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Indonesia is a tropical country rich in agricultural commodities, such as coconut.
One of the derived products from coconut is virgin coconut oil (VCO), which widely
used as ingredient in cosmetic lotion products. This study aimed to evaluate the
effects of variations in the addition of emulsifiers to VCO cream lotion. Two
emulsifiers were used, including Tween 80 and Span 80 with concentrations of 5%
without essential oil, 5%, 4%, 3%, and 2%. Quality parameters analyzed were
homogeneity, specific gravity, stability, pH, and organoleptic. The data were
statistically analyzed using the Kruskall-Wallis test. The results showed that Tween
80 and Span 80 emulsifiers significantly affected physicochemical and organoleptic
characteristics, except pH value. The selected best formulation was cream lotion
with the addition of 2% emulsifier formulation. This VCO lotion had a quality value
according to SNI 16-4399-1996 and had organoleptic characteristics most
preferred by the panelists.

Introduction

Coconut (Cocos nucifera) is one of Indonesia’s
most widely grown plantation crops, with high
economic value (Alouw and Wulandari, 2020;
Hebbar et al., 2022. Based on Indonesian
Plantation Statistics, coconut production in 2020
reached 2.8 million tons across approximately 3.3
million hectares of land (Directorate General of
Plantations, 2021). One of the main products
obtained from coconut flesh is Virgin Coconut Oil
(VCO) (Sundrasegaran and Mah, 2020; Darmawan
et al., 2022). It comprises of more than 90% of
saturated fatty acids in its composition (i.e., lauric
acid, myristic acid, caprylic acid, palmitic acid,
capric acid, and stearic acid) (Ng et al., 2021;
Mohammed et al., 2021; Divya et al., 2023). VCO
also contains unsaturated fatty acids, namely oleic
and linoleic acid (Mohammed et al., 2021;
Sabahannur and Alimuddin, 2022). These fatty
acids, especially lauric acid, are crucial as
humectant agents in maintaining human’s skin
moisture (Pereira et al., 2022; Poljsak et al., 2022;
Ainurofiq et al., 2023). VCO can be used to
moisturize wrinkled, rough skin, aid in removing
dead skin cells, and enhance skin elasticity and
strength (Tumbelaka et al., 2019).
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Derivative products of VCO hold high added
value, one of which is wused as the primary
cosmetic compound in lotion making (Anggraini
and Ritonga, 2020; Rulhisham and Razak 2021,
Jose et al., 2022). Cream lotion is a semi-solid
emulsion used as an emollient or skin protector
(Mawazi et al., 2022). It must meet specific
requirements, including being easy to clean, non-
rancid, non-irritating, free of sharp and hard
particulates, easily spreadable on the skin, and
homogenous (Ministry of Health of the Republic of
Indonesia, 1979). Cosmetics encompass materials
or preparations used topically or orally (on teeth
and/or the mucous membrane of the mouth),
serving as cleansers, fragrances, enhancers of
appearance, improvers of body odor, and body
protectors to promote a better overall condition
(Almukainzi et al., 2022; Dey and Dubey, 2023).

According to research by Amaliyah et al.
(2020), the production of VCO using the mixer
method produces the highest yield, with the
addition of a VCO:water ratio of 3:1.71 resulting in
lotion quality that meets the Indonesian National
Standard (SNI 16-4399-1996) and hedonic
organoleptic criteria for texture, color, fragrance,
and spreadability as assessed by panelists.
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Adejokun and Dodou (2020) used VCO as one of
the ingredients in making oil-in-water cream lotions.
Their study reported that the resulting creams had a
good shelf-life when stored at 25 °C, with no
changes in color or odor. Mahbub et al. (2022) found
that VCO from Kopyor coconut has the potential for
making cream lotions. The addition of 5%
concentration produced lotion with a pleasant
physical appearances and sensory atributes. Azmi et
al. (2020) demonstrated that adding VCO into Ficus
deltoidea extract did not show irritation or was toxic
to normal skin. They reported that the formulation
could be used to treat skin damage caused by
Ultraviolet B (UVB), yet in-depth investigation is
critical. Hashim et al. (2023) claimed that
combining VCO with neem extract could produce
lotions with good moisture and stability, as indicated
by no layer appearance, color changes, or granules
formulation. However, this research suggests a need
for evaluation regarding fragrance, which still
retains a  strong coconut scent. Therefore, it is
recommended to incorporate essential oils that
provide a lasting and pleasant aroma.

