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Sacha inchi oil helps in improving consumer’s health because of its high content of omega-3 and omega-
6 polyunsaturated fatty acids. However, their broad usage in food and supplement products has been 
limited due to their vulnerability to oxidation process. Therefore, this drawback will be resolved via the 
encapsulation process to delay lipid oxidation. This study aimed to evaluate the potential of three different 
ratios (50:50, 60:40 and 80:20) of maltodextrin to sodium caseinate as wall material in the 
microencapsulation of roasted Sacha inchi kernel oil using the spray drying method. The feed emulsions 
were characterized for stability, viscosity and droplet size. Both emulsions for ratio 50:50 and 60:40 were 
stable at room temperature for 24 hours, except for ratio 80:20. Emulsion for ratio 50:50 showed the 
largest droplet size because of a higher emulsion viscosity. The microcapsules were also evaluated for 
microencapsulation efficiency, moisture content, bulk density and particle size. The results indicated that 
microcapsules for ratio 50:50 and 60:40 had the best microencapsulation efficiency (94.57% and 92.79) 
respectively. By increasing the ratio of maltodextrin to sodium caseinate, microcapsules with higher 
moisture content and bulk density as well as smaller particles were produced. After four weeks of storage 
at room temperature, the peroxide and p-anisidine values of microcapsules for all ratios were in the 
acceptable range, indicating relatively good oxidative stability. Overall, microcapsule of ratio 60:40 was 
the best to produce microencapsulated roasted Sacha inchi kernel oil due to higher microencapsulation 
efficiency and gives the best protection against oxidation. 
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INTRODUCTION 
Sacha inchi (Plukenetia volubilis L.) also referred 
to as Sacha peanut, mountain peanut or Inca 
peanut is an oleaginous plant of the Euphorbiaceae 
family (Wang et al., 2018). It is native to the 
Amazon rainforest of Peru, Ecuador, Brazil and 

other parts of South America. Nowadays, this plant 

has been widely cultivated in parts of Southeast 

Asia, notably in Thailand, Vietnam and Malaysia 
because of its excellent nutritional composition and 
good agronomic features (Sethuraman et al., 
2020). Zarinah et al. (2020) reported that Rubber 
Industry Smallholders Development Authority 
(RISDA) has introduced the Sacha inchi plant in 
Malaysia to increase the income of smallholders 
and farmers as they will get many benefits from this 
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plant, which has a lifespan of 20 years. The 
pioneers of Sacha inchi plantation will be Perak, 
Pulau Pinang, Kedah and Perlis.    According to 
Wang et al. (2018), interest in developing the 
Sacha inchi plant as a unique source of oil high in 
unsaturated fatty acids has been increased 
recently. Sanchez-Reinoso and Gutiérrez (2017) 
reported that Sacha inchi oil contains 
approximately 50% α-linolenic acid (ALA, omega-
3/ω-3) and 35% linoleic acid (LA, omega-6/ω-6), 
making it one of the vegetable oils rich in 
polyunsaturated fatty acids (PUFAs). These 
PUFAs have been shown to improve brain 
development and lower the risk of cardiovascular 
diseases, inflammatory reactions and certain types 
of cancer (Yakdhane et al., 2021). Nevertheless, 
one of the major drawbacks associated with Sacha 
inchi oil is its potential oxidative instability due to 
the higher unsaturated fatty acids (Rasdi et al., 
2020). Sacha inchi oil is rich with PUFAs and highly 
prone to oxidative reaction, especially when 
exposed to high temperature, oxygen, light and 
moisture. The double bonds of PUFAs are 
susceptible to oxidation because of their large 
number and location within the fatty acid chain 
(Chatterjee & Judeh, 2016). This deterioration 
process can affect the sensorial and nutritional 
properties of oil, which produces off-flavours and 
odours and also induces the formation of 
potentially toxic compounds such as 
hydroperoxides (Herman et al., 2020).  

Several researchers had employed 
microencapsulation of oils as an alternative to 
overcome the above-mentioned problems by 
creating a physical barrier between the active 
materials and adverse environmental factors 
(Böger et al., 2018). Geranpour et al. (2019) 
reported that spray drying is a cost-effective 
microencapsulation technique and is widely used 
in the food industry to encapsulate oils and flavor. 
The resulting powders are distinguished by their 
low water activity, easy to handle and storage as 
well as able to be easily absorbed into foods 
(Sanchez-Reinoso & Gutiérrez, 2017). 
Microencapsulation by spray drying has effectively 
encapsulated various oils for several decades in 
the food industry (Bakry et al., 2016). The 
microencapsulation by spray drying involves 4 
stages which are: (i) preparation of the dispersion, 
(ii) homogenisation of the dispersion, (iii) 
atomisation of the emulsion and (iv) dehydration of 
the atomised particles. In the first stage, the wall 
materials were dissolved in distilled water. The 
solutions are kept overnight at room or refrigerator 
temperature to ensure full saturation of the polymer 

molecules and to avoid any changes due to 
temperature. The core material is added to the 
solutions with or without the addition of an 
emulsifier, depending on the emulsifying properties 
of the wall materials and the solutions are 
homogenised. In the spray drying process, the 
initial emulsion droplets are in the range of 0.1 to 
100 μm in diameter. The formed emulsion must be 
stable over a certain period of time before the spray 
drying step (Liu et al. 2001). Selection of the proper 
wall material for the encapsulation by spray drying 
is essential in order to protect the core materials 
from oxidation, chemical interactions or 
volatilization and maximize the encapsulation 
efficiency (Chew et al., 2018).  

According to Geranpour et al. (2020), 
animal-based proteins such as sodium caseinate 
and whey protein as well as plant-based 
carbohydrates such as maltodextrin and gum 
arabic were the most commonly used wall 
materials. Maltodextrin is often used as a wall 
material in microencapsulation due to its 
inexpensive, neutral flavour, low viscosity at high 
solid concentrations and provides good protection 
against oxidation (Koç et al., 2015). Sodium 
caseinate is a water-soluble milk protein that offers 
an excellent amphiphilic feature consisting of both 
hydrophobic and hydrophilic groups to provide 
great emulsifying and encapsulating properties 
(Chew et al., 2018). It has been reported by 
Mohammed et al. (2020) that sodium caseinate is 
the most effective emulsion stabilizer for fats. 

   According to Chang and Nickerson 
(2018), proteins stabilize the emulsion by being 
solubilized in the aqueous phase and then 
migrating to the oil–water interface to expose their 
hydrophilic and hydrophobic moieties towards the 
aqueous and oil phases, respectively. After that, 
the proteins at the interface aggregate to create a 
viscoelastic film that stabilize the emulsion via 
electrostatic and steric interactions. In this study, 
maltodextrin was used in combination with sodium 
caseinate to enhance the emulsifying and interface 
properties of lipophilic core materials due to its poor 
emulsifying capabilities (Hogan et al., 2001). Three 
different ratios of wall materials (50:50, 60:40 and 
80:20) (weight %) with an addition of 0.06% of 
lecithin were used in the microencapsulation of 
roasted Sacha inchi kernel oil using the spray 
drying method. The emulsions of roasted Sacha 
inchi kernel oil were analyzed for stability, viscosity, 
droplet size and polydispersity index. The oil 
microcapsules were characterized for 
microencapsulation efficiency, moisture content, 
bulk density and particle size distribution. The 
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storage study on microencapsulated roasted 
Sacha inchi kernel oils was also conducted for four 
(4) weeks at room temperature to measure their 
oxidative stability in terms of peroxide and p-
anisidine values.  

MATERIALS AND METHODS 
Sample materials and oil extraction 
The kernels of Sacha inchi were purchased from 
Shane Ventures Sdn Bhd, Selangor. To obtain the 
fresh Sacha inchi kernels, the hard shell of the 
kernel was removed manually. According to the 
method described by Chirinos et al. (2016), the 
fresh kernels were roasted at a temperature of 120 
°C for 10 minutes to remove antinutritional factor 
and astringent flavour. Then, these roasted kernels 
were extracted for their oil by cold press extraction 
using a mechanical press machine. The obtained 
oil was stored in a sealed universal glass bottle at 
-20 °C until being analyzed (Zarinah et al., 2014). 

