tnbsman Vad Famemre and T

Journal homepage : online-journal.unja.ac.id/ifstj/issue/archive

INDONESIAN FOOD SCIENCE
AND TECHNOLOGY JOURNAL
(IFSTJ)

Indonesian Food Science and Technology Journal
IFSTJ : Vol 8 No 2, July 2025 (PP:315-323)
ISSN :2615-367X, DOI. 10.22437/ifstj.v8i2.36983

F' ‘|.
> N y
e

Characterization of Mandai Powder Encapsulants: A Comprehensive
Analysis of Chemical Composition and Morphological Changes

Miftakhur Rohmah'#, Rimbawan Apriadi?, Anton Rahmadi'

! Department of Agricultural Technology, Faculty of Agriculture, Mulawarman
University, JI. Paser Balengkong Kampus Gunung Kelua, Samarinda,, 75119 Indonesia
2 Humid Tropical Agriculture Postgraduate Program, Faculty of Agriculture,
Mulawarman University, JI. Paser Balengkong Kampus Gunung Kelua, Samarinda, 75119 Indonesia

#Corresponding author: E-mail: miftakhurrohmah@faperta.unmul.ac.id

Abstract— Potential: Mandai cempedak powder, rich in phenolic compounds and lactic acid, is encapsulated using a spray drying
technique to maintain its unique content. This research aims to authenticate the final encapsulant product of Mandai powder by
comparing it with raw materials (cempedak powder, Mandai powder) and the pre-encapsulation process. The analysis involves ATR
FTIR, GC-MS techniques, morphological characteristics, and amino acid content. FTIR results identified lactic acid in the form of a
carboxylic acid (-<COOH) functional group and phenolic compounds with aromatic rings stretching carbon-carbon (C-C) bonds in starch
and protein-based matrices, GC-MS analysis showed changes in volatile composition such as the appearance of the compound
paromomycin, and Ethyl 9-hexadecenoic in mandai powder encapsulant products. Morphological characteristics also showed changes in
structure from cempedak powder to mandai powder encapsulant. Apart from that, the amino acid content analysis in the encapsulant
still detected relatively high levels of aspartic acid, glutamate, and arginine. In conclusion, this study discusses the successful encapsulation

of mandai powder and provides information about changes in chemical composition during the encapsulation process.
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[ INTRODUCTION

Made from the by-product of the cempedak fruit (Artocarpus
champeden), Mandai cempedak is a distinctive culinary
invention specific to Kalimantan. The Mandai is produced by
spontaneous fermentation and stored at room temperature. The
fruit is then processed by peeling, de-scaling, and soaking in salt
water to maintain and smooth out its texture. The length of the
soaking process, which can range from a few hours to a month,
creates a unique flavor [1].

In addition to culinary characteristics, Mandai powder produced
from this process also attracts attention through its high content
of phenolic compounds and lactic acid [1]. These compounds,
with their potential as anti-cancer agents and ability to regulate
metabolic effects, including increased insulin sensitivity and
reduced rate of carbohydrate digestion [2-5], provide an exciting
health dimension. Therefore, research on these compounds

315]Rohmah, et al (

[\
S
\9)
(9}
~

opens the opportunity to provide benefits to individuals
suffering from diabetes or insulin resistance by regulating blood
sugar levels [6-9].

Research found volatile compounds in Mandai powder with the
highest GCMS chromatogram area, namely oleic acid (14.12%
area), Ethylene oxide, dodecyl glycidyl ether (8.85%), 4-
Octadecylmorpholine (7.41%), dodecyl alcohol (6.89%),
Furo[3,4-d]-1,3,2-dioxaborole, 2-cthyltetrahydro- (6.26%),
hexanol, ethyl hexanol (6%), phenolic content 358.84+55.6
GAE/kg! dry weight of powder sample, tannin content
143.8+9.3 mg TAE/kg™! dry weight of powder sample, flavonoid
content 17.5+1.3 CAE/kg! dry weight of powder sample,
antioxidant capacity IC50 56.96 g/mL [1,10]. High amino acid
levels were also found in Mandai powder, including 2-
aminobutanedioic acid 0.55%, threonine 0.27%, serine 0.3%,
glutamic acid 0.97%, glycine 0.31%, alanine 0.36%, valine



0.4%, and methionine 0.03% [10]. These components are
maintained using the spray encapsulation technique drying [11-
13].

