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Abstract

Virgin coconut oil (VCO) has many health benefits; however, drinking of VCO directly is still uncommon. In
order to overcome this problem, microencapsulation can be one of the solutions. Unfortunately, emulsion is an
unstable system and rapidly separates into two layers. Therefore, in this study, we carried out the explanatory
research of microencapsulation process with descriptive analysis. It comprised two emulsion treatments, using
homogenization method, and three drying techniques, to determine the effect of Pickering emulsion with micro-
crystalline cellulose (MCC) and different drying techniques on the characteristics of VCO powder (before drying:
creaming index and emulsion droplet size; and after drying: drying yield, color intensity, moisture content, par-
ticle morphology, microencapsulation efficiency, peroxide value, rehydration particle size, and dissolving time).
The results demonstrated that all emulsion treatments did not depict any emulsion instability up to 21 days of
storage, and the obtained VCO powders had different characteristics. The highest microencapsulation efficiency
was 33.49 +1.59%, obtained from the emulsion using Tween 80 and MCC by spray drying, and the lowest peroxide
value was 0.464 + 0.084 mEq O, /kg, obtained from the emulsion using Tween 80 and MCC by vacuum drying. The
future application of this study is expected to produce VCO powder that can improve the ease handling of VCO
and also commercialize for being used as a non-dairy creamer.
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Introduction

Virgin coconut oil (VCO) is well known for being rich in
ingredients that are suitable as functional foods. VCO
contains about 90% saturated fatty acids and about 10%
unsaturated fatty acids (Nurhasanah et al., 2019). There
are lots of medium chain triglycerides (MCTs) in these
saturated fatty acids consisting of caprylic acid (C8:0),
capric acid (C10:0) and lauric acid (C12:0). These MCTs
are ‘unique’ due to their physicochemical properties that
have shorter chains (6—12 hydrocarbons) and smaller
molecular weight compared to long-chain triglycerides
(LCT) (13-21 hydrocarbons), making them absorbed

and hydrolyzed faster in the body, resulting in rapidly
oxidized and producing higher energy (Nurhasanah
et al., 2019; Parrish, 2017). VCO, compared to copra
oil, increases high-density lipoprotein (HDL) and low-
ers low-density lipoprotein (LDL) significantly, and does
not cause coronary heart disease because of the absence
of trans fatty acids. Besides the above-mentioned major
components, there are also tocopherols, B-carotenes
and other phenolic compounds, which are the minor
components found in almost all types of vegetable oils,
including VCO that has better antioxidant capacity than
bleached, refined and deodorized coconut oil. Thus, VCO
lowers cholesterol level in the human body, increases
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endurance, accelerates recovery rate, activates anti-aging
hormones, and prevents cancer, obesity, dementia, heart
attack and other diseases associated with premature
aging (Hee et al., 2017). These are the reasons for using
VCO for emulsion.

Unfortunately, the limited use of VCO in food products
is due to its liquid form, which complicates the transpor-
tation and storage process. It solidifies at room tempera-
ture with ease under its melting point (Patil ez al., 2016).
In addition, only a few people consume VCO directly
because of people’s perception that it is difficult to accept
oil consumption (Hee et al., 2015). Therefore, it is nec-
essary to process VCO into a more convenient form for
general consumption and its wide application in food
products while protecting its bioactive components.

Microencapsulation is a method used to solve prob-
lems by giving a new perception to the public.
Microencapsulation masks the oily taste in the mouth
so that it does not leave the unpleasant taste in throat,
extends the shelf life to reduce loss during distribution
and storage, leads to easy handling, and increases the
solubility and bioavailability of bioactive components
(Nedovic et al., 2011). The process of microencapsula-
tion consists of two stages, which are mixing the core
material with the coating material to form an emulsion,
followed by drying the formed emulsion (Amaral et al.,
2019). In this study, mechanism of Pickering emulsion
was used for emulsion formation. Pickering emulsion
has many advantages, especially it being surfactant-free,
having high stability against coalescence, and ostwald
ripening (Diaz et al., 2020). High stability against coales-
cence is a major benefit of stabilization using solid par-
ticles, with solid particles partially wetted by each of the
liquid phases, that is oil and water phases (partial dual
wettability) so that the particles are absorbed at the oil
and water interface to form a mechanical barrier, which
reduces the tendency of flocculation (Xie et al., 2019).
Pickering emulsion also has advantages in terms of its
use in smaller quantities, efficiency, easy of using, good
oil retention in dry powder, difficult to extract the surface
oil, and not susceptible to environmental changes (Bai
et al., 2018). That is why, in recent times Pickering emul-
sion has been widely developed and applied to products,
especially to dry products.

Microcrystalline cellulose (MCC) is the solid particle
used for Pickering emulsion in this study. MCC has the
advantages of having natural ingredients, biocompatibil-
ity and biodegradability (Alavi, 2019), and has important
functions in preventing emulsion instability (Costa et al.,
2019). Also, MCC in the emulsion system has the advan-
tage of being able to withstand to high temperatures so
that the emulsion system is more stable when exposed
to heat during the drying process. In addition, MCC has

been used often in food processing compared to cellulose
nanocrystals (CNC) because CNC is more expensive and
both of them could stabilize the emulsion system. The
emulsion formation was carried out in two treatments
using homogenization method. MCC was added directly
to the coarse emulsion because it stabilizes the emulsion
system without the help of surfactants (Costa et al., 2019).
Besides MCC, Tween 80 with the hydrophile-lipophile
balance (HLB) value of 15 was also used as an additional
surfactant to MCC because the combination of these
emulsifiers could increase the stability of emulsion for a
longer period compared to using the surfactant alone (Hu
et al., 2015). Maltodextrin was used as a glass maker in
this study. Maltodextrin has rapid dispersion, high water
solubility and low viscosity, strong flavor-binding ability,
and is able to form an amorphous glass matrix network
to protect the core material so as to facilitate drying pro-
cess and maintain VCO stability against oxygen (Klinjapo
and Krasaekoopt, 2018; Muhamad et al., 2018). However,
since maltodextrin exhibits poor emulsifying capacity, it
is usually combined with other ingredients to maintain
emulsion stability (Klinjapo and Krasaekoopt, 2018).

Drying process of emulsion commenced after the emul-
sion system was formed. Spray drying is one of the dry-
ing techniques that is widely used in the food industry
(Rajabi et al., 2015). This technique uses continuous high
temperature and pressure to produce the final product
in the form of a dry powder with a very short contact
time between the hot air and the product; therefore, it is
safe to dry the VCO that contains bioactive components
(Anandharamakrishnan and Ishwarya, 2015; Rajabi et al.,
2015). Apart from spray drying, freeze drying and vac-
uum drying were also used in this study. Freeze drying
uses the principle of freezing at low temperature and ice
crystal sublimation so that bioactive components of VCO
are not damaged (Liu et al., 2008). Vacuum drying uses
a low-pressure drying technique (usually lower than the
atmosphere pressure), in which the heat required for the
drying process is lower and the drying process is faster
than a typical dryer so that the bioactive components
present in VCO can be maintained (Bazyma and Kutovoy,
2005; Parikh, 2015). These three drying techniques have
different drying principles and have their own advantages
and do not cause any damage to the bioactive compo-
nents of VCO. Hence, these three drying techniques were
selected for the drying process used to encapsulate VCO.