 
Preparation of emulsion 
Three oil-in-water (O/W) emulsions (30% total 
solids containing 6% oil) with different ratios (50:50, 
60:40 and 80:20) (weight %) of maltodextrin to 
sodium caseinate were prepared according to the 
procedure described by Us-Medina et al. (2018) 
with some modifications. Soy lecithin (0.06%) was 
added in these three formulations as an extra 
emulsifier to enhance the process of 
homogenization. Prior to emulsification, sodium 
caseinate and maltodextrin were separately 
dissolved in distilled water by constantly stirring at 
50 °C for 1 hour. Then, both of the maltodextrin and 
sodium caseinate solutions were combined 
together. After that, the oil was mixed with soy 
lecithin and then added to the wall material solution 
at 25 °C. The emulsion was produced using a D-
500 homogenizer (Wiggen Hauser, Germany) 
operating at a speed range of 10,000 to 29,000 rpm 
for a total time of 5 minutes, with 30 seconds of rest 
after 2 minutes of homogenization to form a 
homogeneous mixture.   

 
Physicochemical analysis of emulsion 

 
Emulsion stability 
The stability of the emulsion was measured based 
on the observation of phase separation in the 
emulsion after storing it for 24 hours. The 
appearance of the emulsion was creamy white 
after being freshly prepared and homogenized. 
However, there is a possibility for the emulsion to 
separate into two layers or phases, which are 
aqueous (at the bottom) and cream (at the top). 

The emulsion stability analysis was carried out 
according to the procedure outlined by Carneiro et 
al. (2013). The freshly prepared emulsion (10 mL) 
was transferred to 25 mL graduated cylinders. The 
height of the initial emulsion was measured. Then, 
the emulsion was sealed with aluminum foil and 
stored at room temperature. The height of the 
upper phase was measured after 24 hours. The 
stability of the emulsion was determined by the 
percentage of separation using Equation 1: 

 
 

Separation (%) =
H1

H0
× 100        Equation 1 

              
Where: H0 = Height of initial emulsion (cm) 

        H1 = Height of upper phase (cm) 
 

Emulsion viscosity 
The viscosity of the emulsion was measured using 
a WVS-2M digital rotary viscometer (Daihan, South 
Korea) equipped with a spindle according to the 
method described by Ibrahim et al. (2019). The 
measurement of emulsion viscosity was carried out 
at 0.6, 1.5, 3.0, 6.0, 12.0, 30.0 and 60.0 rpm for 10 
seconds at 25 °C. All the data was collected after a 
1-minute interval for different rpm. 

 
Emulsion droplet size and polydispersity index 
The droplet size of the emulsion were measured 
using a dynamic light scattering instrument, 
Litesizer particle size analyzer (Anton Paar, 
Austria). According to the method outlined by 
Zhang et al. (2016) and Loi et al. (2020) with some 
modifications, the size of droplet was measured 
immediately after the emulsion preparation. 
Approximately 0.5 g of emulsion was dispersed in 
99.5 mL of ultrapure water using magnetic 
agitation. The refractive index of roasted Sacha 
inchi kernel oil and solvent (water) was set at 1.47 
and 1.33, respectively. All measurements were 
made in triplicate and were conducted at 25 °C. 
The mean droplet size was expressed as the 
hydrodynamic diameter and the degree of 
uniformity of droplet size distribution was presented 
as the polydispersity index (PDI).  

 
Microencapsulation of spray drying 
The spray drying process was carried out using a 
laboratory-scale Büchi B-290 spray dryer 
(Labortechnik AG, Switzerland) according to the 
method described by Karaca et al. (2013) and Koç 
et al. (2015) with some modifications. The emulsion 
at a temperature of 25 °C was fed into the main 
drying chamber through a peristaltic pump. The 



Zakaria et al.                                          Microencapsulation of Sacha Inchi Oil using Spray Drying Method 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 165-185                                                             168 

 

drying air flow rate and pump speed were set at 40 
m3/h and 50%, respectively. The inlet air 
temperature was adjusted at 140 °C. The spray-
dried powder was collected in the cyclone 
collection vessel. Then, the powder was sealed in 
an aluminum pouch and stored at -20 °C in a 
freezer for further analysis. 
 
Analysis of microencapsulated oil 

 
Microencapsulation efficiency (MEE) 
Microencapsulation efficiency was measured 
according to the procedure described by Karaca et 
al. (2013) by determining the amounts of surface 
oil and total oil in the microcapsule powder. The 
surface oil was determined by dispersing 2 g of 
microcapsules in 30 mL of hexane and vigorously 
shaking the mixture for 30 seconds. A Whatman 
filter paper No. 1 was used to filter the solvent into 
a 40 mL beaker. Then, the beaker containing the 
solvent was placed in a fume hood overnight to 
allow solvent evaporation. The surface oil of the 
microcapsule was then measured gravimetrically 
after heating the beaker at 105 °C for 30 minutes 
to eliminate any leftover solvent. The total oil 
content was determined by mixing 2 g of 
microcapsules with 8 mL of water followed by 2 
minutes of vortex mixing at 300 rpm. The resultant 
solution was mixed with solvent mixture which was 
40 mL of hexane/2-propanol (3/1, v/v), vortex 
mixed at 300 rpm for 15 minutes and then 
centrifuged at 1500 g for 2 minutes. The clear 
organic phase was collected using a micropipette 
and the aqueous phase was extracted again with 
the same solvent mixture. The organic phases 
were pooled and filtered through anhydrous 
sodium sulphate (Na2SO4). Then, the solvent 
(hexane and 2-propanol) was left to evaporate in a 
fume hood overnight. The total oil of the 
microcapsule was measured gravimetrically after 
heating the beaker at 105 °C for 30 minutes. The 
percentage of MEE was calculated using Equation 
2: 
 

 MEE (%) =
Wt−Ws

Wt
× 100           Equation 2 

 
The surface oil was the amount of non-
encapsulated oil presented in the surface of 
microcapsule. The percentage of surface oil 
content was defined by Equation 3 as described by 
Shao et al. (2017): 
 

𝑆urface oil content (%) =
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 
Oven drying method was used to determine the 
moisture content of microcapsule powder 
according to the method described by Shao et al. 
(2017) with some modifications. Approximately 2 g 
of wet sample was weighed into the known weight 
of crucible. The sample was dried in the universal 
oven UF110 (Memmert, Germany) at a 
temperature of 105 °C for 24 hours. Then, the 
weight of the dried sample was recorded. The Eq. 
4 was used to determine the percentage of 
moisture content based on dry basis:   

 

Moisture content (%) =
Mwet−Mdry

Mdry
× 100  Equation 4 

 
Where: Wdry = Weight of dry sample (g) 

       Wwet = Weight of wet sample (g) 
 
Bulk density 
The bulk density was determined by measuring the 
weight and volume of microcapsule powder 
occupied in the measuring glass cylinder as 
described by Chew et al. (2018). Approximately 2 
g of sample was transferred through a funnel into a 
25 mL measuring glass cylinder. Then, the 
measuring cylinder was slightly tapped to remove 
the sample sticking to the walls. The volume of 
sample was read directly from the measuring 
cylinder and then was used to calculate the bulk 
density using Equation 5: 

 

Bulk density (kg/m3) =
m0

V0
            Equation 5 

 
Where:  mo = Weight of sample (kg) 

        Vo = Volume of sample (m3) 
 
Particle size and particle size distribution  
The particle size of microcapsule powder was 
determined using a dynamic light scattering 
instrument, Litesizer particle size analyzer (Anton 
Paar, Austria) according to Koç et al. (2015) and 
Mirtalebi et al. (2020) with some modifications. As 
much as 0.5 g of sample was suspended in 99.5 
mL of ultrapure water using magnetic agitation. The 
refractive index of roasted Sacha inchi kernel oil 
and solvent (water) was set at 1.47 and 1.33, 
respectively. The particle size was monitored 
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during each measurement until successive 
readings became constant. The mean particle size 
was expressed as hydrodynamic diameter. The 
span value describes the width of the particle size 
distribution (Koç et al., 2015). To define the particle 
size distribution, the following parameters were 
chosen: D90, D50 and D10, which correspond to 
10%, 50% and 90% of particles under the given 
particle size, respectively. The span value 
(intensity-based) was estimated according to 
Kanclerz et al. (2019) 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 
The stability of encapsulated oil produced was 
measured according to Karaca et al. (2013) with 
some modifications for four (4) weeks at room 
temperature (25 °C). Approximately 5 g of 
microcapsules was stored in nitrogen-flushed 10 
mL amber glass bottles. An oxidative stability study 
was carried out at time zero (right after drying) and 
every 7 days over 28 days or 4 weeks of storage 
period using a separate unopened amber glass 
bottle of microcapsule. Two tests were conducted 
in order to evaluate the oxidative stability of the 
encapsulated oils in terms of peroxide value and p-
anisidine value. Extraction of oil from the 
microcapsules was performed according to the 
same procedure described previously for total oil 
determination, except the hexane and 2-propanol 
were dried under a stream of nitrogen.  
 
