae
thermodynamically stable because the surface free energy of them has two components
dretching  (posative contribution) and bending (negative contribution) the two cancd
each other and the totd surface free energy is extremdy smal about 102 mN/m, and the
interaction with light is limited [Friberg and Kaydi 1991]. It should be dso noted that the
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concentration of lecithin and oil in microemuldon sysem has no effect on the dability of
curcumin, further the effect of acohal is not obvioudy. Ho et al., [1996] studied the stability
of insulin in microemulsons prepared by usng polyglycerol fatty acid esters as surfactant
combined with short chain acohols and they found that the gdability of insulin in these
sysems was quite acceptable, and the influence of dcohols on the gability of insulin in
microemulsions seems to be somewnhat different, but not so obvioudly.

6.3.2 Curcumin stability in lecithin/pepper mint/edible oil microemulsions
The change in the color shade of curcumin solubilized in microemulsons containing
soybean oil was illudrated in figures from 5.24 to 5.29. The results for lecithin/peppermint
and peanut oil microemulsons were illugraed in figures from 5.30 to 5.35. The resultes for
lecithin/peppermint and rapeseed oil microemulsons were illudirated in figures 5.36 to 5.41.

From these results, it could be observed that no changes in the curcumin color shade in case
of microemulson samples comparing with those in control where the changes in control
were condderable during darage under UV or norma eectric light. It was dear that
microemulsons exihibt a greater opportunity for the dability of curcumin agang light.
Apparent dso from these results that the nature and concentration of oil and lecithin in
microemulson sysems have no great effect on the dability of curcumin. Likewese, the
effect of ethanol as cosurfactant in the microemulsons on the curcumin gability is not
obvious. Although the curcumin is sendtive to light as reported by [Henry 1996], the
microemulsions offered very good results for its stability againgt light for long period.

Friberg and Burasczenska [1978] reported that the advantages of a microemulsons over
emulsions, suspentions, or solutions are improved dability and solubility characteridtics.
Snce microemuldons ae thermodynamicay dable, separation problems that frequently
occurr with emulsons are avaided. Mamgen [1996] doated that, in recent years,
microemulsions have been identified as potentid ddivery sysems for lipophilic agents due
to thar trangparent or tranducent appearance, ability for long time large solubility
capacity and ease of preparation.

6.3.3 Curcumin stability in monoolein microemulsions

The results for dability of curcumin solubilized in monoolein microemulsons were recorded
in figures 5. 42, 543 and 5.44. The results shows that the color shade was stable in case of

samples of monoolen microemulsons containing curcumin under UV light, in darkness or
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under normd dectric light. The change in color shade of curcumin solubilized in control
was condderable during storage under light, and it was dight during storage in darkness.
This indicates that the monoolein microemulsons give a good gability for curcumin agang
light for long period. The senghility of curcumin to light is the one of the factors that
usudly to be limited its agpplication in foods [Henry 1996]. Monoglycerides are nonionic
surfactants widely used in the food and pharmaceutical fields [Holmberg and Osterberg
1988], further some data have shown that nonionic surfactants exhibit the advantage of a
high chemica gability [Hofland et al., 1994].

6.3.4 Curcumin stability in Tween20 microemulsions

The results for the gability of curcumin in Tween20 microemulsons were recorded in
figures from 545 to 550. It could be showed that, dl Tween20 microemulson samples
exhibited a quite acceptable results for dability of curcumin agang light for long period
comparing with that in control, exept the samples in which prepared by usng NaCl as
agueous phase. Gadlarate et al., [1999] found that the rate of ascorbic acid oxidation, as its
degradation rate, was dower in microemulsons than that in agueous solutions. In case of
Tween20-microemulsions prepared with NaCl as agueous phase the color shade changed
markedly from yelow to red. This result is thought due to the effect of sodium cation in
NaCl solution on the curcumin color shade. Henry [1996] reported that, for curcumin, in
generd, cationswill tend to induce a more orange brown color shade.

The change in color shade of samples containing NaCl was higher during dorage in
darkness or under normd dectric light than that under UV light. This nay be due to the UV
light has effect on the ionization process of NaCl and/or it has effect on the efficiency of
sodium cation on curcumin color shade. It should be noted that the curcumin color shade
tend to be lemon ydlow with low pH vaue and orange with high pH vaue This result in
agreement with that reported in Food Advisory Committee, FAAC/REP/4, HMSO, London,
[1987].

It could be adso observed that the influence of pH vaue, concentration of oil and surfactant,
nature of oil and surfactant, presence of acohol as cosurfactant in microemulsons on the
gability of curcumin during storage was no remarkable.