Thus, in this study Pickering emulsion mechanism was
studied to determine the effect of Pickering emulsion
with MCC and different drying techniques on the char-
acteristics of VCO powder (measurement before dry-
ing: creaming index and emulsion droplet size, and
measurement after drying: drying yield, color intensity,
particle morphology, moisture content, microencapsula-
tion efficiency, peroxide value, rehydration particle size,
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and dissolving time). For oxidation measurement, we
chose peroxide value because oxidation reaction occurs
in stages, where hydroperoxide is formed as a result of
primary oxidation, while other techniques (anisidin and
thiobarbituric acid [TBA] values) are used to measure the
rancidity of the secondary or further oxidation. If the pri-
mary oxidation is bad, then it is possible that the results
of the follow-up test would be bad as well. In addition,
there is only a small amount of unsaturated fatty acid in
VCO and because of limited time (30 days of storage), we
only used peroxide value for oxidation measurement in
this study.

Materials and Methods
Materials

Virgin Coconut Oil was obtained from Bali Coconut, a
local market in Badung, North Kuta, Bali, Indonesia.
Tween 80 was obtained from Croda, United Kingdom.
Vivapur® MCG 811 F MCC was obtained from JRS
Pharma, Germany. Maltodextrin with a dextrose equiv-
alent (DE) of 18 to 20 was obtained from Qin Huang Dao
Lihua Starch Co. Ltd., Qin Huang Dao, China. n-Hexane,
hydrochloric acid, ammonium thiocyanate, barium
chloride dihydrate, iron (III) sulfate heptahydrate, iron
(III) chloride, methanol, chloroform, isooctane and
2-propanol were pro-analyst chemicals and obtained
from Supelco, Merck KgaA, Darmstadt, Germany.

Preparation of emulsions

The total solid was set at 30% (w/w). The dispersion of
maltodextrin and MCC in water was conducted accord-
ing to the procedure described by Iijima and Takeo (2000)
and Lim and Roos (2017) with some modifications.
Maltodextrin with DE 18-20 was dissolved in distilled
water at 55°C under heating and mechanical stirring by
using a magnetic stirrer up to complete dissolution. The
heating process was continued up to 70°C. Then, MCC
at 5% of VCO (w/w) was added gradually to the malto-
dextrin dispersion at 70°C with stirring using a magnetic
stirrer up to complete dissolution. The MCC and malto-
dextrin dispersion was then cooled at room temperature
to 45 + 3°C before the core material was added into it.

Emulsion was formed using a homogenization method
according to the procedure described by Alcéntara et al.
(2019) and Xu et al. (2016) with some modifications. For
the first emulsion treatment, Tween 80 at 1% of VCO
(w/w) was mixed into distilled water at 25+ 3°C under
mechanical stirring by using a magnetic stirrer until it
was thoroughly mixed. Tween 80 at 1% of VCO (w/w)
was used in this study because good emulsion stability
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Figure 1. Schematic of VCO Pickering emulsion using the
combination of Tween 80 and MCC, or MCC alone.

was obtained with this concentration based on the stud-
ies conducted by (Gomes et al. (2018) and Vicente et al.
(2018). VCO at 40% of total solid (w/w) was added grad-
ually to the mixture while stirring. According to con-
ducted studies, the best microencapsulation efficiency
is obtained when the concentration of oil is 30% of total
solid (w/w). The higher the concentration of oil, the lower
the microencapsulation efficiency obtained (Alcantara
et al., 2019). In this study, VCO at 40% of the total solid
(w/w) was used with the help of Pickering emulsion as
the novelty of the study (high oil concentration) because
Pickering emulsion can increase emulsion stability for a
longer period. The emulsion formed was then homoge-
nized using a rotor-stator homogenizer (DLAB D500,
China) (14,000 rpm, 5 min). After this, the emulsion
was poured gradually into the MCC and maltodextrin
dispersion with mechanical stirring using a magnetic
stirrer for 5 min followed by homogenization using the
same homogenizer as used before. For the second emul-
sion treatment, VCO at 40% of the total solid (w/w) was
added gradually to the MCC and maltodextrin dispersion
with mechanical stirring by using a magnetic stirrer for 5
min followed by homogenization using the same homog-
enizer. The schematic of VCO Pickering emulsion using
the combination of Tween 80 and MCC or using MCC
alone is shown in Figure 1. It is observed in Figure 1, how
the Tween 80 and MCC solid particles arrange them-
selves around the VCO droplet to enhance the stabili-
zation of emulsion. The emulsion formed was kept in a
glass beaker and stored overnight at room temperature
(25 £ 3°C) before drying using the three techniques, spray
drying, freeze drying and vacuum drying.

Characterization of emulsions
Stability of emulsions
The emulsion formed was immediately transferred to a

test tube, closed and stored at 25+ 3°C. Monitoring the
stability of emulsion was carried out every week for 21
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days of storage right after its preparation. The height of
the cream formed during storage was calculated using
the creaming index (CI) as described by Equation (1)
(Akhtar et al., 2014):

Creaming Index = % x100%, (1)
t

where h_is the height of the cream (cm) and h, is the
height of the initial emulsion (cm)

Droplet size of emulsions

The droplet size of emulsion was determined by using
the Laser Diffraction Particle Size Analyzer (LS 13 320,
Beckman Coulter, United States). The measurement was
carried out immediately after the emulsion was formed.
The droplet size of the emulsion was expressed as the
average size, and the calculation of polydispersity index
(PDI) was exercised using Equation (2) (Hirschle et al.,

2016):
p 2
PDI:(EJ ) )

where G is the standard deviation of the particle size dis-
tribution (um), and d is the mean diameter of the particle
(um).

Spray drying process

The emulsion was kept in a glass beaker and stored over-
night at room temperature (25 +3°C); it was diluted with
distilled water for as much as 50% of the total emulsion
under stirring. The spray drying process was carried
out in duplicate according to the procedure described
by Sansone et al. (2011) with some modifications. A
mini spray dryer (Buchi B-290, Flawil-Switzerland) was
used for the spray drying process with inlet temperature
adjusted at 150+3°C, outlet temperature maintained at
70+ 3°C, aspirator was set at 85%, pump was set at 25%,
and the actual flow rate was maintained at 5 mL/min; the
mixture was stirred gently while the feed was pumped to
spray dryer to maintain homogeneity. The dried products
were collected at collection chamber after the drying pro-
cess was completed and sieved with a 40-mesh Tyler sieve
to obtain a fine powder. All the spray-dried VCO powders
were then kept at 4°C while waiting for ‘day zero analysis;
followed by storage tests at room temperature (25 +3°C).