Reported preliminary results regarding the optimization formula
in mandai powder encapsulant by considering three variables,
namely (1) the ratio of mandai powder: maltodextrin (0.145
g/g), (2) chitosan concentration 2.93%, and (3) spray drying
inlet temperature at 73 °C. Mandai powder encapsulant
concentration contained total phenolics of 46.36 mg GAE/g dry
weight, total flavonoids of 79,467 + 3.40 mg CE/g dry weight,
total LAB of 9.17 log CFU/mg and had an antioxidant capacity
ICso of 91.04 pg/ml [14]. This research continues the efforts to
characterize the psycho-chemical characterization of Mandai
powder encapsulants by comparing them with the raw materials,
namely cempedak powder, Mandai powder, and Mandai powder
pre-encapsulants. The essential parameters are the bioactive
components based on their functional groups, volatile
compounds, morphological characteristics, and amino acid
content.

II. MATERIAL AND \METHODS

A. Material

Mandai cempedak fruit, predominantly yellow in color and
exhibited a strong aroma, was obtained from local farmers
(Samarinda, Ina). L. casei isolation was isolated from Yakult®,
aquadest (Samarinda, Ina), maltodextrin (China), chitosan
(Indonesia), ZnSe crystals, deuterated triglycine sulfate detector
(Sigma-Aldrich), polydimethylsiloxane divinyl- benzene
(PDMS/DVB) polymer filter (Supelco, USA), Na-acetate
(Merck), Na-EDTA (Merck), methanol (Merck), and
tetrahydrofuran (THF) (Merck).

B. Methods

Sample Preparation [1]

After peeling and removing the fruit from the skin, the
cempedak fruit was chopped into pieces and cleaned. The inner
skin of the cempedak was pre-heated at 100 °C for five minutes
to remove the sap. The samples were dried and then cooked at
100°C in a covered container for five minutes. After cooling the
sample to below 40°C, the procedure of producing Mandai and
cempedak powders was carried out using this sample.

Cempedak powder sample was added. Aquadest at ratio of 1:1
(v/v) was added and was mixed and separated between the
filtrate and the residue. The cempedak residue was dried at 50
°C for 24 hours, ground with a blender, and sieved with an 80-
mesh sieve.

Fermentation. Cempedak powder samples were added. As a
starting culture, L. casei strain Shirota from Yakult was injected
at a concentration of 4% (v/v). The cempedak culture was mixed
and filtered. The solid portion was removed and dried for 24
hours at 50 °C in an oven. After drying, the fermented cempedak
(Mandai) aggregate was crushed and then put through an 80-
mesh filter.
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Pre Encapsulant and Mandai Powder Encapsulant

Mandai cempedak powder encapsulant refers to research [14]
on the optimum formula, namely the comparison of the ratio of
mandai  powder:  maltodextrin  (0.145g/g),  chitosan
concentration 2.93%, and spray drying inlet temperature at 73
°C. Concentrations of Mandai this formula measured before
(pre-encapsulant Mandai powder) and after encapsulation
(encapsulant Mandai powder).

FTIR Characterization [15]

Thermo Nicolet FT-IR spectrometer i50 (Waltham, MA, USA)
analyzed FTIR spectra of cempedak Powder and Mandai
Powder. ZnSe crystals and a deuterated triglycine sulfate
detector were used for the analysis, which included 32 iterations
observed at 650—4000 cm™! with a resolution of 4 cm ™.

Volatile Components (GC-MS)

Gas Chromatography-Mass Spectrometry (GC-MS) analyzed
volatile components [16]. Three main steps are involved,
namely: (1) extraction using solid phase microextraction
(SPME), (2) inserting the sample into the GC-MS device, and
(3) qualitative evaluation of the evaporated volatile components.

