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Abstract

The physical and chemical properties of encapsulated substance is directly
influenced by the choice of the encapsulant. Different ratios of maltodextrin
(MD) and Gum Arabic (GA) produce varying material properties. Therefore,
this study aimed to obtain the optimal encapsulant ratio for white jack bean
tempe protein concentrate based on physical and chemical characteristics.
To achieve this, a descriptive method was employed along with One-Way
ANOVA. The results showed that varying encapsulant ratio led to distinct
protein content, moisture content, encapsulation efficiency, and yield. The
treatment with maltodextrin and Gum Arabic ratio of 20:80 showed the
highest effectiveness, with protein content, moisture content, encapsulation
efficiency, and yield at 26.10 + 0.45%, 7.93 + 0.42%, 95.84 + 0.71%, and
14.27%, respectively.
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Introduction

Protein is an essential nutrient needed by the
human body on a daily basis. In Indonesia,
legumes, particularly soybeans, are common
source of vegetable protein. However, domestic
soybeans production only meet approximately
25-30% of the demand, with the remaining relying on
imports." Therefore, it is necessary to explore other
alternatives. Among the many legumes, white jack
bean stand out as a potential commodity, with a total

protein content of 31.4%, comparable to 37.58% of
soybeans.? According to Agustia et al.,® white jack
bean has high bioavailability and excellent amino
acid profile.

A product derivable from white jack bean is tempe
which enhances the value. The transformation
process includes several stages, namely boiling,
soaking, yeast inoculation, and fermentation. These
stages positively impact the food, enhancing taste,
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digestibility, likability, safety from microorganism
spoilage, and inactivating antinutritional factors.*
However, due to the high moisture content in tempe
leading to a limited shelf life, the product needs to
be processed into flour. This process also aid in
reducing antinutritional compounds such as HCN.5

The conversion of white jack bean tempe into protein
concentrate further amplified its potential in the food
industry, making it a versatile ingredient for various
food products.® However, protein concentrate needs
to be encapsulated to protect it from damage and
maintain its stability. Encapsulation is an effective
method that can improve the chemical and
biological stability of food ingredient, protecting it
from possible reactions.” Its common approaches
are spray drying and freeze drying. According to
Wang et al.® to maintain the quality of soybean
protein hydrolysate, it is more effective to conduct
spray drying. Encapsulation is covering or wrapping
a material using various types of encapsulant or
coating material, namely maltodextrin (MD), Gum
Arabic (GA), WPC, and WPI.

Maltodextrin and Gum Arabic are the most commonly
used encapsulants, valued for their excellent
protective qualities, high water solubility, as well
as neutral taste, smell, and colour.® This ensures
that protein concentrate of white jack bean tempe
remains unaffected in terms of the physical
properties. When employing spray drying method,
the encapsulant should exhibit good solubility,
emulsification properties, film-forming capability,
and low viscosity at high concentration.'® While
maltodextrin possesses most of these properties,
the emulsifying capacity is limited. Therefore,
combining it with other high-emulsifying biopolymers,
such as Gum Arabic, is recommended." According
to Arifan et al > and Rao,"® the combination of
maltodextrin and Gum Arabic yield better stability
and encapsulation efficiency.

Various ratios of maltodextrin and Gum Arabic
result in diverse physical and chemical properties
of encapsulated materials. Several studies stated
that a higher percentage of Gum Arabic increased
protein content and encapsulation efficiency.*-'%
However, a higher maltodextrin percentage leads to
lower moisture content and higher yields.'®'® This
study investigated the encapsulation of white jack
bean tempe protein concentrate using different ratios
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of maltodextrin and Gum Arabic as the encapsulant.
Experiments were conducted with varying ratios of
maltodextrin: Gum Arabic, namely 0, 80:20, 70:30,
50:50, 30:70, and 20:80, to evaluate the effects on
protein content, moisture content, encapsulation
efficiency, and yield.

This study aimed to determine the impact of
varying ratios of maltodextrin and Gum Arabic
on the encapsulation of white jack bean tempe
protein concentrate through spray drying method.
Furthermore, the objective is to identify the optimal
encapsulant ratio to preserve the physical and
chemical characteristics of white jack bean tempe
protein concentrate. The results were intended
to increase the use of the commodity in the food
industry and promote the application as a superfood.

Materials and Methods

Materials

The materials used in this study included white jack
bean (Canavalia ensiformis) and yeast (Raprima,
Indonesia) for tempe production. The protein
concentrate was prepared using white jack bean
tempe flour, distilled water, HCI, NaOH, and 70%
alcohol. Furthermore, the materials used in the
encapsulation process were protein concentrate of
white jack bean tempe, distilled water, maltodextrin,
and Gum Arabic. Additional supporting materials
were employed for sample analysis.

