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Emulsions are commonly used to improve aesthetics but
they may also be applied to deliver active ingredients.
Recently, a group of pigments known as carotenoids has
been added to emulsions as an active compound mainly
due to their antioxidant properties. The stability of these
formulations is a critical parameter for both, pharma-
ceutical and cosmetics industry. Therefore, in this study
two analytical methods, multiple light scattering and la-
ser diffraction, were tested to determine the stability of
various emulsions containing carotenoids (B-carotene,
lycopene, astaxanthin). Even small changes in stability
of emulsions were determined very early. The results of
both methods proved that the type of carotenoid used
did not influence the emulsions’ stability. The stability of
emulsions depends mainly on the preparation methods
and on the type of emulsifier applied.
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INTRODUCTION

In recent years, thanks to technological advances, a
rapid development of various cosmetics and pharmaceu-
tical formulations has been observed. Stability tests of
these preparations are one of the most critical parameters
for the pharmaceutical and cosmetic industries. These
tests are performed in order to confirm the appropri-
ate physicochemical standards of the obtained products
(Regulation (EC) No 1223/2009 of the European Patlia-
ment and of the Council of 30 November 2009 on cos-
metics products). In simple terms, emulsion stability is
the ability to keep particle size unchanged with time and
during storage (Curt, 1994; Tadros, 2008; Lindgren ez al.,
1996). The destabilization processes of the emulsions are
the results of various phenomena, such as creaming, sed-
imentation, flocculation, coalescence, phase inversion or
Ostwald ripening, that can occur separately or simultane-
ously (Curt, 1994; Tadros, 2008). Stability test carried out
by a classical method involves observation of the sample
under different conditions and is very time consuming
due to the diversity and complexity of the recently ob-
tained cosmetics and pharmaceutical products. The main
parameter which is used to predict shelf life of a given
formulation is temperature dependent. The effects on
product shelf life by storage and shipping conditions,
such as high and low temperatures, exposure to sunlight
and humidity, need to be taken into account. Therefore,
the formulations are stored under various conditions and
are periodically analyzed for 3 to 6 months. The general

conditions used to evaluate the emulsions’ stability are
given in the Cosmetic Regulation in Competitive Envi-
ronment (Estrin & Akerson, 2000), in a Technical Brief
(Emulsion stability and testing, Technical Brief, Particle
Sciences Drug Development, Manufacturing & Deliv-
ery Services, 2011) and in the monograph published by
the International Federation of Societies of Cosmetics
Chemists (The Fundamentals of Stability Testing (IFSCC
Monograph No. 2). International Federation of Socie-
ties of Cosmetic Chemists,. Micelle Press, Cranford, NJ,
1992). Identification time of the instability phenomena
can be dramatically shortened by using optical meth-
ods, such as multiple light scattering (MLS). Even small
changes in the stability of emulsion can be determined
very early and promptly. In addition, this method does
not involve the dilution of the emulsion and therefore
the emulsion structure is not disrupted (Szaferski & Mit-
kowski, 2016).

Commonly known emulsions, such as oil-in-water
(o/w) and water-in-oil (w/0) types, are not only used to
improve aesthetics and ease of application but they may
also be used to deliver active ingredients and improve
their distribution and permeation. Carotenoids are an im-
portant group of organic pigments which has been re-
cently added as active ingredients to cosmetic emulsions.
They are divided into two classes, such as carotenes,
which are purely hydrocarbons and contain no oxygen
(a,8,y-carotenes, lycopene), and xantophylls, which con-
tain oxygen (lutein, zeaxanthin, astaxanthin) (Morgan-
ti et al., 2009; Scarmo et al., 2010; Igielska-Kalwat e al,
2012; Igielska-Kalwat ez al., 2013a; Igielska-Kalwat e al,
2013b). Carotenoids have found application in the cos-
metics industry due to their antioxidant properties (Ya-
mashita, 2002; Anuncuato & da Rocha Filho, 2012).
They are able to inhibit free radical formation and stim-
ulate fibroblasts to produce collagen and elastin; there-
fore the skin texture, elasticity and firmness could be im-
proved (Cabri¢ & Pokrywka, 2010).

