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ABSTRACT

Candlenut oil is a polential source of omega aly acids that can be used as a food
supplement or nutrient for food fortification. It contains high amount of omega fatty acids and also
available in high quantity, especially in Indonesia. However, due to its off-odor and its thermal-
sensitivity which makes candlenut oil prone to oxidation, the application into food products still
needs more improvement. Egpsulalion is one of the techniques that is used to protect the
candlenut oi from oxidation. This research aimed to find the best encapsulating agent to protect
the omega content from candlenut oil against oxidation through freeze-drying method. Factors
such as encapsulating agent (whey protein isolate, sodium caseinate, f-cyclodextrin, gu narabic)
and ratios of encapsulating agent to oil (3:2, 1:1 and 2:3) were investigated to [ind out the most
appropriate microcapsule and conditions to ensure there will be no change of the candlenut oil
characteristics. Moisture content, microencapsulation efficiency (ME), and peroxide value (PV)
were analyzed as the product parameter. The highest encapsulation efficiency was obtained by
using sodium caseinate (43.22 £ 0.9 %) with the ratio of encapsulating agent-oil was 3:2. The
second stage of candlenut oil encapsulation was camied out to improve the efficiency of
microcapsule, and the result showed that the efficiency of encapsulated oil with sodium caseinate
as encapsulating agent was increased to 64.86%.
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ABSTRAK

Minyak kemiri merupakan sumber asam lemak omega yang potensial untuk digunakan
sebagai suplemen atau nutrisi tambahan pada fortifikasi makanan. Minyak kemiri memiliki
kandungan asam lemak omega yang tinggi serta kelimpahan yang cukup besar di Indonesia.
Namun, minyak kemiri yang memiliki sifat sensitif terhadap panas menjadi mudah untuk
teroksidasi. Hal ini menyebabkan diperlukannya pengembangan produk sebelum mengaplikas kan
minyak kemiri tersebut ke dalam produk makanan. Enkapsulasi merupakan salah satu teknik yang
digunakan untuk melindungi minyak kemiri dari reaksi oksidasi. Penelitian ini bertujuan untuk
menentukan bahan penyalut (encapsulating agent) terbaik untuk melindungi kandungan asam
lemak omega dari minyak kemii dengan menggunakan metode freeze drying. Variasi bahan
penyalut (whey protein isolate, sodium caseinate, fi-cyclodextrin, gum Arabic) dan rasio bahan
penyalut terhadap minyak (3:2, 1:1 dan 2:3) dilakukan untuk mendapatkan mikrokapsul minyak
kemiri dengan kualitas terbaik. Kadar air, efisiensi mikroenkapsulasi dan bilangan peroksida
dianalisis sebagai parameter produk hasil enkapsulasi. Efisiensi enkapsulasi terbak didapatkan
dengan dengan menggunakan sodium caseinate (43,22 £ 0.9 %) dan rasio bahan penyalut terhadap
minyak 3:2. Optimasi enkapsulasi minyak kemiri pada tahap ke dua menunjukkan peningkatan
efiensi mikroenkapsulasi minyak kemiri dengan sodium caseinate sebagai bahan penyalut hingga
64.86%.

Kata kunci: Asam lemak omega, enkapsulasi, freeze-drving, minyak kemiri, stabilitas oksidasi
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INTRODUCTION

Candlenut (Alewrites moluccanus) is widely known
as culinary spices and herbs which can be easily
found in Indonesia and South East Asia. Currently,
candlenut is only being utilized as a spice, an
ingredient for cooking, and for hair growth. In fact,
the oil content from cold-press candlenut is
relatively — high, and it contains  mostly
polyunsaturated fatty acids (PUFAs) (Wijaya,
2008). Ander, Dsquier, Prociuk, & Pierce
(2003) stated that polyunsaturated fatty acids have
more than one double bond in their backbone,
hence they can provide health benefits. Moreover,
omega-3 fatty acid can lm: to regulate the lipid
circulation in the body, by increasing the high-
density lipoprotein (HDL) and lowering the low-
density lipoprotein (LDL) cholesterol and reducing
atherosclerotic development (Ander, Dupasquier,
Prociuk, & Pierce, 2003). PUFAs are essential oil,
means that they are not produced in the human
body.

