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Sacha inchi oil contains high omega-3 and omega-6 polyunsaturated fatty acids (PUFAs) that may give 
beneficial effects on human health. However, the oil is highly susceptible to oxidation due to the high 
amount of these chemically unstable PUFA. In this study, the roasted sacha inchi kernel oil emulsions 
were prepared using three different ratios; A (50:50), B (60:40) and C (80:20) of maltodextrin to sodium 
caseinate with 0.06% of soy lecithin as wall materials. The freeze-drying method was used to 
microencapsulate roasted Sacha inchi kernel oil. Physicochemical properties of the emulsions were 
analyzed including stability, viscosity and droplet size. In emulsion stability, both ratio A (50:50) and B 
(60:40) produce the most stable emulsions after 24 hours while for droplet size, ratio A (50:50) produces 
the largest size due to higher viscosity. Microencapsulated oil characteristics were determined in terms 
of microencapsulation efficiency MEE%, moisture content, bulk density, particle size and particle size 
distributions. MEE% of microencapsulated oil for ratio A (50:50) showed the highest percentage value 
(79.1%) while ratio C (80:20) showed the lowest percentage value (52%). Moreover, ratio C (80:20) 
produces the lowest value in moisture content, particle size and bulk density. During four weeks of 
storage, microencapsulated oil for ratio C (80:20) shows the lowest oxidative stability compared to ratios 
A (50:50) and B (60:40). In conclusion, microcapsule powder for ratio A (50:50) gave the best protection 
against oxidation and showed higher MEE%.  
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INTRODUCTION 
Sacha inchi or Plukenetia volubilis L., is a tropical 
plant from the Euphorbiaceae family of the Amazon 
region (Chirinos et al., 2013). Nowadays, Sacha 
inchi kernels are mainly used for oil production. 
Sacha inchi oil is one of Peru's most important 
vegetable oil exports, used for consumption, food 
industry, cosmetics and also in pharmaceuticals. It 
is a significant source of economic income for 
producers. According to Fanali et al. (2011), the 

extracted Sacha inchi oil by using a cold-pressed 
expeller is well known for its health benefits due to 
its high essential fatty acid levels, including omega-
3 (range from 47% to 51%) and omega-6 (range 
from 34% - 37%), respectively. 
             Recently, there has been an increase in 
demand for Sacha inchi oil in both domestic and 
international export markets (Ramos-Escudero et 
al., 2019). One of the problems associated with 
Sacha inchi oil which is rich in omega-3 and 
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omega-6 PUFAs is its potential oxidative instability 
due to the highly unsaturated nature of the fatty 
acid itself. This oil also produced an unpleasant 
beany and rancid flavor from the action of an 
enzyme called lipoxygenase (Keawkim et al., 
2021). The long chain of omega-3 and omega-6 
PUFAs are highly prone to oxidation due to their 
large number of double bonds, their position within 
the fatty acid chain and bis-allylic carbons, those 
between two double-bonded carbon atoms, has a 
low activation energy for hydrogen loss and free 
radical formation (Albert et al., 2013). Oxidized oil 
may have altered biological activity making them 
ineffective or harmful. Oil oxidation is a harmful 
series of chemical reactions involving oxygen that 
degrades the quality of the oil (Karami et al., 2020). 

    Microencapsulation is a technique used to 
slow down lipid oxidation, reduce volatility, thereby 
improving the stability of oil and flavors by 
converting the oil into shelf stable particulate 
powder (Böger et al., 2018). Freeze drying is a 
dehydration process of almost all heat-sensitive 
materials and aromas like oils. On the other hand, 
drying processes at low temperatures are 
potentially suitable for Sacha inchi oil as the oil is a 
thermal sensitive compound and hence could be 
an alternative for microencapsulation. It also 
reported that freeze-drying methods are good for 
aroma retention (Heinzelmann et al., 2000).  

   In this study, wall materials to produce 
emulsion were maltodextrin (MD) and sodium 
caseinate (NaCas) with 0.06% of lecithin as 
emulsifier. MD plays a role as a thickener while 
NaCas helps to improve the emulsifying and 
interface properties of lipophilic core materials (oil). 
The objectives of this study were to analyze the 
stability, viscosity and droplet size of the emulsion 
produced. Meanwhile, the oil microcapsules 
(powders) were characterized for MEE%, moisture 
content, particle size distribution and bulk density. 
Moreover, the oxidative stability on 
microencapsulated roasted Sacha inchi kernel oil 
was also determined in terms of peroxide value 
(PV) and p-anisidine value (pAV) for four (4) weeks 
at room temperature.  
 
MATERIALS AND METHODS 
 
Materials and oil extraction 
Sacha inchi kernels were purchased from Shane 
Adventures Sdn Bhd, Selangor. The hard shells of 
Sacha inchi were removed manually to obtain the 
fresh kernel. According to the method stated by 
Chirinos et al. (2016), the fresh kernels were 
roasted at 120 °C for 10 minutes. This roasting 

method helps to remove the astringent off-flavors 
and possible antinutritional factors (Cisneros et al., 
2014). The kernels were extracted for their oil by 
cold pressed extraction using a mechanical press 
machine. The extracted oil was stored in a sealed 
universal glass bottle at -20 °C until further analysis 
(Zarinah et al., 2014). 
 
Emulsion preparation 
Three samples of oil-in-water (O/W) emulsions 
were prepared according to Us-Medina et al. 
(2018), with some modification by using three 
different ratios; A (50:50), B (60:40) and C (80:20) 
of maltodextrin (MD) to sodium caseinate (NaCas) 
with addition of 0.06% soy lecithin as emulsifier. 
The total solid concentration which was wall 
material and oil were fixed at 30%.  
Prior to emulsification, a dispersion of MD and 
NaCas were prepared separately by dissolving in 
distilled water with constant stirring at 50 ºC for 1 
hour. Both MD and NaCas solutions were mixed in 
a 250 mL beaker until completely dissolved. After 
that, 6% of roasted Sacha inchi kernel oil was 
mixed with 0.06% of soy lecithin, then combined 
into a mixture of MD and NaCas solution. The 
mixtures were homogenized using homogenizer 
(D-500 Homogenizer, Wiggen Hauser, Berlin, 
Germany) at the speed of 30000 per minute for a 
total time of 5 minutes with 30 second rest after 2 
minutes of homogenization. 
 