Recently, Palombo and coworkers (Palombo ef al,
2007) have studied the efficacy of lutein and zeaxanthin
on human skin. These xanthophylls were administrated
orally, topically or in combination. According to their re-
sults, a significant enhancement of elasticity of skin was
observed. Additionally, the combined oral and topical
administration of both carotenoids provided the highest
degree of antioxidant protection. It has been observed
that carotenoids are more frequently applied in cosmet-
ics products. They could be mostly found in anti-aging,
anti-acne, and softening creams, as well as in products
that protect against photo-aging effects (Beutner ef al,
2001; Seki e al., 2001; Arakane, 2008; Gunasekera ez al.,
2007; Tominaga et al. 2012; Lee & Chen, 2002; Girtner
et al., 1997; Hallmann & Rembiatkowska, 2007; Toor et
al., 2000).
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Function of the cosmetic’s packaging is primarily pro-
tection of its contents. That is why it is so important
to be aware of the choice of the packaging material’s
properties that is in direct contact with the product. Ca-
rotenoids show strong instability under the influence of
oxygen, sun and high temperature. In this study, emul-
sions were stored in “air-less” type containers which are
designed to provide the highest comfort of use. In these
bottles, the cream is pushed out by the floating bottom.
The contents of the packaging are protected from ox-
idation as efficiently as possible. The hygienic form of
storing the cosmetic in the air-less packaging allows the
use of milder preservatives and protects the carotenoids
contained therein. In addition, the packaging was made
of amber glass, which is characterized by higher thermal
and chemical resistance. Addition of boron oxide B,O,
causes a reduction in the coefficient of thermal expan-
sion (reduced sensitivity of the glass to changes in tem-
perature).

Therefore, the aim of this study was to determine
the stability of various emulsions containing carotenoids
(B-carotene, lycopene, astaxanthin) by using analytical
methods: laser diffraction (LD) and multiple light scat-
tering. Appropriate particle size and stability of cosmet-
ic formulation guarantees high quality products (Lee &
Chen, 2002; Girtner et al., 1997; Hallmann e al., 2007;
Toor et al., 2006; Johnson e# al., 1997; Lemarchand ez al.,
2003a). That is why results obtained here may contribute
to a better understanding of the stability aspects of semi-
solid formulations containing active compounds.

MATERIALS AND METHODS

Procedures. Composition of formulations is present-
ed in Table 1.

The study was conducted on different formulations
containing carotenoids prepared in the laboratory.

Preparation of o/w emulsion A. The oil phase in-
gredients were placed in a 25 mL beaker (sunflower oil,
glycerol monostearate and cetyl alcohol), and then heat-
ed to 70°C by using a plate heater with heating control
and magnetic stirrer. IKA T 50 basic Ultra-Turrax ho-
mogenizer with rotational speed of 4000 rpm (Mitkowski
& Szaferski, 2016) was used for 25 min. At the same
time, water was placed in a 50 mL beaker and heated to
a temperature of 70°C. When all oil phase ingredients
were melted, they were slowly added to the water. Next,
the mixture was vigorously stirred and cooled down. Af-
terwards, the emulsion was divided into three portions.
To each portion different carotenoid — astaxanthin,
B-carotene or lycopene, was added.

Preparation of o/w emulsion B. In a 50 ml. beak-
er, Creagel EZ7 was stirred with Alphaflow 20 until the
mixture became homogenous. Afterwards, water was
slowly added while mixing both phases by using a plate
heater with heating control and magnetic stirrer, at room
temperature with rotational speed of 2500 rpm for 10
minutes (Mitkowski & Szaferski, 2016). Next, the emul-
sion was divided into three portions. To each portion
different carotenoid — astaxanthin, [B-carotene or lyco-
pene, was added.

Preparation of w/o emulsion. The oil phase (lano-
lin, sunflower oil, beeswax and cetyl alcohol) was placed
in 50 mL beaker and heated to 70°C until all ingredients
were melted. At the same time, water was also heated
to 70°C. While the melted oil phase ingredients were
mixed by using plate heater with heating control and
magnetic stirrer, the water was slowly added. IKA T 50

basic Ultra-Turrax homogenizer with rotational speed of
4000 rpm (Mitkowski & Szaferski, 2016) was used for 25
min. The obtained mixture was allowed to cool down to
room temperature. Afterwards, the emulsion was divided
into three portions. To each portion different carotenoid
— astaxanthin, B-carotene or lycopene, was added.