Peroxide value (PV) 
The peroxide value was determined according to 
the method described by Tontul and Topuz (2013). 
About 0.3 g of the recovered oil was weighed and 
dissolved 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 solution. 
After 1 minute, 10 mL of distilled water and 0.5 mL 
of starch solution (1%) were added to the mixture. 
A starch solution was used as an indicator during 
the titration process. The final mixture was titrated 
against a 0.01 N sodium thiosulphate (NaS2O3) 
solution until it became colourless. PV was 
calculated using Equation 7: 

  

PV (meq/kg oil) =
(S−B)×N×1000

W
   Equation 7 

 
   Where: S = Volume of NaS2O3 for sample (mL) 
                   B = Volume of NaS2O3 for blank (mL) 
                   N = Normality of NaS2O3 
                   W = Weight of sample (g) 
 
p-Anisidine value (p-AV) 
The p-Anisidine value was measured according to 
the method described by Tontul and Topuz (2013). 
About 0.3 g of recovered oil (W) was weighed and 
dissolved in n-hexane to prepare 10 mL of solution 
in a volumetric flask. The absorbance (A1) of the oil 
solution was determined at 350 nm against n-
hexane using the instrument Spectrophotometer 
UV-Vis 1240 (Shimadzu, Japan). Approximately 5 
mL aliquot of oil solution and 5 mL of n-hexane (as 
blank) were poured to a test tube and they were 
separately added with 1 mL of p-anisidine solution 
(0.25 g/100 mL of glacial acetic acid). The test 
tubes were stopped, shaken and left in the dark for 
10 minutes. The absorbance (A2) of the oil solution 
was determined at the same wavelength against n-
hexane but containing p-anisidine solution. The p-
AV was calculated using Equation 8: 

 

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 
For each sample, all measurements were made in 
triplicate. The acquired results were presented as 
a mean ± standard deviation. A one-way and two-
way analysis of variance (ANOVA) was used to 
analyze the obtained data at a 95% significance 
level. Meanwhile, Tukey’s test was used as a post-
hoc comparison test to determine the differences 
between the samples at a 95% confidence level 
(Landoni et al., 2020). ANOVA and Tukey’s test 
were performed using the Statistical Package for 
the Social Sciences (SPSS). 
 
RESULTS AND DISCUSSION 
Emulsion stability 
Table 1 shows the percentage of separation of 
roasted Sacha inchi kernel oil emulsions made with 
three different ratios of maltodextrin to sodium 
caseinate as wall material. The stability study 
revealed that both emulsions prepared at ratios of 
50:50 and 60:40 were kinetically stable when 
stored for 24 hours at room temperature after 
homogenization. Based on the result, no significant 
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difference was observed between the emulsions 
for ratios 50:50 and 60:40. However those 
prepared at a ratio of 80:20 showed the formation 
of a small separation layer. According to Loi et al. 
(2020), a stable emulsion with tiny oil droplets is 
preferable during the spray drying process since it 
generally results in better oil encapsulation in the 
dried powders. Tonon et al. (2012) reported that 
the greater the emulsion stability, the greater the 
encapsulation efficiency. Therefore, the emulsions 
for ratios of 50:50 and 60:40 were considered very 
suitable to be used in the microencapsulation of 
roasted Sacha inchi kernel oil using the spray 
drying method.  

The emulsion for ratio 80:20 showed 
14.29% of separation might be due to the limiting 
availability of sodium caseinate, a 
protein/emulsifier to stabilize the oil droplets 
interface and protect them from flocculation and/or 
coalescence. However, at very low concentrations, 
the protein cannot adequately stabilize the droplet 
interface. In this case, the emulsion may degrade 
through bridging droplet flocculation and 
coalescence (Dickinson & Ritzoulis, 2000).  

According to Whitby (2019), the main 
mechanism that leads to the formation of two 
separation phases in the emulsion system is 
droplet coalescence, where the droplets merge and 
form a large droplet size. Therefore, increasing the 
protein concentration would enhance the emulsion 
stability because thicker interfacial protein films at 
the droplet surface are more resistant to 
coalescence during storage, resulting in better 
stability (Hogan et al., 2001).   
           The high viscosity of the emulsions for ratios 
50:50 and 60:40 (Table 1) might be another reason 
for the excellent stability properties of these 
emulsions. As reported by Loi et al. (2020) in their 
study, an increase in the viscosity of the emulsion 
can slow the collision rate between the oil droplets, 
thereby minimizing droplet coalescence or 
flocculation and delaying phase separation. In 
addition, the emulsion stability can be enhanced by 
adding a thickening agent to raise the viscosity of 
the initial emulsion or using a homogeniser to 
reduce droplet size and its size dispersion. 
Carmona et al. (2013) added that higher emulsion 
viscosity makes the movement of the oil droplets 
more difficult, resulting in better emulsion 
stabilization and then avoiding droplet 
coalescence. Therefore, these statements verify 
that the higher the emulsion viscosity, the more 
stable the emulsion. According to Perrechil and 
Cunha (2010), sodium caseinate is typically used 
as a thickening agent in food emulsions, which can 

contribute to the emulsion's increased viscosity. 
The stability of the emulsion increased when a 
higher amount of sodium caseinate was added to 
increase the viscosity of the emulsion. 
  
Emulsion viscosity 
One of the most important characteristics of 
emulsions is their viscosity properties. For rapid 
and efficient spray drying, the viscosity of the 
emulsion must be suitable to be pumped and 
sprayed. According to Loi et al. (2020), emulsion 
viscosity is an essential parameter since it may 
affect the spray drying process as well as the 
properties of dried powders produced. In this study, 
the viscosity of roasted Sacha inchi kernel oil 
emulsions were observed after being freshly 
prepared and homogenized. The result of emulsion 
viscosity for three different ratios of maltodextrin to 
sodium caseinate as wall material is shown in 
Table 1. 

Based on Table 1, the ratio of maltodextrin 
to sodium caseinate significantly affected (p<0.05) 
the viscosity of the emulsion. The emulsions 
prepared with a blend of maltodextrin and sodium 
caseinate at a ratio of 50:50 showed higher 
viscosity followed by those prepared at ratios of 
60:40 and 80:20. The emulsion viscosity increased 
when the amount of sodium caseinate as wall 
material combined with maltodextrin increased. A 
previous study done by Hogan et al. (2001) also 
found the apparent viscosity of the emulsions 
increased as the ratio of sodium 
caseinate/maltodextrin DE 28 increased (1:69 to 
1:4).  

According to Carmona et al. (2013), the 
desirable high emulsion viscosity makes the 
movement of oil droplets difficult, which could avoid 
the occurrence of droplet coalescence, while 
favouring bioactive compound retention in the 
emulsion and during the spray drying process. 
Studies by Ferreira et al. (2016) and Gharsallaoui 
et al. (2007), on the other hand, showed that high 
viscosity interferes with the atomization process 
during spray drying. This situation leads to the 
formation of elongated and large droplets that 
adversely affect the drying rate.  

Sodium caseinate is widely used as a wall 
material due to its functional benefits, which include 
emulsifying, water and fat binding, thickening and 
gelation properties. According to Perrechil and 
Cunha (2010), thickening agents are ingredients 
used to increase the viscosity of the continuous 
phase of an emulsion. The emulsion becomes 
more viscous when a higher amount of thickening 
agent is added. Therefore, sodium caseinate could 
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contribute to a higher emulsion viscosity due to its 
function as a thickening agent.  
           Jafari et al. (2008) claimed that the emulsion 
viscosity ranging from 0.125 to 0.25 Pa.s was 
relatively easy to atomize and reasonable spherical 
particles could be formed. Referring to this result, 
the emulsion for ratio 60:40 nearly matched the 
viscosity range reported by Jafari et al (2008). The 
viscosity of the emulsion for ratio 50:50 was 
relatively high and Li et al. (2015) reported that too 
viscous emulsions may cause problems with wall 
sticking and even clogging in the dryer’s tubes, 
which further decreases the encapsulation yield. 
 
