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Abstract

Iron microencapsulation is one of the solutions to protect iron from reacting with other substances that result in
quality declines of fortified food products. The coating materials used should be appropriate for the specified
encapsulation process. This study combined glucomannan and maltodextrin as coating materials and added HPMC
as an additive to encapsulate NaFeEDTA. The results showed that such a combination could increase the
encapsulation efficiency. The morphologies of the resulting microcapsules obtained from four formulations applied
in this study were identical;, numerous wrinkles appear on the particle’s surfaces due to the presence of HPMC. All
formulations had a narrow size distribution with an average particle size between 105 and 111 um, thermal resistance
up to a temperature of = 200°C, and the same functional groups but with different intensities. The NaFeEDTA included
in all formulations had a bioavailability value of 2.3 - 2.9%. The best formulation, based on the gastrointestinal
digestion simulation, was shown by the formulation with a glucomannan:maltodextrin ratio of 2:3 (in 1% w/v coating
material) with a release percentage of 64.28% in SGF solution and an increase of 2.27% in SIF solution. To prevent
anemia, =400 mg of iron microcapsules resulting from the best formulation in this study are required to meet 75% of
the daily intake.
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INTRODUCTION

The World Health Organization (WHO) has declared
anemia as a global health problem (Safiri ef al., 2021).
Anemia is defined as a decrease in hemoglobin
concentration; the levels of erythrocytes or hematocrit
below normal limits can result in a decrease in the
oxygen-carrying capacity of the blood (Al-Attar et al.,
2020). Some symptoms of anemia include fatigue,

lethargy, and dizziness. Anemia can cause growth
disorders and cognitive function, reduce body
resistance, and slow down psychomotor development
(Agustina et al., 2019). Its prevalence in the world
reached 22.8% (1.74 billion people) in 2019 (Gardner
& Kassebaum, 2021). Iron deficiency was claimed to
be the most responsible cause of this figure (Gupta et
al., 2015).
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Iron plays an important role in the formation of
hemoglobin, which functions to distribute oxygen
throughout the body. Therefore, the absorption rate of
iron into the body greatly affects the process of oxygen
transfer (Gupta, 2014). To meet the daily need for iron
to improve the nutritional quality of food and provide
public health benefits with minimal risk, food
fortification is considered the best approach (Saha &
Roy, 2020) since it requires low costs, has long-term
effectiveness, and is applicable to many types of food
(Baldelli et al., 2022). Iron fortification can cause
changes in the color, taste, texture, and aroma of
foodstuffs so it may reduce consumer interest (Miller
et al., 2022). Microencapsulation, in this case, can
prevent contact between iron and other compounds in
foodstuffs, thus preventing changes in food quality
and bioavailability (Pratama, 2015).

Spray drying is the primary microencapsulation
technique in which a liquid mixture containing
particles is sprayed into a drying chamber. During this
process, the particles dry and form spherical granules
with adjustable morphology, size, and surface
characteristics (Mardani et al., 2024). The stages
generally include atomization of the liquid, droplet —
hot air contact, evaporation of droplet water,
separation and collection of the final product. When
atomized droplets come into contact with hot air, a
rapid equilibrium is established between the thermal
vapor pressure and partial pressure of the liquid and
gas phases. The temperature difference causes heat to
flow from the air to the droplets, while the difference
in partial water vapor pressure drives mass transfer in
the form of water evaporation from the droplets
(Pidala et al., 2025). Microencapsulation using the
spray drying process has many advantages, including
the easy operation process, the possibility to perform
scale-up in significant quantities, low water activity,
low damage to heat-sensitive components, high
production rates, and low operating costs (Pratap-
Singh & Leiva, 2021).

The use of an appropriate coating material is one of the
keys to the successfulness of a microencapsulation
process (Mishra et al., 2013). Previous studies
regarding the encapsulation of iron using gum arabic
(Gupta et al., 2015), chitosan (Handayani et al., 2022),
and glucomannan (Wardhani et al., 2020) faced tough
operational challenge, which is mainly caused by their
high viscosity, which required additional handling to
ensure suitability of the microencapsulant solution
viscosity with the operating conditions of the spray
dryer. Glucomannan is an organic substance capable
of forming a barrier between the internal and
environmental elements, safe for consumption, easily
degraded (Wardhani ef al., 2020), and odorless when
processed with other food ingredients (Anwar et al.,
2016). It is also useful for improving digestive
functions and the immune system, lowering
cholesterol and blood sugar levels, and helping to lose
weight (Urli et al., 2017). Another organic material
that can also function as a good coating is
maltodextrin, which can improve taste, replace fat,