The sample was carefully weighed preceding to the SPME
extraction step for volatile chemicals. Of 5 g samples were
placed in 40 ml bottles. Subsequently, the sample-containing
vial was heated to 60°C in a water bath. Using a 1-cm-long
polydimethylsiloxane/divinylbenzene (PDMS/DVB) polymer
was used as an absorbent, the powder's volatile components
were extracted using SPME throughout this procedure (Supelco,
USA).

A split-spitless injector set at 260°C. Shimadzu GCMS-QP2010
Plus equipment was utilized for the GCMS analysis of volatile
component composition. The temperature of the MS detector
was adjusted to 200°C, and a Rtx-50 column of 0.25 mm in inner
diameter, 30 m in length, and 0.25 pm in thickness was
employed. The detector temperature was set to begin at 60°C for
three minutes, then step-up rise at a rate of 5°C per minute until
reaching 220°C for twenty minutes.

A sample of 1 uL was injected with the help of helium as a
carrier at a speed of 3 mL/minute. The device was set as follows:
pressure 38.9 kPa, total flow 37.5 mL/minute, column flow 0.78
mL/minute with sampling duration 1 minute. Purge flow at 3.0
ml/min and a linear speed separation ratio of -1.0 was 32.2
cm/sec. The analysis was conducted at Gadjah Mada University
(UGM), East Java, at the Integrated Research and Testing
Laboratory (LPPT). With the use of the Shimadzu Mass Spectral
Library and Database, chromatogram peaks were located.

Morphological Structure [17]

SEM analysis was done with SEM-EDS (JSM-6510 LA, JEOL,
Japan). The sample was placed on the stubs. A gold sputter run
for 10 minutes to coat the material. The coated sample was
placed into an SEM microscope and then observed at a
magnification of up to 1000



Amino Acid Analysis [18]

Using the orthophthalaldehyde (OPA) fluorescence technique,
amino acid (AAA) analysis was performed by the standards
supplied by the Testing, Calibration, and Certification
Procedures Laboratory Unit of the Bogor Agricultural Institute,
with number IK.LP-04.7-LT-1.0 [18]. The settings used while
utilizing Shimadzu HPLC are as follows: a ThermoScientific
ODS-2Hypersil column; a gradient flow rate of mobile phase
buffers A and B applied at 1 mL/minute; and a Shimadzu
fluorescence detector. Buffer A is made up of a liter of ultrapure
water (Merck-Millipore) diluted in a solution of Na-acetate (pH
6.5; 0.02%), Na-EDTA (0.005%), methanol (9.00%), and
tetrahydrofuran (THF) (1.50%). After being filtered using 0.45
um Millipore paper, the buffer was utilized for five days at room
temperature (28 + 2°C). It was then kept in a dark container and
filled with either nitrogen or hydrogen gas. 95% methanol and
ultrapure water (Merck-Millipore) were made of buffer B and
filtered via 0.45-micron Millipore paper.

[II. RESULT AND DISCUSSION

FTIR analysis

The Mandai powder's lactic acid and bioactive components were
identified via FTIR analysis, and their interactions with starch-
and protein-based matrices are shown in (figure 1). The wave
number range in which the spectrum was measured was 4000—
650 cm™!. In each sample, there are functional groups of lactic
acid and phenolic compounds. Stretching of the hydroxyl group
(-OH) occurred in the region of 3500-3200 cm™!, and stretching
of C-H bonds appears in the region of 3000-2800 cm™. The
carboxylic acid (-COOH) functional group found in lactic acid
is linked to a prominent absorption peak near 1754—1740 cm .
This peak corresponds to the stretching C=0O bond vibration in
the carboxylic acid group, phenolic compounds containing
aromatic rings observed from 1450 to 1600 cm’!.