In making skincare creams or lotions,
emulsifiers are often added to enhance the emulsion
process, thus improving it stability and
physochemical characteristics (Alam et al., 2020;
Anggraini and Ritonga, 2020; Setyaningsih and
Aminingsih, 2021; Huynh et al., 2021; Palefsky,
2022;). Two widely used emulsifiers are Tween 80
(a hydrophilic emulsifier) and Span 80 (a lipophilic
emulsifier) (Faghmous et al., 2021; Zhang et al.,
2022; Yousefi et al., 2023). Tween 80 is an
emulsifier derived from polyethoxylated sorbitol
anhydride and oleic acid, with high efficacy in
reducing interfacial tension and producing a more
stable emulsion (Zhang et al., 2020). Tween 80 is a
food-grade emulsifier that is cheap, non-toxic, easy
to find, and affordable; therefore, it is widely used in
food or non-food applications (Bu et al., 2020;
Kumar et al., 2022). Span 80 is also known as
sorbitan mono oleate (SMO, widely applied as an
emulsion binder (Sahasrabudhe et al., 2021). It is a
biodegradable surfactant-based emulsifier, easy to
handle, and can be used as water-in-oil emulsifier
(Anarakdim et al., 2020; Faghmous et al., 2021).
Therefore, Span 80 is also suitable for various
applications, such as cosmetics, textiles, etc.

This emulsifier acts as stabilizer for the oil and
water phase during lotion production, necessitating
careful attention to increase the concentration to
prevent them from mixing into smaller particles
(Venkataramani et al., 2020). The production of
lotion is simple and influenced by several factors
such as temperature, emulsifier type and
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concentration, active ingredients added, etc.
(Widiputri etal., 2020; Putri and Sailah, 2022) . This
research aimed to evaluate the effects of emulsifier
type and concentration on the quality and sensory
attributes of VCO lotion and to compare the results
with SNI 16-4399-1996..

Research and methods

Materials

Materials used in this research include aquadest,
benzoic acid, cetyl alcohol, glyceryl monostearate,
lavender essential oil, sodium metabisulfite, span
80, stearic acid, triethanolamine, tween 80, and
VCO.

Procedure of VCO lotion production

The steps in making VCO lotion are presented in
Figure 1, modified from previous study (Tumbelaka
dkk., 2019). The formulation used to make VCO
lotion is shown in Table 1. The lavender essential oil
was added to create a pleasant sensory sensation in
the lotions.

Parameters analysis

The quality parameters of VCO lotion were
analyzed, including homogeneity, specific gravity,
stability, pH determination, and organoleptic tests.

Homogeneity test

According to the Ministry of Health of the Republic
of Indonesia (1979), the homogeneity examination
of preparations involves rubbing the mentioned
preparation onto an object glass to demonstrate its
homogeneous composition and resulting granules.

Stability test

According to the Ministry of Health of the Republic
of Indonesia (1979), the stability of a
pharmaceutical preparation is assessed based on the
presence of color, taste, odor changes, and emulsion
separation during storage. Stability testing involved
storing the lotion in an enclosed container and
observing it for eight weeks for any signs of
emulsion separation, phase separation, color, and
odor changes.

pH test

According to the Ministry of Health of the Republic
of Indonesia (1979), pH determination of
preparations is conducted using pH indicator strips.
The pH of lotion preparation conforming to the SNI
16-4399-1966 is expected to fall within the range of
4.5-8.0. Changes in the color of the pH strips awere
monitored over eight weeks.


https://www.sciencedirect.com/topics/chemistry/oleate
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trietanolamine, and aquadest

Fase A : Stearic acid, cetyl alcohol, glyceryl Fase B : Benzoic acid, sodium metabisulfite,
monostearate, VCO

|

Heating at Heating at
T=50°C T=50°C
Lotion ¢
. Mixing
production T=50°Ct = 15 minutes
A 4
span 80 and Mixing
tween 80 T =50 °Ct =15 minutes
\ 4
Essential oil Mixing
5% T =50 °C t =15 minutes
\ 4
Lotion
) 4
Lotion Lotion Test Criteria:
- 1. Homogeneity Test
testing 2. Stability Test