induce a mild sweet taste, increase glass transition
temperatures, and reduce the hygroscopicity and
tackiness of the microencapsulated products. The use
of this organic sugar-based coating makes the
excipients digestible at different times in the
gastrointestinal system and reduces the effect of
particular target compound deficiency (Baldelli ef al.,
2022). In addition, to increase iron absorption in the
duodenum, mucoadhesive polymer compounds, such
as HPMC (hydroxypropyl methylcellulose), can be
employed. HPMC is used as an excipient in
pharmaceutical preparations to increase the solubility
of pharmaceutical active ingredients and to control the
transfer of nutrients in the body (Zheng et al., 2021).
Based on research performed by Pandey et al. (2016),
NaFeEDTA is a good type of iron to be used for
fortification. The absorption of iron from NaFeEDTA
is about two times higher than that observed for
ferrous sulfate. NaFeEDTA is also stable during
processing. At low pH, EDTA acts as a chelating
agent, thus preventing iron from binding to phytic acid
or phenolic compounds, which can inhibit iron
absorption. Its addition enhances the absorption of
dietary iron and soluble iron. Therefore, in this study,
microencapsulation of iron with glucomannan and/or
maltodextrin coatings was carried out for food
fortification. The combination of two types of coating
materials, namely glucomannan and maltodextrin is
targeted to improve the physicochemical properties of
the resulting microcapsules, specifically the thermal
stability and resistance to oxidation. HPMC can also
be a good additional encapsulating agent because it
functions to control the delivery of iron into the body.
The resulting microencapsulated iron can be used as
an ingredient for food fortification, thus can be
expected to lower the prevalence of anemia cases.

MATERIAL AND METHODS

Material

NaFeEDTA (in the form of a dietary supplement
FeRRIZ, Nicholas, Jakarta, Indonesia), konjac
glucomannan (100%, Now Foods, Blooming-dale, IL,
USA), cellulase enzymes, maltodextrin, and HPMC
(Sigma Aldrich, St. Louis, MO, USA), and other
supporting reagents of pro-analytical quality.

Method

Preparation of Iron Microparticles

One hundred milliliters of coating agent solution was
prepared by thoroughly mixing of hydrolyzed
glucomannan, maltodextrin, and HPMC. The
hydrolyzed glucomannan was prepared according to
the method previous applied by Wardhani et al.
(2020). It was carried out by homogenizing
glucomannan with distilled water in a beaker glass
using a hot plate magnetic stirrer (IKA C-MAG HS
10). After that, cellulase enzymes was carefully added
to obtain a final concentration of 20 ppm with
continuous stirring for 12 hours at 30 °C. The solution
was then boiled for 10 minutes to inactivate the
enzymes.
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After equilibrating the solution to room temperature,
maltodextrin and HPMC (0.5% w/v) were added
successively while stirring. The glucomannan:
maltodextrin ratios employed in this study were N-1
5:0, N-2 3:2, N-3 2:3, and N-4 0:5 (in 1% w/v total
coating material). A thoroughly weighed 1.731 g of
NaFeEDTA as the substrate was introduced after the
coating material mixture had achieved its
homogeneity.

The iron encapsulation process was performed using a
spray dryer (Mini Buchi B-290) with a dry air flow
rate of 667 L/hour, a feed pump flow rate of 0.18
L/hour, and an aspiration rate of 90%. The prepared
sample solution was delivered at a dry inlet air
temperature of 140°C to facilitate spray drying
(Wardhani et al., 2020).

Encapsulation Efficiency and Iron Loading
Analysis of Fe content in microparticles began with
dissolving 5 mg of microparticles in 2.5% v/v HCI
solution accompanied by 250 rpm stirring at 85°C for
2 hours. Then, the solution was filtered using a
Whatman 42 filter paper. Furthermore, the total iron
content of the sample was determined by adding
hydroxylamine hydrochloride (10% w/v) and
followed by heating the mixture to achieve its boiling
point. Sodium acetate 10% w/v, and 1.10 o-
phenanthroline 0.2% w/v were then added until the
color of the solution turned to orange. After being
diluted with distilled water to a volume of 25 mL, this
solution was then allowed to stand for at least 10
minutes and analyzed its total iron content using a UV-
Vis Spectrophotometer (Genesys 10S) at a wavelength
of 513 nm (Gutiérrez et al., 2016). The calculation of
encapsulation efficiency and iron loading followed
research by Handayani et al. (2022) as follows:
Encapsulation efficiency was defined as the ratio of
the mass of iron microencapsulated to the initial mass
of iron, as in Equation 1.