Stability studies. Stability test by Multiple Light Scat-
tering. Stability measurements were performed immedi-
ately after preparation of the emulsions and at differ-
ent times for 100 days afterwards, by using Turbiscan
Lab Expert (Formulaction, France). The stability was
measured under two different conditions: at room tem-
perature (25°C) and at an clevated temperature (45°C),
by multiple light scattering. Between measurements,
the samples were stored in daylight and in darkness, at
25°C and at 45°C. The obtained results were evaluated
as backscattering data as a function of sample height.
Before, analysis samples were placed in cylindrical glass
tubes avoiding formation of bubbles.

Particle size distribution analysis by Laser Diffraction.
The particle size distributions of formulations containing
carotenoids were analyzed by Mastersizer 2000 (Malvern,
UK) equipped with a Hydro dispersion unit. The pump
speed was set at 2000 rpm.

The collected data were calculated by Frauhofer and
Mie theories to obtain the particle size distribution of
the analyzed samples (User manual of particle size ana-
lyzer Mastersizer 2000). The measurements were carried
out at room temperature in distilled water. They were
performed in triplicate and then the average value was
determined. The refractive indexes of emulsions are
shown in Table 2.

The results are shown as the percentages of d (0.1), d
(0.5) and d (0.9):

e d (0.1) [um] — 10% of the particle distribution is be-
low this value,

e d (0.5) [um] — median of particle distribution

e d (0.9) [um] — 90% of the particle distribution is be-
low this value.

Droplet size was reported as the volume surface mean
diametet, D;,, and volume mean diameter, Dy ;. D
gives information about the mean diameter where the
most of the particles fall, and Dl4,3 is sensitive to chang-
es in particle size involving a destalbilization process (Re-
likn & Sourdet, 2005). Measurements were done accord-
ing to the U.S. Pharmacopeia guidance “Light diffraction
measurement of particle size” (USP29-NF24).

RESULTS AND DISCUSSION

It is known that carotenoids undergo photo and ther-
mal degradation (Rodriguez-Amaja & Kimura, 2004). It is
thought that degradation of the active compound could
also influence the stability of the entire system. There-
fore, stability studies of the formulations with carot-
enoids were carried out in daylight and also in darkness
to minimize the risk of carotenoid decomposition. Mea-
surements were also conducted under various tempera-
ture conditions. Analyses at room temperature enable to
predict the stability of the product stored in magazines,
shops and at home, while measurements at 45°C serve
as accelerated aging stability tests. These studies enable
to analyze the emulsion stability under extreme storage
conditions. The obtained formulations exhibited various
organoleptic properties. The o/w emulsion B had a light
consistency and white color, whereas w/o emulsion had
a thick consistency with slightly yellow colot, and o/w
emulsion A was thick and white.
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Table 1. Chemical composition of formulations.

Sample name Composition Company Quantity[% = 0.01]

O/W emulsion A Sunflower oil 12.62
Glycerol monostearate Sigma-Aldrich 3.89
Cetyl alcohol Sigma-Aldrich 5.82
Distilled water 77.66
Carotenoids:
[B-carotene TriMen Chemicals 0.01
Astaxanthin TriMen Chemicals
Lycopene TriMen Chemicals

O/W emulsion B Creagel EZ 7% Creations Couleurs 10.0
Alphaflow 20** Creations Couleurs 17.00
Distilled water 72.99
Carotenoids: TriMen Chemicals 0.01
[-carotene TriMen Chemicals
Astaxanthin TriMen Chemicals
Lycopene

W/O emulsion Lanolin Fluka Analytical 10.21
Sunflower oil 39.90
Beeswax 4.99
Cetyl alcohol Sigma- Aldrich 4.99
Distilled water 39.90
Carotenoids:
[B-carotene TriMen Chemicals 0.01