Freeze-drying process

The freeze-drying process also was carried out in dupli-
cate according to the procedure described by Anwar

and Kunz (2011) with some modifications. The emul-
sion was kept in a glass beaker and stored overnight at
room temperature (25+3°C) and transferred to a plastic
container for the initial freezing process at —50°C for 24
h using a freezer (Thermo Scientific Hera Freeze Basic,
United States). After the freezing process, a freeze dryer
(Christ Alpha 1-4 LD Plus, Germany) was used for the
freeze-drying process with temperature kept at —50°C
and pressure at 0.001 mbar for 48 h. The freeze-dried
products were then milled in a mortar and pestle, and
sieved with a 40-mesh Tyler sieve to obtain a fine powder.
All freeze-dried VCO powders were kept at 4°C while
waiting for ‘day zero analysis, followed by storage tests at
room temperature (25 + 3°C).

Vacuum drying process

The vacuum drying process also was carried out in dupli-
cate according to the procedure described by Nurhadi
and Roos (2017) with some modifications. The emulsion
was kept in a glass beaker and stored overnight at room
temperature (25+3°C), and transferred to a silicone pan
for drying using a vacuum oven (VWR Scientific, United
States) with temperature and vacuum pressure set at
60°C and 25 inHg, respectively, for 6 h. The vacuum-dried
products were then milled in a mortar and pestle, and
sieved with a 40-mesh Tyler sieve to obtain fine powder.
All vacuum-dried VCO powders were then kept at 4°C
while waiting for ‘day zero analysis; followed by storage
tests at room temperature (25+ 3°C).

Powder analysis
Drying yield

The drying yield (%) is the ratio between the weight of the
microcapsules obtained from the drying process (g) and
the total solid of emulsion which consists of VCO, Tween
80, MCC, and maltodextrin (g). The drying yield was cal-
culated using Equation (3) (Zhong et al., 2009):

Drying Yield (%) = I\Aj[[C x100%, (3)
t

where M_. is the weight of microcapsules obtained from
the drying process (g), and M, is the total solid of the
emulsion (g).

Color analysis

Color intensity was determined as described by Yam and
Papadakis (2004) using a spectrophotometer (Konica
Minolta CM-5 Spectrophotometer, Japan). This measure-
ment was performed on day zero and every 15 days during
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the 30-day storage at room temperature (25 + 3°C). Before
analysis, the instrument was calibrated using CM-A210
white calibration plate (Japan). Then the samples were
captured and the results obtained were in the form of L*
indicating the degree of lightness to darkness, a* indicat-
ing the degree of redness to greenness and b* indicating
the degree of yellowness to blueness. Hue angle (H*),
which indicates the color of VCO powder, was calculated
using Equation (4), and chroma (C*) value, which indi-
cates the saturation of VCO powder, was calculated using
Equation (5) as described by Kuck and Norefia (2016):

H =tan! { ]:* ], (4)

C =[@" )+ (5)

Morphology of VCO powder

The morphology of VCO powder was observed
by using a scanning electron microscope (SEM),
Tabletop Microscope Hitachi TM 3000 (Hitachi High-
Technologies Corporation, Tokyo, Japan). The sam-
ple was placed on a double-sided tape attached to the
specimen stub. The specimen stub was then measured
at appropriate height and put at a specimen stage. The
observation mode was set, and the morphological struc-
ture of the particle was observed on computer screen.

Moisture content

The moisture content was measured using the gravimet-
ric method according to official method of Association
of Official Analytical Chemistry (AOAC, 2005b), with
removal of water vapor by convective heat transfer using
an oven at 105°C for 3 h. The moisture content was mea-
sured in duplicate and the calculation of moisture con-
tent was performed on a wet basis using Equation (6):

w; —(wy —w)

Moisture Content (%wb) = x100% (6)

W1

where w is the constant weight of empty dish (g), w, is
the weight of sample (g) and w, is the constant weight of
dried sample+dish (g).

Microencapsulation efficiency

Total oil (O,) is the overall oil in a microcapsule and
comprises encapsulated oil (O,) and surface oil (O).
Total oil was determined by using the soxhlet extraction
method according to the official method described by
AOAC (2005a). Spray- and vacuum-dried powders were
weighed as 2 g and hydrolyzed. Filter paper containing

Characteristics of virgin coconut oil emulsion powder

the oil was dried and put into hull to be extracted with
soxhlet. Meanwhile, 2-g freeze-dried powder was
weighed and put into hull and immediately extracted
with soxhlet. The extraction process was carried out with
a multi-heater extraction rack (Buchi B-810, Switzerland)
for 3 h using n-hexane solvent. Then the oil extract was
dried in an oven at 105°C for 30 min to obtain a constant
weight. The total oil was calculated using Equation (7):

O (%) =2—"1x100%, (7)
w
where w is the weight of the sample (g), w, is the constant
weight of empty flask (g) and w, is the constant weight of
extract+flask (g).

Surface oil (O) or non-encapsulated oil is determined
by the washing method using n-hexane as described by
Lim and Roos (2017). This measurement was conducted
on day zero and every 15 days during the 30-day storage
at room temperature (25 + 3°C). The sample was weighed
as 2 g on a funnel having a filter paper. The sample was
washed for four times by using 10-mL n-hexane for each
wash. The beaker containing n-hexane and extracted
surface oil was then left for two days for evaporation of
n-hexane. Then the beaker containing surface oil and
remaining hexane was dried using an oven at 105°C for
30 min to obtain a constant weight. The calculation of
surface oil was carried out by using Equation (8):

0(%) =227 M1 100%, )
w
where w is the weight of the sample (g), w, is the constant
weight of beaker (g) and w, is the constant weight of sur-
face oil +beaker (g).

The microencapsulation efficiency was calculated by
comparing the encapsulated oil (total oil - surface oil)
and the total oil from the sample as described by Anwar
and Kunz (2011). The microencapsulation efficiency was
calculated by using Equation (9):

Microencapsulation Efficiency (%)
0;-0 9
= M x 100%, ©)
Or

where O_ is the amount of total oil (%) and Oy is the
amount of surface oil (%).

Peroxide value

Peroxide indicates oil damage because of oxidation, which
is characterized by the appearance of rancid odor in the
products. The peroxide value of the sample was mea-
sured according to the official methods of International
Organization for Standardization (ISO) and International
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Dairy Federation (IDF) (2006), and the oil extraction pro-
cess from VCO powder was carried out as described by
Partanen et al,(2008) with several modifications. This mea-
surement was carried out on day zero and every 15 days
during the 30-day storage at room temperature (25 +3°C).
The sample was weighed as 0.5 g in a test tube and 0.5-
mL distilled water was added to it, and homogenized with
a vortex mixer for 30 sec. Pipette 400-uL sample solution
into a microcentrifuge tube and 1.5-mL isooctane:isopro-
panol (2:1 ratio) solution was added to it. The solution was
centrifuged using a microcentrifuge (Thermo Scientific
Sorvall Legend Micro 17R Centrifuge, United Kingdom)
(5,000 rpm, 5 min, 25°C). The upper phase (superna-
tant) was separated for analysis. The extraction process
was continued for up to three times of extraction using
the same solvent and centrifuge. A 100-uL aliquot of the
extraction was moved to a test tube and 9.8 mL of chlo-
roform:methanol (7:3 ratio) solution was added to it. For
color formation, 50 puL of Fe** solution (filtrate from the
mixture of barium chloride solution [0.2 g BaCl, - 2H,O
was dissolved in 25-mL distilled water] and iron (III) sul-
fate solution [0.25 g FeSO, - 7H,O was dissolved in 25-mL
distilled water]) and 50 pL of 30% ammonium thiocyanate
solution (7.5 g dissolved in 25-mL distilled water) were
added to samples. The samples were homogenized using a
vortex mixer and incubated in dark for 10 min. The absor-
bance was measured by using a spectrophotometer (VIS-
7220G/UV-9200 Ray Leigh Spectrophotometer, Beijing,
China) at 500 nm, and the peroxide value was calculated
by using a standard curve of Fe** (0-5 ppm).