Due to the fact that omega fatty acids can cause
numerous health issues, there is an increasing
interest from Indonesian consumers in foods which
have been enriched or fortified with omega fatty
acid. Omega fatty acid sources in Indonesia are still
limited and usually they are relatively expensive. [n
this case, candlenut oil can be an alternative source
since it contains high PUFAs and available
abundantly, especially in Indonesia. However, due
to its off-odor and its thermal-sensitivity which
makes candlenut oil prone to oxidation, the
application into food product still needs more
improvement. Recent studies about food
fortification with omega-3 from candlenut oil
showed that, when the candlenut oil is added to the
product, the omega fatty acid content is decreased
(Kamil, 2016). The omega fatty acid in candlenut
oil is also susceptible to promote oxidative
degradation in oil when the product is exposed to
oxygen and heat (Tjhin, 2014).

Microencapsulation is one of the techniques that is
used to protect candlenut oil from oxidation
(Kaushik, Dowling, Barrow, & Adhikari, 2015). In
microencapsulation process, droplets or tiny
particles are protected or surrounded by wall

matrix or encapsulating agent, thus forming very
small capsules (Wang, Tian, & Chen, 2011;
Raybaudi-Massilia & Mosqueda-Melgar, 2012.
Selecting the encapsulating agent is impornant in
microencapsulation process. The encﬂsu]ating
agent must fulfill certain criteria. They must have
high stability, high water solubility, emulsifying
properties, a tendency to form a network during
drying, and low viscosity for spray-drying (Calvo,
Castafio, Lozano, & Gonzalez-Gémez, 2012).
According to Calvo et al. (m2}, protein-based
encapsulating agent was more effective in
preserving the quality ofaicmencapsu]ated extra-
virgin olive oil. In the previous study about the
encapsulation of candlenut oil with hydroxypropyl
methylcellulose (HPMC), gum Arabic (GA), B-
cyclodextrin (B-CD), and alginate by using spray-
drying method, the best performance in
microencapsulation efficiency was showed by pB-
cyclodextrin. However, gum arabic showed the
best performance in terms of peroxide value
(Verianto, 2018). It still cannot be concluded what
is the best encapsulating agent for encapsulating
candlenut oil.

In this research, sodium-caseinate (SC) and whey
protein isolate (WPI) will be used as the alternative
encapsulating agents with freeze-drying method.
The result of this alternative encapsulating agent
will be compared to the previous encapsulating
agent used for candlenut oil, which are f-
cyclodextrin and gum arabic, to know which type
of encapsulating agent and formulation that could
optimize the encapsulation of candlenut oil.

MATERIALS AND METHOD
Materials and equipments

Candlenut kernels were obtained from a local
market in Tangerang. - cyclodextrin, gum Arabic,
sodium caseinate and whey protein isolate,
maltodextrin, and lecithin were obtained from
Richest Group Ltd., China. For analysis of
microencapsulation, n-hexane for  analysis,
chloroform for analysis, acetic acid glacial 100%,
saturated potassium iodide for analysis, starch, and
sodium thiosulfate for analysis were obtained from
Merck.
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The equipment used for candlenut oil extraction
was customized cold press expeller. For the
candlenut oil microencapsulation, homogenizer
(IKA Labortechnik RW 20N) was used for
homogenizing the emulsion. Freeze dryer (Operon
FDB — 5502) was used to dry the samples.
Moisture content analyzer (Satorius MA 35) was
used to determine the moisture content. Rotary
evaporator (IKA HB 10) was used to evaporate n-
hexane in microencapsulation efficiency analysis.
The omega fatty acid content was analyzed at
Saraswanti Indo Genetech by using gas
chromatography with a flame ionization detector
(GC-FID). The GC analysis was carrietm.lt by
using a polyethylene glycol (PEG) capillary
column [3 x 025mm ID x 025¢m film
thickness). Nitrogen was used as the camier gas,
with a flow rate of 1 mlL/min. The injector and
detector temperal@ggs were set at 260 °C. The oven
temperature was programmed from 120 °C to 240
°C at a rate of 4 °C/min.

RESEARCH METHODOLOGY
Extraction of candlenut oil.

