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Abstract The ratio ofemulsifying agents used to achieve stability is very important. In this study effect of surfactant HLB
and concentration on the emulsion stability were investigated. The time required for the two liquids to separate, creaming
volume and microscopic observation were used to assess the emulsion stability. Emulsifiers used in this study are based on
their chemical structures and include synthetic, natural and finely dispersed solid particles emulsifiers. It was observed that
the optimal surfactant concentration for oil/water emulsion long-term stability were 20% wt/vol. soap in the oil phase and
0.1% wt/vol. detergent in the continuous phase. Higher concentration of soap had a destructive effect on oil/water emulsion
stability which correlated with the observation that interfacial film strength at the oil/water interface decreases as the
detergent concentration increases. Methanol added to the inner aqueous phase exerted an osmotic pressure that caused
diffusion of oil into aqueous phase and increased oil/water emulsion viscosity through an increase in the volume fraction of
the primary oil/water emulsion. These types of viscosity increase impose a destabilization effect because of the likelihood of

rupture of the outer and continuous phase droplets.
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1. Introduction

Emulsions are used as a basis for a wide variety of both
naturally occurring as well as manufactured materials in the
industries such as food industries, pharmaceutical industries
and cosmetic industries. Others include agrochemicals,
petrochemicals and explosives[1].

Stability in emulsions is very important as it forms the
basic approach for providing solution to problems in the
manufacture of foods, drugs and cosmetics. The rheological,
physicochemical and nutritional properties of some systems
such as foods can be improved by regularly incorporating
ingredients used in the process of emulsion preparation[2].
Stabilization of emulsion becomes necessary in order to
avoid loss of activity, degradation, and even reaction with
some components present in food systems of these ingredie
nts which can lead to limitation in their bio-availability, or
change theircolor or taste[2]. In general, emulsions are by
nature physically unstable, that is, they tend to separate into
two distinct phases or layers over time. Any emulsion in
which the globules do not retain their initial character and do
not remain uniformly distributed throughout the continuous
phase is said to beunstable.

Such emulsion would exhibit different character other
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than the ideal behavior[2]. The types of instability in
emulsions include; Creaming, Breaking or Cracking andCo
agulation or Flocculation. Although some pairs of liquids are
immiscible, they can be forced together in an emulsion.
Instead of forming two separate layers with a clear boundary
between them, small droplets of one liquid are spread
throughout the other liquid. This is achieved by using an
emulsifying agent[3].

1.1. Hydrophile-li pophile-balance (HLB) System

A system was developed to assist in making systemic
decisions about the amount and types of surfactants needed
in stable products. The systemis called the HLB systemand
has an arbitrary scale of 1-18. HLB numbers are experiment
ally determined for the different emulsifiers. If an emulsifier
has a low HLB number, there are a low number of
hydrophilic groups on the molecule and it will have more of
a lipophilic character. For instance, substances with low
HLB numbers are generally oil soluble. As a result of their
oil soluble character, they will cause the oil phase to
predominate and form a water-in-oil emulsion. The higher
HLB numbers would indicate that the emulsion has a large
number of hydrophilic groups on the molecule and therefore
should be more hydrophilic in character. Substances with
high HLB numbers are water-soluble. And because of their
water soluble character, they will cause the water phase to
predominate and form an oil-in-water emulsion. Combinati
on of emulsifiers can produce more stable emulsions than
using a single emulsifier with the same HLB number[4].
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Although many works have been carried out aimed at
testing the time required for two liquids to separate after
being forced together by means of various emulsifiers,
different ways were followed to achieve this. Jim and Diane
investigated the stability of water-in-water multiple emulsio
ns by treating with span 83 and Tween 80. Rheological
measurements were carried out using an AR 1000
Rheometer. Rotational mapping was performed to eliminate
possible small variations caused by the uneven surface ofthe
shaft. A continuous ramping flow mode was used to measure
viscosity under controlled shear stress ranging from 0.01 to
100 Pa. An Oscillation procedure at constant frequency of
1Hz was used to obtain information on storage and loss
moduli. The information regarding the multiple droplet sizes
was obtained by taking photomicrographs of the emulsion
samples. The first step that is, the preparation of primary
emulsion was carried out in a high shear device to produce
very fine droplets. The second emulsification step was
carried out in a low-shear device to avoid rupturing the
multiple droplets[5]. Other methods of determining the
emulsion stability have been developed by researchers.
These include; droplet size analyses[4], measuring physical
properties of emulsion[5], accelerated tests[6], and light
scattering[7].