Particle size of rehydrated VCO powder

The particle size of rehydrated VCO powder was deter-
mined using the laser diffraction particle size analyzer
(LS 13 320, Beckman Coulter, United States). For rehy-
drated microcapsules, 50 mL of distilled water was added
to 1 g of sample and stirred by using a magnetic stirrer
at a speed of 892 rpm with a 3-mm x7-mm magnetic
bar at 25+ 3°C until dissolved completely. The measure-
ment was carried out immediately after the rehydration
process. The particle size of VCO powder was expressed
as the average size, and the PDI was calculated using
Equation (10) (Hirschle et al., 2016):

2
- o
PDI_(dj (10)

where & is the standard deviation of particle size distri-
bution (um), and d is the mean diameter of particle (um).

Dissolving time

Dissolving time was measured as described by Tinay and
Ismail (1985). Distilled water, 50 mL, was added to 1 g of
sample and stirred using a magnetic stirrer at a speed of
892 rpm with a 3-mm x 7-mm magnetic bar at 25+ 3°C.
The time taken for all solid particles to dissolve com-
pletely in the solvent was recorded as the dissolving time.

Results and Discussion
Characterization of emulsions
Creaming index

Emulsion instability usually occurs if the emulsion is stored
for a long period. The major cause of emulsion instability
is creaming due to gravitational separation, resulting in the
separation of emulsion system into two layers. However,
the Pickering emulsion system is more stable because it
requires more energy to remove solid particles from the
emulsion system (Ahsan et al, 2020). As observed in
Table 1, all VCO emulsions did not depict creaming or
other types of instability (creaming index=0%) up to 21
days of storage. This means that Pickering emulsion with
MCC, with or without Tween 80 can maintain the stabil-
ity of emulsion system for up to 21 days. In the mecha-
nism of Pickering emulsion, MCC is absorbed onto the
VCO droplet surface, thus covering the droplet surface
by forming a thick layer which acts as a barrier to pre-
vent flocculation between VCO droplets (Xu et al., 2016).
Apart from this, addition of MCC in high concentrations
also result in the presence of MCC in continuous phase,
which increases the viscosity to make a gel-like continu-
ous phase (Wei et al., 2019; Zhang et al., 2017a, 2017b).
This happened in this study because the MCC used was

Table 1. The characteristics of VCO Pickering emulsion with MCC.
Creaming index (%)
Sample Day 0 Day 7 Day 14 Day 21 Droplet size (um) PDI
VCO emulsion with Tween 80 and MCC 0 0 0 1.3620+0.0193 0.2024+0.0103
VCO emulsion with MCC 0 0 0 1.4678+0.0163 0.1691+0.0119

Values are mean+ SD of duplicate determination.
PDI: polydispersity index.
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a colloidal type Vivapur® MCG 811 F MCC containing
11.30-18.80% carboxymethyl cellulose (CMC). Presence
of CMC made droplets in the continuous phase unable to
move freely because of the formation of a three-dimen-
sional (3D) network between MCC and water that bound
VCO droplets tightly to prevent phase separation (Ahsan
et al., 2020; Xu et al., 2016). This mechanism was in accor-
dance with the terminal velocity equation of Stokes' Law
because emulsion stability is directly proportional to vis-
cosity (McClements, 2005). Similar results were observed
by Xu et al. (2016), where the stability of emulsion sys-
tem made with low molecular surfactants was increased
by MCC adsorption on oil droplet surface. Kargar et al.
(2012) and Xu et al. (2016) also had a similar result, where
the addition of MCC to an o/w emulsion without surfac-
tant produced a good emulsion stability.

The VCO emulsion prepared with MCC alone had a
higher viscosity than the VCO emulsion prepared with
Tween 80 and MCC. The use of surfactant (Tween 80)
resulted in the —OH group from Tween 80 binding to the
—OH group from water so that it can reduce interaction
between MCC particles and water to form a 3D network,
resulting in decreased emulsion viscosity (Raman and
Aichele, 2020; Vashisth et al., 2010). Although the viscos-
ity was different, both emulsions had a good stability of
up to 21 days. Therefore, Pickering emulsion with MCC,
with or without Tween 80, could maintain the stability of
VCO emulsion system for a longer period.

Droplet size of emulsions

The stability of an emulsion system also depends on the
size of droplet, where the size of droplet is influenced by
the homogenization process (time and speed), and the
type and concentration of emulsifier (Hadnadev et al.,
2013). As observed in Table 1, the VCO emulsion with
Tween 80 and MCC had a smaller droplet size. This
phenomenon occurred due to the process by which sur-
factant and solid particles reached the oil-water inter-
face during the emulsification process. At the beginning
of the process, the droplet size would be reduced dras-
tically so that the interface area in the emulsion system
increased rapidly. The low molecular surfactant (Tween
80) would gather quickly at the oil-water interface and
reduced its surface tension, thereby allowing a more
efficient breakdown of oil droplets during the emul-
sification process, resulting in smaller droplet size of
emulsion. Besides, the presence of this surfactant could
temporarily stabilize the emulsion system (Pichot et al.,
2010; Raman and Aichele, 2020). Furthermore, the
added solid particles (MCC) would coat all the available
oil-water interfaces and significantly reduce the coales-
cence. This mechanism of stabilization of mixed emul-
sifier system produced smaller emulsion droplets than
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those produced by using surfactants or solid particles
only. This has also been proved by Pichot et al. (2010)
and Raman and Aichele (2020).

The PDI value demonstrates an overview of the distri-
bution data of particles of different sizes in an emulsion
system. PDI is a scale and has no dimensions, with the
PDI value are ranging from <0.05 (rarely found) to a max-
imum of 1.0 (Vicente et al., 2018). According to Das and
Chaudhury (2011), a PDI value of >0.30 indicates that
the particles are no longer homogeneous. According to
McClements (2005), a PDI value of >0.50 indicates a very
heterogeneous and wide distribution of particle size or
very polydispersity, and a PDI value of 1.0 indicates that
the sample has the possibility of containing large parti-
cles or aggregates which would eventually form a sedi-
ment (Vicente et al., 2018). As observed in Table 1, both
emulsion systems had a PDI < 0.30, which means they
had a homogeneous particle size distribution.

Powder analysis
Drying yield

The VCO powder has different drying yield values
depending on the microencapsulation process and coat-
ing materials. Low drying yield can occur during the
drying process because of stickiness in drying cham-
ber, milling and sieving tools, or spill during the drying,
milling and sieving processes (Nurhadi et al., 2012). As
observed in Table 2, spray drying resulted in the lowest
drying yield followed by vacuum drying, and the highest
drying yield was obtained by freeze drying with the same
ratio of oil and coating materials.