In this region, a noticeable increase in the absorption intensity
was detected in the encapsulated Mandai powder compared to
the raw materials. This suggests stronger interactions between
the phenolic compounds and the encapsulating agents (chitosan
and maltodextrin), which may enhance the stability and
retention of phenolics. In addition, slight band broadening in
this region indicates a more complex hydrogen bonding
environment, supporting the successful incorporation of
bioactive compounds into the encapsulation matrix. These peaks
represent the stretching vibration of the carbon-carbon (C-C)
bond in the aromatic ring. The coating ingredients in Mandai
powder encapsulant are chitosan and maltodextrin. Chitosan
contains the amide group of its glucosamine monomer and the
Amide 1 band, which appeared in the region of 1628 cm™ in the
pre-encapsulant and Mandai powder encapsulant and represents
the stretching vibration of the C=0O bond in the amide group
while maltodextrin consists of glucose monomers linked
together by bonds. Glycosidic linkages can be observed as peaks
in the region 1100-900 c¢m™. In the encapsulated Mandai
powder, increased peak intensity and slight spectral shifts in this
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region suggest stronger molecular interactions between
maltodextrin and the bioactive compounds. This indicates the
formation of a more cohesive matrix, which enhances physical
stability and may lead to a more controlled and sustained release
profile. The interaction of phenolic compounds and lactic acid
on the carrier matrix is a change in the stretching C=0 carbonyl
group vibration of the phenolic compound in the range of 1419-
1265 cm! and a change in the vibration of the C-O-C
(glycosidic) or amide group 1100-900 cm. Comparable
outcomes were noted for several bioactive substances as well.
[19] Chitosan coating's effect on the stability of flaxseed peptide
fraction-loaded nanoliposomes during spray drying: This study
investigated the encapsulation of bioactive compounds using
chitosan and maltodextrin microparticles. FTIR spectroscopy
assessed chemical interactions between encapsulation materials
and bioactive compounds. Although this study provides
evidence of encapsulation effectiveness based on FTIR spectral
changes, this section did not evaluate the encapsulated
compounds' release behavior and long-term stability. These
parameters require further investigation using dedicated
methods such as in vitro release studies and accelerated stability
tests, which are recommended for future work.
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Fig 1. ATR-FTIR spectra of cempedak fruit peel powder
(black), Mandai powder (red), Mandai powder pre-encapsulant
(blue), and Mandai powder encapsulant (green)

Analysis of Volatile Components (GC-MS)

Figure 2 presents the chromatographic composition of volatile
compounds from samples of (i) cempedak powder, (i) Mandai
powder, (iii) Mandai powder pre-encapsulant, and (iv) Mandai
powder encapsulant. Table 2 presents the identification results
using mass spectroscopy (Shimadzu) bank data. A few
constituents stand out, mainly (11, 16) Isosorbide Dinitrate %
area (10.33 and 5.18), (8) 4H-Pyran-4-one, 2,3-dihydro- 3,5-
dihydroxy-6-methyl- area %area 4.84, (10) L-Sorbose area
%area 4.29, (5) Pyrimidine-4,6-diol, 5-methyl-. [20] have
analyzed the aromatic components of jackfruit skin (Artocarpus
heterophyllus). Several aromatic compound components were
detected, namely 2,3-Butanediol, Butyrolactone, 1-Methoxy-2-



propyl acetate, Butanoic acid, 3-methyl-, butyl ester, n -Amyl
isovalerate, n-Hexadecanoic acid.

Some of the compounds identified for Mandai powder are (1, 2)
Muramic acid area % 12.62 and 5.74, (3) 13,27-Cycloursan-3-
one % area 8.34, (4) 9,19-Cyclolanost-24- en-3-0l, acetate, (38)-
Y%area 10.74, (5) 9,19-Cyclolanostane-3,7-diol %area 5.55 (6)
Ethyl iso-allocate 5.51 other research [10] reported that
fermented Mandai cempedak in powder form identified
compounds such as hexanol, dodecanol, oxirane, morpholine,
and octadecenoic acid.