Candlenut kernels were extracted by using cold-
pressed expeller and then centrifuged at 6000 rpm
and 15 °C for 20 minutes to obtain pure candlenut
oil. The omega content of the centrifuged candlenut
oil was analyzed by using GC-MS. Emulsification
of the candlenut oil using four different types of
encapsulating agents (Sodium caseinate, Whey
Protein Isolate, B-cyclodextrin and Gum Arabic)
with maltodextrin as the secondary encapsulating
agent were prepared with the ratio 3:2, 1:1 and 2:3
of encapsulating agent to candlenut oil. The limited
amount of water was added into the mixture.
Homogenization process was conducted at room
temperature for 5 minutes. Emulsion was frozen
prior drying process. The drying process was done
for 48 hours at —60 °C. Microencapsulation
efficiency, moisture content analysis, and peroxide
value analysis were conducted to examine the most
appropriate material for encapsulating candlenut
oil.

Microencapsulation efficiency analysis.

Method for microencapsulation analysis is adapted

from Cavo et al. (2012) with modification. Five
grams of powder was mixed with 20 ml of hexane
and m‘l vortexed for 1 minute to extract free oil.
The mixture was then filtered with a Whatman No.
41 filter paper. The washed powder on the filter
paper was rinsesing 50 ml of distilled water.
The hexane was evaporated using rotary e vaporator
at 60 °C and the internal oil was scaled. The oil was
weighed and then the efficiency was measured. ME
was calculated by using the following formula:

Total Oil — Surface Oil
E= - X100%
Total Oil

Peroxide value analysis.

Peroxide value was conducted by following the
method from Toure (2007) with modification.
Chloroform (6 mL) and glacial acetic acid (9 mL)
were mixed together. Then, 1 gram of powder
sample was dissolved mhe solution. One mL of
saturated solution of potassium iodide (KI) was
added into the sample solution. The solution
mixture was manually shaken for 30 seconds and
stored in the dark
solution (1%, 0.5 mL) was added into the mixture
until the color of thm)]uti(m changed from yellow
to dark blue. Then 0.01 N of standardized sodium
thiosulphate so]utiormls used for titration against

30 minutes. Starch indicator

the sample solution until the the blue color almost
disappeared. Blank titration was conducted under
the same condition. To determine the POV value,
the following equation was used:

meq) _ Cx(V — 1, )x1000

POV( kg m

‘Where,

C = concentration of sodium thiosulphate (mol/L)

V = volume of sodium thiosulphate for the sample
titration (mL)

Vo= volume of sodium thiosulphate for the blank
titration (mL)

m= mass of candlenut oil (g)
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Moisture content analysis.

The moisture content was measured by using
moisture content analyzer Satorius MA35. Around
1 gram of powder sample was put in the analyzer
for one hour at 105 °C. As a result of continuous
heating, the moisture content would evaporate. The
experiment was terminated once the sample mass
had reached the constant value. For the moisture
content after drying process, to minimize the time
used, the moisture content was measured manually
by using Memmert oven. The samples were
weighed for about 1 gram and then heated at 105
°C for 24 hours, and then the weight was measured.
The analysis stopped when constant weight was
achieved.

RESULTS AND DISCUSSION
Candlenut oil extraction

The extraction of the oil from the candlenut kernels
was carried out by using cold press expeller
machine due to the sensitivity of the oil to heat.
The friction between candlenut kernels and the
expeller machine induced the increment of the
temperature which leads to the degradation of
omega content of the oil. Thus, the usage of cold
press expeller becomes the critical factor to priect
the oil from degradation. As much as 16 % of yield
of candlenut oil was obtained from this extraction
process.

The unsaturated fatty acids and omega content of
the extracted candlenut oil were analyzed by using
GC. The result of the analysis is shown in Table 1.

According to the GC data in Table 1, it is shown
that oil obtained from candlenut is high in
unsaturated fatty acid, which was 90.89%. The
unsaturated fatty acid content obtained by cold-
press extraction is higher than the previous study
from Wijaya (2008), which was only 79.65% of
unsaturated fatty acids. The difference in omega
content might be caused by the different source of
candlenut kernels. Extraction method also affects
the omega content of the oil. Oil which was
extracted using common extraction has lower
omega content compared with oil which was
extracted by using cold-press expeller. This is
because heat degrade the omega content of the oil

through thermal oxidation. Wijaya (2008) stated
that the unsaturated fatty acid content of candlenut
oil extracted by cold expeller was higher (79,65%)
than normal expeller (71.12 %). Comparing with
another unsaturatedﬁatty acid oil, unsaturated
content of candlenut oil is still higher than olive oil
(about 77%) which was studied by Susilo (2012)
and fish oil (about 75%) which was studied by
Aditia et al., (2014). Based on the data, the highest
omega content contained in the candlenut oil is
omega-6 fatty acids, followed by omega-3 and
omega-9. In this research, it is proved that
extractioraby using cold-press expeller can
maintain the high content of omega fatty acids in
the oil.