Spray drying had the lowest drying yield because of high
probability of microencapsules sticking to the drying
chamber (Yanuwar et al., 2007). Furthermore, the rela-
tively low inlet temperature of spray drying used in this
study (150°C) with the aim of maintaining its bioactive
components might have contributed to low drying yield
(Tonon et al., 2008). Vacuum drying had a slightly higher
drying yield than spray drying. This was because the vac-
uum process absorbed water of the sample so that the
sample would be sprayed in the oven, resulting in a low
drying yield. Meanwhile, freeze drying had the highest
drying yield because almost all solids of the freeze-dried
emulsion could be used. Freeze-drying process is through
water freezing and ice sublimation so that it never causes
any product loss. Similar results were observed by Roman
et al. (2020), as the drying yield of rice bran oil powder
produced from freeze-drying technique was higher than
spray drying technique (96.9% vs. 50.8%). From the view-
point of different emulsion treatments, the drying yield
obtained from VCO emulsion with Tween 80 and MCC
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Table 2. Characteristics of VCO powder from Pickering emulsion with MCC and different drying techniques.

Sample Drying yield (%) Moisture content (% wb) Rehydrated particle size (um) PDI Dissolving time (sec)
A 44.98+6.78% 3.83+0.01% 1.5017+£0.0099 0.1358 +0.0029 108.50+ 16.26

B 94.03£2.83% 3.51£0.47% 1.4820+0.0139 0.1423+0.0040 78.75+2.47

C 48.98+4.11% 2.1910.56% 1.5203+0.0155 0.1339+0.0088 156.50+ 3.54

D 53.86£4.98% 3.49£0.24% 1.5460+0.0104 0.1153+0.0017 188.25+3.18

E 96.43£1.71% 4.74+1.38% 1.5197 £0.0025 0.1304£0.0019 101.50+5.66

F 55.66£6.25% 3.42£1.52% 1.5493 £ 0.0064 0.1106+0.0013 258.20+12.73

Values are mean +SD of duplicate determination.
PDI: polydispersity index; wb=wet basis.

A=VCO+Tween 80+MCC by spray drying; B=VCO-+Tween 80+MCC by freeze drying; C=VCO+Tween 80+MCC by vacuum drying;
D=VCO+MCC by spray drying; E=VCO+MCC by freeze drying; F=VCO+MCC by vacuum drying.

Table 3. The L* a* b* Hue and Chroma values of VCO powder from Pickering emulsion with MCC and different drying techniques during

storage.
Sample L* a* b* Hue Chroma
A Day 0 92.46+1.17 —0.30£0.10 3.29£1.13 95.28+0.15 3.30£1.13
Day 15 91.78+1.39 —0.26£0.02 2.91+£1.07 95.40+1.56 2.92+1.07
Day 30 91.85%1.75 —0.24£0.04 3.01£0.56 94.56+0.04 3.0210.56
B Day 0 93.32£0.17 —0.14+0.09 1.8310.47 94.96+4.02 1.84+0.46
Day 15 93.83+0.34 —0.17£0.09 2.01£0.17 94.82+3.00 2.02+0.16
Day 30 93.72+0.42 -0.16£0.10 2.03£0.02 94.37+2.81 2.04£0.01
© Day 0 79.64+0.22 -1.45+0.44 10.21+£3.26 98.12+0.13 10.31£3.29
Day 15 80.22+0.22 -1.21£0.39 8.31£2.36 98.23+0.30 8.39+£2.39
Day 30 79.14+0.70 —1.24£0.36 2.33£0.40 117.78 £2.91 2.64+0.53
D Day 0 95.17 £0.46 —0.12£0.07 2.48+0.56 92.91+2.28 2.48+0.55
Day 15 94.60+0.15 —0.09£0.09 2.74+0.49 92.09+2.30 2.74+0.49
Day 30 94.22+0.11 —0.09+0.08 2.62+0.45 92.16+2.22 2.62+0.44
E Day 0 93.54+0.26 —0.18£0.03 1.8210.15 95.63+1.45 1.83£0.14
Day 15 93.19+0.29 -0.18£0.04 1.78+0.15 95.70+1.84 1.79+0.15
Day 30 92.84+0.17 —-0.18£0.04 1.66+0.01 96.12+1.31 1.66+0.01
F Day 0 86.77+1.76 -0.84+£0.47 7.49+1.26 96.18+2.50 7.54£1.30
Day 15 85.99+1.70 —0.74£0.39 7.63£0.73 95.39+2.38 7.66+0.76
Day 30 85.05+2.05 —0.69£0.43 7.231£0.24 95.41+3.23 7.27£0.28

*Values are mean £ SD of duplicate determination.

A=VCO+Tween 80+MCC by spray drying; B=VCO+Tween 80+MCC by freeze drying; C=VCO+Tween 80+MCC by vacuum drying;
D=VCO+MCC by spray drying; E=VCO+MCC by freeze drying; F=VCO+MCC by vacuum drying.

was lower than that obtained from VCO emulsion only
with MCC. Low viscosity from the emulsion system
caused low drying yield, and vice versa (Sarungallo et al.,
2019). This result was in accordance with the literature,
where the emulsion system with Tween 80 and MCC had
a lower viscosity, resulting in a lower drying yield.

Color analysis

According to Table 3, the high degrees of lightness to dark-
ness (L* value) in VCO powder resulted from spray and

freeze drying. However, lower L* value was obtained from
vacuum-dried powder. Similar results were observed by
Horszwald et al. (2013) and Michalska and Lech (2018).
The long-term use of heat in the vacuum drying pro-
cess allowed the product to be oxidized and could even
be burnt due to caramelization reaction (nonenzymatic
browning). Meanwhile, the spray drying process used
high temperatures in a very short time, so it did not
significantly affect the characteristics of VCO powder.
Similarly, the freeze-drying process also did not use heat
so that the original color of the product could be main-
tained. However, all VCO powders obtained from all
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drying techniques had white to light cream color, which
met the commercial standards of consumer acceptance
based on SNI 4444:2009 (Badan Standarisasi Nasional,
2009).

All samples of VCO powder produced by different dry-
ing techniques had a slightly greenish color with differ-
ent degrees of redness to greenness (a* value) but still close
to zero, which is neutral, except for vacuum-dried VCO
powder with a more greenish color. The lengthy process
of vacuum drying resulted in the formation of green pig-
ments from colorless precursors present in VCO. The
pigments were not from the chlorophyll group, and as
described by Joslyn and Sano (1956), the specific com-
pound responsible for the green pigment formed in garlic
maceration tissue was not yet known.

All VCO powders also had a positive degrees of yellow-
ness to blueness (b* value), which means that powders
tended to have a yellowish color. Vacuum-dried VCO
powder had the highest b* value, because of Tween 80
and MCC or MCC alone. These results were in accor-
dance with the results obtained by Nurhadi et al. (2012),
where the vacuum-dried honey powder had the high-
est b* value because of the long-term heating effect of
drying process. After 30 days of storage, there was a
decrease in the b* value of vacuum-dried VCO powder,
especially in sample C, caused by a greenish pigment
formed due to lengthy vacuum drying process. During
storage, the greenish pigment turned brown due to
exposure to oxygen and would gradually turn yellowish
and finally to a light cream color, as described by Joslyn
and Sano (1956).