Gas chromatography can identify compounds that impact the
sense of smell, as shown in previous research [21]. The
reliability of GCMS test results is influenced by various factors,
especially instrument calibration, the test method's accuracy,
and the processing of the materials [22-24]. Judging from the
results obtained on the samples tested for Mandai powder pre-
encapsulant and Mandai powder encapsulant (Table 2), there
are differences in the compounds identified, some compounds
are not found in the Mandai powder encapsulant, such as (1)
[1,1'-Bicyclopropyl] -2-octanoic acid, 2'-hexyl-, methyl ester
area %area 2.94, (3) Cyclopropanebutanoic acid, 2-[[2-[[2-[(2
pentylcyclopropyl)methyl]cyclopropyl]methyl]-
cyclopropyl]methyl] -, methyl ester area %area 1.77, (8) 9,19-
Cyclolanostane-3,7-diol area %area 13.22, (9) 13,27-
Cycloursan-3-one %area 2.41, (10, 11) 9,19-Cyclolanost-24-en-
3-ol, acetate, (38)- area 8.59 and 23.43, (12) Spirost-8-en-11-
one, 3-hydroxy-, (38,5a, 146,2006,2263,25R )-area %area 2.28 and
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gave rise to new aroma compounds such as (1) paromomycin
area 2.94, and (3) Ethyl 9-hexadecenoate area 1.77, The
appearance of new compounds such as paromomycin and ethyl
9-hexadecenoate in the Mandai powder encapsulant is likely due
to chemical interactions between bioactive compounds and
encapsulating agents (e.g., chitosan and maltodextrin), or
thermal degradation and transformation reactions during spray
drying. This process may promote esterification or molecular
rearrangement of precursor compounds. Similar findings have
been reported in previous studies [25-27], which observed
changes in volatile profiles and the formation of new aroma-
active compounds during encapsulation of fruit extracts and
other fermented materials under thermal processing. These
findings support the hypothesis that the encapsulation process
alters not only the quantity but also the chemical nature of
volatile components in Mandai powder. This is supported by
FTIR analysis, which still shows the presence of relevant
functional groups such as hydroxyl (-OH), carbonyl (C=0), and
glycosidic C—O-C stretching in the encapsulated Mandai
powder. These functional groups are likely part of the structure
of newly formed compounds, suggesting that transforming
specific precursor molecules into new esters or bioactive
volatiles is chemically feasible. The persistence of these
functional groups indicates that although the specific
compounds changed (as seen in GC-MS), their fundamental
chemical backbones may have been retained or modified rather
than thoroughly degraded.