Table 1. Omega fatty acid content of pure
candlenut oil extract

Parameter Result (% )

B arurared futs 90.89 +0.06
Ome ga 3 fatty acids 26.31 =006
Ome ga 6 fatty acids 40,10 £ 0,00
Ome ga 9 fatty acids 24.30 +0.00

Encapsulation of candlenut oil

The efficiency of microencapsulation was analyzed
to determine the amount of surface oil presents on
the particles’ surface and degree in which the
encapsulating agent can prevent external or internal
extraction of the oil. According to the result in
Table 2, the highest efficiency was obtained by
using sodium caseinate as the encapsulating agent
with the ratio 3:2 of encapsulating agent to oil. In
this case, sodium caseinate has an emulsification
property and amphiphilic character, where they
possess @h hydrophilic and lipophilic properties.
Because of the emulsifying properties, the stability
of the emulsion by using sodium caseinate was
higher than the other encapsulating agent hence the
result showed that the efficiency of encapsulated
oil with sodium caseinate was the highest.
2

However, Eere was no significant @renoe
between each encapsulating agent (P = 0.22) but
there was a significant difference between each
ratio (P = 0.0032). This indicates that the efficiency

56 2020:2(1), pp.53-61
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was influenced by the formulation’s ratio. When
the amount of oil load was higher than the
encapsulating agent, the solid particle was

insufficient to give a full protection to the droplets
of oil.

Table 2. Microencapsulation efficiency (me), peroxide value, and moisture
content of the encapsulated candlenut oil

Encapsulating agent Me ( %) Pov (meq/kg) Moisture content ( %)
Bl 4094 2.0 199 £0.00 5.6 £0.35
B2 3770+ 1.6 149070 4.55+0.82
B3 30,79+ 4.8 273+0.34 6.57+0.37
w1 4224 +05 099 +0.002 309 +0.54
w2 3558+ 1.8 1242034 1.61 £0.09
W3 27.35+6.1 297+28 2.80 £0.55
S1 4322 +0.9% 124 £035 207 2066
s2 36.22+3.7 173035 2422002
S3 28.40 +10.7 273+0.34 245101
Gl 383743 099 +0.0003 2.86 +0.62
G2 26.76 + 13.0 1242034 2.88 +0.38
G3 22.56 + 8.8 174 £1.05 3472240

B=f-cyclodextrin; W=whey protein isolate; S=sodium caseinate; G=gum Ambic. 1,2, 3=formulation ratio,
1= 3:2 encapsulating agent to oil; 2= 1:1 encapsulating agent to oil; 3= 2:3 encapsulating agent to oil .

* = highest microencapsulation efficiency.

The peroxide value of encapsulated candlenut oil
was conducted to leasure the oxidation occured in
the candlenut oil. Unsaturated fatty acids are prone
to oxidation because of the double-bond presence
in their structure. The presence of heat and oxygen
promotes the oxidation. When unsaturated fatty
acids are in contact with oxygen or exposed to heat,
hydroperoxide is formed. This analysis measures
hydroperoxide formed during oxidation. It is
expected that by using freeze-dry method, could
minimize the peroxide number of the product. The
result of encapsulated candlenut oil in peroxide
value is showed in Table 2.

The lowest peroxide number was found by using
whey protein isolate and gum Arabic as the
encapsulating agent. This is probably because gum
Arabic has an antioxidant activity to prevehe
formation of hydroperoxide during oxidation of the
oil due to the presence of hydroxyl group which
can scavenge the free ﬂica]s (Chew, Tan, &
Nyam, 2018). However, there was no significant
difference between each psulating agent (P
0.55), the ANOVA result showed that there was
significant difference between each ratio (P
0.037).