Astaxanthin

Lycopene

TriMen Chemicals

TriMen Chemicals

*Creagel EZ7, polyacylamide, hydrogenated polydecene, laureth-7; **Alphaflow 20, hydrogenated polydecene

Emulsions A and B are both oil-in-water emulsions.
However, they differ in the temperature of preparation,
emulsifiers and application used. For this reason they
were used in experiments presented here. Emulsion A is
prepared at a temperature of 70°C. This temperature is
required for melting of the emulsion’s individual com-
ponents and obtaining a suitable consistency. However,
emulsion B was cold-processed. Its preparation does
not require the use of high temperature, making the
unstable carotenoids more durable. Type A emulsion
contains emulsifiers in its composition, such as glycerol
monostearate and cetyl alcohol, while type B has been
prepared with the use of coemulsifier, maintaining the
lowest possible interfacial tension which is characterized
by the highest stability. O/w-type emulsions are most
often used by manufacturers for the production of mois-
turizing creams because they penetrate the skin more
quickly and are characterized by a less oily and lighter
consistency. Cold-processed emulsion B is characterized

by better uniformity and high disintegration of the dis-
persed phase, i.e. the oil phase, and particle sizes of not
more than 1 pm. These formulations, due to their better

Table 2. The refractive indexes of the analyzed emulsions.

Emulsion type Refractive index

o/w emulsion A with astaxanthin 1.340
o/w emulsion B with astaxanthin 1.386
w/o emulsion with astaxanthin 1.479
o/w emulsion A with B-carotene 1.345
o/w emulsion B with -carotene 1.397
w/o emulsion with -carotene 1.471
o/w emulsion A with lycopene 1.342
o/w emulsion B with lycopene 1.385
w/o emulsion with lycopene 1.454




458 J. Igielska-Kalwat

2018

70 4
60
50
&
2 404
£ —— 0 min
§ 30 4 —10'min
S —— 10 days
3 5. —— 30 days
60 days
—— 100 days|
104 |
J
0 T T T T T T T T T 1

Sample height [mm]

Figure 1. Backscattering profiles of o/w emulsion B with astax-
anthin at room temperature.

stability and penetration of their active substances into
the skin, have found application in anti-aging cosmetics.
Due to lighter consistency, they ate used in such prod-
ucts as serums, essences and lotions.

Stability studies by multiple light scattering

Measurements of the backscattered light intensity al-
low direct following of the emulsion stability without its
dilution. The principle of this analysis is based on the
variation of particle size or variation of droplet volume
fraction (Celia e# al., 2009a). The emission intensity most-
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Figure 2. ABS profiles o/w emulsion B with astaxanthin at room
temperature.

ly depends on three parameters, such as particle diam-
eter, volume fraction of the particles and the refractive
index of the continuous chase and the dispersed chase
(Lematchand ¢# a/., 2003b; Vandamme & Soetaert, 2000;
Mengual et al, 1999). After analysis, two different pro-
files of emulsions were obtained. Only variations in the
backscattering profiles of all obtained emulsions were an-
alyzed because the transmission signal was in all cases nil
(opaque samples). The backscattering fluxes were plotted
as the ordinate and the height of the sample as abscissa.
The light scattering fingerprints of o/w emulsion B with
astaxanthin is shown in Fig. 1. A regular backscattering

— Astaxanthin

1 ——— [i-carotene
\ —— Lycopene
44

w
o .34
-
o
5
4 T L] L) T T T T T T 1
0 10 20 30 4 50 60 70 80 S0 100
t (days)
0 4 — Astaxanthin
= [l-carctene
— Lycopene

<3 4

\BS

t (days)

Figure 3. ABS profiles of o/w emulsion A (a), o/w emulsion B (b) and w/o emulsion (c) containing carotenoids stored in darkness at

room temperature.
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Figure 4. ABS profiles of o/w emulsion (Creagel) (a), o/w emulsion (b), w/o emulsion (c) stored in daylight at RT.

(BS) pattern observed along the sample height indicated
the absence of sedimentation and creaming phenome-
na. However, the backscattering data obtained after 100
days showed a decrease in the BS intensity over the total
height of the sample. These changes are related to the
slight particle size variation.