The objective of this study was to evaluate the long-term
stability and creaming volume of oil/water emulsion with
respect to the concentration, and HLBs of surfactants used.

The objective of this study was to evaluate the long-term
stability and creaming volume of oil/water emulsion by
measuring the concentration of emulsifiers, HLBs of
surfactants used, and Turbidity. Evaluation of the effect of
some formulation variables like, the emulsifier type and oil
phase content on emulsion stability was also carried out.

2. Experimental
2.1. Materials

Lecithin, phospholipids derived from egg yolk and
consisting primarily ofphosphatidylcholine,phosphatidyleth
anolamine, and phosphatidylinositol, a product of M & B
England, wasobtained as a solution. Cholesterol was also a
product of M & B England. Analytical grade magnesium
hydroxide,[Mg(OH),] and aluminium hydroxide,[A1(OH);]
were products of BDH Chemicals Ltd. England. Methanol
was manufactured by Merk Germany. Olive oil, soap and
detergent which are products of MZM Continental Company
Nigeria and Unilever Nigeria Plc respectively, were obtained
from local stores. Distilled water was used throughout while
Starch, a product of Ficko Manufacturing Company, FRN,
was in powder form. Others reagents used include acetic acid
and NaNj.

Routine laboratory apparatus were utilized viz: beakers,
microscope(Nikon microscope Eclipse E400, Nikon
Corporation, Japan), test tubes, micro-slides, grease pencil,
cover-slips, stop watch, electronic balance (Accu-622, Fisher

Scientific, Fair Lawn, New Jersey, USA), blender, measuring
cylinder and mortar and piston.

2.2. Preparation of Soap Solution

20g of soap was grounded and dissolved in 50cm’® of
distilled water. 8 test-tubes were set. Each was marked with a
grease pencil 3mm above the bottom curvature of the
test-tubes. 50cm of olive oil was measured in a beaker[6].

2.3. Preparation of Lecithin Solution Emulsifier

Buffer solution of acetic acid and NaN;was prepared by
dispersing in a proportion of 100 mM and 0.02 wt%
respectively in water and the pH was then adjusted to 3.0 by
adding HCL To prepare lecithin emulsifier, 2.0 wt%
lecithinwas dispersed into the buffer solution and was
blended for 1 min at a frequency of 20 kHz, amplitude of
70%, and duty cycle of 0.5second to ensure complete
dispersion of the emulsifier. The pH of the solution was
maintained at 3.0 by addingHCI and then the solution was
stirred for about 1 hour.

2.4.Preparation of Emulsion

Two sets of oil-in-water emulsion were prepared;
Emulsion 1: 20g of starch powder was levitated in a mortar,
with 20cm’ oil until the powder was thoroughly wetted, then
10cm’of distilled water was added all at once, and the
mixture was vigorously and continually titrated for 3minutes
until the primary emulsion formed was creamy white and
produced a “cracking” sound. Additional 20cm’ water was
incorporated after the primary emulsion was formed. 10
drops of soap solution was incorporated directly into the
primary emulsion, and addition of 10cm’® of methanol was
next. When all the agents were incorporated, the emulsion
was brought to final volume in a measuring cylinder and then
blended to ensure uniform distribution of ingredients[5].

The second form ofemulsion (emulsion 2) was prepared
by homogenizing 20 wt% olive oil and 1.6 wt% of the
aqueous lecithin solution for several minutes using a stirring
bar followed by blending. The emulsion was finally
collected into abeakerand weighted on an electronic balance
(Accu-622, Fisher Scientific, Fair Lawn, NJ, USA),
connected to a personal computer to record time and mass
data every 2 seconds using an installed data acquisition
software (AccuSeries USB version 1.2, Fisher Scientific,
Fair Lawn, NJ, USA); The experiments were carried out at
19.7°C.