Emulsion droplet size and polydispersity index 
Table 1 also shows the mean droplet size 
(hydrodynamic diameter) and PDI of roasted 
Sacha inchi kernel oil emulsions made with three 
different ratios of maltodextrin to sodium caseinate 
as wall material. The use of different ratios of 
maltodextrin to sodium caseinate as wall material 
had a significant influence (p<0.05) on the 
emulsion droplet size. The emulsions prepared at 
ratios of 50:50 and 60:40 had larger oil droplets 
(0.88 and 0.80 µm, respectively) compared to the 
emulsion made at a ratio of 80:20 (0.62 µm). 
However, there was no significant difference 
between the emulsions for ratios 50:50 and 60:40.  

Hogan et al. (2001) reported the same 
range of droplet size of soya oil emulsion, which 
was 0.41 to 0.78 µm when coated with sodium 
caseinate and maltodextrin DE 28 at different 
ratios. Besides, Rai et al. (2020) found the 
emulsions prepared with a combination of 
maltodextrin and sodium caseinate (0.87 to 0.95 
µm) had the smallest droplet size compared to 
those prepared with a combination of maltodextrin 
and sodium alginate (2.11 to 5.36 µm). These 
findings showed that an emulsion prepared with a 
combination of maltodextrin and sodium caseinate 
produced smaller oil droplets. This statement was 
in good agreement with a study by Zhang et al. 
(2016), who found that maltodextrin (sugar) could 
reduce the oil droplet diameter of sodium caseinate 
stabilized emulsions since maltodextrin could 
increase the viscosity of the continuous phase. 
          According to Nickerson et al. (2014), the 
industry target specification for emulsion droplet 
size is less than 2 µm. The droplet size of roasted 
Sacha inchi kernel oil emulsions for all ratios 
obtained in this study were within the previously 
specified droplet size. The droplet size greatly 
impacts the properties of the emulsion. Generally, 
emulsions can be classified into nanoemulsions (or 
microemulsions) (10–100 nm), miniemulsions 

(100–1000 nm) and macroemulsions (0.5–100 µm) 
depending on the mean droplet diameter. The 
polydispersity index (PDI) indicates the degree of 
uniformity of a droplet size distribution. The 
numerical value of PDI ranges from 0 
(monodisperse or perfect homogeneity) to 1.0 (very 
broad distribution or high heterogeneity) (Mirtalebi 
et al., 2020). As shown in Table 1, the droplet size 
of the emulsions were increased when the ratio of 
maltodextrin to sodium caseinate decreased. This 
might be due to the high viscosity of the emulsion. 
Similar behaviour was observed by Hogan et al. 
(2001) for a sample soybean oil emulsion. The 
droplet size increased from 0.40 to 0.43 µm when 
the emulsion apparent viscosity increased from 2.5 
to 17.7 mPa.s.  
            According to Koç et al. (2015), the droplet 
size of an emulsion is directly proportional to the 
emulsion viscosity, with the high viscosity of the 
emulsion causing the larger droplet size. This 
statement was supported by Tonon et al. (2011) 
and Carneiro et al. (2013), who also reported that 
the atomized droplet size directly varies with the 
emulsion viscosity at constant atomizer speed. The 
higher the feed emulsion viscosity, the larger the 
droplets formed during the atomization process. 
           The size of the droplets was not affected 
only by the emulsion viscosity but also by the 
intrinsic emulsifying properties of each type of wall 
material (Carneiro et al., 2013). Bae and Lee 
(2008) reported that the low emulsifying capacity of 
emulsion also contributes to the large size of 
emulsion droplet. A previous study done by Julio et 
al. (2016) stated that the droplet interface cannot 
be completely stabilized when the amount of 
protein/emulsifying agent is insufficient. As a result, 
the droplets aggregate and floc together in the 
emulsion system and then form larger droplets 
during homogenization.  

In this study, sodium caseinate was used 
to improve the emulsifying and interface properties 
of lipophilic core materials (Hogan et al., 2001). 
Since there is a lower amount of sodium caseinate 
in the emulsion for ratio 80:20 compared to other 
ratios, the droplets of this emulsion should be 
larger. However, Abd Ghani et al. (2017) reported 
that the oil droplet size and the distribution of spray-
dried powder could be altered based on the 
homogenization conditions. High-pressure 
homogenization can reduce the oil droplet size and 
consequently enhance the stability of emulsions 
(Perrechil & Cunha, 2010).  
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Data with respect to PDI has been depicted in 
Table 1. The PDI value of roasted Sacha inchi 
kernel oil emulsions varied from 0.26 to 0.30. There 
was no significant difference in the PDI value 
between the emulsions that were produced with 
three different ratios of maltodextrin to sodium 
caseinate. According to Goyal et al. (2015), a PDI 
greater than 0.7 indicates a more heterogeneous 
nature and a wide distribution of particles. The PDI 
represents particle size distribution of the droplets. 
The PDI value of less than 0.3 indicates a stable 
emulsion with a uniform droplet size distribution, 
while greater than 0.3 indicates a more widely 
distributed droplet size distribution (Hsu, 2016; 
Zhang et al., 2015). Therefore, it can be concluded 
that emulsions prepared with maltodextrin and 
sodium caseinate at all ratios were found to have a 
uniform droplet size distribution, as the PDI value 
was lower than 0.3. Similar results have been 
obtained by Zhang et al. (2015), who observed the 
smaller PDI value (<0.3) in the range of 0.12 to 0.17 
for the mixed sodium caseinate and maltodextrin 
stabilized emulsion and sodium caseinate 
stabilized emulsion. 
 
Microencapsulation efficiency (MEE) 
Microencapsulation efficiency (MEE) is an 
important criterion for the successful and effective 
encapsulation of oil. Encapsulation efficiency is the 
percentage of encapsulated oil to total oil, which 
reflects how much oil was encapsulated during the 
spray drying. A microcapsule with a high 
encapsulation efficiency has a lower amount of 
surface oil (Loi et al., 2020). The presence of 
surface oil on the microcapsule can render it prone  
to oxidation, which will diminish its quality, reduce 
the wettability and solubility of the microcapsule 
powder and causing the powder to aggregate 
(Chew et al., 2018). 

 
 
 

 
 
 
 

Figure 1 shows the microencapsulation 
efficiency of roasted Sacha inchi kernel oil 
microcapsules made with three different ratios of 
maltodextrin to sodium caseinate as wall material. 
Figure 2 demonstrates the correlation between 
surface oil content and the microencapsulation 
efficiency of microcapsules. 
             Figure 1 showed that there was a 
significant difference (p<0.05) in the 
microencapsulation efficiency of the microcapsules 
between ratios 50:50 and 60:40 with ratio 80:20. 
The encapsulation efficiency values varied from 
86.20% to 94.57%, the highest value being 
obtained for microcapsules prepared at ratio of 
50:50 and the lowest value at a ratio of 80:20. 
According to Chang and Nickerson (2018), the food 
industry aims to develop microcapsules with a 
surface oil of less than 2% and an entrapment 
efficiency of more than 98%. However, some 
researchers have mentioned that the percentage of 
microencapsulation efficiency for 
microencapsulated oils of around 90% are already 
adequate (Sanchez-Reinoso & Gutiérrez, 2017). 
Microcapsules produced at ratios of 50:50 and 
60:40 had met this requirement. A higher 
microencapsulation efficiency indicated that 
maltodextrin and sodium caseinate were 
compatible matrices for microencapsulation of oil. 

According to Drusch et al. (2012), 
microencapsulation efficiency is very high when 
using caseinate and carbohydrate blends and 
tends to increase as the caseinate concentration 
increases. They found the microencapsulation 
efficiency of fish oil microcapsules ranged from 
97.4 to 99.5% at a sodium caseinate content of 
0.25 and 5% of the oil-free total solids content, 
respectively.  