Emulsion stability 
The emulsion stability was determined according to 
the method stated by Carneiro et al. (2013). The 
freshly prepared emulsion was transferred into 10 
mL of graduated cylinder, sealed, and stored in a 
cabinet dryer at room temperature for 24 hours. 
Separated layer in emulsions after 24 hours of 
storage expressed as percentage (%) separation 
was calculated using Equation 1: 
 
 

Separation (%) =  (
H1

H 0
) × 100%   Equation 1                 

 
Where, Ho = Initial height of emulsion (cm) 

H1= Upper phase height of emulsion (cm) 
 
 
Emulsion viscosity 
Emulsion viscosity was analyzed using WVS-2M 
Rotary Viscometer (Daihan, South Korea) with a 
spindle. Emulsion was measured at the speed of 
0.5, 1.5, 3.0, 6.0, 12.0, 30.0 and 60.0 revolutions 
per minute (rpm) at 25 °C for 10 seconds. All data 
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were taken after 1 minute interval for different rpm 
(Ibrahim et al., 2019).  
 
Emulsion droplet size and polydispersity index 
(PDI) 
The droplet size of freshly prepared emulsion was 
measured using dynamic light scattering (DLS) 
Litesizer (Anton Paar, Austria) with 90° detector 
angle according to the method by Zhang et al. 
(2016) with some modification. Approximately 0.5 
g of emulsion was dispersed in 99.5 mL ultrapure 
water using magnetic agitation. The refractive 
index of roasted Sacha inchi kernel oil and solvent 
(water) were set at 1.47 and 1.33, respectively. All 
measurements were made in triplicate and were 
conducted at 25 °C. Mean emulsion droplet size 
was measured in terms of hydrodynamic diameter 
(HDD) and the degree of uniformity of a droplet size 
distribution were measured in terms of 
polydispersity index (PDI).  
 
Microencapsulation by freeze-drying method 
Oil-emulsions with three different ratios of wall 
materials were converted into microencapsulated 
oil (powder) using a freeze dryer (Labconco 
FreeZone 4.5 Liter Freeze Dry Systems, USA). The 
emulsions filled one third of the centrifuge tube 
before being frozen at temperature of -20 °C for 24 
hours. Then the frozen emulsions were transferred 
to lyophilizer, where the ice condenser is set at -50 
°C with pressure of 0.04 mbar and time of freeze is 
up to 25 hours (Ogrodowska et al., 2020). The end 
product was slowly grounded using mortar and 
pestle to produce fine powder (microencapsulated 
oil). 
 
Analysis of microencapsulated roasted Sacha 
Inchi kernel oil 
The freeze-drying method was used to convert 
roasted Sacha inchi kernel oil into 
microencapsulated oil. The effectiveness of the 
microencapsulated oil with three different ratios of 
wall materials using freeze-drying method were 
determined by conducting the analysis of MEE%, 
moisture content, bulk density and particle size 
distribution. 
 
Microencapsulation efficiency (MEE%) 
Surface oil of the microcapsules was determined 
according to the method by Karaca et al. (2013). 
Briefly, 2 g of microcapsules was dispersed in 30 
mL of hexane followed by vigorous shaking for 30 
seconds. The solvent was filtered through a 
Whatman filter paper No.1 into a 40 mL beaker. 
Then, the beaker plus solvent was placed in a fume 

hood overnight to assist solvent evaporation. 
Microcapsule surface oil was then determined 
gravimetrically after heating the beaker at 105 °C 
for 30 minutes in order to remove any residual 
solvent.  
        Total oil content of the microcapsules was 
determined using a method described by 
Klinkesorn et al. (2004) with some modifications. 
Briefly, 8 mL of water was added to 2 g of 
microcapsules followed by mixing at 300 rpm for 2 
mins. The resulting solution was then mixed with a 
solvent mixture which was 40 mL of hexane/2-
propanol (3:1 v/v), stirred at 300 rpm for 15 mins 
and centrifuged at 1500 g for 2 mins. The clear 
organic phase was collected and the aqueous 
phase was re-extracted with the solvent mixture. 
The organic phases were pooled and filtered 
through anhydrous Na2SO4 and then allowed to 
evaporate overnight in a fume hood. Total oil was 
determined gravimetrically, after heating the 
beaker at 105 °C for 30 mins. The MEE% of 
roasted Sacha inchi kernel oil was calculated using 
Equation 2: 
 

MEE(%) = (
Wt−Ws

Wt
) × 100 Equation 2 

 
The surface oil was the amount of non-
encapsulated oil on the surface of the 
microcapsule. The percentage (%) of surface oil 
content was defined Shao et al. (2017) by using 
Equation 3: 
 

Surface oil (%) =
Ws

Wo
× 100            Equation 3 

 
Where, Wt = Total oil content (g) 

Ws = Surface oil content (g) 
Wo = Weight of original dry sample (g) 

 
Moisture content 
The oven drying method was used to determine the 
moisture content of oil microcapsule according to 
the method described by Shao et al., (2017) with 
some modification. The sample (2g) (Mwet) was 
weighed into the crucible of known weight. The 
powder then was transferred to the universal oven 
UF110 (Memmert, Germany) at temperature of 105 
°C and the sample was dried for 24 hours (Mdry). 
The moisture content based on the dry basis was 
calculated by using the Equation 4: 
 
 

Moisture content (%) =
Mwet−Mdry

Mdry
× 100   Equation 4 
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Where, Mwet= Weight of wet samples (g) 
 Mdry= Weight of dry samples (g) 
 
Bulk density 
The bulk density was determined according to 
Quispe-Condori et al. (2011). The powder sample 
(3 g) was filled in a 25 mL measuring glass cylinder 
and the cylinder was slightly tapped to remove the 
powder sticking to the walls. The volume (V0) was 
read directly from the cylinder and used to calculate 
bulk density by using Equation 5: 

 

Bulk density (
kg

m3) =
𝑚𝑜

𝑉𝑜
        Equation 5                    

 
Where, m0 = weight of untapped powder (kg) 

V0 = total volume of tapped powder (m3) 
 
Particle size and particle size distributions 
The particle size distribution of microencapsulated 
oil was measured by dynamic light scattering (DLS) 
using Litesizer particle size analyzer (Anton Paar, 
Austria) according to the method stated by Koç et 
al. (2015) with some modifications. About 0.5 g of 
sample was suspended in 99.5 mL of ultrapure 
water and the particle size distribution was 
monitored during each measurement until 
successive readings became constant. The 
refractive index of roasted Sacha inchi kernel oil 
and solvent (water) were set at 1.47 and 1.33, 
respectively. The mean particle size was measured 
in terms of hydrodynamic diameter (HDD). To 
describe the particle size distribution, the following 
D-values were measured; D10, D50 and D90 
corresponding to 10%, 50% and 90% of particles 
under the reported particle size. The span value of 
the particle was also estimated according to Chew 
et al. (2018) based on Equation 6:  
 

       Span value =
D90−D10

D50
             Equation 6 

 
Where: D10, D50 and D90 were the diameters at 
10, 50 and 90% cumulative intensity, respectively. 
 