The VCO powder obtained from Pickering emulsion with
MCC and different drying techniques demonstrated no
significant difference in lightness after 30 days of storage.
In addition, VCO powder obtained from an emulsion

(A)

AU 2021/03/04 13:25 AL D78 x500 200 um
Laboratorium Sentral
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using Tween 80 and MCC also had lower L* and a* val-
ues but a higher b* value because of the yellowish color
of Tween 80 that affected the lightness and the color of
VCO powder.

The color or shade (hue angle value) of VCO powders
ranged from 92.09 to 98.23, confirming that the sample
was tended yellow in hue, with the highest hue angle
value found in sample C (vacuum-dried VCO powder
from the emulsion using Tween 80 and MCC). All VCO
powders had stable hue angle values, except sample C,
and increased up to 117.78 £2.91 on the 30th day of stor-
age because of decrease in b* value.

The spray- and freeze-dried VCO powders had a low sat-
uration (chroma value) compared to vacuum-dried VCO
powder, especially sample C, and were stable for up to 30
days of storage. Meanwhile, the chroma value of sample
C decreased steadily until the 30th day of storage, result-
ing in a more faded color.

Overall, VCO powders obtained from all drying tech-
niques had a white to slightly yellowish hue. However,
VCO powder obtained from spray drying (samples A and
D) and freeze drying (samples B and E) had a slightly yel-
lowish and a little bit of greenish in white hue but still
having a bright coloration. Meanwhile, the VCO powder
obtained from vacuum drying tended to be more yellow-
ish and greenish than the powders obtained from other
two drying techniques because of the long vacuum dry-
ing process.

Morphology of VCO powder
As observed in Figure 2, the spray-dried VCO powders

(samples A and D) had a specific particle morphology,
which was spherical in shape with a smooth surface

AUy 2021/03/04 13:30 AL D7.8 x2.0k 30um
Laboratorium Sentral

Figure 2. Morphology of VCO powder from Pickering emulsion with MCC and different drying techniques. A=VCO +Tween
80+MCC by spray drying; B=VCO-+Tween 80+MCC by freeze drying; C=VCO+Tween 80+MCC by vacuum drying;
D=VCO+MCC by spray drying; E=VCO+MCC by freeze drying; F=VCO+MCC by vacuum drying.
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Figure 2. (Continued)
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Figure 2. (Continued)

and no pores but some dents caused by rapid water loss
during the initial drying process (Ré, 1998; Romén et al.,
2020; Wilkowska et al., 2017). The smooth surface of
spray-dried particles was caused by the atomization pro-
cess of spray drying (Pasrija et al., 2015). Similar results
have been reported by several studies using different
coating materials, such as modified starch (Melgosa
et al., 2019), pea protein (Moreno et al., 2016), various
biopolymers (Gallardo et al., 2013), a combination of
maltodextrin and pea protein isolate (Romédn et al., 2020)
or a combination of maltodextrin and soy protein isolate
(Carneiro et al., 2013). In addition, there were also small
particles adhered to the surface of spray-dried particles
that could be the oil non-capsulized by the matrix, thus
inducing other particles to stick to the surface and form a
cluster (Romédn et al., 2020). These spherical-shaped par-
ticles were perfect for microencapsulation with bioactive
components perfectly protected inside the coating agent.
Likewise, spray-dried VCO powder had a more regular
and uniform shape and size so that the solubility would
be more uniform.

Samples B and E, which were freeze-dried VCO pow-
ders, had a wrinkled sponge-like morphology with an
irregular surface and nonuniform shape, and very light
and high porosity. Therefore, these particles had a large
surface area. The presence of pores and wrinkles in the
particles because of the usage of MCC fastened water
removal from the material (Dhar et al., 2012) as well as
the fast sublimation process of ice crystals on the matrix
during freeze drying, resulting in the formation of pores
which previously were ice crystals (Smrdel et al., 2008).
Similar particle morphology has been reported by other
studies using different coating materials, such as sodium
alginate in anthocyanin extract microcapsules (Zhang
et al., 2020), a combination of various polymers in fish
oil microcapsules (Anwar and Kunz, 2011), and a com-
bination of maltodextrin and pectin in the microcapsules
of Moringa stenopetala leaf extract (Dadi et al., 2020).

Characteristics of virgin coconut oil emulsion powder

F (U1) 2021/03/04 15:03 AL D7.8 x600
Laboratorium Sentral

100 um

High porosity of this freeze-dried VCO powder made it
suitable for instant powder drink because it caused rapid
dissolution in solvent, but the dissolution was just not
uniform because of the nonuniform shape compared to
spherical-shaped particles’ dissolution.

Samples C and F, which were vacuum-dried VCO pow-
ders, had an angular and nonuniform morphology
with large cavities on their surfaces. Similar result was
observed by Mutlu et al. (2020). The presence of cavities
in the particles was caused by the suction/vacuum pro-
cess of water vapor from the heated material to produce
dry products with large hollows (Reis, 2014). This particle
morphology was almost the same as that of freeze-dried
particles but not porous and also had a high surface oil,
so it was very oily resulting in low wettability and solubil-
ity, making it unsuitable for instant powder drinks.

Moisture content

The VCO powders had different moisture contents
depending on the drying techniques and ranged
from 2.19% to 4.74% (Table 2). The moisture content
obtained was under 5%, which means all of the VCO
powders were still accepted in the food industry (Diaz
et al., 2020). The freeze-dried VCO powder from emul-
sion with only MCC had the highest moisture content
because of its porous structure, so it was more hygro-
scopic with a higher adsorption capacity than other
dried samples (Gong et al., 2007). The freeze-drying
process that used temperatures lower than —40°C also
resulted in the obstruction of mass transfer and subli-
mation process because of rapid freezing of outer layer
pores, thereby increasing the retention of moisture in
microcapsules. Similar results were observed by Kuck
and Norena (2016), where the grape skin phenolic
extract powder produced by freeze drying had a higher
water content than spray drying.
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The vacuum-dried VCO powder from emulsion using
Tween 80 and MCC had the lowest moisture content
caused by vacuum conditions of drying that reduced the
heat required to evaporate water so that water evapora-
tion occurred quickly at low pressure (Piwinska et al.,
2015). Similar results of the moisture content were also
obtained by Nurhadi et al. (2012), where the vacuum-
dried honey powder had a lower moisture content than
spray-dried honey powder.

VCO powders obtained from emulsions with MCC only
(samples D and F) had a higher moisture content. This
was due to the higher viscosity of emulsion, resulting in
decreased water diffusion during the drying process because
the total solid concentration was more than 20% (Frascareli
et al., 2012). In addition, use of Tween 80 also produced
VCO powder with a low moisture content because of foam
formation in the emulsion system (Mayasari et al., 2019).
The foam layer dried faster than the liquid under the same
drying conditions. As a result, the drying process was com-
pleted quickly and produced microcapsules with a lower
moisture content (Kamsiati, 2006).