Ratio of MD to 
NaCas 

Separation (%) Viscosity (Pa.s) Mean droplet 
size (µm) 

PDI 

50:50 0.00±0.00a 2.71±0.09c 0.88±0.04b 0.26±0.03a 

60:40 0.00±0.00a 0.33±0.01b 0.80±0.03b 0.28±0.02a 

80:20 14.29±0.70b 0.05±0.00a 0.62±0.05a 0.30±0.04a 

Table 1: Percentage of separation, viscosity, mean droplet size and PDI of roasted 
Sacha inchi kernel oil emulsions 
 

Different letters in the same column indicate a significant difference at p<0.05.  
Data are presented as the mean ± standard deviation.  
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           This trend was also similar to the study that 
was carried out by Hogan et al. (2001), who found 
the microencapsulation efficiency of spray-dried 
microcapsules decreased from 88.4% to 62.2% 
when the ratio of sodium caseinate/maltodextrin 
DE 28 decreased from 1:4 to 1:69. The 
microencapsulation efficiency was typically high 
when a suitable amount of sodium caseinate was 
utilised as an emulsifying carrier matrix component 
(Drusch et al., 2012). This was in agreement with 
the findings of this study that as the amount of 
sodium caseinate used combined with maltodextrin 
were increased (20%, 40% and 50%), the 
microencapsulation efficiency of roasted Sacha 
inchi kernel oil microcapsules would also increased 
(86.2%, 92.79% and 94.57%). 

Compared to other proteins, the better 
encapsulation efficiency of sodium caseinate may 
be attributed to its greater emulsifying potential and 
the fact that sodium caseinate does not display 
heat denaturation during drying. Although sodium 
caseinate shrinks when dried, this can be avoided 
by blending with maltodextrin, which improves the 
drying properties of the wall matrix by promoting 
the formation of a dry crust surrounding the drying 
droplets (Hee et al., 2015). In addition, a higher 
microencapsulation efficiency of the microcapsules 
for ratios 50:50 and 60:40 might be due to high 
emulsion viscosity (Table 1) as described by  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Aghbashlo et al. (2013). Such a result was in line 
with a study by Naz et al. (2020), who discovered 
that the spray-dried microencapsulated flaxseed oil 
coated with gum arabic had a higher encapsulation 
efficiency due to its higher emulsion viscosity, 
which facilitated the faster drying. Due to rapid 
drying, the core material would not have sufficient 
time to escape from the encapsulating material and 
hence, be retained in the microcapsules, resulting 
in higher microencapsulation efficiency (Naz et al., 
2020). This can be explained by the fast formation 
of microcapsule crust when the drying rate of 
droplets increases. As soon as the crust 
developed, it established a solid barrier or 
membrane around the microcapsule, preventing 
further oil leaching from the droplet to form the 
surface oil. Thus, the increase in the percentage of 
microencapsulation efficiency was explained by 
the faster crust formation during the spray drying 
when the emulsion viscosity increased. Aghbashlo 
et al. (2013) further verified that a higher emulsion 
viscosity reduced the oil diffusion within the 
sprayed droplets and caused the oil penetration to 
the particle surface to become difficult, hence 
enhancing the encapsulation efficiency. 
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Figure 1: Microencapsulation efficiency of roasted Sacha inchi kernel oil microcapsules 
Different letters indicate a significant difference at p<0.05.  
Data are presented as the mean ± standard deviation.  
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The smaller particle size of microcapsules 
made with 80% maltodextrin and 20% sodium 
caseinate (Table 2) was predicted to have the 
lowest encapsulation efficiency due to their large 
surface area, which might lead to a higher surface 
oil content. The same behaviour was observed by 
Aghbashlo et al. (2013) in the spray drying of fish 
oil prepared with 80% whey protein isolate 
combined with 20% sodium caseinate at the inlet 
drying temperature of 140 °C, which obtained the 
smallest particle size (1.37±0.01 µm) and then 
showed the lowest encapsulation efficiency 
(65.33±0.14%). Smaller particle size may 
contribute to a greater surface area, leading to a 
higher amount of surface oil available for oxidation 
that can be found on the microcapsules (Chew et 
al., 2018). The higher the amount of surface oil, the 
lower the microencapsulation efficiency of the total 
oil (Koç et al., 2015). Thus, this might explain a 
higher microencapsulation efficiency of 
microcapsules for ratios 50:50 and 60:40 due to 
their larger particle size that might contain a lower 
amount of surface oil. 
            Hogan et al. (2001) stated that other 
reasons for the decrease in the microencapsulation 
efficiency may have been insufficient wall material 
to produce a strong structural matrix, thinner layers 
of wall material between encapsulated oil droplets 
and/or the destabilization of emulsion droplets  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
during the spray-drying process. In this study, only 
emulsion prepared at a ratio of 80:20 showed a 
separation layer during the emulsion stability study 
(Table 1) because of an insufficient amount of 
protein/sodium caseinate. Therefore, it could be 
related that the microcapsule for ratio of 80:20 had 
the lowest microencapsulation efficiency due to 
destabilization of the emulsion. Stable emulsion 
has better microencapsulation efficiency, which 
indicates a lower proportion of non-encapsulated 
oil on the surface of microcapsules (Barbosa et al., 
2005). Carneiro et al. (2013) achieved a 
comparable result while studying the spray-dried 
flaxseed oil microcapsule made from modified 
starch and whey protein concentrate, which had 
the lowest encapsulation efficiency because of the 
poorest emulsion stability. The more stable the 
emulsion, the higher the encapsulation efficiency 
because of the lower amount of non-encapsulated 
oil on the surface of the microcapsule. 
            According to Koç et al. (2015), 
microencapsulation efficiency was strongly 
correlated with the surface oil content of samples. 
Such a result is consistent with the experimental 
data (Figure 2), which also showed a very high 
correlation (R2 = 0.9993) between surface oil 
content and microencapsulation efficiency. Higher 
surface oil content caused lower 
microencapsulation efficiency. The combination of 
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Figure 2: The correlation between surface oil content and microencapsulation 
efficiency of microcapsules 
Data are presented as the mean ± standard deviation.  

 



Zakaria et al.                                          Microencapsulation of Sacha Inchi Oil using Spray Drying Method 
 

 

    Bioscience Research, 2022 volume 19(SI-1): 165-185                                                             175 

 

maltodextrin to sodium caseinate at a ratio of 80:20 
produced microcapsules with a lower percentage 
of microencapsulation efficiency (86.20%) because 
of a higher percentage of surface oil content 
(1.85%) compared to the ratios of 50:50 and 60:40. 
The surface oil is undesirable since it undergoes 
rapid oxidative degradation as soon as the 
capsules are exposed to an ambient atmosphere. 
Timilsena et al. (2020) found that high surface oil is 
often linked to an off-flavour in the microcapsules 
and a lower level of consumer acceptance of the 
end product. Therefore, Abd Ghani et al. (2017) 
reported the importance of optimizing the 
microencapsulation conditions in order to reduce 
surface oil oxidation. 
 
Moisture content  
Moisture content is a critical parameter in 
regulating the shelf life of powder products. It is an 
indicator of the adequacy of the drying process 
since water acts as a plasticizer and depresses the 
glass transition temperature, causing stickiness 
and caking of powders and increasing molecular 
mobility (Böger et al., 2018). High moisture content 
can also cause oil oxidation and induce off-flavours 
in the oil (Koç et al., 2015). Barroso et al. (2014) 
reported that dry foods with a moisture content of 
between 3 and 10% often have good storage 
durability. Table 2 shows the moisture content of 
microcapsules made with three different ratios of 
maltodextrin to sodium caseinate as wall material 
based on dry basis content. 

The result indicated that there was a 
significant difference (p<0.05) in the moisture 
content of the microcapsule powders when 
prepared with different ratios of maltodextrin to 
sodium caseinate. However, the moisture content 
of microcapsule powders for ratios 60:40 and 80:20 
did not show a significant difference. This is 
inconsistent with the results of Hogan et al. (2001), 
who found that moisture content was unaffected by 
the type of wall material or ratio of core to wall. The 
microcapsule powders that were produced in this 
study presented low moisture contents that varied 
from 1.42 to 2.24%, which is considerably below 
the minimal specification (3–4%) for the majority of 
dry powders used in the food industry (Hee et al., 
2015). 