In order to investigate the occurring changes and to
see variations of the profiles more easily, the samples
were analyzed in the reference mode. Therefore, the
first profile was subtracted from all other profiles and
on the ordinate the delta back scattering (ABS) was plot-
ted. In Fig. 2 the profiles of o/w emulsion B with as-
taxanthin are presented. The particle size variations are
indicated by a variation in the backscattering level (from
0 to —1.5%) us. the height of the sample tube. The first
profile, at time t=0 is at the delta line of BS=0%. With
time, the particles aggregate, which induces a progres-
sive fall in delta backscattering. The intensity of back-
scattering light was decreasing which corresponds to the
particle size increase that is known as flocculation. It is
known that this phenomenon can occur when the parti-
cle size is larger than the wavelength of the incident light
(Mengual ez al., 1999). It should be mentioned that the
BS values always change (move up or down) with parti-
cle size (Vandamme & Soetaert, 20006). This information
was applied to quantify the flocculation kinetics (Chau-
vietre e al., 2004; Palazolo e al., 2005). It was observed
that within 100 days the maximum delta backscattering
was —1.5%. This value indicates that only slight changes
were observed. It should be mentioned that the formula-
tions are treated as unstable when the variation is greater
than 10%, either as a positive or negative value, in the
graphical scale of backscattering (Celia e al., 2009).

In Fig. 3, ABS profiles of o/w emulsion A (a), o/w
emulsion B (b) and w/o emulsion (¢) containing carot-
enoids stored in darkness at RT are shown. The results
indicate that flocculation was the main mechanism of the
emulsions’ destabilization. This phenomenon is observed
when particles contact each other and stick together.
Depending on the formulation type, variations in parti-
cle size were varied. The flocculation behavior of sam-
ples was analyzed by plotting time evolution of the delta
backscattering level to enable comparison between the
samples. In Fig. 3b, ABS profiles of o/w emulsion B are
at the same level regardless of the carotenoids used. The
particle size of droplets changed slightly (—1%) within 40
days and then remained stable. Very similar ABS profiles
were obtained for o/w emulsion B with carotenoids that
wete stored in daylight (Fig. 4b). The delta BS of o/w
emulsion B remained almost unchanged during the 100
days of storage (—1%) indicating its high stability. On
the other hand, it is shown in Fig. 3 a that after 100
days delta BS of o/w emulsion A with carotenoids was
5 times higher than in the case of o/w emulsion B. The
rapid flocculation in o/w emulsion A, regardless of the
carotenoid type, took place during 100 days of storage.
Very similar ABS profiles were obtained when the same
emulsion that was stored for the same period of time
in daylight (Fig. 4b). Both emulsions (based on Creagel
and o/w emulsion A) were oil in water type, however,
they were prepared using different procedures that could
influence theit stability. The o/w emulsion A is a typical
traditional emulsion which was made by a hot process
mainly due to the raw materials which are mostly in a
solid form and should be melted before mixing with
the aqueous phase. The other emulsion, o/w emulsion
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Figure 5. ABS profiles of o/w emulsion A (a), o/w emulsion B (b) and w/o emulsion (c) containing carotenoids measured at 45°C.

B, based on Creagel, was prepared by a cold process
method without melting the ingredients. The presence
of Creagel EZ7, which is used as an auto-emulsifier,
had an influence on maintaining the lowest interfacial
tension between phases and thus it stabilized this emul-
sion. In compatison to w/o emulsion prepared by a hot
process, the emulsion based on Creagel was also more
stable. The maximum delta backscattering reached —3%
after 100 days of storage for w/o emulsion. Aggregation
of the particles took place after the storage in darkness
(Fig. 3c) and in daylight (Fig. 4c). Also, in this case the
presence of B—carotene, astaxanthin and lycopene did
not influence the formulation stability and the obtained
results were very similar for each w/o emulsion with ca-
rotenoids.

Measurements conducted at a higher temperature (at
45°C) showed only slight changes in delta BS for all emul-
sions containing carotenoids (Fig. 5). The highest particle
size variation was observed in the case of w/o emulsion.
It should be mentioned that in all cases the changes in
delta BS were within limits. This verified that these emul-
sions could be stable even at a higher temperature.