Microencapsulation efficiency

Microencapsulation efficiency is defined as the ratio
between encapsulated oil and total oil contained in par-
ticles (Tonon et al., 2012). The microencapsulation effi-
ciency depends on several factors, such as the ratio of
core material to coating material, chemical properties,

effect of material interactions, and the microencapsula-
tion techniques (Dadi et al., 2020).

In Figure 3, all VCO powders had a low microencapsu-
lation efficiency, which is <50%. The low microencap-
sulation efficiency is caused by the high concentration
of oil (40%), so there would be a lack of coating mate-
rial to encapsulate oil, thus resulting in high surface oil
and low encapsulated oil (Frascareli et al., 2012). Similar
results were also demonstrated in the study conducted
by McNamee et al. (1998) on encapsulation of soybean
oil with gum arabic, where the encapsulation efficiency
was reduced from 100% to 48% with oil and gum arabic
ratio increasing from 0.25 to 5.00. Several other studies
have also demonstrated similar results (Ahn et al., 2008;
Alcantara et al., 2019).

The freeze-dried VCO powder from both emulsion treat-
ments had the lowest microencapsulation efficiency
because of high surface oil on particles. The freezing
process induced demulsification in the emulsion system
because some droplets froze first and the volume of fro-
zen droplets increased, resulting in collisions between
droplets, thus damaging water and emulsifier layers
that covered the droplets. Many droplets froze together
to form larger ice domains due to coalescence, and also
some droplets froze because of partial contact with other
ice, which is commonly referred to as ‘partial coales-
cence. The coalescence of particles produced an even
larger particle, which at a certain particle size triggered
phase separation resulting in high non-encapsulated oil

Microencapsulation Efficiency of VCO Powder
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Figure 3.

Microencapsulation efficiency of VCO powder from Pickering emulsion with MCC and different drying techniques

during storage. A=VCO+Tween 80+MCC by spray drying; B=VCO-+Tween 80-+MCC by freeze drying; C=VCO+Tween
80-+MCC by vacuum drying; D=VCO+MCC by spray drying; E=VCO+MCC by freeze drying; F=VCO+MCC by vacuum drying
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in freeze-dried samples (Lin et al., 2007). Similar results
were obtained by Anwar and Kunz (2011) in microencap-
sulationof fish oil using freeze drying.

The highest microencapsulation efficiency was obtained
by spray drying in the emulsion using Tween 80 and
MCC (sample A), with a microencapsulation efficiency
of 33.49+£1.59%. As observed in Figure 2, particles pro-
duced by the spray-drying technique had no cracks
and pores in their microstructure, so they would have a
good microencapsulation efficiency (Pereira et al., 2019).
Besides this, using Tween 80 in the emulsion system
resulted in a smaller emulsion droplet size, which would
result in a higher microencapsulation efficiency. Similar
results were observed by Soottitantawat et al. (2005), and
also supported by Shamaei et al. (2017), where there was
no correlation between microencapsulation efficiency
and microparticle size (or emulsion droplet size).

In addition to spray drying, freeze- and vacuum-dried
VCO powders obtained from the emulsion with MCC
only had a higher microencapsulation efficiency. This
may be affected by the viscosity of emulsion, where using
Tween 80 resulted in a lower emulsion viscosity, but the
emulsion with MCC only had a higher viscosity. Thus, a
stronger matrix was formed in the emulsion using MCC
only that helped to prevent the diffusion/migration of
oil from matrix to produce microcapsules with higher
encapsulated oil (Sarungallo et al., 2019).

Characteristics of virgin coconut oil emulsion powder

The microencapsulation efficiency of VCO powder
demonstrated decrease on the 15th and 30th day of stor-
age, which means that more oil was diffused from matrix,
resulting in high surface oil. Similar results were observed
by Esparza et al. (2020), where the microencapsulation
efficiency of hempseed oil powder stabilized with nano-
crystalline cellulose Pickering emulsion decreased after
30 days of storage.

Peroxide value

Peroxide is an indicator to determine the level of oxida-
tion of fats and oil products. The peroxide value of all
VCO powders depicted a higher value compared to the
characterization result of VCO, which was only 0.052
mEq O,/kg. This indicated that exposure to light, oxygen
and heat during the microencapsulation process could
facilitate oxidation (Mubarak, 2017). However, increase in
the peroxide value was still below the maximum limit of
the quality requirements of VCO peroxide value, which
is 2.0 mEq O,/kg based on SNI 01-7381-2008 (Badan
Standardisasi Nasional, 2008), which established that
VCO powder was still safe for consumption. A slight
increase in the peroxide value of VCO powder was due to
a small amount of unsaturated fatty acids (about 10%) that
we discovered in VCO, which could be oxidized easily.

In Figure 4, the spray-dried VCO powder (samples A
and D) demonstrated the highest peroxide value, and the
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Figure 4. Peroxide value of VCO powder from Pickering emulsion with MCC and different drying techniques during storage.
A=VCO+Tween 80+MCC by spray drying; B=VCO+Tween 80-+MCC by freeze drying; C=VCO-+Tween 80+MCC by vacuum
drying; D=VCO+MCC by spray drying; E=VCO+MCC by freeze drying; F=VCO+MCC by vacuum drying.
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vacuum-dried VCO powder depicted the lowest perox-
ide value on day zero. Exposure to high temperatures of
heat during the spray drying process could be the rea-
son for accelerated oxidation, resulting in high peroxide
formation in the sample (Anwar and Kunz, 2011). The
vacuum process helped to minimize the oxygen that was
contacted with the sample, so it prevented peroxide for-
mation. However, peroxide values from all drying tech-
niques did not differ significantly because basically VCO
only contained a small amount of unsaturated fatty acids
(about 10%), which could be easily oxidized (Nurhasanah
etal., 2019).

During storage, the peroxide value of VCO powder first
depicted an increase on the 15th day then a decrease
on the 30th day. Similar trends were obtained in differ-
ent VCO powder samples. These results indicated that
the oxidation would gradually increase to reach a peak,
then it would decrease. However, the increase in perox-
ide value on the 15th day tended to be higher in vacuum-
dried VCO powder, and the lowest increase was observed
in spray-dried VCO powder. Previous study conducted
by Anwar and Kunz (2011) established that spray-dried
powder tended to be unstable due to the presence of
pro-oxidants at high temperatures, which could result
in rapid peroxide decomposition after its formation.
Therefore, only a slight increase in peroxide value during
the 15 days of storage was observed compared to other
dried samples.

The stability of VCO powder during storage was also
influenced by several other factors, such as particle mor-
phology and surface oil (Tolun et al., 2016). VCO pow-
ders obtained from freeze drying (samples B and E) and
vacuum drying (samples C and F) had an irregular mor-
phology. As a result, the surface area was larger, so that it
was more likely to be exposed to oxidation than fine par-
ticles (Pereira et al., 2019; Tolun et al., 2016). In addition,
the freeze- and vacuum-dried VCO powders had high
porosity and large cavities. These conditions facilitated
the diffusion of oxygen on particles’ surface and even the
particles in surface, so that oxygen easily decomposed the
non-encapsulated oil (Anwar and Kunz, 2011). Moreover,
the freeze- and vacuum-dried VCO powders had a higher
surface oil than the spray-dried VCO powder. Therefore,
this could be one of the reasons for high increase in per-
oxide value on the 15th day of storage because surface oil
tended to be oxidized more easily (Condori et al., 2011).