2.5. Testing Emulsifying Strengths

2.5.1. Using Synthetic Emulsifiers

3 test tubes were set, to one, 10cm’® of distilled water
waspoured, 5cnt of olive oil was added. 10 drops of soap
solution were added. To the second test—tube 10cm’ of
distilled water and Scm’ of olive oil were shaken and 10
drops of detergent were added. To the third 10cm’® of
distilled water was poured followed by 5cm’ of olive oil and
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mixture of soap solution and detergent were added in drops
(10). The final volume of liquid in each test-tube was
approximately the same. The test-tubes were shaken for 2
minutes and then left to stand. Time of separation of the
liquids in each test-tube was noted[6].

2.5.2. Using Natural Emu Isifiers

3 test-tubes were set; to each 10cm® of distilled water and
Scm’of olive oil were added. To the first 10 drops of
cholesterol were added, to the second 10 drops of lecithin
were added and to the third 10 drops of the mixture of
cholesterol and lecithin were added. The 3 test-tubes were
shaken and left to stand. Time of separation of the liquids in
each test-tube was recorded[6].

2.5.3. Using Finely Dispersed Solid Particle Emulsifiers

In 2 test-tubes, 10cm’ ofdistilled water and Scm’ of olive
oil were poured. To the first, drops of magnesiumhydroxide
were added and to the second 10 drops of aluminum
hydroxide were added. The test-tubes were shaken and time
of separation in each was recorded[6].

2.6. Effects of Surfactant HLB on Emulsion Stability

8 test-tubes were set to each Scm’ of olive oil and Sct’ of
distilled water were added, drops of soap solution were
added to the tubes as indicated in table 3. Drops of detergent
were also added to the tubes as indicated in the same table.
Each test-tube was shaken vigorously for 30-45seconds. The
time required for the interface to rise to the grease pencil
mark was recorded. The tubes were ranked from 1-8 that is,
fromthe longest to the shortest time of separation. The HLB
value for the surfactant system in each test-tube was
calculated using the relation below[7].

x(A) +y(B) "
X+ B
x is Quantity of surfactant 1, A is HLBof Surfactant 1,y is
Quantity of surfactant 2 and B is HLB of Surfactant 2.

HLB =

2.7. Effect of Surfactant Concentration on Emulsion
Stability

The steps in 2.5 above were repeated but using 3 times the
amounts of soap solution and detergent as indicated in table
4[7].

2.8. Creaming Volume Me asureme nt

The volumes of the creamed phase and the remaining part
of the emulsion were recorded. The following relation was
used to calculatethe creaming volume:

A% -V

multiple emulsion creamed phase

x 100%

(2
multiple emulsion
This was achieved by pouring in a measuring cylinder[8].

2.9. Microscopic Observation

The effect of lecithin used in both emulsions was analyzed

at different times by gently agitating each emulsion in a test
tube before analysis. A drop of each emulsion was placed on
a microscope slide and thencovered with a cover slip. The
microstructure of the emulsion was then observed
usingconventional optical microscopy (Nikon microscope
Eclipse E400, Nikon Corporation, Japan). The images were
obtained using a CCD camera (CCD-300T-RC, DAGE-MT
LMichigan City, IN) with Digital Image Processing

Software (Micro VideoIlnstruments Inc., Avon, MA)
installed on a computer.
3. Results and Discussion
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Figure 1. Percent creaming volume foroil/water emulsion containing
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Figure 2. Separation time (min) for oil/water emulsion containing various
emulsifiers

Table 1. Separation time and creaming volume for oil/water emulsion
containing single emulsifiers
Test-Tube 1 2 3 4 5 6
Emulsifier a b c d e f
Separation
time (Min) 33 42 2.1 13 1.1 13
Creaming
Vol. (%) 66.7 68.60 59.50 55.80 51.90 55.10

Keys: a — Soap, b— Detergent, ¢ — Cholesterol, d — Lecithin, e — Mg(OH),,{
—Al(OH);
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Table 2. Separation time and creaming volume for oil/water emulsion
containing mixed emulsifiers

Test-Tube 1 2
. Soap + Cholesterol +
Emulsifiers (drop) Detergent Lecithin
Separation time(Min) 52 3.1
Creaming Vol. (%) 76.9 67.30