Stability studies by Laser Diffraction (LD)

The particle size distribution was measured by aser
diffraction. For each sample, ultrasonics were used to
break up the potentially existing agglomerates and to
obtain the dispersion of the primary particles. The in-
fluence of the applied ultrasound on the particle size
distribution of o/w emulsion A with B-carotene stored
in darkness is shown in Fig. 6. The volume weight-
ed mean diameter D, changed from 70.14 +0.44 to
0.73£0.04 wm and the volume surface mean diameter

Dy;, decreased from 2.07£0.01 to 0.3520.01 um after
the apphcamon of ultrasounds (20 kHz). This proved
that the agglomerates were broken up by the action
of the ultrasound. The same effect was also observed
in the case of o/w emulsion A with lycopene and
o/w emulsion A with astaxanthin, where the volume
mean diameter D |, changed from 155.30£3.01 to
0.681+0.05 pm and fLrom 51.58%+5.09 to 0.79+0.01 pum,
respectively.

Additionally, a decrease in the volume surface mean
diameter D;, from 2.06+0.02 to 0.36£0.01 um (o/w
emulsion A with lycopene) and from 1.46%0.05 to
0.36£0.01 um (o/w emulsion A with astaxanthin) was
also observed. These results are in agreement with the
data obtained for o/w emulsion A with carotenoids by
using multiple light scattering because the tendency of
this formulation to form aggregates was proven. Ad-
ditionally, thanks to the use of ultrasonication, the dis-
persions of the primary particles were obtained and the
influence of each carotenoid on the particle size distri-
bution could be compared. In Fig. 7, the particle size
distribution of o/w emulsion A containing astaxanthin,
B-carotene and lycopene is presented. The results of
laser diffraction measurements showed no significant
changes in the droplet size distribution between the o/w
emulsion A containing different carotenoids.

It should be mentioned that the storage conditions
also did not influence the particle size distribution of
the o/w emulsion A. All the studied o/w emulsions A
containing vatious carotenoids had a similar droplet size
distribution regardless of whether they were kept in day-
light or in darkness (Table 3).
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tribution of o/w emulsion A containing B-carotene stored in
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Figure 7. The particle size distribution of o/w emulsion A with
astaxanthin (b line), B-carotene (a line), lycopene (c line) stored
in darkness.
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Figure 8. The influence of ultrasounds on the particle size dis-
tribution of w/o emulsion with astaxanthin stored in darkness
(b line - measurements performed without ultrasounds, a line -
measurements performed with ultrasounds).
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Figure 9. The influence of ultrasounds on the particle size dis-
tribution of w/o emulsion B with B-carotene stored in daylight
(b line - measurements performed without ultrasounds, a line -
measurements performed with ultrasounds).

Table 3. Particle size distribution and volume weighted mean diameter D, and D;;,, of o/w emulsion A stored in different condi-

tions.
Stored in darkness [um]
o/w emulsion A Dus Dyy Dy Disg; Dy
[-carotene 0.73+0.01 0.34+0.01 0.17+0.01 0.38+0.01 1.77+0.01
lycopene 0.74+0.02 0.36+0.01 0.18+0.02 0.40+0.05 1.73+0.04
astaxanthin 0.79+0.01 0.35+0.01 0.17+0.02 0.40+0.01 1.81+0.04
Stored in daylight [um]
B-carotene 0.73+0.05 0.34+0.03 0.16+0.01 0.36+0.02 1.75+0.11
lycopene 0.77+0.02 0.36+0.01 0.18+0.01 0.41+0.01 1.81+0.04
astaxanthin 0.77+0.02 0.37+0.03 0.19+0.03 0.42+0.02 1.71+£0.03