In this study, it was shown that an increase 
in the ratio of maltodextrin to sodium caseinate the 
moisture content of the microcapsule. However, a 
different trend was reported by Jamdar et al. 
(2021), who found the moisture content of the 
spray-dried microcapsule powders decreased with 
increasing maltodextrin to whey protein 

concentrate ratios.  
Many studies have shown that the low 

moisture content of microcapsule powders is 
obtained when prepared by the spray drying 
process. Aghbashlo et al. (2013) reported the 
similar low value for moisture content (1.41 to 
4.36%) in fish oil microcapsule powders with wall 
material combinations of whey protein concentrate, 
whey protein isolate, skim milk powder and sodium 
caseinate and 140 °C (4.36 %), 160 °C and 180 °C 
(1.41 %) as the inlet drying air temperatures during 
the spray drying process. Similarly, Ferreira et al. 
(2016) found 0.74 to 2.79% moisture content in the 
microencapsulated crude palm oil by the spray 
drying process. A lower moisture level in the spray-
dried microcapsule powders could be explained by 
the intense contact between the hot drying air and 
the microcapsules in the drying chamber, resulting 
in fast water removal (Wilkowska et al., 2016). The 
emulsion needs to be atomized in a hot gas current 
to obtain powder during the spray drying process 
(Abd Ghani et al., 2017). According to Wilkowska 
et al. (2016), spray drying was more effective at 
removing water when compared with the freeze- 
drying technique. Freeze drying requires a much 
longer time to dry the microcapsules since they are 
not exposed to high temperatures. During the 
freeze-drying process, water is frozen and then is 
removed from the sample, initially by sublimation 
(primary drying) followed by desorption (secondary 
drying) (Ogrodowska et al., 2020). Therefore, the 
moisture content achieved using freeze drying was 
higher, which may affect the preservation and 
stability of microcapsule powders.  

 
Bulk density 
Bulk density is essential parameter utilized in the 
classification of spray-dried products. Bulk density 
is the most important factor as it relates to the 
transportation, packaging and marketing of 
powders (Noghabi & Molaveisi, 2020). A higher 
powder bulk density is desirable as it requires a 
smaller package volume, thus reducing the costs 
of packaging material, transport and storage 
(Böger et al., 2018). The bulk density of 
microcapsule powders prepared with three 
different ratios of maltodextrin to sodium caseinate 
as wall material is shown in Table 2. 

The result in Table 2 demonstrated that the 
bulk density of microcapsule powders was 
significantly dependent (p<0.05) on the ratio of wall 
composition (maltodextrin to sodium caseinate), 
such that it varied from 283.56 to 316.79 kg/m3. 
Similarly, Naz et al. (2020) observed the bulk 
density of microencapsulated flaxseed oil powder 
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in the range of 293 to 487 kg/m3. The bulk density 
of microcapsules for ratio 80:20 was significantly 
higher (p<0.05) followed by ratios 60:40 and 50:50. 
Due to its higher bulk density, microcapsule 
powder for ratio 80:20 could be compacted better 
under diverse loads and require less storage space 
compared to microcapsule powders for other 
ratios. According to Samsu and Zahir (2020), the 
most important requirements for powders are high 
bulk density and low moisture content. The reasons 
for this are that a high bulk density reduces the 
costs of packaging and shipping. Hee et al. (2015) 
also found that powders with a higher bulk density 
have less air trapped in them, which makes 
oxidative damage less likely to occur.   
 

 
The bulk density of powders depends on 

both the moisture content and particle size of the 
microcapsule powders. This is in line with the 
results of fish oil microcapsule powders 
encapsulated with 80% whey protein isolate and 
20% sodium caseinate, which had the highest bulk 
density due to a smaller particle size (Aghbashlo et 
al., 2013). Bulk density increases when particle 
size decreases because more particles may 
occupy a given volume, resulting in fewer void 
spaces between particles (Samsu & Zahir, 2020). 
Naz et al. (2020) added that the larger size of 
particles resulted in less dense packing of the 
powders due to the presence of more empty 
spaces in between the larger particles. Therefore, 
larger and irregular particles require more space 

and have a lower bulk density (Salimi et al., 2018). 
Tonon et al. (2011) also verified that larger volume 
spray-dried microcapsules resulted in a lower bulk 
density. In principle, the density decreases as the 
volume increases for a fixed mass and this is 
similar to the relationship between the bulk density 
of powders and the diameter of particles.  
             According to Salimi et al. (2018), another 
parameter which could affect the bulk density of 
powder was moisture content. Geranpour et al. 
(2019) observed that the bulk density of 
microencapsulated pumpkin seed oil showed the 
same pattern as moisture content. They reported 
that when the water density was greater than the 
dry solid density, the bulk density increased as the 
moisture content increased. A similar trend was  

 
observed in the study by Bae and Lee (2008), 
which varied between 250.70 and 277.90 kg/m3 
when the moisture content of avocado oil 
encapsulated with a blend of whey protein isolate 
and maltodextrin increased from 2.24 to 2.89%. 
Therefore, this could be a reason for the 
microcapsule powder ratio 80:20 presented the 
highest bulk density among other microcapsule 
powders because of its higher moisture content 
(Table 2). Salimi et al. (2018) added that a higher 
moisture content resulted in more adhesion of 
powders and less porosity, so bulk density 
increased. On the other hand, the lowest bulk 
density of microcapsule powder for ratio 50:50 
which had the highest proportion of sodium 
caseinate could be attributed to the spongy 

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

Moisture content (%) 1.42±0.36a 2.60±0.37b 2.24±0.21b 

Bulk density (kg/m3) 283.56±1.32a 303.70±1.52b 316.79±0.80c 

Mean particle size (µm) 1.34±0.19b 1.04±0.02a 0.90±0.03a 

D10 (µm) 0.21±0.01b 0.19±0.02ab 0.18±0.00a 

D50 (µm) 1.50±0.13a 1.55±0.11a 1.52±0.13a 

D90 (µm) 2.22±0.23a 2.36±0.30a 2.31±0.19a 

Span value 1.33±0.04a 1.39±0.32a 1.41±0.00a 

Table 2: Moisture content, bulk density, mean particle size and particle size distribution of 
roasted Sacha inchi kernel oil microcapsules  
 

Different letters in the same row indicate a significant difference at p<0.05. 
Data are presented as the mean ± standard deviation. 
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structure of the sodium caseinate-based 
microcapsule wall as explained by Chew et al. 
(2018). 

 
Particle size and particle size distribution 
Table 2 also shows the mean particle size 
(hydrodynamic diameter) and the particle size 
distribution (D10, D50, D90 and span value) for 
microencapsulated roasted Sacha inchi kernel oil 
with different ratios of maltodextrin to sodium 
caseinate as wall material. Particle size is a crucial 
factor influencing the bulk density, flowability, 
compressibility and oxidative stability of the 
microcapsule powders (Koç et al. 2015). The 
texture and sensory qualities of food items 
containing microcapsules are affected by their 
particle size. Naz et al. (2020) reported that spray 
drying can produce a very fine powder (10–50 μm) 
or large sized particles (2–3 mm) depending on the 
composition of feed emulsions. The span value 
describes the width of the particle size distribution 
(Koç et al., 2015). 
             From the result, there was a significant 
difference (p<0.05) between mean particle size of 
the microcapsule that was produced, except 
between the ratios 60:40 and 80:20. The particle 
size of microcapsules for ratios 80:20 (0.90 μm) 
and 60:40 (1.04 μm) was smaller than ratio 50:50 
(1.34 μm). These particle sizes are acceptable 
since the desired size of microcapsule particles in 
the food industry is below 100 µm for the 
fortification of a food product without unpleasant 
mouthfeel and sensory problems (Geranpour et al., 
2020). These results are similar to those reported 
by Noghabi and Molaveisi (2020) for cinnamon 
essential oil microcapsules prepared with gum 
arabic, maltodextrin and inulin as wall materials, 
which varied from 0.550 μm (minimum value) to 
2.956 μm (maximum value). However, a slightly 
higher particle size in the range of 1.37 μm to 4.59 
μm was obtained from a previous study done by 
Aghbashlo et al. (2013) in the microencapsulation 
of fish oil by the spray drying method using sodium 
caseinate, skim milk powder, whey protein 
concentrate and isolate as wall materials. They 
found the smallest particle size (1.37 μm) belongs 
to a fish oil microcapsule encapsulated with 80% 
whey protein isolate and 20% sodium caseinate at 
the inlet drying temperature of 140 °C. 