Effici the total mass of Fe microencapsulated 100%
= X
rereney the initial total mass of Fe ’

(D

Iron loading capacity is described as the ratio of the
total mass of iron in the microcapsules to 100 mg of
dry microparticles, as in Equation 2.

Iron Loading Capacity (%) =
the total mass of Fe in microcapsules (mg)

X 0,
100 g of dry microcapsules (mg) 100% (2)

Moisture Content (MC)

The resulting iron microparticle were tested for its
moisture content by drying 2 grams of iron
microcapsules powder spread on a petri dish in an
electric oven at 105 + 2°C until the achievement of a
constant weight (AOAC, 2000). The moisture content
was calculated using Equation 3.

et sample weight-dry sample weight
C:W ple weight-dry prXIOO%

3

wet sample weight

Particle’s Surface Morphology Analysis

Surface morphology of microcapsule particles was
observed using a Scanning Electron Microscopy
(JSM-6510 LV JEOL Ltd., Tokyo, Japan) at 20,000 V
with a magnification of 10,000x.

Particle Size Distribution Analysis

The resulting microcapsules size distribution was
quantified using a Laser Particle Sizer LLPA-C10.
The average particle size was indicated by the volume-
weighted average. The particle size distribution was
determined using the SPAN factor (Jiang et al., 2017),
which was calculated using Equation 4.

Dgo-D
SPAN Factor =(9;71°) x 100% (4)
50

Where Dy is the particle size that has x% particles
smaller than the specific value.

Thermal Stability Analysis

Thermal stability testing was carried out using a
Thermogravimetric Analyzer (NEXTA STA, Hitachi
STA200RV). The resulting Fe microcapsules weighed
10 mg each were heated at 30°C to 550°C with a
heating rate of 10°C/min in air. Changes in the
samples’ weights due to changes temperature and time
were recorded.

Functional Group Analysis

Functional groups contained in the resulting Fe
microcapsules were identified using Fourier-
Transform Infrared Spectroscopy (Perkin-Elmer
UATR Spectrum Two).

Iron Release Profile (in vitro)

The iron release profile assay was carried out using
simulated gastric fluid (SGF, pH 1,2) and simulated
intestinal fluid (SIF, pH 7.4) The composition of SGF
and SIF followed the research by Gutiérrez et al.
(2016). A carefully weighed 20 mg of iron
microparticles were dispersed in 100 mL of SGF
solution for 1 hour at 37°C. Parallelly, 150 mL of SIF
solution was added to the mixture and the iron release
was observed for the next 3 hours. The samples were
withdrawn every 30 minutes and then filtered. Each
time a sample was withdrawn, an equal volume of
fresh SGF or SIF was added to the respective
solutions. Total iron content was measured with a UV-
Vis spectrophotometer (Gupta et al., 2015). The iron
release was calculated using Equation 5.

. mg of cumulative iron release
Cumulative Fe release= — x100%
mg of iron in microcapsules
6]
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Bioavailability of Iron (in vitro)

Iron bioavailability was analyzed using a simulation
saliva-gastro-intestinal model. The liquid composition
of simulated saliva fluid (SSF), simulated gastric fluid
(SGF), and simulated intestinal fluid (SIF) was
duplicated based on previous research (Gutiérrez etal.,
2016). The SSF (10 mL, pH 6.5) was added to each
flask containing the sample and stirred at 37°C and 100
rpm for 5 minutes. Simultaneously, the SGF (15 mL)
was then added to the sample. The pH of the mixture
was adjusted to 1.2 by a careful addition of HCI and
stirred at 37°C and 100 rpm for 1 hour. Accordingly,
SIF liquid (25 mL) was added after pH neutralization
(7.4) and stirred at 37 °C and 100 rpm for 3 hours. The
final mixture was then centrifuged at 3500 rpm for 60
minutes. The supernatant was withdrawn for iron
content analysis using a UV-Vis Spectrophotometer
(Handayani et al., 2022). The iron bioavailability was
calculated using Equation 6.

mg of iron in the supernatant

Bioavailability = x 100% (6)

mg of iron in microparticles

Statistical Analysis

Research data are presented with the mean + standard
deviation of three repetitions. Statistical analysis was
done using one-way analysis of variance (one-way
ANOVA) to compare data groups by means of Ms.
Excel 2019. Differences in data were considered
significant at p <0.05.