The effect of ultrasonication was also clearly seen
in the case of w/o emulsions containing carotenoids.
As ultrasound was applied, agglomerates in w/o emul-
sion were steadily dispersed until the primary particle
size was achieved. The influence of ultrasounds on the
particle size distribution of w/o emulsion with astaxan-
thin stored in darkness is shown in Fig. 8. Before the
use of ultrasounds, one broad peak between 6 and 580
pm was detected. After application of ultrasounds, this
peak shifted to the smaller range of particle size. Addi-
tionally, a decrease in volume weighted mean diameter
from 157.01£4.40 to 3.72+0.19 um and change in the
volume surface mean diameter D, from 87.05%£3.65
to 0.69£0.03um was observed. As expected, due to the
use of ultrasounds, the same phenomenon was also ob-

served for other two w/o emulsions where the volume
weighted mean diameter changed from 219.63%15.00
to 3.79+0.09 um (w/o emulsion with B-carotene) and
from 236.58+8.40 to 3.81+0.09 um (w/o emulsion
with lycopene). Furthermore, after the application of
ultrasounds the reduction in the volume surface mean
diameter from 94.9714.45 to 0.61+0.06 um for w/o
emulsion with B-carotene and from 103.27£3.20 to
0.65£0.20 pm for w/o emulsion with B-lycopene was
detected. All of these results confirmed data obtained
in multiple light scattering measurements, where the
particles of o/w emulsion exhibited a tendency to ag-
glomerate. The data presented in Table 4 shows no sig-
nificant difference in particle size distribution of w/o

Table 4. Particle size distribution and volume weighted mean diameter D, ;;and D, ,, of w/o emulsion stored in darkness.

Stored in darkness [um]

w/o emulsion Dy Dy Doy Dps) Dy

[-carotene 3.91+0.26 0.61+0.06 0.20+0.01 2.84+0.43 9.74+0.32
lycopene 3.81+0.09 0.65+0.02 0.21£0.01 3.16+0.18 8.78+0.22
astaxanthin 3.74+0.11 0.69+0.03 0.22+0.01 2.84+0.14 9.08+0.15
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emulsion containing various carotenoids stored under
the same conditions.

Only in the case of o/w emulsions B the changes
in particle size distribution were not observed after
the application of ultrasounds. In Fig. 9, the influ-
ence of ultrasounds on the particle size distribution
of w/o emulsion B with B-carotene stored in daylight
is shown. The volume weighted mean diameter D,
and the volume surface mean diameter D ;, remaine
constant during the measurements pertlormed with
and without ultrasonication, with an average value of
2.05%0.01 pm and 1.60£0.02 um, respectively. These
data are in accordance with the results obtained by
using multiple light scattering, where o/w emulsion B
was the most stable emulsion and hardly any chang-
es in particle size variation were observed. Moreover,
it should be added that o/w emulsion B containing
carotenoids also displayed good stability over storage
time, as the droplet size distribution did not change
significantly.

CONCLUSION

The results obtained here proved that new analyti-
cal methods, such as multiple light scattering and laser
diffraction, can be successfully applied to determine
the stability of various formulations containing carot-
enoids. Here, o/w emulsion B that was prepared by
the cold process method without melting ingredients
was the most stable. The presence of auto-emulsifi-
er could have an influence on maintaining the lowest
interfacial tension between phases and thus the sta-
bility of this formulation was enhanced. The particle
size distribution of o/w emulsion B remained con-
stant in measurements performed with and without
ultrasonication. Additionally, no significant changes in
the droplet size of emulsions were observed, regard-
less of carotenoids used. This proves that the addition
of active compounds, such as astaxanthin, B-carotene
or lycopene, did not influence the emulsion stability.
Moreover, it was also found that the particle size did
not change significantly under various conditions. The
stability of emulsions mainly depends on the prepara-
tion methods and on the type of emulsifier applied.
To conclude, we have shown that multiple light scat-
tering (MLS) allows characterization of emulsions
without dilution, and laser diffraction (LD) allows
characterization of emulsions in a wide range of parti-
cle sizes (0.01 to 1000 pm), for formulation and quali-
ty control purposes. These methods have been proven
to be efficient to characterize instability phenomena
in emulsions in a quick and straightforward way. The
proposed techniques, such as MLS (based on analyz-
ing the temporal fluctuations in the scattered light in-
tensity) and LD (based on analyzing the angular de-
pendence of the scattered light intensity using Mie
theory), have to be applied in order to accurately and
reproducibly validate the integrity of any emulsion.
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