Oxidative stability 
Oxidative stability of microencapsulated oil 
produced was measured according to Karaca et al. 
(2013) with some modifications for four (4) weeks 
(28 days) at room temperature (25 °C) using two 
distinct methods which are PV and pAV. The 
microencapsulated oil (5 g) was stored in nitrogen-
flushed amber glass bottles for oxidative stability 
analyses. The determination of PV and pAV were 

carried out at time zero (right after freeze-drying) 
and every seven days over the four weeks, using a 
separate unopened amber glass bottle of oil 
microcapsules. 
           The extraction of roasted Sacha inchi kernel 
oil for PV and pAV determination from 
microcapsules was followed the same procedure 
as described previously for MEE %, except the 
solvent (hexane/2-propanol) was dried under a 
nitrogen stream.  
 
Peroxide value (PV) 
PV of the sample was measured by dissolving 0.3 
g of the oil sample (extracted from oil 
microcapsule/recovered oil) in 10 mL of acetic 
acid:chloroform solution (3:2, v:v). Then, the 
mixture was mixed with 0.5 mL of saturated 
potassium iodide (KI) solution. After 1 minutes, 10 
mL of distilled water and 0.5 mL of starch solution 
(1%) as an indicator was added to the mixture. The 
final mixture was titrated against 0.01 N of sodium 
thiosulphate solution till colorless (Low & Ng, 
2021). PV was calculated by using Equation 7:  
 

Peroxide Value (meq/kg) =
(S−B)×N×1000

W
 Equation 7 

 
Where, S = Volume of sodium thiosulphate  

      solution for sample (mL) 
B = Volume of sodium thiosulphate  
       solution for blank (mL) 
N = Normality of sodium thiosulphate 
W = Weight of sample (g) 

 
p-Anisidine value (pAV)  
pAV was determined according to the method 
stated by Tontul and Topuz (2013). Approximately 
0.3 g of oil sample (extracted from oil 
microcapsule/recovered oil) was dissolved in n-
hexane to prepare 10 mL of solution in volumetric 
flask.  
            The first absorbance of oily solution was 
determined as (A1). Then, an aliquot of oil solution 
(5 mL) and n-hexane (as blank) were transferred to 
a test tube and they were separately added to 1 mL 
of p-anisidine solution (0.25 g/100 mL of glacial 
acetic acid). The test tubes were capped, shaken 
and allowed to stand for 10 minutes in the dark. The 
second absorbance of the oily solution known as 
(A2). Both absorbance A1 and A2 were measured at 
350 nm against n-hexane using a 
spectrophotometer UV-Vis 1240 (Shimadzu, 
Japan). The pAV was calculated by using the 
Equation 8: 
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pAV =
25×(1.2×𝐴2−𝐴1)

𝑊
            Equation 8 

 
Where, A1 = First absorbance of oily solution 
 A2 = Second absorbance of oily solution 
 W = Weight of sample (g) 
 
Statistical Analysis 
All measurements were made in triplicate for each 
sample. The results obtained were expressed as 
mean ± standard deviation. One-way, two-way 
(storage study) analysis of variance (ANOVA) and 
Tukey’s test (p<0.05) were used to establish the 
significance of differences among the mean values 
of the obtained results. The data were analyzed by 
using the IBM SPSS Statistics 20 (Landoni et al., 
2020). 
 
 
RESULTS AND DISCUSSION 
 
Emulsion Stability 
The ability of the phases of an emulsion to remain 
mixed together is defined as its stability. According 
to Wan Mohamad et al. (2017), surfactants at the 
oil droplet interface in an O/W emulsion influence 
particle–particle aggregation and the interaction of 
lipophilic bioactives in the oil droplet with reactive 
species in the surrounding environment. Because 
the interaction of oil and water molecules is 
energetically unfavorable, all emulsions are 
thermodynamically unstable systems. Emulsions, 
on the other hand, can be kinetically stabilized in 
the presence of emulsifying and/or thickening 
agents. Emulsifiers are amphiphilic molecules that 
adsorb to the surface of droplets, forming a 
protective membrane that keeps droplets from 
aggregating. Thickening agents are ingredients 
that are used to increase the viscosity of the 
continuous phase of emulsions. In this study, MD 
was used as thickener but unfortunately due to low 
in emulsifying capacity, MD was combined together 
with NaCas to improve the emulsifying and 
interface properties of lipophilic core materials; oil 
(Hogan et al., 2001). Emulsions with high stability 
against creaming, flocculation and coalescence 
mechanisms provide the best conditions of 
emulsion stability (Carneiro et al., 2013).  

Stability of oil in water emulsions was 
observed through the percentage (%) of separation 
layer that present. All the freshly prepared 
emulsions had creamy-white appearance but after 
leaving the samples for 24 hours in a dry cabinet at 
room temperature, some samples showed 
separation by the formation of two separated 

layers, which were the oil phase at the top layer 
(creamy) and aqueous layers at the bottom. The 
percentage (%) separation layer helps to determine 
the stability of emulsion. The lower the percentage 
(%) separation layer, the higher the emulsion 
stability. The stability of emulsion in terms 
percentage (%) of separation were shown in Table 
1. 
 
Table 1: The stability of roasted Sacha inchi 
kernel oil emulsions after 24 hours of storage 
at room temperature with three different ratios 
of MD and NaCas 

Ratio of MD:NaCas Separation (%) 

A (50:50) 00.00 ± 0.00a 

B (60:40) 00.00 ± 0.00a 

C (80:20) 14.66 ± 0.05b 

Data represent mean ± standard deviation of triplicate results. 
Different letters in the same column significantly different at 
(p˂0.05). 

 
Based on Table 1, the emulsion stability of 

roasted Sacha inchi kernel oil emulsion for three 
different ratios of MD:NaCas revealed that most of 
the emulsions were kinetically stable except for 
ratio C (80:20), which formed separation layer of 
creamy and aqueous layer after 24 hours. Both 
emulsions for ratio A (50:50) and B (60:40) showed 
no separation layer, indicating that these two ratios 
had the most effective effect on emulsion stability. 
These could be attributed to the sufficient amount 
of MD and NaCas used as wall materials to coat 
the oil emulsion. 

 Results on Table 1 were in agreement 
with the findings of O’Regan and Mulvihill (2009), 
where NaCas–MD conjugate helps to stabilize the 
emulsions. The improved stability of the conjugate 
stabilized emulsions in comparison to the NaCas 
stabilized emulsions is attributed to the conjugated 
protein molecule forming a bulkier polymeric layer 
than the non-conjugated protein on the droplet 
surface, with the MD portion extruding outwards 
into the continuous phase providing better steric 
stabilization, thus preventing droplet aggregation 
and coalescence. 
            Based on Table 1, the separation layer 
occurring at emulsion for ratio C (80:20) might be 
due to the lack of NaCas to coat the oil droplets. 
According to Dickinson (2003) on hydrocolloids 
studies, insufficient amounts of NaCas may cause 
certain droplets to remain free in the emulsion 
system without being coated with the emulsifier. 
           The remaining uncoated protein molecules 
on the oil droplet surface may enhance protein–
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protein interaction, resulting in flocculation during 
emulsification and lowering the emulsion stability. 
Based on Carneiro et al. (2013) research on 
flaxseed oil, the uncoated protein molecules of the 
(O/W) interface may lead to changes in secondary 
and tertiary structure and consequently exposure 
of their residues which would be linked (–S–S– 
linkages or disulphide linkages) within the native 
globular structure leading to the formation of 
intermolecular interaction at the oil–water interface 
and flocculating and form a large particle size. 
Large particle size of droplets might cause the 
interfacial layer to be destroyed, causing the 
formation of separated layers in the emulsion 
system. 
 