RESULTS AND DISCUSSION

Encapsulation Efficiency and Iron Loading
Capacity

Figure 1.a shows the iron encapsulation efficiency,
which is determined by the retention of the core
material and the reduction of active chemicals on the
surfaces of the powder particles quantified (Nguyen et
al., 2022). In this study, the encapsulation efficiencies
of Fe for single-coated microparticle with the
glucomannan : maltodextrin ratio of 5:0 (N-1 sample)
and 0:5 (N-4 sample) were almost the same.
Meanwhile, microparticle with the glucomannan :
maltodextrin ratio of 3:2 showed a higher
encapsulation efficiency than that of N-1 and N-4.
Although the encapsulation efficiency of N-3 sample
with a glucomannan : maltodextrin ratio of 2:3 was
higher than that of N-1, but it remains lower than that
of N-4 sample. The higher concentration of
glucomannan in the N-2 sample caused the viscosity
of the solution to be higher, thus generating a thicker
coating layer during the drying process, which led to
exhibiting greater retention to the core material (Premi
& Sharma, 2017). The results of this study were in line
with previous research (Nguyen et al., 2022), which
studied the encapsulation of anthocyanins using
glucomannan and a glucomannan-maltodextrin
combination as a coating using the freeze-drying
method.
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Figure 1. (a) Encapsulation efficiency and (b) iron
loading of FE in varying ratio of glucomannan and
maltodextrin

The encapsulation efficiency value obtained using
glucomannan was 43.6%, while that of the
combination of glucomannan coating with
maltodextrin with a ratio of 1:1 was higher, namely
55.4% (Nguyen et al., 2022). Glucomannan as a
coating material has high stability and relatively low
oxidation resistance. On the contrary, maltodextrin has
poor stability and high oxidation resistance. Therefore,
the combination of glucomannan with maltodextrin
can improve the physicochemical properties of the
coating material in terms of thermal stability and
resistance to oxidation (Sari ef al., 2020; Yang ef al.,
2009).

Encapsulation efficiency depends on the physical and
chemical properties of the coating materials used
(Krisanti et al., 2019). In addition, process parameters,
such as drying temperature, feed composition, and
particle morphology also largely influence
encapsulation performance. Excessively high drying
temperatures can cause degradation of heat-sensitive
compounds, while sticky materials with low glass
transition temperatures can potentially stick to the
walls of the drying chamber, resulting in considerable
product loss. Furthermore, the formation of porous
particle structures can accelerate the migration of
oxygen and volatile compounds, which can cause
degradation or breakage of encapsulated materials,
ultimately reducing encapsulation efficiency (Pidala et
al., 2025).

73



Encapsulating Agent Composite for NaFeEDTA Microencapsulation ...

Reaktor 25(2) Year 2025: 70-80

The iron loading values obtained were inversely
proportional to the glucomannan composition, as seen
in Figure 1.b. This phenomenon occurred due to an
increase in the total mass of dry microparticles.
Besides, the higher viscosity of the glucomannan
solution could cause the microparticles breakage as a
result of the high osmotic pressure. Ultimately, the
total iron trapped in the coating material declined, thus
reducing the iron loading value (Krisanti et al., 2019).
When consuming minerals such as iron, it is important
to ensure adequate intake to prevent iron deficiency or
iron overload. Iron in its free form can be toxic for
humans because it plays a role in the formation of free
radicals that damage cell membranes, proteins, and
DNA, ecither directly or through hydrogen peroxide.
Excessive iron accumulation can also have a negative
impact on the brain and reduce cognitive function
(Manckoundia et al., 2020). Based on the release test,
the best formulation obtained in this study was the N-
3 sample, which had an iron loading value of 3.61 mg
Fe/100 mg dried microparticles. The iron
microparticles produced in this study can be an
intermediate product to be incorporated to the carrying
food in the fortification process. As a food fortifier, to
meet 75% of the daily need for iron: 18 — 20 mg per
day, as recommended by WHO, = 400 mg of iron
microparticles are needed (Barragan-ibafieZ et al.,
2016).