=

The higher oil loading showehigher peroxide
value. This result corresponded with the efficiency
of the microencapsulation process. Since the

surface 0il was higher as the oil loading increase,
the peroxide wvalue was also increased. It is
probably due to the oxidation of the un-
encapsulated oil surface, thus it was not completely
protected.

As can be seen in Table 2, the lowest moisture
content after drying process through freeze-drying
method was 0ba1ed by using whey protein isolate
with ratio 1:1, where the highest moisture content
was obtained by using pB-cyclodextrin with the ratio
2:3. According to the data, the moisture content is
affected by the ratio of the encapsulating agent to
the oil. There was a significant difference between
each encapsulating agent (P = 0.001). The post-hoc
analysis  showed that p-cyclodextrin  was
significantly different with whey protein isolate (P
= 0.0017), sodium caseinate (P = 0.0013) and gum
Arabic (P = 0.0049). The greater amount of solid
particle in a system increases the volatile retention
depending on the type of the solid and the type and
amount of the volatile. It was suspected because
the volatile compound was entrapped in the solid
matrix system after the formation of the droplets.
Higher solid content can reduce the circulatory
system on the emulsion. This theory answers the
result of B-cyclodextrin, as the higher amount of
solid content has higher moisture content.

J.Functional Food & Nutraceutical
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Screening of encapsulating agents for candlenut
oil

Re-formulation of the total solid content and water
used was conducted in order to achieve higher
efficiency. At first, the utilization of water was
limited in order to minimize the drying time,
however, the limitation of water was responsible
for the low efficiency of microencapsulation,
besides the homogenization process. The screening
of encapsulating agents for candlenut oil
encapsulation was carried out by increasing the
water content up to 50% and ratio encapsulating
agent to oil 3:2. As a result, the efficiency of
microencapsulated candlenut oil was increasing, as
can be seen in Table 3.

Table 3. Microencapsulation efficiency (me),
peroxide value, and mositure content of
the encapsulated candlenut oil

En“:;iﬂfﬁng Me (%) Pov (meqkg)
Bl 49.64 249 £0.50
W1 5748 0.99 £0.00
S1 64.86 049 £0.76
Gl 47.38 0.99 £ 1.40

By increasing the amount of water, the stability of
the emulsion was increased and it was possibly
because the size of oil droplets was also
decreasing, so the encapsulating agent were more
effectively in protecting the oil droplets. Based on
the data, the highest microencapsulation efficiency
was obtained by using sodium caseinate. Sodium
caseinate is one of the best encapsul at‘m agent for
lipophilic compound because of its intrinsic
stability to form protein-ligand complexes and
nsein micelles. In addition, the amphiphilic
structure of caseins promote a rapid adhesion to the
surface of oil droplets to form a thick layer that
protects the newly formy droplets against
flocculation and coalescence (Mujica-ﬁs]varez, Gil-
Castell, Barra. Ribes-Greus, Bustos, Faccini, &
Matiacevich, 2020). The microencapsulation of the
candlenut oil with sodium caseinate increased
significantly from 4322 to 6486%. The lowest
peroxide value of encapsulated candlenut oil also
obtained by using sodium caseinate as

encapsulating agent. The peroxide value decreased
from 1.24 to 0.49 meq/kg.

To analyze the stability of the microcapsules,
heating process at 170 °C was conducted for 1.5
hours for the new formulation of encapsulated oil
and also the un-encapsulated candlenut oil under
the same treatment. During the exposure to the
heat, it is noticeably that oxidation will occur.
However, to evaluate the fluctuation of the
peroxide value, the stability test was conducted.
The result was explained in Table 4.

Table 4. Peroxide value of heated encapsulated
candlenut oil with new formulation

Encapsulating Pov (meq/kg) Day 0 Pov (meqkg) day 5
agent
0il 2375 24.60
Bl 2190 22.38
Wi 20.36 2243
51 1988 20,37
Gl 24 =24