Carlotte et al., [1995] studied the rate of oxidation of linolic acid and ethyl linoleate in O/W
microemulsons and the results showed tha the dructure of the inteface in the

microemulsons was especidly dgnificant to protect the systems from auto-oxidetion, while
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the nature of the emulsfier does not seems to greatly affect the oxidation of unsaturared
molecules. Ho et al., [1996] found that the microemulsons mantaned sSmilar viscosty
during dorage a room temperature for long period (severd months), indicating tha the
sysem was thermodynamicaly stable. In contrast, the viscodties of macroemulsons were
vaiable. Further, severa microemulson sysems were demondrated to be promising for
od ddivery of insulin based on the results of dability expriments and acid-protection
efficiency.

They found aso tha the influence of dcohols as cosurfactant on the dability of insulin in

microemulsions seems to be not so obvioudly.

6.4 Conclusion
Severd microemulson sysems were prepared by udng different naturd oils such as

peppermint oil done or mixed with a common edible oils (soybean, peanut or rapeseed ail),

different sufactants such as lecithin, monoolein or Tween20 and an agueous solution

(water, 20% solution of NaCl, sucrose or citric acid ) without or with ethanol as

cosurfactant. The solubility of curcumin in these microemulson systems was investigated.

The gability of curcumin solubilized in these microemulsons agangt light was dso studied

during storage under UV-light for 3o days, in darkness and under norma dectric light for 60

days. The dability of curcumin was determined as the change in curcumin color shade by

using Measuring Color Instrument.

The obtianed results can be concluded asfollows:

1- Microemulsions could be prepared by usng peppermint oil, lecithin and water without
cosurfactant

2- The optimum amount of water required to prepare microemulsons in this case, was
somewhat remarkable.

3- Microemulsons were adso prepared by using these components with ethanol and the
optimum amount of water in this case decreased dightly with increasing the ethanol.

4- Microemulsons could not be prepared by usng edible oils as lipophilic phase and
lecithin either without or with ethanol, but the use of peppermint oil with edible ol was
necessary.

5- The optimum amount of water to obtan microemulsons by the use of edible ol and

peppermint oil as lipophilic phase was lower than that in case of use peppermint oil
angly.
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6

The optimum amount of water amost decreased with increasing the edible oil content in

the mixture.

7- When addition the ethanol as cosurfactant into the system containing peppermint oil,
edible ail and lecithin, it was observed tha the the optimum amount of water increased
a the firg with increasing the ethanol to reached a certain amount after that decreased
with increasing the ethanal.

8

The efficiency of ethanol as cosurfactant on the water solubility in the microemulson
system depended on the lecithin content, where its efficiency increase with increasing
the lecithin content.

9- No wide differences were noted between the edible oils used, where the nature of edible

oil does not seemsto grestly affect the solubility of water in the microemulson system.

10- The preparation of microemulsons by usng monoolein done as surfactant could not be
achieved.

11- The addition of ethanol or other emuldfier such as Tween20 with monoolein was
important to solubilize the water in the sysem containing monoolein ether aone or
mixed with an edible ail.

12-Usng Tween20 with monoolein has gregtly affect on the solubilization of water in the
mixture to prepare microemulson, where the maximum amount of water miscible with
the sysem was condderably remarkable compared to that when using ethanol with
monoolen either done or mixed with soybean ail.

13- The use of soybean ail with monoolein decreases the water solubilized in the system.

14- The miscibilty of water increased linearly with increesng the ethanol either in case of
monoolein done, mixed with soybean oil or mixed with Tween20.

15- Microemulsons were prepared by usng peppermint oil, Tween20 and water or an
aqueous solution 20% of NaCl, sucrose or citric acid without cosurfactant.

16- The solubility of aqueous phase increased with increasing the Tween20 content.

17-NaCl seems to have the lowest solubility compared among dl the tested agueous
solution, while the other agueous solutions given Smilar results.

18- Generdly, the solubilization capacity for agueous phase in case of usng Tween20 as
surfactant was higher than that in case of using lecithin or monoolein.

19- An dtempt to emulsfy edible oils with Tween20 faled, where the mixture of Tween20
and edible oil wastrubid and the turbidity increased after addition the agqueous phase.

20- The results obtained for solubility of curcumin in microemulsons showed tha the
solubility of curcumin in microemulsionss was greatly higher than that in edible ail.