White Jack Bean Tempe

The process began by sorting and cleaning white
jack bean under running water. The bean was
weighed as needed and boiled for 30 minutes,
followed by a 24 hours soaking period with periodic
water changes. Subsequently, the skin was peeled
and the bean was cut into six pieces. After another
round of washing and cleaning. They were steamed
for 45 minutes. Inoculation was conducted by adding
yeast (1.5% w/w) to cooled, cooked bean. Following
this, the bean was packed with pp ziplock plastic
with a hole and left to ferment at 27 °C for 36 hours.
Finally, the fermented product was sliced into 0.5 cm
thick pieces, dried in an oven at 50 °C for 24 hours,
and ground using a grinder. The resulting milled
tempe was sifted through an 80-mesh sieve.

White Jack Bean Tempe Protein Concentrate
White jack bean tempe flour was mixed with distilled
water at a ratio of 1:10 (w/v) and stirred continuously
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on a hot plate stirrer until fully dissolved. The initial pH
of the solution was measured. To initiate extraction,
2 N NaOH was added to the mixture until a pH of 10
was reached, and this state was maintained for 30
minutes at 30 °C. The solution was then subjected
to centrifugation at 4000 rpm for a duration of 15
minutes, yielding a clear liquid (supernatant). Protein
separation was achieved by introducing 2 N HCI
until the pH decreased to 4.2. This condition was
sustained for an additional 10 minutes, followed by
another round of centrifugation at 4000 rpm for 15
min. The residue obtained represented the white
jack bean tempe protein concentrate. It was then
weighed and mixed with 70% alcohol at a ratio of 1:3
(w/v). The mixture was homogenized for 1 hour and
subjected to centrifugation at 4000 rpm and 4 °C for
10 minutes, resulting in the final protein concentrate.

Encapsulation

The encapsulation process used spray drying
method. To prepare the encapsulant solution,
maltodextrin and Gum Arabic were blended in a
specified proportion. This mixture was then dissolved
in distilled water and agitated for 24 hours using a
stirrer, in order for it to get hydrated. Simultaneously,
the protein concentrate solution was homogenized in
distilled water. The two solutions were combined and
subjected to spray drying at an inlet temperature of
160 °C to produce the encapsulated powder.

Protein Content

The protein content was determined using the
Kjeldahl method. A 0.5 g sample was weighed
and placed into the Kjeldahl flask. Subsequently, a
Kjeldahl tablet and 10 ml concentrated H2SO4 were
introduced. Digestion was conducted for 2 hours,
followed by cooling for 1 hour. The digested sample
was diluted with 25 ml distilled water. Separately, in
an Erlenmeyer flask, a solution was prepared with
30 ml of 3% H,BO, and 2-3 drops of the methyl red
indicator. The sample in the Kjeldahl flask was then
subjected to distillation. Subsequently, the distillate
was titrated using 0.02 N HCI until a pink hue
appeared. The volume of HCI consumed during the
titration was recorded.?°

Protein (%) = ((VA-VB)HCI x N HCI x 14.007 x 6.25
x 100%)/(W x 1000)
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Given:

VA = Volume of HCI used for titrating the sample (ml)
VB = Volume of HCI used for titrating the blank (ml)
N = Normality of the standardized HCI solution
14.007 = Atomic weight of nitrogen

6.25 = Conversion factor for protein content in
legumes

W = Weight of the sample (g)

Moisture Content

The moisture content was determined using the
gravimetric technique. A cup was placed in an oven
set to 105 °C for 1 hour. It was then allowed to cool
in a desiccator for 15 minutes, before being weighed
using a precision balance. The drying process was
repeated until a constant weight was achieved,
after which 1 g sample was added to the cup. This
assembly was heated in the oven at 105 °C for
5-6 hours. Subsequently, the cup was placed in a
desiccator for 20 minutes and reweighed using an
analytical balance. The drying process was repeated
until the combined weight of the cup and the sample
remained unchanged.®

Moisture (%) = (B - C)/(B-A) x 100%

Given:

A = Weight of the constant cup (g)

B = Weight of the wet sample combined with the
constant cup (g)

C = Weight of the dry sample combined with the
constant cup (g)

Yield

The yield is determined based on the ratio of
ingredients used to the mass of encapsulant
produced.?°

Yield (%) = (Mass of product)/(Mass of raw material)
x 100%

FTIR (Fourier Transform-Infrared Spectroscopy)
Analysis

A 5 mg dried sample was blended with potassium
bromide (KBr) until a uniform mixture was
achieved. Subsequently, this powdered mixture
was compressed into pellets using a hydraulic
press. Finally, the resulting pellets were subjected to
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analysis using an FTIR Spectrophotometer (Thermo
Scientific Nicolet iS5, US) in the 4000-500 cm
range, with a resolution of 4 cm™".!