Un-encapsulated candlenut oil has the highest
peroxide value after the heating process was done
(at day 0). Sodium caseinate exhibited the lowest
peroxide value at day-0, followed by whey protein
and p-cyclodextrin. After five days of storage,
peroxide wvalue of all encapsulated oil ancm1—
encapsulated oil were increasing. The auto-
oxidation of the encapsulated and un-encapsulated
oil was occurred during the heating process.
However, both on day-0 and day-5, all the
capsu]ated oil showed lower peroxide value
compared with the un-encapsulated candlenut oil.
It was suspemi that the peroxide value was
increased due to the oxidation from the surface oil,
suggesting the inside oil was well protected inside
the matrix of encapsulating agent (Wang et al.,
2011). However, for gum Arabic, the peroxide
value after being heated was increased
significantly. Carneiro et al. (2013) stated that the
peroxide oxidative stability was affected by the
type of encapsulating agent used. A study about
encapsulation of flaxseed oil by using spray drying
and a combination of encapsulating agent between
maltodextrin and gum Arabic, also showed the

58 2020:2(1), pp.53-61
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poorest oxidative stability compared with whey
protein concentrate. It can be concluded that gum
Arabic exhibit inadequate protection against
oxidation after heat was applied.

After the encapsulation process was carried out and
the best encapsulating agent (in terms of

efficiency) was obtained, the omega content of the
product was analyzed to check the decrement of the
omega content. However, the omega fatty acid
content of encapsulated oil by using sodium
caseinate showed a decrement in all omega content
as seen in Table 5.

Table 5. Omega content comparison between pure candlenut oil,
encapsulated candlenut oil and commercial product

Parameter Result (% )
Pure candlenut oil Encapsulated candlenut oil Commercial product
Cisaturated fats 90.89 50.75 36
Omega 3 fatty acids 26.31 1431 5
Omega 6 fatty acids 40.10 2201 21
Omega 9 fatty acids 24.30 14.21 10

This decrement corresponded with the low
microencapsulation efficiency of the freeze-dried
product. The purpose of this study was to retain the
omega content through encapsulation process.
However, the result of the first stage formulation
showed that the surface oil was too high, which
means that the oil was not completely
encapsulated. Therefore, the un-encapsulated oil or
surface oil was not well protected inside the
encapsulating agent and hence the omega oil
content was decreasing. Heinzelmann et al. (2000)
explained that during emulsification and
homogenization process, oil may degraded and
oxidized with the presence of oxygen. Also, after
the encapsulation process, during storage, the un-
encapsulated oil or surface oil may be oxidized as
well since there was no encapsulating agent that
coated the droplets of oil (Kaushik et al. 2015).
Thus, the omega content was decreasing
significantly. However, the omega fatty acid
content of encapsulated candlenut oil through
freeze-drying method was higher compared to the
commercial fat powder from MCT Lipids Life
which was encapsulated with sodium caseinate
through spray-drying method.

CONCLUSION

Four different encapsulating agents from
carbohydrate and protein groups, i.e whey protein

isolate, sodium caseinate, B-cyclodextrin, and gum
Arabic, were used for candlenut oil encapsulation.
Both carbohydrate and protein based encapsulating
agents were potentially protecting the oil against
oxidation process from the aspects of
microencapsulation efficiency, peroxide value
(PoV), and moisture content. In terms of efficiency,
the highest efficiency was obtained by using
sodium caseinate with ratio 3:2. The screening of
encapsulating agents for candlenut oil was
conducted by using new formulation with higher
moisture content and ratio encapsulating agent to
oil 3:2. The result showed that sodium caseinate
was the most suitable encapsulating agent to
protect the candlenut oil from oxidation. The
efficiency of encapsulated oil with sodium
caseinate as encapsulating agent was increased
from 43.22 to 64.86% and the peroxide value was
decreased from 1.24 to 0.49 meqg/kg.

a
ACKNOWLEDGMENT

This research was funded by the Ministry of
Research, Technology, and Higher Education,
Republic  of Indonesia, through Program
Kreativitas Mahasiswa (PKM) Research Grant
2018.

REFERENCES

Aditia, R.P. and Darmanto. Y. S. 2014.

J.Functional Food & Nutraceutical

2020:2(1), pp.53-61 59




ENCAPSULATION OF CANDLENUT OIL BY
FREEZE-DRYING METHOD

Yusri, S.. Meidiana, C., Marpaung. AM..
Sutanto, H.

Perbandingan Mutu Minyak Ikan Kasar yang
Diekstrak dari Berbagai Jenis Ikan yang
Berbeda. Jurnal Pengolahan dan Bioteknologi
Hasil Perikanan. 3(3), pp.55-60.