Moisture Content

The results of the moisture content test subjected to
iron microcapsules obtained from four formulations
are shown in Figure 2. According to Vanderbeek ez al.,
(2007), a dietary fiber, glucomannan has a molecular
structure that is composed of a specific combination of
mannose and glucose. It has the highest molecular
weight and viscosity values among other dietary fibers
and will immediately form a highly viscous solution
when dissolved in water. Moreover, it also has an
incredible water-holding capacity that significantly
affects its hygroscopicity. For that reason,
glucomannan easily absorb water from the
surrounding air, causing it to have a high moisture
content.

[\
(=]

Ju—
wn
1

Moisture Content (%)
w =)

(=]

5:0 3:2 2:3 0:5

Ratio of Glucomannan:Maltodextrin

Figure 2. Moisture level content in varying
glucomannan : maltodextrin ratio

Microparticle Morphology

The morphological characteristics of the iron
microcapsules were observed using Scanning Electron
Microscope (SEM) analysis with a magnification of
10,000x%. Figure 3 displays some wrinkles on the outer
surfaces of the resulting iron microcapsules. Research
by Baldelli et al., (2022) used HPMC as an additional
coating material for iron microcapsules and found that
it was formed in the outer cells of the microcapsules
which were characterized by a release force that
reached its peak. Therefore, the outermost coating of
the iron microcapsules was HPMC. No significant
morphological differences were observed in the
microcapsules derived from four formulations. The
presence of wrinkles on the microcapsules’s surface
shown by the SEM images was caused by HPMC,
which has a high molecular weight (Zheng et al.,
2021). From a microstructural perspective, despite the
wavy morphology, there were no surface gaps or
microspherical gaps found, indicating a good structure
and low gas permeability (Yonekura et al., 2014).
Zheng et al., (2021) also found the same phenomenon
where the outer layers of the four microparticles were
confirmed as the HPMC.

Figure 3. Morphology of iron microcapsules with
SEM magnification of 10,000x(a) Formulation N-
1(b) Formulation N-2(c) Formulation N-3 and (d)

Formulation N-4

Particle Size Distribution

Particle size distribution is an important physical
parameter because it affects the handling, stability, and
storage conditions of the microcapsules (Wardhani et
al., 2020). The results showed that the encapsulated
iron microcapsules obtained in this study shown in
Figure 4 varied in particle sizes, which were 111.412
pm for Formulation N-1, 107.615 pm for Formulation
N-2, 108.955 um for Formulation N-3, and 105.897
pm for Formulation N-4. Hence, it can be confirmed
that the size of the resulting encapsulated iron was still
in the micrometer range, namely 1-1000 um. Previous
research suggested that the resulting particle sizes
were influenced by many factors, such as the type and
concentration of coating material, feed flow rate,
drying inlet air temperature, and atomization (Tontul
& Topuz, 2017). As presented in Figure 4, the average
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100 A

20 4

particle sizes were almost the same for all
formulations. This could be due to the constant
concentration of the total coating material
(glucomannan-maltodextrin) despite the varying
compositions. The results of this study were in
accordance with those of a study by Lu et al. (2020)
who encapsulated B-carotene emulsions with varying
compositions of glucomannan-and-maltodextrin-
based coatings at a constant total concentration and
obtained particles, using the spray drying method,
with almost the same average size for all formulations.
Maltodextrin and glucomannan are polysaccharides
that have a closer value of molecular weight and
similar functional groups, so the difference between
the two types of coatings does not affect the resulting
particle sizes (Cahya et al., 2018; Lu et al., 2020). In
addition, the operating conditions of the drying
equipment used in this study were set to be the same
for all formulations.

40
35 A
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Particle Size (um)

Figure 4. Particle size distribution on the four
formulations of iron microparticles

FTIR Spectrum

Figure 5 shows peaks at a wavelength of 3.336 cm™!,
showing that all the formulations of iron
microcapsules have O-H functional groups. The peaks
at a wavelength of 2939 cm™ indicate the presence of
C-H functional groups in all the formulations of iron
microparticles. Besides, peaks are also identified at
wavelengths of 1,604 cm™', 1.370 cm™, 1.031 cm™!, and
584 cm!, confirming the existence of C=0, C-O-C, C-
0, and C-C-N functional groups (Farissi et al., 2017,
Resende et al., 2014). Among the four formulations,
only N-4 (glucomannan:maltodextrin = 0:5) had a
lower transmission percentage.