Quantitative
analysis

Figure 1. VCO lotion production

Table 1. Formulation in the VCO lotions

3. pH Test
4. Specific Gravity Test
5. Hedonic Test

Data analysis method used the

Kruskal-Wallis test
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Ingredients Formulation (Concentration in %)
A B C D E
Glyceryl Monostearate 4
Stearic Acid 4
Cetyl Alkohol 2
Virgin Coconut Qil (VCO) 60
Trietanolamine (TEA) 1
Span 80 0.5 0.5 0.4 0.3 0.2
Tween 80 4.5 4.5 3.6 2.7 1.8
Sodium Metabisulfite 0.2
Benzoic Acid 0.4
Lavender Essential Oil 0 5 5 5 5
Aguadest a.d 100 100 100 100 100
Specific gravity test 2. Fill the pycnometer with the liquid whose

According to the National Standardization Agency
(1998), specific gravity or density is a parameter
associated with free volume, diffusivity, and 3.
permeability of solution. Specific gravity of the

has leaked out.

specific gravity is to be measured, ensuring it is
completely filled and free of air bubbles.
Close the pycnometer and clean if any liquid

lotion sample was measured using a pycnometer, 4. Weigh the enclosed pychometer and record the

following these steps:

1. Weigh an empty, clean, and dry pycnometer 5.
with the cap on and record the weight.

weight.
Calculate the
equation.
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result using the following
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Lotion specific gravity (%)
mq—my

- e )

water specific gravity

Description:

m : mass of pynometer with lotion
m; : mass of empty pycnometer

\% : pynometer volume

Water specific gravity : 0,996 g cm

Organoleptic Characteristics

The hedonic organoleptics test parameters consisted
of texture, fragrance, color, and spreadability, rated
on a scale from 1 (strongly disliked) to 7 (strongly
liked). The respondents used in this study were 15
untrained panelists, and they were required to
provide their preference over VCO lotion and
commercial lotion (brand ‘X”).

Statistical data analysis

The statistical data analysis used was the Kruskal-
Wallis test, followed by the Mann-Whitney test,
performed using IBM SPSS Statistics software. The
results of the organoleptic test were tested using
Duncan's Multiple Range test with a significance of
5%, as follows:

Normality Assumption

Ho : Data is normally distributed
Hi : Data is nor normally distributed
o 1 5%

If the significance value < a (=5%), then Hp is
rejected and Hs is accepted. If the significance value
> o (=5%), then Hy is rejected and Ho is accepted.

Results and Discussion
Homogeneity
The homogeneity test results provided in Table 2
indicate that all lotion formulations (A, B, C, D, and
E) exhibited no granules and showed no significant
differences in effect. It can be concluded that all
lotion preparations were homogeneous. This
suggests that the temperature and mixing time of the
formulation (50 °C for 15 minutes) were ideal.
Lotion formulations primarily consisted of oil and
water phases, stabilized with emulsifiers such as
Tween 80, which is soluble in water, and Span 80,
which is soluble in oil. These differences stem from
the Hydrophilic-Lipophilic Balance (HLB) value of
each solution. Tween 80 has an HLB value of 15,
whereas Span 80 has an HLB value of 4.5 (Putri et
al., 2018).

Furthermore, Rosly et al. (2020) stated that the
addition of Tween 80 and Span 80 mixture could
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formed a stable emulsion (i.e., no breaking or
swelling) with HLB value of 5.3. According to Liu
et al. (2020), emulsifiers with HLB values ranging
from 34 - 8.0 show good formation and
stabilization in emulsion process. However, their
study also found that increased HLB values to ~14
could improve the droplet curvature and facilitate
more emulsion stability. This variation in HLB
values of the emulsifiers ensures homogeneity
between the two phases, resulting in the absence of
granules or phase separation. The findings
confirmed that HLB values are related to emulsion
stability. Such phenomena were reported due to a
decreased particle size and increased zeta potential
value (Liu et al., 2020). Furthermore, other factors
affecting the HLB values and emulsion stability are
particle size distribution, pH values, polydispersity
index (PDI), interfacial tension, and interfacial
behavior (Alam et al., 2020; Park and Kim, 2021;
Wang et al., 2023; Yan et al., 2023).