Table 3. Effect of surfactant HLB on emulsion stability

Test-tube 1 3 4 5 6 7

2 8

No. of Soap 5 4 4 2 2 1 0 0

detergent 1 2 3 3 5 6 5 0
Calculated

0

2

8

HLB 997 103 105 109 112 115 118
Sep.Time 53 69 75 7.1 8.6 9.1 65 021
Stability

Ranks 7 5 3 4 2 1 6

Sep — separation
Table 4. Effect of surfactant concentration on emulsion stability

Test-tube 1 2 3 4 5 6 7

8

Drops 45 12 12 6 6 3 0 o

Soap

Detergent 3 6 9 9 15 18 15 0
Calculated

HLB 997 103 105 109 11.2 115 118 0
Sep. Time 104 106 117 112 119 123 109 021
Stability

Ranks 7 6 3 4 2 1 5 8
Sep — separation

3.1. Discussion

The formulation of emulsion 1 was well blended to ensure
uniform distribution of ingredients. The methanol might
reduce the physical stability of the emulsion, so it is added as
near to the end of the process as possible to avoid breaking
the emulsion by precipitating the starch powder. After 2
weeks, the emulsion was observed to form 2 layers, one
containing white substance which settled at the bottom of the
container and the other containing a partially clear solution.
This indicates that if the emulsion is left to stand for a long
period of time, the partially clear solution may be clearer,
that is more ingredients must have settled down. The soap
solution that was added is believed to have broken down the
oil molecules into smaller ones.

Figure 1 is typical o fthe Percent creaming volume foroil/
water emulsion containing various emulsifiers. Volume
recorded for soap and detergent is higher than those
presented for other emulsifying agents. This is an indication
that they are better emulsifiers.

Figure 2 represents Separation time (min) for oil/water
emulsion containing various emulsifiers. Here, the role of
emulsifying agents on separation time was observed.
Detergents emulsion present high separation time of 3.3
minutes. This implied that detergent emulsion is more stable.
The trend of stability followed the order; detergent (4.2
minutes) > Soap (3.3min) > Cholesterol (2.1 min) >Lecithin

(1.3 min )>A 1(OH );(1.3 min )>Mg(OH), (1.1 minutes).

Tablel contains the proportions of water and olive oil in
which soap and detergent were used as emulsifiers. Soap
contains a sodium carboxy late salt (R-COO Na") which is
highly ionic and usually quite water-soluble because of the
strong attraction of water molecules to the charges on the
ions. The R-group is a long hydrocarbon chain, as in the
sodium stearate used. The structure is as follows|[8].

CHy(CHyn  Where n is an interger >10
0
CH,CH,CH C//
-+
22N ONa

Non polar hydrocarbon

group (water insoluble). lonic group (water Soluble)

These diagrams symbolized the two important features of
the structure. The circle represents the ionic carboxy lates end
of the molecule and the long time represents the non-polar
hydrocarbon chain. The non-polar hydrocarbon group is not
soluble in water, but water would be attracted to the ionic
groups and hence tend to dissolve the molecules. As soon as
the soap molecules are added, the hydrocarbon portions will
not permit them to be exposed to water. Instead, they are
attracted to each other, forming a cluster in which they are
literally dissolvedin each other. This grouping allows the
ionic groups at the ends of the soap molecules to be attracted
to the surrounding water molecules. The result is that the
soap mo lecules are, in a sense, able to dissolve in the water.

The agitation helps jar the oil from the surface and
disperse it into tiny droplets. More and more soap molecules
surround the oil, until it becomes incorporated within a soap
micelle. An emulsion is achieved at this level.

In table 1, it took soap 3.3mins to separate water and oil,
while detergent took 3.2mins and their mixture 6.5mins this
indicates that detergents are better emulsifiers than soap and
their mixture more better emulsifiers. Cholesterol proved
better emulsifying agents than lecithin and their mixture
more stronger emulsifiers. Mg(OH), is a less powerful
emulsifying agent than AI(OH);.