Ander, B. P., Dupasquier, C. M., Prociuk, M. A.,
and Pierce, G. N. 2003. Polyunsaturated fatty
acids and their effects on cardiovascular
disease. Experimental and Clinical
Cardiology. 8(4), pp.164—-172.

Calvo, P., Castafio, A. L.. Lozano, M., &
Gonzdlez-Goémez, D. 2012, Influence of the
microencapsulation on the quality parameters
and shelf-life of extra-virgin olive oil
encapsulated in the presence of BHT and
different capsule wall components. Food
Research International . 45(1), pp. 256-261.

Carneiro, H. C. F., Tonon, R. V., Grosso,C. R. F.,
& Hubinger, M. D. 2013. Encapsulation
efficiency and oxidative stability of flaxseed
oil microencapsulated by spray drying using
different combinations of encapsulating agents.
Journal of Food Engineering. 115(4), pp.443—
451.

Chew, S. C., Tan, C. P., and Nyam, K. L. 2018.
Effect of Gum Arabic, p-Cyclodextrin, and
Sodium Caseinate as Encapsulating Agent on
the Oxidative Stability and Bioactive
Compounds of Spray-Dried Kenaf Seed Oil.
Journal of Food Science. 83(9), pp.2288-2294.

Heinzelmann, K., Franke, K., Velasco, J., and
Marquez-Ruiz, G. 2000. Microencapsulation of
fish oil by freeze-drying techniques and
influence of process parameters on oxidative
stability during storage. Ewropean Food
Research and Technology. 211(4), pp. 234—
239.

Kamil, A. 2016. Effect of candlenut oil extract
addition on physicochemical properties of
chocolate spread. Tangerang: Swiss German
University.

Kaushik, P., Dowling, K., Barrow, C. J., and
Adhikari, B. 2015. Microencapsulation of
omega-3  fatty acids: A review of
microencapsulation and  characterization

methods. Jowrnal of Functional Foods. 19,
pp-868—881.

MujicafA]varez, J.. Gil-Castell, O., Bamra, P.A.,
Ribes-Greus, A., Bustos, R., Faccini, M. and
Matiacevich, S. 2020. Encapsulation of
Vitamins A and E as Spray-Dried Additives
for the Feed Industry. Molecules, 25(6),
p.1357.

Ray, S., Raychaudhuri, U. and Chakraborty, R.
2016. An overview of encapsulation of active
compounds used in food products by drying
technology. Food Bioscience, 13, pp.76-83.

Raybaudi-Massilia, R.M. and Mosqueda-Melgar, J.
2012, Polysaccharides as carriers and
protectors of additives and bioactive
compounds in foods. The complex word of
polysacharides. Editorial InTech, Rijeka,
Croacia. Cap, 16, pp.429-53.

Susilo, T. Y. 2012. Khasiat Minyak Zaitun (Olive
0il)  Dalam Menimhkatkan Kadar HDL
(High Density Lipoprotein) Darah Tikus
Wistar Jantan Khasiat Minyak Zaitun (Olive
Qil) Dalam Meningkatkan Kadar HDL (High
Density Lipoprotein) Darah Tikus Wistar
Jantan. Jember: Fakultas Kedokteran Gigi,
Universitas Jember.

Tjhin, N. 2014. Effect of Oxygen Concentration
and Heat Treatment to the Stability of Omega-
3 Content in Candlenut Oil. Tangerang: Swiss
German University.

Toure, A., Xiaoming, Z., Jia, C.-S., & Zhijian, D.
2007. Microencapsulation and Oxidative
Stability of Ginger Essential Oil in
Maltodextrin/Whey Protein Isolate (MD/WPI).
International Journal of Dairy Science. 2(4),
pp.387-392.

Verianto, V. 2018. Encapsulation of candlenut oil
to prevent oxidation. Tangerang: Swiss
German University.

Wang, R., Tian, Z., & Chen, L. 2011. A novel
process for microencapsulation of fish oil with
barley protein. Food Research International.
44(9), pp.2735-2741.

60 2020:2(1), pp.53-61

J. Functional Food & Nutraceutical




ENCAPSULATION OF CANDLENUT OIL BY
FREEZE-DRYING METHOD

Yusri, S.. Meidiana, C., Marpaung, AM.,

Sutanto, H

Wijaya, T. 2008. Extraction of candlenut oil using
cold press method. Tangerang; Swiss German

University.