Specific gravity

.The specific gravity test results as shown in Table 3
indicated that all formulations met the SNI 16-4399-
1996, with values ranging from 0.95 to 1.05. The
data was processed with Shapiro-Wilk test of
normality using IBM SPSS Statistics software. The
test revealed that formulations A, B, D, and E had
significance values of (p > 0.05), indicating normal
distribution. Meanwhile, the formulation of C
showed a significance value of (p < 0,.05),
indicating a non-normal distribution. Levene’s test
for homogeneity also yielded a significance value of
p < 0.05, indicating non-homogeneity. Since the
initial statistical analysis revealed non-normally
distributed and non-homogenous data,
transformations in the form of changing values into
log, sqrt, and In were applied, but did not alter the
normality and the data homogeneity. Hence, one-
way ANOVA analysis was not feasible, and the
Kruskal-Wallis test was conducted as an alternative
non-parametric test.

A significance value of p = 0.000 (p < 0.05)
was obtained from the Kruskal-Wallis test,
indicating significant differences between specific
gravities. A follow-up test of Mann-Whitney was
conducted to identify differences between
treatments. The Mann-Whitney post hoc test results
indicated that formulation A had the highest average
specific gravity value at 1.0403838, while
formulation E had the lowest value at 1.0254351.
Formulation A significantly differed from other
formulations, suggesting its potential as a lotion-
making alternative.



Amaliyah et al. Advances in Food Science, Sustainable Agriculture and Agroindustrial Engineering 2024, 7(1), 109-118 ISSN 2622-5921
Table 2. The results of VCO lotion homogeneity
Key Formulation Homogeneity Specific Gravity
1. A No particles detected 1.04042 £ 0.0057
2. B No particles detected 1.0315° + 0.0061
3. C No particles detected 1.0281 + 0.0105
4, D No particles detected 1.0272" + 0.0020
5. E No particles detected 1.0254° £ 0,0047
Note: The same letter indicates a value that is not significantly different at 5%
Table 3. The results of specific gravity VCO lotion in Kruskall-Wallis and Mann-Whitney
Kruskall-Wallis
The Difference Between Concentrations p-value Significance
A B 0.004 Significant
C 0.003 Significant
D 0.000 Significant
E 0.000 Significant
B Cc 0.622 Not Significant
D 0.117 Not Significant
E 0.023 Significant
C D 0.348 Not Significant
E 0.350 Not Significant
D E 0.362 Not Significant
Mann-Whitney
Formulation Mean
A B C
A 1.0303838
B 1.0314592
C 1.0281124 1.0281124
D 1.0272200 1.0272200
E 1.0254351
According to Devi et al. (2019), adding Tween Stability

80 and Span 80 affects lotion consistency—the
higher the concentration, the stronger the bonds
between the water and oil phases. In this research, a
5% emulsifier concentration produced VCO lotion
with a thicker consistency than lower emulsifier
concentrations (4%, 3% and 2%), which produced
less thick lotions but remained within the standard
limit. Rahmandari et al. (2021) reported that specific
gravity is related to the thickness or viscosity of
lotion. Therefore, the addition of emulsifiers had
impact on improving this value, where increasing the
emulsifier concentration parallels to an increase in
specific gravity. Similarly, Buzzo et al. (2021)
reported that emulsifier type and concentration affect
the sunscreen emulsion’s physicochemical properties
and stability, as shown by the specific gravity and
viscosity values. Putri and Sailah (2022) stated that
ingredients added to the lotion mixture impact the
specific gravity values. Add carbohydrate-based
materials (i.e., salt and sugar) can increase the
specific gravity value, in contrast to fat-and ethanol-
based materials. In this study, some of those
ingredients were added, impacting the characteristics
of the VCO lotion.
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Based on the stability test results presented in Table
4, each formulation exhibited no changes in color,
fragrance, and consistency during eight-week storage
period. This indicated that the formula remained
stable and the final products were not impaired.
Descriptive statistical analysis revealed that if there
were no changes in color, fragrance, and consistency,
the corresponding value would be zero (0). All five
formulations yielded similar results, indicating no
significant differences in their effects.