Emulsion viscosity 
Viscosity refers to the level thickness of a fluid and 
a measure of its resistance to the motion under an 
applied force. A suitable viscosity of the emulsion 
with high emulsion stability could increase 
encapsulation efficiency (Li et al., 2015). Results of 
emulsion viscosity for roasted Sacha inchi kernel 
oil emulsion for three different ratios of MD and 
NaCas were observed after being freshly prepared 
in Table 2. 
 
Table 2: Viscosity of roasted Sacha inchi kernel 
oil emulsion with three different ratios of MD 
and NaCas 

Ratio of MD:NaCas Viscosity (Pa.s) 

A (50:50) 2.71 ± 0.09a 

B (60:40) 0.32 ± 0.00b 

C (80:20) 0.05 ± 0.00c 

Data represent mean ± standard deviation of triplicate results. 
Different letters in the same column significantly different at 
(p˂0.05). 

 
From Table 2, it can be observed that the 

viscosity of roasted Sacha inchi kernel oil emulsion 
showed significantly difference (p<0.05) when all 
three different ratios of MD and NaCas were used. 
Emulsion for ratio A (50:50) produces the highest 
value in emulsion viscosity (2.71 Pa.s) while ratio 
C (80:20) is the lowest (0.05 Pa.s). Emulsion for 
ratio A (50:50) was thicker and stickier than the 
other emulsions after homogenization while 
emulsion for ratio C (80:20) shows the least 
viscous and watery-like in appearance. 

Ratio A (50:50) produced the highest 
emulsion viscosity as well as a stable emulsion with 
no separation layers (Table 1). MD is widely used 
in food emulsions as stabilizers that act as 
emulsifiers or texture modifiers, according to 

Klinkesorn et al. (2004) study on corn oil-in-water 
emulsions. MD also known as surface-active 
ingredients, adsorb to the surface of emulsion 
droplets, preventing them from aggregating and 
acting as a texture modifier by increasing the 
viscosity of the continuous phase of emulsions, 
slowing droplet gravitational separation. In this 
study, due to low emulsifying capacity of MD, 
NaCas was used as an additional emulsifying 
agent because it is the most water-soluble, readily 
mixes with other substances and has a high 
diffusivity, resulting in better distribution around the 
enclosed oil surface (Hogan et al., 2001). 

Li et al. (2015) discovered that casein has 
good water retention and binding ability in fish oil, 
which could contribute to an increase in emulsion 
viscosity. Interactions between carbohydrates and 
casein may result in co-absorption at the O/W 
interface and improved emulsion stability. 
Furthermore, high viscosity may reduce the 
emulsion droplet sedimentation coefficient and 
increase stability. According to Maphosa and 
Jideani (2018), increasing the continuous-phase 
viscosity will greatly improve emulsion stability by 
slowing droplet movement, forming a fine film 
coating around individual oil droplets, reducing 
coalescence, or increasing the oil droplet density, 
bringing it as close to that of the aqueous phase as 
possible, reducing the rate of creaming. All these 
mechanisms increase the stability of emulsion 
systems and prolong the shelf life of the product. 
This statement was in agreement with the results 
of this study that ratio A (50:50) has the highest 
viscosity because it represents the most stable 
emulsion (Table 1).  

The ratio C (80:20) showed the lowest 
emulsion viscosity value. This could be due to the 
higher MD and lower NaCas ratios used as wall 
materials when compared to ratio A (50:50). 
Despite the fact that MD acts as a stabilizer and 
contributes to the emulsion viscosity. To coat the 
oil droplets, however, a sufficient amount of 
protein-type emulsifier is required. Previous 
research on chia seed by Julio et al. (2016) 
discovered that when the amount of NaCas was 
greater than the amount required to fully cover the 
oil droplets, the remaining non-adsorbed NaCas 
remained in the system's continuous phase. These 
can lead to the formation of aggregates and an 
unstable emulsion. Thus, the 50:50 ratio of MD and 
NaCas in O/W emulsion was considered sufficient 
for providing an excellent effect of MD and NaCas 
interaction. 
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Emulsion droplet size and polydispersity index 
(PDI) 
Droplet size distributions are substantially 
influenced by the type and concentration of 
surfactants used in emulsions and by the 
preparation methods (Barrow et al., 2013). The 
size of the droplets in the continuous phase is also 
used to classify emulsions. The emulsion is a 
microemulsion when the dispersed droplets are 
larger than 0.1 m. Microemulsions have very small 
droplet sizes, less than 10 nm and are 
thermodynamically stable. Microemulsions have 
particle sizes ranging from 10 to 300 nm. 
Microemulsions appear as clear or translucent 
solutions due to their small particle sizes (Fink, 
2020). 

Particle size of roasted Sacha inchi kernel 
oil droplet in emulsions containing three different 
ratios of MD and NaCas as wall materials; ratio A 
(50:50), ratio B (60:40) and ratio C (80:20). 
Emulsion droplet size of samples was expressed in 
terms of hydrodynamic diameter. Results for 
emulsion droplet size of each sample were shown 
in Table 3. 

 
Table 3: Mean droplet size and polydispersity 
index (PDI) of roasted Sacha inchi kernel oil 
emulsions with three different ratios of MD and 
NaCas 

Ratio of 
MD:NaCas 

Mean 
droplet size 

(µm) 

Polydispersity 
index (PDI) 

A (50:50) 0.88 ± 0.04a 0.26 ± 0.03a 

B (60:40) 0.80 ± 0.03a 0.26 ± 0.02a 

C (80:20) 0.62 ± 0.04b 0.30 ± 0.04a 

Data represent mean ± standard deviation of triplicate results. 
Different letters in the same column significantly different at 
(p˂0.05). 

 
Based on Table 3, mean droplet size for 

emulsion A (50:50) and emulsion B (60:40) were 
significantly different (p˂0.05) than emulsion C 
(80:20). Emulsion for ratio A (50:50) produces the 
highest droplet size (0.88 µm) while emulsion for 
ratio C (80:20) produces the lowest droplet size 
(0.62 µm).  