J.Functional Food & Nutraceutical

2020:2(1), pp.53-61

61




Encapsulation of Candlenut Oil by Freeze-Drying Method

ORIGINALITY REPORT

1 5% 8 13% 3%

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Marwan Abdulhakim Shaah, Faisal Allafi, Md 20/
Sohrab Hossain, Alyaa Alsaedi et al. "Candlenut °
oil: review on oil properties and future liquid

biofuel prospects”, International Journal of

Energy Research, 2021

Publication

Silvya Yusri, Tiffany, Hery Sutanto. "Candlenut 20
. . . . Yo

oil encapsulation with Hidroxypropy!

Methylcellulose (HPMC) for body lotion

application", IOP Conference Series: Materials

Science and Engineering, 2021

Publication
www.researchgate.net 1
%
Internet Source Y
www.mdpi.com 10
Internet Source A)

£l

Submitted to Academic Library Consortium 1
Student Paper %

www.freepatentsonline.com 1 Y
0

Internet Source



Patricia Calvo, Angel Luis Castafio, Mercedes
Lozano, David Gonzalez-Gémez. "Influence of
the microencapsulation on the quality
parameters and shelf-life of extra-virgin olive oil
encapsulated in the presence of BHT and
different capsule wall components”, Food
Research International, 2012

Publication

n "Fruit Oils: Chemistry and Functionality",
Springer Science and Business Media LLC,

2019

Publication

1o

n link.springer.com

Internet Source

1o

kb.psu.ac.th

Internet Source

1o

Wang, Yang, Wenjie Liu, Xiao Dong Chen, and
Cordelia Selomulya. "Micro-encapsulation and
stabilization of DHA containing fish oil in protein-
based emulsion through mono-disperse droplet
spray dryer", Journal of Food Engineering,
2016.

Publication

1o

12 microbialcellfactories.biomedcentral.com

Internet Source

1o

mafiadoc.com



Internet Source

1o

researchonline.federation.edu.au
Internet Source <1 %
WWW.jove.com
Internet SJource <1 %
Mehmet Kog, Ozllihan Glingér, Asli Zungur, <1 o
Buket Yalcin, ilknur Selek, Figen Kaymak °
Ertekin, Semih Otles. "Microencapsulation of
Extra Virgin Olive Qil by Spray Drying: Effect of
Wall Materials Composition, Process
Conditions, and Emulsification Method", Food
and Bioprocess Technology, 2014
Publication
Submitted to University of Queensland
Student Paper y <1 %
Kailasapathy, Kasipathy. "Encapsulation and <1 o
Controlled Release Techniques for °
Administration and Delivery of Bioactive
Components in the Health Food Sector”,
Nutraceutical and Functional Food Processing
Technology, 2015.
Publication
Sook Chin Chew, Chin Ping Tan, Kar Lin Nyam. <1 o

"Effect of Gum Arabic, B-Cyclodextrin, and
Sodium Caseinate as Encapsulating Agent on



the Oxidative Stability and Bioactive
Compounds of Spray-Dried Kenaf Seed Qil",
Journal of Food Science, 2018

Publication

"Engineering Foods for Bioactives Stability and <1 o
Delivery", Springer Science and Business Media °
LLC, 2017
Publication
21 Subrmtted to Higher Education Commission <1 o
Pakistan
Student Paper
iIspub.com
Intgnet Source <1 %
Aghbashlo, Mortaza, Hossien Mobli, Ashkan <1 o
Madadlou, and Shahin Rafiee. "The correlation °
of wall material composition with flow
characteristics and encapsulation behavior of
fish oil emulsion”, Food Research International,
2012.
Publication
Hermanto, R F, L U Khasanah, Kawiji, W <1 o

Atmaka, G J Manuhara, and R Utami. "Physical
characteristics of cinnamon oil microcapsule",
|IOP Conference Series Materials Science and
Engineering, 2016.

Publication

ir.canterbury.ac.nz



Internet Source
:
<%

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



	Encapsulation of Candlenut Oil by Freeze-Drying Method
	by Hery Sutanto

	Encapsulation of Candlenut Oil by Freeze-Drying Method
	ORIGINALITY REPORT
	PRIMARY SOURCES