Several factors affected emulsion stability on
lotions, i.e., mechanical, temperature, and procedural
factors. Each lotion preparation remained stable due
to the same ingredients, optimal mixing temperature,
and appropriate mixing duration (Ersalina et al.,
2020; Putri and Sailah, 2022). Instability in emulsion
preparations occurs when creaming, flocculation, or
coalescence is present. Creaming involves the
formation of globules due to different specific
gravities between two unstable phases. Flocculation
happens when formed droplets congregate into a
larger particle but dispersed completely upon
agitation. Coalescence refers to the merging of two
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different phases of emulsion into a single globule
(Wang et al., 2021; Low et al., 2020).

The results of these stability tests were also
affected by the formulation of added emulsifiers. The
color of the lotions remained unchanged, as the
formulation did not contain any color-altering
ingredients, even though essential oils were present.
The essential oils used in this research were stored in
dark glass bottles at the appropriate temperature to
maintain their properties. The difference in fragrance
produced between each formulation was
insignificant, as the concentration of added Span 80
did not deviate significantly from others. Higher
concentrations of Span 80 resulted in lighter
fragrances as it would bind and mix with the essential
oils smoothly. A similar concept applies to
homogeneity, wherein lotion stability was caused by
differences in the HLB values of Span 80 and Tween
80. The test result indicated stable consistency
because no phase alterations or separations occurred.

pH

Table 4 shows that all pH values of the preparations
met the SNI 16-4399-1996and remained stable for
eight consecutive weeks. This result was achieved by
using stable and safe ingredients in the preparations.
Descriptive statistic results showed no significant
differences between the effects of each lotion
preparation.

The pH value of the VCO lotion was determined
to be 6, which remained stable for eight weeks,
aligning with the SNI 16-4399-1996. The use of safe
and stable ingredients ensured this stability .
However, emulsifiers may influence pH values, as

Table 4. The results of VCO lotion stability
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reactions between acidic essential oils and non-ionic
emulsifiers can occur. The value of pH was also
affected by environmental conditions. A higher or
lower pH value can spoil the product during storage,
whereas a pH value lower than 4.5 may lead to skin
irritation and a pH higher than 8.0 can result in dry
and scaly skin (Chen et al., 2016; Putri and Sailah,
2022; Syafitri et al., 2023). This is because the ideal
pH value according to SNI 16-4399-1996 is ranging
from 4.5 - 8; therefore, any lotion product must meet
this requirement. Furthermore, the results indicated
that formulation, emulsifiers type and concentration
have no significant impact on pH values. Similarly,
Waulandari dkk. (2022) claimed that the addition of
Tween 80 and Span 80 (at concentrations of 1, 3, and
5%) had no impact on pH, viscosity, adhesiveness,
and dispersion of basil leaves extract cream. Also,
Rulhisham and Razak (2021) found that addition of
emulsifier at concentration ranging from 1-5% had
the same effect on the pH of VCO cream. However,
Syafitri et al. (2023) reported that adding Tween 80
and PEG 400 mixture significantly affected the pH of
rice bran oil emulsion as skin antioxidant.
Furthermore, Putri and Sailah (2022) reported that the
addition of active ingredients influences the pH of
lotions. This is because pH is one of the critical
parameters on the adsorption capacity of lotion into
the skin. Furthermore, Chen et al. (2016) added that
the pH of normal skin ranges from 5.0-6.0. Therefore,
the VCO lotions from this study are well within the
requirement for normal skin. As Luki¢ et al. (2021)
stated, skin pH is critical to be used as foundation to
develop and produce ‘skin health maintenance’
cosmetic products, such as creams and lotions.