According to Carneiro et al. (2013) 
research on flaxseed oil, the mixture of MD and 
whey protein caseinate which is a protein, 
demonstrated a higher viscosity with a smaller 
droplet mean diameter, indicating that droplet size 
was influenced not only by the intrinsic emulsifying 
properties of each type of material but also by 
emulsion viscosity. Carneiro et al. (2013) also 

stated that droplet size is proportional to emulsion 
viscosity. The higher the viscosity, the larger the 
droplets formed during the process and thus the 
larger the powdered particles obtained. This 
statement was corresponding to this study, where 
ratio A (50:50) produces the highest emulsion 
viscosity (Table 2), higher emulsion droplet size 
(Table 3) and higher value of particle size 
distribution (Table 4).  

On the contrary with a study by Julio et al. 
(2016), where the usage of NaCas in combination 
with lactose or MD as wall materials produced chia 
O/W emulsions with small droplet size. These 
previous studies might be different to the result on 
Table 3 due to the different types of oil and wall 
material used. Same with the study done by Julio 
et al. (2016), where the use of NaCas in 
combination with lactose or MD produced chia O/W 
emulsions with small droplet size. These previous 
studies might be contrary to the result in Table 3 
due to the different types of oil used. 

Based on Table 3, there were no 
significant difference of polydispersity index (PDI) 
for these three different emulsions with the value 
between (0.26 – 0.30). These values were 
considered as low compared to the finding of Julio 
et al. (2016) where chia seed O/W emulsions with 
NaCas-MD produced a low polydispersity with a 
value of 1.46. When the PDI value was low, it 
indicates that the droplet size was much closer to 
achieve uniformity, which produced a stable 
emulsion. Previous research done by Zhang et al. 
(2016) stated that the PDI value for beta-carotene 
emulsion that were stabilized by MD and NaCas 
was 0.12. 
 
Microencapsulation efficiency (MEE%) 
Microencapsulation is a method of protecting 
natural bioactive compounds from degradation 
during various processing and storage conditions. 
The wall material used in this process protects and 
isolates the micro-sized particles from the ambient 
conditions. The MEE% is a process parameter 
commonly used to determine the degree of 
protection provided by microencapsulated oil 
(Sanchez-Reinoso & Gutiérrez, 2017).  

The oil PUFAs may be protected from 
oxidation by microencapsulation, which also 
improves their aqueous miscibility and masks the 
taste (Karaca et al., 2013). The encapsulation 
efficiency of oils and flavors were expected to be 
influenced by the initial emulsion stability: the 
higher the stability, the higher the efficiency (Jafari 
et al., 2008). The MEE % of microencapsulated 
roasted Sacha inchi kernel oil with three different 
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ratios of MD and NaCas as wall materials were 
shown in Figure 1. 

Based on Figure 1, the MEE % was varied 
from 79.10% to 51.95% and significantly influenced 
by the ratio of wall material used to encapsulate 
roasted Sacha inchi kernel oil. Three different 
ratios of wall material show the amount of MD to 
NaCas that were used to encapsulate roasted 
Sacha inchi kernel oil in the microencapsulation 
process; ratio A (50:50), ratio B (60:40) and ratio C  
(80:20). Based on Figure 1, it was found that the  

 
percentage (%) of MEE for three different ratios of 
wall materials for microencapsulated roasted 
Sacha inchi kernel oil emulsions were significantly 
different (p<0.05) from each other. 

The percentage (%) of MEE for ratio A 
(50:50) was higher than ratio B (60:40) and ratio C 
(80:20) with a value of (79.1%). These results were 
in agreement with the finding of Drusch et al. 
(2012) who studied fish oil where MEE% values 
were mostly high when NaCas was added to the 
emulsions as the emulsifying carrier matrix 
component. Based on these three ratios (50:50, 
60:40 and 80:20) of MD:NaCas used as wall 
material, the amount of NaCas used decreases 
from ratio A (50:50) to ratio C (80:20). Thus, the 
lower the amount of NaCas used as wall material, 
the lower the value of MEE% of microencapsulated  

oil. These findings also correspond to the study 
done by Hogan et al. (2003) on fish oil, which 
discovered a much lower MEE% value (62.2%) 
when using NaCas to carbohydrate ratio of 1:69 
compared to a sample that used a ratio of 1:19, 
which revealed a higher MEE% of 92.4%. 

According to Li et al. (2015), who studied 
fish oil, stated that a suitable viscosity and high 
emulsion stability could improve encapsulation 
efficiency. Referring to the result in Table 1, ratio A 
(50:50) produced a stable emulsion with no  

 
separation layer after 24 hours at room 
temperature and gave a high value of MEE%. This 
finding was in agreement with the findings of Jafari 
et al. (2008) which stated that the encapsulation 
efficiency of oils and flavors were expected to be 
influenced by the stability of the emulsion. The 
higher value of MEE% of ratio A (50:50) (Figure 1) 
might also be due to the hydrophilic nature of the 
coating material, which limits solvent entry into the 
hydrophobic core materials (Hogan et al., 2001). 
In studies done by Drusch et al. (2012) on spray 
drying technique, MEE% should be maximized in 
order to achieve the best possible stability of an 
encapsulated ingredient. When MEE is sufficiently 
high (>95%), other factors such as oxygen 
permeability, oil distribution and chemical 
stabilization become limiting for long-term stability. 
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Figure 1: Microencapsulation efficiency (MEE%) of microencapsulated roasted Sacha 
inchi kernel oil with three different ratios of MD and NaCas 
Different letters indicate significant differences between samples at p<0.05. (MD: Maltodextrin, NaCas: sodium 
caseinate). 
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Based on Figure 1, MEE % for the three samples 
were less than 80%. Chen et al. (2013) discovered 
that the MEE % of spray-dried samples was 
significantly higher (p < 0.05) than that of the 
freeze-dried samples. This difference could be 
attributed to the higher retention of volatile fractions 
during drying and the lower occurrence of surface 
oil. Generally, in the freeze-dried samples, there 
was significantly higher surface oil and lower 
volatile retention which may be caused by the 
dehydration of emulsifiers during the freezing of 
water phase, which promotes droplet-droplet 
interactions in emulsion and reduces the emulsion 
stability. As a result, when the ice crystals are 
removed during the drying stage, the encapsulated 
materials may be released from the core. 
Furthermore, since the time required for freeze 
drying is relatively long compared to spray drying, 
the major loss of volatile fraction could occur in the 
emulsion state. 
          According to Drusch et al. (2012), when 
using caseinate/carbohydrate blends under 
appropriate process conditions, MEE% of 
microencapsulated fish oil is very high and tends to 
increase with an increase in caseinate content.  