Detergent on the other hand has molecules with features
they share with soap. They are amphipathic and have a large
non-polarhydrocarbon end that is oil soluble and a polar end
that is H,O soluble. They act in essentially the same way as
soap does[9]. Mixture of soap and detergent gave a more
stable emulsion, increasing the charges on the oil droplets
this keeps them from coalescing[8].

Cholesterol and lecithin have effect on interfacial tension,
but exert a proactive colloid effect reducing the potential for
coalescence by providing a protective sheath around the
droplets, impacting a charge to the dispersed droplets.
Cholesterols give oil the capacity to absorb water; this is
attributed to the little time of separation between the liquids.
Lecithin on the other hand has a strong hydrophilic
character[10]. When Cholesterol and lecithin were mixed,
lycolecithin and cholersetyl ester were formed which are the
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real substances doing dissolution of oil in water[9]. When
Mg(OH), was added it only took l.Imin for the layer
between the molecules to appear again, and when A1(OH);
was added it took 1.8min to separate. This is an indication
that the two emulsifiers are poor in dissolution character.
However A1(OH); is a better emulsifier than Mg(OH),.

Flocculation and resultant creaming represent potential
steps towards complete coalescence of the dispersed phase.
In addition the creaming volume is indicative of the stability
of internal aqueous droplets entrapped in the emulsifier
droplet, since swelling or shrinkage of the internal aqueous
drops directly affect the oil droplets size and hence thee
creaming volume[12].

Table 3 contains the result obtained when effect of
surfactant HLB was tested. It can be seen from the table that
the HLB values increased fromtest-tube 1-7. Test-tube 8 had
a zero HLB because no surfactant was added. The time of
separation elapsed before the first signs of phase separation
was observed, and the stability was ranked from 1, (longest
time) to 8, (shortest time). At low soap and detergent
concentration, rapid coalescence among the inner and outer
droplets to inner phase occurred, resulting in separation
within a short period of time. In table 3, Test-tube number 6
took the longest time to separate the liquids thus the highest
stabilized. As time of separation decreases the stability
increases.

Figure 3. globules from Lecithin+ Cholesterol Emulsion

Table 4, represents the effect of surfactant concentration
on emulsion stability. Effect of increasing the concentration
of the surfactants was measured. It can be observed that the
HLB values remained the same while the time of separation
increased. Hence, the ranking changed. Stability of emulsion
can be tested for using other means. All these depend on the
availability of materials[10]. As HLB value are scaled 1-8,
soaps and detergents have 9.6 and 11.8 respectively. Their
HLB values give them the ability or capacity to be both oil
and water soluble. But their combination produced more
stable emulsion than using themsingly; with the same HLB
values[10]. However, HLB of 11.5 produces the most stable
emulsion of water and oil. On increasing the concentration of
surfactants in table 4, the time of separation also increased,
therefore, the more concentration of surfactant the more
stable an emulsion is, also the longer the time it takes for
separation of phase the more stable the emulsion is.When
emulsions are stable they tend to have smaller globules than
unstable or less stable emulsions[17]. Figures 3-6 show
globules formed when different types of emulsifiers were

used. A combination of lecithin and cholesterol gave bigger
globules than lecithin only (Figure 3). Similarly, combinatio
n of soap and detergent formed smaller globules than soap
only (Figures 4 & 5) In general, findings fromthis study is in
good agreement with those reported in existing literatures|[1
3,14,15,16].

Figure 4. globules from Soap Emulsion

Figure 5. globules from Soap +Detergent Emulsion

Figure 6. globules from Lecithin emulsifier

4. Conclusions

Emulsions are very important mixtures, their stability
study are still more important. In this study, the stability of
emulsions depends on the type and proportion of emulsifiers
used. Findings fromthis analysis revealed that on increasing
the concentration of surfactants, the time of separation also
increased, therefore, the more concentration of surfactant the
more stable the emulsion is. Also, the longer the time it takes
for separation of phase the more stable the emulsion is.
Measure of synergistic effect proved that mixture of soap
and detergent gave a more stable emulsion. The microscopic
pictures of both emulsions indicate that lecithin used in
emulsion 2 (Figure 6) has greater stabilizing power than that
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used in emulsion 1 (Figure 3). This can be seen in the sizes of
emulsion globules which tend to be bigger in emulsion 1
(Figure 3).
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