Intensity TIC
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Fig. 2 Chromatogram from GCMS
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TABLEI
RESULTS OF GCMS IDENTIFICATION OF VOLATILE COMPOUND CONTENT
No Cempedak Powder Mandai Powder Pre-encapsulated Encapsulated
mandai powder mandai powder
Compound %A Compound o Compound o
oArea YoArea Compound Name YoArea YoArea
Name Name Name
. Muramic [1,I"Bicyclopropyl]-2- .
1 o-Acetyl-L-serine 3.40 acid 12.62 octanoic acid, 2'-hexyl-, 1.26 o-Acetyl-L-serine 3.40
methyl ester
2 Dihydroxyacetone 3.06 Muramic 5.74 4,8-Decadienal, 5,9- 3.13 Dihydroxyacetone 3.06
acid dimethyl-
3 D(+)-Talose 1.00 Muramic 3.73 Cyclopropanebutanoic 1.21 D(+)-Talose 1.00
acid acid, 2-[[2-[[2-[(2-pentyl
cyclopropyl)methyl]cyclop
ropyl]methyl]cyclopropyl]
methyl]-, methyl ester
4 DL-Arabinose 1.09 Muramic 1.54 Hexadecanoic acid, ethyl 3.37 DL-Arabinose 1.09
acid ester
5 Pyrimidine-4,6- 4.17 Methyltartr 2.48 10-Octadecenoic acid, 2.25 Pyrimidine-4,6- 4.17
diol, 5-methyl- onic acid methyl ester diol, 5-methyl-
6 Pyrimidine-4,6- 1.05 Muramic 2.51 Heptadecanoic acid, 16- 1.37 Pyrimidine-4,6- 1.05
diol, 5-methyl- acid methyl-, methyl ester diol, 5-methyl-
7 Pyrimidine-4,6- 3.84 Muramic 1.54 (E)-9-Octadecenoic acid 3.01 Pyrimidine-4,6- 3.84
diol, 5-methyl- acid ethyl ester diol, 5-methyl-
8 4H-Pyran-4-one, 4.84 Muramic 0.92 9,19-Cyclolanostane-3,7- 7.03 4H-Pyran-4-one, 4.84
2,3-dihydro-3,5- acid diol 2,3-dihydro-3,5-
dihydroxy-6- dihydroxy-6-
methyl- methyl-
9 4H-Pyran-4-one, 3.03 Muramic 1.16 13,27-Cycloursan-3-one 22.65 Methyl 241
2,3-dihydro-3,5- acid glycocholate,
dihydroxy-6- 3TMS derivative
methyl-
10 L-Sorbose 4.29 Methyl 6- 1.72 9,19-Cyclolanost-24-en-3- L- 4.29 Methyl
oxoheptano ol, acetate, (38)- Sorbos 6-
ate e oxohep
tanoate
11 Isosorbide 10.33 Melezitose 1.39 9,19-Cyclolanost-24-en-3- 23.43 Octasiloxane, 2.21
Dinitrate ol, acetate, (38)- 1,1,3,3,5,5,7,7,9,9
,11,11,13,13,15,1
5-
hexadecamethyl-
12 Isosorbide 1.92 Hexadecan 1.20 Isosorbide Dinitrate 1.92
Dinitrate oic acid,
ethyl ester
13 Isosorbide 1.39 (E)-9- 1.21 Isosorbide Dinitrate 1.39
Dinitrate Octadeceno
ic acid
ethyl ester
14 Maltose 1.55 9,19- 4.43 Maltose 1.55
Cyclolanost
ane-3,7-
diol
15 6-Acetyl-3-d- 3.79 13,27- 8.34
mannose Cycloursan
-3-one
16 Isosorbide 5.18 Ethyl iso- 5.51
Dinitrate allocholate
17 Isosorbide 3.21 9,19- 10.74
Dinitrate Cyclolanost
319]Rohmah, et al (2025)
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-24-en-3-
ol, acetate,
(3B)-
18 Isosorbide 1.81 Methyl 3.61
Dinitrate glycocholat
e, 3TMS
derivative
19 Melezitose 2.27 Ethyl iso- 0.88
allocholate
20  d-Glycero-d-ido- 3.32 .psi.,.psi.- 1.34
heptose Carotene,
1,1'2,2'-
tetrahydro-
1,1'-
dimethoxy-
Melezitose 0.95 9,19- 5.55
Cyclolanost
21 ane-3,7-
diol
22 Melezitose 1.15
23 d-Glycero-d-ido- 0.91
heptose
24 2-Myristynoyl 1.02
pantetheine
25 Melezitose 0.98
26 Desulphosinigrin 1.67
27  8-Androsten-3-ol, 0.89
17-(2-
methylallyl)-
4,4,14-trimethyl-
28 9,19- 2.29
Cyclolanostane-
3,7-diol

SEI 10KV
LPPT UGM

SEL 10BVp, WD11mm  SS35
M

wD11mm  SS36

(iii)

x1,000  10pm = EEE SEl 10KV

LPPT UGM
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PPT UGM /

x1,000,  10pm =——*

@iv)

Fig. 3 Scanning electron microstructure of i) cempedak powder, ii) Mandai powder, iii) Mandai powder pre-encapsulant, iv) Mandai
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Morphological Characteristics