The particle size obtained in this study 
significantly increased (p<0.05) with a decreasing 
ratio of maltodextrin to sodium caseinate. A 
previous study carried out by Chew et al. (2018) 
explained that the size of particles formed during 
spray drying is strongly related to feed emulsion 

viscosity. The atomized droplet size varies directly 
with the viscosity of the emulsion at a constant 
speed of atomization. The higher the emulsion 
viscosity, the larger the droplets formed during 
atomization and hence, the larger the microcapsule 
particles produced (Carneiro et al., 2013). Yang et 
al. (2022) added that low viscosity emulsions often 
produced spray-dried powders with smaller particle 
size rather than high viscosity emulsions because 
the shear applied by the atomizer can break down 
the liquid emulsion into smaller droplets. After 
drying, smaller sized droplets would transform into 
smaller sized powder particles. Thus, the 
microcapsule for ratio 50:50 had a larger size of 
particle which might be due to the higher viscosity 
of the emulsion (Table 1). This was consistent with 
the results published by Carneiro et al. (2013) for 
flaxseed oil encapsulated with maltodextrin 
combined with whey protein concentrate, gum 
arabic or two types of modified starch as wall 
materials. They further elaborated that the 
microcapsule made from a mixture of maltodextrin 
and gum arabic had larger particles because the 
emulsion viscosity was higher.    

In this study, there was a significant 
difference (p<0.05) in the D10 value of 
microcapsules between ratios 50:50 and 80:20. 
However, no significant difference was observed 
for the D50 and D90 values of microcapsules for all 
ratios (Table 2). The result indicated that the 
microcapsule for ratio 50:50 showed 10%, 50% 
and 90% of the particles have a diameter of less 
than 0.21, 1.50 and 2.22 µm, respectively. 
Furthermore, the microcapsules for ratios 60:40 
and 80:20 showed 10% (0.19 and 0.18 µm, 
respectively), 50% (1.55 and 1.52 µm, 
respectively) and 90% (2.36 and 2.31 µm, 
respectively) of the particles have a diameter of 
less than these values. In a study by Fernandes et 
al. (2013) in the microencapsulation of rose oil with 
gum arabic, the spray-dried capsules obtained had 
the D10, D50 and D90 values of 3.12, 10.75 and 
26.06 µm, respectively, which indicates a much 
wider particle size distribution described by the 
span value (2.13) than that obtained in this study.  
             The span value of the microencapsulated 
roasted Sacha inchi kernel oil for all ratios obtained 
in this study were ranged from 1.33 to 1.41, 
indicating a homogenous distribution of particle 
size. There was no significant difference in the 
span value between the microcapsules that were 
produced with three different ratios of maltodextrin 
to sodium caseinate. A similar trend was reported 
by Chew et al. (2018), who obtained the low span 
value (1.2-1.3) when using a laser diffraction 
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particle size analyser and found no significant 
difference in the span among the three models of 
microencapsulated refined kenaf seed oil 
produced. According to Tonon et al. (2012), lower 
span values suggest that the microencapsulated 
oils have good homogeneity (uniformity), whereas 
higher span values indicate that 
microencapsulated oils are less homogenous. 
Spray-dried powders with span value of more than 
two indicate particle agglomerations, which are 
undesirable (Yang et al., 2022) and the span value 
obtained in this study was below this limit. 
 
Peroxide value  
Koç et al. (2015) found that oxidation parameters 
were also crucial as microencapsulation efficiency 
in order to control and maintain the final quality of 
oil microcapsules. The rate of lipid peroxidation can 
be influenced by light, heat and oxygen 
concentration even at normal room conditions.  
          Figure 3 shows the peroxide value of roasted 
Sacha inchi kernel oil microcapsules prepared with 
different ratios of maltodextrin to sodium caseinate 
as wall material when stored at room temperature 
for four weeks. After the spray drying process (Day 
0), the result showed that the peroxide value of 
microcapsules for ratios 50:50, 60:40 and 80:20 
was 5.53, 5.05 and 5.74 meq/kg oil, respectively. It 
was also shown that microcapsules prepared with 
a blend of maltodextrin and sodium caseinate at 
ratios of 50:50 and 60:40 possessed a significantly 
lower (p<0.05) peroxide value compared to those 
prepared at a ratio of 80:20, which might be due to 
the high percentage of microencapsulation 
efficiency. However, there was no significant 
difference between microcapsules for ratios 50:50 
and 60:40. This compares very well with the result 
reported previously by Tonon et al. (2011), who 
found that the lowest peroxide value of flaxseed oil 
microcapsule was 0.017 meq/kg oil because of its 
highest encapsulation efficiency. Aghbashlo et al. 
(2013) argued that the early formation of crust 
around the particles and a higher encapsulation 
efficiency are most likely to protect the oil from 
oxidative attacks. The higher the encapsulation 
efficiency, the lower the amount of surface oil that 
was subjected to oxidation during direct contact 
with the oxygen of drying air (Aghbashlo et al., 
2013). This non-encapsulated oil (surface oil) is 
much more susceptible to lipid oxidation than the 
encapsulated one (Tonon et al., 2011). Drusch et 
al. (2012) verified that the stability of an 
encapsulated compound is highly dependent on its 
microencapsulation efficiency.   
          The microcapsules encapsulated with 

maltodextrin and sodium caseinate at all ratios 
started to experience a significant increase 
(p<0.05) in peroxide value after two weeks of 
storage (Day 14) at room temperature. However, 
the peroxide value became stable again from Day 
21 until Day 28. Overall, the peroxide value 
obtained during four weeks of storage for all ratios 
was relatively low and varied from 5.53 to 7.14 
meq/kg oil for ratio 50:50, 5.05 to 7.45 meq/kg oil 
for ratio 60:40 and 5.74 to 8.25 meq kg oil for ratio 
80:20, which indicated that the microcapsules were 
highly stable against oxidation. These values were 
substantially below the permitted limit of 10 meq/kg 
oil (Mohammed et al., 2018). 
             Similarly, the increased trend of peroxide 
value was also observed by Annamalai et al. 
(2020) and Aghbashlo et al. (2013). The peroxide 
value of fish oil encapsulated with sodium 
caseinate, gum arabic and maltodextrin increased 
from ~2 meq/kg oil (Day 0) to ~10 meq/kg oil (Day 
28) and it was observed that this sample reached 
an acceptable level of peroxide value on Day 28. In 
addition, Aghbashlo et al. (2013) also found that 
the peroxide value of microcapsules coated with 
skim milk powder was increased from 6.4 to 8.35 
meq/kg oil when stored for 28 days. 
            Aghbashlo et al. (2013) highlighted that as 
the storage duration increased, the amount of 
retained oil inside the capsules decreased. They 
discovered that when the percentage of residual 
encapsulated oil was reduced from 82 to 59.35% 
during four weeks of storage at 25 °C, the peroxide 
value of the encapsulated oil increased from 6.4 to 
8.35 meq/kg oil. This finding was in agreement with 
Ferreira et al. (2016), who reported that oil within 
the capsule could be released to the surface during 
storage, resulting in poorer protection of oil against 
oxidation. It may be associated with the physical 
and chemical changes of the capsule wall as well 
as the molecular diffusion of oil. As described by 
Aghbashlo et al. (2013), the released oil is much 
more sensitive to oxidation than its encapsulated 
form when exposed to oxygen. This might explain 
the significant increase (p<0.05) in peroxide value 
of microcapsules for all ratios during storage due to 
the gradual diffusion of oil onto the microcapsule 
surface. At the end of storage time (Day 28), it was 
observed that microcapsules for ratio 80:20 had a 
significantly higher (p<0.05) peroxide value than 
other ratios. 
 
p-Anisidine value 
During the early stages of oxidation, the formation 
of hydroperoxides begins until they reach a 
maximum and then decline due to rapid 
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decomposition into secondary products (Cisneros 
et al., 2014). The p-anisidine value is widely used 
in the measurement of secondary oxidation 
products formed during lipid oxidative degradation 
mainly carboxylic acids, ketones and aldehydes, 
which cause the undesirable odour and taste 
associated with rancid oil (Nickerson et al., 2014).  
 