Key Formulation Week of- Stability pH
Colors Fragrance Consistency
1 A 1 - - - 6
3 - - - 6
5 - - - 6
8 - - - 6
2 B 1 - - - 6
3 - - - 6
5 - - - 6
8 - - - 6
3 C 1 - - - 6
3 - - - 6
5 - - - 6
8 - - - 6
4 D 1 - - - 6
3 - - - 6
5 - - - 6
8 - - - 6
5 E 1 - - - 6
3 - - - 6
5 - - - 6
8 - - - 6
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Table 5. The results of VCO lotion organoleptics
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Key Formulation Texture Color Fragrant Spreadability
1. A 3.93¢ 5.73° 2.07¢ 3.27¢
2. B 5.672 5.530¢ 5.8% 5.27%
3. C 5.6 5.67° 5.73° 5.07¢
4, D 5.4° 5.530¢ 5.6° 5.3%
5. E 5.53¢ 5.67° 5.7° 5.6
6. Commercial 6.13% 6.7% 6.4? 5.8%

Note: The same letter indicates a value that is not significantly different at 5%

Organoleptic characteristics

Table 5 shows that the commercial lotion had the
most favored texture among the panelists. Lotion B
closely resembled the texture of the commercial
lotion compared to other formulations. This result
indicated that the commercial lotion and lotion B
were preferred due to its softer and silkier texture.
While lotion A was scored neutral because of its
heavier texture. The panelists associated this
heavier texture with longer absorbance time and a
perceived oiliness.

The color parameter testing results in Table 5
indicated that commercial lotion was preferred due
to its warm and trendy lilac color compared to other
white-colored lotion formulations. Despite this,
some panelists considered that color did not affect
the lotions’ benefit and perceived minimal
differences among the other formulations’ colors.

In terms of fragrance, Table 5 shows that the
commercial lotion emerged as the preferred choice,
with lotion B exhibited a similar scent profile. Both
were favored for their more pungent fragrance,
believed by panelists to last longer. Conversely,
lotion A was the least preferred due to the absence
of scent since no essential oil was added.

The spreadability testing results in Table 5
revealed that the commercial lotion was the most
preferred spreadability by the panelists, with lotion
E closely resembling its properties compared to
other formulations. These results indicated that the
commercial lotion and lotion E were favored for
their higher spreadability, resulting in a lighter, less
greasy feel. In contrast, lotion A was the least
preferred due to its lower spreadability, resulting in
a thicker feel. The panelists believed that lotions
with lower spreadability lead to slower absorption
into the skin.

In general, the results indicated that
variations in the added emulsifier in the production
of the VCO lotion led to differences in texture,
color, fragrance, and spreadability. The panelists
favored the lavender-scented commercial lotion,
with Formulation E being the closest to the
commercial one. This Formulation E contained an
added concentration of 2% emulsifier and 5%
essential oils.

115

Furthermore, this study’s findings confirmed
that different types and concentrations of
emulsifers imrpoved the organoleptic
characteristics of VCO lotion and have good
panelists’ preferences. Similarly, Putri and Sailah
(2022) reported a good level of customer
preference (i.e., customer satisfaction index of
69%) for suncreen skin lotion with addition of
green tea (10%), chitosan (10%), and lemon (10%).
Rahmandari et al. (2021) also reported that adding
gelatin at a concentration of 5-9% with the
beeswax, olive oil, and vaselin enhances the
organoleptic characteristics of body cream. Syafitri
et al. (2023) stated that combining Tween 80 and
PEG400 to make nano-emulsion for skin
antioxidant could enhance the organoleptic
characteristics. Yin et al. (2024) found that the
addition of a-mangostin or kojic acid (KA) on the
nano-emulsion of skincare product increases the
preference score for aroma, thickness, and
spreadability. Their study found that the resulting
skincare cream was comparable with a commercial
cream, hence it is potential for further application
in the cosmetics industry.

Conclusions

The panelists’most preferred formulation of the
VCO lotion, which adhered to the SNI was the one
with a concentration of 2% emulsifier. This lotion
exhibited homogeneity, stable color, fragrance, and
consistency for eight consecutive weeks with a
specific gravity of 1.0254 and a stable pH value of
6 for eight weeks. The organoleptic characteristics
of this lotion were closely resembled those of the
commercial lotion. The difference of this lotion
formulation compared to others was the
concentrations of Tween 80 and Span 80
emulsifiers. These two emulsifiers contributed
different characteristics that ensured lotion’s
stability and prevented phase separation.
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