A different trend was observed in sample E of VCO pow-
der, where its peroxide value depicted a downward trend
up to the 30th day of storage. Sample F of VCO powder
also depicted a decrease in peroxide value on the 15th
day, and then an increase occurred on the 30th day of
storage. Decrease in peroxide value during storage was
because only a few new peroxides were formed compared

to high degradation rate, resulting in secondary oxidation
products in the form of aldehyde and ketone compounds
(Ketaren, 1986). Some of the main aldehyde compounds
produced from secondary oxidation were n-alkanal,
trans-2-alkenes, 4-hydroxy-trans-2-alkenes and malond-
ialdehyde (Chaijan and Panpipat, 2017). These aldehyde
compounds would undergo an oxidation process to
form carboxylic acids, which belong to the free fatty acid
group. Hydrogen present in this carboxylic acid would
form fatty acid radicals that react with oxygen to again
produce peroxides during storage (Widodo et al., 2020).
This increased the peroxide value of sample F on the 30th
day of storage.

VCO powder obtained from emulsion with Tween 80
and MCC (samples A—C) also demonstrated a higher
increase in peroxide value on the 15th day of storage.
This could be due to the use of Tween 80, which belonged
to the triglyceride group, allowing the fatty acid com-
ponents of Tween 80 to be oxidized during storage,
resulting in a higher peroxide value compared to the non-
Tween 80 samples.

Particle size of rehydrated VCO powder

As observed in Table 2, all rehydrated VCO powders had
a slight increase in the particle size compared with their
emulsions’ droplet size but not different significantly
(Table 1). These results indicated that the emulsion sys-
tems had the possibility of slight coalescence because
of heating and freezing during the microencapsulation
process.

All rehydrated VCO powders had the same PDI value,
which was still below 0.30, indicating that there hydrated
dried particles were homogeneous. However, the rehy-
drated freeze-dried VCO powder from both emulsions
depicted higher PDI values than other dried samples
with the same emulsion treatment. These phenomena
occurred due to the greater coalescence process during
freezing than heating so that a higher PDI was obtained
(Lin et al., 2007).

Dissolving time

Dissolving time is the time required for all particles to dis-
solve homogeneously in solvent through stirring (Pereira
et al., 2019). The dissolving time is one of the parameters
of microcapsule rehydration properties and is import-
ant for producing instant powder drinks. The lower the
dissolving time, the better it would be for instant pow-
der drink. As presented in Table 2, the dissolving time
of VCO powders was in the range of 78.75-258.50 sec,
while the dissolving time of microencapsulated pink
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pepper essential oil observed by Pereira et al. (2019) was
in the range of 329-351 sec. Relatively fast dissolving
time of VCO powders in water is one of the important
requirements of the food industry, because it can expand
the possible use of VCO in food products that are insol-
uble in water in their original form (Pereira et al., 2019).

The dissolving time is influenced by different structural
characteristics of VCO powders related to matrix and
drying conditions (Farias and Ratti, 2009; Rahman and
Perera, 2007). Freeze-dried VCO powder (samples B and
E) had the minimum dissolving time compared to other
drying principles whereas vacuum-dried VCO pow-
der had the longest dissolving time. This was due to the
high porosity of freeze-dried VCO powder, as depicted
in Figure 2, so that it had the shortest dissolving time
because particle porosity also played an important role
in powder rehydration (Farias and Ratti, 2009; Fernandes
et al., 2013; Stapley, 2008). Similar results were observed
by Karthik and Anandharamakrishnan (2013). The spray-
dried VCO powder had a longer dissolving time than
freeze-dried VCO powder but faster than vacuum-dried
VCO powder. This was in line with particle morphology,
because the spray-dried VCO powder had nonporous
particles compared to freeze-dried VCO powder, but it
also had a larger surface area than vacuum-dried VCO
powder, so that its dissolving time was in between freeze-
and vacuum-dried VCO powders. Meanwhile, the
vacuum-dried VCO powder, with a sticky characteristic,
had the smallest surface area among all VCO powders
obtained from different drying techniques. It tended to
stick together due to wetness of surface oil, affecting the
wettability of particles, resulting in the longest dissolving
time in samples C and F.

VCO powders from emulsion with Tween 80 and MCC
(samples A—C) had a faster dissolving time because of
Tween 80, which formed foam in the emulsion system,
resulting in a porous microcapsule (Ngamwonglumlert
and Devahastin, 2017). The high porous structure
resulted in high solvent penetration of particles, hence
shorter time required to dissolve all particles homoge-
neously in the solvent (Farias and Ratti, 2009).

Conclusion

The Pickering emulsion method (with or without Tween
80) could be used to produce VCO powders of good char-
acteristics, which, of course, were also affected by drying
techniques. Usage of MCC resulted in thicker emul-
sion system. However, addition of Tween 80 decreased
emulsion viscosity (but both emulsion treatments had a
good stability of up to 21 days of storage) and resulted
in a emulsion of smaller droplet size than without addi-
tion of Tween 80. So did the drying techniques. Spray
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drying produced VCO powder with the lowest drying
yield (44.98-53.86%), had bright and white spherical
shape particles, smooth surface and no pores, but with
some dents on the particle surface. It has the highest
microencapsulation efficiency (33.49 +1.59%) and perox-
ide value on day zero (0.558 £0.058 mEq O,/kg) with not
too slow dissolving time. Freeze drying produced VCO
powder with the highest drying yield (94.03-96.43%),
had bright and white wrinkled sponge-like particles
with an irregular and very porous surfaces. It had the
smallest rehydrated particle size (1.4820+0.0139 pm)
and the fastest dissolving time in solvent (78.75+2.47
sec), with the highest peroxide value on the 30th day of
storage (0.578+0.088 mEq O,/kg). Vacuum drying pro-
duced VCO powder with a more yellowish color with
angular shape particles with large cavities on the sur-
face. It had the lowest moisture content (2.19+0.56%),
the highest peroxide value on the 15th day of storage
(0.615£0.065mEq O,/kg), and the longest dissolving
time (258.20 £ 12.73 sec).

Based on the results, spray drying was the best technique
to produce VCO powder with good characteristics com-
pared to other techniques; hence, Sample A (VCO emul-
sion using Tween 80 and MCC with spray drying) had no
creaming index up to 21 days of storage, had small size
of emulsion droplet, and bright and white color VCO
powder. It had spherical shape particles, high microen-
capsulation efficiency and not too slow dissolving time.
Therefore, spray drying technique is worth applying in
various applications of microencapsulation than other
two drying techniques. Overall, the characteristics of
VCO powders obtained in this study were quite good, but
had low microencapsulation efficiency. Further research
is required to study and increase the concentration of
solid emulsifier and to replace MCC with CNC with a
lower concentration but providing better stability and
higher microencapsulation efficiency to VCO powder so
that it could be used as a non-dairy creamer in accordance
with quality requirements and consumer requirements.
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