Thus, using the same amount of MD and NaCas in 
ratio A (50:50) and a higher amount of NaCas as  
wall material than ratios B and C (60:40 and 80:20), 
could also result in a higher MEE% of the 
microencapsulation of roasted Sacha inchi kernel 

oil (Figure 1). Successful microencapsulation must 
result in a powder with minimum surface oil and 
maximum retention of the active material (Carneiro 
et al., 2013). As a result of the higher MEE%, 
surface oil in ratio A (50:50) was lower while ratio 
C (80:20) had a higher surface oil content due to 
lower MEE%. 
            Figure 2 showed the correlation between 
surface oil content (%) and MEE% of 
microencapsulated roasted Sacha inchi kernel oil 
with different ratios of MD and NaCas as wall 
materials. According to Koç et al. (2015) study on 
microencapsulation of extra virgin olive oil by spray 
drying, MEE% was strongly correlated with the 
surface oil content of samples. Results in Figure 2 
also showed a very high correlation (R2 = 0.9991) 
between surface oil content (%) and MEE%. Based 
on Figure 2, since the value of surface oil content 
(%) in ratio A (50:50) was lower, it resulted in a 
higher MEE% and the MEE% for ratio C (80:20) 
was lower due to higher surface oil content (%). 
 
Moisture content 
The moisture content of microencapsulated oil is 
an important factor in determining its shelf life. It 

might affect their handling, storage, flowability and 
processing, as well as promote lipid oxidation 
reactions that result in the production of off flavors. 
The lower moisture content of microencapsulated 
oils is more prone to oxidation, which can result in 
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Figure 2: The correlation between surface oil content (%) and microencapsulation 
efficiency (MEE%) of microencapsulated roasted Sacha inchi kernel oil with three 
different ratios of MD and NaCas 
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the production of off flavors within the 
microencapsulated oils (Sanchez-Reinoso & 
Gutiérrez, 2017). Specified range for dried powders 
used in the food industry is between 3 and 4% 
(Gallardo et al., 2013). Moisture content (%) of 
microencapsulated roasted Sacha inchi kernel oil-
emulsion was shown in Table 4. The percentage 
(%) of moisture content in Table 4 showed that 
microencapsulated oils with ratio A (50:50) have 
significant differences (p<0.05) with ratio B (60:40) 
and ratio C (80:20). Moisture contents value of 
roasted Sacha inchi kernel oils for these three 
ratios were between 4.33% to 4.06%. These 
moisture content values were close to the specified 
range for dried powders used in the food industry, 
which is between 3 and 4% (Gallardo et al., 2013). 
In addition, the moisture content was also affected 
by different ratio and types of wall material used.  

Table 4 shows that increasing MD ratio 
over NaCas resulted in lower moisture content of 
microencapsulated oil. In contrast, Koç et al. (2015) 
found that the moisture content of 
microencapsulated olive oil prepared with 
maltodextrin was higher than those of the others 
due to high hydrophilicity of the wall matrix. The 
freeze-drying method used in oil-emulsion 
microencapsulation might also affect the moisture 
content of the microencapsulated oils. According to 
Liu et al. (2020), there are drawbacks in freeze-
drying, such as time-consuming and costly. Freeze 
drying is a complex heat and mass transfer process 
with consequences for freeze-dried food quality.  

Factors such as loading capacity may 
affect the appearance, moisture content and other 
qualities of the product (powder) during the freeze-
drying process. The heat and mass transfer of 
freeze-drying occurs from the outside to the inside 
of the food. The more and thicker the raw materials 
are, the slower the drying rate and the longer the 
drying time. During this study, all the emulsion 
samples were put in the centrifuge tubes, where 
the loading capacity to freeze dry was too dense 
that made them not completely dry. Thus, it would 
affect the drying efficiency. The moisture content 
may also be influenced by storage conditions, 
which allow the microencapsulated oils to absorb 
moisture from their surroundings between 
analyses. 

According to Velasco et al. (2003), freeze-
dried microencapsulated oil powders are more 
prone to oxidation than hot-air dried 
microencapsulated oils due to crystallization during 
the freeze-drying process. According to Quispe-
Condori et al. (2011) on flaxseed oil, freeze-dried 
particles have a higher moisture content and 

require a longer drying time, which may further 
reduce the moisture content of the 
microencapsulated oils. A longer drying time could 
have reduced the moisture content even more. 
Product thickness is important in the freeze-drying 
process. The time required for freeze-drying is 
proportional to the product thickness. Based on 
Table 2, ratio A (50:50) represents the highest 
value of emulsion viscosity that led to highest 
moisture content after freeze-dry (Table 4), 
resulting in insufficient time in the freeze dryer to 
completely dry than other ratios. 

 
Bulk density 
Bulk density is an important parameter to consider 
when describing food powders. The bulk properties 
of a powder are determined by the preparation, 
treatment and storage of the sample. Powders with 
higher density can be stored in large amounts into 
smaller containers when compared to products 
with lower densities. Moreover, higher bulk density 
may indicate lower amount of air occluded in the 
spaces between particles, which can help to 
prevent lipid oxidation (Carneiro et al., 2013). The 
results of bulk density were shown in Table 4. 
Based on the results in Table 4, bulk density of 
microencapsulated roasted Sacha inchi kernel oil 
differed significantly (p<0.05) between the three 
different ratios of wall material used. 

The bulk density values of 
microencapsulated roasted Sacha inchi kernel oil 
were ranged from 353.11 to 412.59 kg/m3. These 
values were close to the findings of Sanchez-
Reinoso and Gutiérrez (2017) which has bulk 
density value ranged between 450.95 to 466.97 
kg/m3. Ratio A (50:50) produced the densest 
particles compared to the other ratios. The 
advantage of obtaining powders with a higher 
density is that they can be stored in larger 
quantities in smaller containers.  

A low compressibility indicates that the 
powder is less cohesive and has a higher bulk 
density (Rodriguez et al., 2019). The lower the bulk 
density, the more occluded air there is within the 
powders, increasing the possibility of oxidative 
degradation and decreasing storage stability 
(Tonon et al., 2011). Ratio C (80:20) has the lowest 
bulk density which is 353.11 kg/cm3 (Table 4) and 
moisture content with value of 4.06% which was 
above the specified range for dried powders used 
in the food industry, which should be between 3 
and 4% (Gallardo et al., 2013). These findings were 
in agreement with Rodriguez et al. (2019) stated 
that bulk density is related to moisture content 
value. 
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Meanwhile, Carneiro et al. (2013) reported 
that when the moisture content of the 
microencapsulated oil is higher, the bulk density of 
the microencapsulated oil decreases due to the 
moisture occupying the available space and thus 
decreasing the density of the microencapsulated 
oils.  
 
Particle size and particle size distributions 
Particle size analysis is one of the most important 
analyses that must be performed in order to 
analyze microencapsulated oils because it 
provides a strong indicator of the flowability 
and appearance of the microencapsulated oils. 
Furthermore, the particle size of the 
microencapsulated oils has been found to 
influence the texture as well as the sensory 
properties of the food products (Goyal et al., 2015).  