 

 

 
 
 
 
 
Thus, an increase in the p-anisidine value indicates 
a greater concentration of aldehydes and 
subsequently, a lower oxidative stability of the oil 
(Barroso et al., 2014). Figure 4 shows the p-
anisidine value of roasted Sacha inchi kernel oil 
microcapsules prepared with different ratios of 
maltodextrin to sodium caseinate as wall material. 

According to Barroso et al. (2014), good 
quality oil should have a p-anisidine value below 
two. The p-anisidine value of microcapsules for all 
ratios used in this study from Day 0 until Day 28 
was less than the limit of the above-mentioned 
recommendation. This indicated that the 
microcapsules possessed low levels of oxidation 
products after being encapsulated, confirming their 
good quality. The p-anisidine value for all ratios 
remained stable for only one week of storage but 

after that period started to significantly increase 
(p<0.05) over time when stored in amber glass 
bottles at room temperature. Similar observations 
were made by Sun-Waterhouse et al. (2011), who 
showed an increased p-anisidine value in avocado 
oil microcapsules over storage up to Day 30 at 
temperatures of 20°C and 37 °C. An elevated p-
anisidine value indicated an increased level of 
secondary oxidation products in oil. In this study,  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
the p-anisidine value followed the same pattern as 
the peroxide value, demonstrating that primary 
products were degrading into secondary oxidation 
products, which gave the rancid flavour to oxidized 
oils (Barroso et al., 2014). At the end of storage 
time (Day 28), microcapsules for ratio 80:20 had a 
significantly higher (p<0.05) peroxide value 
followed by ratios 50:50 and 60:40. 

    Drusch et al. (2012) observed that lipid 
oxidation of the microencapsulated oil during 
storage was proportional to the protein content in 
the formulation. The excess protein caused a rise 
in free volume elements, which are responsible for 
oxygen diffusion. They found that the oxidative 
stability of the fish oil microcapsule decreased as 
the sodium caseinate content in the carrier matrix 
increased. However, this finding is inconsistent 
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Figure 3: Peroxide value of roasted Sacha inchi kernel oil microcapsules.  
Different small letters indicate a significant difference between time at level p<0.05. Different capital letters indicate 
a significant difference between ratio of maltodextrin to sodium caseinate at level p<0.05. 
Data are presented as the mean ± standard deviation 
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with studies by Goyal et al. (2015) and Zhang et al. 
(2016), who revealed that the high oxidative 
stability of encapsulated oil could also be attributed 
to the antioxidative properties of casein (sodium 
caseinate) and whey protein due to their free-
radical scavenging and metal ion chelation 
properties. This statement verifies the ability of 
sodium caseinate to scavenge free radicals and 
chelate transition metals, which enhances the 
reduction in the rate of lipid oxidation (Wang et al., 
2020). Therefore, microcapsules for ratios 60:40 
and 50:50 presented significantly lower (p<0.05) 
peroxide and p-anisidine values compared to ratio 
80:20 during the storage time (four weeks) due to 
a higher amount of casein (sodium caseinate) to 
act as an antioxidant (Wang et al., 2020). In 
general, milk proteins exhibit free-radical 
scavenging characteristics due to the presence of 
amino acids such as cysteine, tyrosine, tryptophan, 
phenylalanine and histidine as well as free 
sulphydryl groups (Singh, 2011). 

 
 
 

 
Other studies revealed that wall matrix 

porosity has been proven to influence the 
permeability of wall matrix to oxygen. The oxygen 

permeability of a wall matrix made entirely from 
protein is substantially higher than a wall matrix 
made from a mixture of protein and small molecular 
weight carbohydrates (Bae & Lee, 2008). It has 
been reported that carbohydrates can function as a 
sealant (filler) when present as a wall material 
(Augustin & Oliver, 2014), facilitating the formation 
of crust during spray drying and enhancing the wall 
hydrophilicity. Thus, it inhibits the flow of oxygen 
via the surface of the microcapsules (Goyal et al., 
2015) and then protects the oil against oxidation. 
According to Aghbashlo et al. (2013), peroxide 
formation can occur in the interior of 
microencapsulated oil by prolonging the storage 
time as the amount of permeated oxygen from the 
wall to the inside of the capsule drastically 
increases. 

These statements clearly show the 
importance of adding maltodextrin in the wall 
system to lower the diffusion of oxygen, which 
results in a low risk of oil oxidation. However, based 
on the peroxide and p-anisidine values obtained in 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
this study during four weeks of storage at room 
temperature, microcapsule for ratio 80:20 was 
found to have the highest values (p<0.05), 
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Figure 4: p-Anisidine value of roasted Sacha inchi kernel oil microcapsules 
Different small letters indicate a significant difference between time at level p<0.05.  
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p<0.05.  
Data are presented as the mean ± standard deviation. 
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although it contains a higher amount of 
maltodextrin as wall material. This finding is 
inconsistent with the statement made by Bae and 
Lee (2008) that the addition of maltodextrin to the 
wall system marginally increased the oxidative 
stability because the presence of more hydrophilic 
maltodextrin could reduce the oxygen 
(hydrophobic nature) permeability of the wall 
matrix. On the other hand, the microcapsule for 
ratio 60:40 showed a significantly lower (p<0.05) p-
anisidine value compared to ratio 50:50, which 
proved that the oxidative stability could be 
increased when the amount of maltodextrin was 
sufficient to provide better protection against 
oxidation by reducing the diffusion of oxygen 
across the wall matrix. 

The selection of suitable wall material 
combinations was the main key to the success of 
the product's oxidative stability during storage 
since each compound plays a vital function (Koç et 
al., 2015). In this study, the results (Figure 3 and 
Figure 4) showed that the ratio of maltodextrin to 
sodium caseinate as wall materials significantly 
influenced (p<0.05) the peroxide and p-anisidine 
values of microcapsules. Microencapsulated 
roasted Sacha inchi kernel oil for ratio 80:20 had 
the highest (p<0.05) peroxide and p-anisidine 
values from Day 0 (right after the spray drying 
process) until the end of storage time (Day 28) at 
room temperature. For the peroxide value, there 
was no significant difference between the 
microcapsules for ratios 50:50 and 60:40 during the 
storage time (four weeks), although the 
microcapsule for ratio 50:50 had the lowest 
peroxide value at the end of storage. However, 
microcapsules for ratio 60:40 presented a 
significantly lower (p<0.05) p-anisidine value than 
ratio 50:50 during this storage, except for Day 0. 
The overall oxidative pattern of microencapsulated 
roasted Sacha inchi kernel oil at room temperature 
storage conditions revealed that the lower values 
of peroxide and p-anisidine belong to the 
microcapsule for ratio 60:40, followed by ratios 
50:50 and 80:20. This indicated that microcapsules 
coated with 60% maltodextrin and 40% sodium 
caseinate exhibited excellent protection against 
oxidation due to their sufficient amounts of 
maltodextrin and sodium caseinate. 

CONCLUSION 
The excellent emulsion stability was achieved for 
the emulsion ratio of 50:50 and 60:40 due to higher 
viscosity of emulsion and emulsifying capacity 
which minimized the occurrence of droplet 
coalescence or flocculation, subsequently delaying 

phase separation. A blend of maltodextrin and 
sodium caseinate at a ratio of 50:50 and 60:40 
were suitable wall materials to encapsulate roasted 
Sacha inchi kernel oil since their value in 
microencapsulation efficiency was more than 90%. 
The microencapsulation efficiency was reduced 
when the surface oil increased. Based on the 
oxidative stability study, all the formulations 
produced microcapsules with peroxide and p-
anisidine values within acceptable range during 
four weeks (28 days) of storage at room 
temperature. Although the microcapsule for ratio 
60:40 had higher peroxide value than ratio 50:50 at 
the end storage time, there was no significant 
difference between these two ratios. Thus, this 
result showed that microcapsules for ratio 60:40 
provided the best protection against oxidation. It 
can be suggested that a combination of 
maltodextrin to sodium caseinate at ratio 60:40 was 
the most promising wall material to produce 
microencapsulated roasted Sacha inchi kernel oil 
by spray drying process due to a higher 
microencapsulation efficiency and excellent 
stability against oxidation. 
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