Figure 3i shows scanning electron micrographs of cempedak
powder, which shows an irregular, rough surface distribution.
Then, the fermentation process was carried out on the cempedak
skin, and mandai powder with the same structure but a smoother
surface was produced. Figure 3ii can be attributed to the
presence of lactic acid compound on the surface, affecting the
morphology of Mandai powder [28,29]. The product was mixed
with maltodextrin and chitosan coating materials as a pre-
encapsulant before continuing the encapsulation process by
spray drying. The morphology can be seen in Figure 3iii, which
shows an irregular surface containing the morphology of
maltodextrin, chitosan, and mandai powder. The following
process is carried out by encapsulating the morphology seen in
Figure 3iv. which shows morphological changes in the Mandai
powder encapsulant, forming a circle with an etching hole in the
middle with an irregular distribution. [30-32] showed changes
in particle morphology during spray drying. When linked to the
GC-MS results, the morphological changes observed in the
Mandai powder encapsulant, especially the more spherical
structure and reduced surface irregularities, may indicate a
partial reduction in porosity. This denser morphology can help
protect certain volatile and bioactive compounds from
degradation or evaporation during processing and storage.
However, the presence of central etching holes suggests that
some diffusion pathways remain, possibly allowing the loss of
more volatile components. Therefore, the encapsulation process
appears to selectively retain certain compounds, as seen in the
GC-MS results, and the morphological structure plays a role in
influencing the release and stability of these active compounds.

Amino Acid Content

A range of amino acids may be found in fermented foods. The
type of fermented substance, fermentation method, and
microorganisms can affect the amino acid composition of
fermented goods [33,34,35,36]. The items cempedak powder,
Mandai powder, Mandai powder pre-encapsulant, and Mandai
powder encapsulant are listed in Table 2 and include some of
the following amino acids, it can be seen that the fermentation
process of cempedak powder into Mandai powder increases the
15 amino acid contents detected, increasing This occurs because
during the fermentation process bacteria produce proteolytic
enzymes, these enzymes break down proteins into their
constituent amino acids which causes an increase in overall
amino acids [37,38,39], and there is a significant decrease
during pre-encapsulation of Mandai powder, namely after
mixing Mandai powder with a combination of maltodextrin and
chitosan coating material to continue the encapsulation process,
the encapsulation results showed an increase in total amino
acids during the fermentation process and decreased after the
encapsulation process, some amino acids were also detected
relatively high, such as asparatic acid, glutamate, amino acids
and arginine respectively (443.85, 544.21, and 417.23%), amino
acids have a tendency to absorb onto the surface of encapsulant
coating materials such as maltotextrin and chitosan. The
absorption of amino acids by coating material reducing the
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concentration of free amino acids in the final encapsulant
product [40-42].

TABLE 2
AMINO ACID PROFILE OF CEMPEDAK POWDER, MANDAI
POWDER, MANDAI POWDER PRE-ENCAPSULANT, MANDAI

POWDER ENCAPSULANT
Amino Cempedak Mandai Mandai Pre- Eltl/[:ali)dsi:lll-

Acid Powder Powder encapsulant ant
Aspartic 3998.99 5995.35  1055.55 443.85
Acid
Threonine  2074.96 308691  616.39 189.92
Serine 2346.98 345548  740.63 225.72
Glutamate  5228.75 8233.71  1597.72 544.21
Glycine 2203.29 3058.89  643.44 208.52
Alanine 2423.25 349724  707.33 227.10
Valine 2435.95 365334  652.55 172.04
Methionin  181.02 303.47 52.16 106.31
e
Isoleucine  2070.12 3087.31  <0.05 <0.05
Leucine 3682.46 5416.54  <0.08 <0.08
Tyrosine 1340.13 2083.94 <0.15 <0.15
Phenylala  1658.29 2943.52  560.48 141.14
nine
Histidine 2155.48 3135.10  1809.04 103.21
Lysine 3755.71 5932.96  830.19 349.96
Arginine 1846.01 3097.12  497.86 417.23

Amino acid content in mg/Kg units,

IV. CONCLUSION

Mandai powder shows potential as an anti-cancer agent and
metabolic regulator. The encapsulation process with spray
drying provides a quality product. GC-MS and FTIR analysis
identified functional groups, volatile components, and
interactions of lactic acid and bioactive compounds.
Morphological changes during encapsulation were significant
from cempedak powder to Mandai powder encapsulant. Amino
acid analysis showed an increase during fermentation and a
decrease during encapsulation, although critical amino acids
were still maintained. This study provides an essential
contribution to the development of Mandai powder as a
functional product with effective encapsulation techniques.
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