Span value describes the width of the size 
distribution of the particle within the 
microencapsulated oils (Koç et al., 2015). Results 
of mean particle size and distributions of 
microencapsulated oil were shown on Table 4. For 
the mean particle size distribution, there were 
significant differences (p<0.05) between 
microencapsulated oil for ratio A (50:50) with ratio 
B (60:40) and ratio C (80:20).  

Result in Table 4 also showed the different 
particle size diameter distributions in terms of D10, 
D50, D90 and span value of microencapsulated 
roasted Sacha inchi kernel oil. For the D10, there  
was significantly differences (p<0.05) between 
microencapsulated oil for ratio B (60:40) with ratio 
A (50:50) and ratio C (80:20) while for the D50, D90 

and span value there were no significant difference 
between the different ratios.  
          The results for D10, D50, D90 correspond to 
the value of particle diameter that were below 10%, 
50%, 90%, respectively, of the particle diameter of 
the whole microencapsulated oil (Mis-Solval et al., 
2019). Based on Table 4, microencapsulated oil for 
ratio A (50:50) represents the lowest D10 values 
followed by ratio C (80:20) and ratio B (60:40). 
Thus, there was more than 10% of a 
microcapsule’s mass for ratio A (50:50) that was 
composed of smaller particles than ratio C (80:20) 
and ratio B (60:40). 

Results in Table 4 showed that 
microencapsulated oil for ratio A (50:50) had a 
significantly higher value of mean particle size 
(4.40 µm) compared to the ratio B (60:40) and ratio 
C (80:20) which were 3.22 µm and 2.44 µm. The 
results were in agreement with the study made by 
Chew et al. (2018) on refined kenaf seed oil which 
stated that microcapsules with lower amounts of 
NaCas have lower particle sizes. The particle size 
analysis correlates with MEE% results because 
smaller particle size might produce more surface 
area, resulting in a higher value of surface oil 
recorded within the microcapsule.  

Thus, based on Table 4, the particle size of 
microencapsulated oils with ratio C (80:20) was 
smaller and it represents the lower MEE% (Figure 
1) with higher surface oil content (Figure 2). 
According to Carneiro et al. (2013) research on 
flaxseed oil, found that the higher the emulsion 
viscosity, the larger the droplets formed and thus 
the larger the powdered particles obtained. This 

Ratio of MD:NaCas A (50:50) B (60:40) C (80:20) 

Moisture content (%) 4.33 ± 0.08a 4.14 ± 0.00b 4.06 ± 0.01b 

Bulk density (kg/m3) 412.59 ± 0.01a 380.66 ± 0.01b 353.11 ± 0.01c 

Mean particle size (µm) 4.40 ± 0.13a 3.22 ± 0.14b 2.44 ± 0.51b 

D10 (µm) 0.57 ± 0.53a 2.07 ± 0.37b 0.66 ± 0.41a 

D50 (µm) 2.62 ± 0.77a 2.98 ± 0.55a 1.72 ± 0.68a 

D90 (µm) 3.77 ± 1.14a 4.12 ± 0.96a 2.37 ± 0.92a 

Span value 1.19 ± 0.19a 0.52 ± 0.17a 0.49 ± 0.34a 

Data represent mean ± standard deviation of triplicate results.  
Different letters in the same row significantly different at (p˂0.05). 

 

Table 4: Moisture content, bulk density, mean particle size and particle size distributions of 
microencapsulated roasted Sacha inchi kernel oil with three different ratios of MD and NaCas 
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statement was in agreement with the results in 
Table 2, which showed that ratio A (50:50) 
produces higher viscosity and larger emulsion 
droplet size (Table 3) and mean particle size (Table 
4).  

Based on Table 4, there was no significant 
difference in the span value of the three ratios 
produced. In this study, particle scattering was 
calculated using the span equation and found to be 
low (0.49–1.19). According to Chew et al. (2018) 
research on refined kenaf seed oil, the span value 
was found to be low (1.2-1.3), with no significant 
difference between the three models of 
microencapsulated refined kenaf seed oils 
produced.  

Lower span values indicate that the 
microencapsulated oils were homogeneous 
(uniform), whereas higher span values indicate that 
the microencapsulated oils were not homogeneous 
(Tonon et al., 2012). Thus, it might be assumed 
that the microencapsulated oils produced in this 
study were fine and homogeneous. 
 
Oxidative stability 
The oxidative stability of microencapsulated 
roasted Sacha inchi kernel oil was characterized by 
the PV and pAV.  
 
Peroxide value (PV) 

PV is an indicator of initial lipid oxidation 
and strongly influenced by the wall materials 
combination used in microencapsulation (Koç et 
al., 2015). Peroxides are the precursors of 
breakdown products that cause rancid flavors in 
fat. The concentration of peroxides is indicative of 
oxidation during the early stages of lipid 
deterioration. This index becomes less reliable 
during the later stage of deterioration, because 
peroxide degradation increases. PV is defined as 
the reactive oxygen contents expressed in terms of 
millie-equivalents (meq) of free iodine per 
kilogramme (kg) of fat.  

The oxidative stability of 
microencapsulated roasted Sacha inchi kernel oil 
produced with three different ratio of MD and 
NaCas as wall materials against oxidation that 
carried out every 7 days over the 28 days at room 
temperature was evaluated by determining the PV 
of the samples. The PV profiles of 
microencapsulated roasted Sacha inchi kernel oil 
with different ratios of wall materials were shown in 
Figure 3. 

Based on Figure 3, different letters indicate 
significant differences between samples at p<0.05. 
The PV of the microencapsulated roasted Sacha 

inchi kernel oil was evaluated during four weeks of 
continuous storage in the dry cabinet at room 
temperature. At time zero (Day 0), all samples 
showed a low level of oxidation, ranging from 6.35 
to 6.38 meq peroxide/kg oil. Based on the result, all 
the samples showed significant differences 
(p<0.05) in PV for every week of storage study and 
there was significance difference (p<0.05) between 
the different ratios of microencapsulated roasted 
Sacha inchi kernel oil. 

           Starting from the Day 14 of storage, 
all of the samples experienced a significant 
increase in oxidation. All of the samples continued 
to oxidize between Day 14 and Day 21 and by Day 
28, the PV of all of the samples had continued 
increased and showed slightly constant in peroxide 
values, ranging between 7.36 and 7.5 meq 
peroxide/kg oil, respectively. After Day 28, samples 
for ratio C (80:20) had higher peroxide 
concentrations, reaching 7.5 meq peroxide/kg oil, 
while ratio A (50:50) showed lower peroxide 
concentrations, which was 7.3 meq peroxide/kg oil.  

According to a study by Karaca et al. 
(2013), primary oxidation products, primarily 
peroxides, are highly reactive and readily degrade 
to free radicals, which propagate oxidation 
reactions. They also contribute to the autoxidation 
process, resulting in a variety of secondary 
oxidation products such as aldehydes and ketones, 
as measured by pAV in Figure 4.  