Glucomannan:Maltodextrin=5:0

Glucomannan:Maltodextrin=3:2
Glucomannan:Maltodextrin=2:3 Cc=0

Glucomannan:Maltodextrin=0:5

3900 3400 2900 2400 1900 1400 900 400

Wave Number (cm!)

Figure 5. FTIR test results of the four formulations

The O-H, C-H, and C-O functional groups found in the
four iron microparticles were obtained from
glucomannan, maltodextrin, HPMC, and EDTA. The
O-H group can be assigned to the stretching of glucose
and mannose from glucomannan (Nurlela ez al., 2021),
while the C-O group can be assigned to the existence
of the carbon bonded to the alcohol group (Farissi et
al., 2017). The C-O-C functional group originated
from the raw materials glucomannan, maltodextrin,
and HPMC. Such group is abundant in polymers
because oxygen tends to form cross-links in the carbon
structure of precursor and polymer molecules
(Jerigova et al., 2022). Meanwhile, C=0 is found in
glucomannan and EDTA. It is a carbonyl group
attached to an acetyl group that binds to mannose in
glucomannan (Zhang et al., 2014). In EDTA, it is a
group that enters the carboxyl group (-COOH), while
the identified C-C-N group is belongs to amine
(Resende et al., 2014). Therefore, all functional groups
contained in the iron microparticles obtained from this
study correspond to those observed in the raw
materials used for making iron microcapsules.

Thermal Stability
TGA analysis was carried out at a temperature range

of 30 — 550°C. The results in Figure 6 show that the
microcapsules experienced a first weight loss at 30-
100°C due to water evaporation (Karaaslan et al.,
2021) 0f 9.71% (N-1), 9.14% (N-2), 9.45% (N-3), and
6.59% (N-4). Furthermore, each formulation’s weight
decreased in a stable manner in the range of 100-
200°C, namely 7.68% (N-1), 5.87% (N-2), 5.87% (N-
3), and 2.94 % (N-4). The weight loss that occurred
above 100°C was caused by residual water or moisture
that was still trapped in the molecules that began to
evaporate (Abdel-Aty et al., 2023). A drastic decrease

in weight occurred in the range of 200 — 250°C,
namely 19% (N-1), 16.9% (N-2), 14.22% (N-3), and
21.72% (N -4), probably caused by the start of the
decomposition of the long chains of the coating
material molecules, which were polysaccharide
groups (Abdel-Aty et al., 2023), continuing up to
450°C. In the range of 250 — 450°C, the weight losses
were 20.99% (N-1), 25.55% (N-2), 28.96% (N-3), and
33.03% (N-4). In this range, HPMC polymer
degradation also began to slowly degrade (Soni ef al.,
2016).

100

80

60

40

Weight Loss (%)

Glucomannan:Maltodekstrin=5:0
Glucomannan:Maltodekstrin=3:2
20 Glucomannan:Maltodekstrin=2:3
—— Glucomannan:Maltodekstrin=0:5

0

0 100 200 300 400 500 600
Temperature (°C)

Figure 6. Thermogram of iron microparticles with
variations in the coating composition
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The second drastic weight loss occurred in the range
of 450 — 550°C by 20.87% (N-1), 20.91% (N-2),
20.53% (N-3), and 15.64% (N-4), which were
probably caused by the degradation of the HPMC
polymer, which became an additional coating in iron
microcapsules (Soni et al., 2016). The iron
microcapsules produced in this study were
intermediate products to be added to the carrying food
in the fortification process. For this reason, TGA
analysis became important to determine a suitable
fortification method to use (Handayani et al., 2022).
Based on the thermal resistance profiles, it is
preferable for these iron microcapsules to be fortified
in a system at a temperature below 200°C to prevent
early decomposition of the microcapsules.