Statistical Analysis

The data were six treatments and three replicates
examined using Analysis of Variance Test (ANOVA)
at the 95% confidence level (a=0.05). When the
significance probability value (p value) is >0.05,
it indicated no significant difference. Value (p
value) <0.05 implied a significant difference, hence,
the analysis with Duncan's Multiple Range Test
(DNMRT).

Results and Discussion

Encapsulation comprises the application of an
encapsulating substance to envelop a material.
This method serves as a means to safeguard
the physical, chemical, and biological attributes.

(a)

Fig. 1: White jack bean tempe (a) before encapsulation, (b) after encapsulation

Table 1: Protein contents of the materials

Material Protein Content
(%db)
White Jack Bean Tempe 33.34 £ 0.76
White Jack Bean Tempe Flour 30.99 £ 0.04
Wet Protein Concentrate 56.76 £ 0.28

Notes: Protein contents are presented as mean +
standard deviation.

Protein Content
Protein is a macronutrient that contains carbon,
hydrogen, oxygen, and nitrogen.?> When processing

1090

Furthermore, the process has the potential to alter
the state of the material, transforming it from a
liquid to a solid.?? In the food industry, the use of
encapsulation is frequently advantageous, as it
proves valuable in enhancing and preserving the
stability of bioactive constituents. These include
fats, vitamins, peptides, fatty acids, antioxidants,
minerals, and live microorganisms such as probiotics
in various stages of food processing and storage.
Additionally, the process prevent undesirable
interactions between these bioactive components
and the food matrix.2*?* In this study, spray drying
was employed to encapsulate a protein concentrate
extracted from white jack bean tempe. Various ratios
of maltodextrin and Gum Arabic were used in the
encapsulation process. Figure 1 shows a visual
comparison of the white jack bean tempe protein
concentrate before and after encapsulation.

white jack bean into encapsulated protein
concentrate, changes in protein content were
observed. As a result, this variable was quantified
at each stage using the Kjeldahl method, a method
based on nitrogen content measurement. The
analysis comprised white jack bean tempe, the flour,
protein concentrates in wet form, and encapsulated
protein concentrate for each treatment. The protein
content analysis for these materials is presented
in Table 1.

Based on the results, the protein content of white
jack bean tempe was 33.34 + 0.76%, meeting the
quality requirements outlined in SNI 3144:2015
concerning soybean tempe, where the minimum
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value was set at 15%. The decrease in protein from
tempe to flour was attributed to the 24 hours heating
process during flour production.

When transforming tempe flour into protein
concentrate, there was a significant increase in
protein content from 30.99 + 0.04% to 56.76 *
0.28%. The rise indicated that the acid-based
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approach with an isoelectric point and the defatting
process used in concentrate production yield
satisfactory result, since the threshold was set at a
minimum of 50%-70%. However, the protein content
of the wet concentrate changed after encapsulation.
Table 2 presents the protein content of encapsulated
protein concentrate under different treatments.

Table 2: Protein content of the white jack bean tempe
protein concentrate with each treatment

Treatment (MD: GA)

Protein Content (%db)

56.36 + 0.00¢
24.02 £ 0.04°
25.55 £ 0.09°
25.94 £ 0.11°
25.78 £ 0.07%
26.10 £ 0.45°

Notes: Protein content was presented as mean + standard
deviation, and different subscript notations indicated significant
differences between treatments in the 5% Duncan test.

According to Duncan further test in Table 2, some
treatments showed significant differences in protein
content at 5% significance level. Specifically, P1,
without an encapsulant, produces the highest
protein content due to the absence of encapsulant,
which causes an increase in total solids in the
concentrate, preventing the content from decreasing.
In comparison, P2 to P6 had a decrease in protein
content due to the addition of encapsulant.

The highest protein content at 26.10 + 0.45%, in
the encapsulation results, was obtained from the
treatment using an expansion of encapsulant MD:GA
20:80, labelled as P6. This treatment showed a

Table 3: Moisture contents of the materials

Material Moisture Content
(%db)
White Jack Bean Tempe 56.03 £ 1.00
White Jack Bean Tempe Flour 9.93 £ 0.06
Wet Protein Concentrate 86.02 £ 0.85

Notes: Moisture content is presented as mean *
standard deviation.

significant difference with P1, P2, and P3. However,
it did not show any significant difference between
P4 and P5. P6 also had the highest addition of
Gum Arabic. This was in line with adding more
Gum Arabic will produce higher protein content. 16
The phenomenon was attributed to the presence
of arabinogalactan protein (AGP) and glycoprotein
(GP) in Gum Arabic, which exhibit a propensity to
associate with another protein. As the concentration
of encapsulant increases, the influence of AGP and
GP in introducing nitrogen into the product becomes
more pronounced.?6:?