95

21- Solubility of curcumin in microemulsons contaning peppermint oil as lipophilic phase
was makedly higher then that in peppermint oil. Curcumin solubility  in ledthin
microemulsons containing edible oil increased dightly after addition a few amount of
water, incontras, in case of ledthin microemulsons contaning peppermint  ail.
Solubility of curcumin in lecithin microemulsons produced by using peppermint oil was
higher than that in lecithin microemulsons produced by using peppermint and edible ail.

22- Solubility of curcumin in Tween20-microemulsons was condderably higher then that in
lecithin - or monoolein-microemulsons  The <olubility of curcumin in - Tween20-
microemulsonss increased with increesng the Tween content, but decreased with
increasing the agueous phase.

23-The light gability of curcumin in microemulsons was sudied as the change in the color
shade during dtorage and the results indicated that, with exception the microemulsons
prepared by usng NaCl as agueous phase, dl microemulson foemulaions exhibited a
very good results for the gability of curcumin againg ether UV or norma dectric light
for long period. In case of microemulsons formed by usng NaCl as agueous phase the
changein color shade during storage was remarkable either under light or in darkness.

24- The influence of ethanol which added as cosurfactant on the dability seems to be not
obvioudy, further pH vaue has no affect on the stability. The nature and concentration
of ol or sufactant used to formulate the microemulsons have also no effect on the
dability of curcumin.

Finally, Microemulsons could be prepared by usng a suitable components for food

aoplications. These microemulsons could be used to improve the solubility of curcumin and

other naturd food colorants which are insoluble in water and poorly soluble in vegetable
oils. These microemulsons were demondrated to be promising for stability of curcumin and

other natura food colorants which are sengtive to light.
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7 Summary

Severd microemulson formulaions were prepared by using various vegetable oils such as
peppermint oil aone or mixed with a common edible oils (soybean, peanut or rgpeseed ail),
different surfactants such as lecithin, monoolein or Tween20 and an agueous solution (water
or aqueous solution of 20% NaCl, sucrose or citric acid ) without or with ethanol as
cosurfactant. The solubility of curcumin in these microemulson sysems was investigated.
The dability of curcumin dissolved in these microemulsons agang light was dso sudied
during storage under UV-light for 3o days, in darkness and under norma dectric light for 60
days.

The obtianed results indicated that microemulsions could be prepared by using peppermint
oil, lecithin and water without cosurfactant. Microemulsons were adso prepared by using
these components with ethanol as cosurfactant. Microemulsons could not be prepared by
usng edible ails as lipophilic phase and lecithin ether without or with ethanol, but the use
of peppermint oil with edible oil was necessary. The optimum amount of water required to
form microemulsons by the use of edible oil and peppermint oil was lower than tha in case
of use peppermint oil Sngly.

The preparation of microemulsons by usng monoolein done as surfactant could not be
achieved. The addition of ethanol or other emulsfier such as Tween20 with monoolein was
important to solubilize the water in the sysem containing monoolein ether done or mixed
with an edible ail. The use of Tween20 with monoolein has greely affect on the  mixture
solubilization capecity for water. The miscibilty of water increased linearly with increesing
the ethanol eather in case of monoolein done, mixed with soybean oil or mixed with
Tween20.

Microemulsons were prepared by usng peppermint oil, Tween20 and water or an agueous
solution of 20% NaCl, sucrose or citric acid without cosurfactant. An attempt to emulsify
edible oils with Tween20 falled. The solubility of agueous phase increased with increasng
the Tween20 content. Generdly, the solubilization capacity for agueous phase in case of
using Tween20 as surfactant was higher than that in case of using lecithin or monoolein.

The results obtaned for solubility of curcumin showed theat the solubility of curcumin in
microemulsonss was greatly higher than that in edible oil. Solubility of curcumin in
microemulsons containing peppermint oil done as lipophilic phase was markedly higher
than that in peppermint oil. The effect of ethanol addition into lecithin microemulsions on
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the solubility of curcumin was smdl. Solubility of curcumin in Tween20-microemulsons
was consderably higher than that in lecithin or monoolein-microemulsons.

The light gability of curcumin in microemulsons was dudied as the change in the color
shade during storage. The results indicated that microemulsons exhibited very good results
for the gahility of curcumin againg either UV or norma eectric light for long period except
the microemulson prepared by usng NaCl as agueous phase, where the change in color
shade of this microemulsion was grest.

The influence of ethanol which added as cosurfactant on the curcumin stability seems to be
not obvioudy, further pH vaue has no effect on the dability. The naure and concentration
of ol or surfactant used to formulate the microemulsons have dso no effect on the gability

of curcumin.
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