Iron Release Profile

The profile of iron release of the iron microparticles
was tested in two different solutions, namely SIF and
SGEF. The results of the analysis displayed the amount
of iron released against time, as shown in Figure 7.
The four formulations had different iron release rates
in the same time frame. All four formulations had a
significant increase in iron release in the first half hour
and then experienced a relatively constant increase the
next time. As much as 64 — 79% of NaFeEDTA was
released in the first hour in the gastrointestinal
digestion and then continued to increase steadily until
the 4th hour. The highest release rate of 79.89% in the
SGF solution was shown by Formulation N-1, while
the lowest one, of 64.28%, was of Formulation N-3.
The most significant increases in release rates in the
SIF solution were shown by almost the same figures
for Formulations N-1, N-2, and N-3, namely 2.27%,
2.34%, and 2.27%, respectively. Formulation N-4 had
the lowest increase in the SIF solution, namely 1.73%.
According to Baldelli ef al. (2022), poor encapsulation
is characterized by a high release rate and low
bioavailability. N-3 showed the lowest release rate
among the other three formulations, and thus is
considered the best. In addition, polymers have a large
molecular weight which has a major influence on the
distribution of iron compounds in microparticles by
spray drying; choosing the most appropriate materials
for coatings becomes necessary to get good
encapsulation efficiency and release rate (Baldelli et
al., 2022). Glucomannan and maltodextrin
microencapsulation with the addition of HPMC
showed a better release rate compared to other
coatings that had been studied, such as chitosan
(Handayani et al., 2022). The results showed that
Formulation N-3 was the one with the best release rate
of 64.28% in the SGF solution and an increase of
2.27% in the SIF solution.
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Figure 7. Fe release cumulative in various
formulations

Iron Bioavailability

The iron bioavailability testing was carried out by in
vitro simulation (saliva-gastro-intestinal model), in
which bioavailability was expressed as the total
amount of iron that could be dissolved in digestive
juices (Shubham ef al., 2020). Based on the test results
shown in Figure 8, the bioavailability values of
NaFeEDTA were 2.89%, 2.78%, 2.33%, and 2.57 %
for Formulation N-1, Formulation N-2, Formulation
N-3, and Formulation N-4, respectively. The actual
amounts of iron dissolved in the digestive juices for
Formulations N-1, N-2, N-3, and N-4 were 0.050,
0.051, 0.042, and 0.055 (mg of Fe in the supernatant),
respectively.

The bioavailability of iron is influenced by several
factors, including the types of iron source and the
presence of inhibitors as well as enhancers (Piskin et
al., 2022). In this study, the bioavailability of
NaFeEDTA alone was tested without enhancer
addition. Previous research by Handayani et al. (2022)
tested specific ferrous gluconate with and without the
supplementation of an enhancer (ascorbic acid) and
found that its bioavailability values were 1.826%
(without enhancer) and 2.199% (with enhancer). In
this study, NaFeEDTA was better than ferrous
gluconate at bioavailability, consistent with the
statement of Yang ef al. (2011) that NaFeEDTA is a
suitable type of iron to be used in food fortification
because of its higher bioavailability.
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Figure 8. Bioavailability of iron in various
formulations

Another study by Abizari et al. (2012) tested the
bioavailability values of NaFeEDTA and FeSO4 with
the existence of an inhibitor (phytic acid) and found
that their bioavailability values were 2.9% and 1.8%,
respectively. NaFeEDTA is an iron chelate with a
similar bioavailability to FeSO4 when no inhibitor is
employed. When an inhibitor like phytic acid is
applied, the bioavailability of NaFeEDTA increases to
about twice that of FeSO4 (Hurrell, 2021). So,
NaFeEDTA can produce better results than other types
of iron for iron fortification of food.

CONCLUSION

This study has successfully demonstrated iron
encapsulation using glucomannan and maltodextrin as
the coating material through a spray drying process.
The results showed that the combination of
glucomannan and maltodextrin as coating materials
increased iron encapsulation efficiency, and higher
glucomannan levels lead to reduced iron loading
capacity. The physical and chemical characterizations
of the microparticles showed that the morphologies of
the iron microcapsules derived from the four
formulations were identical. The iron microcapsules
produced from formulations with higher glucomannan
levels had higher moisture contents. The four
formulations had a narrow size distribution (mono
disperse) with nearly the same average particle sizes
between 105 and 111 pm. The four formulations also

showed good thermal resistance up to a temperature of
+ 200 °C. The results of the FTIR analysis confirmed
that the four formulations displayed functional groups
specifically identified from the compounds that made
up the microparticles. The results showed that the
combination of glucomannan and maltodextrin as
coating agents affected the iron release rate. The best
release rate of 64.28% was shown by Formulation N-
3 in SGF solution, with an increase of 2.27% in SIF
solution. NaFeEDTA used in the four formulations
had a high bioavailability value of 2.3-2.9%.
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