The ratio of wall materials used had a 
significant impact on the oxidative stability of the 
powders. According to Lu et al. (2022), NaCas has 
been widely used as an emulsifier because of its 
ability to be adsorbed in the droplet interface of 
emulsions and because it has antioxidative 
properties that could be used for the encapsulation 
of sensitive nutraceuticals. These statements 
demonstrated that the lower the amount of NaCas 
in the ratio B (60:40) and ratio C (80:20), the lower 
the antioxidative properties that could be used in 
encapsulation and lead to a higher amount of 
primary oxidation production.  

There could be two possible causes for the 
oxidation of the samples; the microencapsulated 
roasted Sacha inchi kernel oil could have been 
released to the particle surface due to physical and 
chemical changes in the microcapsule walls and oil 
molecular diffusion and oxygen could have diffused 
through the carbohydrate matrix up to the 
entrapped Sacha inchi oil droplets (Sanchez- 
Reinoso & Gutiérrez, 2017). 
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Thus, from the result in Figure 3 and 4, 
ratio A (50:50) provides a good protection to 
microencapsulated roasted Sacha inchi kernel oil 
from oxidation throughout 28 days of storage 
period at room temperature due to the high ratio of 
NaCas as wall materials. 

 
p-Anisidine value (pAV) 
pAV is commonly used to quantify 

secondary oxidation products, primarily non-
volatile carbonyls formed during lipid oxidative 
degradation. During analysis, under acidic 
conditions, aldehydes in oil (primarily 2-alkenals 
and 2,4-dienals) and the p-anisidine reagent react, 
resulting in the formation of a yellow-colored 
product. An increase in pAV indicates a higher 
concentration of aldehydes and as a result, a lower 
oxidative stability of the oil. Good quality oil should 
have a pAV of less than two (Barroso et al., 2014). 
Results for pAV for microencapsulated roasted 
Sacha inchi kernel oil with three different ratios of 
MD and NaCas as wall materials was determined 
during four weeks of continuous storage in a dry 
cabinet at room temperature shown in Figure 4.  

Based on Figure 4, different letters indicate 
significant differences between samples at p<0.05.   
temperature. At Day 0, all samples showed a low 
level of pAV, ranging from 0.81 to 0.83. All the 
samples showed significance differences (p<0.05) 
of pAV for every week of storage study and there  

 

were significance difference (p<0.05) 
between the three different ratios of 
microencapsulated roasted Sacha inchi kernel oil.  

Based on the result, pAV increased rapidly 
up to Day 21 and these values started to slow down 
from Day 21 to Day 28. All the samples showed 
significant increase in the secondary oxidation for 
four weeks of storage. From Day 21 to Day 28, pAV 
of samples slightly increased, varying between 1.8 
and 2.11. The lowest pAV for microencapsulated 
roasted Sacha inchi kernel oil using three different 
ratio of MD and NaCas were found in ratio A 
(50:50), while the highest pAV was found in ratio C 
(80:20). When compared to another ratio, ratio C 
(80:20) was oxidized faster starting from Day 7 
(Figure 4). The highest, sharpest and most distinct 
increase in the value of pAV was seen in ratio C 
(80:20), demonstrating that secondary oxidation 
products form faster in ratio C (80:20) than other 
two ratios (Maszewska et al., 2018). According to 
Cisneros et al. (2014), the decomposition of 
hydroperoxides results in an increase in the 
number of secondary compounds of oxidation. 

 Barroso et al. (2014) stated that the good 
quality oil should have a pAV of less than two. In 
this study, between Day 21 and 28, ratio B (60:40) 
and C (80:20) already exceeded pAV by more than 
two. At Day 28, the pAV of microencapsulated oil 
for ratio B (60:40) had already reached 2.04, while 
the pAV of microencapsulated oil for ratio C (80:20)  
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Figure 3: Peroxide value for microencapsulated roasted Sacha inchi kernel oil with 

three different ratios of MD and NaCas under room temperature 
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were varied between 2.02 and 2.11 from Day 21 to 
Day 28. Thus, microencapsulated oil in ratio C 
(80:20) becomes rancid starting from Day 21, 
followed by ratio B (60:40) on Day 28. Ratio A 
(50:50) demonstrated the pAV below than two on 
the Day 28 and thus had low levels of oxidation 
after microencapsulation, confirming the good 
quality of microencapsulated oil for this study. 

     Based on the result in Figure 1, 
microencapsulated oil for ratio A (50:50) represent 
the highest MEE% and showed the lower 
percentage of surface oil content (Figure 2) which 
resulted the best oil protection against oxidation 
(Figure 4). Meanwhile the ratio C (80:20) represent 
the lowest MEE% (Figure 1), had the higher the 
surface oil (Figure 2) and showed the lowest 
oxidative stability after four weeks of storage 
(Figure 4).   

According to Abd Ghani et al. (2017), surface 
oils oxidize significantly faster than encapsulated 
oils. This is explained by the fact that the samples 
for ratio C (80:20) had more oil on the surface, as 
indicated by the lower MEE% results (Figure 1), 
and thus provided less protection against lipid 
oxidation. This finding could be attributed to the 
increased amount of primary and secondary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
 

 
 
 
 
 

 
 
 
 
oxidation products due to the higher amount of 
surface oil in the microcapsules (Karaca et al., 
2013).  

CONCLUSION 
In conclusion, emulsions with three different ratios 
of maltodextrin (MD) and sodium caseinate 
(NaCas) as wall materials gave different results in 
physicochemical properties in terms of their 
stability, viscosity and droplet size. Emulsions for 
ratio A (50:50) and ratio B (60:40) produce the most 
stable emulsions with higher value in emulsion 
viscosity due to the high stability against creaming, 
flocculation and coalescence mechanism with no 
separation layer after 24 hours. Microencapsulated 
oil for ratio A (50:50) showed the highest MEE% 
due to the stable and viscous emulsion formation 
that led to lower surface oil content.  This ratio also 
showed the lowest PV and pAV, indicating that 
microencapsulated oil for this ratio was not easily 
oxidized while pAV of ratio C (80:20) at Day 21 was 
exceeding the acceptable range might due to 
higher surface oil content. The wall material of ratio 
A (50:50) was the most suitable ratio to 
encapsulate roasted Sacha inchi kernel oil by 
freeze-drying method due to able to give stable 
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Figure 4: p-Anisidine value (pAV) for microencapsulated roasted Sacha inchi 
kernel oil with three different ratios of MD and NaCas under room temperature 
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emulsion, higher MEE% (79.1%) and gave lower 
percentage of surface oil content. Thus, 
microencapsulated roasted Sacha inchi kernel oil 
produced from wall material ratio A (50:50) might 
has potential to be used in the food industry and 
also be marketed by fortifying it as beneficial 
powder and functional food ingredients. 
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