The lowest result of 24.02 + 0.04% was obtained
from P2, the treatment with the slightest addition of
Gum Arabic, MD:GA (80:20). P2 showed results that
were significantly different from the other treatments.
This is because there was no protein binding.?

Moisture Content

Moisture content is the total water contained in an
ingredient or food product. It is one of the main
factors in microbial growth which is being inhibited
with a concentration of below 10%.2° Similar to
protein content, there are variations in water at
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each stage of making white jack bean tempe protein
concentrate. Therefore, moisture content was
analyzed using the gravimetric method or weighing.
The results of the material moisture content are
presented in Table 3.

Table 3 shows that the moisture content of white jack
bean tempe is in accordance with SNI 3144:2015
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concerning soybean tempe. In the regulation,
the maximum moisture content was set at 65%.
Specifically, white jack bean tempe had moisture
content of 56.03 + 1.00%. This high moisture content
is a result of several steps in the tempe-making
process, such as soaking, boiling, fermentation,
and others.

Table 4: Moisture content of white jack bean tempe
protein concentrate with each treatment

Treatment (MD: GA)

Protein Content (%db)

7.00+0.13¢
4.42 +0.372
5.63 £ 0.07°
6.40 = 0.20°
5.86 +0.18°
7.93 £0.42¢

Notes: Moisture content is presented as mean + standard
deviation, and different subscript notations indicated significant
differences between treatments in the 5% Duncan test.

Table 3, the moisture content of white jack bean
tempe flour stands at 9.93 £ 0.06%, in accordance
with the standard quality specifications outlined in
SNI 01-3751-2006. According to this standard, the
maximum permissible moisture content for flour
was set at 14.5%. The reduction in moisture content
was attributed to the drying process applied, which
included the use of a forced convection oven for a
duration of 24 hours. In the wet protein concentrate,
the concentration of water was 86.02 + 0.85%. This is
because in the making process, flour was dissolved
using distilled water in a ratio of 1:10 (flour: distilled
water), with an addition of NaOH and HCI. Therefore,
encapsulation was conducted using spray drying
with different treatments, including adding various
encapsulants. Table 4 present the results on the
moisture content of each treatment.

According to the Duncan further test in Table 4,
some treatments showed significantly different
results in moisture content at 5% significance level.
In P1, which was the control, the concentration of
water was 7.00 + 0.13% and significantly differs
from other treatments. The results fall above the

range of moisture content in spray drying, ranging
from 2-6% according to Yolanda.** Meanwhile, P2
to P6, treatments with added encapsulant, showed
that P2 was significantly different from others and
had the lowest concentration of water at 4.42 +
0.37%. It also had the most maltodextrin ratio of
80:20 (MD: GA). This was in line with the report of
Premi & Sharma,*' where it was reported that adding
more this encapsulant results in lower moisture
content. Maltodextrin used in this study was DE
10-12, with a molecular weight of 15,000-15,400 g/
mol, smaller than Gum Arabic,23% implying a lower
moisture content.

P6, which was the addition of encapsulant with
the highest Gum Arabic ratio of 20:80 (MD:GA),
produced the highest concentration of water at 7.93
+ 0.42% and showed significantly different results
with other treatments. This follows several studies,
where it was reported that adding Gum Arabic can
increase moisture content due its molecular weight of
250,000 to 1,000,000.3* Additionally, the encapsulant
has hydrophilic properties, meaning it retains bound
water for longer.%
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Yield

Yield is a value obtained from calculating the powder
mass from spray drying divided by the initial mass
of material entering spray dryer multiplied by 100.
The viscosity of the material before drying is a factor
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that determines the amount of yield which was also
affected by the type and added ratio of encapsulant.
Table 5 shows the yield results from the treatment
of maltodextrin and Gum Arabic variations in white
jack bean tempe concentrate.

Table 5: Yield of white jack bean tempe protein
concentrate with each treatment

Treatment (MD:GA)

Yield (%db)

P, (0:0/control)
P, (80:20)
P, (70:30)
P, (50:50)
P, (30:70)
P, (20:80)

5.33
18.67
1717
21.60
20.93
14.27

Based on Table 5, the yield results from each
treatment showed different results. The most
negligible value was obtained from the control
treatment (P1), which did not include the addition of
encapsulant. This is because, without the expansion
of an encapsulant, the total solids will not increase,
as they are directly proportional. Meanwhile, the
highest yield was produced by P4 or the addition
of MD:GA (50:50) encapsulant. The amount was
influenced by emulsion stability. A stable emulsion
and appropriate encapsulant ratio will facilitate the
powder formation, resulting in high yields.'® Gum
Arabic in P4 significantly contributed to the high yield
due to its good film-forming ability and emulsion-
stabilizing properties.® Maltodextrin, producing
low viscosity with high total solids, also contributed
to the yield.?® However, from the results obtained,
MD:GA (20:80) or P6 had the most negligible yield
for encapsulation. This is because the encapsulant
concentration is directly proportional to the viscosity
of the mixture of ingredient, resulting in a stickier mix
and lower yield during spray drying.'®

Ftir (Fourier Transform Infrared Spectroscopy)
FTIR is a scientific instrument used to identify
functional groups within both organic and inorganic
compounds. This identification is achieved through
the measurement of the absorption of infrared
radiation at different wavelengths.® The operating
principle of FTIR includes the exposure of a sample
to infrared light and the subsequent observation
of which specific wavelengths in the spectrum
were absorbed by the sample. Each compound

possesses unique absorption regions, allowing
for the differentiation and characterization based
distinctive spectral signatures.®”

The absorption regions in the spectrum of proteins
and polypeptides were categorized into several
types, each denoted by an "amide". These include
amide A, B, I, I, 11, IV, V, VI, and VII. These divisions
were instrumental in characterizing and analyzing
the infrared spectra of these biomolecules, providing
valuable information about the structural features
and chemical composition.3®

P1 (Control)

3271.91
2921.31
2851.51
1528.79 -
140167
1232.47
1039.17

1623.12 .
1453.79

P6 (MD:GA 20:80)

Transmittance (%)

3272.51
2921.72
1625.60
1538.01
1409.60

1022.19 -

-
(=3
o
o

T T T T T
4000 3500 3000 2500 2000 1500

Wavenumber (cm™)

Fig. 2: FTIR results of control treatment
or without encapsulant (P,) and the best
treatment or ratio of maltodextrin and Gum
Arabic were 20:80 (P,)
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Figure 2 shows the spectra of P1 (control) and
P6 (best treatment). However, there is still a shift
and difference in peaks due to the addition of
encapsulant in the best treatment. A broad peak
at wave number 3271.91 cm™ in P1 and shifts to
3272.51 cm™ in P6, indicated the presence of OH
or hydroxyl groups. Furthermore, sharp peaks at
2921.31 cm™ and 2851.51 cm™ in P1 and 2921.72
cm in P6, demonstrated the presence of CH
stretching groups. Additionally, a sharp peak at
1623.12 cm™ in P1 and shifts to 1625.60 cm™ in
P6 showed the presence of NH bending or amine
groups. It was mentioned that these numbers include
amide | groups C = O stretching, as they fall in the
range of 1600 cm™ - 1690 cm-'. Other peaks, such
as those at wave numbers 1528.79 cm™ and 1453
cm”inP1and 1538.01 cm-"in P6, corresponded to
CN stretching and NH bending groups, which include
amide Il. Peaks at 1401.67 cm™ in P1 and 1409.60
cm™ in P6 indicated OH bending groups.

In P1, a peak at 1232.47 cm™' corresponds to a CN
stretching and NH bending group or amide IlI, while
P6 lacks a peak in that region. Furthermore, there is
a peak at wave number 1039.17 cm™ in P1 and shifts
to 1022.19 cm™ in P86, indicating a CN stretching or
amine group. Apeak at 631.62 cm™ in P1, associated
with a bending OCN group or amide IV, was absent
in P6. Meanwhile, in P6, there is a peak at 599.65
cm', which belongs to the amide VI or C=0 bending
functional group, a feature not observed in P1.383°
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Conclusion

In conclusion, the protein concentrate derived from
jack bean tempe, with varying ratios of maltodextrin
and Gum Arabic, exhibited significant differences
in protein content, moisture content, and yield. The
highest and lowest protein content was observed in
ratios of maltodextrin to Gum Arabic at 20:80 and
80:20, respectively. Additionally, the highest yield
was achieved at 50:50. Among the tested ratios,
the combination of maltodextrin and Gum Arabic in
a 20:80 ratio was the most favorable treatment. This
formulation exhibited enhanced functional groups
responsible for protein absorption, including amide
A, B, L ILIIL IV, V, VI, and VI.
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